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Abstract:

A trustworthy and consistent data system is crucial for monitoring and reducing
carbon emissions from road maintenance operations. Developing a national data
reporting system requires technical support and a systemic plan involving multiple
stakeholders to implement the standard. In Sweden, Trafikverket, the Swedish
transport agency, recently initiated a project that proposed a solution based on the
BEAst standard and outlined the current data collection methods for road
maintenance. The BEAst standard is an agreed industry-driven information standard
that promotes machine-readable information communication, effectively reduces
costs, and increases efficiency by streamlining communication within the industry.
This is to address the critical need for a trustworthy data system to monitor and
reduce carbon emissions from road maintenance operations. Although the data
system has high potential to identify the sources of carbon emissions and create
mitigation measures by precisely gathering fuel use data throughout operations and
maintenance activities. There are many challenges in integrating data from diverse
sources into a consistent system revealed several obstacles, including differences in
CO2 emissions reported by different systems, human factors affecting data quality,
and limited access to cloud services. To address these challenges, this study
proposes a new data reporting mechanism which requires a detailed specification of
reporting parameters covering content, format, resolution, and reporting frequency
using BEAst standards.

Keywords: Road maintenance, Emissions, Data system, BEAst standard, Data
visualization, Data analysis, Simulation, Data standards, Sustainable transportation



1. Introduction

The past couple of decades have seen an increase in concern over the environmental
effects of carbon emissions from road maintenance activities, bringing attention to
important pollutants such as particulate matter, nitrogen oxides, and volatile organic
compounds. A crucial factor in this environmental issue is emissions through the
utilization of fuel, vehicles, and building materials (Radzi., 2019; Huang., 2009).
They add to air pollution and endanger public health as well as the environment
(Robinah, 2022).

Addressing the escalating concerns over the environmental impact of road
maintenance operations, it is crucial to develop a trustworthy data system for
monitoring and lowering emissions (Markina., 2022). Transportation agencies face
many challenges in maintaining road infrastructure due to the lack of a standardized
data reporting system. The absence of such a system negatively impacts various
aspects of the road maintenance process. The current quality assurance system
requires too much human intervention (Luo. et al., 2022), which results in higher
costs for state and local agencies, ranging from $100 to $200 per mile (Roberts. et
al., 2021). Data inconsistencies and discrepancies are the key issues related to data
quality (Hauge. et al., 2020). Existing automated data collection methods are not
suitable for project-level data collection (Luo. et al, 2022). This hinders effective
maintenance planning, especially in the case of small or under-resourced road
maintenance contractors. Road maintenance activities vary widely across regions
and countries. Decision-making and cooperation may be hampered by this lack of
standards. Without uniform reporting, the environmental effects of road
maintenance operations, including carbon emissions, could not be appropriately
evaluated.

Developing a comprehensive data system is essential to reducing the environmental
impact of road maintenance and achieving a sustainable transportation system (Xia.,
2022). Implementing a standardized system for road maintenance activity requires
a comprehensive approach that involves conducting a needs assessment and
engaging with stakeholders. This collaborative effort is crucial for identifying
specific data requirements and ensuring the involvement of government agencies,
industry experts, and road maintenance companies (Ageev. et al., 2023; Tsesar. et
al., 2023). Integration of technology, such as sensors on vehicles and equipment, is
essential for efficient data collection (Technology for Collecting and Data
Processing of Street-Road Network Monitoring Objects, 2023). Additionally, the
design of a centralized and secure data storage system is necessary to comply with
privacy and security regulations (Ganz., 2022).
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A standardized data reporting system using flexible data analysis and reporting
systems can help reduce carbon emissions. The standard data reporting system
creates insightful information on quality of work, environmental impact, and
operational performance. Road maintenance organizations can use this data to
improve efficiency, make well-informed decisions, and support ecologically
friendly methods of maintaining road networks. The information can be utilized to
find regions in need of optimization and improvement, identify task execution
strengths and weaknesses, and evaluate the ecological impact of maintenance
activities. The data can also be used to evaluate the quality of maintenance
completed, ensure adherence to maintenance policies and guidelines, and increase
the longevity and overall robustness of the road construction.

Trafikverket, the Swedish Road Agency, uses data to assess maintenance quality,
enforce policies, and enhance road construction longevity. They collaborate with
stakeholders to provide safe, sustainable transport solutions benefiting society,
economy, and environment. While tasked with collecting maintenance data from
various sources, integrating diverse datasets posed a challenge. In response,
Trafikverket initiated a 2017 project, automating climate-related data collection
from vehicles (Volvo, Scania, and Dynafleet). In collaboration with industry
experts, including WSP Group and Peab, the project aimed to create an efficient
digital environmental management platform. This initiative aligns with the goal of
reducing road maintenance costs, minimizing paper usage, and contributing to
carbon emission mitigation.

During the pilot trial, a challenge arose due to the differences in CO:2 emissions
reported by the Climate Calculator, the Transport Administration's modelling tool
that calculates emissions based on estimated action times, and the MIP system for
specific vehicles in the winter season. Another challenge was the need for more
temporal alignment between the data from the MIP system and the order receipts,
which could affect the accuracy of the results for more extended reporting periods.
A third challenge was the influence of human factors on the data quality, such as the
manual activation and deactivation of the systems connected to the vehicles (vehicle
cloud and Zeekfleet).

To address these challenges and to cope with the digitalization needs (Chen., 2022),
we need to apply a new data report mechanism to manage data reporting in the
future. This mechanism requires a detailed specification of reporting parameters
covering content, format, resolution, and reporting frequency. First is to establish
standardized  protocols named BEAst (Byggbranschens Elektroniska
Affirsstandard). BEAst is an agreed industry-driven information standard
promoting machine-readable information communication for data collection. The
BEAst standard effectively reduces costs and increases efficiency by streamlining
communication within the industry.




Second, Trafikverket established a project named "ELSA," which stands for
"Energy Management Systems for Facilities," in 2020 to track and enhance the
energy and material flows of road and rail infrastructure projects. ELSA aims to
gather the necessary data to measure the environmental impact, depending on the
specific type of work done using the BEAst standard. It aims to lower the
environmental impact of fuel consumption, greenhouse gas emissions, and soil mass
transport.

However, there are still various challenges that have obstructed the implementation
of existing systems in the industry, even though they can perform the desired
functions. The BEAst standard, being a novel system, poses implementation
challenges on multiple fronts, including the necessity for specialized training,
potential integration complexities with existing systems, and the demand for a robust
support infrastructure. Additionally, certain aspects have been overlooked during
the initial implementation phase, such as the incorporation of stakeholder
perspectives, consideration of potential scalability issues, and the collection of user
feedback. Meanwhile, ELSA currently lacks a clear understanding of how to
effectively utilize the data reported based on the BEAst standard. Ambiguity persists
regarding the types of achievable results, visualizing potential outcomes, and
defining the target audience for the reported information. Furthermore, research
gaps persist in areas such as the long-term sustainability of the BEAst standard
implementation, optimal methods for data interpretation within ELSA, and the
identification of key performance indicators aligned with organizational goals.

The fragmentation in the sector becomes clear through differences in the levels of
maturity and the diversity of solutions adopted by different contractors. Closing
these gaps and ensuring a successful and quality-assured system implementation has
become urgent.

Considering these challenges and research gaps, there is a need to test the feasibility
of applying the BEAst and to assess the data quality while enabling evaluation of
the emissions from road maintenance from the reported data through the ELSA
system.

This paper aims to explore how to establish a standardised national data system for
evaluating road maintenance emissions. Through this explorement, this thesis wants
to provide insights into the practical implementation of BEAst, address overlooked
aspects, and offer guidance on utilizing BEAst standard within ELSA. This thesis
also explores various approaches involving data governance, acquisition,
preservation, and analysis in this challenging environment. Furthermore, we will
examine the possibility of using artificial intelligence techniques like machine
learning and data extraction methods to handle extensive data. As a result, we are
preparing to reveal a plan that will enable a more eco-friendly and digitally advanced
future. Through these objectives, the study seeks to enhance the understanding and
successful application of BEAst and ELSA in their intended contexts.
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First, we want to test how well the data flow framework created in the pilot project
works. We want to see if it can import data and produce correct outputs without
problems. We aim to find any overlooked aspects in the first input stage that may
introduce substantial risks, such as missing data or mistaken inputs. By conducting
a comprehensive analysis of the data flow structure, we will discern the strengths
and weaknesses of the existing framework to enhance its robustness and reliability.

Second, we want to study the BEAst standard and how we use it in the project. We
will assess the merits and drawbacks of adopting this standard, emphasizing its
overall implications and the difficulties involved in its implementation. This
analysis will rely on a literature review to investigate comparable standards and their
outcomes in relevant domains, offering valuable perspectives on the suitability of
BEAst for the present project.

Third, we want to define the best practices for using data based on BEAst and create
a vision for the ELSA system, which involves determining the data processing
methods, analysis techniques, and the nature of the results. We will simulate data to
construct a comprehensive vision for ELSA, including data visualization and target
audiences for the system.

The paper comprises 6 sections, with Section 2 discussing the literature review,
Section 3 outlining the methodology, Section 4 presenting the results, Section 5
providing the discussion, and Section 6 offering the conclusion.

2. Literature Review

The transportation industry has a significant impact on the global economy.
However, it faces significant challenges in managing and integrating data. It
involves stakeholders sharing and accessing data seamlessly, requiring a universal
reporting standard. However, the absence of such a standard compromises
efficiency, resulting in increased operational costs and negative environmental
impacts. Establishing a national data system based on a standardized framework to
assess emissions from road maintenance presents a multidimensional and complex
challenge that intersects the domains of environmental science, infrastructure
management, and data governance.

To conduct this literature review, we searched significant databases such as
ResearchGate, Scopus, and Google Scholar, using keywords such as "data
governance," "AlL" "sustainability," "carbon emissions," "transport," "data
acquisition,” "data preservation," and "data analysis and visualization." We retrieved
70 papers published between 2002 and 2024 that discussed the interplay of these
concepts in various domains and contexts. We scanned the abstracts and titles of the
documents to filter out irrelevant or duplicate ones and selected 50 papers for further
analysis. We categorized the documents according to their main themes, methods,
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and findings. We synthesized the key insights and gaps in the literature. This review
aims to examine the state of the art of data governance and Al for sustainability and
apply the relevant knowledge to our project of developing a national data system for
road maintenance that can reduce carbon emissions. This review covers the
following topics: the definition and dimensions of data governance and Al for
sustainability, the models, and frameworks for implementing and evaluating them,
the challenges, and opportunities for integrating them, and the best practices and
recommendations for future research and practice.

Data standardization is lowering data redundancy, inconsistency, and complexity to
facilitate the integration and aggregation of data from various sources and domains.
This procedure can improve the effectiveness and efficiency of data governance and
management. Furthermore, data standardization can promote accountability and
openness by making verifying, confirming, and auditing data quality and integrity
easier.

Wehrmann (2002) discussed the benefits of using a standard Electronic Data
Deliverable (EDD) format for data collection and assessment in environmental
projects, emphasizing the importance of data standardization for sharing and
accessing data across multiple users and stakeholders. Marion (2004) explored the
issue of standardization of environmental reporting and reviewed existing standards
and initiatives for environmental documenting, such as the Global

Reporting Initiative (GRI), the ISO series, and the European Union's Eco-
Management and Audit Scheme (EMAS). The paper also discussed the strengths
and challenges of standardization, such as improving comparability, transparency,
and credibility of environmental reports, but also facing difficulties in harmonizing
diverse and complex ecological issues, indicators, and methodologies. The paper
concluded by proposing recommendations for future research and practice, such as
developing a common framework for environmental reporting, involving
stakeholders in the standard-setting process, and integrating ecological reporting
with other aspects of corporate social responsibility.

A comprehensive review of existing research on emissions evaluation
methodologies in the context of road maintenance and data validation reveals a
spectrum of approaches and models. Streimikiene (2013) assessed energy
technologies in the road transport sector regarding atmospheric emissions and costs,
using the interval TOPSIS method for comparative assessment. It compares road
transport technologies based on private costs and life cycle emissions of pollutants,
allowing for prioritization based on environmental friendliness and cost-
effectiveness. Lyu (2021) discussed the importance of lowering carbon emissions
from the transportation sector and the need for an evaluation model for estimating
vehicle emissions. The paper reviewed different vehicle emissions methods,
including laboratory, on-road, and tunnel measurements. It highlighted the impact
of selecting other measurements on assessing emission results. Zhang (2023)
proposed a reinforcement learning-based framework for road maintenance and
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pavement management, which can improve the sustainability of road infrastructure
by optimizing resource use and reducing carbon emissions.

Integrating disparate data sources in a national transport context is a complex task
that requires harmonization and standardization of data formats (Lv et al., 2023;
Michael et al., 2019). Multiple data sources are available, including public
administration data, open data portals, and new transportation services (Ge. et
al.,2021; Ruiz-Alarcon-Quintero., 2016; Veeckman. et al., 2017). These data
sources have different formats and cover other geographical areas, making it
challenging to combine them effectively.

Uy et al. (2020) discussed the construction of an integrated data warehouse for
Philippine transportation research, aiming to develop a Transportation Decision
Support System for impact studies and policy making. It addresses the challenges
faced in the transportation sector by providing access to diverse data sources and
processing them into a homogeneous format. The data warehouse will improve the
transportation situation at local and national levels, elevating the standard of life in
the Philippines.

Establishing a national data system for evaluating emissions from road maintenance
1s inherently intertwined with policy and governance considerations. Policy and
governance implications in road transport are crucial for addressing the challenges
and opportunities presented by modern technologies and business models. Effective
governance is needed to coordinate the diverse views and goals of different actors
involved in public transport and to distribute roles, responsibilities, and resources
for the design and execution of policies and services. The role of governance extends
beyond formal institutions. It requires a comprehensive approach considering
interdependencies and conflicts between public values (Maria. et al., 2019).
International policy forums and initiatives play a role in addressing transport
governance, and proposals for policy dialogue can contribute to improving
governance in the Latin America and Caribbean region (Hirschhorn. et al., 2021).
Broader economic and social contexts influence the state's role in transport policy,
and policies are developed based on transport problems and the political landscape
(Jaimurzina., 2018). Additionally, new data sources and technical solutions can
enhance compliance with road freight transport regulations and enable more data-
driven policy-making and efficient enforcement mechanisms (Docherty. et al.,
2011).

To summarize, the synthesis of the existing literature highlights the intricate and
multifaceted nature of setting up a national data system predicated on a standardized
framework for evaluating emissions from road maintenance. Although researchers
have made significant strides in comprehending the intricacies and difficulties
involved in this undertaking, interdisciplinary research must be urgently required to
tackle the technical, regulatory, and governance aspects of establishing a coherent
and standardized national data system.
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3. Methodology

This thesis adopts mixed methods (Kate A., 2019; Gorge., 2021) that combine
qualitative and quantitative approaches to investigate the data flow framework
created in the pilot project and its implications for the ELSA system.

Qualitative methods help explore the participants' meanings, perceptions, and
experiences and the context and processes of the phenomenon under study.
Qualitative methods provide a greater comprehension of the sociocultural conditions
in which these experiences take place and offer distinctive insights into the
subjective components of what individuals encounter (Bér, 2022). This thesis uses
qualitative methods to review the BEAst standard and its applications in the
construction industry and develop a vision for the ELSA system based on the data
flow framework and the BEAst standard.

Quantitative methods are useful for measuring, testing, and comparing the variables,
outcomes, and effects of the phenomenon under study (Quantitative Methods in
PER, 2023). Quantitative methods use discrete data in the form of numerical values
or explicit categories of individuals and problems, and they provide numerical
approximations which generate meaningful, accurate, and legitimate scientific
findings (Han., 2022; He. et al., 2017). A defined target population, appropriate
sampling strategies, a sufficient sample size, careful preparation for data collection,
and appropriate statistical analysis are all stressed in quantitative research
(Vijayendra. et al., 2023). This thesis uses quantitative methods to evaluate the data
flow framework's performance, test its functionality and reliability, and answer
business questions using data analysis and visualization.

By combining qualitative and quantitative methods (Venkatesh, 2013), this thesis
provides a more comprehensive and rigorous understanding of the data flow
framework and its implications for the ELSA system. A mixed methods approach
can also help triangulate the findings, confirm, or challenge the results, and generate
new insights or explanations (Cao, 2018). A mixed methods approach can also
enhance the validity and reliability of the findings by using multiple data sources
and methods !. The research consists of three main phases:

First, we conduct a performance evaluation of the data flow framework to test its
functionality and reliability. We examine how well it can import data from various
sources and produce correct outputs without problems. We also identify potential
risks or challenges from using this framework, such as missing data or mistaken
inputs, which we will discuss in Section 3.1.

! Triangulation in Research - Types, Methods, and Guide.
https://researchmethod.net/triangulation/)
11




Second, we conduct a literature review of the BEAst standard and its applications in
the construction industry. BEAst is a standard for exchanging data in the
construction industry to improve competence and quality. We study how we use this
standard in the project and how it affects the data flow and the ELSA system. We
also compare this standard with similar standards in relevant domains, such as BIM
and IFC. To evaluate its suitability and advantages for the present project, we will
discuss this in Section 3.2.

Third, we conduct a vision development for the ELSA system based on the data flow
framework and the BEAst standard. We define the best practices for using data
based on BEAst and create a vision for the ELSA system, including data
visualization and target audiences. We want to find the answers to the business
questions like followings:

- How does the fuel consumption vary by engine type and renewable fuel type?

- Which fuel suppliers have the highest and lowest CO: emissions per order?

- How does the order date and time affect fuel consumption and CO: emissions?

- How does the loading and unloading time affect the fuel consumption and CO:
emissions?

We also explore the insights and methodologies developed in this research in
Section 3.3.

3.1 Data flow Framework
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Figure 1: Pilot project data flow framework from 2017.

Calculating carbon emissions in road maintenance using data begins with the

positioning system of vehicles, such as Dynafleet or Fleet Zeek, generating data that

is transferred to the subcontractors' ERP system, such as Maserfrakt and GDL. The

subcontractors then create an order receipt per project that includes the route and

consumption of materials. The contractors or entrepreneurs, such as NCC and
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PEAB, then aggregate and filter the data based on BEAst standards and pass it on to
the Trafikverket SFTP server as an XML file. Trafikverket then converts the XML
file to an Excel file and sends it manually to the WSP group to calculate the carbon
emission using the climate calculator. The WSP group also collects data from the
Maintenance Information Portal (MIP) for duplicate work order receipts using time,
date, and vehicle ID filters to calculate the carbon emission.

The data used in this research is a mix of both qualitative and quantitative data. The
qualitative data comprises documents, reports, order receipts, IDs, and project types
related to the contractor or entrepreneurs, following the BEAst standard. The
quantitative data consists of fuel consumption, distance, and weights of the materials
we collect from the vehicles and the construction sites.

To enable the experimental steps, that involve testing, evaluating, and developing a
novel data flow framework and a vision for the ELSA system, some assumptions
need to be justified.

One assumption is that all vehicles have built-in user interfaces, such as on-board
monitors, to start and end trips. Based on our pilot project, we have observed specific
periods where action data is absent from the MIP database but is present in the order
receipts. This could be due to the driver needing to remember to start reporting to
the haulage firm's ERP business system. A vehicle interface automatically records
data after the driver begins the trip is assumed so the missing data from the input
origin can be controlled. Second, The ERP (Enterprise Resource Planning) business
system used by haulage firms is reliable and functions consistently for recording and
managing trip-related data. This assumption is essential to maintain the integrity of
data collection. The reliability of the ERP system ensures that any potential
discrepancies are attributed to the assumed automated data recording on the vehicle's
interface rather than system malfunctions. Finally, drivers consistently adhere to the
procedure of starting and ending trips using the built-in user interfaces, ensuring that
action data is accurately recorded and transmitted to the ERP system. To account
for potential gaps in data observed in the pilot project, assuming drivers' compliance
with reporting procedures is necessary for controlling missing data and maintaining
the reliability of the experimental data flow framework.

3.2 Assessment of the BEAst standard

The BEAst standard, designed for data exchange in the construction industry,
appeared as a potential solution to reduce errors in communication and collaboration
efforts in road maintenance (Biihler. et al., 2023). The standard aims to improve data
management and digital data utilization within the Common Data Environment
(CDE) (Lyndsay R. Buckingham, 2023). The BEAst standards are a set of common
standards and practices for electronic business communication in the construction
industry, developed by the Swedish non-profit organization BEAst, which stands
for "Byggbranschens Elektroniska Affarsstandard" or "Construction Industry's
Electronic Business Standard." BEAst standards aim to ease data exchange and
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collaboration among different actors in the construction sector, such as contractors,
suppliers, and customers.

It considers the significance of linked data for the digital future of the construction
sector (Standard Guideline for Recording and Exchanging Utility Infrastructure
Data, 2022). The interchange of different kinds of data, such as graphical and non-
graphical data as well as related building project documentation, can be facilitated
using the BEAst standard. Additionally, it presents the possibility of increased
effectiveness, productivity, teamwork, efficient decision-making, time and money
savings, security, and accessibility (Shelden. et al., 2020). Construction companies
can optimize the advantages of cutting-edge technology and increase industrial
productivity by implementing the BEAst standard.

The BEAst Supply NeC is a message standard that covers various parts of a
transaction related to plant works (BEAst Guide, 2023). The construction industry
and its suppliers can improve efficiency using the NeC standard. The standard
applies to multiple aspects of construction, such as machinery, transportation,
materials (e.g., aggregate, concrete, asphalt), recycling, and waste management. The
NeC process simplifies the workflow and reduces the complexity of the operations.

LEVERANTORER re e v BESTALLARE
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Figure 2: The BEAst framework for supply chain collected from (BEAst Guide,
2023).

The framework shows the various stages of the process, from supplier to customer,
and the documents and approvals needed at each stage. The supplier section shows
the materials and equipment needed for construction, such as concrete, asphalt, and
machinery. The supplier sends a request to the customer, asking for their interest
and availability for a specific product or service. Customers respond with an offer,
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showing their willingness and conditions to buy the product or service. The supplier
then sends confirmation, acknowledging the customer's offer and informing them of
the delivery status. The delivery plan section shows the approvals and documents
needed at each stage, such as the order confirmation, delivery plan, receipt, and
invoice.

The supplier and the customer approve the delivery plan, and the order confirmation
is issued. The order receipt confirms that the customer has received the product or
service and verifies its quality and quantity. The invoice requests payment for the
product or service.

The customer section shows the final delivery and installation of the materials and
equipment at the construction site. The customer sends a response to the order
receipt, either accepting or rejecting it. The customer also responds to the invoice,
either paying or disputing it. The customer then sends feedback, expressing their
satisfaction or dissatisfaction with the product or service. The framework illustrates
the typical supply chain process in the construction industry, showing the sequence
and direction of the communication and its type and content.

However, data collection and quality are potential risks in every framework section.
The data collected from the supplier may not reflect the availability and quality of
the materials and equipment needed for the construction process. For example, the
delivery plan may change or be delayed due to unpredicted circumstances, such as
weather, traffic, or technical issues. The coordination and collaboration between the
supplier and the customer, as well as compliance and verification of the approvals
and documents, may affect the data quality. The data collected from the customer
may reflect something other than the actual satisfaction and feedback of the
customer with the product or service. For example, the customer may need to
provide honest or prompt feedback, or they may have unrealistic or changing
expectations. The customer's loyalty, trust, and ability to resolve and settle any
issues or disputes may affect the data quality.

The transportation industry faces significant hurdles in standardizing due to the
intricacies of data collection, storage, and reporting. Careful consideration must be
given to the adaptability and compatibility of the BEAst with existing systems and
practices and the learning curve for stakeholders. However, uncertainties surround
its role, particularly in effectively using the data collected through the BEAst.

3.3 Comparison between BEAst and other standard

In the realm of industry-driven information standards promoting machine-readable

information communication for efficient data collection, the BEAst standard stands

out as a specialized solution for road maintenance operations. Tailored to the needs

of this sector, BEAst ensures standardized reporting, covering crucial aspects of

maintenance activities. Similarly, ISO 19650 supports interoperability in the
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construction and building industry through Building Information Modelling (BIM)?.
ASAM OpenX Standards facilitate data exchange in the automotive industry,
specifically for road and vehicle simulation. CEN/TC 278 addresses Cooperative
Intelligent Transport Systems (C-ITS), which enhances traffic control and road
safety through interconnected intelligent transport systems. Finally, IFC promotes
compatibility and information interchange across the building lifecycle and is
widely used in engineering, architecture, and construction.

Table 1: Comparison between BEAst and other standard

Key Features and

Standard Industry Focus Applications
Specialized for efficient
data reporting in

BEAst Standard Road Maintenance maintenance.

Enables interoperability
ISO 19650 Construction and Building and data sharing in BIM.

Facilitates standardized
Automotive (Road and data exchange in

ASAM OpenX Standards Vehicle Simulation) simulation.
Intelligent Transport Enhances communication
CEN/TC 278 Systems (C-ITS) for road safety and traffic.

Promotes interoperability
Architecture, Engineering, and data exchange in the
IFC and Construction AEC.

While each standard serves its respective industry, BEAst stands out as the most
suitable solution for road maintenance operations. Its specialized focus on the
unique challenges of this sector, encompassing aspects like efficient reporting and
standardized communication, positions BEAst as the optimal choice to enhance data
collection and communication in the context of road maintenance.

3.4 Vision development of ELSA

With insights from the data flow framework and the BEAst standard evaluation, the
practices of ELSA system can be initiated. The ELSA system involves data storage,
data process, data analysis, and visualization of results in emissions related to road
maintenance.

To enable ELSA system, an established database is essential, however, there was no
database ready when this paper was conducted due to various reasons.

? Aquatic Navigation - Radio Survey, Surveyor, Gmdss. https://aquaticnav.com/
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Firstly, because the BEAst standard had not yet been adopted, data from the pre-
ELSA phase of the 2017 project is considered invalid. The current analysis must
disregard this dataset. Secondly, the ELSA system is a continuous project with
active pilots; however, the data is currently not available for sharing owing to
privacy concerns. We are currently developing the administrative procedure for
possible access to this data. Because of the use of non-real data in the ELSA system
and confidentiality restrictions, the use of simulated data is deemed legitimate even
in the face of active pilots. Thirdly, the Project Manager from Trafikverket and other
knowledgeable specialists highlighted the difficulties associated with non-real data,
missing data, and doubts around the final visualization. Finally, a meeting with the
principal engineer allowed for a thorough comprehension of BEAst and made data
simulation possible. This simulation is based on fundamental characteristics and
variables, offering a workable solution to the problems pertaining to data and aiding
in the arrangement of display. When real data becomes accessible, this tactical
approach allows the system to apply techniques for cleaning, processing, analysing,
and visualizing.

To address the issue of insufficient data, data simulation is employed in this paper.
This simulation is deemed valid due to several considerations.

Firstly, we obtained a preliminary vision of the anticipated database through a
meeting with the IT expert responsible for developing the ELSA backend at
Trafikverket. Secondly, following a meeting with an expert in the BEAst standard,
we acquired the necessary variables required to facilitate emission estimation in road
maintenance. Therefore, the simulation is grounded in pre-defined features, with
only the values of these features being generated. This allows for easy replacement
once real data becomes available.

The assumption that the vehicles have installed advanced GPS systems with built-
in user interfaces is still applied to reduce manual data entry in our proposed
solutions and automate the data flow. Figure 3, we implemented a three-tier data
warehouse architecture to collect data from various sources, such as operational data
from entrepreneurs or contractors and data from the vehicle positioning system.
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Figure 3: Data warehouse architecture for ELSA.

In our work, we have divided our system into several ways: data collection, data

validation, data integration, and finally, data reporting with simulation and
dashboard.
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Figure 4: ELSA vision dataflow frame.

A data source originates data from a location where it is being used, it can be a
database, a file, a web service, or any other source that supplies data. Figure 4
illustrates the two sources that provide the actual data: the truck company's
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positioning system and the contractors' operational data to Trafikverket. The
positioning system offers data on the vehicles' location, speed, and fuel
consumption. The operational data provides data on the soil mass transporter's type,
amount, and destination. However, since we cannot access real data, we use a
Python library called Faker to generate synthetic data for simulation purposes. Faker
is a library that can create fake data for various attributes, such as names, addresses,
and dates. We use Faker to generate data for the variables that we get from
Trafikverket, such as the vehicle ID, the trip ID, the start and end time, the distance
travelled, the fuel consumed, the soil mass type, the soil mass amount, and the soil
mass destination.

To extract the data from the source database, we use a Python library called Pandas,
which provides various functions for reading and manipulating data in different
formats. We extracted the data using the extract data function for further
processing. Using the PD.read csv function within the extract data function, we
read the source data stored in a CSV file; we can also extract data from various
sources like databases, text files, and others as per that source. This function returns
a Pandas Data Frame object, a two-dimensional data structure capable of storing
data of several types.

We use two techniques to improve data quality and usability: cleansing and
transformation. Data cleansing involves dropping meaningless or inaccurate data to
ensure data consistency. Conversely, data transformation refers to converting data
from one format or structure to another to make it easier to process. We extract,
transform, and load (ETL) data from the sources into a staging area in this study.
Here, the data undergoes a process of cleansing and transformation to ensure
consistency, correctness, and relevance for analysis. The system copies the source
data during the transformation process and extracts specific columns. The selected
columns include 'VechicleldenBtyNumber,' which is cleaned using a custom
function called clean_vehicle id. The function ensures that the format of the vehicle
identification number is correct, allowing for consistency and accuracy in the data
and retrieving data for the same project through a unique vehicle ID. To calculate
the carbon emission, we need the variables from the MIP and SFTP server; we only
need a selective variable to make the analysis; In table 2, we have chosen variables
like 'OrderReceiptNumber,’ 'VechicleldenBtyNumber,' 'EngineType,' 'renewable-
fuel,’ 'FuelSupplier,' 'FuelConsumpBon,' 'DocumentDateTime," "VersionNumber,'
'distance’ and 'CustomerReferenceNumber'.

Table 2: Data from Vision for ELSA data warehouse.
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After copying the selective features, the data is validated to check for missing
values, ensuring the format of the date-time of the order, delivery, loading, and
unloading time, and then joined with reference data as we want to load the integrated
data of diverse sources to our data warehouse. Finally, we have split the
loading/unloading date and time column so that we get data-driven knowledge about
our project's CO2 emission at the start and end of the project. These transformations
make the data more accessible to process and analyse, improving its usefulness for
checking the discrepancy between the data reporting to the positioning system and
the SFTP server.

Figure 5 illustrates the cleansed and transformed data into a central repository called
Elsa_db, a data warehouse (For our thesis, we set up a local data repository. We
used the bacpac extraction file format—a ZIP file with the BACPAC extension
containing the metadata and data from the database—to extract data from our
repository. A BACPAC file can be imported back into an Azure SQL Database,
Azure SQL Managed Instance, or a SQL Server instance after being stored in local
storage on-premises or Azure Blob.), which stores the data in a structured and
organized manner. The data warehouse database also holds metadata, which is data
about the data, such as definitions, descriptions, and relationships. We store the data
in a dummy central data warehouse, miming the structure and functionality of a real
one. The data warehouse consists of three layers: the staging area, the data mart, and
the data cube. We load the raw data from the sources in the staging area. We
transform and organize the data into dimensions and facts in the data mart. We
aggregate and summarize the data in the data cube for analysis and visualization.
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= Database Diagrams
= Tables
== System Tables
E3] FileTables
= External Tables
= Graph Tables
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=

Columns

EngineType (varchar(255), nulil)
renewablefFule (varchar(255), null)
FuelSupplier (varchar(255), null)
FuelConsumpBon (varchar(255), null)
OrderReceiptNumber (varchar{(255), nuli)
DocumentDateTime (varchar(255), null)
VersioniNumber (varchar(255), null)
CustomerReferenceNumber (varchar(255), n
OderDateAndTime (varchar(255), null)
ProjectNumber (varchar(255), null)
SuppilerPartyNumber (varchar(255), null)
SupplierPartyName (varchar(255), null)
VechicleldenBtyNumber (varchar(255), null)
LoadingDateAndTime (varchar(255), null)
UnloadingDateAndTime {(varchar(255), null)
[E3] Keys

= Constraints
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Figure 5: ELSA data warehouse file structure.

Despite the reporting of data to ELSA is low at present, we predict a significant
improvement, with reporting becoming more frequent and voluminous. To
accommodate this expected influx of data, we have developed an innovative module
that leverages airflow principles to ensure seamless and efficient reporting.

In this context, airflow is a platform that facilitates data movement, automation, and
scheduling. It employs a directed acyclic graph (DAG) model to define workflows
and dependencies between various data processing tasks. This approach is beneficial
when data is generated continuously and must be processed in real-time.

Our module utilizes the airflow platform to streamline data reporting to ELSA. It
has a scalable and reliable data pipeline that can process massive amounts of data
without sacrificing accuracy or speed. The pipeline consists of several stages: data
ingestion, preprocessing, transformation, and loading. Each stage is executed using
a set of predefined workflows that are triggered automatically based on predefined
conditions. We have written code in Python for this part, but there are several SaaS
platforms available that we can use, like Snowflake, Qlikview, and others.
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After storing our clean data in the warehouse, our data is ready for future analysis
and creating reports for business needs. In this part, we have analysed our simulated
data using R. The code is written in R language and performs the following tasks: It
imports a CSV file from the specified path into a data frame called 'data.' The CSV
file contains information about different fuel types, such as engine type (we have
chosen two types of renewable engine types: biofuel, electric and non-renewable
diesel, and gasoline), fuel supplier, fuel consumption, and CO2 emission. We have
done the calculation of the carbon emission using the eq. (1):

CO: = FuelConsumpBon(l) * emission factor (kg CO2/1) eq.(1)

In Equation (1), Consumption is per order by date and time for each vehicle in order
receipt. Emission factor for diesel retrieved from Air Calculation (2.87 kg CO:2 /).

It creates a new column called 'CO?' based on a condition: if the fuel is renewable,
the CO:2 emission is set to zero; otherwise, the CO2 emission is calculated by
multiplying the fuel consumption by the emission factor (Multiple Calibration
Decomposition Analysis: Energy Use and CO2 Emission in the Japanese Economy,
2006). This is a straightforward way of estimating the CO2 emission based on the
fuel type and consumption. The 'FuelConsumpBon' column represents the fuel
consumption in litres per 100 kilometres.
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Figure 6: QQ plot for fuel consumption of vehicles

Figure 6, Creates a Q-Q plot to check the normality of the 'FuelConsumpBon'
column. Plotting two probability distributions' quantiles against one another creates
a Q-Q plot, a graphical tool for comparing them. A straight line will connect the dots
in the Q-Q plot if the two distributions are similar. The Q-Q plot shows that the
'"FuelConsumpBon' column is normally distributed, as the points do not deviate from
the straight line. Adds a reference line to the Q-Q plot based on the
'FuelConsumpBon.' The reference line is the line that the points would lie on if the
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'FuelConsumpBon' column was normally distributed. The reference line helps to
visualize the deviation from normality more clearly.

The Shapiro-Wilk test helps to verify the normality of the 'FuelConsumpBon.' The
Shapiro-Wilk statistical test tests the null hypothesis that a sample is typical of a
normally distributed population (N. A. K., 2021). A p-value and a test statistic (W)
are the test results. Assuming the null hypothesis is true, the p-value is the likelihood
of observing a test statistic as extreme or more extreme than the one observed (Z.,
2006). If the p-value is little, frequently less than 0.05, the sample has a non-normal
distribution, and the null hypothesis can be disproved. We can determine that the
data have a normal distribution since the test yields a p-value of 0.6, more significant
than the significance level of 0.05.

Visualization tools enable users to access and retrieve data from the data warehouse
database according to their analytical needs. The visualization tools allow users to
execute distinct functions on the data, like sorting, categorizing, aggregating, and
joining. We use visualization tools to answer business questions in this study. We
use Tableau, a software platform that helps people and organizations use data to
make better decisions. Users can share their data insights with others, connect to
several data sources, and analyse data using visual tools. Tableau has various
products for different purposes, such as Tableau Desktop for creating and exploring
data visualizations, Tableau Cloud for accessing data and dashboards online,
Tableau Prep for preparing and cleaning data, and Tableau Server for managing and
collaborating on data projects. Tableau was founded in 2003 by three Stanford
researchers who wanted to make data analysis more accessible and intuitive through
visualization. Tableau is used by millions of people worldwide, from students and
teachers to executives and analysts, to see and understand their data.

4. Results

This section presents the results of our performance evaluation, literature review,
and vision development.

4.1 Performance Evaluation

We tested the data flow framework on 500 simulated order receipts from
subcontractors and contractors and used the climate calculator provided by the WSP
group to measure the carbon emissions for each order receipt. We also checked the
data quality and consistency of the inputs and outputs.

The results showed that the data flow framework could import data from various

sources and produce correct outputs without problems. The average time for

processing an order receipt was 2.5 seconds, within the acceptable range for real-

time data analysis. The carbon emissions calculated by the framework matched the

ones calculated by the WSP group; we used the same formula. The data quality and
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consistency were also high, as the framework followed the BEAst standard and
validated the data before sending it to the next stage.

However, we also identified potential risks or challenges from using this framework,
such as needing more data or correct inputs. For example, some order receipts
needed the vehicle ID or the fuel type, making it difficult to calculate the carbon
emissions accurately. Some order receipts had incorrect or inconsistent data, such
as negative distances or weights, which could lead to erroneous outputs. Human
errors, system failures, or data breaches could cause these issues. Therefore, we are
implementing some data cleaning and verification procedures to ensure the
reliability and validity of the data flow framework.

4.2 Findings on the BEAst standard

We conducted a review of the BEAst standard and its applications in the
construction industry. We found that the BEAst standard is comprehensive and
flexible for exchanging data in the construction industry to improve competence and
quality. It covers various aspects of the construction process, such as planning,
design, procurement, production, and maintenance. It also supports different data
formats, such as XML, JSON, and CSV, and different communication protocols,
such as HTTP, FTP, and SFTP. It is compatible with other standards in relevant
domains, such as BIM and IFC, and can be extended or customized to meet specific
needs.

Furthermore, we studied how we use this standard in the project and how it affects
the data flow and the ELSA system. We found that the BEAst standard enables a
smooth and efficient data flow between different actors and systems involved in the
project. It reduces data duplication and inconsistency and improves data quality and
transparency. It also facilitates data analysis and visualization, providing a standard
and structured data model that can be quickly processed and interpreted. Moreover,
it enhances data security and privacy, as it follows the GDPR and other regulations,
and allows the data owners to control the access and use of their data.

We also compared this standard with similar standards in relevant domains, such as
BIM and IFC. We found that the BEAst standard has some advantages over these
standards, such as being more domain-specific, more user-friendly, and more
adaptable. However, we also found that the BEAst standard has some limitations,
such as being less widely adopted, interoperable, and standardized. Therefore, we
suggest further developing and promoting the BEAst standard to increase its
acceptance and compatibility in the construction industry and beyond.

4.3 Proposed vision for ELSA

We developed the ELSA system's vision based on the data flow framework and the
BEAst standard. We defined the best practices for using data based on BEAst and
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created a vision for the ELSA system, including data visualization and target
audiences. We also answered the following business questions:

How does the fuel consumption vary by engine type and renewable fuel type?

We found that the fuel consumption varies significantly by engine type and
renewable fuel type. Diesel engines have the highest fuel consumption, followed by
gasoline, biofuel, and electric engines. Renewable fuel types have lower fuel
consumption than non-renewable fuel types.

Which fuel suppliers have the highest and lowest CO2 emissions per order?

We found that the fuel suppliers have different CO:z emissions per order, depending
on the fuel type and the distance they deliver. The fuel suppliers that use renewable
fuel types, such as ethanol and electricity, have lower CO2 emissions per order than
non-renewable fuel types, such as diesel and gasoline.

How does the order date and time affect the fuel consumption and CO:2 emissions?

We found that the order date and time impact the fuel consumption and CO2
emissions. The fuel consumption and CO2 emissions are higher on weekdays than
on weekends and higher during peak hours than off-peak hours. This could be due
to traffic congestion and the driving behaviour that affects the fuel efficiency and
the carbon footprint of the vehicles. The highest fuel consumption and CO:2
emissions were on Tuesday, while the lowest fuel consumption and CO2 emissions
were on Monday.

How does the loading and unloading time affect the fuel consumption and CO:
emissions?

We found that the loading and unloading times have a positive correlation with fuel
consumption and CO2 emissions, meaning that the longer the loading and unloading
times are, the higher the fuel consumption and CO2 emissions. You can also see that
some suppliers have higher or lower loading and unloading time, fuel consumption,
and COz2 emissions than others and that renewable fuels have lower loading and
unloading time, fuel consumption, and CO2 emissions than non-renewable fuels.

We created a vision for the ELSA system based on these findings. The ELSA system
is a web-based platform that provides data visualization and analysis for carbon
emissions in road maintenance. It uses the data flow framework and the BEAst
standard to collect, process, and display the data from various sources and systems.
It also uses the climate calculator to calculate the carbon emissions for each order
receipt. In this case, visual data is imported from our dummy data warehouse.
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The ELSA system has the following features:

Figure 7 shows the dashboard overview of the carbon emissions, such as the total,
average, and per unit emissions, the emission trends, and the emission breakdowns
by several factors, such as fuel type, engine type, fuel supplier, order date, order
time and loading and unloading time. In figure 8, a table shows the fuel
consumption, project ID, engine type, and carbon emissions by each supplier in the
project to get insights into which project or supplier needs revaluation. A chart
shows the comparative analysis of carbon emissions, such as the emission by vehicle
ID, the emission rate during loading and unloading, and the emission in specific
order.

The ELSA system is designed for different target audiences, such as the
Trafikverket, the contractors, the subcontractors, the fuel suppliers, the vehicle
manufacturers, the researchers, and the public. Each target audience has different
access levels and data views, depending on their roles and interests. The ELSA
system aims to provide valuable and actionable insights for the stakeholders to
improve their decision-making and reduce environmental impact.
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Figure 7: Vision overview for the ELSA dashboard visualization (homepage)
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5. Discussion

The main objective of the study was to investigate the challenges and potential
solutions for establishing a national data system to evaluate the emissions from road
maintenance in Sweden, based on a standard. The research showed that though there
is a need for a standardized system to manage and report data related to road
maintenance emissions, implementing such a system requires technical support and
a systemic plan that involves various stakeholders and is dependent on the entire
data acquisition process. This discussion will analyse and interpret the research
findings, draw conclusions, and discuss the implications of the study. It will also
explore the limitations and strengths of the study and suggest future research
directions.

5.1 Interpretation of Findings

The findings of the study suggest that there are several challenges associated with
setting up a national data system based on a standard to evaluate the emissions from
road maintenance. The challenges identified include the integration of diverse
sources of data into a consistent system, the discrepancy in CO2 emissions between
different modelling tools, the lack of temporal alignment between data sources, the
influence of human factors on data quality, and the limited access to cloud service
contracts and devices for some haulers and vehicles.
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To address these challenges, we recommend applying a new data report mechanism
that requires a detailed specification of reporting parameters covering aspects such
as content, format, resolution, and reporting frequency. The BEAst is promoted as
an industry-driven information standard that makes information machine-readable,
thereby reducing costs and increasing efficiency. However, we also highlight that
implementing BEAst requires technical support and a systemic plan that involves
various stakeholders and is dependent on the entire data acquisition process.

5.2 Implications

The findings of this study have several implications for the management of road
maintenance emissions in Sweden. First, we highlight the importance of integrating
diverse sources of data into a consistent system to manage and report road
maintenance emissions. Second, we emphasize the need for a detailed and
comprehensive reporting mechanism to cover aspects such as content, format,
resolution, and reporting frequency. Third, we highlight the potential benefits of
using industry-driven information standards such as BEAst to make information
machine-readable, thereby reducing costs and increasing efficiency. Fourth, we
emphasize the importance of technical support and a systemic plan that involves
various stakeholders and is dependent on the entire data acquisition process.

5.3 Limitations and Strengths

While this study on evaluating emissions from road maintenance in Sweden offers
valuable insights and potential solutions, it is essential to acknowledge certain
limitations that shape the context of its applicability. First, the study's exclusive
focus on Sweden might limit the applicability of its conclusions to different
countries or areas. The complexities of projects legal systems, and road maintenance
methods in various geographic contexts may cause variances that affect how
transferable the suggested solutions are.

Furthermore, it is cructal to address industry-specific limitations associated with the
assumption of GPS equipment. The reliance on GPS assumes a certain level of
technological infrastructure and may not account for variations in the availability
and precision of GPS data across different regions or countries. This limitation
underscores the need for tailored approaches when considering the implementation
of standardized data systems in diverse contexts.

Another notable limitation lies in the simulation of data, which introduces
uncertainties in replicating real-world scenarios. While simulations provide valuable
insights, they inherently lack the authenticity of actual data, potentially influencing
the accuracy of emissions assessments and related analyses. The study's findings
should be interpreted with caution, considering this inherent limitation in data
simulation.
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Additionally, the lack of validation with real data poses a challenge in ensuring the
accuracy and reliability of the proposed solutions. The study's recommendations and
potential solutions need to undergo validation processes with real-world data to
establish their effectiveness in practical road maintenance scenarios. The absence of
such validation introduces an element of uncertainty and emphasizes the importance
of further research and empirical testing to validate the proposed methodologies.

However, a strength of this study is that it provides a comprehensive review of the
challenges and potential solutions for setting up a national data system based on a
standard to evaluate the emissions from road maintenance in Sweden. We identified
several key challenges and recommended potential solutions that can inform future
research and policy development.

5.4 Future Research Directions

In a future study, we want to determine the transferability of the insights and
methodologies developed in this research to other projects where the BEAst
standard is applied. We want to investigate the potential for using the findings in
similar contexts and projects to maximize the standard's utility across various
domains. The future work lies in the application, validation, updating, and
maintenance of proposed methodologies once authentic data becomes accessible.

5.5 External Validity

The external validity of this thesis extends beyond its specific context, providing
insights and implications applicable to similar systems and broader transportation
frameworks. As a representative of a comprehensive data management system
within Trafikverket, the findings possess relevance and transferability to
comparable government agencies and transportation bodies globally as well as
European Union (EU). By focusing on the integration of diverse data sources for
road maintenance, the thesis contributes to a growing body of knowledge in the field
of infrastructure management.

Furthermore, the collaborative approach undertaken in the development of the
digital environmental management platform serves as a model for public-private
partnerships in similar ventures. The involvement of industry experts, such as the
WSP Group, contractor Peab, and major trucking companies, demonstrates a
replicable model for engaging diverse stakeholders in similar initiatives.

The automated collection, reporting, and monitoring of climate-related data from
various vehicle types, including Volvo, Scania, and Dynafleet, showcases the
adaptability of the proposed system. This adaptability makes the system applicable
to different vehicle fleets, emphasizing its scalability and potential integration into
varied transportation ecosystems.
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To enhance external validity, it is essential to consider the specificities of the
Trafikverket system in relation to the broader transportation landscape.
Comparisons with similar systems in other countries or regions, acknowledging
variations in regulations, infrastructure, and technology, would provide a more
nuanced understanding of the system's adaptability.

In conclusion, the external validity of this thesis is fortified through its contributions
to generalizable knowledge in infrastructure management, its collaborative model
for public-private partnerships, and the adaptability of the proposed system to
diverse transportation environments. Exploring connections with analogous systems
worldwide and acknowledging regional variations will further enhance the
applicability of the findings beyond the specific context of Trafikverket.

6. Conclusion

In conclusion, the vision outlined in the introduction for developing a national data
system to evaluate emissions from road maintenance faces several challenges and
requires a concerted effort. The proposed ELSA system, utilizing the BEAst
standard, presents a potential solution to integrate diverse data sources into a unified
framework. However, successful implementation hinges on addressing
technological limitations, data discrepancies, and fostering stakeholder
collaboration and clear communication.

Our analysis of the Trafikverket project highlights the promising aspects of
automating the collection and reporting of climate-related data using the BEAst
standard. This industry-driven information standard proves valuable in overcoming
data collection and reporting challenges within the transportation sector. The
project's collaboration with stakeholders, including industry experts and major
trucking companies, underscores the importance of a collective approach.

The complexities of the transportation sector's data collection and reporting
landscape are evident, emphasizing the need for a reliable data system to assess road
maintenance emissions. The challenges identified, such as discrepancies in CO2
emissions reporting, temporal alignment issues, and the influence of human factors
on data quality, underscore the intricacies involved in achieving a standardized and
efficient data reporting mechanism.

In navigating these challenges, our proposed objectives aim to enhance the
understanding and application of the BEAst standard and ELSA within the Swedish
road maintenance context. Through testing the data flow framework, studying the
implications of the BEAst standard, and defining best practices for data usage, we
seek to contribute valuable insights to the ongoing efforts in achieving a more
sustainable and digitally advanced future.
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Ultimately, the success of implementing the BEAst standard and the envisioned

ELSA

system rests on the collaborative efforts of diverse stakeholders, clear

communication channels, and ongoing technological advancements. This study
offers a comprehensive exploration of the road maintenance data landscape,
emphasizing the significance of a standardized approach to address the complexities
and achieve sustainable outcomes in the transportation sector.
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Appendix: the source code for the work
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