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BARRIERS AND SOLUTIONS TO ADOPTING
DIGITAL TWIN IN SRI LANKAN
CONSTRUCTION

H.T.T.A. Indunil!, R.P.H.S Bandara? and P.H.Y. Buddhini?

ABSTRACT

In the Industry 4.0 era, Digital Twin (DT) technology has emerged as a key innovation,
integrating physical assets with their digital counterparts to enhance coordination,
safety, and cost management in construction. Despite its potential, DT adoption in
construction remains limited, particularly in developing countries like Sri Lanka, due to
high costs, technological barriers, and a lack of standardized integration methods. While
DT has significantly improved efficiency in other sectors, the construction industry still
lacks practical large-scale applications and a unified framework for implementation.
This research aims to explore the applicability of DT in Sri Lankan construction
projects. Moreover, semi-structured expert interviews were conducted with 7 experts to
gather data. Accordingly, the literature review and insights gathered from interviews
highlighted its current usage, benefits, and barriers, and proposed 8 practical solutions
to facilitate broader adoption of DT in the Sri Lankan construction industry. The findings
of this research are anticipated to contribute significantly to the effective integration of
DT technology within the Sri Lankan construction sector. The results underscore the
promising role that DT can fulfil in addressing a variety of barriers confronting the
construction industry. This study not only emphasizes the critical importance of adopting
Digital Twin technology but also seecks to raise awareness of its potential, thereby
encouraging its utilization and ushering in a new era of innovation in the Sri Lankan
construction industry.

Keywords: Barriers,; Construction Technology,; Digital Twin; Sri Lanka.

1. INTRODUCTION

In the Industry 4.0 era with the advent of digitization, Digital Twin (DT) technology is
gradually becoming one of the core technologies (Li et al., 2025). DT technology, which
integrates physical assets with their digital counterparts, offers high potential to address
critical construction challenges by improving coordination, safety, and lifecycle cost
management (Madubuike et al., 2022). The challenges faced by the construction include
issues with planning, coordination, and communication, as well as safety hazards, high
maintenance costs, and inefficiencies in construction processes (Shahzad et al., 2022;
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Ullah et al., 2019). Recent studies suggest that these persistent issues could be mitigated
through the application of DT technologies, which have shown promise in enhancing
project efficiency and real-time decision-making (Gunatilaka et al., 2021; Shahzad et al.,
2022).

DT technology is an evolving concept that integrates the physical world with the digital
world (Madubuike et al., 2022). A DT is an emerging technology that is seen as crucial
for an organization's digital transformation. (Qamsane et al., 2021). This method allows
for the creation of a virtual model of a physical asset or process that can be monitored
and analysed in real-time (Madubuike et al., 2022) . Michael Grieves, formerly of the
University of Michigan, is often credited with coining the term "Digital Twin" during his
2002 presentation on Product Lifecycle Management (PLM) (Qamsane et al., 2021).

‘Cost’ is identified as a major barrier when it comes to developing countries to the
applicability of DT (Amirthavarshan et al., 2023; Geekiyanage et al., 2025). DT
application in the construction industry is low compared to other industries, despite the
rise of smart buildings with automated systems (Jiao et al., 2025; Madubuike et al., 2022).
According to the Amirthavarshan et al., (2023) in other sectors, DT technology has been
responsible for saving product development time and costs by up to 50%. Liu et al.,
(2024) stated the market value of DT is expected to increase from $6.9 billion in 2022 to
$73.5 billion in 2027, with an average annual growth rate of over 60%. This indicates a
strong growth potential for DT in the construction industry (Liu et al., 2024).

The use of DTs in the construction industry is still in its early stages, primarily involving
small-scale experiments and lacking mature practical applications (Amirthavarshan et al.,
2023; Tuhaise, 2023). It should be noted that the industry lacks a clear understanding of
the barriers posed by technology (Amirthavarshan et al., 2023). Furthermore, there is
currently no consensus among researchers and industry practitioners on standardized
approaches for integrating DT processes and data-centric technologies within building
and civil infrastructure projects (Sacks et al., 2020). As such, a clear research gap exists
in understanding how DT technologies can be effectively adopted and adapted to the
specific needs and conditions of the Sri Lankan construction sector (Gunatilaka et al.,
2021). Moreover, aligning system design with stakeholder preferences ensures that
proposed DT frameworks are not only technologically feasible but also aligned with
operational workflows and user capacities. This aligns with global perspectives, which
emphasize stakeholder-driven DT development to ensure relevance and efficiency
(Revolti et al., 2024). Bandara et al., (2024) stated future research should continue
exploring these areas to provide further insights and recommendations for enhancing
digital adoption in the construction sector.

Therefore, this research aims to explore the applicability of implementing DT technology
in construction projects in Sri Lanka, and the study's aim has been achieved by
accomplishing three objectives. Accordingly, the study will investigate the current state
of DT technology implementation in Sri Lanka. Then study will identify potential
benefits, and barriers to DT in construction in Sri Lanka. Ultimately, the research will
suggest practical steps that can be taken to overcome common barriers associated with
implementing DT technology in Sri Lankan construction projects.

Proceedings The 13" World Construction Symposium | August 2025 231



HT.TA. Indunil, R.P.H.S Bandara and P.H.Y. Buddhini

2. LITERATURE REVIEW

2.1 OVERVIEW OF DT

DT technology is underpinned by advanced data processing and artificial intelligence
(AI) applications such as machine learning, optimisation techniques, and search
algorithms to assess project performance in real time, whether the project is under
construction or in operation (Akomabh et al., 2020; Radzi et al., 2024). A DT consists of
three integral components: the physical system, its virtual counterpart, and the
communication link that synchronises the two. This linkage is enabled by technologies
including cyber-physical systems, sensors, communication networks, and mobile devices
(Akomah et al., 2020; Amirthavarshan et al., 2023; Madubuike et al., 2022). DT operates
as dynamic simulations, leveraging digital technologies such as Geographic Information
Systems (GIS), Building Information Modelling (BIM), and Internet of Things (IoT)
devices to create comprehensive, real-time representations of physical assets
(Amirthavarshan et al., 2023; Omrany et al., 2025). Cloud-based platforms are used for
data storage and real-time data exchange, enabling system integration.(Tuhaise, 2023).
According to Madubuike et al. (2022), implementing DT technology involves a six-step
process: imagining opportunities, identifying a suitable process, piloting the DT,
industrializing the process, scaling the twin, and monitoring and measuring.

2.2 CURRENT STATE OF DT

The use of DT technology in the construction and real estate industries has the potential
to revolutionize the management of assets and projects (Attaran & Celik, 2023). The De
Soysa building on Slave Island and the Rangiri Dambulla Caves are prime examples
where DTs can play a crucial role. For the De Soysa building, a DT can aid in preserving
its legacy amid urban development. For the Rangiri Dambulla Caves, a DT focusing on
microclimatic conditions can enhance preservation efforts by predicting and mitigating
environmental impacts (Kudasinghe & Jeewananda, 2024). Another one such example is
the creation of the Rankoth Vehera DT. This not only illustrates how DT applications are
currently used in Sri Lanka, but it also shows how transformative DT technology can be,
even in developing nations, where it can move major advancements and growth, and
innovation in sectors with little experience with digital technology (Buddika et al., 2022).
Despite its potential, in Sri Lanka, the adoption of DTs in the construction industry lags
behind more technologically advanced countries (Kudasinghe & Jeewananda, 2024).

2.3 ADVANTAGES OF DT

Amirthavarshan et al., (2023) research indicates that DT has a high potential to solve the
numerous challenges in construction site progress monitoring, rather than other current
technologies in use. The benefits of integrating DT into construction processes are
significant (Omrany et al., 2025). According to the literature review findings, the
advantages of the DT to the Sri Lankan construction industry are given in Table 1.
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Table 1: Advantages of DT

Advantage References

Hamaldinen (2021); Wang et al. (2025); Acampa &
Pino, (2023); Melesse et al. (2021); Singh et al. (2021)

Improve industrial production Jiao et al. (2025); Wang et al. (2025); Tuhaise (2023);
efficiency Bandara et al. (2024)

Improving management efficiency  Jiao et al. (2025); Amirthavarshan et al. (2023)

Jiao et al. (2025); Wang et al. (2025); Madubuike et al.
(2022)

Wang et al. (2025); Amirthavarshan et al. (2023);
Risk management Acampa & Pino (2023); Melesse et al. (2021); Singh et
al. (2021)

Wang et al. (2025); Amirthavarshan et al. (2023);
Enhanced safety Bandara et al. (2024); Haron & Zafir, (2025);
Madubuike et al. (2022)

Wang et al. (2025); Madubuike et al. (2022); Acampa &
Pino (2023); Melesse et al. (2021); Singh et al. (2021)

Wang et al. (2025); Amirthavarshan et al. (2023);
Nagalingam et al. (2013); Haron & Zafir (2025);

Enhance the design and planning

Ensuring sustainable development

Cost reduction

Improve the quality of decision-

making Madubuike et al. (2022)

Improve performance Tuhaise (2023)

Monitor energy consumption Amirthavarshan et al. (2023); Madubuike et al. (2022)
Amirthavarshan et al. (2023); Madubuike et al. (2022);

Remote monitoring Attaran & Celik (2023); Acampa & Pino (2023);
Melesse et al. (2021); Singh et al., (2021)

Quality assurance Madubuike et al. (2022)

2.4 IMPACT OF DT ON KEY CONSTRUCTION INDUSTRY ISSUES

The construction industry is under growing pressure to adopt digital technologies but
continues to face challenges such as system instability, technology integration
difficulties, and data security concerns (Tuhaise, 2023). A major barrier to digital
transformation is the disconnect between stakeholders' expectations and the perceived
impact on project outcomes, with many decision-makers failing to recognize the benefits
of digital tools on performance (Jiao et al., 2025). Despite these challenges, DT
technology is increasingly valued not only for its technical capabilities but also for its
contributions to project efficiency, predictive maintenance, cost-effectiveness, and
sustainability (Geekiyanage et al., 2025)

2.4.1 Lack of Reliable and Real-Time Data

This issue can arise from outdated reporting systems, manual data collection, and
insufficient technology, leading to delays in decision-making, poor communication
among stakeholders, and challenges in identifying potential problems early (Nagalingam
et al., 2013). The DT has emerged as a solution that can update a BIM model with real-
time data to achieve cyber-physical integration (Tuhaise, 2023). With the help of this
technology, real-time monitoring and analysis can help mitigate these problems by
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providing accurate and timely details for informed decision-making and improved
coordination (Jiao et al., 2025; Nagalingam et al., 2013; Tuhaise, 2023)

2.4.2 Inefficient Building Systems and Poor Design

It can result in high energy consumption and maintenance costs, which can be particularly
challenging for low-income households and small businesses (Emmanuel, 2004). One
potential solution is DT technology, which can facilitate early simulation and testing of
design options, as well as enhance collaboration and communication among project
stakeholders (Hamaldinen, 2021; Parvin, 2021). This contributes significantly to national
sustainability goals and fosters a greener construction industry (Hdméildinen, 2021; Jiao
et al., 2025)

2.4.3 Safety

Safety is an ongoing concern in Sri Lanka's construction industry, with accidents and
injuries being all too common. The lack of proper safety measures and training for
workers can put them at risk of injury or even death (Priyadarshani et al., 2013). DT
technology enhances safety on construction sites by offering real-time hazard analysis
and suggesting preventive measures (Attaran & Celik, 2023b; Wang et al., 2025). This
not only improves worker safety but also boosts productivity and reduces costs linked to
work-related injuries (Priyadarshani et al., 2013). Chathuranga et al., (2025) findings
stated key technologies like BIM, virtual reality, augmented reality, geographic
information systems, and serious games provide various construction safety applications.
Combining Al with video cameras, mobile devices, and sensors, DT creates a robust
safety net for the construction industry by enabling virtual site reconstruction to monitor
progress and detect safety hazards or deviations from the plan (Attaran & Celik, 2023).

2.4.4 Cost

The cost of construction projects is crucial to manage across the project life cycle, as cost
overruns, differences between actual and estimated costs, are a key indicator of project
success (Wijekoon & Attanayake, 2012). Geekiyanage et al. (2025) findings show that
DT is commonly used in the design and planning phase in Sri Lanka's construction
industry, but has minimal usage in construction, operations, and none in the end-of-life
phase. By adopting Whole Life Cycle Costing (WLCC) and Life Cycle Costing (LCC)
approaches, DT allows professionals to simulate entire building lifecycles, from design
to demolition (Boussabaine & Kirkham, 2004). This facilitates more accurate forecasting
of construction and maintenance costs, helping to make more informed decisions that
balance short-term budgets and long-term value (Boussabaine & Kirkham, 2004).

2.5 BARRIERS FOR DT

According to the research studies, identified four main categories of barriers have been
which are Stakeholder-Oriented (Li et al., 2025; Opoku et al., 2023), Industry-Related
(Bandara et al., 2023; Opoku et al., 2023), Construction-Enterprise-Related (Opoku et al.,
2023), and Technology-Related Barriers (Bandara et al., 2023; Li et al., 2025; Opoku et
al., 2023). According to the literature review findings, the barriers to the DT in the Sri
Lankan construction industry are given in Table 2.
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Table 2 : Barriers for DT

Barriers
Main References
Category Sub Category
. Aragén et al. (2025); Amirthavarshan et al.
E;V:rligiclzaturlty and (2023); Sacks et al. (2020); Bandara et al.
P (2023); Geekiyanage et al. (2025)
Stakeholder- 1, +ied understanding of
Oriented . & Bandara et al. (2023); Geekiyanage et al. (2025)
. potential benefits
Barriers
Lack of oreanizational Amirthavarshan et al. (2023); Melesse et al.
Support & (2021); Bandara et al. (2023); Madubuike et al.
PP (2022); Haron & Zafir (2025)
Amirthavarshan et al. (2023); Bandara et al.
Fragmented nature (2023); Madubuike et al. (2022); Geekiyanageet
Industry- al. (2025)
Related .
. Wang et al. (2025); Aragén et al. (2025);
Barriers Lack of standards Madubuike et al. (2022); Melesse et al., (2021)
Variability of projects Aragon et al. (2025)
Aragén et al. (2025); Amirthavarshan et al.
Financial barriers (2023); Madubuike et al. (2022); Melesse et al.
. ; Bandara et al.
(2021); Band 1. (2023)
Construction-
Enterprise- Time constraints Amirthavarshan et al. (2023)
Related Limited infrastructure and
Barriers organisational culture Bandara et al. (2023)
Organisational resistance .
to change Geekiyanage et al. (2025)
Wang et al. (2025); Tuhaise (2023); Madubuike
Data challenges etal. (2022); Aragon et al. (2025); Melesse et al.
(2021)
Model maintenance
1. (202
Technology- challenges Wang et al. (2025)
Related . : . :
Barriors Privacy and security risks Wang et al. (2025); Tuhaise (2023); Madubuike

Visualization limitations

Technological
compatibility

et al. (2022)
Tuhaise (2023)

Aragédn et al. (2025); Bandara et al. (2023);
Sacks et al. (2020)

2.5.1 Stakeholder-Oriented Barriers

Stakeholder-oriented barriers refer to challenges faced by individuals and groups in the
construction industry, including a lack of knowledge and acceptance of DT,
misconceptions, and differing opinions on its value and potential for projects (Sacks et

al., 2020).

Proceedings The 13" World Construction Symposium | August 2025

235



HT.TA. Indunil, R.P.H.S Bandara and P.H.Y. Buddhini

2.5.2 Industry-Related Barriers

Industry-related barriers are specific to the characteristics of the construction industry
itself. These challenges include the complexity of construction projects, difficulties in
integrating various trades and components, the static nature of building data, and
challenges related to managing data and technology in a fragmented industry (Lu et al.,
2020).

2.5.3 Construction-Enterprise-Related Barriers

Construction-related barriers include challenges such as funding issues, lack of
government support, legal and ethical concerns, and difficulties in coordinating
infrastructure spending for digital technology use (West & Blackburn, 2017).
Implementing DT technology involves significant financial investment in hardware,
software, and training, which can be a barrier, especially for smaller firms or projects
with limited budgets (Aragon et al., 2025; Geekiyanage et al., 2025).

2.5.4 Technology-Related Barriers

Technology-related barriers in digital transformation involve challenges like systems
integration, data security and scalability issues, hardware and software limitations,
concerns about data quality and reliability, and the necessity for constant internet
connectivity.(Marocco & Garofolo, 2021).

3. METHODOLOGY

This study adopts a qualitative research method to identify and explore the barriers and
potential solutions for implementing DT in the construction industry. Data collection
integrates a systematic literature review and semi-structured interviews. Seven industry
professionals were interviewed, and the interviews were semi-structured and open-ended
to allow participants to provide detailed perspectives and insights. Thematic analysis was
used to analyse the qualitative data.

3.1 QUALITATIVE DATA ANALYSIS

Qualitative research is a method that explores human experiences and social phenomena
in depth using non-numerical data like interviews and texts, and it focuses on
understanding meanings and context, providing detailed insights rather than numerical
analysis (Christou, 2022). Thematic analysis is a flexible and accessible method that helps
researchers identify, explore, and interpret patterns or themes within rich qualitative data,
providing deep insights into participants' perspectives and social phenomena (Christou,
2022; Clarke & Braun, 2017).

3.2 EXPERTISE CORE DATA ANALYSIS

Table 3 represents the demographic data analysis of the interview.

Table 3 : Expertise core data analysis

Organization firm Profession No. of Years of experience
Interviewers

Construction Project manager (R1, R2) 2 10-15 years

Contracting firm Senior Engineer (R3) 1 10-15 years
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Organization firm Profession No. of Years of experience
Interviewers
Construction Architect (R4) 1 15-20 years
Consultant firm Quantity Surveyor (R5) 1 15-20 years
Engineer (R6, R7) 2 15-20 years

4. RESULTS AND DISCUSSION

4.1  CURRENT APPLICABILITY OF DT TECHNOLOGY AMONG THE SRI
LANKAN CONSTRUCTION INDUSTRY PROFESSIONALS

Despite advancements, out of 7 interviewees, 4 experts mentioned that construction
projects still rely on manual methods, primarily due to limited software experience and
resistance to change stemming from traditional practices, while 3 experts indicated that
projects utilized automated tools. Table 4 illustrates the current applicability of different
digital technologies among Sri Lankan construction industry professionals, according to
the interviewers' responses.

Table 4: Current applicability of digital technologies

Digital technologies Awareness Practical implementation

Digital Twin 1 1
Photogrammetry 2 1
BIM 2 3
LiDAR 2 1

Among the technologies, BIM showed the highest level of practical implementation, with
3 out of 7 participants confirming its use, while 2 participants indicated awareness of it.
Photogrammetry and LiDAR were each mentioned by 2 participants in terms of
awareness, but only 1 participant acknowledged actual implementation in practice for
each. Digital Twin technology had the lowest overall recognition, with only 1 participant
mentioning awareness and 1 noting practical use, indicating it is still relatively new or
unfamiliar in the Sri Lankan context.

4.2 ADVANTAGES AND BARRIERS OF DT

Tables 5 and 6 represent a detailed overview of the barriers and advantages associated
with the implementation of DT technology in the construction industry, incorporating
insights from both the literature review and the interview findings

Table 5: Advantages of DT

Literature Interviewers
Advantages .
Review Rl R2 R3 R4 R5 R6 R7
1 Enhance the design and planning v v v v v v
Improve industrial production
2 efficiency v v v v v
Improving management efficiency v v v v
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Literature Interviewers
Advantages .
Review R1 R2 R3 R4 R5 R6 R7
4  Ensuring sustainable development v v
5 Enhanced safety v v
Cost reduction v v v v v
Improve the quality of decision-
making v v v
Improve performance v v v v v v
Monitor energy consumption 4 v v
10 Remote monitoring v v v v v v v

The analysis identified twelve advantages of DT implementation. Enhancing design and
planning was widely supported, while improving performance and remote monitoring
received unanimous backing from all seven interviewees. Other commonly cited benefits
included improved management efficiency, cost reduction, and better decision-making
quality, highlighting DT's practical value in project execution. Some advantages, like
enhanced industrial production efficiency and energy monitoring, were recognized by the
literature and certain respondents.

Table 6:Barriers for DT technology

Barriers Literz.lture Interviewers

Review Rl R2 R3 R4 R5 R6 R7
1 Limited Awareness & Understanding v v v v v
2 Lack of Skilled Workforce v v v v v v v
3 Low Adoption in Small Projects v v v 4
4 Technical Complexity v v v
5 Lack of Tools for Maintenance Phase v v v v v
6 Financial barriers 4 v v v

A total of 15 barriers were identified through the literature review. Notably, 6 of these
barriers, as shown in Table 6, were also highlighted by experts during the data collection
process, indicating alignment between the literature and professional insights. The most
significant barrier is limited awareness, noted by four interviewees. Nearly all sources
acknowledged a lack of skilled workforce, indicating a skills gap. Low adoption in small-
scale projects was mentioned by three interviewees, suggesting resource constraints for
smaller firms. Technical complexity was discussed by only two interviewees.
Additionally, four noted the need for better tools for the maintenance phase, while three
highlighted financial barriers and cost concerns related to advanced technologies.

4.3 PRACTICAL STEPS TO FACILITATE THE IMPLEMENTATION OF DT
TECHNOLOGY IN SRI LANKAN CONSTRUCTION INDUSTRY

The Table 7 outlines the proposed practical steps to overcome the barriers of digital
technology, according to the interviewees.
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Table 7: Proposed practical steps

Interviewers
Proposed Practical Steps
Rl R2 R3 R4 RS R6 R7
1 Awareness Campaigns v v v v
2 Standardized Framework v v
3 Training Programs v v v
4 Pilot Projects v v
5 Regulatory Support v v
6 Collaboration v v
7 Education and Curriculum Development v v
8 User-Friendly Platforms 4 v v

The key recommendations included awareness campaigns to improve understanding of
DT, as supported by four interviewees. Training programs and curriculum development
for capacity building were emphasized by three others. R6 and R7 suggested pilot
projects, while R2 and RS called for standardized frameworks and regulatory support. R3
and R7 highlighted the importance of collaboration among stakeholders, and R1, R6, and
R7 stressed the need for user-friendly platforms to enhance adoption.

Figure 1 illustrates the suggested practical steps that can be taken to overcome common
barriers associated with implementing DT technology in Sri Lankan construction
projects.

| Barriers |

Limited understanding of potential benefits
_ Fragmented nature

Awareness Campaigns — -
Organisational resistance to change

Level of maturity and experience « -, ‘E Training Programs

b=
User-Friendly Platforms )" ————— >1 Technological compatibility -

Education and Curriculum
Development

Lack of standards
Standardized Framework |- - - - Model maintenance challenges
Data challenges

l Limited infrastructure and organisational culture

Financial barriers ]’< 1
Regulatory Support KR--—- Time constraints

Privacy and security risks

l Variability of projects ﬂ" __ ﬂ‘{ Pilot Projects
1

Proposed practical steps
Proposed practical steps

~
Al Lack of organizational support | *--- ﬂ Collaboration

Figure 1 - Proposed practical applications to overcome the barriers of DT technology

Incorporating DT technologies into academic curricula equips future professionals with
essential skills. This strategy promotes a culture that supports digital initiatives. A
standardized framework enhances data sharing, model development, and integration,
reducing fragmentation and improving interoperability, which is vital for effective DT
applications. Creating user-friendly platforms encourages adoption, ensuring
stakeholders engage with systems for smoother implementation and better data
management. Pilot projects serve as test environments for DT solutions, helping identify
issues, validate benefits, and build stakeholder confidence. Successful pilots demonstrate
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viability and encourage broader investment. Government regulations can establish
industry standards, provide financial incentives, and enforce security measures, lowering
risks and costs while supporting digital innovation. Collaboration across government,
academia, and industry fosters knowledge sharing, drives innovation, and establishes
essential support systems for successful DT implementation.

5.  CONCLUSIONS

This study assessed the applicability of DT technology in Sri Lankan construction
projects by examining its current usage, potential benefits, and implementation barriers.
It's important to recognize limitations in the research, as technology's dynamic nature may
affect the generalizability of the findings. The research findings confirm that while DT
remains an emerging concept in Sri Lanka, it holds considerable promise in addressing
industry specific barriers, such as improving design accuracy, monitoring performance,
enhancing safety, and managing LCC. Despite growing interest, the uptake of DT is
hindered by limited stakeholder awareness, insufficient technical expertise, cost
constraints, and lack of regulatory support. Addressing these barriers requires a multi-
pronged approach, including targeted awareness programs, integration of DT concepts
into academic and professional training, pilot implementations to demonstrate value, and
the development of supportive policies and standardized frameworks. With proper
strategic direction, Sri Lanka’s construction industry can harness DT technology not only
to modernize its practices but also to contribute to a more sustainable and digitally
integrated future. Therefore, future research should incorporate stakeholder input to
define the scope and functionalities of DT systems that best serve the practical needs of
the industry.
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