The main challenges of data management for
DSQO, Distribution System Operators

y /
Sygmabarta

2025

$) SygmaDato 2025



Table of Contents

Table of Contents
Table Of CONENES .. .o e 2
ST UL 0] 0= YU 4
Overview of Data Management............cooo oo 5
KEY CRallE€NQES ......oeieee e aeaa 5
Data Volume and CompleXity ..........c.uiiiiiiiiiiiii e 5
Ensuring Data Quality and SeCUrity ...........cooviriiiiiiiii e 5
Breaking Down Data SiloS .........coooiiiiiiii e 5
Solutions for Effective Data Management...............ooii i 5
Challenges in Data Management for DSOS.........ccouuiiiiiiiiiiiin e 7
Data INtegration ... e eaea 7
Data QUAIILY ..o e e e eeaea 7
Large Data VOoIUMES ...t 7
Legacy SYStEMS ... eaa 8
Customer-Centric APProach ..........ooovniiiiiiiie e 8
Impact of Challenges on DSO Operations ...........ccooeiiiiiiiiiii e 9
Financial Implications of Poor Data Management..............cccccovviviiiiiiiiieeeiiieeeee 9
Data Quality Challenges...........oo i e e e eeaee 9
Regulatory Compliance and RISKS..........oooiiiiiiiii e 9
ReS0oUrce CoNSraiNtS .......oiiiiiiice e eees 9
Solutions and Best PractiCes.........oooviiiiiiii e 11
Cross-Functional Collaboration ... 11
Data Archiving and Retention POlICIES ............oiiiiiiiiiiii 11
Leveraging Big Data TechnolOgies ...........c.ooviiiiiiiiiiiiiee e 11
Data Compression and Deduplication Techniques..............ccoviivieiiiiniiiieeiiineene, 11
Ongoing Education and TraiNing ..........coeeeuiiiieiieiiee e e e e eeeees 11
Holistic Standards-Based APProach .............uuoiieiiiiiiiiieeeecee e 12
(@7 TSI ] (0 Lo |1 PSSR 13
Introduction to Challenges Faced by DSOS ... 13
Governance Strategies and Their Impact ............cccccooiii i 13
Unclear Policies and ProCedures............oooiiiuiiiiiiiiiiiie e 13
$) SygmaDato D025



Position Paper INSIgNTS ... ..coou e
Customer-Centric APProach ...
OS] (=T (=] [

$) SygmaDato D025



summary

Data management is a critical concern for Distribution System Operators (DSOs),
who face significant challenges in navigating the complexities of modern energy
systems. The rapid increase in data volumes generated by intelligent connected
devices, alongside the demand for real-time analytics and integration of diverse data
sources, presents considerable operational hurdles. These challenges can lead to
high storage costs, inefficiencies, and compromised data quality, ultimately
impacting the reliability and effectiveness of energy distribution services[1][2][3].

One of the primary obstacles for DSOs is the management of vast and complex
datasets. As the electricity network incorporates more advanced technologies, DSOs
must ensure that they can capture, process, and analyze high-frequency data
necessary for predictive analytics, such as fault prediction. The integration of this
data is often complicated by existing silos and outdated legacy systems, making it
difficult to maintain a unified view and optimal operational efficiency[4][5][6].

Additionally, maintaining data quality and ensuring cybersecurity are paramount for
effective decision-making and regulatory compliance. Poor data integrity can lead to
inefficiencies and diminish customer trust, while the rise in cyber threats necessitates
strong security measures during data collection and processing[4][7][8]. To
overcome these challenges, DSOs are increasingly adopting scalable storage
solutions and robust data governance strategies that facilitate better data
management and operational performance[1][2][9].

Overall, addressing the challenges of data management is essential for DSOs to
enhance their service delivery, improve customer satisfaction, and comply with
regulatory requirements. The growing complexity of data landscapes demands
innovative approaches and collaborative efforts across departments to create
effective data management frameworks that meet the evolving needs of the energy

sector[10][11-
[12].
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Overview of Data Management

Data management is crucial for Distribution System Operators (DSOs) as they
navigate the complexities of modern energy systems. The exponential growth of data
volumes presents significant challenges, overwhelming existing data management
systems. This leads to slow performance, high storage costs, and difficulties in
maintaining data quality[1][2]. Moreover, the increasing demand for big data
technologies and real-time processing complicates the management of large
datasets, making it challenging to ensure data remains accessible and usable for
analytics without compromising performance or security[1][3].

Key Challenges

Data Volume and Complexity

One of the primary challenges DSOs face is managing the sheer volume and
complexity of data generated by intelligent connected devices within the electricity
network. These devices require sophisticated hardware and configurations to
capture high-resolution, high-frequency data necessary for predictive analytics, such
as fault prediction[4][5]. As data continues to grow, integrating diverse data sources
and maintaining consistent data quality becomes increasingly difficult[6].

Ensuring Data Quality and Security

Data quality is another critical concern. DSOs need reliable data that is safe to use,
complete, and consistent[7]. The integrity of data impacts decision-making
processes and operational efficiency. Additionally, cybersecurity risks must be
mitigated during data collection, necessitating the use of strong encryption
technologies to ensure secure communication[4][5].

Breaking Down Data Silos

Implementing effective data governance is essential for breaking down data silos
across different business units. This collaborative process helps ensure that
organized data is appropriately utilized and accurately entered into systems|[7][8]. A
robust data governance strategy facilitates clean auditing, evaluation,
documentation, management, protection, and trustworthiness of data, ultimately
leading to a single source of truth for decision-makers|8].

Solutions for Effective Data Management

To address these challenges, DSOs are increasingly adopting scalable storage
solutions, such as cloud-based storage, which offer flexibility and scalability. This
approach allows organizations to efficiently manage large data volumes and
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expand their storage capacity as needed without significant upfront
investments[1][2]. By prioritizing data governance and leveraging advanced
storage technologies, DSOs can enhance their data management practices and
improve overall operational performance.
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Challenges in Data Management for DSOs

Data management for Distribution System Operators (DSOs) faces several
significant challenges that can impede operational efficiency and hinder the
delivery of services to customers. These challenges arise from the complexities
of data integration, data quality issues, and the management of large data
volumes.

Data Integration

Data integration is a critical aspect of effective data management, yet DSOs often
contend with multiple data sources that utilize different formats, structures, and
technologies. This diversity complicates the integration process, making it time-
consuming and prone to errors. Data silos, or isolated data storage systems, can
further exacerbate these issues, preventing efficient data sharing across
departments and leading to inefficiencies in decision-making and operational
insights[10][11]. Moreover, the demand for real-time data integration requires
advanced infrastructure capable of managing continuous data flows without
causing latency or loss of information[12].

Data Quality

The accuracy and quality of data are fundamental to the success of master data
management (MDM) systems. Inaccurate data can lead to poor decision-making,
inefficiencies, and a loss of trust among users[9]. DSOs must contend with
challenges related to poor data quality, which can stem from inconsistent data
formats, legacy systems, and data duplication. Implementing robust data
governance tools is essential for enforcing data policies, maintaining data quality,
and ensuring compliance with regulatory standards[13].

Large Data Volumes

The exponential growth of data volumes presents another significant challenge for
DSOs. As the amount of data generated continues to rise, existing data management
systems may struggle to maintain performance, leading to high storage costs and
difficulties in preserving data quality. The integration of big data technologies and the
demands for real-time processing complicate these challenges further[9]. To
effectively manage large data volumes, DSOs can benefit from scalable storage
solutions, such as cloud-based systems, which allow for flexibility and the ability to
expand capacity as needed[12][13].
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Legacy Systems

Overcoming the limitations posed by legacy systems is also a pressing concern.
Many DSOs rely on outdated technologies that do not support modern data
management practices, making it difficult to integrate new data sources or utilize
advanced analytical tools[11]. Incremental modernization through cloud solutions
and modular architectures can help DSOs enhance their data management
capabilities and scalability[13].

Customer-Centric Approach

Finally, adopting a more customer-centric approach requires effective data exchange
processes between system operators and customers. This necessitates high levels
of engagement and collaboration in European work streams focused on data access
and interoperability, as highlighted in the E.DSO position paper[10][14]. By
addressing these challenges, DSOs can improve their data management practices,
ultimately enhancing service delivery and customer satisfaction.
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Impact of Challenges on DSO Operations

Distribution System Operators (DSOs) face several challenges that significantly
impact their operations, particularly in relation to data management. One of the
foremost issues is the lack of operational efficiency, which can lead to supply chain
bottlenecks and hinder effective data utilization[15][16]. When operational processes
are not streamlined, the inefficiencies can not only affect cash flow but also
compromise the overall performance of the DSO, making it difficult to meet customer
expectations and regulatory requirements.

Financial Implications of Poor Data Management

A high Days Sales Outstanding (DSO) can have detrimental effects on a firm's
financial health. Extended payment terms, while potentially attracting customers, can
result in strained cash flow, limiting a company's growth potential[17][18].
Furthermore, a consistently high DSO is often perceived by lenders and investors as
a sign of poor cash management, which can damage a firm's reputation and hinder
future investment opportunities[19]. This can create a vicious cycle where
operational inefficiencies lead to higher DSO, further restricting financial resources.

Data Quality Challenges

Another critical challenge in DSO operations is the management of data quality. Poor
data quality can severely undermine operational efficiency and customer service. For
example, ineffective data governance can result in duplicate records and a lack of a
comprehensive 360-degree view of customers, which is essential for personalized
marketing and service[20][21]. The inability to maintain high-quality, consistent data
records can lower customer satisfaction and increase operational costs, ultimately
affecting the DSO's bottom line[22][23].

Regulatory Compliance and Risks

Failing to manage data effectively can also expose DSOs to regulatory risks. Non-
compliance with applicable regulations can lead to hefty penalties and legal
consequences, tarnishing the organization's reputation and financial stability[24].
Moreover, the stakes are heightened when sensitive data is compromised, as this
not only incurs costs but also damages customer trust and can result in

lawsuits[24][25].
Resource Constraints

Lastly, budget and resource constraints further complicate the data management
landscape for DSOs. Even with stakeholder support, the lack of sufficient
investment in tools, technologies, and skilled personnel can limit the effectiveness
of data governance strategies[26][25]. This inadequacy can lead to a significant
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risk of data downtime and inefficiencies that negatively impact revenue and
operational performance[27][28].
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Solutions and Best Practices

Cross-Functional Collaboration

Establishing cross-functional teams is essential for overcoming the challenges posed
by siloed data and differing departmental priorities. These teams should comprise
members from IT, business units, and data governance to promote better
communication and collaboration. By working together, stakeholders can develop
and implement data management strategies that address the needs of all parties
involved, leading to improved data integrity and usability across the
organization[29][30].

Data Archiving and Retention Policies

Clear data archiving and retention policies can help manage the growth of Big Data
by identifying and archiving infrequently accessed information. This approach
reduces the burden on primary storage systems and ensures that critical data
remains accessible. By effectively managing the lifecycle of data, organizations can
optimize their storage resources and maintain data quality[31][29].

Leveraging Big Data Technologies

Utilizing advanced big data technologies, such as Hadoop and Spark, enables
organizations to process and analyze large datasets efficiently. These technologies
are designed to handle vast amounts of data, facilitating real-time analytics and
improved decision-making. By leveraging these tools, Distribution System Operators
(DSOs) can enhance their ability to extract valuable insights from their

data[31][29][4].

Data Compression and Deduplication Techniques

Implementing data compression and deduplication techniques can significantly
reduce storage requirements, minimize redundant data, and optimize storage space.
This leads to cost savings and improved performance. By adopting these practices,
DSOs can manage their data more effectively and ensure that storage systems
operate efficiently[31][29].

Ongoing Education and Training

Implementing ongoing education initiatives helps keep personnel updated with new
features and best practices in data management. Regular workshops, webinars,
and refresher courses can reinforce knowledge and address any gaps that arise
over time. Additionally, tailoring training programs to users' roles ensures that each
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team member receives relevant and practical information, thereby enhancing
overall data management capabilities[4][32].

Holistic Standards-Based Approach

A holistic, standards-based approach to grid modernization and data management
is essential for DSOs. This approach emphasizes the adoption of common
standards, such as the Common Information Model (CIM), which helps to harmonize
data management practices across the industry. By adhering to established
standards, organizations can protect their investments and ensure that they derive
maximum value from their data assets[31][33][4].

$) SygmaDato D025


https://www.entsoe.eu/Documents/Publications/Position%20papers%20and%20reports/entsoe_TSO-DSO_DMR_web.pdf
https://www.smart-energy.com/industry-sectors/energy-grid-management/solving-data-challenges-to-accelerate-the-energy-transition/
https://www.sciencedirect.com/science/article/pii/S0306261920314896
https://www.energy.gov/sites/prod/files/2013/05/f0/GTT12_Dist-TechSum.pdf
https://www.entsoe.eu/Documents/Publications/Position%20papers%20and%20reports/entsoe_TSO-DSO_DMR_web.pdf
https://www.entsoe.eu/Documents/Publications/Position%20papers%20and%20reports/entsoe_TSO-DSO_DMR_web.pdf
https://www.entsoe.eu/Documents/Publications/Position%20papers%20and%20reports/entsoe_TSO-DSO_DMR_web.pdf
https://www.entsoe.eu/Documents/Publications/Position%20papers%20and%20reports/entsoe_TSO-DSO_DMR_web.pdf
https://www.energy.gov/oe/articles/demonstrating-data-analytics-transmission-and-distribution-coordination
https://www.energy.gov/oe/articles/demonstrating-data-analytics-transmission-and-distribution-coordination
https://www.energy.gov/oe/articles/demonstrating-data-analytics-transmission-and-distribution-coordination
https://www.researchgate.net/post/What_are_the_challenges_that_Distribution_System_Operators_DSOs_are_facing_in_smart_grid_environment
https://www.sciencedirect.com/science/article/pii/S0301421522004591
https://www.energy.gov/oe/articles/demonstrating-data-analytics-transmission-and-distribution-coordination
https://www.smart-energy.com/industry-sectors/energy-grid-management/solving-data-challenges-to-accelerate-the-energy-transition/
https://www.edsoforsmartgrids.eu/edso-publications/facilitating-customers-energy-data-management-and-interoperability-dsos-perspective/
https://www.entsoe.eu/Documents/Publications/Position%20papers%20and%20reports/entsoe_TSO-DSO_DMR_web.pdf

Case Studies

Introduction to Challenges Faced by DSOs

Distribution System Operators (DSOs) are increasingly confronted with a range of
data management challenges that can impact their efficiency and effectiveness.
These challenges are often exacerbated by the lack of a comprehensive governance
strategy, which can lead to significant operational risks and data issues[9][34].

Governance Strategies and Their Impact

A critical aspect for DSOs is the implementation of a robust data governance
strategy. The absence of such a strategy can result in increased operational
overhead, data errors, and integration issues, ultimately compromising data integrity
and compliance[9][34]. For instance, DSOs must communicate the importance of
governance to leadership, emphasizing that the costs associated with poor data
management may far exceed the investments required to implement effective
governance practices[9].

Unclear Policies and Procedures

Another major challenge involves unclear policies and procedures. Effective data
governance relies on well-defined policies that are accessible and understandable
to all stakeholders involved with data management. Unfortunately, many DSOs find
that their policies are not thoroughly planned, documented, or disseminated, leaving
data owners and users confused or misinformed about proper protocols[9][34]. This
lack of clarity can lead to inconsistent practices, further complicating data
management efforts[9][35].

Position Paper Insights

Insights from the E.DSO data management working group provide a valuable
perspective on the issues faced by DSOs. Their position paper titled “Facilitating
customers energy data management and interoperability - DSOs’ perspective”
highlights the importance of effective data management in operating distribution
systems flexibly and responsively[36][37]. The paper underscores the
responsibilities of DSOs as outlined in the Electricity Directive, emphasizing the need
for improved cooperation with Transmission System Operators (TSOs) and third
parties to enhance data exchange and interoperability[36][38].

Customer-Centric Approach

Adopting a customer-centric approach is increasingly recognized as essential for
DSOs. The paper stresses the importance of engaging with customers and other
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stakeholders to create a more collaborative environment for data management. This
engagement is vital for DSOs as they work to adapt their operations in a manner that
meets customer needs and enhances overall system reliability[36][39].
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