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Metering Applications using Low Power Instrument Transformers in Power Distribution
Systems

Author(s): Mirza Danish Baig, ABB Inc., Canada; Lukas Cesky, ABB s.ro, Czech Republic

Abstract

Modern power networks are transforming rapidly with the integration of renewable energy, distributed generation, and
non-linear loads. This has created new demands for accurate power quality monitoring in medium voltage (MV) power
distribution systems. Traditional monitoring methods designed for low voltage (LV) networks cannot adequately address
the harmonic distortion and power quality challenges emerging at MV levels. This presentation explores how Low Power
Instrument Transformer (LPIT) technology can be applied to MV power quality monitoring.

Current power quality standards, particularly IEC 61869-6 and its various harmonic accuracy class extensions (WBO to
WB4), require measuring harmonics up to the 50th order. The WBO class defines minimum requirements up to the 13th
harmonic, while higher classes extend measurement capabilities to cover the full spectrum of power quality phenomena.
This work will investigate how LPIT technology, including Rogowski coil current sensors and resistive or capacitive voltage
divider sensors, meets these frequency-response requirements to ensure measurement accuracy across a broad spectrum
of operating conditions.

The presentation will present the testing methodologies and results for LPITs. These tests will demonstrate full compliance
with the extended harmonic measurement requirements defined in IEC 61869-6 Annex 6A.4, validating LPIT capability to
accurately measure harmonic distortion curves from the fundamental frequency through higher-order harmonics. These
are essential for adequate power quality assessment. Frequency response characteristics, ratio errors, and phase
displacement measurements across the extended frequency range will also be presented, providing empirical evidence of
LPIT's suitability for demanding power quality applications.

The technical challenges of simultaneously achieving 0.2S accuracy class performance required for revenue metering
applications while supporting wide-bandwidth power quality measurements will also be presented. LPITs eliminate the
traditional trade-off between metering precision and frequency response.

This presentation will conclude with detailed value propositions for LPITs from an end-user perspective, highlighting
quantified benefits, such as a smaller installation footprint and reduced weight compared to traditional ferromagnetic-



core instrument transformers. LPITs also offer increased personnel safety through low secondary voltages, better
measurement accuracy over wider operating ranges, and capabilities that support protection, metering, and power quality
monitoring. These benefits lead to lower overall ownership costs, increased standardization, and greater operational
flexibility.

Mirza Danish Baig received his Masters degree in Electrical Engineering with a specialization
in Energy and Environment from the University of Calgary in 2020. Danish is a registered
professional engineer in the Province of Alberta and has more than 15 years of experience
working with Medium Voltage Switchgear and components at three major manufacturers of
electrical power distribution equipment. Currently, he is working with ABB as a Product
Marketing Specialist for Medium Voltage Indoor Appa-ratus with a focus on MV Breakers, MV
Switches, MV Instrument Transformers, UFES, and MV Sensors.

Lukas Cesky holds a Doctor’s degree in Power Engineering from the Slovak University of
Technology. He works as the Global Product Manager responsible for MV Sensors and is
located at ABB’s factory in Brno, Czech Republic. Lukas is a member of the IEC and IEEE
working groups, which focuses on MV instrument transformers and Sensors, and is the author
of many articles connected with this topic. Lukas’ power industry experience includes design
engineering of LV grids, R&D project engineering of MV Instrument transformers & Sensors,
and product management of Instrument transformers and Sensors. He continues to lecture

within the industry including at universities and international conferences.

15:50 - 16:10

Modernizing Simulation Workflows: A Cloud-Based Framework Integrating Desktop Tools,
Multi-Vendor Models, and Al-Driven Capabilities

Author(s): Davis Montenegro, New Math Data LLC, USA ; Rakesh Belchandan, New Math Data LLC, USA. ; Robert Jackson,
New Math Data LLC, USA. ; Scott Peters, New Math Data LLC, USA. ; Traey Hatch, New Math Data LLC, USA.

Abstract

A Cloud-Based Simulation Services Portal (CSSP) represents a transformative approach to delivering on-demand access to
commercial simulation tools and services. It introduces a flexible, usage-based transaction model in which users pay only
for the resources they use. Software vendors can expand their reach beyond traditional annual licensing structures, and
individual simulation developers gain a direct channel for engaging with both simulation software providers and end users.
This commercialization framework also unlocks advanced interoperability features, such as drag-and-drop project
migration, intelligent co-simulation, community collaboration spaces, and a suite of ready-to-use workflow tools, all
supported by cost-efficient, cloud-based Al technologies.

Beyond cloud-native capabilities, CSSP strengthens the value of existing standalone desktop applications by integrating
them into a unified, cloud-enabled ecosystem. Users can continue leveraging the performance, familiarity, and specialized
functionality of their desktop tools while seamlessly connecting to cloud-based solvers, shared data environments, and
distributed computing resources. This hybrid model preserves the strengths of local execution, such as low-latency
interaction, offline availability, and deep customization, while eliminating traditional barriers to collaboration, scalability,
and software distribution.



Bringing together diverse cloud-based simulation tools within the same platform further amplifies analytical potential.
Multi-vendor and multi-domain models can interoperate through standardized interfaces, enabling co-simulation
workflows that were previously difficult or impossible to coordinate. Engineers can combine electromagnetic, mechanical,
thermal, economic, and Al-driven models into unified studies, accelerating innovation and reducing integration overhead.
A key advantage of this ecosystem is the streamlined access it provides to advanced Al add-ons. Customers can augment
their existing tools with Al-powered optimization, anomaly detection, automated model tuning, natural-language
interfaces, and intelligent scenario generation, without complex installation steps or hardware upgrades. These Al
capabilities, which can be developed in the cloud by users and developers, become modular services that users can
activate on demand, allowing organizations of all sizes to adopt cutting-edge analytics at a fraction of the traditional cost.
The initiative aims to modernize the digital simulation ecosystem by redefining how simulation software is delivered,
accessed, and monetized. It empowers vendors, users, and independent contributors through a cloud-enabled foundation
that enhances flexibility, accessibility, and collaboration. Through this case study, attendees will gain insight into how this
technology can elevate analytics within the power industry and beyond, enabling a more dynamic commercialization
environment that broadens markets, accelerates technology adoption, and unifies desktop and cloud tools into a cohesive,
future-ready simulation landscape.

Scott Peters is a CTO at New Math Data, working at the intersection of software engineering,
the cloud, and the electrical utilities industry. He builds distribution planning tools and power
- ‘/'.. = flow analysis systems designed to run at scale, helping utilities model and plan their networks
-9"’ with the speed and rigor that modern grid demands require. His work spans data pipelines,
'V modelling engines, planning workflows, drawing on 20 years of experience in aerospace and
~—lT other industries. He is based in New Westminster, BC.

16:10 - 16:30

Introduction to Data Center Reliability Assessment
Author(s): Neal Dowling, IEEE Power Systems Reliability Working Group, USA

Abstract

This presentation describes a practical methodology for performing reliability assessments of data center electrical
systems, based on engineering techniques that have been successfully applied over many years in consulting practice.
The first step is to work with the client to establish what "failure" means for the specific application. This is essential
because selecting an inappropriate definition of failure may lead to a reliability model that does not reflect the client's
actual requirements. One definition commonly adopted for data centers is the failure to supply continuous electrical
power to both cords of a representative dual-cord load.

The next step is to collect the client's documentation, such as single-line diagrams for the electrical system or process flow
and instrumentation diagrams for the cooling system. These documents describe how power flows from the available
sources, typically utility power and standby generators, to the critical load.

The electrical distribution system is then transformed into a simplified model containing only the components that
influence the delivery of power to the critical load. This simplified representation facilitates the incorporation of
component reliability data and the development of the reliability model. The model is subsequently reviewed with the
client to verify that the system architecture has been correctly interpreted and that all relevant components have been
included.



A fault tree model is then developed to represent the selected definition of failure. Reliability block diagrams can also be
used, as they produce equivalent results. The fault tree is reviewed with the client to confirm that the failure logic
accurately represents the intended system behavior.

Once validated, the model is solved to obtain quantitative reliability indices and a ranked list of minimal cut sets, i.e., the
combinations of component failures that can lead to the defined failure event. Finally, the results are documented in a
technical report.

The presentation includes solved examples illustrating each step of the methodology. Additional topics include the
distinction between reliability and availability, sources of component failure-rate data, commonly used reliability analysis
tools, the effects of redundancy and common-cause failures, and relevant industry standards.

Neal Dowling received his BSEE (1974) & MSEE (1979) from MIT. He spent 20 years in the
medical device industry. He joined MTechnology in 2000, where he worked on innovative
power systems. At MTech, he used probabilistic risk assessment (PRA) & fault tree analysis
(FTA) to calculate the reliability of power systems. He retired from MTech in 2023 but
continues to consult on these subjects. He is a member of the P493, P3005.2, and P3005.7
Working Groups, and is also the vice-chair of the I&CPS Reliability Subcommittee and
Reliability Working Group. He is a Life Senior Member of the IEEE.

16:30 - 16:50

Power Quality and Harmonics in Data Centers: Case Studies and Mitigation Strategies
Author(s): Dr. Haider Razak, Hammond Power Solutions, Canada

Abstract

Power outages are often viewed as the primary threat to industrial and commercial facilities; however, long-term
equipment stress and reduced system margins are more commonly driven by poor power quality. In data-center
environments, high concentrations of power-electronic loads—such as uninterruptible power supply (UPS) systems, IT
server power supplies, and electronically commutated (EC) motor-driven cooling equipment—introduce current
harmonics, distortion, and power factor challenges that quietly increase losses and reduce reliability. This presentation
examines how these power quality issues manifest in modern data-center power systems and how system-level design
choices can either exacerbate or mitigate their impact.

Using real-world industrial examples, this session explores the measurable effects of nonlinear loading on grid current
total harmonic distortion (THD), voltage THD, displacement power factor, and true power factor. The discussion highlights
how rectifier-based UPS systems and switch-mode power supplies can drive high current distortion, while variable-speed
EC motor fans contribute to both harmonic content and reduced displacement power factor. It is shown how acceptable
voltage distortion at upstream buses can coexist with elevated current distortion at downstream distribution points,
influencing thermal margins, equipment utilization, and overall system robustness. The implications for equipment sizing,
efficiency, and lifecycle cost are discussed to illustrate the importance of power-quality-aware design decisions in
mission-critical facilities.

A central focus of the presentation is the evaluation of common harmonic mitigation strategies within data-center
distribution architectures. Solutions such as line reactors, passive harmonic filters, and active harmonic filters are
compared in terms of effectiveness, interaction with system impedance, deployment location within the distribution
hierarchy, and overall system impact. Attendees will see how these approaches affect current and voltage THD,



displacement and true power factor, and upstream system stress. The emphasis is placed on engineering decision-making
and system-level trade-offs rather than on any specific product implementation.

The presentation concludes with a real-life data-center case study based on field harmonic measurements. The case study
examines harmonic performance and power factor at both upstream distribution equipment and power distribution panel
(PDP) levels, highlights the challenge of high current distortion driven by concentrated UPS and power-electronic loads
despite acceptable voltage THD, and discusses a layered mitigation strategy combining upstream and downstream
filtering. This example demonstrates how measurement-driven analysis can guide practical power quality mitigation and
system optimization decisions in data-center and other I&CPS-class facilities.

Dr. Haider Razak is a Principal Engineer in the Power Quality group at Hammond Power
Solutions Inc., based in Guelph, Ontario. He holds a PhD in Electrical Engineering from the
University of New Brunswick and is a licensed Professional Engineer (P.Eng.) in the Province of
Ontario. His work focuses on the development and evaluation of power quality solutions for
industrial systems supplying nonlinear loads. In addition, Dr. Razak plays a key role in strategic
advanced technology initiatives, including the development of power quality testing capabilities,

g evaluation of emerging technologies, and support of long-term technical roadmaps for complex
industrial power systems.

16:50-17:10

Updates on Data Center Standards Activities
Author(s): Keith Waters, Schneider Electric, USA

Abstract

This presentation provides an overview of ongoing IEEE Industry Applications Society (IAS) and Power & Energy Society
(PES) standards development activities addressing the rapidly evolving requirements of data center electrical
infrastructure. With hyperscale and high-density computing driving unprecedented demand for reliability, efficiency, and
fault resilience, new standards are being advanced to establish consistent methodologies and best practices.

The session highlights progress within the IEEE P3710 working group, which is developing a comprehensive guide for the
design of modular data centers and other key assemblies. An additional effort is IEEE P3710.1 Recommended Practice for
design of Direct Current (DC) Distribution Systems from 300 V to 1500 V for Data Centers Applications. In parallel, the IEEE
3002.12 project is to develop a guide for DC Arcing Hazards across multiple sources utilizing research underway on this
advanced topic.

Another key area of emphasis is the work associated with DC short-circuit current calculations in data centers. This work
is needed as Al data centers move towards 800 Vdc distribution. These efforts address unique conditions such as high
fault current contributions from distributed energy resources, uninterruptible power supply (UPS) systems, DC capacitors,
and battery energy storage systems (BESS). The development of standardized approaches to modeling these sources is
critical for equipment rating, protection system design, and safety compliance.

Additionally, the presentation introduces IEEE PES P4200, while new focuses on utility interconnection considerations for
data centers. This work addresses grid integration challenges posed by large, dynamic loads, including capacity planning,
power quality, fault contribution, and coordination between utilities and data center operators.

Together, these standards initiatives aim to provide a cohesive framework supporting safe, reliable, and scalable data
center power systems in an increasingly electrified and digitally dependent world.



Keith Waters is the Director of Industry Standards for Schneider Electric. He leads company
initiatives related to product standards, installation codes, and compliance for circuit
protection, cybersecurity, and automation/control. He also spearheads Schneider Electric’s
efforts in digital power distribution and protection. Mr. Waters serves as an External Advisory
Board Member for the University of Kentucky’s Electrical & Computer Engineering Department
and is both a Licensed Professional Engineer and a Certified Energy Manager.

Mr. Waters brings experience in facility power system design, providing him with a deep
understanding of applying standards to electrical infrastructure and manufacturing processes.
He represents Schneider Electric on National Electrical Code (NEC) Code-Making Panels CMP-
11 and CMP-16 and serves on the NFPA 79 Electrical Standard for Industrial Machinery Technical Committee.

Mr. Waters is a Senior Member of IEEE, actively involved in the Industrial Applications Society (IAS), Power & Energy
Society (PES), Computer Society (CS), and Standards Association (SA). He serves as IAS Standards Department Chair and is
a member of the IAS Executive Board. He is also a representative on the IEEE-SA Standards Board, where he chairs the
standards review committee (RevCom) and participates in the other SASB committees. Within the Industrial & Commercial
Power Systems (I&CPS) community, he is chairman of the data center committee. Mr. Waters actively contributes to the
development of the IEEE 3000 Series and other key Standards. He also engages with the Association of Energy Engineers
(AEE) and has published articles on circuit protection, energy management, electrical controls, smart manufacturing, and
industry standards. Mr. Waters is engaged at NEMA, participating in the Low Voltage Distribution, GFCI, Surge Protection,
Limited Energy, Wiring Device, and Industrial Automation & Control Sections. He chairs both the Automation/Control and
the GFCI Product Sections. Additionally, he serves on several UL Technical Committees for circuit protection, IT, and
control products, including chairing the Solid-State Circuit Breaker Standard Task Force. His contributions extend to
standards development with CANENA, CSA, NECA, NFPA, and IEC.

17:10-17:30

How to bring lab equipment to the production line
Author(s): Kevin Hermanns, PE-Systems GmbH, Germany

Abstract

End-of-line testing of power electronics is often performed using setups that include test fixtures as well as test and
measurement equipment not intended for laboratory use. The driving factors are cost and supposedly differing
requirements. Conversely, laboratory equipment offers greater flexibility and often higher accuracy.

This presentation explains why there are often many advantages to using the same platform for systems consisting of test
and measurement equipment and test fixtures in both the laboratory and on the production line. For example, findings
from production can be directly replicated in the laboratory and thus incorporated into future developments. Modeling
supports this process and can lead to a better understanding of phenomena in production and their control.

Kevin Hermanns is founder and managing director of PE-Systems GmbH. The company PE-
Systems is dedicated to design automation for power electronics including automated
characterization and device modelling. Before becoming an entrepreneur, Kevin started his
professional career at Siemens in the project office of large-scale railway automation projects.
Afterwards, he worked as a research associate at the Technical University of Darmstadt in the
Power Electronics Department. Kevin is also an active participant in national and international
standardization committees (e.g. IEC and CENELEC). He was the founding chair of the newly
formed IEEE Power Electronics Society Technical Committee on Design Methodologies. He is
also founding member of Technical Committee on Artificial Intelligence (Al) and Machine Learning (ML) Applications in
Transportation Electrification newly formed by IEEE Transportation Electrification Council (TEC). As such, he sees his role

as promoting the use of novel design methodologies.



