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Integration of Customer Systems into Electric Utility Infrastructure

Executive Summary

This report outlines the work performed under EPIC-2, Project 5 on Integration of Customer Systems
into Electric Utility Infrastructure.

Project Objective and Focus:

The primary objective of EPIC-2, Project 5 was to investigate and address the evolving gateway between
customers and utilities to facilitate increase in reliable deployment of clean energy technologies to sup-
port distribution systems.

More specifically, the project focus was on performing pre-commercial demonstration of advanced
monitoring schemes, root-cause analysis tools, and assessment methodologies for safe and reliable in-
tegration and interoperability of customer systems with the distribution system to improve power sys-
tem operations and thereby increase ratepayer satisfaction and benefits.

Project Approach:

At the early stage of the project work, the project team held a series of meetings and fact finding work-
shops with various stakeholders from the operation and engineering departments within SDG&E. The
main purpose of these sessions was to assess the present stage of monitoring and control system capa-
bilities and to investigate gaps in existing tools and approaches (such as capturing and alarming of fast
changing power system phenomena). In parallel, a survey of customer systems and technologies that
are being deployed or expected to be integrated into the SDG&E distribution systems was performed.
The survey targeted common technologies and customer initiatives to determine potential impact of
those technologies on operation practices and integrity of the system.

The outcome of the above investigation and information gathering activities was used to develop func-
tional requirement documents and to describe system specifications for control and monitoring
schemes, based on data from phasor measurement units (PMU) in the context of Advanced SCADA De-
vices (ASD). The new requirements were discussed with both field/substation engineers and distribution
operators to ensure they meet the day-to-day system operation needs. A combination of simulated da-
ta, historical data, and real-world data streaming, as applicable, was used to calculate indices and vali-
date the analytical methods. Based on the demonstration results, dashboards and requirement docu-
ments were revised to reflect the finally agreed list of performance indices and data analytics that would
be incorporated in the visualization tool and/or applied automatically in the real-time data processing.

Key Findings and Accomplishments:

The project demonstrated new technologies and analysis methods for monitoring, visualization, and
root-cause analysis of distribution systems by using various measurement techniques, data sources and
integrating them in one platform to provide a unique monitoring and visualization user experience.

The key system capabilities that were successfully demonstrated and validated were:

e Being able to monitor distribution assets in the field (outside of substations) in real-time, based
on measurements received from PMUs, the AMI system, power quality measurement devices,
and the SCADA system. The real-time data enabled power quality impact investigations.

e Being able to tap into historical data collected to playback and investigate events over extended
periods of time as selected and required by an operator or an engineer. This approach resolved
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major issues in previous systems dues to lack of proper time synchronization and difficulty of
alignment of the data points from various devices.

e Providing a set of tools for pre/post event analysis based on various data types and sources; this
feature was shown to be very effective for root cause analysis, training of operators and engi-
neers, and assessment of operation and design procedures for new technologies and approach-
es.

As part of the demonstration, it was shown that there are many monitoring features and analysis capa-
bilities that can be added to existing systems to greatly support the needs of operation and engineering
users. New capabilities are essential for evaluating system performance and analyzing dynamic events
associated with distributed energy resources (DER) and customer-introduced technologies. It was also
found that there is a major need for introducing uniformly defined performance indices, monitoring
features and power quality indices directly related to assessment of emerging customer technologies,
beyond the capabilities of conventional SCADA systems.

Recommendations and Next Steps:
Key recommendations are:

e |t is recommended to further validate the use of performance indices introduced in the project
and further expand the list, based on proposing new use cases. The project introduced a series
of monitoring parameters, operation indicators, and performance indices that can be utilized by
system operators and engineers to assess the status of the system, identify the root causes of
events, and make informed decisions.

e It is recommended to explore the applications of proposed system indicators and visualization
dashboards developed in this project with other stakeholders beyond just distribution planners,
protection engineers and system operators. The monitoring approaches have potential to pro-
vide detailed data and assessment means for groups such as reliability, substation engineering
and automation engineers. Some aspects of the monitoring parameters and indices introduced
in this project were unique (such as field total harmonic distortion (THD) measurements and/or
use of phase angle in automatic load transfer schemes) and were proven to be very effective in
detecting and unfolding the nature of specific fast dynamic events caused by new technologies.
However, changes in operating procedures and distribution system standards will be required to
bring those features to the real-world applications.

e This project evaluated several new methods of utilizing PMU data and functionalities offered
with synchronized data streaming, including the use of analog and digital data transfer channels
to monitor and transfer locally measured system parameters such as THD and tap counts. These
features are expected to become more beneficial and effective in distribution systems. It is rec-
ommended to conduct a business case analysis for the new PMU data applications.

As a next step, it is recommended to provide training on the monitoring and analytical feature of the
project to several distribution system operators and field engineers that are involved in day-to-day
operation and root-cause analysis of the event to further gather their feedback and to validate the
use of performance metrics. The additional discussions will also help develop a strategy and tech-
nology roadmap to bring various aspects of monitoring and visualization technologies introduced in
this project into production level. This roadmap should address the improvement of the existing
platform and application and development of new applications, infrastructure and procedures to
bring it to operations and the control room, and to streamline its use by engineering and planning
groups.
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1 Introduction

1.1 Project Objective

The primary objective of EPIC-2, Project 5 was to investigate and address the evolving gateway between cus-
tomers and utilities to facilitate increase in reliable deployment of clean energy technologies to support distri-
bution systems.

More specifically, the project focus was on performing pre-commercial demonstration of advanced monitoring
schemes, root-cause analysis tools, and assessment methodologies for safe and reliable integration and in-
teroperability of customer systems with the distribution system to improve power system operations and
thereby increase ratepayer satisfaction and benefits.

To achieve the above objective, the key focus areas were:

e To demonstrate monitoring and visualization schemes for distribution operators, at higher resolutions
and with more advanced functionalities as required for capturing and investigating fast dynamics in
the system,

e To demonstrate integration and interoperability of customer systems with the distribution system
with ability to monitor, visualize and respond to fast phenomena,

e To demonstrate monitoring systems with superior capabilities compared to conventional distribution
SCADA monitoring systems, such as:

o Higher resolutions, higher communication speed, higher bandwidth, and time stamping.
o Combining multiple sources of data — all with common data format.

e To demonstrate advanced tools and techniques for monitoring and evaluation of customer technology

integration.

In addition, the final results and observations from the pre-commercial system were used to provide recom-
mendations for design of the next generation of advanced SCADA systems.

1.2 Issues/Problems Being Addressed

Reliable operation of modern power systems requires close monitoring of the system operating conditions.
Until recently, the measurements were only provided by supervisory control and data acquisition (SCADA)
system, including power flows and bus voltage magnitudes. Distribution SCADA does not cover all utility as-
sets. As an example, line voltage regulators may not report tap positions or line voltages to SCADA. Conven-
tional SCADA measurements are reported by exception and their time resolution is 1-2 seconds or slower (de-
pending on communications performance and how many data points are pulled in one request).

AMI data recording only provides cumulative energy exchange data (consumption or production) and RMS
voltage at 5 to 15 minute intervals at the meter level. Furthermore, AMI devices only monitor secondary sys-
tems (downstream of service transformers).

Therefore, fast dynamics and transient phenomena (such as transient switching) and almost any power quality
impacts (i.e. harmonics and resonance-based instability) cannot be identified from conventional SCADA meas-
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urements or AMI data. In order to address these shortcomings, an enhancement of existing technologies in
the area of high-resolution monitoring, advanced visualization and fast controls will be needed to provide
adequate tools for operators and system engineers to assess the fast dynamic events.

The deployment of phasor measurement units (PMUs) enables various applications with the use of synchro-
nized measurements. A PMU installed at a node can make direct measurements of the voltage phasor of the
bus and the current phasors of some or all its incoming/outgoing branches, based on the PMU available chan-
nels.

This project performed the following activities:

e Defining circuit candidate selection criteria and data gathering requirements that can facilitate project
objectives in terms of design and development of the advanced monitoring, analysis and visualization

e Planning for the logistical aspects of field data gathering and building into the visualization tools

e Identifying the design and location selection requirements for possible additions to the field device
population to increase observability

e Introducing data analytics, evaluation methodologies and metrics to assess the system performance
in near-real time

e Laboratory testing and analysis of expected phenomena through simulations

e Evaluation of monitoring and control device capabilities and validation in the laboratory environment

e Enhancement of the visualization tools to incorporate proposed metrics and data analytics

e Preparation of test plans and determination of field conditions/durations for data gathering and
demonstration

e Data analysis from the field

e Demonstration of applications and tools that can facilitate safe and reliable operation to mitigate any
issue introduced by customer services

e Proposing operator control strategies for managing the circuits and customer systems via SCADA

e Demonstrating the methods through laboratory testing and/or applying in the field and gathering field
measurements

In addition, the project incorporated considerations to address requirements to increase the reliability and
enhance power quality of services to the customers. Some additional value-added propositions (Metrics) in-
troduced for the project were:

e To expand distribution system control, monitoring and operation capabilities beyond conventional
SCADA approaches to gain visibility and control on secondary networks

e To investigate advanced monitoring and visualization practices using high-resolution measurement
and data analytics to provide tools and investigation methods for distribution system operators and
engineers to capture, examine and react to fast dynamic events

e To facilitate superior customer involvement and deployment of renewable and sustainable technolo-
gies by providing the means for investigation of real-world impact of customer systems and high PV
penetration cases on distribution system and utility assets

e To prepare requirements and introduced advanced tools for monitoring and visualization of the data
and the results, as well as analytical applications for post-processing and performance evaluation in
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close to real-time environment to support challenging work load of the system operator in new envi-
ronment.

1.3 Project Approach

The preliminary part of the project covered the tasks associated with selection of project technical lead, the
project team, development of project plan and selection of the contractor.

The technical part of the project was executed in two phases:

e Phase 1 — Design pre-commercial demonstration system: in this phase of the project, a preliminary
analysis was performed to evaluate the likely impacts of customer integration on distribution system
operation; the system was characterized for potential targets and the system visualization and analyti-
cal applications requirements were identified. Monitoring, control and operation practices in support
of customer system installations were developed and in the final stage, a demonstration system was
designed.

e Phase 2 — Demonstrate an advanced customer integrating and monitoring system: The demo system
designed in Phase 1 was implemented and integrated, and a pre-commercial demonstration was

done. Based on the test results, the customer system integration was evaluated and a final report was
prepared including the analysis results.

1.4 Major tasks, Milestones Achieved and Deliverables Produced

This section provides a detailed description of the work approach and methodology, and the required out-
come and deliverables of each task.

The tasks associated with preliminary work were:
Preliminary Phase - Task 1 - Team Formation and Project Plan

The SDG&E EPIC program manager identified the technical lead for the project based on experience and tech-
nical expertise. Later, the internal project team was formed by identification of technical skills and expertise
available within the organization. After forming the internal project team, the task to develop the project plan
was given to the technical lead. The technical lead with the help of the project team wrote the project plan as
per the guidance provided by the SDG&E EPIC program manager adhering to EPIC guidelines.

Preliminary Phase - Task 2 - Procurement of Contractor Services

Scope of the work was identified and written for the part of the project needed to be contracted out to engi-
neering consulting firm. Standard company practices were followed for contractor selection.

The tasks associated with technical part of the project were divided in two phases as shown in figure below.
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Phase 1 — Design of Pre-Commercial Demonstration System

Task #3 — Visualization &

Task #1 — Baseline Evaluation Task #2 - System . ..
. o Analytical Application
and Analysis Characterization .
Requirement
Task #4 — Development of Monitoring, Task #5 — Design of the Demonstration
Control, and Operation Practices System

Phase 2 — Demonstration of Advanced Customer Integrating and Monitoring System

Task #6 — Demo System Setup Task #7 — Pre-Commercial Task #8 — Evaluation of
and Integration Demonstration Customer System Integration

Figure 1-1. Project tasks structure

The following sections provide additional description of the technical part of the work, and details about the
accomplishments with regards to the major milestones and deliverables.

1.4.1 Phase 1 - Design of pre-commercial demonstration system

Task 1 - Baseline Evaluation and Analysis

The objective of this activity was to assess the preset state of monitoring and control in distribution systems
and analyze the impact of new customer technologies on the system.

A detailed list of activities performed in this task was:

Performing a survey of customer systems and technologies that are being deployed or expected to be
integrated into the SDG&E distribution systems

Investigating impact on operation practices and integrity of the system due to new technologies and
customer initiatives

Determining the present state of the monitoring and controls, and the level of the visibility into cus-
tomer systems, including:

o Distribution SCADA measurement

o AMI systems and data availability

o PMU on distribution systems

o Other sources of measurements
Investigating the present status of PMU deployment on distribution systems at SDG&E, and select cir-
cuits with PMU and communications system in operation as the target circuits for enhanced monitor-
ing and operation analysis. A list of criteria should has been developed for circuit/region selection. Ex-
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ample factors in circuit selection were the available level of PV penetration and types of technologies
deployed.

The outcome of this task was:

e Baseline review and assessment
e Preparing circuit selection criteria and list of candidate circuits for further analysis, simulation and in-
tegration.

Task 2 - System Characterization for Potential Target Circuits

The objective of this task was to evaluate data availability and system coverage from the potential target cir-
cuits. The evaluation will be used to proposed additional measurement and/or visualization capabilities to
strengthen the visibility and control of the system. The main activities as part of this task were:
e Determine circuit loadings and amount of PV
e Identify the number and locations of PMU devices to determine the circuit coverage
e Prepare a circuit map showing all critical devices and customer installations
e Determine device settings and control modes
e Document any special operating procedures and circuit conditions that can benefit from enhance
monitoring and near real-time controls
e Examine access to the devices and their control system connections
e Evaluate PMU data streaming and data availability, and logistic aspects of accessing data
e Examine access to non-PMU data from target circuit locations, including wideband power quality data
snapshots and metrics
e Prepare a summary report on what the gaps in the measurement, monitoring and operation are when
it comes to awareness and management of customer systems
e Evaluate the data streaming in to Pl Historian and any other data warehouses and the linkage among
databases

The outcome of this task was:

e Identification of existing data availability and gaps
e Recommendations for additional data requirements.

Task 3 - System Visualization and Analytical Applications Requirements

The task objective was to assess advanced visualization system capabilities, prepare functional specifications
and identification of key needed applications and performance indices.

This task was addressed by conducting the following activities:

e Investigation of visualization methods to present the PMU data on circuit maps and to create graphical
view of the system events and power quality issues based on performance indices:
o Evaluating the capability that exists today and what needs to be developed or added to the
visualization system,
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e Identification of key applications (data analytics, statistical evaluation methods), and set of Key Per-
formance Indices (KPIs) for power quality and operation performance monitoring:
o Using simulation and/or historical data, as appropriate, to calculate indices and validate the
analytical methods
o Finalizing and documenting a list of performance indices and data analytics that will be incor-
porated in the visualization tool and/or applied automatically in the real-time data processing

The task outcome was:

e Visualization requirements and description of data processing applications
e Identification of key performance indices and targeted used cases.

Task 4 - Development of Monitoring, Control and Operation Practices in Support of Customer System Instal-
lations

This task objective was to propose and develop advanced monitoring and control practices that can close the
gaps in the existing operation schemes to expand operator visibility beyond substations to support system
impact assessments as part of the customer system integration process. The primary focus was on enhancing
the system monitoring and operator’s capability to characterize the system dynamics and to provide methods
for fast data analysis and event diagnostics. The design incorporated all aspects of: system capabilities, moni-
toring devices and data capturing and post-mortem analysis. The main activities in undertaking this task were:

e Determining the response requirements and operational practices to support customer systems
e Defining the monitoring requirements and system architecture, including the communications and
controls for advancement of system operation
e Investigating capabilities of commercially available sensors, power quality and/ revenue metering de-
vices, and phasor measurement units (stand-alone or as part of other IEDs) that can provide high reso-
lution data measurement and power quality data capturing and transient event recordings, such as:
o Voltage and current phasors
Power flow (active and reactive)
Frequency tracking and reporting rate of change of frequency (ROCOF)
Harmonics and THD/TDD measurements
Fast transients
System status information, including switch position, voltage regulators tap positions, and
o Circuit connectivity information
e Evaluating product capability documents from vendors; or perform laboratory tests on selected meas-
urement devices (sensors, IEDs, PMUs) to determine accuracy, measurement resolution and quality
and type of measurement data such as transient events, to understand and document expected de-
vice performance
e Defining PMU requirements specific to distribution systems
e Developing settings and configuration files for the devices in the field to support project data gather-
ing and device control needs
e For cases of inadequate device capability and/or coverage, propose temporary methods and devices to be
incorporated in the real-time simulation environment to supplement the existing devices and data coming
from the field for the purpose of evaluating the tools under investigations.

O O O O O
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The task output was:

e Outlining of the design and needed system development for the advanced monitoring, control and
operation

e Evaluating the capabilities of selected devices (sensors, IEDs, PMUs) to measure transient events and
power quality

e List of data and measurement points as the basis for the simulation system design.

Task 5 - Design of the Demonstration System

This task objective was to develop detailed plan and infrastructure for the demonstration system require-
ments for the purpose of verifying the advanced monitoring, visualization and customer integration practices.
The design of the proposed demo system included:

e Demo system architecture incorporating both the field measurements and monitoring and the inter-
faces to a real-time simulation environment in the laboratory to provide additional data in support of
full realization of the analytical schemes

e Documenting the requirements for demonstration system design

e Use cases for the customer system integration demonstration

e |dentifying proper control algorithms for enhancing the safety and reliability of the system (control
system validation will be performed on the real-time simulator)

e Integrating with existing monitoring and controls in the field to develop demo system platform

e Preparing high level interface descriptions for the proposed demo system.

The task output included:
e Demonstration system specifications
e Demonstration system implementation and field integration plan.

1.4.2 Phase 2 — Demonstration of Advanced Customer System Integration
Task 6 — Demo System Setup and Integration

This task was about implementation of the demonstration system that incorporates both remote monitoring
and control of the selected devices on the SDG&E Distribution systems, as well as the real-time simulation of
the same system in the laboratory environment for capturing and transferring additional measurement data
to the visualization system and operator screens.

As part of this process the following sub-tasks were executed:

e Determination of type and availability (accessibility through remote control) of field power apparatus
and emerging technologies (smart PV inverters, Dynamic VAR Controllers, BESSs. Electric vehicles,
building automation and demand response programs) associated with the customer systems that can
be incorporated in a demo system



Integration of Customer Systems into Electric Utility Infrastructure

e Determination of SCADA based control schemes (such as voltage/VAR control, fault locators, automat-
ic load transfer schemes) on the selected circuits that can be used to create various pre-specified sys-
tem changes and realistic operating scenarios:

o Change in voltage profiles through LTC at the substation or at cap banks

o Interaction with circuit device operation (load transfer, operator controlled voltage and VAR
optimization a few times per day)

o Control and dispatch of Dynamic VAR Controllers

o Change in PV system production according to time of day and season

e Utilizing real-time simulation models for the part of the system that is simulated for additional data
gathering and monitoring support:

o The model incorporated customer systems and interfaces for capturing data and characteriz-
ing the impacts on the distribution system

o The model needed to reflect similar field devices and feeder level controls associated with
SCADA or existing localized (automatic) control to execute and investigate interaction of typi-
cal operator controls with those of the customer system controls

e Incorporating additional measurement devices as required and identified in a supporting role:

o Selecting devices based on the results of device evaluations and specifications
o Integrating devices in the demo system and program them.
o Preparing settings and configuration files
e Providing means of data streaming and capturing in the simulation and field data in Pl historian as in-
feed to the visualization tool:
o Visualization tool is primarily driven by field data measurement
o Measurements from the real-time simulator to be provided as a secondary infeed to fill out
the gap in field data monitoring

e Verifying the enhancement of the visualization and monitoring tools:

o Evaluating the visualization tools based on the data inputs and key performance indices identi-
fied as part of the design stage.

e Verifying and preparing the hybrid demonstration system for the demo, consisting of the field data,
real-time simulation data and visualization tool

The task output included:
e Demonstration of the system setup integration
e Successful setup of the demonstration system
e Training of the SDG&E internal project team on utilization of the demonstration system.

Task 7 — Pre-commercial Demonstration

This task involved development of test plan and schedule for testing, as well as performing the demonstration
tests. The main activities were:

e Detailed plans for each of the tests to be run, including identification of the objectives of the tests, use
cases under investigation, test methodologies, information to be captured, Contractor’s staff, sys-
tem/equipment, SDG&E lab system/equipment required, circuit models required, and contractor and
SDG&E project team support needed for specific items

e Methodology for capturing test data and comparing with simulation data
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e Decision points at which preliminary data assessment is used to determine if more test iterations or
alternative new test cases should be run

e Simulating scenarios and test cases in the laboratory environment

e Collecting live data streams as well as the output from the visualization tools

e Creating transient events and outages associated with customer systems to determine operator re-
sponses and to demonstrate how the visualization system will be used for post-mortem analysis

O

Root cause investigation of the failure and outage

e Performing data analysis and documenting test results and observations

o
o

Collecting test data and results for the report
Collecting event and operating records from field devices

The output for this task included:
e Test plan and schedule
e Test results
e Root cause investigation approach
e Analysis of test results
e Analysis methods for determining benefits of the advanced visualization schemes and lessons learned.

Task 8 — Evaluation of Customer System Integration

The objective of this task was to identify and describe system improvements obtained by introducing ad-
vanced monitoring and customer system integration schemes demonstrated in this project. The results from
the system demonstrations and test cases were utilized to analyze and propsoe standard practices for the
customer integration and system monitoring tools. The main activities as part of the system evaluation and
standardizations were:

e Determination of data accuracy and possible or expected errors in live streaming and/or event cap-

tures
o
o
o

o
o

Utilizing sample data from various devices in the field

Comparing data sources and calculate percent error

Using laboratory testing of the specific devices, as needed to verify percent error and/or po-
tential sources of error

Calculating level of offset in measurements

Investigating calibration and correction methods

e Analyzing data to determine issues and possible adverse impacts on circuits, equipment, and custom-
ers. Summarizing observations in relationship to correlated events and conditions:

O 0O O O O

o
o
o

Voltage profiles

Losses and reactive power profile

Power flow including reverse flow

Interactions among circuit devices and control systems

Effect of PV penetration, based on changes in the lev