ELECTRIC POWER
RESEARCH INSTITUTE

=2l

The impact of Distributed Energy

Resources (DER) on the Distribution ¥ wé =
System Operator (DSO) : i
- an evolving complexity -

VIRTUAL AMEU BRANCH MEETING
HOSTED BY KZN - 2 October 2020

Barry MacColl o

Senior Regional Manager 4
bmaccoll@epri.com

+27 83 440 2169 T
¥ in f

www.ep ri,.com © 2020 Electric Power Research Institute, Inc. All rights reserved.


http://www.epri.com/
https://www.linkedin.com/company/epri
https://www.facebook.com/EPRI/
https://twitter.com/EPRINews
mailto:bmaccoll@epri.com

AbOU'l' EPRI, Www.epri.com EPE' ELECTRIC POWER

RESEARCH INSTITUTE

= EPRI conducts research and development relating to the

generation, delivery and use of electricity for the benefit
of the public.

Electricit . . .
CREC Y = EPRI brings together its scientists and engineers as well

as experts from academia and industry to help address
challenges in electricity, including reliability, efficiency,
affordability, health, safety and the environment.

_ “/qopio)

= EPRI members represent 90% of the electricity generated
and delivered in the United States with international
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Program Structure - Five Areas (Project Sets) P Done

New planning Advanced New and cost- Advanced Interest groups,
processes, distribution effective analytics for workshops,
methods, and control and protection operations and and fraining
tools dynamic grid schemes planning
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2020 Projects

Transfer

Analytics

Grid Modernization Playbook
Interest Groups

Training Module: Distribution Automation Training

Distribution Planning Guidebook

Feeder Design Practices that Enable DER & Improve Reliability
Benchmarking Distribution Planning Practices

Screening of NWA Projects

Assessing NWAImpact on System Reliability

Assessing the Cost-Benefits of DER Forecasts

System Configuration and Flexibility AssessmentTool

Addressing Uncertainty in Project Evaluation & Prioritization

Automated DER Mitigation Assessment Tool

Enhanced Load Modeling

Assessment of Smart Inverter Modelingin Planning Tools

Incorporating Future Load/DER Growth into Hosting Capacity Calculations
Enhanced Grid Modeling Data for Planning and Operations

Hosting Capacity Guidebook

Guidance on Determining Voltage Regul ator Settings with High Levels of DER
DER Modeling andSimulation Workshop
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Protection

Distribution System Operator of the Future Training Curriculum

DCC Alarm Management: Philosophy & Rationalization

HMI Dis play Reference Document

Preparing Distribution Operations for Cyber Attacks

TSO/DSO Interaction

Advanced DMS Algorithms (DA/FLSR, VWO) with DER

Applicationof Machine Learning to Improve Predictive Reliability Assessments
AMI Requirements for DistributionOperations

Evaluationand Documentation of Operations Processes

DSO Mutual Assistance Exercise

Documentationof Leading Practices for Prewritten Switching and Checlists

DER Forecasting for Distribution Operations

Distribution Protection Analysis Toolkit for CYME & Synerg
DER Modeling for Protection Studies

Solutions for Mitigating Impacts of DER on Protection

Grid Protection Against Unintentional Islanding of DER
Effective Grounding of DER Connections

Modern Low-Cost DTT Technologies

Protection Challenges for Reverse Power at Substations

DER Interface Protection Practices

Joint Projects
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Adaptive Protection Scheme Selection, Design, & Testing —Proceedings from Workshop

Protectionof Microgrids
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Understanding: DER - Distributed Energy Resources
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Example - Why DER Matters

How to allocate constraints across multiple DER?
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Understanding: DERMS - DER Management System
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Multi — Level DERMS are possible

(
Stage 2

Solar Aggregator

Storage Fleet Manager

Device-Vendor or Mixed
Aggregator

Vo

\
Substation or Smart Facility
Feeder or Home
Stage 3
J
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More is Being Required of Distribution
Operators

Historically, the primary role of the distribution operator was to

receive calls associated with customer outages and dispatch crews to
repair the system to restore service. Operators were typically located
locally and helped the line crews by being a resource they could call
upon to get information about the state of the system. The operator
typically came up from the ranks of the line department and had an
intimate knowledge of the area. This person was commonly referred

to as a dispatcher.
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Dispatch
DA DMS DER Markets
Increased Technology Deployment

New Functions with High Penetration DER

* Volt/var evaluation ¢ DER group management
* Hosting capacity * 3rd party aggregator/
¢ Congestion management markets

* DER forecasting * DER monitoring and

* DER dispatch and control verification of services

 Realtime DER aggregation

DCC of the Future

System Operations
YD
| DER

Management
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Concerns with Increasing DER Quantities

= DSO concerns

- Thermal/voltage Dx violations when DER
1 1 jor Coordinated operations
provide bulk system services | peroroupManasement ISt e

Acr

—~ Wear & tear of Dx equipment L e
— Under utilization of distribution assets

= TSO/ISO concerns

— Under utilization/access of DER for bulk
services

=e‘¥‘ - .

— Rising impacts due to increased quantities

= DER owner (DER aggregator) concerns
~ Lost opportunity/decreased value | —E
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Distribution Functions Total TSO Minimal Market
DSO DSO

Critical to define TSO and DSO
» roles and boundaries

A. Scenario based, probabilistic distributionengineering DO DO
B. DER Interconnection studies and procedures DO DO DO
C. DER Hosting capacity analysis DO DO DO
D. DER Locational value analysis TSO DSO DSO TSO

' Operational Dispatch Regional Coordination  Trans. Interconnections
Eintegrated 150 pianning L TS0/DSO.  TS0/DSO Schedule Coordination Ancillary Services Transmission Alternatives
A. Design-build and ownership of distribution grid DO DO DO
B. Switching, outage restoration & distribution maintenance DO DO DO
C. Physical coordination of DER schedules DO/TSO DSO/TS0 DSO . DSO

DER Oper. Dispatch

D Real-time Coordination with ISO at T-D interface DO/TSO DSO/TSO DSO Schedule Coordination Dist. Alternatives Assessment

DER Services Portfolio Integrated Planning Process

A. Sourcing distribution grid services

TSO DSO DSO

B. Optimally dispatch DER provided distribution grid services 150 DSO DSO D E R - DO
C. Aggregation of DER for wholesale market participation TS0 Aggregators DSO (C2) Supply-side DER - l?hysucal Operatlc?ns
D. Creation & operation of distribution level energy markets; Load Moditying DER g D'St.' |ntel:COﬂﬂ€C'th.n :

hadelol 7 TS0 TS0/Others DSO Q Engineering Analysis
transactions among DER
E. C'eaﬁns aw se'tlements 'o' In(ﬂ’omlmnsanims m mlom Dso Source: DISTRIBUTION SYSTEMS IN A HIGH DISTRIBUTED

ENERGY RESOURCES FUTURE - Berkeley Labs

F Market facilitation services TS0 TS0/Others DSO
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Conclusion 1 - The role of the DSO is expanding rapidly.

Energy Resource Operational Planning Real-Time Operations
Functions Functions Functions

« DER forecast * Contingency analysis

* DER Dispatch and » Congestion
control management

* Real-time DER * Hosting capacity

aggregation * Qutage scheduling
* DER group management * Volt/var evaluation
« 3" party * FLISR evaluation
aggregator/markets

* Optimal network
reconfiguration

* Load forecast

¢ Alarm processing
* Power quality

* Forensics

* Protection

« DER monitoring and
validation of services

Figure 3-1
Future Roles in Distribution Operations
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* Switch order
management

* Clearance/tagging

e Outage management
* Restoration ;‘_
* Crew Dispatch
* Alarm management T—
* Voltage management

e Real-time power quality

e FLISR operations

* Volt/var optimization

Operational
Planning

ELECTRIE POWER
RESCARCH INSTITUTE



http://www.epri.com/

Conclusion 2 - S. Africa needs to coordinate a response plan to

the DER S-Curve.

Stage 3:
Distributed g
Customer Energy Markets / il
25 /7" Market
. ; arke
Adoption Stage 2: Very High 7 Operations and
- DER DER Adoption / Expanded Grid
> : Services
~ Integration
}1 DER Integration
o Moderate to 7 et
< | Stage 1: High Level of / o °,§;dﬁOP“”[‘)'Z°"I°”'
P ; DER Adoption ist. “lafrorm Deve gpment
s Grid Initial Grid Services
~ | Modernization
/
//
Low DER Aging Infrastructure gsaoam:s0n
Adoption /'//Replocemenf D';tnbmlon
s _/‘,{”/ Advanced Grid ysiam

e Technologies

Time
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Conclusion 3 - There is much exciting work to be done.

Vision for the Modern Distribution System

Enhanced planning fools and processes, advanced operational sensing and controls, along with supporfing communications and other fechnologies are needed fo accelerate realization of an
advanced, digitallyenhanced, and dynamicallymanaged “high-performing” electric grid.

Planning Operations
(Future States) (Future States)

» Effective practices and methods accurately
forecast DER and load

» Complete and accurate models of system
assets, configuration, and loading support
planning

® Models of all DER types capture representative
dynamic characteristics

e Tools evaluate system hosting capacity under
varying system conditions

e Automated tools accurately assess future
planning scenarios and mitigation options

e Simulation and assessment tools enable
evaluation and design of advanced DA & DMS
applications

* Methods and guidance enable holistic evalua-
tion of non-wires alternatives on an equivalent
basis with traditional solutions

e Effective planning criteria and a process for a
modern integrated grid are widely employed

® Accessible probabilistic planning methods
account for increasing system and resource
variability and uncertainty

www.epri.com

* More sophisticated automation and FLISR
holistically utilizes all available technologies
and resources to isolate and reconfigure the
system

» Skilled operators leverage robust distribution
control center operator training and
development

® Robust DMS core capabilities, such as on-line
power flow and state estimation, support
advanced applications

* Intelligent, accurate, and cost effective sensors
support advanced applications

e Situational awareness ensures safe, reliable,
and efficient operation of the modern grid

* An advanced real-fime distribution system
optimization method and techniques manage
voltage and reactive power flow

e A clearly defined and validated DERMS is well

integrated with the DMS, supports DER man-
agement, and performs other functions

2020 Electric Power Research Institute, Inc. All rights reserved.

Methods, technologies, and tools enable the
effective control and coordination of smart
inverter resources

AMI| implementations are effectively integrated
with utility systems and support myriad ana-
lytic and application functions

Enterprise architecture enables effective
standards-based data management across
applications and working groups

Streamlined network model data management
provides planning and operations with accu-
rate and detailed models

Device configuration and setting data are

seamlessly managed across the enterprise and
in the field

Secure, reliable, resilient, and scalable multi-

tier communication systems enable transport of

field data Source: EPRI — New

Effective cyber security and data privacy York Grid
strategies protect grids, which are increasingly = Modernization
dependent on information technology and Roadmap
third-party assets
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( Together...Shaping the Future of Electricity J
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Barry MacColl

Barry MacColl is appointed as the Senior Regional Manager for the
Electric Power Research Institute covering Africa, South East Asia and
Oceania. He is based in Johannesburg.

Barry joined EPRI from Eskom Holdings, where he worked for 26 years in
various positions.

His early career years were spent in the Cape commissioning and
maintaining control and instrumentation equipment and converting
Eskom’s systems from electromechanical and discreet component
systems to those based on digital technologies. He was appointed as the
manager of the telecommunications, protection, control and DC systems
as well as a Regional control centre and ultimately became accountable
for the planning, design, construction, commissioning, maintenance and
refurbishment of all control plant equipment in the Eastern Cape.

Recognized for his holistic view of the business, Barry was then moved
into a strategic planning and integrated risk management role. He
moved into the company’s R&D group in 2007 and was promoted to
General Manager of the Research, Testing and Development Business
Unitin 2012, the last position he held before joining EPRI.

Barry has a Bachelor of Science (Electronic Engineering) degree from the
University of KwaZulu Natal and a Masters of Business Administration
from Rhodes University. He is married to Carey, has three children and
loves to spend time cycling and fishing in beautiful South Africa.
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