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Distribution Operation and

Management System

Distribution system operators manage and
operate the medium- (typically <35 kV) and
low-voltage electrical network for an
electrical utility. They serve to:

— Manage the delivery of energy to the
load

— Monitor the energy flow
— Control and coordinate field equipment
— Ensure reliability and protection.
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Utility Operations and Data
Platforms

Historically, utilities implement a
phased approach with their technology / ‘ \
MDMS DMS
D e ED
e
GIS OMS

adoption.

— Supervisory control and data acquisition
(SCADA)

— Outage management system (OMS)

— Geographical information system (GIS)
— Distribution management system (DMS)

o

— Meter data management system (MDMS)
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Adva nce Distribution The grid is changing and providing new
\ERETEI [ S A (lgaBl challenges that drive the innovation for
The Roadma ptoa advance software solutions
Smart-Grid
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Adoption of Advanced Distribution Management

System

The American Recovery and Reinvestment Act of 2009 provided an initial
funding opportunity that helped kick-start the industry.!
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U.S. Department of Energy, Office of Electricity Delivery and Energy Reliability. Voices of Experience: Insights into Advanced Distribution Management Systems. Washington, DC, USA, 2015.
https://www.energy.gov/oe/articles/voices-experience-insights-advanced-distribution-management-systems-february-2015

U.S. Department of Energy. 2019. Modern Distribution Grid Project Volume Il: Advanced Technology Assessment. Washington, DC: U.S. Department of Energy.
https://gridarchitecture.pnnl.gov/media/Modern-Distribution-Grid Volume 1l v2 0.pdf NREL | 6
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Integration Challenges

Legacy Devices Integratlon

Existing control and Flexibility and agility to
communication adapt to new requirements

— —_ Protocols

Equipment capabilities and
adaptation to new
requirements

Potential attack vector

Reliability

Operation and control Data rate and transmission
during and after grid limitation from Radio,

events cellular, or other means
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Advantages of an ADMS system

WECC (high_solar ) + ER
05-13 OC 045 EST

*Reliability: Faster restoration times and fewer
outages
*Efficiency: Optimized energy flow reducing losses g, -
and operational costs ‘ .
*Resilience: Enhanced ability to adapt to
unexpected events such as storms or equipment
failures

*Grid Modernization: Enables the integration of
advanced technologies including electric vehicles,
microgrids, and distributed energy resources
-Safety: Reduces risks for utility workers and the
public through better monitoring, control, and public
communications
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Advance Applications

* Volt-Var optimization/optimization

 Fault location, Isolation, Service
Restoration

— Fault location analysis
* Automation
* Power flow and load management
e Study/training mode
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Volt/Var
Optimization
Automatic regulation
of voltage

—Energy

consumption
reduction
— Optimization
—Savings for both
utilities and
customers

Substation

oy

Voltage

(o

M
il
-

) )
1 1
.e L ] 1
8O0 ha%
First Middle Last
Customer Customer Customer
: : | uj limi :
; —&— :
: : e © S—
-o— S S—
ANS| C84.1 Iuw;Iimit
1 5 10
Distance

NREL | 10



Photo by NREL (78768)

Data Remediation and NREL project to evaluate the impact in the

performance of the ADMS VVO application
Telemetry ImpaCt on with various levels of data remediation and

VvVO performance additional telemetry

Mendoza, Ismael, Annabelle Pratt, Harsha V. Padullaparti, Soumya Tiwari, and Murali Baggu. 2024. Model Quality and Measurement Density Impact on Volt/Volt Ampere
Reactive Optimization Performance. Energies 17(15): 3707. https://www.mdpi.com/1996-1073/17/15/3707
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ADMS Test Bed Evaluation Results

Schneider Electric ADMS Analog Controls & Feedback
m m ----- Digital Communications

. ——— Cosimulation Feeder head power demand curves for all scenarios
ADMS Test Bed i
13.0-
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Fault Location, Isolation, System
Restoration (FLISR)

* Leverage real-time information to
locate fault

* Automatically isolate the affected
section

m!r*
ﬂ*ﬂw‘ ﬂlp}}# Wi Y
* Provide system restoration strategy =" R
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Standards

e [IEC 61968 Common Information Model

— Information exchange architecture Ol v
 |EEE 2030
— Guide for smart grid interoperability @ T
of energy technology % |
* [EEE 1547 e B —

— Interconnection requirements for
distributed generation

* North American Electric Reliability
Corporation Critical Infrastructure
Protection p——

— Cybersecurity standard
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Communication Protocols

Each protocol offers a
unique level of flexibility
and security. However, it
can hinder interoperability.

ICCP: Inter-Control Center Communications Protocol

OPC: Open Platform Communications Unified Architecture
DNP: Distributed Network Protocol 3

API: Application Programming Interface

IEC: International Electrotechnical Commission

OpenADR: Open Automated Demand Response
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Future of ADMS

* Integration with emerging
technologies

— Distributed Energy Resource
Management System (DERMS)

— Virtual power plant
— Microgrids
— Electric vehicles charging

— Artificial intelligence/machine
learning
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SmartGrid Advanced Load Management and

Optimized Neighborhood

* Full deployment of an ADMS and
DERMS to evaluate the control of up
to 1.4MW of flexible loads to provide
grid services
— Leverage:

* Rooftop solar

* Residential batteries

* Heat pump water heaters
* Smart thermostats

* Electric vehicle charging

| .
Photo by NREL(18834)

DERMS: Distributed Energy Resource Management Systems

Preliminary NREL Analysis NREL | 19



Key Takeaways

* The ADMS implementation is a
multiyear process.

* The model accuracy is an essential
piece to the effectiveness of the
ADMS.

* Improve sensing strategy
* Workforce development
* Scalability and flexibility

NREL | 20



NREL's ADMS Test Bed Capabilities

Other Utility Management Systems

— ADMSTest Bed ; _
Industry Standard Interfaces | ——
Simulation
T N N Y ¥
i = % g
Scenario Generation T Analysis and Visualization

ional Renewable Energy Laboratory. “Advanced Distribution Management System Test Bed.” https://www.nrel.gov/grid/adms-test-bed
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Bk 2016 - Present — 15 Utilities — 24 Projects — 9 vendors

ADMS Test Bed use cases: ADMS Test Bed capabilities used by:
1. ADMS network model quality impact on VVO
— Xcel Energy + Schneider Electric

2. Peak load management with ADMS and DERMS 11. Non-wires alternatives (Holy Cross Energy)
— Holy Cross Energy + Survalent & NREL's RTOPF 12. ECO-IDEA (Xcel Energy)

3. AMI-based, data-centric grid operations 13. GO-SOLAR (HECO)
— SDG&E + GridAPPS-D 14. SolarExpert (Duke)

4. FLISR in the presence of DERs 15. RONM (Cobb EMC)
— Central Georgia EMC + Survalent 16. PIVA (SDG&E)

5. DER controls strategies for T&D grid services
— Xcel Energy + GridAPPS-D

6. Federated DERMS for high PV systems o 17. REORG (Holy Cross Energy)
— Southern Company + Oracle & GridAPPS-D 18. FAST-DERMS (Southern Company, ComEd)
7. Co-optimizing grid and facility operations 19. SALMON (Portland General Electric)
— Shell + Spirae 20. Al-PhyX
8. System restoration with improved fault tracking
— Israel Electric Company + EGM
9. Microgrid and EV Managed Charging Demonstration 21. SensorMAP (PGE; Duquesne Light Company)
— Colorado Springs Utilities + SGS = . OCED Awards:
10.DER-Augmented Grid Operations %" 22. Prime Time virtual power plant (Xcel Energy)
— Dominion Energy + Generac (o] 23. GRID-FLEXER (Dominion Energy Virginia)

24. Outer Cape Microgrid Optimization (Evg:{'EsLolurzée)
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