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• Background
• Advanced Distribution Management System (ADMS)
• Distributed Energy Resource Management System (DERMS)
• ADMS Test Bed at NREL
• Voltage Regulation using ADMS and DERMS
• Peak Load Management using ADMS and DERMS
• Phase Identification using AMI data
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Distributed Energy Resource levels are growing in the US and 
worldwide

https://www.eia.gov/todayinenergy/detail.php?id=42655
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Distribution System

Low Voltage (LV)

120/240 V

Medium 
Voltage (MV)

4 - 35 kV

H. Padullaparti, "Edge-of-grid voltage control in distribution networks," Ph.D. dissertation, 2018.
https://repositories.lib.utexas.edu/handle/2152/84953

https://repositories.lib.utexas.edu/handle/2152/84953
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Example Distribution Feeders

EPRI 1023518. "Green Circuits: Distribution Efficiency Case Studies." (2011). 
https://www.epri.com/research/products/000000000001023518

IEEE 8500-node test feeder

https://www.epri.com/research/products/000000000001023518
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Advanced Distribution Management System (ADMS)

• Legacy asset (LTC, VR, capacitor banks) operation using autonomous controllers
• Traditional DMS:

– Enables distribution dispatchers to monitor and operate their system
– Uses network model, SCADA, 3ph power flow
– Control and analysis functions: Volt/VAR optimization (VVO), fault location 

isolation and service restoration (FLISR), load forecast, etc.

• ADMS platform integrates SCADA, GIS, DMS, OMS, EMS, etc.
• The integrated platform enables information exchange among these systems

H. V. Padullaparti, Q. Nguyen, and S. Santoso, "Advances in volt-var control approaches in utility distribution systems," 2016 IEEE Power and 
Energy Society General Meeting (PESGM), 2016, pp. 1-5.
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Distributed Energy Resource Management System 
(DERMS)

• A DERMS is a software platform that manages behind-the-
meter (BTM) DERs—such as rooftop photovoltaic solar panels, 
residential batteries, or a fleet of electric vehicles—to provide 
grid services

• Some DERMS can also manage front-of-meter (FTM) DERs 
• May rely on ADMS to get network and power flow information
• DERMS technology is evolving
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ADMS Test Bed at NREL

Goal: Accelerate industry adoption of ADMS to 

• Improve normal operations with high DERs  

• Improve resilience and reliability

Approach: Partner with utilities & vendors to 
evaluate specific use cases and applications

• Set up a realistic laboratory environment

• Simulate real distribution systems

• Integrate distribution system hardware

• Use industry-standard communications

• Create advanced visualization capability
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ADMS Test Bed

Expected outcomes: Increased industry 
confidence in ADMS technology through 

• Laboratory demonstration of 
applications for specific use cases

• Analysis and potential application to 
other utilities

ADMS test bed capabilities: 
• Multi-time scale co-simulation using 

HELICS (OpenDSS/OPAL-RT/RTDS)
• Hardware integration
• Communications interfaces
• Data collection & visualization

2D real-time visualization 3D visualization

Photo by NREL

Photos by NREL
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Voltage Regulation with ADMS and DERMS

Goal: Enable grid integration of very high PV 
generation by resolving voltage issues using 
coordinated ADMS and DERMS controls.

• Commercial ADMS
• Prototype DERMS based on real-time 

optimal power flow (RT-OPF)
• Real distribution network from a utility

H. Padullaparti, J. Wang, S. Veda, M. Baggu, and A. Golnas, "Evaluation of Data-
Enhanced Hierarchical Control for Distribution Feeders With High PV 
Penetration," in IEEE Access, vol. 10, pp. 42860-42872, 2022.
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Distribution System Details

• 30 MVA, 110 kV/13.2 kV 
substation transformer

• 4 distribution feeders
• Serve nearly 6,000 customers
• More than 13,000 buses
• LTC, capacitor banks present
• Minimum load: ~12 MW
• Peak PV generation: ~24 MW; 

200% relative to min. load
• 144 grid-edge devices



NREL    |    12

Prototype DERMS

• Originally developed at the National Renewable Energy Laboratory 
(NREL) under an Advanced Research Project Agency-Energy project

• Adapted for this project

Coordinator

Local DER Controller

Solve the optimal set 
point for its DER

Coordinates local DERs to achieve system-level benefit 
based on real-time measurement (Distribution OPF)

Local DER 
Controller

Visibility of the grid 

Control signal only related to each home itself
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Simulation Scenarios

PV smart inverter Volt-VAR curve
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Baseline Results
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S1 Results

• PV smart inverters follow the volt-VAR curve, legacy devices controlled by 
ADMS, and grid-edge devices enabled
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S2 Results

• PV smart inverters dispatched by RT-OPF DERMS, legacy devices 
controlled by ADMS, and grid-edge devices enabled
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Peak Load Management with ADMS and DERMS

Goal: Evaluate the performance of peak 
load management coordinated across 
ADMS and DERMS.

• Effectiveness of DERMS in 
complementing ADMS operations

• Communications interface between 
ADMS and DERMS

H. Padullaparti et al., "Peak Load Management in Distribution Systems Using Legacy Utility Equipment and Distributed Energy Resources," 
2021 IEEE Green Technologies Conference (GreenTech), 2021, pp. 435-441.
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Distribution Feeder Details

• 14.4 kV feeder
• LTC and voltage regulators present
• 163 all-electric homes in ~1100 loads
• Peak load: ~11 MW
• Rated residential PV: ~1.6 MW
• Residential batteries: ~ 1 MW, ~2.6 

MWh
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Simulation Scenarios

• DVR: Dynamic Voltage Regulation
• PLM: Peak Load Management
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Baseline Results

Feeder head powers Bus voltages
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DVR-Only Results

Substation demand deviation

Bus voltages

Tap position status

Demand reduction is achieved through 
Conservation Voltage Reduction (CVR)
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DERMS-Only Results

Bus voltages

Total BESS power

Feeder head powers

Demand reduction is achieved 
through BESS power export
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DVR + DERMS Results

Bus voltagesFeeder head powers

Substation demand comparison
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Phase Identification using AMI data

Goal: Identify customer phase connectivity using advanced metering 
infrastructure (AMI) data

• Distribution grid management applications rely on network-models
• The phase connectivity database may become inaccurate over time
• Manual corrections using field checks are expensive and time-consuming
• Automated phase identification using AMI data is desired alternative
• Phase-to-neutral: A, B, C; Phase-to-phase: AB, BC, CA

H. Padullaparti, S. Veda, J. Wang, M. Symko-Davies, and T. Bialek, "Phase Identification in Real Distribution Networks with High PV 
Penetration Using Advanced Metering Infrastructure Data," 2022 IEEE Power & Energy Society General Meeting (PESGM), 2022, pp. 01-05.
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Distribution Feeders

• 12 kV feeder, 10.3 MW peak load
• Serves more than 5,000 customers
• LTC and capacitor banks present
• Mostly overhead lines
• 70% PV generation (peak load)

• 12 kV feeder, 13.3 MW peak load
• LTC and capacitor banks present
• Mostly underground lines
• 24% PV generation (peak load)

Feeder 1 Feeder 2
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Phase Identification Algorithm

• 5-minute average voltage AMI data collected in the field is used
• 30% training data
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Feeder 1 Results

90% phase identification accuracy is 
achieved on the full dataset
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Feeder 2 Results

94% phase identification accuracy is 
achieved on the full dataset
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