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ARGONNE-NERC JOINT RESEARCH PORTFOLIO 

2019 and beyond 

T&D Co-Simulation Tool: User Support, 
Training, Applications 

DER Impact Study and Support for NERC’s 
Reliability Assessment 

2018 

T&D Co-Simulation Tool 
BES Reliability Improvement Considering 

High DER Penetration 

2017 

T&D Combined Modeling 
Impact Analysis of Distribution-connected 

DERs on the Bulk Electric System  



IMPACT OF DER ON THE BES 

 Developed combined modeling of transmission and distribution systems 

 Conducted benchmark case studies: DER impact on BES voltage stability, frequency regulation, and dynamic 

stability of BES 

 Supported NERC’s Essential Reliability Working Group (ERSWG) and Distributed Energy Resources Task 

Force (DERTF) 

Figs: (a) Combined modeling of T&D system; (b) 

DER impact on BES inertial frequency response; 

(c) DER impact on BES net load and ramping 

requirements 

(a) 

(b) (c) 



DISSEMINATION INITIATIVES 
 Argonne-NERC jointly authored report “Impact of Distributed Energy Resources on the Bulk Electric System – Combined  

Modeling of Transmission and Distribution Systems and Benchmark Case Studies,” November 2017 

 Argonne and NERC’s ERSWG/DERTF jointly organized panel “Reliability Considerations of High-Penetration DER on the 

Bulk Power System,” IEEE PES T&D Conf & Expo, April 2018 

 Panel discussion at the FERC Technical Conference “Distributed Energy Resources – Technical Considerations for the 

Bulk Power System”, April 2018 

 



BES RELIABILITY IMPROVEMENT CONSIDERING 
HIGH DER PENETRATION 
 Investigated DER contribution to BES frequency regulation from inertial response to load following 

 Investigated DER contribution to enhance voltage control of BES 

 Following IEEE Std. 1547-2018 and studying DER impact on distribution system protection and BES reliability 

Figs: VVC helps 

maintain DER PCC 

voltage and improve tie-

line voltage 

(disturbance: a self-

clearing fault on the tie 

line at 20 s) 

Fig: Virtual inertia emulated by DERs can help improve 

inertial response of BES (disturbance: load increase at 25s) 



T&D CO-SIMULATION TOOL DEVELOPMENT 

 T&D combined modeling approach suffers scalability and computational complexity 

 A T&D co-simulation tool is needed : transmission system entities can perform day-to-day 

planning, operational, and control studies for high-DER-penetration scenarios to ensure secure 

and reliable grid planning and operations 

 T&D co-simulation tool functional requirements 

 Steady-state and dynamic (for transient stability and disturbance ride-thru studies) simulations 

 Scalability to model real-world interconnections and distribution networks 

 Flexibility to implement DER interconnection standards 

 Flexibility to implement advanced DER control functions 

 T&D co-simulation 

 PSSE for T-Simulator 

 OpenDSS for D-Simulator 

 



ADDRESSING INDUSTRY NEEDS 

 Argonne-NERC jointly authored brochure “Transmission and Distribution Co-simulation Tool – Questions and Answers,” January 

2018 

 NERC industry webinar “NERC and Argonne project: Overview of Transmission and Distribution Co-Simulation Tool and 
Benchmark Case Studies,” February 2018  

 Argonne-NERC joint presentation “NERC’s Efforts to Include DER in Planning Models and Argonne’s Combined T&D Co-

Simulation Tool Enabling Bulk Power System Reliability Studies,” IEEE PES General Meeting, August 2018 

 

 • Q1: What is a T&D co-simulation tool? 

• Q2: Why is a T&D co-simulation tool needed? 

• Q3: Who will use it? Planners? Operators? 

• Q4: What are the benefits? Operational 
Efficiencies? Risk reduction? 

• Q5: Is it used for real-time operations?  



T&D CO-SIMULATION TOOL ARCHITECTURE AND 
OPERATION SEQUENCE 
 Python-based T&D interface tool 

 Load T&D cases into respective simulators (PSS/E and OpenDSS) 

 Prompt user to select simulation type and scenarios 

 Establish internal mapping between T&D networks 

 Carry out simulation and visualize results 

 

Fig:  Architecture 

of the T&D co-

simulation tool 



STEADY-STATE T&D CO-SIMULATION 

 Transmission system: IEEE 14-bus system 

 Distribution system: 1 IEEE 123-node system connected to transmission load bus #5 

 PV: 1 PV system connected to the distribution system 

 Modeled as static generator operating at unity power factor 

 Rated at 24 KW 

 Representing 7% penetration in the feeder 

Fig: 24-hour solar irradiance profile 
Fig: 24-hour active power dispatch profile at T&D 

boundary bus 



DYNAMIC T&D CO-SIMULATION 

 Transmission system: IEEE 14-bus system 

 Distribution system: every transmission system load bus is replaced with IEEE 13-node feeder 

    

(a) Change in voltage magnitude in response to a 10-cycle fault at bus 1 on transmission system.  

(b) Difference in voltage magnitude between transmission only and co-simulation approach. 

(a) (b) 



FUTURE WORK 

 

T&D Co-simulation Tool 

• Show initial demo at 
November’s LMTF 
meeting 

• Release the first version 
of the tool with user 
manual in December 

• Carry out commercial-
grade testing 

• Provide user support and 
training 

• Develop additional 
features and models 

• Incorporate real-world 
network data  

NERC Initiatives 

• Load Modeling Task 
Force (LMTF) 

 

• Long-Term Reliability 
Assessment (LTRA) 

 

• DER Working Group – 
System Planning 
Impacts of DER 
Subcommittee (SPIDER) 

 

• Probability Assessment 
(ProbA) 

DER Impact Study 

• Conduct peak-driven 
deterministic resource-
adequacy related 
reliability studies 

• Conduct essential 
reliability services, 
protection and control 
related reliability studies 

• Quantify statistic 
characteristics for 
distributed solar 
resource and non-
controllable demand 
response resources 

• Conduct probabilistic 
resource-adequacy 
related reliability studies 
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