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Forecasting and Evaluating Distribution Grid Changes  
through Modeling and Simulation 

Introduction 

The Center for the Commercialization of Electric Technologies (CCET) is completing a five-year, $27M 
project that demonstrated how new technologies can both enhance and impact electric grid operations in 
the Electric Reliability Council of Texas (ERCOT) region. During this timeframe, Texas has focused a 
tremendous amount of time, effort and funding on improving the transmission grid, and the CCET project 
helped deliver significant improvements in how that grid is monitored and risks are mitigated through the 
deployment and demonstration of new sensing, visualization and reporting technologies.  The CCET 
project also contributed to a better understanding of DER (DR, DG, storage, efficiency, plug-in cars, and 
innovative rate designs) technologies on the distribution grid, and is now focusing its attention on future 
enhancements and risk mitigation for the Texas distribution grid.  One innovative way to evaluate new 
technologies and inform stakeholders without the need for expensive field demonstrations is through the 
use of modeling and simulation. 

Statement of Objectives  

The overall purpose of this proposed CCET effort is to provide increased visibility into the electric 
distribution system – visibility that primarily focuses on improving security and reliability of the 
distribution grid by simulating the challenges of and potential solutions for smart grid technology 
integration.  This includes interoperable solutions for improving consumer involvement, and integrating 
more demand response, electric vehicles, renewables, and storage on the distribution system, including 
islanded and grid-connected microgrids.  This also considers distribution automation, volt/VAR, fault 
location, isolation, and system restoration. The objective result of this proposed project is to develop a 
comprehensive modeling and simulation capability that can be leveraged by Texas distribution service 
providers (DSPs), retail electric providers (REPs), aggregators, and grid planners.  

The objectives of this effort include the following: 

• Develop an integrated dynamic model of the Texas distribution grid that represents typical 
substations, circuits/feeders, and consumers (residential, commercial and industrial) 

• Provide a simulation capability for defining operational challenges and evaluating technical and 
economic solutions 

• Leverage and enhance existing technology and grid component models and simulation tools  
• Develop and exercise operational scenarios to: 

o Evaluate and mitigate power quality issues such as harmonics and oscillations 
o Evaluate and mitigate operational issues such as delayed voltage recovery, unbalancing, 

protection, and overcurrent 
o Evaluate interoperability of technologies with existing infrastructure 
o Evaluate cyber security vulnerabilities of the distribution networks 
o Address customer interaction and consumer behavior if appropriate 

• Validate models to the extent possible using available physical models and real data 

Modeling and Simulation 

Modeling and simulation is a process for gaining useful insights into how something will behave without 
physically testing it, thus providing valuable lessons learned and informing decision making at 
significantly reduced cost.  It involves using mathematical and/or physical models which represent 
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various assets of a system, and define a set of relationships and values, such as how assets interoperate, 
communicate, and interact within the system. Representing real systems, such as a distribution grid, as a 
composite of models that represent the dynamics of the system allows for the exploration of system 
behavior without disrupting operations, and without the time, effort and expense of purchasing, fielding, 
installing and testing devices that may prove to be inadequate or inappropriate solutions.  

While the process of modeling addresses conceptualization, simulation focuses on implementation and 
involves execution of the model(s). These simulations may be either deterministic or stochastic 
(probabilistic)1.  In a deterministic simulation, all of the events and relationships among the variables are 
governed entirely by a combination of known, but possibly complicated, rules. Deterministic simulations 
are often used to study the behavior of physical systems. In a stochastic simulation, random variables are 
included in the model to represent the influence of factors that are unpredictable, unknown, or beyond the 
scope of the model being used in the simulation, so that the outputs of the model have a probabilistic 
distribution.  

Another dimension for classifying simulations involves time.  A dynamic or transient model accounts for 
time-dependent changes in the state of a system while a static or steady-state model calculates the system 
in equilibrium (all competing influences are balanced), and thus is time-invariant.  Dynamic models 
typically are represented by varying quantities and their rates of change in space and/or time (event 
driven).  Calculating load flows for every voltage level on a grid is one example of a static model.  Using 
that load flow calculation as a starting point, one can then perform dynamic grid analyses and stability 
calculations by simulating electric grids in the time domain.  Dynamic modeling of grid elements, such as 
generators with voltage regulators and speed controllers or loads sensitive to voltage and frequency, 
allows for the analysis and evaluation of grid dynamics and stability, such as voltage stability, by 
simulating a variety of disturbances such as short circuits, line disconnections, generator disconnections, 
load shedding and grid component overload.  
 
Why modeling and simulation of distribution grids? 

There are a number of distribution planning activities that could benefit from modeling and simulation, 
and these are highlighted in the list of opportunities presented later in this paper.  One real-world example 
is feeder improvements to expand capacity for distributed solar in a cost-effective and technically sound 
manner. This is typically a labor- and cost-intensive process because traditional engineering analysis lacks 
the kind of robust modeling of distribution laterals and secondary distribution necessary to understand the 
effects of customer-connected generation. Instead, most DSPs model feeders beyond the distribution 
substation as a singular fixed load source or series of load sources with little or no dynamic nature. 
Additionally, the DSPs typically only model worst-case scenarios under peak loading, without 
considering the effects of seasonal variations or more dynamic aspects such as weather impacts on 
generation resources.   

Even at the ISO level, the NERC2 acknowledges that there are reliability concerns about increased 
penetration of DER and how it will affect the power flow on the transmission and sub-transmission 
systems, which can result in thermal overloads or significant changes in profile. An important unknown 
today is tipping points that define the level of aggregate outputs (DER penetrations) that generates a 
reliability concern for the ISO. Different DER types may have different tipping points. Without visibility 
or controllability from the ISO level, the uncertainties associated with the variable DER output (in 
aggregate) can create additional uncertainties in demand to be served by transmission resources. 
Distributed generation can change the voltage and frequency response of the power system by displacing 
conventional generation which would otherwise be online, or by forcing responsive generation to operate 
                                                           
1 http://www.cs.ucr.edu/~mart/177/simulation_notes.pdf  
2 http://www.nerc.com/docs/pc/ivgtf/IVGTF_TF-1-8_Reliability-Impact-Distributed-Resources_Final-Draft_2011.pdf 

http://www.cs.ucr.edu/~mart/177/simulation_notes.pdf
http://www.nerc.com/docs/pc/ivgtf/IVGTF_TF-1-8_Reliability-Impact-Distributed-Resources_Final-Draft_2011.pdf
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closer to its limits (changing the available range of operation on responsive units). An aggregate loss of 
distributed generation can affect the power system if it does not remain connected, or if output is altered, 
during and following depressed frequencies and voltages that occur during transmission system 
disturbances. A lack of coordination between the planning and connection of distributed resources with 
overall system planning can make it difficult to incorporate accurate information in system planning and 
reliability analysis for the bulk power system. 

As an example at the ISO level, ERCOT has recognized the need for solar forecasting at the utility scale 
as a matter of grid reliability.  This will involve large solar farms, not residential solar.  However, with the 
ever increasing penetrations of residential solar (rooftop, ground-mounted, small plug-in units), ERCOT 
will eventually likely need to receive substation solar injection forecasts (solar generation feeding into the 
grid) from DSPs, preferably day-ahead projections for each hour of the next day to update the ERCOT 
load models.  Not only does this capability not yet exist, but the preference as stated above for DSPs is to 
only model worst-case scenarios, not hourly projections that consider weather, etc.  Modeling and 
simulation can provide a very timely means for not only preparing these projections, but more importantly 
for working collaboratively with ERCOT and the DSPs to formulate future DER forecasting capabilities.  

State-of-the-Art (SOTA) Summary 

Defining the state-of-the-art in modeling and simulation of electric distribution networks focuses on three 
key aspects: 1) available models and simulation tools, including hardware-in-the-loop (HIL), 2) related 
projects that can be leveraged for models, data and lessons learned, and 3) utility back-office systems that 
may provide some measure of modeling and simulation.  CCET has investigated and compiled a detailed 
list of the key items in each of these categories.  A summary of these items is included below, while the 
detailed list is provided in Attachment A.  

Available models and simulation tools  

There are literally scores of modeling and simulation tools that address diverse aspects of the energy 
domain.  Some of these, such as CYME 3 and DNV-GL SynerGEE 4, are commercially available, and 
provide comprehensive application suites with a wide array of capabilities, but not only are they intended 
to be used operationally (integrated with real-time data) but they are also very expensive and typically 
require ongoing vendor support. Other vendors have developed quality modeling and simulation products 
that are focused on very specific problem sets, such as MathWorks SimPowerSystems5 which addresses 
electrical power components, including three-phase machines, electric drives, and components for 
applications such as flexible AC transmission systems (FACTS) and renewable energy systems, PSLF6 
which is very good for studying steady state power flows and running dynamic simulations on power 
systems, and PSCAD7 which is well equipped as a general-purpose time domain simulation program for 
multi-phase power systems and control networks that is mainly dedicated to the study of transients in 
power systems. Each of these applications and systems above will be considered for the project as unique 
needs arise, but for the overall modeling and simulation framework there are two excellent products that 
can address the majority of project needs, and they are both available free and also well supported at no 
additional cost.  These two products include GridLAB-D8 which was developed by the Pacific Northwest 

                                                           
3 http://www.cyme.com/software/#solutions  
4 http://www.gl-group.com/en/powergeneration/SynerGEE_Electric.php  
5 http://www.mathworks.com/products/simpower/  
6 http://www.geenergyconsulting.com/practice-area/software-products/pslf  
7 http://www.iitk.ac.in/web_rtds/pscad.html and https://hvdc.ca/pscad/  
8 http://www.gridlabd.org/ and http://www.gridlabd.org/brochures/20121130_gridlabd_brochure.pdf  

http://www.cyme.com/software/#solutions
http://www.gl-group.com/en/powergeneration/SynerGEE_Electric.php
http://www.mathworks.com/products/simpower/
http://www.geenergyconsulting.com/practice-area/software-products/pslf
http://www.iitk.ac.in/web_rtds/pscad.html
https://hvdc.ca/pscad/
http://www.gridlabd.org/
http://www.gridlabd.org/brochures/20121130_gridlabd_brochure.pdf
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National Laboratory (PNNL) and OpenDSS9 which is available from the Electric Power Research 
Institute (EPRI).  

• GridLAB-D – A free open-source tool that comprises a time-series power distribution system 
simulation environment that integrates supply and demand and price for power flow and load and 
market modeling. It is designed to model not only the power system, but the overlying systems 
and the detailed interplay between all elements of a distribution system from the substation to 
end-use load. It incorporates a suite of agent-based and information-based modeling tools that 
allow users to create detailed models of new end-use technologies, distributed generation and 
storage, distribution automation, and peak load management. One major drawback of GridLAB-D 
is the lack of a user interface but Battelle has developed a commercial version, GridCommand 
Distribution (GCD)10, which does provide a user interface. It has also been used to model the 
relationships between dynamic distribution system behavior and transmission system operations 
by modeling representative systems within an ISO management area. 

• OpenDSS – A free simulator specifically designed to represent electric power distribution 
circuits. It is intended to support most types of power distribution planning analysis associated 
with the interconnection of distributed generation to utility systems. It also supports other types of 
frequency-domain circuit simulations commonly performed on power distribution systems, and 
can represent unbalanced conditions, stochastic processes, and other aspects of distribution 
systems and equipment. Other features support analysis of such things as energy efficiency in 
power delivery and harmonic current flow. 

Related projects 

Similar to the utility members of CCET, there are a number of DSPs from other parts of the country that 
have been involved in related projects, and CCET will work closely with these DSPs to gather relevant 
models, data and lessons learned to facilitate its project.  A short synopsis of some key projects is 
included below, and further details are available in Attachment A.  

• DTE Energy 11 – This study examined two typical distribution feeder circuits in the Ann Arbor, 
Michigan, area. They developed three-phase circuit models of the feeder lines, protective 
devices, and DR. Through simulation, they determined the maximum size of aggregated DR 
possible at locations on the sample feeders without disrupting line performance or the behavior 
of protective devices. 

• AEP 12 – Based on smart grid technologies that were deployed to 80 distribution circuits, they 
simulated the potential impact of employing these technologies on the remaining 1,700 
distribution circuits in their Ohio’s service territory. Additionally, they modeled and simulated 
the effects of small and large battery systems, solar, PEVs, VVO, DLC switches, and various 
pricing tariffs on circuit behavior. 

• Con Edison of NY 13 – This project modeled and simulated overhead and underground 
distribution switches, transformer remote monitoring equipment, underground distribution loops, 
selected network sectionalizing, automated switching, advanced SCADA systems, sensing and 
measurement technologies, and automated controls for voltage and reactive power management. 

• Austin Energy 14 – They modeled a two-substation area to assess the mesh radio network and the 
geographic information system (GIS). The simulation proved the network was able to handle the 

                                                           
9 http://smartgrid.epri.com/SimulationTool.aspx  
10 http://www.battelle.org/our-work/energy-environment/utilities/battelle-grid-command/battelle-grid-command-distribution  
11 http://www.nrel.gov/docs/fy04osti/35039.pdf  
12 https://www.smartgrid.gov/sites/default/files/doc/files/AEP%20Ohio_DE-OE-0000193_Final%20Technical%20Report_06-23-2014.pdf  
13 https://www.smartgrid.gov/sites/default/files/doc/files/Using-SmartGrid-Technologies-Modernize-Distribution-Infrastructure-New-York.pdf  
14 http://www.smartgridnews.com/artman/publish/Delivery_DMS/Austin-Energy-A-real-life-advanced-distribution-management-system-
ADMS-6235.html  

http://smartgrid.epri.com/SimulationTool.aspx
http://www.battelle.org/our-work/energy-environment/utilities/battelle-grid-command/battelle-grid-command-distribution
http://www.nrel.gov/docs/fy04osti/35039.pdf
https://www.smartgrid.gov/sites/default/files/doc/files/AEP%20Ohio_DE-OE-0000193_Final%20Technical%20Report_06-23-2014.pdf
https://www.smartgrid.gov/sites/default/files/doc/files/Using-SmartGrid-Technologies-Modernize-Distribution-Infrastructure-New-York.pdf
http://www.smartgridnews.com/artman/publish/Delivery_DMS/Austin-Energy-A-real-life-advanced-distribution-management-system-ADMS-6235.html
http://www.smartgridnews.com/artman/publish/Delivery_DMS/Austin-Energy-A-real-life-advanced-distribution-management-system-ADMS-6235.html
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“last mile” of communication between the substation and various distribution automation 
devices, and that the  GIS could sufficiently provide the data needed to successfully run an 
ADMS. 

Utility back-office systems which provide modeling/simulation 

Although very expensive, some larger DSPs are beginning to employ an ADMS that integrates DMS, 
OMS and DSCADA functionally into one system, and some of these provide unique support for CVR and 
VVO programs as well as monitoring of microgrids, energy storage and PEV charging on the distribution 
networks.15 They provide modeling and simulation of the high side of the substation power transformer to 
the high side of the customer transformer.  They support quasi-real time unbalanced load flow simulation 
capabilities for contingency studies, but provide limited dynamic modeling ability. Eventually, these 
systems will support utilization of smart grid device data and integration of DER into static and real time 
models. 

Challenges and Opportunities  

Another advantage to modeling and simulation is the ability to analyze a variety of diverse challenges, 
and customize solutions based on distribution grid specifics.  Rather than each utility having to develop 
its own models and simulations, they can be developed once and then leveraged by all parties who are 
addressing a similar challenge.  In defining the particulars for this project, CCET surveyed the ISO, DSPs 
and others to formulate a list of challenges for distribution grid operations, and then define opportunities 
for addressing those challenges through modeling and simulation.  

Challenges 

• ISOs like ERCOT will need improved visibility into the distribution grid, especially to 
understand and manage the impacts of increasing penetrations of DER and storage. However, 
they need an aggregated high-level view of the impacts. 

• Translation of distribution-level data into usable information for TSP and ISO systems.  
• Estimation of DER technology enhancements, penetration levels and cost. 
• Integration of diverse smart grid technology data into one universal centralized system.  
• Distributed decision making at substation levels based on information from devices beyond the 

substation, including devices on the edge. 
• Development of algorithms for improved predictive data analysis.  
• Potential impacts posed by microgrids and increasing penetrations of DER.  
• Integration of DR with the distribution grid topology (retail and reliability).  
• Security and operation issues resulting from large-scale DG (<10MW) in the distribution system.  
• Solutions for integrating high-speed, highly accurate synchronized measurements (IEDs) with 

traditional monitoring systems.  

Opportunities 

• Provide a simulation capability that will allow DSPs and ISOs in Texas to evaluate the potential 
benefits and impacts of deploying new technologies on distribution grids.  

• Provide a set of models for evaluating existing and emerging technologies as part of a state-wide 
distribution simulation. 

• Define how much DER penetration is expected, and model that into feeder planning.   

                                                           
15 http://www.dnvkema.com/newsletters/energy-notes/ADMS.aspx  

http://www.dnvkema.com/newsletters/energy-notes/ADMS.aspx
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• Define future customer load profiles, and model a respective feeder across the seasons. 
• Develop a dynamic robust model of distribution laterals and secondary distribution necessary to 

understand the effects of customer-connected generation. 
• Develop a dynamic time-series simulation that can cost-effectively determine the effect of new 

solar plant installations or other resources on a distribution feeder or secondary bus while 
considering the intermittent nature, clustered deployments, and atmospheric-derived changes in 
load over the course of seconds, minutes, days, seasons and years. 

• Improve models for dynamic equipment (smart inverters, battery storage, grid power electronics, 
etc.) and provide the degree of accuracy necessary to effectively simulate the impact of placing 
multiple devices on a single feeder. 

• Perform MV and LV network modeling to enable improved planning and design of distribution 
systems. 

• Simulate a load-flow based approach for optimum allocation, location and size of DG units (< 
10MW) for voltage improvement and loss minimization. 

• Simulate the affects of proposed Ancillary Service changes using distributed DER 
• Evaluate the potential benefits of advanced distribution and reliability technologies (smart 

inverters, ADMS, sensors, energy storage, DR). 
• Evaluate the applicability of emerging technologies for improving DR programs for both retail 

and reliability. 
• Evaluate the potential impacts of increasing penetration of DER and storage. 
• Evaluate the potential benefits and concerns with distribution-level microgrids. 
• Evaluate the impacts of increasing penetrations of large scale PV.  
• Define and evaluate various security and operation issues resulting from large-scale DG. 
• Evaluate potential benefits of integrating high-speed, highly accurate synchronized measurements 

(IEDs) with traditional monitoring systems. 
• Assess the cost and value of providing (consumer) and supporting (utility) DER services. 
• Evaluate the potential for increased capacity and ancillary service related costs based on 

increasing DER. 
• Evaluate the benefits of increased DER (voltage support and ride-through, DR support, improved 

voltage quality, reduced system losses, and deferred capacity investment. 
• Define strategies for integrating DER with grid planning and operation. 
• Define ways to translate diverse sets of data, and then aggregate the results to provide usable 

information on distribution level grid operations. 
• Define the potential for distributed decision making at the substation level based on a wide array 

of distribution level data, including that from devices on the edge. 
• Define, develop and test new algorithms for improving predictive data analysis. 
• Evaluate the benefits of distributed versus centralized energy storage. 
• Evaluate the potential for multiple redundant communication pathways for AMIs and devices on 

the edge. 
• Evaluate smart approaches for shedding load (e.g., using meters for rolling outages). 

The Proposed CCET Project Solution(s) 

CCET proposes to develop a simulation capability that will allow the ISO, DSPs and other parties in 
Texas to evaluate the potential benefits and impacts of increased DER and new technologies on 
distribution grids. The CCET Team will implement an overall simulation capability which incorporates a 
set of models that define a representative distribution grid in Texas, includes current and emerging 
distribution grid technology models, and defines operational scenarios for simulating and evaluating the 
potential challenges and benefits of increased DER and new technologies.  Although the ultimate 
simulation capability could support all of the above-defined opportunities, the purpose of this initial effort 
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is to develop a representative model of the Texas distribution grid down to the circuit level that can be 
used to illustrate the benefits of simulation for a key set of activities and technologies. Given that the 
Texas grid includes thousands of substations, most with 3-10 feeders, it would be excessive to model the 
entire grid.  As an adequate representation to support interactive and dynamic simulations, CCET 
proposes to initially model a few substations with multiple feeders each.  The feeders will include 
different sets of DER, and the mix of substations and feeders will allow for analysis of individual feeders 
while also assessing their impacts on other feeders and even other substations. 

Also, given the large number of potential distribution grid aspects and functions that could be modeled 
and simulated, the following approach is designed to develop and host a basic modeling and simulation 
framework, and then provide flexibility by using a task order (TO) construct to address customer-specific 
modeling and simulation efforts in response to the wide range of above-defined opportunities. CCET has 
included some TOs with estimated costs just as examples. 

Basic Project – Develop and Host a Modeling and Simulation Framework.  
Goal: The intent of this project is to design, develop, and host a basic modeling and simulation capability 
that can then be used to perform additional efforts on a TO basis.  This initial system will serve as a 
representative distribution grid, and provide models for 9-12 feeders/circuits that represent the various 
types of circuits and loads of concern across multiple substations. The models would be based on actual 
circuits that best represent what is most widely used in Texas, such as residential (urban and rural), 
commercial (shopping center or office building), and industrial (e.g., refinery). This will help identify 
trends and draw conclusions concerning potential impacts of introducing increased levels of DER. 
Estimated Duration: 210 days 
Estimated Cost: $450,000 

Detailed Schedule of Activities: 

Phase I – 90 days 

• Define simulation and modeling requirements, including what data is required for models 
• Based on NERC reliability standards, define thresholds at which feeders produce changes that 

require load models to be updated to get valid stability results.  
• Define which models will require updating to reflect validated behavior 
• Define needed information to support accurate hour-by-hour feeder forecasts 
• Define a process to capture information on installed residential solar that does not inject yet 

impacts load, and deliver the results to DSPs and ERCOT 
• Define use cases 
• Evaluate available dynamic modeling and simulation tools in terms of existing and needed 

grid requirements and technology models, required data, and available data sources 
• Select the appropriate modeling and simulation toolset 
• Develop a detailed simulation design 

Phase II – 120 days 

• Establish the simulation framework and modeling toolset and provide remote access 
• Capture the necessary data and integrate it into a database 
• Create the basic distribution network simulation with available circuit-level models 
• Integrate existing DER models 
• Run simulations and demonstrate the capability 
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Proposed TO #1- Develop Future Estimation of DER Enhancements, Penetration Levels, and Cost,  
Goal: Perform a study to define the anticipated level of technology adoption within Texas.  This study 
will examine the expected DER technology enhancements, define the expected penetration levels of 
various classes of DER technology, and estimate cost reductions and their impact on the anticipated level 
of technology adoption within Texas. The expected results will be reported for the years 2020 and 2025.    
Estimated Duration: 180 days 
Estimated Cost: $150,000 

Proposed TO #2 – Simulate Load-Flow Approach for DG Optimization 
Goal: Model distribution level DG units (<10MW) and use a load-flow based approach to simulate the 
results of various allocations, locations and sizes with respect to improving voltage and minimizing 
losses. 
Estimated Duration: 180 days 
Estimated Cost: $360,000 

Proposed TO #3 - Incorporate a Representative Community Network Model 
Goal: Build and incorporate a representative community network model from the circuit to the homes 
and/or devices on the edge (for circuit loads). 
Estimated Duration: 120 days 
Estimated Cost: $240,000 

Proposed TO #4 – Incorporate a Representative Microgrid Model 
Goal: Design, develop and integrate a representative microgrid model to simulate islanding operations 
and assess the load and feeder impacts.  
Estimated Duration: 120 days 
Estimated Cost: $240,000 

Proposed TO #5 – Evaluate Impacts of Increasing Distributed Solar and High Fluctuating Loads 
Goal: Simulate the affects of increasing distributed solar and high fluctuating loads by incorporating 
models of distributed solar and a high fluctuating load, such as a steel mill with 2 arc furnaces. The 
simulation can evaluate increasing penetration levels as well as normal operation, extended operation, and 
potential seasonal variants in support of short-term and long-term planning.  
Estimated Duration: 180 days 
Estimated Cost: $360,000 

Proposed TO #6 – Evaluate the Potential of ALR CLRs for Loads in SCED 
Goal: Evaluate the potential of aggregated load resources (such as hundreds or thousands of DLC HVAC) 
as controllable load resources that can bid into the real-time energy market (SCED).  
Estimated Duration: 90 days 
Estimated Cost: $180,000 

Proposed Team Members 

CCET has identified an initial list of potential team members with the requisite experience in performing 
similar types of efforts.  Their role and/or areas of interest/expertise is described.   

• CCET – project management 
• SwRI – establish and support host modeling/simulation system with secure remote access; 

integrate basic models and data sources; perform simulations and report results 
• TTU – develop customized models and perform simulations 
• Intel/McAfee – develop security related models 
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In addition to serving as an oversight group, various stakeholders affiliated with CCET can provide 
operational expertise and data to support the effort: CenterPoint, Austin Energy, and SPEC. 
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Attachment A – State-of-the-Art (SOTA) Modeling and Simulation Details 

Available models and simulation tools  

PNNL GridLAB-D16 A free open-source tool, GridLAB-D is a time-series power distribution system simulation 
environment that integrates supply and demand and price for power flow and load and 
market modeling. It is designed to model not only the power system, but the overlying 
systems that affect the power system, and to examine the detailed interplay between all 
elements of a distribution system from the substation to end-use load. It incorporates a suite 
of agent-based and information-based modeling tools that allow users to create detailed 
models of new end-use technologies, distributed generation and storage, distribution 
automation, and peak load management with tools to create and validate rate structures, 
examine consumer reaction, and verify the interaction and dependence of programs with 
other technologies and wholesale markets. One major drawback of GridLAB-D is the lack of 
a user interface. Battelle has developed a commercial version, GridCommand Distribution 
(GCD)17, which does provide the user interface. 

EPRI OpenDSS18 Available free from EPRI, the OpenDSS is a simulator specifically designed to represent 
electric power distribution circuits. It is intended to support most types of power distribution 
planning analysis associated with the interconnection of distributed generation to utility 
systems. It also supports other types of frequency-domain circuit simulations commonly 
performed on power distribution systems. It represents unbalanced conditions, stochastic 
processes, and other aspects of distribution systems and equipment in far greater detail than 
many other tools, including commercial products. Other features support analysis of such 
things as energy efficiency in power delivery and harmonic current flow. 

MathWorks 
SimPowerSystems19 

Available commercially, this program provides modeling and simulation of electrical power 
components, including three-phase machines, electric drives, and components for 
applications such as flexible AC transmission systems (FACTS) and renewable energy 
systems. Harmonic analysis, calculation of total harmonic distortion (THD), load flow, and 
other key electrical power system analyses are automated. Models can be parameterized 
using MATLAB® variables and expressions, and control systems can be designed in 
Simulink. Simspace can be used to add mechanical, hydraulic, pneumatic, and other 
components to the model and test them together in a single simulation environment. 
SimPowerSystems was developed in collaboration with Hydro-Québec of Montreal and is a 
good tool for simulating small networks. 

DNV-GL SynerGEE 
Electric20 

Available commercially, SynerGEE provides detailed load modeling and analyses on radial, 
looped and mesh network systems comprised on multiple voltages and configurations. It 
includes a comprehensive collection of power system analysis tools to model distributed 
generation and PV, storage and battery control schemes, transformer load management, 
weather, AMR/AMI integration, fault location and fault sequence analyses, meshed grid 
networks, arc flash hazard analysis, volt/Var optimization, power quality, and optimal 
switching. 

CYME21 Available commercially, CYME Power Engineering software is a suite of applications 
composed of a network editor, analysis modules and user-customizable model libraries from 
which to can choose. The most relevant is CYME Applications for Distribution (CYMDIST) 
which is used to perform several types of analysis on three-phase, two-phase and single-
phase systems that are operated in radial, looped or meshed configurations. It includes 
unbalanced load flow, comprehensive fault flow analysis, load balancing, load 
allocation/estimation, optimal capacitor placement and many other modules/models. It 
supports planning and contingency studies, such as static balanced 3 phase model based on 
substation peak load values & allocated distribution transformer KVA. The infrastructure 

                                                           
16 http://www.gridlabd.org/ and http://www.gridlabd.org/brochures/20121130_gridlabd_brochure.pdf  
17 http://www.battelle.org/our-work/energy-environment/utilities/battelle-grid-command/battelle-grid-command-distribution  
18 http://smartgrid.epri.com/SimulationTool.aspx  
19 http://www.mathworks.com/products/simpower/  
20 http://www.gl-group.com/en/powergeneration/SynerGEE_Electric.php  
21 http://www.cyme.com/software/#solutions  
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can be imported from a GIS system, it portrays a graphical representation of system with 
thresholds illustrated, and there is no transformer or secondary modeling done. If the 
required data sets are available, it has the capability to perform near real time modeling, 
model to the customer meter, model solar, wind, and other DG, model circuit / substation 
islanding, model impact of harmonic loads, and support VVO. 

PSCAD22 Available commercially, PSCAD/EMTDC is a general-purpose time domain simulation 
program for multi-phase power systems and control networks. It is mainly dedicated to the 
study of transients in power systems. It has a full library of advanced components which 
allows for precisely modeling interactions between electrical networks and loads in various 
configurations. It has a graphical user interface and numerous control tools, and its 
integrated visual environment features all aspects of conducting a simulation, including 
circuit assembly, run-time control, analysis and reporting. PSCAD features a broad range of 
models for power system and power electronic studies such as transformers (classical model 
with saturation/Umec model), various machines, (synchronous, asynchronous, DC), various 
turbines (hydro, steam, wind), converters & FACTS, drive & control blocks, and relays. 

PSLF23 Commercially available, Positive Sequence Load Flow (PSLF) is a product of GE Energy 
which provides a simulation tool with several different components. It is widely used in the 
power industry to study steady state power flows and run dynamic simulations on power 
systems.  It supports effective power system analysis which often requires large-scale 
simulations and manipulation of large volumes of data. The algorithms have been developed 
to handle large utility-scale systems of up to 80,000 buses. It enables users to quickly and 
visually analyze post-contingency data produced by SSTOOLS (steady state contingency 
analysis tool) for which output files can be very large (multiple GB), and fast, efficient 
analysis of results is critical. It allows users to perform transient stability analysis for 
multiple events as well as traditional thermal and voltage analysis, static voltage stability 
analysis and transfer limit analysis. PSL is a widely used simulation program in the Western 
Interconnect, although it’s typically used for transmission-related studies or positive-
sequence simulations at the distribution level. 

PSS/E24 Available commercially, Power System Simulation for Engineering (PSS/E) is composed of 
a comprehensive set of programs for studies of power system transmission network and 
generation performance in both steady-state and dynamic conditions.  It is very useful in 
performing steady-state analyses (load flow, fault analysis, optimal power flow, etc.). PSS/E 
is a widely used simulation program in ERCOT and Eastern Interconnect, although it’s 
typically used for transmission-related studies or positive-sequence simulations at the 
distribution level.  

HIL Hardware-in-the-loop (HIL) simulation is a technique that is used in the development and 
test of complex process systems. It is a form of real-time simulation but differs by the 
addition of a real hardware component in the loop.  In recent years, HIL for power systems 
has been used for verifying the stability, operation, and fault tolerance of large-scale 
electrical grids. Current-generation real-time processing platforms have the capability to 
model large-scale power systems in real-time. This includes systems with more than 10,000 
buses with associated generators, loads, power-factor correction devices, and network 
interconnections. These types of simulation platforms enable the evaluation and testing of 
large-scale power systems in a realistic emulated environment. Moreover, HIL for power 
systems has been used for investigating the integration of distributed resources, next-
generation SCADA systems and power management units, and static synchronous 
compensator devices.  HITL simulators are available from vendors such as Opal-RT. 

Other Tools ETAP for studying issues such as unbalanced loading, protection, and harmonics on 
distribution feeders, Power Simulator for substation design, SKM for switching, ArcGIS 
Schematics (SCADA), InterPSS for cloud-based load flow and short-circuit analysis, 
MATLAB and SIMULINK, and PSS SINCAL. 

                                                           
22 http://www.iitk.ac.in/web_rtds/pscad.html and https://hvdc.ca/pscad/  
23 http://www.geenergyconsulting.com/practice-area/software-products/pslf  
24 http://www.iitk.ac.in/web_rtds/psse.html and http://w3.siemens.com/smartgrid/global/en/products-systems-solutions/software-
solutions/planning-data-management-software/planning-simulation/pages/pss-e.aspx 
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Related projects 

DTE Energy25 A DTE Energy study examined two typical distribution feeder circuits in the Ann Arbor, 
Michigan, area. One was a radial distribution line and one was a ring configuration. DTE 
developed three-phase circuit models of the feeder lines, protective devices, and DR. It used 
comparisons with simplified analytical results and short test simulations to verify the 
accuracy of the models. Later, it used ASPEN, MATLAB, PTI PSS/E, and EMTP software 
to generate detailed simulations that represent how aggregated DR affects system 
characteristics such as voltage, harmonics, phase and ground overcurrent, fault conditions, 
islanding detection, loss of excitation, transient stability, and coordination between circuit 
breakers, fuses, and reclosers. DTE determined the maximum size of aggregated DR 
possible at locations on the sample feeders without disrupting the line performance or the 
behavior of protective devices.  

AEP26 In the AEP Ohio gridSMART® demonstration project, smart grid technologies were 
deployed to 80 distribution circuits to assess potential impact if the technology deployments 
were extended to the remaining 1,700 distribution circuits in AEP Ohio’s service territory. 
The project developed a simulation engine and applied it to evaluate the effects of new 
technologies in a variety of circuit configurations. In addition to simulating the types of 
technologies that were field deployed as part of the project, photovoltaic, sodium sulfur 
batteries, and community energy storage were also simulated. The technologies that were 
modeled and studied to determine their effects on circuit behavior included small and large 
battery systems, solar, PEVs, VVO, DLC switches, and various pricing tariffs.  

The team used GridLAB-D to model the circuits. Additional proprietary modifications were 
made to simulate the new technologies. GridLAB-D simulated the distribution circuit from 
the substation to the individual premises along with their appliances, outlet and lighting 
loads, air conditioning, water heater, and the home insulation characteristics. Voltage, 
power, switch operations, and other dynamic variables at any location on the circuit model 
were provided at discrete time intervals for conditions specified by a simulation. 
Performance metrics such as maximum peak power demand and energy consumption were 
estimated by analysis of the GridLAB-D outputs. Another software tool was developed to 
facilitate the frequent building and modification of circuit models and to assist in 
manipulating and analyzing GridLAB-D models. The new tool, GridCommand Distribution 
(GCD)27, is now commercially available from Battelle. Highlighted features of GCD include 
the ability to:  

• Create GridLAB-D model files from CymDist model files  
• Import existing GridLAB-D files and export to GridLAB-D file format 
• Display the circuit graphically based on latitude/longitude  
• Add or delete new items from the circuit model using the console or graphical interfaces  
• Support user scripts to modify the circuit model  
• Display a tree view of every object in the model organized by type  
• Support parametric analysis  

Con Edison of NY28 This Con Edison SGIG project focuses on the modernization of electric distribution systems, 
including overhead and underground distribution switches, expansion of network 
transformer remote monitoring equipment, underground distribution loops, selected network 
sectionalizing, automated switching, advanced SCADA systems, sensing and measurement 
technologies, dynamic modeling, and automated controls for voltage and reactive power 
management. It also includes the installation of pole mounted distribution capacitors, load 
tap changer (LTC) controllers at 4kV unit substation transformers, power quality and battery 

                                                           
25 http://www.nrel.gov/docs/fy04osti/35039.pdf  
26 https://www.smartgrid.gov/sites/default/files/doc/files/AEP%20Ohio_DE-OE-0000193_Final%20Technical%20Report_06-23-2014.pdf  
27 http://www.battelle.org/our-work/energy-environment/utilities/battelle-grid-command/battelle-grid-command-distribution  
28 https://www.smartgrid.gov/sites/default/files/doc/files/Using-SmartGrid-Technologies-Modernize-Distribution-Infrastructure-New-York.pdf  
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monitoring systems, and development of 4kV grid models for enhanced load flow analysis. 
The aim is to optimize 4kV distribution grid performance, reduce electrical losses, enhance 
performance monitoring and analysis, and improve voltage control methods. 

NRECA CRN29 The NRECA Cooperative Research Network (CRN) identified GridLAB-D as a tool that 
would provide significant benefit to its member utilities. However, they noted that the 
complexity of the tool was a significant barrier for adoption.  Therefore, they are developing 
an Open Modeling Framework as part of a smart grid demonstration project, supported by 
NRECA, 23 electric co-ops and DOE. Oak Ridge National Laboratory is working on visual 
components, the NREL is assisting with reference data and PNNL is refining algorithms. 
This online platform will house many engineering and economic models. The interoperable 
suite of programs is designed to screen system components and project their performance 
based upon operating conditions, load data and other customizable factors. It will allow 
planners to run simulations on actual feeders. They have developed load models at a 
tremendous level of detail that will provide the capability of looking at loads down to the 
level of an individual light bulb in a house. The objective is a mathematical model designed 
to describe the reality of how technologies operate together and predict how they will 
perform under local conditions. A module for CVR is currently in field trials.  Modules for 
energy storage, distributed generation and smart feeder switching are planned later. 

UT Austin CEM30 Austin Energy and Pecan Street, Inc. are collaborating with CEM to anticipate the 
challenges of smart grids. CEM has further joined efforts with several departments of The 
University of Texas at Austin: electrical, chemical, mechanical, and civil. This combined, 
yet heterogeneous, expertise will result in computer models to predict undesirable effects 
such as transformer insulation degradation, life-span reduction, overloading, and grid 
instability.  

Austin Energy31 Austin Energy modeled a two-substation area to assess the validity of the geographic 
information system (GIS) model, as well as the model’s ability to effectively communicate 
the data needed to calculate and solve load flow and fault current. The pilot found the mesh 
radio network was able to handle the “last mile” of communication between the substation 
and various distribution automation devices. The pilot also demonstrated that Austin 
Energy’s GIS model could sufficiently provide the data needed to successfully run the 
advanced components of an ADMS. 

Utility back-office systems which provide modeling/simulation 

Some utilities have used computers to model their networks for nearly four decades using load-flow 
algorithms to calculate voltages and power flows at nodes throughout the network32. More recently, say, 
for the past 25 years, supervisory control and data acquisition (SCADA) systems have monitored and 
controlled the grid at key locations such as substations in real time. More recently, DMS combined the 
two ideas, solving the network model with using a load flow while accessing key real-time data points to 
enhance the picture of the grid. Now ADMS are beginning to emerge that integrate a DMS, OMS and 
DSCADA functionally into one system, and some provide unique support for CVR and VVO programs as 
well as monitoring of microgrids, energy storage and PEV charging on the distribution networks.33 

There are a growing number of vendors providing ADMS solutions, although they all offer different 
solutions.  Some large vendors in this domain include ABB/Ventyx, GE, Schneider Electric (Telvent), 
Oracle, Survalent, OSI and Siemens.  Another key vendor is Milsoft Utility Solutions that provides 
similar capabilities to a large number of electric cooperatives. Additionally, in May 2014, DOE formed a 
                                                           
29 http://www.nreca.coop/what-we-do/cooperative-research-network/smarter-grid/smart-grid-demonstration-project/open-modeling-
framework/  
30 http://www.utexas.edu/research/cem/smartgrid.html  
31 http://www.smartgridnews.com/artman/publish/Delivery_DMS/Austin-Energy-A-real-life-advanced-distribution-management-system-
ADMS-6235.html  
32 http://www.elp.com/articles/powergrid_international/print/volume-17/issue-6/features/smart-grid-advanced-distribution-management-
systems.html  
33 http://www.dnvkema.com/newsletters/energy-notes/ADMS.aspx  
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working group for DSPs that have either implemented or are working towards implementing ADMS.  
Texas DSPs have started to implement ADMS, most notably so far Bluebonnet34, Austin Energy35 and 
CenterPoint Energy.  The CenterPoint ADMS being implemented this fall will provide the following 
capabilities: 

• Quasi-real time unbalanced load flow w/simulation (i.e. contingency studies, etc.) capabilities. 
• Initial primary function will be to assist distribution control organization with day to day 

operations and service restoration activities.   
• Simulation modeling for contingency studies.  This may ultimately be a potential replacement for 

their CYME modeling tool. 
• ADMS advanced applications (FLISR, VVO, automated restoration, etc.).   
• Utilizes substation SCADA data and load models based on meter information.    
• Modeling of the high side of the substation power transformer to the high side of the customer 

transformer.   
• Dynamic capabilities but limited by data availability at this time. 
• Future enhancements in the multi-year roadmap 

o Utilization of smart grid device data (current, voltages, etc.) to better allocate load, model 
system, etc.   

o Integration of distributed energy resources (solar, DG, storage, etc.) into static and real 
time models. 

                                                           
34 http://www.intelligentutility.com/article/13/03/bluebonnet-electric-cooperative-selects-osi-technology-new-advanced-distribution-
management-system-0  
35 http://www.smartgridnews.com/artman/publish/Delivery_DMS/Austin-Energy-A-real-life-advanced-distribution-management-system-
ADMS-6235.html  
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