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ABSTRACT 

Distribution power systems are evolving due to emerging 

technologies such as intelligent electronic devices, smart 

inverters and distributed energy resources, among others. 

This implies that distribution engineers should have easy 

access to power system analysis tools that support the 

changing design, planning and operation of such systems. 

The power system analysis tools should harmonize the new 

technologies in a way that autonomous and interconnected 

systems can be automated, simultaneously operated and 

visualized for maximum grid benefit by distribution 

engineers. 

Classic analysis and planning based on static snapshots of 

loading is an inadequate practice for scheduling future 

investments in distribution systems and distribution 

management systems. This is a common practice that has 

been used for decades to maintain power systems in time; 

however, the needs mentioned above require the adoption 

of the modern computing technologies and interfaces; 

accelerating the analysis and providing to the distribution 

engineer the information to make the right choice. 

In this paper, we discuss the needs mentioned above, and 

propose a flexible framework to support the future 

distribution power systems analysis. This 

multidisciplinary framework is supported by a set of open 

source tools developed by EPRI for showing a modular 

approach to enable the next generation of distribution 

system analysis tools. These tools have been developed to 

evolve EPRI’s Open Source Distribution System Simulator 

OpenDSS to cover the needs of the future power system 

analysis. 

INTRODUCTION 

Computer simulation has been the preferred tool for 

distribution power system planning and analysis for 

several decades. Through simulation the power engineer 

can recreate scenarios in which distribution systems 

security, quality, reliability and availability can be 

compromised to make predictions and schedule 

investments before undesired events happen in the real 

system.  

Nowadays, distribution system planning involves 

modelling equipment with complex controls, which when 

simulated requires several operational scenarios; including 

the responses of the control equipment under time-varying 

system configurations.  

Classic distribution analysis and planning based on static 

snapshots of loading is an insufficient practice for 

scheduling future investments when analysing and 

planning distribution systems that change significantly 

over time.  The classic approach has been used for decades 

to plan distribution systems based on loading patterns that 

are historically consistent. However, new technologies for 

adding ancillary services are altering loading patterns and 

require a different approach. 

Modern computing technologies and interfaces can 

accelerate the analysis and provide the distribution 

engineer with the information to make the right choice 

when the distribution system is exposed to varying 

operational conditions. These technologies need to be 

integrated into the next generation of analysis tools. The 

level of detail required by planning engineers when 

conducting system simulation can vary, but tools to 

support planning must allow the engineer to:  

1. specify the sequence of simulations that will be 

conducted,  

2. define the distribution system’s operational 

conditions,  

3. customize specific equipment behaviour and their 

associated controls systems,  

4. provide detailed system models mimicking a real-

time system scenario,  

5. transform big data into information for further 

analysis and,  

6. perform detailed distribution system analysis within 

reasonable computational time. 

While many existing distribution system tools were well-

designed to support classic planning efforts; they may not 

be sufficient to address the needs in studying the system 

with complex distribution management system (DMS) 

controls and objectives. As noted, these studies will likely 

require a more modular, scalable, flexible, and sustainable 

set of tools that can support complex and changing 

planning and operational study needs.   

In this paper, we discuss the needs mentioned above, and 

propose a flexible framework to support the future 

distribution power systems analysis.  

This multidisciplinary framework is supported by a set of 
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open-source tools developed by EPRI to demonstrate a 

modular approach for the next generation of distribution 

system analysis tools. Parallel processing for accelerating 

Quasi-Static-Time-Series (QSTS) simulation is the base of 

future distribution analysis tools. In addition, graphical 

interfaces are utilised for information exchange, data 

synchronization and big data processing.  Also, there are 

multiple alternatives based in open-source tools that can be 

used by researchers, planners and operators for distribution 

system analysis. 

These tools have been developed to evolve EPRI’s Open 

Source Distribution System Simulator OpenDSS [1] to 

satisfy the needs of the future distribution system analysis. 

OPENDSS 

The OpenDSS program is an open-source electric power 

Distribution System Simulator (DSS) for supporting 

distributed energy resource (DER) integration and grid 

modernization efforts. OpenDSS was originally developed 

by Electrotek Concepts, Inc. in 1997 under the name of 

DSS. Since then, it has acquired many new capabilities to 

support DER integration and smart grid analysis, including 

a wide variety of device models and simulation modes. 

This simulation platform was originally built for execution 

in a single, sequential process. That is, each 

procedure/function is called sequentially to perform a 

QSTS simulation [2, 3]. The performance that can be 

achieved is based on the structure of the low-level routines, 

the simplicity of the routines, and the efficiency of the code 

produced by the compiler. 

EPRI made the program open source in 2008 to encourage 

efforts in grid modernization by providing a free tool to the 

power industry capable of performing advanced studies. 

The program’s name was changed to OpenDSS to 

emphasize that it was open source. In more recent 

developments, EPRI has explored several methods to 

accomplish parallel processing in OpenDSS to speed up 

simulations. This research has included the parallelization 

of the whole program using a different interface (the 

DirectDLL API), the modification of the solver using other 

programming languages, as well as other methods. 

EPRI has evolved the program into a more modular, 

flexible and scalable parallel processing platform in 

OpenDSS Version 8, which is publicly available. 

OpenDSS also provides different interfaces such a script-

based interface, graphical interfaces and graphical libraries 

to facilitate the use of OpenDSS’ advanced features and to 

satisfy the simulation needs of users worldwide as shown 

in Figure 1. 

Besides classic distribution planning analysis, the program 

has been used extensively for QSTS simulations to 

determine the impact of high-penetration solar 

photovoltaic and wind generation. It was the first tool used 

in EPRI’s research on Hosting Capacity of distribution 

feeders for solar PV generation. 

The program can also perform power system harmonic 

flow analysis and dynamics analysis. It has been utilized 

for a wide variety of research simulations that most power 

systems analysts would consider unusual because of its 

very flexible modeling capabilities. 

 

 
Figure 1. OpenDSS tool suite 

While most of its uses are for MV and LV distribution 

system applications, the program has been used for EHV 

and HV transmission system modeling such as detecting 

open-phase conditions in nuclear power plants. The 

program has also been used to support EPRI’s research on 

the impacts of geomagnetically-induced currents (GIC) on 

transmission grids. 

ACCELERATING SIMULATIONS 

QSTS simulation is a valuable tool for evaluating the 

behaviour of distribution systems over time. By 

performing daily, yearly and other time-based simulations, 

it is possible to characterize the impact of time-varying 

power system devices such as solar photovoltaic panels 

(PV), storage, loads, other generators, voltage regulators, 

and shunt capacitors, among others within the distribution 

system.  

The proliferation of DER has generated the need of 

performing studies such as hosting capacity, 

interconnection studies, and microgrids among others, 

which are QSTS based. Depending on the time-step 

resolution and simulation duration, the sequential 

simulation may require a considerable amount of 

computing time to complete, which has led some planners 

to discard QSTS simulations as an option for planning 

studies. 

On the other hand, modern computing architectures are 

characterized by the introduction of multi-core computing. 

This feature allows computer applications to be 

accelerated by distributing tasks on multiple cores to work 

concurrently. This is conceptually straightforward, but it 

requires applications to be compatible with the parallel 

programming paradigm. 

This compatibility is made available in OpenDSS through 

the adoption of the actor model [4, 5]. Each actor in 

OpenDSS runs on a separate processor (if possible) using 

separate threads, and has its own assigned hardware 
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resources. Actors can be created by the user using 

OpenDSS commands or automatically using the 

automated routines for such purpose. 

The parallelization techniques utilize multiple independent 

computing resources to decompose the QSTS simulation 

complexity. This decomposition can be done by 

distributing the work in time (Temporal parallelization) or 

by simplifying the power flow problem complexity using 

simpler representations of it (A-Diakoptics). As a result, 

the amount of time required for solving a large number of 

simulation steps can be reduced. 

Temporal parallelization 

 

Temporal parallelization is a technique that consists of 

splitting the simulation into multiple time periods with 

each period being simulated sequentially and concurrently 

with each other as shown in Figure 2. Each of the multiple 

temporal segments will deliver partial results that after 

being concatenated will deliver a result that closely 

matches the result obtained when the simulation is 

performed sequentially. 

In this simulation technique the circuit model’s complexity 

remains intact, which means that each temporal segment 

requires a startup simulation time. The startup time is 

typically the longest time in a QSTS simulation and will 

force a non-linear acceleration when using this technique. 

When applying temporal parallelization, the startup 

simulation time can be located at the junction points 

between actors. 

A-Diakoptics 

Diakoptics based on Actors (A-Diakoptics) combines two 

computing techniques from different engineering fields: 

Diakoptics and the actor model. Diakoptics is a 

mathematical method for tearing networks as shown in 

Figure 3. The actor model is used to coordinate the 

interaction between sub-circuits [6, 7]. 

A-Diakoptics is a technique that seeks to simplify the 

power flow problem to achieve a faster solution at each 

simulation step. Consequently, the total time reduction 

when performing QSTS will be evident at each simulation 

step with A-Diakoptics. 

Application examples and experimental results of both 

techniques can be found in [7, 8]. 

Other techniques 

There are other techniques that can be used to take 

advantage of multicore computers when using OpenDSS. 

These techniques include the simulation in parallel of the 

same circuit exposed to different weather conditions for 

coordinating intelligent controls [9], to coordinate 

clustered DER operating with different control settings 

across the circuit [10] and to accelerate hosting capacity 

studies [11], among other applications.  

As can be appreciated, parallel processing offers a wide 

range of possibilities for addressing the computational 

challenges presented by modern simulation needs. 

 
Figure 2. Temporal parallelization 

 
Figure 3. A-Diakoptics concept 

 

PRESENTING INFORMATION 

The technological advances mentioned above represent an 

improvement in terms of the application’s performance. 

However, it is through the user’s experience that these 

tools achieve valuable results. 

Distribution system analysis requires different levels of 

detail, needing the user to specify the sequence of 

simulations that will be conducted, define the distribution 

system’s operational conditions, customize controls and 

equipment behavior, and provide detailed models for 

interacting with the simulation in each simulation step. 

In response to these needs, planning tools offer graphical 

interfaces for allowing users to describe power systems in 

varying detail. These interfaces offer a wide database of 

devices that can be incorporated into power system design 

using single line diagrams and geographic information 

systems (GIS). For detailed design and simulation, driving 

control using translators for interpreting scripts created 

with other tools (such as those coded in python and C++ 

among others) is very common. 

The output of the study is commonly delivered as 

numerical data to be transformed into information by the 

user. This transformation is of high importance when 

developing engineering tools. Data as a 

qualitative/quantitative variable is fundamental for 

describing physical behavior or interactions across the 

distribution system. If data are not presented properly, the 

results of a study may not reflect reality or be 

comprehensible. Transferring knowledge between team 

members and programs within an organization can be 

difficult, making the results of a study not-reusable.  

Depending on the detail level, these interfaces should 
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provide tools for describing the study according to the 

process complexity. For example, flow charts make it 

easier to describe the process of a distribution system 

study, helping users setting up the base of the study, 

documenting and letting other team members to know the 

nature and steps of the study at the same time. On the other 

hand, specific functionalities that may require a deeper 

level of detail can be addressed using more specific 

languages such as scripting tools as shown in Figure 4. 

 

 
Figure 4. Multilevel development environment 

 
Figure 5. Graphical environment in OpenDSS-G 

 
Figure 6. Graphics generated with OpenDSS-Viewer 

The aim with this integrated development environment is 

to bring to the distribution system analysis a kit of 

interfaces for covering the different aspects of the study 

considering multiple semantic layers graphically.  

An example of this effort is OpenDSS-G [12, 13], which 

is the graphical interface for OpenDSS. OpenDSS-G 

facilitates the user experience translating OpenDSS 

commands into graphical objects for describing the 

distribution system, performing studies and extracting 

information graphically as shown in Figure 5. OpenDSS-

G is designed as an interface, so it also allows to integrate 

distributed co-simulation platforms through open 

protocols. 

OpenDSS itself has co-simulation interfaces to facilitate 

the integration with high-level tools using standards like 

the COM interface and static libraries (DLL). Using these 

interfaces, users are able to integrate OpenDSS with their 

studies and to develop other tools such as [14, 15]. 

Other EPRI efforts include transforming data into 

information using modern and flexible graphical objects. 

That is the case in OpenDSS-Viewer [16, 17], which is a 

module that connects to OpenDSS for translating data into 

a graphical object (3D or 2D) using OpenDSS commands 

as shown in Figure 6.  

Since these tools connect to OpenDSS, users around the 

globe can have access to these functionalities from their 

customized applications, providing a modular tool suite for 

covering specific analysis needs. 

HANDLING BIG DATA 

Due to the increased variability and QSTS analysis, the 

amount and granularity of the data generated for a study 

will grow exponentially.  

Commercial simulation tools use databases as the core of 

the data management inside the simulator. Most of them 

use traditional relational database management systems 

(RDBMS) based on SQL.  

Databases have evolved to allow the storage of millions of 

indexed data objects, including video and file structures 

[18], allowing security levels to be defined for handling 

the information by multiple users concurrently using 

multiple semantic layers in different machines. Nowadays, 

databases can be found for commercial use and open-

source initiatives. 

The future distribution analysis tools should be compatible 

with the cloud computing database approach, not only for 

handling the big data challenge generated by the 

simulations, but also to serve as a flexible testbed for 

adding the concept of online services and specialized 

devices. Literature reviews suggest that NoSQL databases 

are the most adequate for this purpose and a have high 

flexibility for data handling using multiple sources of data. 

Between the applications for NoSQL there are some that 

can support other applications in the different layers of the 

DMS planning tool, such as GIS data handling [19], which 

can be a direct benefit when adopting these type of 

technologies [20-22]. 
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CONCLUSIONS 

This paper has presented the needs of the future 

distribution system analysis tools considering the user 

interfaces, the assessment and evaluation techniques that 

need to be incorporated into the analysis and the 

technology background for supporting the development of 

new tools for planning.  

The needs discussed in this paper build the foundation for 

modular, flexible and scalable integration with existing 

and new analysis tools. Several examples have been 

presented using EPRI’s tools to illustrate some 

advancements in these topics.  

This document does not seek to define the specific 

requirements for these interfaces and services, but instead 

identifies the general needs so they are appropriately 

recognized and addressed in future advancements 
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