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INTRODUCTION
Power flow analysis is the most critical of all network calculations 
as it is concerned with the network performance in normal and 
abnormal operating conditions. It is performed to investigate the 
magnitude and phase angle of the voltage at each bus as well as the 
real and reactive power flows in system components.

Power flow analysis has a great importance in future expansion 
planning, as a starting point in stability studies and in determining 
the best economical operation for existing systems. Power flow 
results are also very valuable for setting the proper protection 
devices to ensure system security.

Most power systems are designed with sufficient redundancy to 
withstand all major failure events. Contingency analysis is one of the 
key components in today’s modern energy management systems1 
such as GE Vernova’s PowerOn™ Reliance. For the purpose of quickly 
estimating system stability directly following outages, the study of 
contingency analysis involves performing efficient calculations of 
system performance from a simplified set of system conditions.

Conventionally, power flow analysis is run against current system 
conditions to understand line flows and bus voltages in the system 
to assist in assessing whether the system is experiencing any 
limit violations, either in terms of flows and/or voltages. Similarly, 
contingency analysis is performed to determine the effect of 
outages of certain transmission devices on the system with current 
operating conditions.

This paper discusses the PowerOn Reliance approach to running 
power flows and contingency analysis ahead of time using the 
forecasted values of load, interchange and generation obtained 
from various external sources. With this approach, violations 
related to power flows and each contingency can be determined in 
advance and planned for accordingly. This results in more effective 
maintenance of the power grid.

This paper also discusses the representation of results obtained from 
the above analysis. Violated voltages and branch flows for selected 
buses and branches are illustrated in 2D and 3D graphs created from 
the analysis data. These graphs represent the variation of violated 
voltages and branch flows for a 24-hour period in a day ahead 
scenario for selected buses and branches. These representations 
are possible for both power flow and contingency analysis output. 
This graphically intuitive interface allows operators to easily analyze 
the results for a 24-hour period to determine the critical buses and 
branches with the most security violations in the system.

POWERON RELIANCE LOOK 
AHEAD FORECASTING 
ANALYSIS APPLICATION 

A. IMPORTANCE
In a modern day interconnected power system network, predicting 
the future state of the system is very much needed in order to 
prepare for any abnormalities. Power system applications such 
as power flow analysis and contingency analysis work on the 
current operating state of the network obtained from the state 

estimation process, hence these applications can’t be taken as a 
base for assessing the future state of the network. The look ahead 
forecast analysis (LAFA) module developed by GE Vernova gives a 
view into the future state of the network with 2D and 3D graphic 
visualizations. 

There are two important operating states for which operators need 
complete information 24 hours in advance (look ahead). One is the 
current operating state (power flows); the other is the contingency 
state of the power system. 

Conventionally, the results of contingency analysis such as the 
number of real and reactive power violations are displayed per 
contingency for all the contingency cases defined; as a result, 
users struggle to pinpoint their area of interest in a timely fashion. If 
users want to compare the effects of a contingency on a particular 
part of a network with multiple schedules, it takes significant time 
to navigate between various displays with results related to both 
time intervals.

The PowerOn Reliance LAFA module application explained in 
this paper, however, filters and consolidates the data required to 
undertake analysis on multiple time intervals and contingencies. 
LAFA facilitates visualizing bus and branch violations in 2D and 
3D graphs for a 24-hour period of time ahead of the execution 
time. The user can select any element of interest and identify 
the violations on that element for the selected contingency case 
and time period. These LAFA features give users the flexibility to 
choose any part of the network which is of interest and assess 
the condition of the selected elements over a period of time for a 
predefined list of contingencies. LAFA allows this to be completed 
in a single action versus the multiple set up and configuration 
actions required under a conventional system.

In summary, the salient features of LAFA are as follows:

•	 Execution of power flows and contingency analyses for a period 
of 24 hours (day ahead)

•	 Presentation of the number of active and reactive violations for 
base case and contingency case, for each hour along with 2D 
and 3D graphs depicting the bus and branch violations 

•	 Provision to select any network element to see the violations on 
that element ahead of time, for the base case and for a selected 
contingency case 

•	 Listing of the most severe violations (bus and branch) among 
the list of contingencies defined for any selected period of time

•	 Exporting results into CIM format

With the above mentioned features, the LAFA module gives the 
control center operator a clear picture of violations in the network 
for future operating states, providing the operator enough time to 
plan actions to mitigate the violations which may otherwise make 
the system fragile.
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B. DATA INITIALIZATION
Inputs for analysis can be obtained from a load forecast, unit 
commitment, interchange schedules and power flow schedules 
already present in the PowerOn Reliance EMS system. LAFA 
is capable of running power flow and contingency analysis for 
a 24-hour period in a day ahead scenario with a minimum of a 
30-minute resolution.

2. Data Initialization Priority Hierarchy
If the UC module is present in the system, then the data required 
for the initialization can be inherited. If this module is not present, 
then the LF module can initialize the load data and the IS module 
can initialize the interchange data. 

If none of the modules are present in the EMS system, then the 
power flow schedules can be used to initialize the data. 
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Figure 1: Logic used to determine which inputs should be used to run the 
power flow and contingency analysis.

Figure 2: Logic flow outlines the looping process used, in regular intervals, 
to complete the power flow and contingency analysis.

1. Sources of Data
•	 Unit Commitment (UC): This module calculates the generator 
operating plan for the next seven days with a 24-hour resolution. 
Inputs include forecasted load values. 

•	 Load Forecast (LF): This module calculates the forecasted load 
values for the next seven days with a 24-hour resolution. Inputs 
to this module include historical weather data, historical load 
data and forecasted weather data. 

•	 Interchange Schedules (IS): This module calculates the tie-line 
exchanges between two different companies with a 24-hour 
resolution. Schedules are agreed to by both companies.

•	 Power Flow Schedules (PFS): These schedules are needed for 
the power flow to run. They typically include generator MWs, 
load MWs, bus voltages and transformer taps.

Data Initialization for 
nth hour

Power Flow for  
nth hour

Contingency 
Analysis for nth hour

Storing the results 
for nth hour

3. Data Initialization Methodology
First, a check is carried out to determine whether the system is 
configured with UC. If so, then the load generating schedules and 
interchange schedules will be taken from this module.

If the system is not configured with UC, a check is made to see 
whether LF and IS are configured. If both are configured, then 
the load schedules are taken from the LF module, interchange 
schedules are taken from the IS module, and generation schedules 
are taken from power flow schedules. If the system has the LF 
module and there is no IS module, then the interchange schedules 
are taken from power flow schedules.

If none of the systems are available, the application takes the 
required schedules from power flow schedules.
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C. PROCESS
Once data initialization is complete, power flow is run to simulate a 
24-hour period scenario with a minimum of 30-minute resolution. 
After that, contingency analysis is run with all configured 
contingencies on the system. The results are stored in binary files 
for further analysis.

The LAFA application has the ability to divide the processing 
among multiple processors for faster performance, and can be 
run either manually or periodically at the end of each hour for the 
subsequent 24 hours.  

RESULTS
Results from PowerOn Reliance’s LAFA can be visualized using 
tabular 3D and 2D graphs. In tabular format, results are consolidated 
for each hour. The tabular format displays the number of voltage 
and branch violations during power flow and contingency analysis.

Users can configure a predefined set of buses and branches to 
view the resultant violations. This allows the user to view the 
buses/branches violations in the same graphical positions from 
run to run, providing a better feel as to how the voltages/flows for 
areas of concern are changing across intervals.

Figure 3: Hourly tabular summary of voltage and branch violations during power flow and contingency analysis .

Figure 4: Tabular representation, post analysis of branch and bus violations on a per contingency basis.
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Users can select specific buses to view violated voltage variations 
- and branches to see the variation of violated flows – for the 
next 24 hours in a 3D graph. Users can also select a particular 
contingency to view how the voltages and branch flows vary 

Figure 5: 2D graph provides clear indication of the most severe bus violations identified during analysis.

Figure 6: Advanced visualization capabilities help identify voltage variations for selected buses using integrated 3D tools.

due to the contingency. Users can view the most severe voltage 
or branch violations for a particular hour using a 2D graph. The 
application is capable of showing in a 2D graph how a particular 
contingency affects the violations for a particular hour.



GEA-31948(E) 
English
251010

GE Vernova reserves the right to make changes to specifications of products described at 
anytime without notice and without obligation to notify any person of such changes.

© 2025 GE Vernova and/or its affiliates. All rights reserved. GE and the GE Monogram are 
trademarks of General Electric Company used under trademark license. 

For more information, visit  
gevernova.com/grid-solutions

CONCLUSION
The PowerOn Reliance LAFA module offers an effective solution 
to the control center operator’s everyday challenge of assessing 
the future state of network. It is a critical tool in detecting the 
deviations from normal bus voltages and branch flows for a period 
of 24 hours in a day ahead scenario.

Contingency analysis can be run ahead of time with forecasted 
load and interchange data so that proper planning can be carried 
out to reduce the effect of contingency on the grid. LAFA results 
are presented in 2D and 3D graphs in terms of the most severe 
violations as well as the violations on any selected network 
element. These features enable the operator to plan accordingly 
to mitigate the most severe violations to protect the network from 
black outs. A converged solution from the LAFA module can be 
exported to CIM format, to enable exchange with other utilities or 
other software modules provided by different vendors.
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