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Abstract 

 Power systems have experienced many developments and 

changes over decades. However recent development in Smart Grid and 

dispersed generation are pushing quickly towards developing unusual 

solutions to the grid control allowing the grid to optimize itself. Also new 

incomings to Power system like electric vehicles, and home automation 

requires new dynamic network topologies. These topologies should allow 

dynamic loads like EV to be integrated to power system grid automation 

for better load distribution. 

 The main motive to this thesis is to propose model for substation 

automation based on Wireless sensor networks. Moreover message 

delays will be studied and improved to cope with delay demand which is 

dead lock for Substation Automation. This will help to solve problem 

facing expansion of smart grid, which is cable laying costs and effort. 

This model will provide many parallel paths for communication in 

electromagnetic harsh environment like power stations. Also it will allow 

integration of dynamic loads like EV to power systems.   

 This Substation Automation model based on IEC 61850 standard 

and Zigbee wireless sensor networks technology is selected to solve these 

problems. IEC 61850 provides standardized data structure for electrical 

substation functions. This allows interoperability between power grid 

equipment. Zigbee provides communication over wireless sensor 

networks that allows fast and easy deployment of the equipment, 

unlimited network expansion capabilities, dynamic topologies which is 

suitable for EV, network self heal capabilities and low cost. 

 The objective is to measure message delays when this proposed 

model is used. Further more, these delays will be compared to IEC 61850 

requirements. The methodology followed in this study is Monte Carlo 

simulation as substation events are generated randomly, not following 

definite pattern.   
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 Therefore we simulate proposed communication in Different 

substation types described by IEC61850 to compare results with 

IEC61850 requirements. First case study, we simulate D1  substations 

using Zigbee constant deactivation periods mode. The same simulation is 

repeated for many cases for D1 substation by changing no. channels. In 

the next step we used same method for larger substations D2, D3, T1, and 

T2. After that Zigbee Monitoring mode is used for all types of 

substations. Monitoring methodologies for Substation equipment will be 

developed for equipment in Substations.  

   Results show that IEC 61850 requirements are fulfilled.  Zigbee 

Monitoring mode is more suitable for all substation types. Monitoring 

mode allows reduction of communication traffic on channels. Constant 

deactivation period can only be used for small substations like D1 and 

T1. The deactivation period should be less than 60 msec. to fulfill IEC 

61850 requirements. Also multiple channels should be used.    

 Finally IEC 61850 requirements were fulfilled. Also results show 

that Monitoring Mode is most efficient for Substation Automation.   
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