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ABSTRACT 

 

Power distribution systems feed in radial and ring feeding mechanisms. The radial feeding 

arrangement is used in rural networks where reliability is very low. In urban areas, ring 

feeding arrangements are likely to be used which provides an alternative feeding arrangement 

for load. 

Colombo City uses an open loop feeding arrangement with a normally open point in the ring 

arrangement. It has an underground 11kV network where panel substations in a ring (partly 

meshed) manner are connected around the primary substation. Outgoing feeders from these 

panel substations are again connected in a ring manner through Ring Main Units. 

By providing correct directional protection coordination these panel substations can be 

operated in a closed loop ring arrangement to improve reliability. It will also reduce 

distribution line losses and improve the system voltage profile. 

In my dissertation, area fed by Primary Substation F was taken into consideration for 

analysis. Different time zones were recognized based on load changes for week days and 

weekends. The possible ring arrangements were identified and load flow analysis was carried 

out using SynerGEE for radial and closed loop ring arrangement to detail the power loss 

reduction, voltage improvement, excessive active power and reactive power absorbed by 

loads. 

Reliability improvement was derived for SAIFI and SAIDI, using the rate of failure of cables 

based on the cable failure details of Colombo City. Voltage analysis and cost analysis were 

also carried out using SynerGEE. 

Directional protection coordination was derived for two feeders operating in closed loop, two 

substations operating in closed loop and three substations operating in closed loop to cover 

the identified paralleling patterns in selected zones. Based on fault levels and the cable 

impedance data protection settings were calculated for actual field conditions for each 

pattern.  Each pattern was simulated in Matlab to monitor the voltage and current variations 

for cable faults. 

In conclusion, if the conditions prevail, the panel arrangement existing in Colombo City 

provides an easy approach to operate the system in a closed loop ring arrangement by 

replacing existing numerical relays with directional numerical relays, which improves the 

reliability, reduces the distribution losses and provides voltage improvements. 
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