
Chapter 6 

Conclusion 

This project is based on a study which was focused on the distribution losses, 

operation of embedded generators on the distribution network and its impact on 

minimization of network losses & generation costs by means of optimal allocation of 

embedded generators. Through the study it was possible to come out with several 

important findings which will benefit the utility in achieving above mentioned goals. 

Presence of the embedded generation on a distribution network causes an improved 

voltage profile compared to a system with no embedded generators. In the distribution 

planning process this is a positive feature yet constrained by the reliability of 

embedded generation. It was seen that inclusion of more embedded generators in the 

system causes a better voltage profile. 

Embedded generators do make significant contribution for distribution loss 

minimization and saving of generation cost. It takes place by means of reduction in 

distribution line & grid transformer losses and replacing the thermal generation by 

embedded generation of which the generation cost is comparably less. It is found that 

the distribution system in the existing situation has line losses of about I GWh per 

year and it could have been around 1.4 GWh per year if the embedded generation 

were not present in the distribution system. Therefore in the present scenario. 

contribution of the embedded generator for loss minimization is 23'/c. In addition the 

embedded generator has caw .. ed reduction of nearly 25'/c of transmission energy 

demand. Thus the utility has been benefited by it due to the EG energy being lower in 

cost than a thermal unit. Therefore it is concluded that operation of embedded 

generator of capacity 1.5 MW in feeder I of Nuwara Eliya grid substation has caused 

overall reduction in network losses and generation costs. 

The study was then extended to evaluate on the network performance when significant 

capacity of additional embedded generation is connected to the network. All proposed 

mini hydro plants in feeder I of Nuwara Eliya GSS were selected as the case study 
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and simulation was carried out in actual terms. It revealed that when significant 

capacity of embedded generators (16 MW) is connected to the distribution system it 

changes the power losses, and decrease the grid substation energy demand. Power 

losses may increase in case of reverse power flow to the transmission network. Power 

flow study revealed that the proposed embedded generation scheme when connected 

in the common method (i.e. to the distributor ends) causes an overall network loss 

reduction of 40% for annum. In further studies it revealed that if the network was 

modified to connect the embedded generators to the nearest load center with a 

separate interconnection line, further improvement is possible to raise the figure up to 

60Ck. Distribution line losses reduce significantly while the grid transformer losses 

also reduce in a smaller proportion of about 10% of line losses. Analyzing the results 

it is also concluded that the EG scheme if operated reliably, will cause significant 

reduction of transmission energy demand by about 80Cic in the best scenario and it 

could be further improved through the modification of the network interconnection of 

the EG plants. 

Finally it was studied whether a project for modification of the interconnection 

arrangement of the embedded generators as above, would be profitable for the utility 

by means of saving by loss reduction and generation costs. The growth of the system 

was studied with respect to the two connection arrangements for a period of 10 years. 

It revealed that it yields a satisfactory NPY and an acceptable Internal Rate of Return 

of 26'/c. 

Therefore it is concluded that the concept of interconnecting the embedded generators 

specifically to the main load centers of the network is profitable to the utility. 

The length of lines, availability of EG sources. spreading of loads etc. have been 

moderate for the feeder concerned for study. Significant deviation of any of these 

factors in a network could make deviations in the final result as well. Hence this 

concept may be applied to the network by studying its features separately. 

Main constraint on implementation of above is the reliability of EG plants. There is no 

commitment on the reliability of these EG plants hence its energy contribution for the 

system may not reach the expected values. r 
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Finally. how this concept could be included in our utility is briefed as follows. • ' :,-$ 
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In present practice of CEB when planning grid interconnection proposals for 

embedded generators, network losses are not taken as a major consideration. 

Connection arrangement is planned through studies on network voltage levels, fault 

levels, geographical constraints and protection issues. If the planning process is 

extended to concern the network losses too, it would be profitable for the organization 

in long term. Optimal allocation of the embedded generators could be planned using 

above concept. In highly loaded lengthy feeders within urban areas, the loss levels 

could he significantly minimized by optimal allocation of embedded generators. 

It could be further suggested that either the utility itself could carry out the required 

network modifications at its cost and gain the full return of it. Else the modification 

could be imposed on the plant developer for implementation and allowance of certain 

return to the developer through a formal tariff incentive or through distribution loss 

adjustment factor. The latter type is already practiced in certain developed countries 

by its distribution network operators. For this, calculation of site specific & 

connection loss adjustment factors using a standard methodology is required. 
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