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Abstract: 

The integrated power system consists of transmission and distribution systems that are 

physically coupled with each other. Generally, both the systems are studied, controlled and 

managed by different entities such as transmission system operator (TSO) and distribution 

system operator (DSO). For the study of one system, the other is considered as an equivalent 

and thus misses out on modelling certain finer aspects of another system. The current 

independently operating transmission and distribution (T&D) management systems are 

incompetent to appropriately reflect the effect of distribution system operating conditions at 

the transmission level. Therefore, to effectively utilize the flair of an increasing share of 

distributed energy resources (DERs) in the distribution systems, there is an evolving need for 

coordination between TSO and DSO. The direct approach to deal with this problem could be 

to perform the coordinated operation in a centralized manner. But this may lead to (a) numerical 

instability issues due to the diverse topological structures, R/X ratios, voltage and power levels 

of each T&D system (b) huge communication and computational burden (c) privacy issues 

while sharing the network data. Thus, the decomposition or distributed method with a reduced 

communication burden is preferred for solving such problems in this thesis. 

The research work presented in this thesis discusses the importance of performing various 

power system operations through coordination between transmission and distribution system 

operators, with the fast developments in DERs. The aim is to provide some improvements and 

accommodate new dimensions to the power system operations and market clearing procedures. 

The need for carrying out several day-to-day operations in a distributed manner with a little 

reciprocity of information at the common bus of connection of transmission and distribution 

system is emphasized in this thesis. Thus, the importance of performing TSO-DSO 

coordination has been established in this thesis for multiple operations of integrated power 

system such as load flow, optimal power flow, contingency analysis, steady-state voltage 

security assessment, and energy and reserve markets. The proposed methodologies have been 

extensively tested on multiple test systems and detailed discussions on case study results have 

been presented. The results substantiate the significance of TSO-DSO coordination for various 

power system operations. 


