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Introduction

The reliability of distribution network in the
city centre of Shanghai is among the highest
in China, thanks to the unique 4-layered
architecture. This 4-layered system has been
proven as more reliability than the double
ring network which has been adopted by
some other major cities in China. But new
problems have emerged throughout the
years, to overcome which the DSO in
Shanghai are planning to upgrade this
layered system with the following design.
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System advantages:
1) As K-stations are equipped with circuit
breakers, the impact of a fault below the
second layer would not spread to the upper
layers.
2) The second layer is "semi-automatic”, as
loads would transfer between bars in a Kstation in the case of n-1 contingency.
3) A diversity of power flow routes in the
system strengthens the grid's resilience.
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3) a growing need of n-1-1 criterion due to
constructions and repairs of the grid as well
as city developments.
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Therefore a new design is proposed in this
paper. According to it, the first two layers are
upgraded to satisfy n-1-1 criterion. The
operation flexibility of the second layer can
overcome the problem of load imbalance
between substations, without compromising
the network's resilience. Additionally, a Kstation now can be supplied by another Kstation, which helps to unblock the
bottlenecks that may restrict the utilization of
a substation's capacity.

Conclusions

The reliability advantage of the new design is
proven by reliability and cost analysis. What
is more intriguing is that this upgrade doesn't
necessarily require more cost if the load
density is high enough.

The upgraded 4-layered system

During years of practice, problems are also
encountered by the original system:
1) shortage of switchgears in HV/MV
substations and cable trenches around them.
2) imbalance of load rates between 110kV
and 35kV substations.
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