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Reliability Assessment of Distribution Networks Based on
Reference Network Concepts

Koji KAWAHARA'

ABSTRACT
Distribution systems are inherent monopolies and therefore these have generally been regulated in
order to protect customers and to ensure cost-effective operation. In the UK this is one of the functions
of OFGEM (Office of Gas and Electricity Markets). Initially the regulation was based on the value of
assets but there is a trend nowadays towards performance-based regulation. In order to achieve this, a

methodology is needed that enables the reliability performance associated with alternative investment
strategies to be compared with the investment cost of these strategies. At present there is no accepted
approach for such assessments. Building on the concept of reference networks proposed in [1, 2] this
paper describes how these networks can be used to assess the impact that performance driven investment

strategies will have on the improvement in reliability indices. The method has been tested using the

underground and overhead part of a real system.
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Fig.1 Reference network concept.

Fig.2 An example of a representative network.
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Fig.3 Outline of the evaluation method of representative networks.
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Tablel Characteristics of input data.
UG system OH system
Number of circuits 1056 182
Branching levels ; 3 3 :
(Categories) I II I I I I
Nops| o - |1 (onthe 1 (on the main 0 1 (on the Every lateral .
main feeder) |feeder) |main feeder) |feeders ’
Number of laterals 0 0 1~26 3~77 1~48 2~15
Number of sub laterals 0 0 3~140
Incoming breakers One at the beginning of the main feeder  |One at the beginning of the main feeder
Circuit length[km] 0.02~37.7 | 0.7~121.5
Number of customers 1~8986 16~1561
Failure rates 0.035~0.07 0.14~0.17
Both sides of branches have switching
Others .
devices
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- Table2 Clustering and evaluation results by parameters NOPs and FBDs in UG

. |Number of | FReystemmtive Average of actual . o

Branch%ng FBDs on the Number ° networks circuits Relative errors (%)

categories . circutts

main feeder Cls | CMLs | CIs »{ CMLs | CIs i CMLs
Cluster1 1 0 52 93.5 358.3 93.5 347.5 0.00 3.12
Cluster2 II 0 358 27.8 11.9 27.8 11.9 -0.04 0.02
Cluster3 11T 0 646 515 234 51.5 23.7 0.00 i -1.10
Total 1056 50.8 43.1 50.8 42.7 0.00 1.15
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Table3 Clustering and evaluation results by parameters NOPs and FBDs in OH system.

Branch%ng ?;g:e:ni;e Number of| Reﬁ::::rtzlve Avcriiecgift:crual Relative errors [%]
categones . circults

main feeder Cls CMLs Cls CMLs Cls CMLs
Cluster1 )! 0 4 82.4 405.8 81.6 405.3 1.00 0.13
Cluster2 Jil 0 10 427.7 3733 422.4 369.9 1.27 0.93
Cluster3 11 1~2 7 295.2 343.7 312.6 426.4 -5.57 -19.38
Cluster4 111 0 154 480.8 413.9 465.1 400.8 3.37 3.26
Cluster5 I 1~3 7 398.0 466.6 394.0 421.0 1.02 10.83
Total ] 182 470.9 413.7 456.8 401.7 3.08 2.99
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Fig.7 An example of application of scenarios to UG system.
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