
Chapter 7 

Conclusion and Recommendation 

7 .1 Conclusion & Discussion 

If a proper data base system is maintained for equipment failures and 

repairs time for the CSC wise or area wise it is very effective to use 

SynerGEE Software Package to calculate the reliability indices for 

Distribution Network even at the planning stage. The indic:es are very 

useful for assessing the severity of system failures in futd"re reliability 

prediction analysis. 

An important feature of this Software Package is that system weak 

sections can be easily identified, thereby focusing design attention on those 

sections of the system that contribute most to service unreliability. It is 

also possible to estimate effectiveness of the mitigation techniques applied 

to the system and estimate the cost & benefit to the power utility as well as 

to the consumer. 

The system performance assessment is a valuable activity for three 

important reasons. 

• 
,.! 

Establishing the chronological changes in syst(m performance and 

hence, identification of weak areas and the need for reinforcement 

could be early achieved. 
~ 

• Establishing existing indices which serve as a guide for acceptable 

values in future reliability assessment. ~ 
:. .... 
.; 

• Enabling previous prediction to be compared with actual operating 

experience. 
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The past failure records entered to the data base at DCC in a systematic 

manner is very important. The failure records without all relevant details 

such as section failed, course of failure and mode of failure are not much 

useful for the analysis. Therefore it is recommended to recruit an 

Engineer to analyze the records sent by the CSCs. These information could 

be utilized to plan the rehabilitation & maintenance programme for MV 

Distribution System. Entering the failure data to the data base should be 

carefully done by a properly trained Data Entry Operator and distribution 

control centre engineer should closely monitor this data base . .This kind of . .t 
procedure will help to maintain an accurate database. 

It is revealed from the study that the time spent for a breakdown, 

equipment failure rates could be minimized by adopting reliability 

improving techniques which is discussed under 7 .2. 

7 .2 Proposals for Improvement of the network 

In order to improve the system reliability two remedial measures can be 

taken. 

They are reducing the number of outages and reducing the time taken for 

restoring the supply. The different possible ways of employing these two 

techniques are discussed below. --~ 
' 

7 .2 .1 Importance of Preparing an Annual Maintenance Plan 

A maintenance plan should be prepared annually describing routine .... 
maintenance to be attended throughout the year. The outage data collected 

at the control centre as well as the field experience of the operation staff 

may be used to find out the maintenance frequency of each MV lipe. 'fiilor , .. _ 

example, the feeder tripping details indicate that the line i~ulators 

installed in the coastal areas of Puttalam district should be cleaned once in 

six months period. Similarly the vegetation growth rate, rainfall pattern, 

weather condition and the aging of equipment determine the line 
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maintenance requirements and according to that the annual maintenance 

plan should be prepared. 

Other important activity is to make advance preparation work before 

planned power interruptions for maintenance or construction activities. 

Thereby outage time can be optimized and number of consumers affected 

may be minimized by proper planning and arranging alternative feeding 

routes. The other advantage of power outage plan is that the public can be 

notified in advance about power interruptions. Many activities can be 

planned to be carried out simultaneously at the same interruption period 

and the supply outage time can be utilized to a maximum. 
)" 

Both maintenance and outage plan will assist in preparing material and 

labour allocation as well. Proper planning also assists in optimum 

utilization of outage time as well as other resources such as material, 

labour and transport. 

7.2.2 Improving workmanship through Training 

It is frequently observed that CEB breakdown staff is under trained with 

respect to safety issues, selection of proper material and tools, efficient and 

productive ways of completing their day-to-day activities. In order to reduce 

the number of outages and time taken for restoration all categories of 

breakdown staff should be trained on outage management techniques such 

as quick identification of breakdowns and the solution which can be 

applied permanently repairing the breakdowns in a, way so as to prevent 

""" frequent repetition of such break downs. · 

At the same time training will assist them to study new techniques an~ 
...... 

advance practices in breakdown management. Apart from that the staff 

may be educated on the importance Gf neatly recording details of 

breakdowns and subsequent analysis to identify weak areas. In addil1t>n .... 
that staff should be trained on the ways of developing ...personal~ 

relationships with customers. 
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Instead of routine training programs it is suggested to prepare training 

programs targeting special groups of employees. Each program preferably 

consisting of several modules, each of which can be independently followed 

according to the time availability and the requirement of the staff groups. It 

is suggested to prepare several video documentaries to serve different 

aspects of training, which would be self explanatory in nature and enabling 

the trainees to develop their existing skills. If video programs are available 

the productive training camps can be arranged at the work place itself or 

even at a esc. Staff can be motivated for training if the rule is imposed for 

having the minimum training requirement for them to be .Jligible for the 

next promotion. 

Not only the internal staff but the outside people willing to get a good 

knowledge on electrical related technical activities could be trained by the 

CEB Since CEB is the largest organization in Sri Lanka having the latest 

equipment and experts on electrical technology. If this method of training is 

introduced then CEB can enforce contactors to use only such trained staff 

in contract gangs for CEB work. Perhaps CEB can serve national needs by 

marketing our expertise on electrical technology in the field of training the 

electricians. 

For each year a large number of students on various disciplines such as 

technicians, draughtsman, clerical staff, typists etc passing out from the 

government technical colleges apply and seek an o~ortunity for training in 
' the CEB. These trainees are at present paid only a government approved 

allowance during the training period. If proper training programs are 

arranged then trainees can be employed on a reasonable payment ar}d ,... 

maximally utilized by CEB for it's development activities. It will be 

beneficial for both parties and the CEB can get valuable work with 

reasonable payment to trainees while giving them an opportutV:.tJ t!t be 

trained on specialized work. v' 
,;" 
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7 .2 .3 Adopting Quality Improvement Techniques 

High quality of workmanship of the breakdown staff is a necessary factor to 

achieve a higher reliability level. Even though the technical staff has been 

trained to carry out their normal duties there is no assessment on how 

they apply the knowledge gathered at the training program. Hence it is 

essential to set up a technical auditing team to evaluate the procedures 

and practices expected to be followed according to technical specifications 

and codes as well as the technical construction maintenance standards. 

Based on the results of the technical auditing, training nejds of the staff 

can be identified. Apart from that the experience of technical auditing can 

be used to review the technical specifications and standards. 

Presently many utilities practice well proved quality-improving method like 

the 58 concept and quality circles to improve productivity. Some sections of 

CEB have demonstrated that good improvement can be achieved by 

adopting these techniques. For example the CSC environment can be well 

arranged and prepare a consumer friendly environment just by rearranging 

the different sections and equipments. The stores can be well arranged by 

placing material on shelves in a methodical order. Properly labeling items 

will help the staff to find out any equipment with minimum time. Similarly 

all instructions to consumers and staff can be displayed on the notice 

board and they will guide consumers. It will avoid embarrassment due to 
1 

improper communication and irregular practices~ .... 'rhe disposable items 

such as damaged meters, transformers and poles can be arranged neatly 

without obscuring the staff and consumers. All printed format should be 

unique at a ll CSCs and should be printed in both languages. 'rhe 
breakdown vehicle should be equipped with a material box en suring the 

availability of minimum stock of material, which is essential to at~d 
:... ... 

breakdowns at minimum time. A tool box should be issued . to each 
v' 

linesman and it should be enforced that he carries it at every time when he 

is called up on to rectify a breakdown. All staff should be compelled to use 

safety equipment and thereby the accidents can be minimized. Computers 

should be fully utilized in preparing estimates, stock balance registers, 
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SMC registers etc. These are a few ways where some improvement can be 

done using productivity improving methods like SS and quality circles. 

Also all categories of the staff should be given an opportunity to get 

involved in improving productivity of their day-to-day activities by 

forwarding solutions they could suggest through experience. A quality 

circle is the well-known management technique widely used aiming to 

collect ideas of all categories of staff for improving quality and productivity 

and it is a well proven method of management by opinion Quality circles 

can be set up at every division to collect ideas of all ca;ygories for the 

development of normal activities. 

In order to make these concepts popular among the staff a competition 

should be arranged annually among all divisions of the province with 

rewards for the best office and the best idea. 

Preparation of customer service standards will be the initial step in 

achieving the quality certificate. It is time for CEB to document suitable 

service standards policies and establish the achievable quality target based 

on the existing system performance. Where outage management is 

concerned the target may be the best SAIFI, SAIDI values to be achieved 

based on provinces with the best performance. It is high time to introduce 

the system productivity and quality-improving program aimed at more 

reliable system. 

7.2.4 Employing Advance Technology 
A!;; 
' 

Adaptation of advance techniques in maintenance and construction of CEB 

facilities is one way of improving system reliability. The following proposa\s 

""' describe how the system reliability can be improved by introdu cing advance 

technology. 
~ ... _ 

(a) For coastal areas Copper conductors and all Aluminium Alloyed 

Conductors (AAAC) show very high resistance to corrosion compared 

with ACSR conductors. Hence it is suggested to use such conductors 

for LT distribution in coastal areas. 
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(b) Similarly HT lines in coastal areas are subject to frequent earth 

faults due to salt contamination and fallen conductors. The present 

practice is to construct 33kV lines and energize them on llkV. 

However, long distribution with llkV overhead conductors cause 

large voltage drops and heavy energy losses. Hence it is suggested to 

use polymer insulators and AAAC conductors that are corrosion 

resistive in order to reduce frequent earth faults on HT lines in 

coastal areas due to salt contamination as well as due to corroded 

and fallen conductors. j 

(c) Network switching can be done using load break switches in place of 

Air break switches; hence the network switching can be done without 

interrupting the supply. These results in improving the MAIFI value 

significantly. 

(d) lt is time to introduce hot line maintenance technique for HT 

maintenance activities. Hence, power interruptions made for 

maintenance activities can be totally eliminated. 

(e) New technology such as fault indicators, auto reclosers, 

sectionalizers should be introduced in efficient fault identification 

and fault isolation. Thereby the faults can be identified with 

minimum time and the outage can be limited to ·minimum number of 

consumers. A further step can be brought forward by introducing 

distribution automation techniques with..!)ault indicators and 
' 

autoreclosers. Hence, their operation details are automatically sent 

to the control room and remote operations are made possible 

depending on the requirement. Thereby time taken for fa1,11t 
; 

identification and subsequent switching operations can be reduced 

significantly. 
~ 

(f) Application of thermal vision techniques to identify defective points 

in distribution line is very popular in utilities operating"'overheacr 

network for power distribution. This technique is widely used as a 

preventive maintenance technique. It is suggested to introduce such 
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techniques to identify weak points in the network in advance prior to 

their development in to serious faults leading to break downs. 

(g) An Advance communication network is essential to exchange 

information among system operators. Present communication 

system has disadvantages such as not being powerful enough to 

cover the entire NWP. If this internal communication network can be 

upgraded to cover the entire province then all breakdown vehicles, 

CSCs, grid substations and the control centre can be linked together 

and operational information can be passed between them effectively. 

Hence, the time taken for restoration can be reduced.Jmd reliability 

indices can be improved through efficient system operations. Since 

CEB communication facilities such as towers are abandoned at 

certain locations of NWP it is proposed to carry out feasibility study 

for rehabilitation of the existing communication facilities and 

developing them to cover the entire province. 

(h) Establishing a Research and Development division may facilitate to 

introduce and develop new technology applications using local 

expertise with minimum cost. For example the feasibility of 

developing necessary hardware and software for remote monitoring 

and operation of distribution facilities such as air break switches, 

auto reclosers, boundary meters, relays, fault indicators and 

retrofitting them into the existing facilities should be investigated. 

Distribution automation solutions can easily .Jg_; developed with local 
' 

expertise and at minimum cost to suit our requirements. A 

necessary support can be taken from local universities or local Rand 

D institutions such as Auther C. Clerk centre. .,.t 

(i) When primary transformer fails it would take more time to replace it. 

If mobile primary unit can be made by mounting a transformer and ... 
other accessories on a truck, it can be used to feed the netwQfik until 

the faulty transformer is repaired or replaced. Thereby outage period. ~ 

can be minimized. 



7.2 .5 Asset Management 

Asset management is an important concept in maintenance work. The 

asset database has all information about the distribution facilities installed 

in the network. By referring the database it is possible to obtain the 

information about the equipment type, spare part list, age of the 

equipment, maintenance history, dimensions, nameplate data, installed 

location etc. Asset management database is a very useful tool in 

maintenance activities. At present it is not practiced within the distribution 

region. Hence, it is necessary to collect the information and prepare a 

database and initiate the asset management task. It willjimprove the 

productivity of maintenance and assist in improving system reliability. 

7 .2 .6 Re-introduction of commissioning reports 

When new construction is completed it is essential to have a system to 

issue a commissioning report. The construction division should energize 

the system and should produce a commissioning report to verify that the 

construction work has met the required standards. The present practice is 

to hand over the constructed and completed work only by counting the 

material installed. Hence, actions have been taken to enforce 

commissioning reports for all construction work in order to reduce possible 

breakdown in the future due to the incompliance with construction 

standards. 

..~ 
' 

7 .2 .7 Formulating the operational code of practice for distribution 

network 

At present scheduled power outages are not carried out in a systematic· ,.. 

way. It is necessary to formulate a methodology to issue work permit for 

carry out maintenance and construction activities in distribution 
~ 

equipment. To avoid hazardous situations and ensure safety of:.public, 

employees and equipment installed in the network it is essential to "'prepare ~ 

a methodology to isolate the network. lt should describe the responsibility 

and duty of each party and all steps should be well documented in order to 
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identify the locations, equipment and persons related to each outage at a 

later stage. 
Similarly at serious outage conditions such as one transformer going out of 

service substation at the grid there should be an emergency plan 

describing the way of maintaining supply to essential loads by changing 

feeding arrangements. 

At present several industrial zones are available within NWP and these 

places should be given high reliable supply at all possible situations. The 

way of maintaining high reliable supply at any contingency situation can be 

ensured only if there is a contingency plan for network operations. 
. f 

Hence, a code of practice should be prepared to cover all those aspects. 

A~ 
" 

; ' 

...... 
.. ·-

yl 
,.~ 
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