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ABSTRACT 

Power distribution companies face the challenge of how 

to efficiently proceed with the expansion of distribution 

facilities to meet rapid economic growth. TEPCO Power 

Grid, Inc. (TEPCO PG) has introduced the concept of a 

multi-divided and multi-connected system (MDMC 

system) in Japan and realized a high rate of reliability 

(SAIDI in 2016 was about 7 minutes, which is lower than 

other major countries). 

In Hanoi, Vietnam, demand is rapidly increasing in order 

to accommodate the country’s economic growth. A 

methodology to analyze the distribution system based on a 

thorough understanding of the system situation is required 

to meet the increasing demand, and it is needed to shorten 

outage times to meet the policies of Electricity of Vietnam 

(EVN). Therefore, under a JICA Public Private 

Partnership scheme, in which JICA supports overseas 

dissemination activities for Japanese technology, TEPCO 

PG and THE Power Grid Solution Ltd (THE) 

demonstrated a pilot project to introduce MDMC planning 

and operation training. 

In this paper, the pilot results show a SAIDI decrease due 

to outage area reductions via the adoption of the MDMC 

system, and early detection of outages via the adoption of 

FPI (Fault Passage Indicator). In addition, it was 

estimated by checking the data more carefully that the 

SAIDI will improve further via deeper integration of 

TEPCO PG’s operation techniques. 

INTRODUCTION 

A major goal for distribution power companies is to 

maintain the power supply quality constantly. Particularly 

in areas where demand is rapidly growing, priority is 

placed on investment plans for the purpose of reducing 

annual power outage times, and efficient facility planning 

and operation methods are required. 

In Hanoi, Vietnam, demand is rapidly increasing in 

order to accommodate the country’s economic growth. A 

methodology to analyze the distribution system based on a 

thorough understanding of the system situation is required 

to meet the increasing demand, and it is needed to shorten 

outage times to meet the policies of Electricity of Vietnam 

(EVN). 

EVN has a target to improve EVN HANOI’s SAIDI 

from 1,560 minutes to 260 minutes by 2020. Although the 

amount of outages caused by transmission lines has 

dropped, the amount of outages caused by distribution 

lines still remains high. Planned outage durations (such as 

outages for changing distribution equipment) are 

especially long for the distribution system. One of the 

factors causing this is that some parts of the distribution 

system do not yet use a MDMC system (Figure 1) or loop 

system, which can minimize the outage area.  

 

 
Figure 1. Schematic diagram of a MDMC system 

 

In order to improve supply reliability and achieve 

efficient investment, technology used in distribution 

system planning at TEPCO PG, together with software 

provided by THE, are disseminated to Vietnam.  

Supply reliability is improved via the adoption of a 

MDMC system, which enables the operator to minimize 

the size of the outage area for maintenance and distribution 

equipment replacement when a distribution line fault 

occurs (Figure 2). The outage area needed for planned 

work can also be minimized. For example, SAIDI will be 

improved drastically when a three divided and three 

connected system is used. By adopting software and 

operation technology, the efficiency of work processes, 

such as distribution system planning and operation, will be 

improved.  

 

 
Figure 2. Effect of the MDMC system 

 

Table 1 shows a comparison of the MDMC system and 

other general distribution systems. As shown in the table, 

a radial system can operate with a high distribution line 

operation rate, but since the lines are not connected, supply 

reliability is low.  

In the MDMC system, the system is divided into 

multiple sections, and each divided section is 

interconnected, thereby maintaining a high supply 
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reliability comparable to that of a loop system. It becomes 

possible to realize a high operation rate and defer the 

establishment of new distribution lines, meaning that 

investment can be suppressed.  

 

Table 1. Comparison of distribution systems 

 
 

It is expected that losses in electricity tariff income and 

the social costs caused by outages will be reduced by 

employing the MDMC system developed by this project. 

The definition of social cost losses due to outages is, for 

example, economic losses in Vietnam such as lost sales for 

a large manufacturer connected to the Feeder undergoing 

an outage. Outage reductions will also lead to an 

improvement in the quality of life for Vietnamese people. 

OUTLINE OF THIS PROJECT 

On-Site Demonstration 

Purpose 

The objective of our project is to demonstrate optimal 

investment and reliability improvements in EVN 

HANOI’s Pilot Feeders by adopting TEPCO’s MDMC 

distribution system and THE’s distribution network 

planning software.  

 

Outline of Activities 

First of all, Pilot Feeders are selected. Then, the technical 

conditions are analyzed using DSS (Decision-making 

Support Software) to prepare the demonstration. In the 

optimal investment survey, construction plans for Pilot 

Feeders are proposed using TEPCO PG’s distribution 

planning know-how and THE’s DSS. In the reliability 

improvement survey, TEPCO PG introduces the planning 

and operation know-how needed to adopt the MDMC 

network at the Pilot Feeders by using DSS. Once sufficient 

understanding has been achieved, EVN HANOI constructs 

and operates the system to demonstrate the reduction in 

SAIDI.  

Schedule  

The schedule for this project is shown in Table 2. The 

target is to enable EVN HANOI to understand the 

advantages of Japanese operational know-how and 

software technology. Surveys, training and meetings were 

conducted in both Vietnam and Japan.   

 

Table 2. Implementation schedule 

 

Demonstration Site 

Pilot Feeders were selected in cooperation with a PC 

which was a subsidiary of EVN HANOI, located in a 

suburban area of Hanoi. The demand growth rate is 12%-

16% per year in this area, and investment is required to 

upgrade the network efficiently and reduce the SAIDI 

value. Two overhead 35kV Feeders were selected for the 

Pilot Feeders, as per Figure 3. 

 
Figure 3. Existing Demonstration Feeders 

 

Although interconnection switches are installed in the 

existing distribution line in Figure 3, sections with 

switchgear were decided via distance and branch point, so 

it is impossible to minimize the power interruption area in 

the event of a distribution line fault or during construction. 

As a result, the SAIDI value is very high. 

With the use of DSS and our company's distribution 

planning expertise, we designed the MDMC system for 

this area.  

Figure 4 shows the operation rate for each distribution 

line predicted based on the existing operation rate, with 

load demand set at 10% per year. There are two 

distribution lines whose operation rate already exceeds 

50%. Also, in three years’ time, more than half of the 

distribution lines will be over 50%, and countermeasures 

requiring investment, such as the establishment of new 

distribution lines, will be necessary to operate in a loop 

system. As shown in Table 1, if the system configuration 

of a three divided and three connected system is present, 

the operation rate will be raised to 75%. Therefore, it will 

become unnecessary to install a new distribution line for at 

least three years, and investment will similarly become 

unnecessary. 
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Figure 4. Operation rate forecast for each distribution line 

 

Figure 5 shows a three divided and three connected 

system composed of optimal switch layouts considering 

the current load distribution and minimum loss. 

  

  
Figure 5.  Three divided and three connected system 

based on DSS results 

 

In addition to the establishment of section switchgear, the 

construction of new distribution connecting lines and the 

establishment of connection points, the structure of a three 

divided and three connected system was adopted. Since 

interconnection switchgear is already installed in this area, 

by making full use of the existing switchgear the number 

of newly installed switches is set to six at four places. 

However, in the parts where the load of the distribution 

line is small, to optimize investment it is divided into two, 

and the system is changed according to the load demand. 

As described above, one of the features of the MDMC 

system is that it can have a flexible system configuration 

to correspond to future load demand. 

Details of CASE 1 

A fault occurred at Feeder B2 on the distribution line in 

November 2017. The number of affected households was 

about 12,200.  

 
Figure 6. Details of CASE 1 

 

The jumper wire of the high voltage line was broken at 

Feeder B2, and V0 was detected at the substation. Table 3 

shows the fault handling record. Following a patrol of the 

whole of Feeder B2, the field crews found the fault point, 

separated the fault section, and transmitted a healthy 

section (Restoration #1 from Feeder B3 on substation X 

and Restoration #2 from Feeder A1 on substation Y). 

About 2,500 customers were restored at an early stage by 

installing a switchgear in B2 and a new interconnection 

line, and load splitting (Figure 6). 

 

Table 3 Fault handing record 

 
 

Figure 7 shows the effect of the MDMC system. By 

dividing Feeder B2 and transmitting from Feeder B3, we 

were able to reduce the number of households affected by 

power outages. 
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Figure 7. Fault handling results 

Further Improvement for CASE 1 

 As a further improvement, it is possible to reduce the 

number of affected households and power outage times by 

utilizing FPI to limit the patrol area, prior to identifying the 

fault section area and transmitting the healthy section 

(Figure 8). 

 
Figure 8. Further improvement  

 

Table 4. Improvements to fault handing record 

 
 

Table 4 shows the improvements to the fault handling 

record. After the FPI’s patrol the field crews were able to 

ascertain the fault direction. On the basis of the FPI 

information, they could turn on the switchgear, restore 

Restoration #2, and conduct a patrol in the specified fault 

section. After discovering the fault point, they restored 

Restoration #1 & #3, and gradually reduced the extent of 

the fault section. Figure 9 shows the effects of the 

improved operation.  

 
Figure 9. Improved fault handling 

Details of CASE 2 

A fault occurred at Feeder A1 in September 2017. The 

OCR at the substation functioned. According to the 

distance relay, the distance to the fault point was about 6 

km. The wire was disconnected at the end of the branch 

point. By using the FPI information, the field crews were 

able to restore Restoration #1 (Figures 10 and 11). 

 
Figure 10. Details of CASE 2 

Figure 11. Fault handling results 
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SUMMARY OF RESULTS AND OUTCOME OF 

THE PILOT PROJECT 

 In the project, a MDMC system using DSS was planned 

and constructed at the Pilot Feeders. Operation training 

was carried out and 6 months of outage records were 

evaluated. 

Figure 12 shows an investment comparison between a 

loop system and a MDMC system when demand grows at 

the Pilot Feeders. The distribution company must install 

feeders so as not to exceed the feeder limit due to demand 

growth, and the number of required feeders differs 

between the existing distribution system and the MDMC 

system. For the MDMC system, initial investment is 

required but the amount becomes smaller than for the 

existing distribution system after 4 years. As a result, it 

was proven that the MDMC system has an economic 

advantage. Because there are many locations in Vietnam 

where demand growth is higher than 10%, economic 

benefits are expected if a MDMC system is deployed in 

other EVN HANOI areas. 

 

 
Figure 12. Investment reduction due to MDMC system 

 

Figure 13 shows a summary of the time and number of 

customers when outages occurred during the pilot period 

(June 2017 – November 2017). SAIDI is almost equal with 

the area shown in the graph. In general, the graph becomes 

a rectangle if the distribution system is a radial structure 

without sections and connections, because an outage 

continues until its cause is removed. The pilot results 

(black bold line) show a SAIDI decrease due to outage area 

reduction via adoption of the MDMC system and early 

detection of outages via the adoption of FPI. The reduction 

in SAIDI due to the MDMC system was 496 minutes. In 

addition, it was estimated by checking the records more 

carefully that the SAIDI will improve further (by 64 

minutes) via deeper integration of TEPCO PG’s operation 

techniques. Therefore, the total effect of the MDMC pilot 

would be about 560 min/customer. It should be mentioned 

that 459 of the 496 minutes were caused by the system 

which was structured by the PC itself before this project.  

 

 
Figure 13. Reliability improvement via MDMC system 

 

The program team aims to deploy MDMC system 

planning methods, the effectiveness of which has been 

confirmed through the pilot project, and DAS in specific 

regions of EVN HANOI where higher power reliability is 

required due to customer characteristics, such as 

commercial and industrial areas. Therefore, the program 

team evaluated the impact of DAS installation at the Pilot 

Feeders and identified that SAIDI improved by 117 

minutes compared to manual operations (Figure 14).  

 

 
Figure 14. Improvement in SAIDI due to installation of 

DAS at Pilot Feeders 

CONCLUSION 

The pilot results show a SAIDI decrease due to outage 

area reductions via the adoption of the MDMC system, and 

early detection of outages via the adoption of FPI.  

In addition, it was estimated by checking the data more 

carefully that the SAIDI will improve further via deeper 

integration of TEPCO PG’s operation techniques.  

The initial cost for upgrading the loop system to the 

MDMC system can be recovered in 4 years, and MDMC 

can reduce the future CAPEX needed to meet the growth 

demand. The MDMC system can achieve a reliability level 

with a high maximum operation rate (about 75%) and 

future CAPEX will be more greatly reduced than for an 

open-loop system in conditions of high demand growth, 

such as 10%. 


