
 25th International Conference on Electricity Distribution Madrid, 3-6 June 2019 
 

Paper n° 623 

 
 

CIRED 2019  1/5  

Multi-dimension Evaluation and Investment Route for Next-generation Smart Distribution Network 

 

 

Junyong Liu, Hongjun Gao, Youbo Liu, Lin Lv, Jiayi Wang, Zhihui Feng 

College of Electrical Engineering and Information Technology, Sichuan University, Chengdu, China 

e-mail: gaohongjun@scu.edu.cn 

 

ABSTRACT 

The traditional reliability based distribution network 

planning always leads to a conservative solution. This 

paper establishes a comprehensive evaluation system for 

next-generation smart distribution network from the 

perspective of four aspects including supply security, 

supply quality, supply intelligence and supply 

friendliness. Firstly, we analyze the detailed evaluation 

index of the comprehensive evaluation system. Then we 

expound the reliability evaluation method and evaluation 

process, and uses the normalization criterion (NC) and 

the analytic hierarchy process (AHP) to evaluate and 

analyze the adaptation ability. Next, according the 

evaluation results, the distribution network construction 

route suggestions are given for different types of regions 

and consumer requirements. On this basis, the 

effectiveness of the proposed evaluation method and 

reconstruction scheme is verified on a real-world 

distribution network. 

INTRODUCTION 

As the transformation of world economies from 

high-speed development to high-quality feature, the 

investment method of next-generation smart distribution 

networks will become an urgent task to be researched in 

the future. Traditional high reliability based distribution 

network planning only maximizes “reliability” as a 

design criterion. The design scheme is usually 

conservative and bar one-sided, resulting in low 

equipment utilization rate and excessive waste of 

resources while mainly ensuring security supply for 

important consumers of distribution networks. Besides of 

reliability and safety, important users are paying more 

and more attention to power quality and zero-flash power 

quality requirements, especially for some high-precision 

instrument companies and political power supply 

end-users. Thus, quality supply has become an 

indispensable part of next-generation smart distribution 

network. In addition, with the promotion of automation 

technology, the operation and maintenance mode may 

have been changed in an all-round way. Secondary 

equipment such as automation equipment and 

communication system are also an important construction 

content of future smart distribution network. Obviously, 

the intelligence level of the distribution network 

sufficiently reflects the power supply reliability. 

Next-generation smart distribution network needs to 

achieve intelligent supply. Besides, those new elements 

such as electric vehicles and distributed generation are 

indispensable parts of the future power grid. In the 

construction of the distribution network and new element 

service system architecture, it is necessary to fully 

consider coordination and friendliness to the environment, 

and the friendly acceptance between the power grid and 

new elements to achieve friendly supply. Eventually, 

next-generation smart distribution network will meet the 

international first-class intelligent power distribution 

network that is “safe and reliable, flexible interaction, 

green and low-carbon, environmental”. 

This paper establishes a comprehensive evaluation 

system for next-generation smart distribution network 

from the perspective of four aspects including supply 

security, supply quality, supply intelligence and supply 

friendliness. Firstly, we analyze the detailed evaluation 

index of the comprehensive evaluation system. Then we 

expound the reliability evaluation method and evaluation 

process, and uses the normalization criterion (NC) and 

the analytic hierarchy process (AHP) to evaluate and 

analyze the adaptation ability. Next, according the 

evaluation results, the distribution network construction 

route suggestions are given for different types of regions 

and consumer requirements. On this basis, the 

effectiveness of the proposed evaluation method and 

reconstruction scheme is verified on a real-world 

distribution network. 

MULTI-DIMENSION EVALUATION INDEX 

FOR NEXT-GENERATION SMART 

DISTRIBUTION NETWORK 

Construction of indicator system for next 

generation smart distribution network  

The establishment of the next generation smart 

distribution network indicator system architecture will 

form an orderly hierarchical structure based on the 

analytic hierarchy process. It includes three levels: the 

criteria layer, the indicator layer, and the application layer. 

The result is shown in Fig 1. 

.
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Fig 1. High-reliability distribution network multi-dimensional 

indicator system 

As can be seen from the figure above, the next generation 

smart distribution network is comprehensively evaluated 

from four dimensions:  

1) The high security of the grid equipment 

Grid security represents the ability of the power system 

to continuously provide power to users during normal 

operation and disturbances, it mainly includes two 

aspects of power supply reliability and power grid 

strength: The power supply reliability indicators include 

the average power outage time of customers, the 

reliability rate of customers' electricity consumption, the 

annual power shortage and the proportion of customers 

with 99.9999%. The grid strength index system mainly 

includes the years of equipment operation, the load rate 

of equipment, and the proportion of high quality 

transformers, emergency mode, contact rate between 

medium voltage line stations, number of power sources 

in substation, N-1 pass rate, N-2 pass rate, these indices 

can comprehensively and effectively evaluate the safety 

level of the grid.  

2) High quality of power supply 

The quality of the next generation smart distribution 

network represents the power supply quality of the 

distribution network, which not only ensures the safe, 

reliable and efficient operation of the power grid, but also 

meets the needs of important power customers for 

high-quality power consumption. The quality of the 

power grid is evaluated by the following indices: the 

coverage of equipment for harmonic control, the 

coverage of equipment for three-phase voltage unbalance 

treatment, and the coverage of equipment for voltage sag 

treatment. 

3) High intelligence of operation services 

The intelligence of next-generation smart distribution 

network is that the ability to monitor, protect, control and 

manage in a variety of situations, according to integrated 

information including modern electronic technology, 

communication technology, data of distribution and use, 

grid structure and geographic information. The 

intelligence of the next generation smart distribution 

network can be evaluated from the aspects of distribution 

automation level and intelligent operation. The evaluation 

indices of distribution automation level include the 

coverage of terminal, the coverage of three remotes, the 

coverage of fiber, the proportion of SCH node, and the 

proportion of dual channelization; The evaluation index 

of intelligent operation level includes the level of 

intelligent detection and the ability of business 

processing. 

4) High friendliness of environmental coordination. 

The friendliness of the next generation smart distribution 

network represents the level of coordination and 

interaction between the distribution network and the new 

elements, including clean energy indexes and electric 

vehicle charging service indexes: Clean energy indexes 

include the penetration rate of clean energy, the growth 

rate of clean energy generation, the growth rate of clean 

energy power generation equipment capacity and the 

allocation level of energy storage systems; The electric 

vehicle charging service indexes include the amount of 

charging facility, the capacity density of charging facility, 

the configuration ratio of charging facility, and the 

configuration ratio of AC/DC charging pile. 

Multi-dimension Evaluation Method for 

Next-generation Smart Distribution Network 

Normalization of Data 

In order to extract the effective information of original 

data in index level, integrating on these data by fuzzy 

technology in this paper. The normalization of data is that 

make these data be in a smaller interval, according to a 

specific rule. Then quantifying these indicators at the 

same level. 

All of the data is between zero to one according to 

normalization, and the results are divided into seven 

levels, that is 0, 0.1, 0.3, 0.5, 0.7, 0.9, 1, which becomes 

better gradually. 

Regulations of Weight in Indicator Layer 

Weight assignation complies with the rules of layers and 

bottom-up based on the analysis of chromatography in 

this paper. Note that elements in the application layer out 

of consideration. Besides, their sum is required to be one 

and allocated by the importance. The main steps of 

calculating weighting as follows: 

1) Obtain the elements of judgment matrix according to 

the importance. 

2) Normalized and summed by column to get a column 

vector. 

3) Calculate the greatest eigenvalue and eigenvectors of 

the normalized column vector. 

4) Obtain the corresponding weights. 

Regulations of Weight in Criteria Layer and Scoring 

There are security, quality, intelligence and friendliness in 

criteria layer, and the regulations of weight is the same 

with 2.2.2. The final result is obtained after scoring layer 

by layer. In the evaluation system for the next-generation 

smart distribution network, the system is divided into 
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four levels according to the scores, that is great, good, 

medium and poor, 0.9-1, 0.7-0.9, 0.5-0.7 and <0.5 

corresponding. 

DECISION SUGGESTIONS FOR 

NEXT-GENERATION SMART 

DISTRIBUTION NETWORK 

CONSTRUCTION 

Decision Advice of Safe Power Supply 

The next-generation smart distribution network has 

extremely high requirements for safe power supply. 

Under the premise of safe power supply, strong grid 

structure, safe cable laying, reasonable selection of high 

and low voltage equipment, and reliable anti-destruction 

protection equipment are important guarantee for grid 

security: 

1) Single or double loop network adapt to the 

medium-voltage and high-reliability distribution network 

wiring mode of general cities. The petal-shaped or 

three-ring network connection mode can be adopted for 

the newly built area; the special users of special-level 

urban core area can adopt the "244" wiring mode. In the 

general area, the low-voltage and high-reliability 

distribution network connection mode can adopt a 

single-loop network; general important area can adopt 

N-to-1 backup wiring mode; the extra-critical area can be 

installed emergency bus bars in a low-voltage network to 

ensure the protection of all important loads in the event 

of all power failures. 

2) The higher the proportion of cables, the smaller the 

cable laying method is affected by the environment, 

which will have a positive impact on the safety of 

high-reliability distribution networks. Therefore, the 

government should actively encourage the promotion of 

line cable in the leading areas of overhead lines. The 

next-generation smart distribution network realizes full 

coverage of power cables, and uses cables (tunnels), 

cable trenches, and power cabins to lay cables to ensure 

the safety of the cable laying environment. 

3) Reasonable selection of high and low voltage 

equipment will actively guarantee the safety of high 

reliability power grids. For areas with high safety 

requirements, dry and energy-saving models can be used 

for the transformers. The switch can be equipped with 

intelligent switchgear and SSTS solid-state fast switch. 

The line can be equipped with Class A flame-retardant 

power cable to ensure the safety of the distribution 

network. In some areas, due to economic considerations, 

equipment standards can be appropriately reduced under 

the premise of ensuring reliable power supply, and 

oil-immersed transformers, traditional switchgear 

cabinets, ATS automatic transfer switches, and B- and 

C-class power cables are selected. 

4) Anti-destruction protection equipment is the last line 

of defense to ensure safe and reliable power supply. For 

the short-term power interruption that may exist in the 

power grid, the "SSTS+UPS" uninterruptible power 

supply equipment can be selected to provide emergency 

protection; In order to guarantee the anti-destructive 

ability of the power grid under extremely special 

circumstances such as war or disaster state, the 

emergency mode of "flywheel energy storage + diesel 

generator" or "emergency bus + emergency power 

generation vehicle" can be used. 

Recommendations for Quality Supply Decisions 

When supplying electricity to the next-generation smart 

distribution network area， the high power quality is 

crucial which is an important guarantee for the quality of 

high quality power supply. Recently, with the extensive 

use of volatile loads (such as electric arc furnace, rolling 

mill, electric locomotive, welding machine and power 

electronic equipment with high power pulse output), the 

harm caused by power quality is becoming more and 

more serious, which has caused widespread concern in 

the power industry. Therefore, after evaluating the quality 

of power supply for next-generation smart distribution 

network, the corresponding measures and suggestions 

should be given according to the common power quality 

problems such as voltage sag, harmonic and three-phase 

unbalance. 

1) Voltage sag problem is usually solved by the 

combination of uninterruptible power system (UPS) and 

solid-state transfer switch (SSTS), which can be used as 

standby power supply in emergency and stabilize voltage. 

The combination possesses the advantages of fast 

switching speed and instantaneous switching (within 

5ms). The disadvantage is expensive and owning small 

capacity, which can only meet general lighting. It is 

suitable for areas with high demand for zero flash and 

certain economic strength. Magnetic resonance 

transformer (MRT) and static var compensator (SVC) can 

compensate voltage smoothly, but the former is difficult 

to install, and the latter has the problem of slow response. 

Dynamic voltage restorer (DVR) has the advantages of 

fast response speed and economy. It can deal with power 

quality problems in power system such as voltage sag, 

sudden rise and instantaneous interruption. It is a suitable 

compensation device to restrain voltage sag fault. 

2) Harmonic control is divided into two ways: active 

governance and passive governance. Active governance 

is a harmonic elimination from the source of harmonic 

generation. There are mainly reset harmonic source 

equipment configuration or operation mode, centralized 

use of mutual complementary harmonic devices ， 

increasing the number of converter pulses or phases, the 

use of a certain phase shift angle between each other in 

the grid commutation; and pulse width modulation 

technology. Passive control is to absorb harmonics by 

harmonic DC equipment, mainly through passive power 

filter, active power filter, hybrid active power filter and 

unified power quality regulator. Hybrid active power 

filter has the characteristics of low cost and superior 
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performance, and is widely used in practice. 

3) The specific solutions to three-phase unbalanced 

problems can be divided into static compensation and 

dynamic compensation. The static compensation method 

has low cost and simple control, but the performance of 

the device is greatly influenced by load changes. With the 

rapid development of power electronics technology, 

flexible AC transmission systems and various new 

reactive power compensation devices appeared. Static 

synchronous compensator (STATCOM) and static var 

compensator (SVC) are the most widely used at present, 

but the regulating ability of STATCOM is better than 

SVC, but STATCOM is relatively expensive compared 

with the same capacity SVC, and the technology is not 

mature enough. 

The Suggestions of Intelligent Power Supply 

1) Suggestions for construction of automatic main station 

of distribution network 

According to the evaluation results, three kinds of 

construction schemes of automation and communication 

system are put forward for the next-generation smart 

distribution network area, considering the factors of 

economy and user demand, aiming at the different 

important grade of users. The construction schemes will 

be explained from three aspects: main station 

construction, distribution automation equipment 

configuration and the construction of communication 

network. In order to ensure the reliability and quality of 

power supply in this area, advanced automation 

equipment, multi-function main station of distribution 

automation and high-reliable communication network are 

constructed for super important users. Details are shown 

in figure 1. For the general urban distribution network, 

the reliability of the distribution network is higher, but 

the general urban area does not support the full coverage 

of optical fiber based on economic considerations. In the 

urban area mentioned above, builders should construct a 

more complete main station system and distribution 

communication network and configure a high proportion 

of "three remote" distribution terminals to meet the needs 

of users in the region for power supply reliability. 

2) Suggestions for intelligent operation and maintenance  

For next-generation smart distribution network, 

automatic distribution is the basis of smart power supply. 

Intelligent operation and maintenance system is the 

guarantee of normal operation of automatic main station 

system. For the super important users, it is necessary to 

build a high standard intelligent monitoring system by 

equipping the intelligent inspection robots and a variety 

of sensors to monitor and collect the station end video 

data, the electrical equipment status data, the 

environment data, the safety and security information, the 

information of people entering and leaving, fire alarm 

information and transmitting the above information to the 

monitoring center or dispatching center to master the 

distribution network information in real time. Others 

more, building a high standard visualization system to 

improve the ability of monitoring, managing and 

processing information for operation and maintenance 

personnel and a high-standard business processing 

system to improve the intelligent level of operation and 

maintenance is also of great importance. For general 

urban power network, in order to meet the needs of users, 

real-time monitoring system, alarm system and intelligent 

interactive system are built to improve the level of 

intelligent operation and maintenance. 

Suggestions on Green Supply Decision 

With the development of economy and society and the 

increasing requirement of environmental protection, a 

large number of clean energy and electric vehicles are 

connected to power grid, which brings many problems 

for the construction and operation of power grid. The 

following suggestions are made for the construction of 

clean energy and electric vehicles in next-generation 

smart distribution network. 

1) Suggestions for power generation facilities of clean 

energy 

For clean energy power generation in load-intensive area 

of the city center, the space is generally narrow and it is 

difficult to install large-scale clean energy power 

generation facilities. It is suggested to install small-sized 

photovoltaic panels and solar water heaters on the roofs 

of high buildings to realize the rational utilization of solar 

energy. The energy storage devices can be installed in 

conditional residential areas to be used for peak load 

shifting. For clean energy power generation in large 

suburban areas of cities, some small-scale photovoltaic 

power generation or solar thermal power generation 

bases can be constructed to satisfy power demands of the 

region while the remaining electricity can be transferred 

to grid for consumption. If the area is rich in wind 

resources, some wind turbines can also be installed 

properly. 

2) Suggestions for charging and replacing facilities of 

electric vehicles 

The construction of charging and replacing facilities and 

services is the key to promoting the development of 

electric vehicles. In order to cope with the demand for 

electric vehicle charging in distribution network in the 

future, it is necessary to build a matching charging and 

replacing facility of electric vehicle. The orderly advance 

plan of distributed charging piles is suitable for 

residential areas, office areas, public parking lots in 

commercial areas and etc. in the old urban areas of cities. 

Because the original urban planning is fixed and can only 

be reconstructed on the original basis, the charging piles 

can be orderly reformed on the original basis of parking 

lots. In order to meet the charging demand of electric 

vehicle in new residential areas, office areas, commercial 

areas and other public parking lots, comprehensive 

promotion and construction plan of distributed charging 

piles should be adopted. Large-scale centralized charging 

stations will meet electric vehicles charging demands of 

newly-built residential areas, commercial areas and other 
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centralized areas and major urban traffic arteries. The 

charging facilities in stations will realize the coordinated 

configuration of AC charging piles and DC charging piles. 

The capacity of centralized charging stations are usually 

large and they need to be equipped with dedicated 

distribution transformers. The choice of transformer 

capacity depends on the number of charging facilities and 

power demands of the associated auxiliary facilities. For 

new urban districts, newly-built science and technology 

parks and industrial parks, it is necessary to coordinately 

plan replacing and charging stations. It is desirable to be 

forward-looking and fully consider the trend of the 

increasing number of electric vehicles, charging rate and 

charging demands in parks to rationally deploy stations, 

reduce the resistance of users to change their habits and 

reduce waste. 

CASE STUDY 

To verify the effectiveness of the proposed scheme, an 

actual distribution network reconstruction plan is chosen 

for the case study .The proposed reliability evaluation 

system and method of next-generation smart distribution 

network, as mentioned above, is verifying through a 

special area, where distribution network needs great high 

level of security, quality, intellectuality and green 

property. The results of before and after transformation 

and construction is shown in table 1 and 2. 

Table 1. Results of evaluation before transformation and 

construction 

Index Second index Score Score 

Security 
Reliability 07513 

0.7735 
Strength 0.7815 

Quality - 0.8261 0.8261 

Intellectuality 

Automation 

level 
0.5827 

0.6482 
Operational 

level 
0.7391 

Green 

property 
- 0 0 

The total 

score 
0.5937 

Table 2. Results of evaluation after transformation and 

construction 

Index Second index Score Score 

Security 
Reliability 0.9224 

0.9306 
Strength 0.9423 

Quality - 1 1 

Intellectuality 

Automation 

level 
1 

0.9826 
Operational 

level 
0.9632 

Green property - 0.563 0.563 

The total score 0.9135 

As revealed in table 1, the comprehensive evaluation 

index of security, quality and intellectuality reached 

0.9306, 1 and 0.9826 respectively. According to the 

evaluation criteria mentioned above, all of these indexes 

meet the highest grade. This implies that the three 

comprehensive. 

CONCLUSION AND PROSPECT 

1) According to NC and AHP, this paper establishes a 

multi-dimensional comprehensive evaluation system for 

next-generation smart distribution network from the 

perspective of four aspects including security, quality, 

intelligence and friendliness. 

2) The evaluation system consists of criterion layer, index 

layer and application layer. The weights of index layer 

and criterion layer are mainly distributed according to 

AHP. The evaluation method can be applied to the 

performance evaluation and quality test of the 

next-generation smart distribution network. 

3) In this paper, the next-generation smart distribution 

network decision-making suggestions for different 

situations are put forward from four aspects including 

supply security, supply quality, supply intelligence and 

supply friendliness. The decision can not only give 

suggestions for the new distribution network, but also 

provide guidance for the existing distribution network 

upgrading. 

4) The effectiveness of the proposed evaluation method is 

verified through the verification analysis on an actual 

regional distribution network. 

 

 


