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Abstract

District heating networks are commonly addressed in the literature as one of the most effective solutions for decreasing the 
greenhouse gas emissions from the building sector. These systems require high investments which are returned through the heat
sales. Due to the changed climate conditions and building renovation policies, heat demand in the future could decrease, 
prolonging the investment return period. 
The main scope of this paper is to assess the feasibility of using the heat demand – outdoor temperature function for heat demand 
forecast. The district of Alvalade, located in Lisbon (Portugal), was used as a case study. The district is consisted of 665 
buildings that vary in both construction period and typology. Three weather scenarios (low, medium, high) and three district 
renovation scenarios were developed (shallow, intermediate, deep). To estimate the error, obtained heat demand values were 
compared with results from a dynamic heat demand model, previously developed and validated by the authors.
The results showed that when only weather change is considered, the margin of error could be acceptable for some applications
(the error in annual demand was lower than 20% for all weather scenarios considered). However, after introducing renovation 
scenarios, the error value increased up to 59.5% (depending on the weather and renovation scenarios combination considered). 
The value of slope coefficient increased on average within the range of 3.8% up to 8% per decade, that corresponds to the 
decrease in the number of heating hours of 22-139h during the heating season (depending on the combination of weather and 
renovation scenarios considered). On the other hand, function intercept increased for 7.8-12.7% per decade (depending on the 
coupled scenarios). The values suggested could be used to modify the function parameters for the scenarios considered, and 
improve the accuracy of heat demand estimations.
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Abstract 

At present, China is in the process of reforming the electric power system. The reform of the power system has a significant impact 
on the investment and construction of power distribution network. Therefore it is indispensable to focus on fine management of 
the operation and maintenance of equipment. 
In this paper, the current situation of distribution network in China including Shanghai has been presented. Then, based on the 
influence of policy documents of power system reform, not only its impact on the operation and maintenance of the power grid 
enterprise and the distribution network equipment but also measures to enhance the economic benefit of distribution network has 
been discussed. Furthermore, by analyzing each equipment and the probability and severity of its defects according to the defect 
data in production management system (PMS), the methods of the whole life cycle cost (LCC) and the potential failure mode and 
effects analysis (FMEA) have been applied to analyze the operation and maintenance of the distribution network from the two 
aspects of the economy and reliability. Finally, focus on acceptance as well as operation and maintenance management measures 
in the current distribution network has been put forward. 
Keywords: distribution network equipment; power system reform; LCC; FMEA 

1. Introduction 

Beginning in March 2015, China has introduced new policies and documents reforming its electricity generation, 
retail, usage, and many other sectors. Considering the set of policies, it is expected that this round of power system 
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reforms will have a profound impact on China's electricity markets and industries, such as on the investment and 
construction of power distribution network in the State Grid Corporation of China. When the operating costs of the 
distribution network are further clarified, the driving force for company self-development is to adopt a risk 
management approach to balance the economy and reliability of the distribution network investment and operation. 
Therefore in order to reduce the actual running cost, the grid will make efforts in three aspects: (1) to invest in the 
transmission and distribution projects with higher returns, such as energy-saving transformers and UHV; (2) to reduce 
the actual operation and maintenance costs; (3) to launch energy-saving transformation, the grid involved in energy-
saving services market. In this paper, it is expected that through the management of the distribution network equipment 
operation and maintenance research, reducing the actual operation and maintenance costs is proposed.  

For power grid company of Europe and the United States in equipment management, the introduction of the original 
financial areas of the "asset management" concept has been given. At present its focus is mainly on three aspects. (1) 
equipment investment management; (2) performance management and risk management; (3) residual life management 
and stakeholder management. On the one hand, the management of the remaining life requires access to the state of 
aging equipment, on the other hand, it needs to coordinate with the grid planning timetable. In addition to traditional 
capacity and redundancy, grid planning concerns a set of problems such as environment and safety regulations (e.g. 
asbestos, use of sulfur hexafluoride), equipment informatization and intelligence, and public demand on land and 
power plant appearance and so on. 

This paper referring to the further research on leading policy documents of power system reform and its supporting 
documents as well as analysis of the current situation of the operation and maintenance of distribution network 
equipment in China (especially in Shanghai), researches on the operation and maintenance of distribution network 
equipment in Shanghai. First of all, the operation and maintenance mode as well as safety and reliability of Shanghai 
distribution network is studied by analyzing the defect model, probability and severity of the distribution network 
equipment. Secondly, FMEA analysis technique is used to analyze the risk assessment of main equipment defects in 
Shanghai distribution network. Then, the economic evaluation and the qualitative indexes of assets operation and 
maintenance of Shanghai distribution network are made through the economic analysis and operation and maintenance 
decomposition of the main equipment. Finally, with the above technical analysis results, on the basis of current 
acceptance standard and procedure of international and Shanghai distribution network, key parts of the acceptance as 
well as management and control in main distribution network equipment of Shanghai is proposed. 

2. Operation and maintenance modes and safety risk analysis of Shanghai distribution network 

2.1. Distribution network equipment and its defects 

Distribution network refers to the network which distributes electricity in the power grid. It can be further clarified 
that the network in the power system put the secondary low-voltage step-down transformer direct or step-down power 
to the user. It mainly includes: overhead or cable distribution lines, power distribution equipment, distribution, the 
column transformer, power distribution box. 

According to "Distribution Network Operating Rules", the distribution network equipment defect level is divided 
into general, serious and critical defects of three categories. 

2.2. PMS data analysis 

PMS (Production management system),as one of applications of the national Power Grid Corp SGl86 engineering 
utilizes computer technology, modern advanced graphics, automation, communication technology and other technical 
means to carry out online and offline intelligent management, making the grid reliable, high-quality, economic and 
efficient. The system covers the fields of power transmission, distribution, transmission lines, cables, relay protection, 
telecontrol and communication, and serves the production and operation departments of Shanghai Electric Power 
Company and its subordinate units. 

  In this paper, based on the defect data provided by PMS, various types of equipment are analyzed, and the 
collected data are sorted according to the time and space boundary. After data classified according to the type of 
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reforms will have a profound impact on China's electricity markets and industries, such as on the investment and 
construction of power distribution network in the State Grid Corporation of China. When the operating costs of the 
distribution network are further clarified, the driving force for company self-development is to adopt a risk 
management approach to balance the economy and reliability of the distribution network investment and operation. 
Therefore in order to reduce the actual running cost, the grid will make efforts in three aspects: (1) to invest in the 
transmission and distribution projects with higher returns, such as energy-saving transformers and UHV; (2) to reduce 
the actual operation and maintenance costs; (3) to launch energy-saving transformation, the grid involved in energy-
saving services market. In this paper, it is expected that through the management of the distribution network equipment 
operation and maintenance research, reducing the actual operation and maintenance costs is proposed.  

For power grid company of Europe and the United States in equipment management, the introduction of the original 
financial areas of the "asset management" concept has been given. At present its focus is mainly on three aspects. (1) 
equipment investment management; (2) performance management and risk management; (3) residual life management 
and stakeholder management. On the one hand, the management of the remaining life requires access to the state of 
aging equipment, on the other hand, it needs to coordinate with the grid planning timetable. In addition to traditional 
capacity and redundancy, grid planning concerns a set of problems such as environment and safety regulations (e.g. 
asbestos, use of sulfur hexafluoride), equipment informatization and intelligence, and public demand on land and 
power plant appearance and so on. 

This paper referring to the further research on leading policy documents of power system reform and its supporting 
documents as well as analysis of the current situation of the operation and maintenance of distribution network 
equipment in China (especially in Shanghai), researches on the operation and maintenance of distribution network 
equipment in Shanghai. First of all, the operation and maintenance mode as well as safety and reliability of Shanghai 
distribution network is studied by analyzing the defect model, probability and severity of the distribution network 
equipment. Secondly, FMEA analysis technique is used to analyze the risk assessment of main equipment defects in 
Shanghai distribution network. Then, the economic evaluation and the qualitative indexes of assets operation and 
maintenance of Shanghai distribution network are made through the economic analysis and operation and maintenance 
decomposition of the main equipment. Finally, with the above technical analysis results, on the basis of current 
acceptance standard and procedure of international and Shanghai distribution network, key parts of the acceptance as 
well as management and control in main distribution network equipment of Shanghai is proposed. 

2. Operation and maintenance modes and safety risk analysis of Shanghai distribution network 

2.1. Distribution network equipment and its defects 

Distribution network refers to the network which distributes electricity in the power grid. It can be further clarified 
that the network in the power system put the secondary low-voltage step-down transformer direct or step-down power 
to the user. It mainly includes: overhead or cable distribution lines, power distribution equipment, distribution, the 
column transformer, power distribution box. 

According to "Distribution Network Operating Rules", the distribution network equipment defect level is divided 
into general, serious and critical defects of three categories. 

2.2. PMS data analysis 

PMS (Production management system),as one of applications of the national Power Grid Corp SGl86 engineering 
utilizes computer technology, modern advanced graphics, automation, communication technology and other technical 
means to carry out online and offline intelligent management, making the grid reliable, high-quality, economic and 
efficient. The system covers the fields of power transmission, distribution, transmission lines, cables, relay protection, 
telecontrol and communication, and serves the production and operation departments of Shanghai Electric Power 
Company and its subordinate units. 

  In this paper, based on the defect data provided by PMS, various types of equipment are analyzed, and the 
collected data are sorted according to the time and space boundary. After data classified according to the type of 
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equipment, the statistical analysis of the total and classification is made. In this paper, FMEA method is used to carry 
out risk assessment to find out the risky parts of acceptance, operation and maintenance. 
This paper analyzed on the various types of equipment defect data provided by PMS based on the collected data 
according to the time and space boundary setting were classified according to the type of equipment, then the overall 
statistical analysis and classification of it, And use the FMEA method in this article to find acceptance, risk assessment, 
risk part the operation and maintenance. 
• PMS data analysis in line 

Line equipment mainly includes: tower, cable, column transformer, wire and so on 
The PMS defect data used in this paper are all data from January 2010 to November 2016. According to the total 

defect distribution, in all the defects, accounting for the largest is tower (67%), followed by the cable (17%). By defect 
time distribution, we can see the number of defects occurred in 2014 owns the largest, followed by 2013. According 
to the spatial distribution of defects, it can be seen that the Pudong Power Supply Company is responsible for the 
largest proportion (48%), followed by the City North (9%). According to the classification of the severity of equipment 
defects, it can be seen that the general defects accounted for the most (84%), followed by serious defects (11%), at 
least for critical defects (5%). By statistical analysis of the time-dependent distribution of defects, it can be seen that 
the number of critical defects exceeded in 2016, and the number of critical defects in the remaining years was small. 
According to statistics, the defects of Pudong Power Supply Company are the most defective and most of them are 
general defects, while the City North Power Supply Company has the situation that the number of critical defects is 
larger than that of serious defects. 
• PMS data analysis in power plant 

Power plant equipment mainly includes: low-voltage switchgear, distribution transformers, low-voltage switchgear, 
load switches, circuit breakers, capacitors and so on. 
The PMS defect data used in this paper are all data from January 2010 to November 2016. According to the total 
defect distribution, the largest proportion of all defects is the low-voltage switch (23%), followed by distribution 
transformers (19%). By defect time distribution, the largest number of defects occurred in 2014, followed by 2015. 
According to the spatial distribution of defects, the City North Power Supply Company is responsible for the largest 
proportion (23%), followed by the maintenance company (12%). According to the classification of the severity of 
equipment defects, it can be seen that the general defects accounted for the most (55%), followed by serious defects 
(32%), at least for critical defects (13%). The statistical properties of the defects are statistically analyzed by the time 
distribution. It can be seen that the number of serious defects exceeds the general defects only in 2015, and in 2010, 
2012 and 2013, the number of serious defects and critical defects is very close. According to the classification of the 
defects, statistics show that the power supply companies in the City North Power Supply Company are the most 
defective and most of them are general defects, and the number of serious defects in urban power supply companies 
is bigger than the general defects. The number of critical defects is greater than the number of serious defects in the 
City North, Qingpu, Chongming power supply company 
• Specific equipment analysis 

In order to analyze the cause of defects of the specific equipment with large number of defects, the classification 
statistics and analysis are made. The total number of defects in the tower is the highest, and the total number of 
specimens is 19,149. 

(1) the causes of defects  
As shown in fig1, defects accounting for the largest proportion are failing to switch on (25%), followed by SF6 

pressure anomalies (16%). 
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Fig. 1. Distribution of defect causes                                               Fig. 2. Distribution of Defect Severity 

 (2) the severity of defects analysis 
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FMEA(Failure Mode and Effects Analysis) is used to analyze all possible failure modes and effects according to 
the characteristics and functions of the substation equipment. On the basis of this, each failure mode is evaluated, then 
the Risk Priority Number (RPN) is determined and the risk level of the failure is given. 

3.1. FMEA analysis process 

There are three evaluation indexes, involved in the whole process of FMEA-based fault risk analysis which are 
failure severity (S), probability of failure (P) and detectability (D). According to the FMEA risk analysis method, 
firstly, the function analysis of all parts of the equipment is carried out to define all possible failure modes. Then, the 
values of the three evaluation indexes and the weight coefficients of each evaluation index are determined, that is, 
analyzing the possible consequences of each failure mode and giving the severity of the failure (S), determining the 
potential cause of each failure mode and giving the probability of failure (P), giving the detectability of each failure 
mode (D) according to the current maintenance and maintenance strategy of the equipment. Finally, the risk priority 
number(RPN) of the failure mode is obtained by using the quantitative values of S, P and D to determine the possible 
failure mode of the equipment and provide the basis for formulating reasonable operation and maintenance strategy, 
so as to improve the reliability and economy of equipment. 

In the FMEA risk assessment, the product of failure severity (S), probability of failure (P), and detectability (D) 
are taken as the risk priority number (RPN) of the fault as shown in the following formula, higher RPN indicates 
means greater risk of failure mode.RPN = S × P × D 

According to the risk priority number (RPN), the failure modes are sorted according to the rules to determine the 
risk levels and make corresponding evaluations. Then, the measures are formulated according to the evaluation results. 
In this paper, the "95% confidence level" rule is used to determine the RPN threshold. The 95% confidence interval 
for RPN is 15 to 24 on average, when RPN=15~24, the risk is moderate, non-critical, and which measures is 
recommended to take to reduce. The risk can be reduced by means of SOP. When RPN>24, the risk is higher, the key 
risk, which measures must be taken to reduce, making the risk to moderate risk below. When RPN<15, the risk is 
lower and acceptable. When the risk assessment RPN=15~24, the severity of a single risk index should be judged, if 
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equipment, the statistical analysis of the total and classification is made. In this paper, FMEA method is used to carry 
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specimens is 19,149. 
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3.2. Results and Analysis 

Defects "fuse problem", "exchange insulator", "overheating, temperature anomalies" in the line equipment own 
RPN more than 24 which is a high risk. In power station equipment, the RPN of "oil leakage, oil level abnormality" 
and "overheat and temperature abnormality" has exceeded 24, which also means a high risk. 

In addition, there are many defects belonging to medium risk which own RPN between 15-24.Therefore 
determining the severity of a single risk indicator is needed. If the S/P/D ≥ 3, control measures must be taken. In the 
line equipment, the "broken strand" defect of the wire is serious, but the frequency is not high as well as the degree of 
difficulty found, so S/P/D exceeds 3,and control measures need to be taken. In the power station equipment, "auxiliary 
equipment damage", "failure to adjust gear", "indicator abnormalities", "failure to switch on", "energy storage motor 
abnormalities", "fuse blown", "current reading abnormal", "overheating, and temperature anomalies" these defects are 
critical defects with low-frequency occurrence and easily found, so the S/P/D is much more than 3, and control 
measures must be taken to prevent the risk too large. 

In a word, combined with defect content of RPN more than 24, acceptance and control recommendations can be 
made on the distribution network in Shanghai: 
• In the process of acceptance sampling, it is suggested that the fuses and insulators in the line part and the oil 

sealing device in the power station part be taken as the key sampling objects to improve the overall quality of 
these devices and reduce the risk of failure. 

• Equipment overheating or temperature anomalies as high-risk defects existing in the line and power plant, can be 
specifically further explored into the causes, so as to prevent or accelerate the repair process. 

• Defects with S / P / D exceeding 3, such as wire breakage, energy storage motor abnormality, have low frequency 
but mostly are serious defects or critical defects. Therefore, it is recommended as the focus of the inspection and 
maintenance to reduce the probability of failure. For other low-risk equipment or defect causes, the inspection 
period can be reduced. 

4. The economic analysis of investment and operation of Shanghai distribution network 

4.1. FMEA analysis process 

Life Cycle Cost (LCC) analysis generally refers to the total cost of an equipment or project over its entire life cycle, 
including not only the initial one-time cost of the equipment or project, but also the entire life cycle. 

The LCC includes investment cost, operating cost, maintenance and repair cost, fault cost, and disposal cost. 
According to the analysis of various factors in the LCC model, a formula suitable for the calculation of the distribution 
network can be deduced. The formula can be written as: 

𝐿𝐿𝐿𝐿𝐿𝐿 = 𝐿𝐿𝐼𝐼(𝑛𝑛) + 𝐿𝐿𝑀𝑀(𝑛𝑛) + 𝐿𝐿𝐷𝐷(𝑛𝑛) + 𝐿𝐿𝐼𝐼𝐼𝐼(𝑛𝑛)    (1) 

C𝐼𝐼(n), The investment cost in year n mainly includes the purchase of equipment;C𝑀𝑀(n), The maintenance cost 
in year n, mainly includes periodic maintenance and repair costs;C𝐷𝐷(n), decommissioning cost in year n, mainly 
includes the cost of disposal at the time of replacement of the equipment and the residual value at the time of 
disposal;C𝐼𝐼𝐿𝐿(n), power loss cost in year n, refers to the equipment or line failure, maintenance, outages caused by 
power failure making the user or power sector losses. 

4.2. Application Analysis of Transformer LCC Model 

Two distribution transformers A and B with a load factor of 0.6 and a discount rate of 10%, and EENS (including 
direct economic loss and indirect economic loss) equal to 7.5 yuan / kWh are presented. Table 4-1 shows the other 
economic indicators for selecting two transformers. 

Table 1. Transformer A, B economic indicators 

 Investment cost Service life Annual operation and 
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(million/set) maintenance costs 
(million) 

Transformer A 13 17 0.65 
Transformer  B 15 22 0.75 

 Residual value Failure rate(times / year) Repair time(h/times) 
Transformer A 5% 0.05 20 
Transformer  B 5% 0.02 20 
The LCC analysis shows that the equivalent investment cost of transformer A is 15269.75 yuan, which is larger 

than the investment cost of transformer B equal to 16525.21 yuan. But after LCC analysis, the value of transformer A 
is 30633.24 yuan, which is higher than that of transformer B 28091.47 yuan. From the cost of the ratio of view, the 
transformer A cost of investment accounted for about 51% of the cost of LCC, while the transformer B accounted for 
60.24%, which shows that when the transformer A operating costs increase, the reliability reduced, investment costs 
of the weight will be getting lower and lower. This is also an indirect indication that decision-making analysis of the 
program based on the cost of the investment is obviously not applicable. 

Since the cost and reliability of LCC vary with the market environment and so on, it is necessary to analyze the 
influence of multiple sensitive factors before determining a certain scheme. When the operation and maintenance 
costs, power loss, salvage value are not included, or investment costs, power outages are in the original parameters of 
80% to 120% change, the sensitivity of the factors can be obtained. After analysis, it can be seen that for the 
transformer A, B, the investment costs have a larger impact on LCC annual cost, power outages do little. And no 
matter how the above factors change, transformer B annual cost is larger than the cost of transformer A, so it can be 
concluded that transformer B is better than transformer A. The feasibility of the LCC analysis method is verified by 
the example of the transformer. Therefore the method can be extended to the other equipment of the distribution 
network or even the whole system for the analysis and optimization of the equipment and the optimization 
management of the system. 

5. Conclusion and Prospect 

In this paper, the current situation of distribution network in China including Shanghai has been presented initially. 
Then, based on the influence of leading policy documents of power system reform and its supporting documents, not 
only its impact on the operation and maintenance of the power grid enterprise and the distribution network equipment 
but also measures to enhance the economic benefit of distribution network has been discussed. Furthermore, by 
analyzing each equipment and the probability and severity of its defects according to the defect data in production 
management system (PMS), the methods of the whole life cycle cost (LCC) and the potential failure mode and effects 
analysis (FMEA) have been applied to analyze the operation and maintenance of the distribution network from the 
two aspects of the economy and reliability. Finally, focus on acceptance as well as operation and maintenance 
management measures in the current distribution network has been put forward. 
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3.2. Results and Analysis 

Defects "fuse problem", "exchange insulator", "overheating, temperature anomalies" in the line equipment own 
RPN more than 24 which is a high risk. In power station equipment, the RPN of "oil leakage, oil level abnormality" 
and "overheat and temperature abnormality" has exceeded 24, which also means a high risk. 

In addition, there are many defects belonging to medium risk which own RPN between 15-24.Therefore 
determining the severity of a single risk indicator is needed. If the S/P/D ≥ 3, control measures must be taken. In the 
line equipment, the "broken strand" defect of the wire is serious, but the frequency is not high as well as the degree of 
difficulty found, so S/P/D exceeds 3,and control measures need to be taken. In the power station equipment, "auxiliary 
equipment damage", "failure to adjust gear", "indicator abnormalities", "failure to switch on", "energy storage motor 
abnormalities", "fuse blown", "current reading abnormal", "overheating, and temperature anomalies" these defects are 
critical defects with low-frequency occurrence and easily found, so the S/P/D is much more than 3, and control 
measures must be taken to prevent the risk too large. 

In a word, combined with defect content of RPN more than 24, acceptance and control recommendations can be 
made on the distribution network in Shanghai: 
• In the process of acceptance sampling, it is suggested that the fuses and insulators in the line part and the oil 

sealing device in the power station part be taken as the key sampling objects to improve the overall quality of 
these devices and reduce the risk of failure. 

• Equipment overheating or temperature anomalies as high-risk defects existing in the line and power plant, can be 
specifically further explored into the causes, so as to prevent or accelerate the repair process. 

• Defects with S / P / D exceeding 3, such as wire breakage, energy storage motor abnormality, have low frequency 
but mostly are serious defects or critical defects. Therefore, it is recommended as the focus of the inspection and 
maintenance to reduce the probability of failure. For other low-risk equipment or defect causes, the inspection 
period can be reduced. 

4. The economic analysis of investment and operation of Shanghai distribution network 

4.1. FMEA analysis process 

Life Cycle Cost (LCC) analysis generally refers to the total cost of an equipment or project over its entire life cycle, 
including not only the initial one-time cost of the equipment or project, but also the entire life cycle. 

The LCC includes investment cost, operating cost, maintenance and repair cost, fault cost, and disposal cost. 
According to the analysis of various factors in the LCC model, a formula suitable for the calculation of the distribution 
network can be deduced. The formula can be written as: 
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C𝐼𝐼(n), The investment cost in year n mainly includes the purchase of equipment;C𝑀𝑀(n), The maintenance cost 
in year n, mainly includes periodic maintenance and repair costs;C𝐷𝐷(n), decommissioning cost in year n, mainly 
includes the cost of disposal at the time of replacement of the equipment and the residual value at the time of 
disposal;C𝐼𝐼𝐿𝐿(n), power loss cost in year n, refers to the equipment or line failure, maintenance, outages caused by 
power failure making the user or power sector losses. 

4.2. Application Analysis of Transformer LCC Model 

Two distribution transformers A and B with a load factor of 0.6 and a discount rate of 10%, and EENS (including 
direct economic loss and indirect economic loss) equal to 7.5 yuan / kWh are presented. Table 4-1 shows the other 
economic indicators for selecting two transformers. 
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 Investment cost Service life Annual operation and 
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(million/set) maintenance costs 
(million) 
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 Residual value Failure rate(times / year) Repair time(h/times) 
Transformer A 5% 0.05 20 
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The LCC analysis shows that the equivalent investment cost of transformer A is 15269.75 yuan, which is larger 

than the investment cost of transformer B equal to 16525.21 yuan. But after LCC analysis, the value of transformer A 
is 30633.24 yuan, which is higher than that of transformer B 28091.47 yuan. From the cost of the ratio of view, the 
transformer A cost of investment accounted for about 51% of the cost of LCC, while the transformer B accounted for 
60.24%, which shows that when the transformer A operating costs increase, the reliability reduced, investment costs 
of the weight will be getting lower and lower. This is also an indirect indication that decision-making analysis of the 
program based on the cost of the investment is obviously not applicable. 

Since the cost and reliability of LCC vary with the market environment and so on, it is necessary to analyze the 
influence of multiple sensitive factors before determining a certain scheme. When the operation and maintenance 
costs, power loss, salvage value are not included, or investment costs, power outages are in the original parameters of 
80% to 120% change, the sensitivity of the factors can be obtained. After analysis, it can be seen that for the 
transformer A, B, the investment costs have a larger impact on LCC annual cost, power outages do little. And no 
matter how the above factors change, transformer B annual cost is larger than the cost of transformer A, so it can be 
concluded that transformer B is better than transformer A. The feasibility of the LCC analysis method is verified by 
the example of the transformer. Therefore the method can be extended to the other equipment of the distribution 
network or even the whole system for the analysis and optimization of the equipment and the optimization 
management of the system. 

5. Conclusion and Prospect 

In this paper, the current situation of distribution network in China including Shanghai has been presented initially. 
Then, based on the influence of leading policy documents of power system reform and its supporting documents, not 
only its impact on the operation and maintenance of the power grid enterprise and the distribution network equipment 
but also measures to enhance the economic benefit of distribution network has been discussed. Furthermore, by 
analyzing each equipment and the probability and severity of its defects according to the defect data in production 
management system (PMS), the methods of the whole life cycle cost (LCC) and the potential failure mode and effects 
analysis (FMEA) have been applied to analyze the operation and maintenance of the distribution network from the 
two aspects of the economy and reliability. Finally, focus on acceptance as well as operation and maintenance 
management measures in the current distribution network has been put forward. 
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