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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 

To improve the reliability evaluation efficiency of large scale power system, an efficient reliability evaluation method of 
generation system is proposed in this paper. It can improve the calculation efficiency both in the sampling method and states 
evaluation. Firstly, the importance sampling method is used to replace the conventional Monte Carlo sampling method, which 
can accelerate the convergence speed of iteration calculation. Secondly, the states clustering method is proposed to get several 
typical generating states to replace all sampling states, which can improve the calculation speed. Finally, the simulations based on 
the IEEE RTS-79 generating system and the actual power system are carried out, and the efficiency and accuracy of this 
evaluation method in this paper are verified. 
© 2017 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of ICACER 2017. 
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1. Introduction 

With the development of economy, the electric demands of the power system have increased and the power 
capacity of each generating unit has increased. What’s more, the frequency to break down of the power units 

 

 
* Corresponding author 

E-mail address: ytm15904169299@163.com 

 

Available online at www.sciencedirect.com 

ScienceDirect 
Energy Procedia 00 (2016) 000–000  

 www.elsevier.com/locate/procedia

 

1876-6102 © 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of ICACER 2017 

2017 2nd International Conference on Advances on Clean Energy Research, ICACER 2017,  

7-9 April 2017, Berlin, Germany 

The Reliability Evaluation Method of Generation System Based on 
the Importance Sampling Method and States Clustering 
Sheng Zhonga, Tianmeng Yangb*, Yaowu Wub, Suhua Loua, Taijun Lia 

aCentral Southern China Electric Power Design Institute, Wuhan, 430074, China 
bState Key Laboratory of Advanced Electromagnetic Engineering and Technology, Huazhong University of Science and Technology, Wuhan, 

430074, China 

Abstract 

To improve the reliability evaluation efficiency of large scale power system, an efficient reliability evaluation method of 
generation system is proposed in this paper. It can improve the calculation efficiency both in the sampling method and states 
evaluation. Firstly, the importance sampling method is used to replace the conventional Monte Carlo sampling method, which 
can accelerate the convergence speed of iteration calculation. Secondly, the states clustering method is proposed to get several 
typical generating states to replace all sampling states, which can improve the calculation speed. Finally, the simulations based on 
the IEEE RTS-79 generating system and the actual power system are carried out, and the efficiency and accuracy of this 
evaluation method in this paper are verified. 
© 2017 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of ICACER 2017. 

 
Keywords: Monte Carlo simulation; importance sampling method; reliability evaluation method; states clustering 

1. Introduction 

With the development of economy, the electric demands of the power system have increased and the power 
capacity of each generating unit has increased. What’s more, the frequency to break down of the power units 

 

 
* Corresponding author 

E-mail address: ytm15904169299@163.com 

 Tianmeng Yang et al./ Energy Procedia 00 (2016) 000–000 

increases, which brings lots of economic lose to the society. Therefore, how to evaluate the operation reliability of 
the power system and find the risks to avoid the power cut accidents happen are extra important to the steady 
operation of the power system.  

At present, the reliability evaluation methods of the generating system include two methods [1-2], which are 
analytic method and simulation method. The analytic method can calculate the precise value with the reliability 
evaluation model, and the recursive convolution method is now in wide application. However, it takes a lot of 
calculation time. And the Monte Carlo simulation method is applied the most in the simulation methods, the amount 
of calculation is related with the reliability level of the power system. In [3], the convergence characteristics of the 
sequential and non-sequential Monte Carlo method are discussed. The convergence characteristic of the sequential 
Monte Carlo method can be measured by the ratio of the variance and expectation of the reliability indexes, and it 
converge faster if the ratio is smaller. The convergence characteristics of the non-sequential Monte Carlo method can 
be evaluated by the probability of lose of load. With the same precision, the simulation time of the non-sequential 
method is shorter than the sequential method. Therefore, if there is no need to get the calculation frequency and 
duration time, the non-sequential method is more widely applied in the reliability evaluation of the power system. 

The sampling efficiency of the Monte Carlo simulation method is strongly related with the probability of the 
events, which cause the convergence speed turns very slow in the power system with high reliability level. And it 
takes lots of simulation time in order to reach the calculation precision. Usually, the method to reduce the variance 
can accelerate the convergence speed [4-8]. And in [6], the modified variables controlling method is proposed, and it 
takes the risk level of the power system into consideration. In [7], the stratified uniform sampling method is 
proposed, and the breaks down states are sampled, which realize the reliability evaluation of the power system 
efficiently. In [8], the importance sampling method is proposed, and the variance of the reliability indexes decreases 
fast. The importance sampling method is the most efficiently method to accelerate the convergence speed at present 
[9].  

However, the actual scale of the power system is large, and the numbers of the break down states are large. 
What’s more, it takes lots of calculation time and resources to evaluate each break down state. Thus, it is especial 
important to accelerate the evaluation speed. In [10], the fault set classification method is proposed, the system fault 
states were divided into sorting fault subset and sampling fault subset and thus efficiency degradation was avoided. 
In [11-12], the fast sorting technique considering multi-states component models are proposed and based on the 
component outage state sequence and the neighboring system states, the technique can quickly select the required 
number of the system states in descending probability order. However, these techniques above are too complicated 
to realize in the actual power system reliability evaluation. 

Above all, an efficient evaluation method of the generating system is proposed in this paper, which can improve 
the calculation efficiency both in the sampling method and states evaluation. The importance sampling method is 
used to accelerate the convergence speed of the iteration calculation. Secondly, the states clustering method is 
proposed to get several typical generating states to replace all sampling states, which can improve the calculation 
speed. Finally, based on the calculation of the IEEE RTS-79 power system and an actual power system, the 
efficiency and accuracy of this evaluation method are verified. 

2. The non-sequential Monte Carlo sampling method and the importance sampling method 

2.1. The principle of the non-sequential Monte Carlo simulation method 

There are 3 steps in the reliability evaluation of the power system based on the Monte Carlo method, which are 
the states sampling, the states evaluation and the calculation of the reliability indexes. 

The states sampling is the basic step of the non-sequential method, and the sampling times are the critical factor 
to decide the amount of calculation. If there are NG components in the power system, and the random numbers 
which obey the uniform distribution can make up the random vector x , 
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