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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.

© 2017 The Authors. Published by Elsevier Ltd.
Peer-review under responsibility of the Scientific Committee of The 15th International Symposium on District Heating and 
Cooling.

Keywords: Heat demand; Forecast; Climate change

Energy Procedia 142 (2017) 2604–2610

1876-6102 © 2017 The Authors. Published by Elsevier Ltd.
Peer-review under responsibility of the scientific committee of the 9th International Conference on Applied Energy.
10.1016/j.egypro.2017.12.199

10.1016/j.egypro.2017.12.199 1876-6102

© 2017 The Authors. Published by Elsevier Ltd.
Peer-review under responsibility of the scientific committee of the 9th International Conference on Applied Energy.

 

Available online at www.sciencedirect.com 

ScienceDirect 
Energy Procedia 00 (2017) 000–000  

  www.elsevier.com/locate/procedia 

 

1876-6102 © 2017 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the scientific committee of the 9th International Conference on Applied Energy.  

9th International Conference on Applied Energy, ICAE2017, 21-24 August 2017, Cardiff, UK 

Reliability improvement using ant colony optimization applied to 
placement of sectionalizing switches 

Boyi Zhang*, Peter Crossley1 

School of Electrical and Electronic Engineering, The University of Manchester, Manchester M1 3BP, UK 

Abstract 

Asset management and automation are acknowledged by distribution utilities as a useful strategy to improve service reliability, 
but the challenge facing decision makers is how to maximize the long-term return on a project whilst minimizing the investment 
and operation costs. The objective of this paper is reliability improvement by installing the optimum number of sectionalizing 
switches at appropriate locations in an electricity distribution network. This is achieved by adding new switches and the 
relocation of existing switches. Determining the number and location of switches become an optimization problem efficiently 
solved using an ant colony optimization (ACO) algorithm. The performance of this approach is assessed in the paper and 
illustrated using various case studies on a typical UK distribution network. Test results show that the proposed ACO 
methodology provides an optimum solution based on a trade-off region between the reliability indices and cost of multiple 
switches. 
© 2017 The Authors. Published by Elsevier Ltd. 
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1. Introduction 

The majority of supply interruptions are due to failures in the distribution network [1] and consequently in a 
competitive market environment. Reliability improvement is the main driver for the distribution utilities to launch 
research and demonstration projects [2]. An effective method to reduce customer minutes lost is greater and more 
effective use of automated and remote controlled sectionalizing switches and feeder breaker automation. This 
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approach will reduce customer restoration time and minimize the region of a network affected by a short-circuit 
fault. The effectiveness depends on the number, location and type of sectionalizing switches and feeder breakers.  

Relevant publications related to reliability improvements in distribution networks [3-6] are included in the 
references. Teng and Liu [3] introduced an ant colony system based method for sectionalizing switch relocation. 
Hosseini, Shayanfar and Fotuhi-Firzabad [4] described a static series voltage regulator is used for reliability 
improvement. A differential search algorithm was proposed in [5] to find the optimum number and location of 
remote controlled switches for reliability optimization problem and in [6], an optimized energy storage systems was 
used for reliability improvement and cost minimization. 

Reliability improvement and minimization of switch costs are considered in formulating the objective function in 
this paper. The ant colony optimization (ACO) with hype-cube (HC) framework is adopted, which has the ability to 
find near optimal solution close to global minimum in a finite number of steps. The main contribution of this paper is 
the introduction of an ACO algorithm for installation and relocation of sectionalizing switches. Furthermore, the 
benefit-to-cost (BCR) analysis is also investigated. 

The mathematical formulation of the objective function is presented in Section 2 and in Section 3,  the placement 
of sectionalizing switches is addressed. Section 4 describes the ACO algorithm and benefit-cost analysis and the 
numerical case studies are presented and discussed in Section 5. The main conclusions of the paper are summarized 
in Section 6. 

2. Problem formulation 

2.1. Objective function and constraints 

The primary objective this paper is to resolve the two conflicting objectives: system reliability improvement; and 
minimization of the cost of sectionalizing switches. Reliability improvement is modelled as the reduction of 
unserved energy cost. A multi-objective optimization problem has many objectives and the solution is a trade-off 
between each existing objective. Normally, there is no situation in which all of the objectives can be satisfied 
simultaneously in the best possible way. Consequently, to obtain the best configuration of the system, the two 
functions described above must be transformed into a single objective function by aggregating all the objectives in a 
weighted function: 

 
  
                                             Min 1 2J ECOST SC                                                                                (1) 

where ECOST is the system expected outage cost to customers ($) and SC is the cost of sectionalizing switches ($); 
𝜔𝜔1 and 𝜔𝜔2 are the weighting factors given to the reliability index and the cost of switches. 

2.2. Distribution network reliability assessment 

A customer connected to any load point in such a network requires all the components between the load and the 
supply to be operating [1]. Failure-mode-and-effect analysis (FMEA), based on examining all the failure events and 
their effects on the system, is used for the reliability assessment performed in this paper. The system failure events 
are enumerated first. For a failure event, the scope of the failure is determined by searching the open or closed status 
of upstream circuit breakers. The isolation zone is then confirmed by the location of the upstream and downstream 
sectionalizing switches and the appropriate tie-switch. Subsequently, all the load points are classified based on their 
interruption times. Finally, the consequence of each contingency and a value for total system reliability are 
evaluated. 

 
 
 
 
 

Fig. 1. Sample system. 
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