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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 141 (2017) 418–422

1876-6102 © 2017 The Authors. Published by Elsevier Ltd.
Peer-review under responsibility of the scientific committee of the 4th International Conference on Power and Energy 
Systems Engineering.
10.1016/j.egypro.2017.11.053

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 organizing committee of CPESE 2017.  

4th International Conference on Power and Energy Systems Engineering, CPESE 2017, 25-29 
September 2017, Berlin, Germany 

An Analysis of Power Transformer Outages and Reliability 
Monitoring 
Vezir Rexhepi* 

Technical University of Sofia, Faculty of Electrical Engineering, Boulevard “Sveti Kliement Ohridski” 8, Sofia, 1000, Bulgaria 

Abstract 

Power transformers play an important and significant role in the power system to connecting the subsystems and delivering the 
electricity to consumers. Power transformers are one of the most expensive elements in the power system, so focus on their status 
of parameters is the primary task. The reliability assessment and efficiency of the transformers have a major impact on the 
security. The power transformers constantly subjected to failures in its components, and their effect is interruptions of consumer’s 
supply and reliability. So, methodology related to reliability assessment of power transformers includes; monitoring of operation 
status, type of failures, forced outages and interruption time. The study includes; type of failures, reliability and condition 
assessment based on statistical data monitoring during the years in the Power Transmission System of Kosovo. 
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1. Introduction 

Transformers except consumer supply have an important role in the electrical power system configuration and 
topology influence. So, they have a significant role starting from nodes when are connected consumers, generator 
units, the topology of transmission and distribution network. Transformers are most important to power system 
security and reliability, as well as is reflected in the optimization of electrical network and voltage quality.     
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Security and reliability of power transformers is described based on some of the conditions, such as; transmission 
limits, contingency analysis, voltage stability, load shedding, security criteria  and effect of failures [1]. 
 
 
Nomenclature 

CT    Current transformer 
ENTSO-E  Electricity Network Transmission System Operator of Europe 
KOSTT    Kosovo Operator System  Transmission and Trade of Kosovo 
S.C     Short Circuit 
VT    Voltage transformer 

2. Transformer outages and failures 

 Transformer failure can occur as a result of different causes and conditions. Mostly can be classified as; 
electrically, mechanically and thermal [2]. A failure is any inability of a part or equipment to carry out its specified 
function.  Most failures may be separated into two category types: Internal and External [3]. So, monitoring is the 
observation of transformer conditions [4]. Continuous monitoring of parameter characteristics has become an 
important task to avoid deterioration of their parameters such as; electric, thermal and mechanical under working 
condition [5]. In the paper, the failure model of transformer is based on annual statistics [6]. Transformer outages 
are discussed at 110 kV to 400 kV levels, including 76 power transformers ranging from 20 MVA to 400 MVA to 
36 substations. Fig. 1 shows the types of power transformer failures in the Transmission System Operator - KOSTT, 
for the period 2013-2016. 

          
                                                                                                  

Fig. 1. Outage indicators of power transformers (a) types of power transformers outages (20 – 400 MVA) in the KOSTT; (b) failure data based on 
CIGRE report. 

As shown in Fig. 1 it should be noted that the external short circuit from the distribution system includes about 61% 
of the outages, while 7% are caused by over current, as well as from the defects in the bus bars, VT, CT that 
includes 4% of the outages, but is noted that a 13% percentage of outages is unidentified. The study shows the 
outages of the respective transformers (Fig. 2). 
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