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Abstract 

 

In this paper it is illustrated a scenario of power generation systems and their main 

concerns. It presents the regulation IEC 61850 and talks about the importance of 

management in managing assets by providing dealerships energy services. 

Introduces comments on power transformers and investigates the major 

dimensions that impact on the life of these power devices. 
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1 Introduction 
 

   With a growing demand in the provision of electricity for the population, it is 

observed that the conscious rationalization and also a generation of increased, 

transmission and distribution of energy is required. 
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Data of electricity Atlas in Brazil (ANEEL, 2008) show that the thirty 

countries that make up the Organization for Economic Cooperation and 

Development-OECD are historically the largest consumers of electricity in the 

world. Figure 1 illustrates the different volumes of primary energy consumption in 

various world regions in 2007. 

 

 

 

 

Figure 1: Power Consumption Electric WORLS Per Capita In 2007 

Source: ANEEL, 2008 

 

The strong disparity between countries in this consumption can be explained 

by the economic and social structure of nations. In Germany and France the 

primary energy consumption fell 5.6% and 2.1% respectively between 2006 and 

2007. The Asia Pacific had a share of 34.3% of the world total and the United 

States leads the ranking as the largest consumer accounting for 21.3% of the 

world total. Consumption in South and Central America proves to be low to 

moderate (ANEEL, 2008). 

Silva (2005), the national energy sector has undergone constant changes and 

generated high impact for consumers, industries and the utilities. There was a 

growing need for management in the economic, environmental, organizational 

and technological. As Higgins et al. (2010), this need has surfaced because of a 

number of key concerns: 

 

1. Energy Insecurity: there is a worldwide concern renewable energy sources 

and vulnerability in the supply of electricity. 

2. Gas Emissions and Greenhouse: studying the increase in the replacement 

of fossil fuels with renewable energy sources, however this need brings with it the 

lack of new technologies. 

3. International Competition: the preservation of the environment depends 

directly on the competition between developing economies and international 

markets. 

4. Scarce Market (few utilities and generators): the small market contributes 

to the demand is high and therefore energy prices are high.  
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5. Performance of Service Providers (concessionaires): Although regulated 

(companies should strive to meet high performance expectations with cost 

containment), the industry also has monopolies. 

 

According to Brand et al. (2004) and Petenel and Panazio (2012), production 

utilities, distribution and redistribution of energy sources in general have different 

generations equipment and different manufacturers, which made monitoring 

systems, control and management of automated platforms electricity substations, 

for example, difficult communication models. It was noted that most of the 

equipment had very particular communication protocols and specific rules. 

It was then in the early 90s, in the United States, the project named Utility 

Communications Architecture (UCA) gained strength in Electric Power Research 

Institute (EPRI). This research aimed to develop a model of effective and 

common communication to all manufacturers of the energy sector. In parallel, a 

working group of the International Electrotechnical Commission (IEC) as Gurjão 

et al. (2006) was created in 1995 to develop a standard for communications 

systems in substations. Realizing that they were working with a common goal, 

researchers from EPRI and IEC joined forces to develop an international standard 

known as IEC 61850 Communication Networks and Systems in Substation and 

Communication Networks and Systems in Substations. 

Currently the utilities in the energy sector perform among many, consumer 

and generator functions of the information to the correct control and maintenance 

of equipment and power generation systems, however, there are marked 

differences between the Energy Management System (EMS) or systems power 

management and substation automation systems (SAS) or substation automation 

systems. 

According to Kostic et al. (2003) while working with the same physical 

equipment, they operate at different levels of detailing operated information on 

the results of efficiency and performance, and accountability within the process 

control. Aiming to increase the reliability in controlling these processes, new 

systems have been developed. The protocols tend to be more restrictive and the 

number of information sent to the substation control centers tend to be minimized. 

Studies maintenance, monitoring and diagnosis of degradation and service life of 

equipment dealers, such as research with power transformers, can contribute to a 

reorganization of power generation systems. 

Study and map out what are the quantities that most impact in determining 

the useful life of power transformers can contribute and make a guiding direction 

for the development of new monitoring equipment and control real-time assets. 

 

2 Asset Management 
 

The energy market is increasingly competitive, and utilities aim to promote 

growth matching the increase in generation (combined with reliable transmission 

and low investment in the sector), the rationalization of operating costs and the 

profitability of assets present in these operators. 
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Figure 2 below illustrates a model of asset management proposed by Silva 

(2005) in the Electricity Transmission Company Paulista - CTEEP. 

 

 

 

Figure 2: Asset Management System in CTEEP 

Source: Silva, 2005 – modified 
 

 

This model contains control and structural safety functions in a row 

underground transmission, such as flooding sensor in the underground system, 

pressure sensors monitoring panel, water pump sensors and also line operation of 

the supervisory functions (voltage and current sensors, oil pressure and 

temperature). 

The asset management means greater availability of equipment guarantee, 

with reduced variability in the management process, reduced maintenance costs 

and therefore an increase in the time control, higher quality in the production 

process and reduction in generation losses, transformation, transmission and 

distribution of electricity. 

Thus it was inevitable for companies that aspired to be competitive, 

implement solutions in managing their assets. However, many operators in the 

energy sector have noted a marked aging of its generation parks because the need 

for operating systems in critical conditions, which at the time, speeds up your 

additional aging and causes a shortening of life. 

The operators of this market have suffered from the high number of failures 

in its assets (eg population of transformers), and so it was important the research 

lifecycle management equipment and diagnostic techniques to quantify the state 

of degradation of these equipment. 
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3 Power Transformers 
 

According Nynäs (2004), Silva (2005), Asuncion (2007) and Segatto (2008), 

power transformers are costly equipment, require special maintenance and are 

essential within the electric power systems. They are part of the body of static 

assets within the utilities and its main feature the power transfer from one circuit 

to another, cherishing the same frequency and usually varying current and voltage 

values. Are key parts in the study of power transformers: the core (1), the 

windings (2), the main tank (3), the oil expansion tank (4), bushings (5), the 

switch under load ( 6), switch the drive (7), radiators (8), the control panel (9), the 

air dryer (10) and the thermometer (11). Figure 3 below shows the major 

components of a power transformer. 

 

 

 

 

Figure 3: A Power Transformer Components 

Source: Lorencini Brazil, T.P.R.D. Catalog 1999 

 

 

Harlow (2004), directs that the power transformers generally range from a 

few to hundreds of Megavolt Amperes (MVAs) and high cost of implementation 

and approaching the house a few million dollars. 

 

In the mid-70s, some operators aiming to find performance failures and 

indexes rates in large transformers, began to create a database reporting the main 

events of failures in power transformers. However, it was in the 80s with an 

international publication of the International Conseil des Grands Réseaux 

Electriques (CIGRE), the investigations reliability transformers increased 

significantly (Pena, 2003 and Lopes, 2010). 

According to Dietrich (1983), research stood out to perform the comparison 

operators from 13 countries (Australia, Austria, Belgium, Canada, Czechoslovakia, 

France, Finland, Italy, Japan, Switzerland, United Kingdom, United States and  
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Russia) and it has become a reference worldwide. This work was an analysis of 

more than 1,000 crashes between 1968 and 1978 in a population of more than 

47,000 units / year studying transformers under the age of 20 years.  

Figure 4 illustrates a study of interruptions rate 11,983 power transformers in 

a period of 30 years (1984 to 2014), the electric utility CELG distribution in the 

state of Goiás / Brazil (MARQUES et al., 2015). 

 

 

 
 

Figure 4: Interruptions Rate in Transformers 

Source: Marques et al, 2015 (modified) 

 

 

The study found that the largest number of interruptions happens in 34.5 kV 

transformers, with its population of transformers in number of 7,503, against 

2,816 transformers of 69 kV and 1664 kV transformers of 138. Manufacturers 

estimate a useful life of 30 years for transformers, however, research has 

illustrated that there is equipment over the age recommended. The higher rate of 

discontinuation in 34.5 kV transformers happened in 1987 with approximately 

10% of interruptions, for transformers of 69 kV the highest rate came in 1990 

with approximately 14% and for 138 kV transformers the highest rate was in 1986 

with approximately 17% of interruptions. 

 

However, there is no unanimity on models that are accurate in the calculation 

of the remaining life of transformers, since its survival is supported by a very 

wide range of variables. To Martins (2009), utilities face an increase in the failure 

rate in many of its assets and a population of power transformers approaches its 

end. Thus, it is essential to study and research in the management of its life. In 

general, rates are higher in the first years of service and at the end of its lifetime, 

and so models based on risk analysis, can support a strategic replacement of 

transformers, contributing to an increase in overall reliability of power systems. 
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4 Factors that impact on Power Transformer Useful Life 
 

For Mamede (1993), Virayavanich (1996), Milan (1998), Richardson (1998), 

Chu (1999), Brites (2002), GT A2.23 (2005), Smith (2005) Assumption (2007) 
and GT A2.05 (2013) as the transformers are the most important and expensive 

devices in a power system, its unexpected glitches can cause interruptions in the 

supply of electricity and generate a resulting loss of reliability with ANEEL and 

imply the increase costs for utilities and consumers. 

 

In this scenario, the proper functioning of power transformers is essential for 

the operation of electrical systems, and therefore much have been researching the 

great things that impact on the life of power transformers and the importance of 

these quantities for modeling methodologies predicting the useful life of 

transformers. The Tables 1 and 2 illustrate a set of summaries of subsystems and 

its monitoring functions and subsystems and major quantities in power 

transformers to monitored, respectively. 

 

 

Table 1: Subsystems and Monitoring Functions 

 
Subsystems Monitoring Functions 

Bushings - State of Isolation of bushings 

Active part - Aging Isolation 

- Moisture in Solid Insulation 

- Gas in Oil 

- Temperatures Forecast 

- Predictability Loading Dynamics 

- Load Simulations 

Switch under load - Thermal Monitoring 

- Contact wear 

- Engine Signature 

- Moisture in Oil 

- Switch Maintenance Forecast 

Oil tanker - Moisture in Oil 

Oil Preservation System - Oil Preservation System Integrity 

Cooling System - Cooling System Efficiency 

- Maintenance Weather Cooling System 

 

 
The Table 3 shows a summary of the monitored components and the main 

aspects that cause the highest rates of failures in power transformers. 
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Table 2: Subsystems and Quantities Monitored 

 
Subsystems Greatness Monitored 

Bushings - Capacitance or deviation Relative Capacitance 

- Tangent Delta 

Active part - Oil Temperature 

- Temperature of windings 

- Current in the windings 

- Gas in Oil 

Oil tanker - Water content in oil (ppm) 

- Water in oil Relative Saturation (%) 

- Relative to the Saturation Temp. Environment and Reference 

- Break Expansion Tank Bag 

Switch under load - Switch Temperature 

- Load Current 

- Line Voltage 

- Tape position 

- Touch the Drive 

- Water content in oil (ppm) 

- Water in oil Relative Saturation (%) 

- Relative to the Saturation Temp. Environment and Reference 

Cooling System - Fans current or pumps 

- Pump Vibration 

Others - Room Temperature 

 
 

Table 3: Aspects of Causing Failure Rates in Transformers 

 
Monitored 

components 

Fault Causes Detected faults Accompaniment 

windings - Temperature rise above the 

limits 

- Radial and axial forces 

- Partial discharges 

- Short circuit between 

spirals, coils and windings 

- Shift winding itself or 

its windings 

- Winding Loosening 

- Internal Visual Inspections 

- Measurement of 

parameters variations 

- Wave programming 

method 

- Frequency analysis 

- Reactance Measure 

- Measurement of vibrations 

Bushings - Temperature rise above the 

limits 

- Contamination by unit 

- Partial discharges 

- Aging of the material 

gaskets 

- Blistering 

- Heating in metal 

flanges 

- Oil level Supervision 

- External visual inspections 

- Measurement of 

capacitance and tan delta 

- Analysis of the produced 

gas 

toggle switches - Failures in the dielectric 

- Misalignment of the 

contacts 

- Excessive tape Change 

- Erosion of contacts 

- Wear between the 

fixed and moving 

contacts 

- Current measurement or 

engine torque engine 

- Temperature of the fluid 

- Supervision vibro-acoustic 
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5 Conclusions 
 

   This work illustrates a scenario of power generation systems and their main 

concerns. Fostered on the regulation IEC 61850 and the importance of 

management in the asset management by the providers of these services utilities. 

He justified the study of power transformers and illustrated through research the 

main magnitudes that impact the life of power transformers. The study of these 

quantities may impact the maintenance, conservation, monitoring and diagnosis of 

degradation and lifetime of power transformers, and in turn, contribute to a 

reorganization of management in power generation systems. 
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