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INTRODUCTION
• Transformer is very important and plays a vital role when it comes 

to transmission and distribution of electrical energy in armed forces 
in developing countries. 

• The increasing failure rate of distribution transformers in power 
systems can be regarded as one of the dangerous phenomenon of 
distribution system management.

• . A distribution failure transformer really worries the stability and 
reliability of power supply to clients.

• DGA is a well established diagnostic method, where oil samples are 
taken routinely and the composition of the gases dissolved within 
the oil analyzed. 



INTRODUCTION(CONTINUES)

• There are mainly eight gases of interest for diagnostics. Namely, 

Hydrogen(H), Methane (CH4), Ethane (C2H6), Ethylene(C2H4), 

Acetylene(C2H2), Carbon Monoxide(CO), Carbon Dioxide(CO2), 

Oxygen (O2), Nitrogen(N2).

• The amount and type of gases formed and dissolved into the oil can 

be determined with the help of Dissolved Gas Analysis (DGA). Similar 

to a blood test or scanner examination of human body, dissolved gas 

analysis can give an early diagnosis and increase the chances of finding 

the appropriate cure [ Ranjana and Amarjit Singh, 2017].



PROBLEM STATEMENT
• Every body complain about light out.
• There have been many researches done on the causes of transformer 

failures in developed countries and some developing countries in 
Asia. 

• Very little has been done in Africa, especially Ghana.
•  Even most of the research done in the developed countries is on 

power transformers. 
• Unplanned electrical outages can cost millions of dollars for 

manufacturers, industrial process plants, commercial buildings 
and other organizations. 



PROBLEM STATEMENT (CONTINUES)
• The failure rate has been very high also in the developing countries. Most of 

the failures have been credited to lightning strikes, overloading of the 
transformer and insulation breakdown. 

• There are general failures of Distribution transformer systems but the aspect 
of bomb blast, explosives and mine detonations, bush burning and gun shot 
from hunters also exist.

• In 2010 about 46 various distribution transformers were damaged in the 
western region electricity company of Ghana, which amounted to about 
GHc 865,328.54.

• It can be seen that losing so many Ghana cedis in a region because of 
transformer failure within a year is very unwelcoming. 

• Transformer failures have impact on the economy of developing nation.

•  Distribution transformer failures adds to insufficient energy production and 

power outage problems.

• Insufficient energy production and power outage have effect on the 

efficiency and good energy supply in developing nations.



RATIONALE OF THE STUDY
• The main aim of the research questions was to develop a 

framework for the categorization of transformers in 
developing countries.

•  The research was motivated by the continuous light outs in 
Ghana, with the lack of appropriate means of determination of 
such causes and ways of solving them(Asamoah, 2015) .

• The central research question is therefore: i. What is the 
appropriate method of determining causes of light outs and in 
case of transformer failures that would meet the needs of 
power industries and clients in developing countries. 



STUDY OBJECTIVES
• DGA gas including, H2, CH4, 

C2H6, C2H4, C2H2,  CO, CO2,  O2, N2,  were analysed 
and simulated.  It can therefore be classified under experimental research method.
• The research method is quantitative. 
• The objective of quantitative research is to develop and employ mathematical 
models, theories and/or hypotheses pertaining to phenomena. 
• Similarly, this research study uses analytical modelling which involves a lot of 
mathematical models and theory to prove a better way of analysing transformer 
failures in developing countries. 
• It is also known that quantitative data is any data that is in numerical form such 
as statistics, percentages.



LITERATURE REVIEW
• With the increased age of the transformers and the following additional risk factors 
[Bartley, W.H. (2003). “Analysis of transformer failures, imia wgp33(03). In 36th 
Annual Conference of the International Association of Engineer’s in Insurers, 
Stokholm, 2003)”]:

• i. Increased utilization of equipment. ii. Deferred capital expenditure. iii. Reduced 
maintenance expenses. iii. Increased power consumption/load demand.

According to Frazer and Lawley (20014), a research design is a plan of information 
required to answer research problems and how such information can be collected. 
Bryman (2004) and Yin (2013), hold that research design enables the researcher to 
connect empirical data to its conclusions, in a logical sequence to the initial research 
question of the study.



LITERATURE REVIEW (CONTINUES)

• There are various methods of interpreting the gas results.
• These include well known methods such as: Total 

Dissolved Combustible Gases (TDCG), Duval's triangle, 
Roger's ratios, etc. [ IEC 60599,1999 and IEEE std, 2015].

• Additional method developed by analyzing the DGA 
signatures of failed transformers and relating the identified 
patterns to gassing transformers in service to determine the 
fault cause and potential failure mode has been developed 
in [S Govender and A Singh, 2014].

• CO/CO2 is a ratio that can be used to determine whether 
the fault is thermal or dielectric[IEEE std. C57.104, 2014].



LITERATURE REVIEW (CONTINUES)

• According to Frazer and Lawley (20014), a research design is a plan of
information required to answer research problems and how such 
information can be collected. 
• Bryman (2004) and Yin (2013), hold that research design enables the
researcher to connect empirical data to its conclusions, in a logical 
sequence to the initial research question of the study.
• Bryman (2014), pointed out that the selection of a particular design should 
be done to reflect the importance with which the researcher attaches to: i. 
expressing causal connections between variables. ii. generalizing to larger 
groups of individuals than those actually forming part of the investigation. iii. 
understanding behaviors and the meaning of that behavior in its specific social 
context. iv. having a temporal time appreciation of social phenomena and their 
interconnections.



RESEARCH METHODOLOGY
• Haigh and Amaratunga (2016), describes research methodology 

as the overThuraijah all approach to the design process from the 
theoretical underpinning to the collection of data and analysis of 
data. 

• The implications and concerns on the choice of the study 
approach, and framework validation approach are also justified. 

• Methods and techniques used in sampling, data collection, 
analyses, computer gas simulation  and interpretation are 
presented. 

• Methodology refers to the major approaches or paradigms, which 
guide the conduct of a research. 



Methods and techniques.(Continues)

• The decision to use particular research method is generally determined by 
their appropriateness, the purpose of the study, the research problem, research 
questions, objectives and the researcher’s preferences.

• The research employed different methods; Combination

of research methods. 

• Lab testing were key factor using simulation software available to simulate 
some findings or results.

• Secondary data of burnt transformers will be considered. Multiple methods 
will be employed.



ANALYSIS OF RESULTS
• DGA gas including, H2, CH4, 

C2H6, C2H4,  C2H2,  CO, CO2,  O2, N2,  were 
analysed and simulated.  
• It can therefore be classified under experimental research method.
• The research method is quantitative. The objective of quantitative research is 
to develop and employ mathematical models, theories and/or hypotheses 
pertaining to phenomena.
•  Similarly, this research study uses analytical modelling which involves a lot of 
mathematical models and theory to prove a better way of analysing transformer 
failures in developing countries. 
• It is also known that quantitative data is any data that is in numerical form 
such as statistics, percentages.



ANALYSIS OF RESULTS (continues)

• The fault gases are produced in different quantities over a range of 
temperatures, due to the breakdown of the solid and oil insulation. 

• A partial discharge fault will generate relatively low temperatures 
and therefore, the main gases indicating this type of fault are 
Hydrogen and Methane. 

• Arcing will generate extremely high temperatures and therefore, 
Acetylene is the prominent gas for this type of fault.

• Bare metal faults generate heat in the range 300-700 CSo_ in this 
case, the gases that are expected to present would be Ethane and 
Ethylene. 

• CO/CO2 is a ratio that can be used to determine whether 
the fault is thermal or dielectric[IEEE std. C57.104, 2014].



MAJOR OUTCOMES
• In work done by Cigre working group A2-111 [In Cigre, A2-

111, 2012], it was found that reliable statistical data is often 
difficult to get since relatively few failures of distribution 
transformers are experienced over long periods of time.

• A method of life determination based on measurements of 
condition data and mechanisms of breakdown and failure, 
established from physics and chemistry tests, has been 
developed.

• The condition data is obtained from forensic analysis of failed 
units on site and a \Degradation Model" based on DGA and oil 
condition.



MAJOR OUTCOMES (CONTINUES)
• A \Life Model" developed using the influence of temperature on the 
degradation of paper insulation and the model developed in [AIEE 
Transactions, 67, 1948] is then used. Failure rates based on condition 
and service time are then determined.

• Failure analysis using three tests: oil analysis, Furan derivatives 
analysis and HMM analysis is described in [M.A.R Uzair, M 
Mohiuddin, and M.K Shujauddin, 2013].

• Oil condition and diagnostic gases (used in DGA, laboratory and 
online monitoring), as well as Furanic analysis (DP) are used to 
determine performance while HMM are used to determine probability 
of failure. In this method, similar to [HICSS 2006], the state within 
the HMM is hidden and the outcome, which is dependent on state is 
visible.



MAJOR OUTCOMES (CONTINUES))

• Hidden variables are co-related through a Markov process to
determine the outcome, rather than independent of each other. 
• In this way, the model is trained in a similar way to an ANN.
• Eskom has adopted an asset management tool for optimizing asset 
refurbishment/replacement/retirement strategies.

•  The Condition, Criticality and Risk Assessment (CCRA) model 
enables the phasing and structuring of project plans based on suitable 
cost-to-benefit ratios as shown in the next slide.

• Bathtub curves, as shown in the next two slides below,developed 
from Weibull distributions depict the probability of failure of the plant 
as a function of age (P(age)). 



Optimization of asset replacements [WERF, 2009].



Three distinct regions in a bathtub curve:

Example of equipment bathtub failure curve 
[WERF, 2009]



CONCLUSION AND POLICY 
IMPLICATIONS

• The consequence (impact) of failure of the plant is then determined, to 
ascertain the impact such a failure have on the system, should it occur. 
This is done by analyzing:

 the position of the plant in the network

 whether it has (N - 1) redundancy

 whether or not contingencies are available

 what consequential damage could occur or is expected should the 
failure of the plant be catastrophic the impact of adjacent plant failing 
at the same time, or during the outage of the initial failure.



CONCLUSION AND POLICY IMPLICATIONS 
(CONTINUES)

• These scenarios are developed from the Emergency Preparedness Plans 
(EPP) of each substation in which the transformers are installed. EPPs 
outline the processes to follow in the case of an emergency or loss of plant, 
to recover load. The consequences include the following:

 Replacement cost of failed plant

 Cost of emergency repairs, if applicable Cost of 
damage to adjacent plant

 Cost of unserved energy or customer interruption, should it occur 
Safety or environmental costs

 Each scenario is then analyzed, including its probability of occurrence. 
This then comprises the \Criticality" portion of the CCRA model and is a 
monetary value.
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