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SUMMARY 
 
This paper describes a method to convert data from both on-line and off-line measurements in power 
transformers into a simple and effective parameter named Condition Index, aimed at ranking the 
transformer fleet focusing the attention on the asset and component with most critical condition. A 
holistic approach is used by combining data coming from Dissolved Gas Analysis (DGA), oil quality, 
Partial Discharges (PD), Bushing leakage currents, Tap Changer (OLTC), electrical measurements, 
mathematical models and visual inspection. The data can be collected by on-line monitors and 
combined with offline results. The method is described as a general and flexible tool that can be easily 
customized by the user applying his own knowledge and experience.   
The proposed multi-layer fleet ranking provides immediate and intuitive information enhancing the 
learning process across the company and extending utility’s Knowledge Management which is a 
fundamental step to enable the Asset and Risk Management processes along with maximizing utilities 
business intelligence and unlocking value across a number of areas. 
 
 
KEYWORDS 
 
Fleet ranking, knowledge management, transformers, condition monitoring, asset management, risk 
assessment 
 
 
INTRODUCTION 
 
The ability of the organization of the knowledge within a power electric industry is a key element to 
ensure effective management of asset, reuse past experiences and enhance knowledge creation and 
innovation.  
The implementation of a Knowledge Management (KM) [1] structured approach allows to: 

• convert tacit knowledge into explicit knowledge  
• share the knowledge within the organization (involving application of technologies, 

connecting people to people, create a competitive advantage using an holistic approach) 
• generate value from knowledge (administration of organization’s intellectual capital) 

The above concepts are particularly important considering that the modern utility is frequently 
overwhelmed by the volume of data being generated, whilst the availability of skilled personnel to best 
utilise this data is actually diminishing. The basic information on asset condition is within every 
company, but very often with no easy access to it. As an example, for years there have been consistent 
investments in advanced diagnostic monitors, but the resulting data still require expert analysis. 
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Furthermore, the majority of monitors are not even integrated into any IT infrastructure, relying on 
manual interrogation, either periodically or just after a failure. A direct link between on-line diagnostic 
monitors and asset or risk management is widely predicted by utilities and system providers, but it 
ends up to be too optimistic if KM does not come first. The right attitude and tools must be used to set 
up proper infrastructure, collect all the data and, most important, translate the data into a meaningful 
information to be shared across the company, even to persons with no deep technical background, and 
summarize the asset fleet condition.  
An holistic approach for ranking power transformers is proposed in the paper, combining parameters 
such as, Dissolved Gas Analysis (DGA), Moisture in Oil, Partial Discharges (PD) in main tank and 
bushings, bushing Leakage Currents, Hot Spots and models [2, 3], Load, Apparent Power, 
Temperatures, Through Fault Currents (TFC [4]) and High Energy Events (HEE [5]) and combine 
them into an informative and intuitive parameter, called Condition Index. Additionally, the on-line 
data can then be combined with historical offline data, as well as transformer visual inspection results, 
in order to provide a more detailed and refined condition assessment and trending.  
 
CONDITION GROUP 
 
No standard way to express the condition of a transformer can be found in existing IEC, IEEE and 
CIGRE literature. However, in 2003 CIGRE TB 227 [6] attempted a qualitative assessment of the 
health of a transformer identifying five categories. Inspired by the CIGRE classification, a parameter 
called Condition Group has been devised, which organizes the transformer fleet using the five CIGRE 
categories, as shown in Table I. The aim is to segment the transformer fleet into five condition groups 
in order to focus the managers’ attention on the critical units and components.  
 

TABLE I: Condition Group description inspired by CIGRE TB227 
CAMLIN 
Condition 

Group 
CAMLIN description CIGRE 

classification 
CIGRE Description 

1 Good as new Normal 
No obvious problems, no remedial actions justified. No 
evidence of degradation 

2 
Normal in service / 
Long risk term 

Aged/Normal in 
service 

Acceptable, but does not imply defect-free 

3 
Defective / Medium risk 
term 

Defective  
No significant impact on short-term reliability, but asset 
life may be adversely affected in long term unless 
remedial action is carried out 

4 Faulty / Short risk term Faulty 
Can remain in service, but short-term reliability likely to 
be reduced. May or may not be possible to improve 
condition by remedial action 

5 Failure  Failure  
Cannot remain in service. Remedial action required 
before equipment can be returned to service (may not be 
cost effective, necessitating replacement) 

 
The method, described in Figure 1, is quite simple and consists on defining groups of parameters and 
thresholds in order to evaluate the condition group of each single parameter. Both on-line and off-line 
parameters can be used. A validity criterion must be setup: very old data should not be considered, so 
a time based criterion is generally used for each parameter to understand if the data is valid or not. 
Additional criteria can be used to address the parameter validity by considering the quality of the data 
(e.g DGA data with excessive values of O2 could indicate bad oil sampling). However, this part will 
not be discussed further in the paper for the sake of brevity. Number of condition groups are defined 
and proper thresholds applied. Indeed, although the final Condition Group goes from 1 to 5, it is 
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possible that some specific parameter can reach maximum level 3 or 4, being less critical than others 
(e.g., Nitrogen dissolved in oil is not suggested to enable condition 4 or 5). The condition of each 
parameter is evaluated and the highest one (component with worst condition) defines the transformer 
Condition Group. 
 

 
 

Figure 1: Process to calculate Condition Group 
 
This latter point is particularly important: to make an analogy, a brand new car with a flat tyre still 
shows a good overall condition since 90% of components are perfectly working. However, that single 
faulty component prevents the car to be functional. With a quick and simple action the problem can be 
fixed and the car can start working again. A brand new transformer with a short circuit between two 
control layers within a bushing still shows good overall condition (especially considering that the 
biggest weight for transformer condition assessment is generally addressed to DGA which, in this 
case, is not affected by the bushing failure),   but there is indeed a very high risk of failure which can 
be mitigated by planning the bushing replacement. Thus, the target of the Condition Group approach is 
to focus the attention of the user on the worst component, making sure that a transformer can move on 
the top of the ranking list if a single component suddenly becomes faulty.  
The selection of the parameters can be different case by case and it should, thus, be totally flexible and 
reflect utilities practices (someone does SFRA, someone does inductance measurement instead, 
someone does DGA in bushings, someone does not etc…) and fleet characteristics such as age, 
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voltage class and physical characteristics (e.g., some transformers do not have accessible test tap, thus 
preventing bushing power factor, PD and capacitance to be monitored and included in the calculation). 
Flexibility is a key functionality for the users. As an example, Figure 2 shows the Condition Group 
representation in case of use of 8 (left) and 4 (right) parameters. In the example with 8 parameters the 
final score for the Condition Group is 4 (faulty) due to the Bushing condition. Overall status of the 
transformer is actually good (condition 1 in Oil, Visual, OLTC, Models, Electrical and condition 2 for 
PD and DGA). The example with 4 parameters shows Condition Group 3 (defective) due to DGA. 
 
 

 
Figure 2: Example of condition group visual representation in case of 8 (left) and 4 (right) parameters 

 
Thresholds might follow standards and guidelines or customized depending on users’ experience. As 
an example, Tables II-IV show possible thresholds for some of the parameter. Similar concept can be 
easily applied to all other parameters. It must be stressed that the values in the table are an example 
and could change case by case (r.g. depending on bushing voltage class).  
 

TABLE II: suggested thresholds for determining Condition Group basing on Bushing Monitoring Results 

Condition Group 
Bushing 

TanD % C1% Partial Discharges 
(pps) 

Condition 1 <0.1 <2.0 <1000 

Condition 2 0.5 6.0 5000 

Condition 3 1.0 12.0 10000 

Condition 4 5.0 20.0 >10000 

Condition 5 >5.0 >20 

  

 
TABLE IV: suggested thresholds for determining Condition Group basing on Oil quality 

Condition 
Group 

Oil Quality 

BDV 
(kV) 

Acidity 
(mKOH) 

2FAL (ppm) H2O (ppm) Colour 

Condition 1 >60 <1 <0.3 <15.0 <2.5 

Condition 2 50 5 1.0 20.0 4.5 

Condition 3 40 10 >1.0 30.0 >4.5 

Condition 4 <40 >10  >30  
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TABLE V: suggested thresholds for determining Condition Group basing on Mathematical Models 

Condition 
Group 

Mathematical Models 

Avg Hot 
Spots (°C) 

Max 
HotSpots, 

(°C) 

Avg 
Moisture 
in oil RS( 

%) 

Avg 
Moisture 
in paper 

(%) 

Avg 
ageing 

rate (pu) 

Accumulated 
age (years) 

Min 
Bubbling 
margin 

(°C) 

Min oil BDV 
(kV) 

1 <90 <100 <10 <0.5 <1 <20 >100 >60 

2 100 120 15 1 2 30 50 45 

3 110 140 20 2 5 40 20 35 

4 >110 >140 30 4 >5 >40 <20 30 

5   >30 >4    <30 

 
Figure 3 shows DGA thresholds as implemented in the Software interface, which allows the user to 
select a proper standard or put totally customized limits. Figure 4 shows a real case on a free-breathing 
90 MVA distribution transformer where the Condition Group goes from 4 (faulty) to 2 (normal) after 
an oil regeneration process. 
 

 
Figure 3: Software interface for DGA Condition Group thresholds 

 
 

 
 
Figure 4 : Example of Condition Group visual representation before and after oil regeneration on a distribution 

transformer. White sectors indicate that those data were not available at that time. 
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This was a transformer with wet and aged oil part of a oil regeneration program [7]. It can be seen that 
the Condition Group method reflects very well the initial condition of wet and aged oil (condition 4 
due to oil) and the final condition after oil regeneration. The decimal numbers are explained in the 
next section.  
 
 
CONDITION INDEX 
 
A further step after the Condition Group calculation consists in ranking the transformers which fall 
into the same category. For that reason a new parameter is calculated, named Condition Index which 
consists of 3 digits: the first one is the Condition Group, which is responsible to address each 
transformer to a certain category (1 to 5) basing on the component with worst condition, while the 
other two digits are calculated using a “health index” approach, i.e applying weights to each parameter 
and calculating an index which goes from 0.00 to 0.99 representing the overall condition of the 
transformer. An overall description of the Condition Index meaning and calculation process flow is 
shown in Figures 5 and 6. 

 

 
 

Figure 5: Condition Index definition 
 

 

 
 

Figure 6: Condition Index calculation 
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Figure 7 shows an example of Condition Index calculation:  
- 8 groups are chosen 
- A total of 26 parameters are used 
- A score between 0.00 and 0.99 is given to each parameter. All of them have reasonably good 

score except Bushing which has 0.9 due to a faulty bushing.  
- The Overall Score is 0.28 showing a fairly good condition despite the faulty bushing 
- The Condition Group of the transformer is 4 (faulty) due to the bushing status. 
- The combination of the two numbers determines a critical Condition Index equal to 4.28 

which immediately focuses the attention on the transformer condition (faulty) and on the 
faulty component (bushing) 

 
 

 
 

Figure 7: Example of Condition Index calculation 
 
 
CASE STUDY 
 
A fleet ranking program has been started with a UK distribution utility who has engaged an oil-
regeneration process of a wide part of the fleet [7]. Due to the free-breathing design, fleet age and 
environmental condition, a significant amount of water has been absorbed by the oil and paper over 
the years resulting in a poor oil quality, high moisture levels and some high CO and CO2 levels. A 
commercially available device has been installed in 26 transformers, able to monitor: 

- DGA in oil (8 gas) 
- Moisture in oil 
- Partial Discharges 
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- Bushing Capacitance, Tandelta, PD 
- Through Fault Currents [4] 
- Hot Spots 
- Environmental, Top, Bottom and LTC Temperature 
- High Energy Events [5] 
- Apparent Power 
- Load 

 
The above mentioned functionalities are all embedded in a single hardware. However some 
functionality is enabled only in some transformer due to physical limitations (no access to load or no 
access to bushing test tap), while DGA, Temperatures and Moisture are monitored in every 
transformer. 
Hot spots, apparent power, ageing, bubbling and moisture in paper are estimated by using the top oil 
temperature, moisture in oil and load [2,3]. 
The on-line data are combined with historical offline data for both DGA and Oil Quality. 
Figure 8 shows the average Condition Index of the fleet, decreasing since the utility started the oil-
regeneration process. Thanks to the Condition Index approach, i.e. the combination of the 3 digits, it is 
possible to notice the slight condition improvement due to the start of the oil regeneration process in 
some unit happened after September 2016.  
 

 
Figure 8: Average Condition Index trend for the transformer fleet 

 
The final fleet ranking is shown in Table VI. For sake of brevity only 13 transformers have 
been reported instead of 26. Transformer ID has been changed from the original to keep the 
units anonymous. It can be noted that: 

- Immediate attention is given to the most critical uni0 (HazT1), highlighting what is the 
worst parameter (DGA) driving the unit to be in Condition 4 

- The worst component is indicated in each transformer in order to easily show what is 
the main reason of the appurtenance to a certain class 

- The Overall Score indicates the overall condition and allows sub-ranking within the 
Condition Group categories. Note that there are units in category 3 (Hin T11) that 
have better overall condition than units in category 2 (Nel T11) demonstrating that the 
overall health index approach alone would not able to focus the proper attention to a 
single failing component.  

Figure 9 shows the Condition Index trend for unit ChaT12, before and after the oil 
regeneration process. 
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TABLE VI: Fleet Ranking based on Condition Index for 13 monitored distribution transformers 

TransformerTransformerTransformerTransformer    
May ’17 May ’17 May ’17 May ’17 

Condition Condition Condition Condition     

Worst Worst Worst Worst 

componentcomponentcomponentcomponent    
Comments Comments Comments Comments     

HazT1 4.31 DGA Signs of aging (CO=681 ppm, CO2=4816). Oil quality analysis required 

New T11 3.42 OIL Signs of oil aging and elevated moisture concentration (28 ppm). 

Bro T11 3.25 OIL 
Significant oil deterioration for Acidity (0.3 mKOH). Oil regeneration 

should be planned. 

Hin T12 3.16 DGA High Hydrogen concentration (106 ppm) with rising trend. 

Low GT2 3.15 DGA/MODELS Signs of ageing. Oil relative saturation 21%, moisture in paper 5.7% 

Dro GT2 3.14 MODELS 
Moderate oil deterioration. 5% moisture in paper. No additional 

action required. 

Bam T11 3.13 DGA 
Presence of Acetylene (2.7 ppm). Stable. No active faults. 

Oil quality analysis require for completeness. 

Hin T11 3.13 DGA 
Relatively High Hydrogen concentration (75 ppm). Presence of 

Acetylene (2.1 ppm).  Oil quality analysis required for completeness. 

Nel T11 2.16 / No action required. 

Tar T11 2.13 / No action required. 

Pee GT1 2.04 / No action required. 

Bam T12 2.03 
/ A new oil sample for Oil Quality must be taken to check oil treatment 

process effectiveness. 

Cha T12 1.00 / No action required. 

 

 
 

Figure 9: Condition Index trend for a specific unit before and after oil regeneration (Cha T12) 
 
CONCLUSION 
 
A simple mathematical approach to quantify the condition of a transformer using a “Condition Index” 
has been presented. Differently from other methods, it combines two approaches: the first one defines 
5 classes (Condition Group) which describe the transformer condition (good, normal, defective, faulty, 
failure) inspired by CIGRE T227 and basing on the status of the “worst” component in the 
transformer; the second one is a more conventional health index-type approach, assigning weights to 
each parameter and evaluating an Overall Score. The two numbers are put together in order to first 
rank all transformers basing on the first digit (Condition Group), i.e. dividing the fleet in the 5 
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categories, and then sub-ranking the transformers which falls into the same category by using the other 
two digits (Overall Score) . 
The method is currently applied with several utilities and among its advantages there are: 

- Full configurability on number of groups and parameters 
- Full configurability of weights 
- Reference to CIGRE TB 227 
- Possibility to apply CIGRE, IEC or IEEE thresholds, where available 
- Calculation simplicity  

The method can use both off-line and on-line parameters and its effectiveness is maximized if all on-
line parameters are combined into a single system, providing a genuine holistic approach and reducing 
upfront cost and cost of ownership. However, although a combined solution naturally brings 
immediate benefits in terms of cost saving, it’s not just about that; it is about information retrieval, 
storage and sharing in order to achieve organizational objectives by making the best use of knowledge. 
In particular, referring to model suggested by Dalkir (2011), the proposed methods can enable three 
main aspects of Knowledge Management, which represents the key to business success within modern 
electrical utilities which heavily rely on the past knowledge and experience to run the business: 

- Knowledge capture and creation: knowledge is captured and created by collecting data and 
converting these data into a meaningful information 

- Knowledge sharing and dissemination: the knowledge is then shared across the company to 
acquire feedbacks and experience in order to address actions; the simple coding along with the 
“drought” graphical representation offer immediate understanding of the transformer 
condition and facilitate information sharing across the people 

- Knowledge acquisition and application: the knowledge acquisition happens by applying the 
personal experience (from senior people in the company and/or consultants) or Artificial 
intelligence technologies to the shared information in order to devise actions and, most of all,  
keep the knowledge within the company. 
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