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What is Smart grid? 
    éThe integration of two infrastructuresé  

Information 

infrastructure 

Electrical infrastructure 

+ 
Embracing 

renewables  

Empowering 

consumers 

Increasing 

productivity 

Reducing CO2 

emissions 

Increasing 

efficiency 



Providing Smart Grid technologies to: 
 
īMonitor assets 
  
īPredict failures 
 
īProactively manage performance 

 Asset Optimization 

 

Move from fearing asset failure to extending useful asset 

life 



Why Transformers ? 

Å Large and expensive assets 

Å Long lasting, mostly reliable, but approaching the end of 

their design life 

Å There are usually no spares readily available 

Å The lead time for a replacement is very long 

Å High cost of failure: safety, consequences, environmental, 

revenue & image. 

A chain is only as strong as its weakest linké! 



 Industrials é tremendous risk 

ÅTransformers are manufacturing 
ótoolsô 

ÅFailure means é 

ïBusiness interruption 

ïProperty damage  

ïProcess stops 

ÅRisk is easy to quantify 

http://upload.wikimedia.org/wikipedia/commons/5/54/SteelMill_interior.jpg


The 50-50 risk reality 

Å 50% of grid assets are at 
or approaching the end of 
their design life 

Å 50% of skilled grid 
workforce will retire 
within the next 10 years 
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Because you donôt want to gamble 
 
Å The best way to avoid unexpected 

transformer failure is to regularly give it a 
health check 
 

Å A regular transformer tank oil sample sent to 
a lab for Dissolved Gas Analysis (DGA) is the 
IEEE recommended way of doing thisé 

 
ÅHow often? 
ÅHow long to get results? 
ÅIs the main tank the only failure point ? 

Transformer Health Check 



Monitoring: 
  
 By comparing the concentration of gases in oil with 

previous measures, we can detect small changes & 
developing trends to indicate a possible impending issue. 

 

Diagnostic:  

 By identifying which gas is increasing or looking at ratios 
of gases, we can determine the  likely nature of the 
anomaly and start being able to make decisions based on 
this information, without having to shut down the 
transformer to determine what is happening. 

Monitoring and Diagnostic 



 Key DGA gases, and what they indicate 

H2 Hydrogen Nearly all fault conditions, low energy PD 

CH4 Methane Oil overheating between 200 and 500ºC 

C2H6 Ethane Oil overheating between 300 and 500ºC 

C2H4 Ethylene 

 

Oil overheating over 500ºC, possible formation 

of carbon particles 

C2H2 Acetylene High energy arcing, oil overheating over 

800ºC, strong formation of carbon particles, 

metal melting 

CO Car. Monoxide Paper insulation overheating 

CO2 Carbon Dioxide Severe oil oxidation, paper degradation 

O2 Oxygen Oxidation, leak 



ÅThe main issue with physical 
oil samples is often the 
requirement for a physical 
visit 

 

ÅReducing trips is a key 
measure of reducing the 
operating maintenance 
budget. 

Physical vs. on-line 

Availability of communication methods? 



 

On-line means you can 
access the data remotely 

 
-  Constant monitoring, 
-  No waiting for results, 
-  Earliest possible detection, 
- Remote diagnostics 
- Can take first actions 

immediately, without the 
need for a visit 

On-line ? 



 When deciding what type of monitoring & 
diagnostic is required for each 
transformer: 

1. Cost of the asset 

2. Criticality of the asset 

3. Known health status 

4. History of use/abuse 

5. Distance and ease of access 

6. Availability of communications 

Key decision factors? 



Asset 

Optimization:  

 

Action = f (data, 

information, 

knowledge) 

 The óprescriptionô for performance é 

Å Smart Grid technologies monitor 
transformers, predict failures and 
proactively manage performance  

Å Reduce risk of transformer-caused  
outages by up to 80% 





Gas Chromatography 

ÅLab based  

ÅSkilled technicians required 

ÅProne to contamination / carry over 

ÅLarge variances between labs 

ÅTime intensive 

ÅInflexible  

(tap changers Vs 

main tanks) 

Traditional DGA Technique 



 

Photo Acoustic Spectroscopy (PAS) 

Multi-gas PAS DGA 





Cooling 

System 
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Coils 

Tank 

 The Transformer - a complex system 

Control 

Cabinet 

Bushings 

Oil 


