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IEEE C57.91 : 65°C Temp. Rise

110°C Hotspot

IEC 60076-2 : 55° Temp. Rise

98°C Hotspot

Different Specifications – Different Temperature Rise
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C. Dioxide Ethylene Acetylene Ethane Hydrogen Methane C. Monox. TDCG
CO2 C2H4 C2H2 C2H6 H2 CH4 CO ppm
2500 50 1 65 100 120 350 686 CONDITION 1

2501-4000 51 - 100  2 - 9 66 - 100 101 - 700 121 - 400 351 - 570 687 - 1879 CONDITION 2

4001-10000 101 - 200  10 - 35 101 - 150 701 - 1800 401 - 1000 571 - 1400 1880 - 4585 CONDITION 3

>10000 >200 >35 >150 >1800 >1000 >1400 >4585 CONDITION 4

TDCG within this range indicates a high level of decomposition. Immediate action should be taken to establish a trend. Failure 
are probably present.

TDCG within this range indicates excessive decomposition. Continued operation could 
result in failure of the transformer. 

TDCG Below this level indicates the transformer is operating satisfactory.

TDCG within this range indicates greater than normal combustible gas level. Fault may be present 

Evaluation Scheme Acc. to IEEE 57.104
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Ranges of 90% Typical Concentration Values

in all transformer types IEC 60599

Absolute Concentration Values
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WARNING
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This is the philosophy behind the use of 90%

typical concentrations and 90% typical rates of

increase, in order to concentrate maintenance

efforts on the 10% of the population most at risk.

A consensus has been reached at CIGRE on

typical values observed in service worldwide

(CIGRE Brochure # 296, 2006).
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IEC 60599

Mineral oil-impregnated electrical equipment

in service –

Guide to the interpretation of dissolved

and free gases analysis

Do really ratios CO2/CO < 3 mean degraded cellulose?
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Ref: Anđela Hadži-Skerlev et al, Končar- Electrical Engineering Institute, 

International Colloquium Transformer Research and Asset Management 

Dubrovnik, Croatia, May 16 – 18, 2012

Carbon Oxides in Heavily Loaded Generator Transformers

Some examples
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Ranges of 90 % typical 
gas concentration values
observed in power transformers

IEC 60599  “Table A.2“       

CO CO2

[ppm] 400-600 3800-14000

IEEE Std C57.104-2008 “Table 1“       

Condition CO CO2

1 ≤350 ≤ 2500

2 … 570 … 4000

3 …1400 … 10000

4 > 1400 > 10000

Comparison of  typical values in different standards
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Ref: Anđela Hadži-Skerlev et al, Končar- Electrical Engineering Institute, 

International Colloquium Transformer Research and Asset Management 

Dubrovnik, Croatia, May 16 – 18, 2012

Carbon Oxides in Closed Type Transmission Transformers (21, Operation 1 – 10 years)
Further examples
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The formation of CO2 and CO from oil-impregnated paper insulation increases rapidly with temperature. High values of CO 
(e.g., 1000 ppm) and CO2/CO ratios less than 3 are generally considered as an indication of probable paper involvement in a 
fault, with possible carbonization, in the presence of other fault gases.

However, in closed-type transformers or in open transformers operating at constant load (i.e., 
with low breathing), CO accumulates in the oil, leading to ratios CO/CO2 <3, without any 
irregularities or faults if no other gases such as H2 or hydrocarbons are formed.

Auf der Suche nach Markern für den Zelluloseabbau

Is this a faulty condition?

No, since there are no further fault gases

IEC 60599 is being revised in this respect!
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IEC 60599

Mineral oil-impregnated electrical equipment

in service –

Guide to the interpretation of dissolved

and free gases analysis

Looking for a sign of cellulosic degradation
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IN ALL CASES 2-FURFURAL WAS VERY 
LOW OR NOT DETECTABLE
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THEREFORE:

RATIO CO2/CO < 3 IS NOT INDICATIVE FOR CELLULOSIC 
DEGRADATION

QUESTIONS STILL PENDING:

- WHAT IS INDICATIVE FOR CELLULOSIC DEGRADATION?

- WHAT IS THE REASON FOR HIGH CO CONTENT?
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REASONS FOR HIGH CO CONTENT:

- SOLUBILITY

- RATE OF GENERATION OF CO AND CO2 WITH 
TEMPERATURE

- OXIDATION PRODUCTS AS A  RESULT OF OIL 
AGEING
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Solubility coefficient CO (carbon monoxide) – 0,1

Solubility coefficient CO2 (carbon dioxide) – 0,930

1

0,1

CO

1

0,93

CO2

K = CiOil/Cigas

At 20°C

SOLUBILITY

Solubility of carbon oxides
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Generation of carbon monoxide with temperature out of the oil
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Seeking for cellulosic degradation
markers

- CO and CO2 are the main criteria

- - Furanics

- Methanol
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Development of Carbon Oxide and Carbon Dioxide in Free-Breathing and Closed
Type Transformers
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Conclusions

 Until recently, CO and CO2 were considered as good indicators of paper 
involvement in faults. Recent investigations at CIGRE, however, have shown 
that this is not always the case.

High concentrations of CO (>1000 ppm) and/or low CO2/CO ratios (<3), 
WITHOUT the formation of significant amounts of hydrocarbon gases, are 
NOT an indication of a fault in paper, particularly in closed transformer, 
but are rather due to oil oxidation under conditions of limited supply of O2.

 High concentrations of CO (>1000 ppm) and low CO2/CO ratios (<3), 
TOGETHER WITH the formation of significant amounts of hydrocarbon 
gases, may be an indication of a fault in paper (to be confirmed with 
Triangles 4 or 5 and furans).

High concentrations of CO2(>10,000 ppm), high CO2/CO ratios (>20) 
and high values of furans (>5 ppm) are an indication of the slow 
degradation of paper at relatively low temperatures (<140°C), down 
to low degrees of polymerisation (DP) of paper.
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