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ABSTRACT 
 
This report was made within the project DANTES that is supported by the EU Life Environment Program.  
 
This Dantes report is one in a series of five describing the LCC tools developed by ABB. The others Dantes 
reports are:  

• DANTES - Dry fermentation.doc 
• DANTES -LCP tool AX1.doc 
• DANTES - LCC-LCA Battery.doc 
• DANTES - Wet fermentation.doc 

 
A summary of the experience of developing these tools is presented in the Dantes report  

• DANTES LCC-LCA tools.doc 
 
The aim of this report is to describe the “Life Cycle Transformer Management-1_0.xls” tool. The purpose of 
this excel tool is to allow comparison and evaluation of the cost and environmental impact of different 
transformers and do parameter studies. The evaluation results can be used in market communication and as 
sales support, showing the advantages of looking at the lifecycle cost.  
 
The scope of the tool is to calculate the cash flow from the operation of the transformers and evaluate the 
environmental impact of electricity losses. 
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1. INTRODUCTION 
 

This report was made within the project DANTES that is supported by the 
EU Life Environment Program.  
 
The scope of this report is to describe the LCC/LCA tool “Life Cycle 
Transformer Management-1_0.xls”  
The purpose of the LCC/LCA tool “Life Cycle Transformer Management-
1_0.xls” is to allow designers to compare the costs and environmental 
impact of two transformers and do parameter studies. The evaluation 
results can be used in market communication and sales support, showing 
the advantages of purchasing a more developed transformer. 
 
The intended users of this report are anyone interested in the LCC/LCA 
tool or the problem area of lifecycle cost calculation for transformers or 
other electrical components. 

1.1 Background 
The Life Cycle Transformer Management tool was developed fore several 
reasons:  

• When selling to Russia, India and Eastern Europe ABB have 
competition from local producers of transformers. These low cost 
transformers do not have the technical specification or the quality 
of an ABB transformer. To be able to sell on these markets, a 
simple tool was needed to support sales personal, highlighting the 
costs of buying an inefficient product  

• Transformers are today sold mainly on purchasing price and a 
simple tool is requested by sales persons at ABB to start a 
discussion with customers of the other parameters (such as 
transformer losses) for transformers life cost. The tool can be seen 
as a education and customer communication tool  

 
The Life Cycle Transformer Management tool was developed to show the 
customer that the ABB product, even if it has a higher purchasing price, 
has a lower lifecycle cost (assuming, of course, that the ABB transformer 
has the better life cycle cost). 
 

1.2 Losses in electricity distribution network 
Approximately 40% of the total losses in an electricity distribution 
network are directly attributable to energy-inefficient transformers 
operating in the EU today. The energy wasted by these transformers is 
equivalent to the annual power consumption of 20 million private houses, 
or the electricity produced by 10 of the largest coal-burning power stations 
in Europe. (http://www.efficient-transformers.org) 
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1.3 LCC or TOC 
Transformers typically can be expected to operate 20-30 years or more, so 
buying a unit based only on its initial cost is uneconomical. Transformer 
life-cycle cost (LCC, also called "total owning cost" TOC) takes into 
account not only the initial transformer cost but also the cost to operate 
and maintain the transformer over its life. This requires that the total 
owning cost (TOC) be calculated over the life span of the transformer. 
With this method, it is now possible to calculate the real economic choice 
between competing models. 
 
 
 

2. THE TOOL 
The Life Cycle Transformer Management tool is based on Excel. It 
consists of a number of input sheets and output sheets (described below). 
 
The tool consists of two input sheets (project data and specific transformer 
data), four result sheets (with cost results and environmental result) and 
two result summary sheets. 

2.1 Worksheet: Project data 
Below are screenshots of different parts of the sheet “Project data” 
 

  Figure 1 General operating data 

 
 

• Name of the project will be shown in the  heading of the  result 
page.  

• Nameplate rating does not affect the calculations.  
• Number of transformers is the number of places where a 

transformer is needed.  
• The lifetime for the project cannot be changed in current version. 

This is due to the added complication of distributing short-circuits 
on a variable lifespan. If the tool is correct in the format this will 
be added.  

• Number of short-circuits on each installed transformer. This will 
affect the practical lifespan of transformers.  

• Changing the currency will change the currency labels in the whole 
tool. 
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  Figure 2 Cost data 

 
 
Interest rate is used for net present value calculations. Data for electricity 
costs used for loss calculation. Data for manpower costs used for cost of 
service calculation. Standstill cost of plant is the hourly cost if a 
transformer failure leads to plant stop/shutdown. Yearly increase is the 
expected yearly increase of manpower and electricity costs. 

  Figure 3 Operating profile 

 
 
Enter the load cycle (in %) in yellow boxes. Make sure that the total is 
100%. To get the actual time the transformer is operated in a load, the 
percentage is multiplied by the yearly operating time. The graph is 
instantaneously updated 
 

2.2 Worksheet: Transformers data 
The sheet allows input data for comparison of an ABB transformer and a 
competitors offering. The user enters data for both alternatives and the 
competition data is based on customer experience.  
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  Figure 4 Lifetime and installation cost 

 
 
The lifetime is the expected lifetime without reduction from short circuits 
and purchasing price is the capital cost of one transformer. 

  Figure 5 No-load and load losses 

 
Load losses are losses at full load. 
 
   
 

  Figure 6 Reduction of lifetime from short-circuits 

 
When a transformer have been subjected to a number of short-circuits the 
practical lifetime of the transformer is reduced. This reduction is different 
between the ABB transformer and a competitor’s low cost transformer. 
 

  Figure 7 Unplanned stops and services 

 
If a transformer that delivers electricity to a plant fails (due to any reason) 
and the plant has to be stopped, the cost of these stops has to be included 
in the lifetime cost calculation.  
Stop cost = cost of standstill/h * time of standstill * number of stops 
Maintenance is regular checks to see that the transformer operates as 
expected and service is planned repairs and upgrades to the transformer. 
 

2.3 Worksheet: Result 
The tab summarises relevant cost data 
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  Figure 8 Comparison ABB - competitor 

 
 
Nominal lifetime is the time entered in worksheet “Transformer data” and 
effective lifetime is the actual time that the transformer is operational with 
the reduction of lifetime due to short circuits. 
 
Net present value over the effective lifetime is all the costs from the 
transformer operation (in this case ABB 30 years and Competitor 25 
years). Since the effective lifetime can be different one should compare the 
yearly cost of operating the transformer (Total net present value/effective 
life time) to account for the different lifetimes. The difference in yearly 
cost between the two alternatives can be seen as a yearly profit/loss by 
selecting one alternative. 
 
Figure 9 Graph: Difference in net present value cash flow 

 
 
The negative investment difference (blue bar) is the difference in 
investment cost between an ABB transformer and a Competitor. The red 
bars are the yearly difference in operational cost and the yellow bars are 
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the accumulated cost difference. From this one can calculate the payback 
time (below) 
 
Figure 10 Calculated payback time 

 
 
Figure 11 Results (in more detail) 

 
 
A summary of the different costs that make the total lifetime cost (see 

). Investment cost is the 
purchasing price of the (in this case six) transformers. Losses are 
calculated from the entered operating profile. The total man hours needed 
for service is calculated. Consequence cost is the cost for plant stops. Note 
the difference in consequence cost for competitor in project lifetime is due 
to the shorter effective lifetime of this transformer (consequence cost for 
30 years is 600 000 SEK but for the effective life time, 25 years, 500 000 
SEK) 

Figure 8 Comparison ABB - competitor
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Figure 12 Net present value of cash flow - ABB 

 
 
Total net present value of cash flow for ABB transformer  
Figure 13 Net present value of cash flow - Competitor 

 
 
Total net present value of cash flow for Competitor transformer  
 
 

2.4 Worksheet: Result (2) 
This worksheet contains more result (e.g. at table with detailed cost result, 
below) 
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Figure 14 Distribution of short circuits 

 
 
Short circuits are distributed with equal time between e.g. with 7 short 
circuit on 30 years, the time between two short circuits are 30/7=4.29 
years 
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Figure 15 Future cost of electricity 

 
 
Figure 16 Future cost of a man hour 

  
The cost of electricity and man-hour is increasing yearly (according to 
data entered in worksheet “Project data”) and the inflation decreases the 
net present value of the future electricity and man hour cost.  
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  Figure 17 Environmental evaluation of electricity losses 

 
The electricity from every country has a specific emission profile. By 
selecting a country the average emissions from that country is used in 
environmental impact calculation 
There are several different environmental evaluation methods. They are 
either based on a specific environmental problem area i.e.  

• Acidification 
• Global warming 
• Nutrification 
• Ozone depletion potential 
• Photochemical ozone creation potential (smog) 

or tries to make a overall assessment of the environmental impact 
• Eco-indicator 99 
• EPS 2000 

 
The graph is showing the difference between the ABB transformer and the 
competitor’s transformer evaluated as Global Warming Potential (GWP).  
The numerical difference is also shown. 
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Figure 18 Short explanation to the selected evaluation method 

 
 
A short explanation on the selected method is presented on the bottom of 
the worksheet  
 
Figure 19 Interpretation key to environmental information 

 
 
Since the results of environmental evaluation can be difficult to interpret 
the difference in emissions from electricity losses are calculated into 
something that almost all can relate to. 

2.5 Worksheet: Other values  
When evaluating a transformer offer there are other criteria than the purely 
economical included in the LCC calculation. The worksheet “Other 
values” tries to make a fair handling of these factors.   
 
Figure 20 Input to other values (part) 

 
 
The sheet lists a number of subjects. The values for the two transformer 
alternatives are entered. The user can then enter a subjective monetary 
value for the difference. Since a monetary evaluation can be difficult to 
perform the user can enter a qualitative value for the difference (in ++, +, 
0, - or --).  
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Figure 21 Summary - monetary difference of "Other values" 

 
 
In the monetary evaluation of the subjected difference the sum is 
subtracted from (or added to) the cost of the ABB transformer. The 
reduced (or increased) purchasing price of the ABB transformer is 
calculated as well as the difference in perceived purchasing price.  
 
 
Figure 22 Graphical presentation of qualitative evaluation 

 
 
The qualitative evaluation (in ++, +, 0, - or --) of “Other values” is 
presented in a graphical form. The final evaluation is always up to the user 
but in this case most of the “Other value” parameter shows an advantage 
for the ABB transformer. 
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2.6 Worksheet: Print indata 
 

  Figure 23 Print indata 

 
 
 
A printable page with all the in data that the user has entered is collected. 
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2.7 Worksheet: Print result 
 
 
Figure 24 Print results 

 
 
 
A printable page with a summary of the results 
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3. CALCULATIONS 
A short explanation of the calculations used in the tool. 

3.1 Lifetime and number of transformers  
The tool calculates the costs for the transformer until the effective lifetime 
has expired. This means that even if the calculated project time is 30 years, 
the costs for a transformer with effective lifetime of 10 years are only 
calculated for the 10 year it is in operation. The reasons for this are 

• to be able to compare transformers with different lifetimes. Using 
total net present value cost/operating time seems to be a “fair” way 
of comparing transformers with different lifetimes. 

• not have to estimate the purchasing price of a transformer long 
time in the future (when new techniques and/or new materials or 
standards might change) 

 

3.2 Short-circuits 
When installed, a transformer has an inherent strength to withstand short 
circuit faults, over-voltages, and other transient events. This withstand 
level is significantly higher than the average design and operating stress 
levels. This higher withstand strength allows the transformer to operate 
through a fault event (short-circuit, lightening, system over voltage, etc.) 
without failure. The upward spikes in the operating stress curve shows 
these sudden large increases in stress that occur during these events (see 

) Figure 25

  Figure 25 Schematic relation ship between stress and life expectancy 

 

 
 
The strength to withstand stress decreases over time and short circuit faults 
may lead to a sharp decline in strength to withstand stress. When the actual 
withstand is less then the actual stress the transformer is replaced. 
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3.3 Losses 
Losses in transformers occur within three distinct circuits, as follows: 

a. Electric circuit losses: 
1) I2R loss due to load currents 
2) I2R loss due to no-load currents 
3) Eddy current loss in conductors due to leakage fields 
4) I2R loss due to the loss currents 

b. Magnetic circuit losses 
1) Hysteresis loss in core laminations 
2) Eddy current loss in core laminations 
3) Stray eddy current loss in core clamps, bolts, etc. 

c. Dielectric circuit loss: Up to 50 kV this is a small loss and is 
usually included in the no-load losses. 

 
The above losses are usually categorized as either load losses or no-load 
losses, with the load loss category containing a1), a3), and a4), and the no-
load loss category containing a2), b1), b2), b3), and c). 

3.4 No-load losses 
No-load losses occur as long as the transformer is operating in the 
electricity distribution system. These losses occur 24 hours per day, 7 days 
per week, 8,760 hours per year.  
 
The no-load losses are assumed to be constant for transformers. The losses 
do vary as a function of voltage, frequency, and temperature, but these 
variables are expected to remain fairly constant over the life time period. 
 
No-load losses are constant for each transformer design, being dependent 
on the core steel characteristics and design.  
Premium-efficiency transformers have cores made of low-loss silicon steel 
with copper windings or amorphous steel with copper windings. Copper 
windings have lower resistance per cross-sectional area than aluminium 
windings. Thus, copper windings require smaller cores that produce lower 
no-load losses and offer greater reliability. 
 
The transformer manufacturers have reduced the no-load losses of silicon 
steel transformers by over 60 percent in the last 30 years. They have 
accomplished this reduction in four ways: (1) they have improved the 
construction of the silicon steel, itself; (2) they have improved the cutting 
of the laminations; (3) they have improved the stacking or assembling of 
the laminations in the core of the transformer; (4) and finally, by using 
improved computer models of the no-load losses, they can better design 
the core to reduce no-load losses. 

3.5 Load losses 
Load losses are a squared function of kilovolt ampere load. 
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The transformer loss evaluation is almost identical to the motor evaluation. 
Important differences include the fact that losses are a squared function of 
kilovolt ampere load, the no-load losses occur continuously, and the load 
usually increases each year. Additional sophistication can be added to 
show the effects of temperature due to load level and voltage level. The 
transformer can also be loaded well above nameplate in certain situations 
and it has longer life than a motor. Larger transformers have pumps, fans, 
and other auxiliary equipment whose energy costs must be included in the 
loss evaluation. 
 
Load losses, on the other hand, are variable and directly proportional to the 
load on the transformer, typically being stated at the full-rated nameplate 
loading. 
 

3.6 Stops 
A transformer more prone to premature failure will risk power failures, 
which could lead to very expensive unplanned stops of processes that 
require the power. The cost of an unplanned stop 
Lifetime cost = Number of stops/lifetime * Average stop time * Stop cost  
Yearly cost = Lifetime cost / lifetime [in years] 
 

3.7 Service and Maintenance  
Service and maintenance are taken together.  
Service is the short visits to check up the workings of the transformer.  
Maintenance is larger works e.g. re-tightening and blocking of loose 
winding, reprocessing oil, added cooling, etc. These maintenance fixes can 
significantly increase the withstand strength of the transformer. 
The yearly cost of these visits is:  
Cost = Number of visits/year * Man-hours/visit * Man-hour cost 
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