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Preparatory Studies, Methodology overview

A uniform approach adopted for all the lots

Methodology for Eco-design of Energy-using Products - MEEuP:

üTask 1: Definition (Product/Standards)

üTask 2: Economic and Market Analysis

üTask 3: User Behaviour

üTask 4: Assessment of Base-Case

üTask 5: Technical analysis of BAT and BNAT

üTask 6: Improvement Potential

üTask 7: Policy and Impact Analysis

http://ec.europa.eu/energy/demand/legislation/eco_design_en.htm#studies

General Approach (1/3)

Present 
situation

Improvement 
potential

http://ec.europa.eu/energy/demand/legislation/eco_design_en.htm


General Approach (2/3)
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General Approach (3/3)

Stakeholders

155 persons on the mailing list

Companies, associations, 

institutes, MS Agencies, etc.
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Preparatory Studies, Methodology overview 

Task 1: Definition

üdefine the product category and define the system boundaries of the 

ΨǇƭŀȅƛƴƎ ŦƛŜƭŘΩ ŦƻǊ ŜŎƻ-design

üidentify the harmonised test standards and additional sector-specific 

procedures for product-testing

üidentify the existing relevant legislation, voluntary agreements, and 

labelling initiatives at the EU and MS level, as well as outside Europe

1.1 Product definition
1.2 Test and other Standards
1.3 Existing legislation (including labelling and voluntary programs)

Task 1
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Preparatory Studies, Methodology overview 

Task 2: Economic and Market Analysis

üplace the product group within the total of EU industry and trade 

policy

üprovide market and cost inputs for the EU-wide environmental impact 

of the product group

üprovide insight in the latest market trends

üprovide a practical dataset of prices and rates to be used in a Life Cycle 

Cost (LCC) calculation

2.1 Generic economic data
2.2 Market and stock data
2.3 Market and production structures
2.4 User expenditure base data 

Task 2
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Preparatory Studies, Methodology overview 

Task 3: User Behaviour

üquantify relevant user-parameters that influence the environmental 

impact during product-life and that are different from Standard test 

conditions

üidentify barriers and restrictions to possible eco-design measures, due 

to social, cultural or infra-structural factors

3.1 User Information
3.2 User behaviourin the use phase
3.3 End-of-Life behaviour

Task 3
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Preparatory Studies, Methodology overview 

Task 4: Assessment of Base-Case

ügeneral technical analysis of current products on the EU market

üƻōƧŜŎǘƛǾŜ ƛǎ ǘƻ ŎŀǇǘǳǊŜ ǘƘŜ ƳŀǊƪŜǘ ƻƴ ǘƘŜ ǿƘƻƭŜΣ ōƻǘƘ άƎƻƻŘέ ŀƴŘ 

άōŀŘέ ǇǊƻŘǳŎǘǎ 

üfunctional analysis of the system to which the product belongs, 

including a rough estimate of the overall impacts

übuilding on the results of Tasks 1 ς3, and analysis of current products,

άƻƴŜ ƻǊ ǘǿƻ ŀǾŜǊŀƎŜ 9¦ ǇǊƻŘǳŎǘόǎύέ ƻǊ ǇǊƻŘǳŎǘ ŎŀǘŜƎƻǊȅόies) have to 

ōŜ ŘŜŦƛƴŜŘ ŀǎ ǘƘŜ ά.ŀǎŜ-ŎŀǎŜέ ŦƻǊ ǘƘŜ ǿƘƻƭŜ ƻŦ ǘƘŜ 9¦-27

üon these Base-Cases most of the environmental and Life Cycle Cost 

analyses will be built throughout the rest of the study

üthe Base-Case is a conscious abstraction of reality

Task 4 (1/2)
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Preparatory Studies, Methodology overview 

üUse of the EcoReport tool 

üResults consist of environmental impacts assessments and economic 

analysis

4.1 Product specific inputs
4.2 Definition of Base-Case
4.3 Base-Case environmental impact assessment
4.4. Base-Case Life Cycle Cost
4.5 EU 27 total impact

Task 4 (2/2) 
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Preparatory Studies, Methodology overview 

Task 5: Technical analysis BAT and BNAT

ütechnical analysis of advanced technologies 

ü both component and product level

ü provides part of the input for Task 6 

5.1 Definition of BAT
5.2 Definition of BNAT

Task 5 
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Preparatory Studies, Methodology overview 

Task 6: Improvement Potential

üidentify design options, their monetary consequences in terms of Life 

Cycle Cost for the consumer and their environmental costs and 

benefits

üLife Cycle Costs: indicate whether design solutions might negatively or 

ǇƻǎƛǘƛǾŜƭȅ ƛƳǇŀŎǘ ǘƘŜ ǘƻǘŀƭ 9¦ ŎƻƴǎǳƳŜǊΩǎ ŜȄǇŜƴŘƛǘǳǊŜ ƻǾŜǊ ǘƘŜ ǘƻǘŀƭ 

product life (purchase, running costs, etc.)

üpinpoint the solution with the Least Life Cycle Costs (LLCC) and 

the Best Available Technology (BAT)

ürobustness of the outcome

6.1 Identification of Design options
6.2 Analysis BAT and LLCC
6.3 BNAT and long-term systems analysis
6.4 Sensitivity Analysis of the main parameters

Task 6 (1/2) 
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Preparatory Studies, Methodology overview 

Task 6 (2/2) 

Analysis of the improvement potential

BIO Intelligence Service

LLCC BAT
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Preparatory Studies, Methodology overview 

Task 7: Policy and Impact Analysis

üsummariseand total the outcomes of all previous tasks 

ülook at suitable policy means to achieve the potential e.g. 

implementing LLCC as a minimum and BAT as a promotional target, 

using legislative or voluntary agreements, labeling and promotion

üscenarios 1990 ς2025 quantifying the improvements that can be 

achieved vs. a Business-as-Usual scenario

üimpacts on consumers and industry

7.1. Policy analysis
7.2. Impact analysis

Task 7 (1/2) 
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Preparatory Studies, Methodology overview 

Task 7: policy and Impact Analysis

üexample of scenarios

Task 7 (2/2) 

Total Energy Consumption - Printer EPS
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Task 6

Task 6: Improvement Potential

ςidentify design options, their monetary consequences in terms of Life 

Cycle Cost for the consumer and their environmental costs and 

benefits

ςLife Cycle Costs: indicate whether design solutions might negatively or 

ǇƻǎƛǘƛǾŜƭȅ ƛƳǇŀŎǘ ǘƘŜ ǘƻǘŀƭ 9¦ ŎƻƴǎǳƳŜǊΩǎ ŜȄǇŜƴŘƛǘǳǊŜ ƻǾŜǊ ǘƘŜ ǘƻǘŀƭ 

product life (purchase, running costs, etc.)

ςpinpoint the solution with the Least Life Cycle Costs (LLCC) and 

the Best Available Technology (BAT)

ςrobustness of the outcome

ω 6.1 Identification of Design options

ω 6.2 Analysis BAT and LLCC

ω 6.3 BNAT and long-term systems analysis

ω 6.4 Sensitivity Analysis of the main parameters
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Task 6

Improvement options

ςMore material, higher grade steel, and replacing aluminium with 

copper windings

ωGeneral aggregations of data, no specific designs were used

ςAmorphous steel

ωOnly for BC1 (Distribution transformer 400 kVA) due to 

compliance with short circuit test (p. 223)

ωInput received indicated that amorphous material exhibits 

different characteristics that put it in a separate class of 

improvement option

ςReplace mineral oil with natural esters
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Task 6

Improvement options (detailed information at end of slides)

1. Distribution 400 kVA: D0Ck, C0Ck, B0Bk, A0Ck, A0Ak, A02Ck, A02Bk, 

A02Ak

2. Oil industry 1 MVA: E0Ck, C0Ck, B0Bk, A0Ck, A0Ak

3. Dry industry 1.25 MVA: C0Bk, B0Bk, A0Bk, A0Ak

4. Power 100 MVA: 80-300, 60-300, 40-275, 30-300, 30-250

5. DER oil 2 MVA: E0Ck, C0Ck, A0Ak

6. DER dry 2 MVA: C0Bk, B0Bk, A0Ak

7. Separation/isolation 16 kVA: 110-750, 110-400



19

Task 6

Major comments on input data

ςNew power inquiry

ςPrices of improvement options

ςInclude improvement options beyond A0Ak

ςSegregating amorphous transformers from silicon steel options

ςAmorphous transformers for use up to 3 MVA

ςMore accurate material selection is needed in the EcoReport
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Task 6

BC 1: Distribution transformer 400 kVA(silicon steel options)
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Task 6

BC 1: Distribution transformer 400 kVA(amorphous options)
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Task 6

BC 1: Distribution transformer 400 kVA(silicon steel and amorphous options)
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Task 6

BC 2: Oil-immersed industry transformer 1 MVA
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Task 6

BC 3: Dry-type industry transformer 1.25 MVA
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Task 6

BC 4: Power transformer 100 MVA
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Task 6

BC 5: DER transformer oil-immersed 2 MVA



0.00

50 000.00

100 000.00

150 000.00

200 000.00

250 000.00

300 000.00

350 000.00

0.0

2 000.0

4 000.0

6 000.0

8 000.0

10 000.0

12 000.0

14 000.0

16 000.0

18 000.0

C0Bk B0Bk A0Ak

C
o

st
 (ϵ

)

P
ri

m
ar

y 
En

e
rg

y 
(G

J)

Total Energy Life-cycle Cost 27

Task 6

BC 6: DER transformer dry-type 2 MVA
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Task 6

BC 7: Separation/isolation transformer 16 kVA
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Task 6

Option 3: Replace mineral oil with natural esters

ςAnalysis concluded no environmental benefits of natural esters over 

mineral oil

ςSilicon oil not included in analysis

ςRecommended that choice of cooling liquid be based solely on 

functionality requirements
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Task 6

BNAT

ςExpected impact for new material development on amorphous 

metals, silicon steel and microcrystalline steel

ωFurther price reductions and increased capacity are expected

ςExpected impact from using superconducting technology

ωLow likelihood of implementation

ςExpected impact from using smart grid technology and an increased 

share of Distributed Energy Resources (DER) on the grid

ωLoad factor affected, analysed in sensitivity analysis

ςExpected impact from improvement options at system level by 

increasing the MV voltage and having dual or triple windings

ωSavings possible, further study necessary
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Task 6

Sensitivity analysis

ςLoad factor

ςLoad form factor (for DER transformers)

ςLifetime

ςElectricity price

ςTransformer price

ςDiscount rate

ςInstalled stock
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Task 6

Load factor

Application Base Min Max
Distribution 0.15 0.10 0.25
Industry 0.30 0.10 0.60
Power 0.20 0.20 0.50
DER (wind) 0.25 0.20 0.30
Small industry 0.40 0.10 0.60
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Task 6

BC1: Impact of the loadfactor on the electricityconsumption(in MWh)
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Task 6

BC1: Impact of the loadfactor on the LCC
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Task 6

Load form factor: DER transformers

ςBase-case: 1.5

ςResidential and industrial grids: 1.08

ςIntermediate value: 1.25

ςIn both BC6 and BC7, impacts are proportional with no irregularities
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Task 6

Lifetimes

Application Base Min Max
Distribution 40 30 50
Industry oil 25 20 40
Industry dry 30 20 35
Power 30 25 35
DER (wind) 25 20 30
Small industry 10 10 20
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Task 6

BC1: Impact of lifetime on the LCC
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Task 6

Electricity tariff and discount rate

Average (used in Task 
4 and 6)

MIN MAX

Electricity tariff, except for 
DER transformers (ϵ/kWh)

0.078
0.038

(Estonia)

0.108

(Ireland)
Electricity tariff for DER
transformers(ϵ/kWh)

0.4 0.2 0.3

Discountrate (%) 4 2 6
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Task 6

BC1: Impact of the electricitytariff and the discount rate on the LCC



40

Task 6

Price

ςRelative to base-case, -10%, +10%, +30%
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Task 6

BC1: Impact of product priceof the base-caseon the LCC
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Task 6

Installed stocks

EU stock (units) BC1 Distribution BC2 Industry oil BC3 Industry dry

Updated data 2 250 000 504 000 108 800

Initial data 3 600 000 800 000 170 000

Electricity consumption (in TWh) of the EU stock
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Task 6

Extreme scenario

ςMIN: One leading to the lowest reduction of the LCC compared to the 

base-case

ςMAX: One leading to the highest reduction of the LCC compared to 

the base-case

Base MIN MAX

Load factor 0.15 0.25 0.1

Purchase price (ϵ) 6 122 7 959 5 510

Lifetime (years) 40 30 50

Electricity tariff (ϵ/kWh) 0.078 0.038 0.108

Discount rate 4% 6% 2%
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Task 6

BC1: Impact of extreme scenario on LCC
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Task 6

Conclusions

ςReductions in energy consumption generally correlate with lower life 

cycle cost

ωMost efficient corresponds with LLCC for BC2, BC5, BC6

ωSecond most efficient is LLCC for BC1 (silicon), BC3, BC4

ςSensitivity analysis shows that results not significantly dependent on 

assumptions made
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Annexe



D0Ck C0Ck B0Bk A0Ck A0Ak

relative absolute relative absolute relative absolute relative absolute

Core Steel (kg) 468.70 1.12 524.94 1.22 571.81 1.35 632.75 1.45 679.62

Aluminium wire (kg) 21.44 1.06 22.73 1.44 30.87 1.37 29.37 2.07 44.38

Copper wire (kg) 144.72 1.06 153.40 1.44 208.40 1.37 198.27 2.07 299.57

Copper sheet (kg) 48.24 1.06 51.13 1.44 69.47 1.37 66.09 2.07 99.86

Tank (cast iron) (kg) 266.70 1.10 293.68 1.29 343.78 1.36 361.71 1.64 438.61

Paper (kg) 16.00 1.10 17.61 1.29 20.62 1.36 21.70 1.64 26.31

Ceramic (kg) 6.02 1.10 6.63 1.29 7.76 1.36 8.16 1.64 9.90

Oil (kg) 265.50 1.10 292.36 1.29 342.24 1.36 360.09 1.64 436.64

Cardboard (kg) 3.65 1.10 4.02 1.29 4.71 1.36 4.96 1.64 6.01

Plastics (kg) 2.05 1.10 2.25 1.29 2.64 1.36 2.78 1.64 3.37

Wood (kg) 4.38 1.10 4.83 1.29 5.65 1.36 5.95 1.64 7.21

Paint (kg) 5.79 1.10 6.37 1.29 7.46 1.36 7.85 1.64 9.52

Silver (kg) 0.01 1.10 0.01 1.29 0.01 1.36 0.01 1.64 0.02

Total (kg) 1 253.19 1 379.98 1 615.43 1 699.68 2 060.99

Volume (m3) 2.11 1.10 2.32 1.29 2.72 1.36 2.86 1.64 3.47

P0 (W) 750.00 610.00 520.00 430.00 430.00

Pk (W) 4 600.00 4 600.00 3 850.00 4 600.00 3 250.00

Electricity losses (kWh/year) 7 858.72 6 632.32 5 633.80 5 055.52 4 677.31

Product price (ϵ/unit) 6 122.05 1.05 6 428.15 1.19 7 285.24 1.16 7 101.58 1.42 8 693.31

BC 1: Distribution transformer 400 kVA
(silicon steel options)



BC 1: Distribution transformer 400 kVA
(amorphous steel options)

D0Ck A02Ck A02Bk A02Ak

relative absolute relative absolute relative absolute

Core Steel (kg) 468.70 560.00 1.00 560.00 1.20 672.00

Aluminium wire (kg) 21.44 0.00 0.00 0.00

Copper wire (kg) 144.72 360.00 1.22 439.20 1.21 435.60

Copper sheet (kg) 48.24 0.00 0.00 0.00

Tank (cast iron) (kg) 266.70 1.50 399.99 1.63 434.42 1.81 481.55

Paper (kg) 16.00 1.50 23.99 1.63 26.06 1.81 28.88

Ceramic (kg) 6.02 1.50 9.03 1.63 9.80 1.81 10.87

Oil (kg) 265.50 1.50 398.19 1.63 432.47 1.81 479.39

Cardboard (kg) 3.65 1.50 5.48 1.63 5.95 1.81 6.60

Plastics (kg) 2.05 1.50 3.07 1.63 3.33 1.81 3.69

Wood (kg) 4.38 1.50 6.58 1.63 7.14 1.81 7.92

Paint (kg) 5.79 1.50 8.68 1.63 9.43 1.81 10.45

Silver (kg) 0.01 1.50 0.01 1.63 0.01 1.81 0.02

Total (g) 1 253.19 1 775.02 1 927.82 2 136.97

Volume (m3) 2.11 1.42 2.99 1.54 3.25 1.71 3.60

P0 (W) 750.00 195.00 195.00 195.00

Pk (W) 4 600.00 4 600.00 3 850.00 3 250.00

Electricity losses (kWh/year) 7 858.72 2 996.92 2 786.80 2 618.71

Product price (ϵ/unit) 6 122.05 1.80 11 019.69 2.00 12 244.10 2.20 13 468.52



BC 1: Distribution transformer 400 kVA
(silicon steel options)

Load form factor (Kf) 1.073

Power factor (Pf) 0.9

Availability factor (Af) 1

[ƻŀŘ ŦŀŎǘƻǊ όʰύ0.15

Lifetime 40

Electricity rate (ϵ/kWh) 0.078
Annual sales (m) 0.1404

EU stock (m) 2.25

Discount rate 4%



BC 2: Oil-immersed industry transformer 1 MVA 
(silicon steel options)

E0Ck C0Ck B0Bk A0Ck A0Ak

relative absolute relative absolute relative absolute relative absolute

Core Steel (kg) 882.20 1.14 1 005.71 1.21 1 067.46 1.27 1 120.39 1.48 1 305.66

Aluminium wire (kg) 64.32 1.16 74.61 1.63 104.84 1.54 99.05 2.23 143.43

Copper wire (kg) 364.48 1.16 422.80 1.63 594.10 1.54 561.30 2.23 812.79

Tank (cast iron) (kg) 601.69 1.15 689.86 1.35 810.70 1.36 817.28 1.73 1 038.10

Paper (kg) 25.86 1.15 29.65 1.35 34.85 1.36 35.13 1.73 44.62

Ceramic (kg) 5.28 1.15 6.06 1.35 7.12 1.36 7.18 1.73 9.12

Oil (kg) 493.90 1.15 566.28 1.35 665.47 1.36 670.87 1.73 852.13

Cardboard (kg) 8.92 1.15 10.23 1.35 12.02 1.36 12.12 1.73 15.40

Paint (kg) 4.46 1.15 5.11 1.35 6.01 1.36 6.05 1.73 7.69

Total (kg) 2 451.12 2 810.31 3 302.57 3 329.38 4 228.93

Volume (m3) 3.20 1.15 3.67 1.35 4.31 1.36 4.35 1.73 5.52

P0 (W) 1 700.00 1 100.00 940.00 770.00 770.00

Pk (W) 10 500.00 10 500.00 9 000.00 10 500.00 7 600.00

Electricity losses (kWh/year) 27 168.43 21 912.43 18 757.05 19 021.63 15 631.00

Product price (ϵ/unit) 10 926.00 1.11 12 127.86 1.26 13 766.76 1.24 13 548.24 1.53 16 716.78



BC 2: Oil-immersed industry transformer 1 MVA 
(silicon steel options)

Load form factor (Kf) 1.096

Power factor (Pf) 0.9

Availability factor (Af) 1

[ƻŀŘ ŦŀŎǘƻǊ όʰύ0.3

Lifetime 25

Electricity rate (ϵ/kWh) 0.078
Annual sales (m) 0.0432

EU stock (m) 0.504

Discount rate 4%



BC 3: Dry-type industry transformer 1.25 MVA (silicon 
steel options)

C0Bk B0Bk A0Bk A0Ak

relative absolute relative absolute relative absolute

Core Steel (kg) 1 872.96 1.11 2 078.98 1.23 2 303.74 1.36 2 547.22

Aluminium wire (kg) 355.45 1.05 373.22 1.15 408.77 1.47 522.51

Copper wire (kg) 104.83 1.05 110.07 1.15 120.55 1.47 154.09

Tank (cast iron) (kg) 118.79 1.10 130.45 1.21 144.24 1.38 164.14

Resin (kg) 145.96 1.10 160.29 1.21 177.23 1.38 201.67

Ceramic (kg) 60.78 1.10 66.74 1.21 73.80 1.38 83.98

Paint (kg) 1.38 1.10 1.52 1.21 1.68 1.38 1.91

Plastics (kg) 16.12 1.10 17.70 1.21 19.57 1.38 22.27

Total (kg) 2 676.26 2 938.97 3 249.56 3 697.78

Volume (m3) 2.94 1.10 3.22 1.21 3.56 1.38 4.06

P0 (W) 2 800.00 2 100.00 1 800.00 1 800.00

Pk (W) 13 000.00 13 000.00 13 000.00 11 000.00

Electricity losses (kWh/year) 39 727.39 33 595.39 30 967.39 28 629.02

Product price (ϵ/unit) 16 333.07 1.07 17 476.38 1.15 18 783.03 1.50 24 499.60



BC 3: Dry-type industry transformer 1.25 MVA (silicon 
steel options)

Load form factor (Kf) 1.096

Power factor (Pf) 0.9

Availability factor (Af) 1

[ƻŀŘ ŦŀŎǘƻǊ όʰύ 0.3

Lifetime 30

Electricity rate (ϵ/kWh) 0.078
Annual sales (m) 0.008047

EU stock (m) 0.1088

Discount rate 4%



BC 4: Power transformer 100 MVA 
(silicon steel options)

80-300 60-300 40-275 30-300 30-250

relative absolute relative absolute relative absolute relative absolute

Core Steel (kg) 39 486.67 0.97 38 302.07 0.99 39 091.80 0.99 39 091.80 1.01 39 881.53

Copper wire (kg) 17 487.84 1.14 19 936.14 1.44 25 182.49 1.26 22 034.68 1.85 32 352.50

Copper sheet (kg) 1 204.75 1.14 1 373.42 1.44 1 734.84 1.26 1 517.99 1.85 2 228.79
Tank (cast iron) 
(kg) 11 307.00 1.02 11 585.37 1.13 12 828.71 1.08 12 174.80 1.28 14 471.67

Paper (kg) 504.54 1.02 516.96 1.13 572.44 1.08 543.26 1.28 645.75

Ceramic (kg) 472.33 1.02 483.95 1.13 535.89 1.08 508.58 1.28 604.52

Oil (kg) 26 848.48 1.02 27 509.49 1.13 30 461.80 1.08 28 909.08 1.28 34 363.00

Paint (kg) 391.72 1.02 401.36 1.13 444.44 1.08 421.78 1.28 501.36

Wood (kg) 2 672.74 1.02 2 738.54 1.13 3 032.44 1.08 2 877.87 1.28 3 420.80

Total (kg) 100 376.05 102 847.29 113 884.85 108 079.82 128 469.92

Volume (m3) 188.76 1.02 193.41 1.13 214.16 1.08 203.25 1.28 241.59

P0 (W) 80 000.00 60 000.00 40 000.00 30 000.00 30 000.00

Pk (W) 300 000.00 300 000.00 275 000.00 300 000.00 250 000.00
Electricity losses 
(kWh/year) 852 172.80 676 972.80 489 158.40 414 172.80 388 944.00
Product price 
(ϵ/unit) 719 850.72 1.04 748 644.75 1.19 856 622.36 1.17 842 225.34 1.41 1 014 989.52



BC 4: Power transformer 100 MVA 
(silicon steel options)

Load form factor (Kf) 1.08

Power factor (Pf) 0.9

Availability factor (Af) 1

[ƻŀŘ ŦŀŎǘƻǊ όʰύ 0.2

Lifetime 30

Electricity rate (ϵ/kWh) 0.078
Annual sales (m) 0.001802

EU stock (m) 0.06435

Discount rate 4%



BC 5: DER transformer oil-immersed 2 MVA 
(silicon steel options)

E0Ck C0Ck A0Ak

relative absolute relative absolute

Core Steel (kg) 1 715.47 1.06 1 818.40 1.18 2 024.25

Aluminium wire (kg) 190.44 1.11 211.38 2.21 420.86

Copper wire (kg) 542.74 1.11 602.44 2.21 1 199.46

Copper sheet (kg) 219.00 1.11 243.09 2.21 483.99

Tank (cast iron) (kg) 1 113.01 1.08 1 199.65 1.55 1 722.54

Paper (kg) 10.31 1.08 11.11 1.55 15.95

Oil (kg) 800.30 1.08 862.61 1.55 1 238.59

Cardboard (kg) 10.62 1.08 11.44 1.55 16.43

Nomex (kg) 21.69 1.08 23.38 1.55 33.56

Paint (kg) 4.32 1.08 4.66 1.55 6.69

Total (kg) 4 627.89 4 988.16 7 162.32

Volume (m3) 4.02 1.08 4.33 1.55 6.21

P0 (W) 3 100.00 2 100.00 1 450.00

Pk (W) 21 000.00 21 000.00 15 000.00

Electricity losses (kWh/year) 59 093.50 50 333.50 35 514.50

Product price (ϵ/unit) 18 248.38 1.16 21 168.12 1.68 30 657.28



BC 5: DER transformer oil-immersed 2 MVA 
(silicon steel options)

Load form factor (Kf) 1.5

Power factor (Pf) 0.9

Availability factor (Af) 1

[ƻŀŘ ŦŀŎǘƻǊ όʰύ0.25

Lifetime 25

Electricity rate (ϵ/kWh) 0.3
Annual sales (m) 0.00042

EU stock (m) 0.004

Discount rate 4%



BC 6: DER transformer dry-type 2 MVA 
(silicon steel options)

C0Bk B0Bk A0Ak

relative absolute relative absolute

Core Steel (kg) 3 568.82 1.24 4 425.34 1.34 4 782.22

Aluminium wire (kg) 841.00 1.03 866.23 1.27 1 068.08

Tank (cast iron) (kg) 415.65 1.20 498.76 1.33 551.42

Resin (kg) 112.51 1.20 135.01 1.33 149.27

Ceramic (kg) 221.42 1.20 265.70 1.33 293.75

Plastics (kg) 59.90 1.20 71.88 1.33 79.47

Paint (kg) 5.56 1.20 6.67 1.33 7.37

Total (kg) 5 224.87 6 269.58 6 931.57

Volume (m3) 4.26 1.20 5.12 1.33 5.66

P0 (W) 4 000.00 3 000.00 2 600.00

Pk (W) 18 000.00 18 000.00 16 000.00
Electricity losses 
(kWh/year) 62 415.00 53 655.00 47 109.33

Product price (ϵ/unit) 28 191.74 1.14 32 138.58 1.31 36 931.18



BC 6: DER transformer dry-type 2 MVA 
(silicon steel options)

Load form factor (Kf) 1.5

Power factor (Pf) 0.9

Availability factor (Af) 1

[ƻŀŘ ŦŀŎǘƻǊ όʰύ0.25

Lifetime 25

Electricity rate (ϵ/kWh) 0.3
Annual sales (m) 0.00168

EU stock (m) 0.016

Discount rate 4%



BC 7: Separation/isolation transformer 16 kVA
(silicon steel options)

110-750 110-400

relative absolute

Core Steel (kg) 50.00 1.10 55.00

Copper wire (kg) 35.00 1.57 54.95

Total (kg) 85.00 109.95

Volume (m3) 0.04 1.29 0.05

P0 (W) 110.00 110.00

Pk (W) 750.00 400.00

Electricity losses (kWh/year) 504.50 359.00

Product price (ϵ/unit) 1 348.00 1.42 1 914.16



BC 7: Separation/isolation transformer 16 kVA
(silicon steel options)

Load form factor (Kf) 1.096

Power factor (Pf) 0.9

Availability factor (Af) 0.2

[ƻŀŘ ŦŀŎǘƻǊ όʰύ 0.4

Lifetime 10

Electricity rate (ϵ/kWh) 0.078
Annual sales (m) 0.075

EU stock (m) 0.75

Discount rate 4%


