








• 𝐼𝑏 =
𝑃

𝑉

• 𝐼𝑏 =
𝑃

𝑉 cos 𝜑

• 𝐼𝑏 =
𝑃

3𝑉 cos 𝜑

cos 𝜑 



𝐾𝑢 =
𝑃

𝑃𝑎𝑛

𝑃 = 𝐾𝑢𝑃𝑎𝑛

•

•

•



→



η

𝑃𝑎𝑛 =
𝑃𝑛

𝜂𝑛
=

11

0,88
= 12,5 𝑘𝑊

𝑃 = 𝐾𝑢𝑃𝑎𝑛 = 0,75 ∗ 12,5 = 9,375 𝑘𝑊

Lamps 1

Motors 0.5 ÷ 2 kW 0,7

Motors 2 ÷ 10 kW 0,75

Motors > 10 kW 0,8

Resistance and induction ovens 1

Rectifiers 1

Welders 0,7 ÷ 1

Electric heaters 1

Machine tools, conveyors 0,6 ÷ 0,8

Elevators, hoists, lifting systems 0,8 

Pumps, fans 1



𝑃𝑡 ≤ 𝑃1 + 𝑃2 + ⋯ + 𝑃𝑘 = ෍
𝑖=1

𝑘

𝑃𝑖

𝐾𝑐 =
𝑃𝑡

σ𝑖=1
𝑘 𝑃𝑖



𝑃𝑡 = 𝐾𝑐 ∗ ෍
𝑖=1

𝑘

𝑃𝑖

•

•

Ovens <2 1

Motors 0.5 ÷ 2 kW
<10

10<n<20
20<n<50

0,6
0,5
0,4

Motors 2,5 ÷ 10 kW
<10

10<n<50
0,7
0,45

Motors 10 ÷ 30 kW
<5

5<n<10
10<n<50

0,8
0,65
0,5

Motors > 30 kW
<2

2<n<5
5<n<10

0,9
0,7
0,6

Rectifiers <10 0,8

Welders <10 0,4

Elevators and hoists in offices and industries
<4

4<n<10
0,75
0,6

Lighting 0,8



• 𝑃𝑀 = 𝑉𝑛𝐼𝑛 cos 𝜑𝑛 

• 𝑃𝑀 = 3𝑉𝑛𝐼𝑛 cos 𝜑𝑛 

•

•



𝑃𝑐 = 𝑁 ∗ 𝑃𝑀 ∗ 𝐾𝑝 

• ÷

• ÷



𝑃𝑎𝑛 =
𝑃𝑛

𝜂𝑛

η

𝐼𝑛 =
𝑃𝑎𝑛

3𝑉𝑛 cos 𝜑𝑛

=
𝑃𝑛

3𝑉𝑛𝜂𝑛 cos 𝜑𝑛

𝑃𝑎 =
𝑃

𝜂
=

𝐾𝑢𝑃𝑛

𝜂
𝐼 =

𝑃𝑎

3𝑉𝑛 cos 𝜑
=

𝐾𝑢𝑃𝑛

3𝑉𝑛𝜂 cos 𝜑



𝑃𝑎 = 𝐾𝑢𝑃𝑎𝑛 =
𝐾𝑢𝑃𝑛

𝜂𝑛

𝑃 = 𝑁𝑃𝑎𝑛𝐾𝑢𝐾𝑐 = 𝑁
𝑃𝑛

𝜂𝑛
𝐾𝑢𝐾𝑐



•

•

𝑃 = 𝑁
𝑃𝑛

𝜂𝑛
𝐾𝑢𝐾𝑐 = 5 ∗

11

0,87
∗ 0,8 ∗ 0,8 = 40,5 𝑘𝑊



𝑃𝑡 = 𝑃1 + 𝑃2 + ⋯ + 𝑃𝑛 = ෍
𝑖=1

𝑛

𝑃𝑖



•

•

Hotels, colleges 0,6 

Hospitals 0,5 

Department stores 0,7 

Schools 0,6 

Residential buildings 0,4 

Offices 0,6 



𝑃𝑡 = 𝑆𝑡 cos 𝜑 = 𝑆𝑠𝑝𝐴 cos 𝜑

Industrial

Paper mill 120

Textile industry 100

Electronics industry 90

Mechanical workshop 80

Woodworking workshop 70

Civil and 
tertiary

Offices 70

Schools 50

Hospitals 60

Hotels 80

Houses 40

Shopping centers 90



Entrance/corridor 2 Ceiling light points 100 1 2P+T, 10A

Living room
1
1

Ceiling light points
Wall light points

300
100

4 2P+T, 10A

Bedroom 1 1 Ceiling light points 150 2 2P+T, 10A

Bedroom 2 1 Ceiling light points 150 2 2P+T, 10A

Study
1
1

Ceiling light points
Wall light points

150
100

4 2P+T, 10A

Kitchen 1 Ceiling light points 150
3
2

2P+T, 16A
2P+T, 10A

Bathroom 1
1
1

Ceiling light points
Wall light points

150
100

1
1

2P+T, 16A
2P+T, 10A

Bathroom 2
1
1

Ceiling light points
Wall light points

150
100

1 2P+T, 10A

Closet 1 Ceiling light points 100 /

Veranda/balcony 1 Wall light points 100 1 2P+T, 10A



•

•

•

•

•



•

•

•

𝑃1 = 𝑃𝑡𝐾𝑐 = 2000 ∗ 0,6 = 1200 𝑊

𝑃𝑀2 = 𝑉𝑛𝐼𝑛 cos 𝜑 = 230 ∗ 16 ∗ 0,9 ≅ 3300 𝑊

𝑃𝑀3 = 𝑉𝑛𝐼𝑛 cos 𝜑 = 230 ∗ 10 ∗ 0,9 ≅ 2070 𝑊



𝑃2 = 𝑁2𝑃𝑀2𝐾𝑝2 = 4 ∗ 3300 ∗ 0,20 ≅ 2600 𝑊

𝑃3 = 𝑁3𝑃𝑀3𝐾𝑝3 = 18 ∗ 2070 ∗ 0,05 ≅ 1860 𝑊

𝐼𝑏1 =
𝑃1

𝑉𝑛 cos 𝜑1
=

1200

230∗0,95
= 5,49 𝐴

𝐼𝑏2 =
𝑃2

𝑉𝑛 cos 𝜑2
=

2600

230∗0,9
= 12,6 𝐴

𝐼𝑏3 =
𝑃3

𝑉𝑛 cos 𝜑3
=

1860

230∗0,9
= 9 𝐴



𝑃𝑡 = 𝑃1 + 𝑃2 + 𝑃3 = 1200 + 2600 + 1860 = 5660 𝑊



Courtyard
3 outdoor lighting fixtures, 230 V, 70 W, p.f. 0,9

Electric gate, 230 V, 500 W, p.f. 0,8
Various services (intercom, etc.), 230 V, 200 W, p.f.0,9

Office
4 lighting fixtures, 230 V, 2x36 W, p.f. 0,9

3 plug sockets 2P+T, 230 V, 10 A
2 plug sockets  2P+T, 230 V, 16 A (linea computer)

Warehouse
10 lighting fixtures (split into two circuits), 230 V, 2x36 W, p.f. 0,9

2 interlocked CEE socket panels

Changing 
room, 

canteen and 
toilets

2 lighting fixtures, 230 V, 2x36 W, p.f. 0,9
1 lighting fixtures, 230 V, 1x36 W, p.f. 0,9
2 lighting fixtures, 230 V, 1x18 W, p.f. 0,9

5 plug sockets  2P+T, 230 V, 10 A
1 electric water heater, 230 V, 1500 W, p.f. 1

Workshop
4 lighting fixtures, 230 V, 2x36 W, p.f. 0,9

5 panels of interlocked CEE sockets, divided into two circuits of 3 and 2 panels 
respectively

Processing 
department

3 workstations (SL1, SL2, SL3), each requiring three-phase power supply with neutral, 
230/400 V, maximum installed power 35 kW, p.f. 0,75
1 three-phase air compressor, 400 V, 12 kW, p.f. 0,82

12 industrial lights, 230 V, 400 W, p.f. 0,9, divided into 3 circuits of 4 lights each
4 interlocking CEE socket panels on the left wall

3 interlocking CEE socket panels on the right wall
4 hot air generators each requiring single-phase power supply, 230 V, 200 W, p.f. 0,8



•

•

changing room, canteen and toilets

processing department



•

•

•

•







•

•

• 𝑃𝑀 = 230 ∗ 10 ∗ 0,9 ≅ 2 𝑘𝑊

• 𝑃𝑀 = 230 ∗ 16 ∗ 0,9 ≅ 3,3 𝑘𝑊

• 𝑃𝑀 = 230 ∗ 16 ∗ 0,8 ≅ 2 𝑘𝑊

• 𝑃𝑀 = 3 ∗ 400 ∗ 16 ∗ 0,8 ≅ 8,9 𝑘𝑊



•

•

•

•

0,25 ∗ (8,9 + 3 ∗ 3) ≅ 4,5𝑘𝑊





•

•

•

•



ϕ







𝑃𝑡 = ෍
𝑖=1

17

𝑃𝑐𝑖 = 2,18 + 9,72 + 3,22 + 22,8 + 35 + 35 + 35 + 12 + 1,6 +

1,6 + 1,6 + 18 + 13,5 + 0,21 + 0,8 + 0,5 + 0,2 ≅ 193 𝑘𝑊







•

•

•







•

•

Type of insulation Operating temperature (°C) Short circuit temperature (°C)



•

•

•





•

•

•

•



•

•

•

•

•



°



°







• ° °

• ° °

• ° °

• ° °

• ° °

• ° °

• ° °

°



° °









𝐼𝑧 = 𝑘𝑆 Τ1
2 

÷ ÷
÷ ÷



•

•

•

•



•

•

•

•

•

•

•





𝐼𝑧 = 𝐼0𝐾1𝐾2 

• °

• °

•



• °

•

•

•



𝐼𝑧 = 𝐼0𝐾1𝐾2𝐾3𝐾4

•
°



• °

•

•

•



•

•

•

•







•

•

•



°



°











•

•

•

•

•





•

•

•



• Direct ampacity check →most used for sizing

• Permissible power loss method → very uncommon use (shown, being in the app. example)

• Maximum allowable temperature method → only for bare conductors

• Maximum allowable voltage drop method →most used for verification

• Unitary voltage drop method → very uncommon use (shown, being in the app. example)

• Current moments method  → very uncommon use (here not shown)



ρ

ϕ
Δ

•  𝑆 =
200𝜌𝑙𝑃

Δ𝑝%𝑉2

•  𝑆 =
200𝜌𝑙𝑃

Δ𝑝%𝑉2 cos 𝜑 2

•  𝑆 =
100𝜌𝑙𝑃

Δ𝑝%𝑉2 cos 𝜑 2



• Δ𝑝% =
200𝜌𝑙𝑃

𝑆𝑉2

• Δ𝑝% =
200𝜌𝑙𝑃

𝑆𝑉2 cos 𝜑 2

• Δ𝑝% =
100𝜌𝑙𝑃

𝑆𝑉2 cos 𝜑 2

Δ𝑝 =
Δ𝑝%𝑃

100

Δ



ϕ
Ω °

𝑆 =
100𝜌𝑙𝑃

Δ𝑝%𝑉2 cos 𝜑 2 =
100 ∗ 0,0202 ∗ 2 ∗ 103 ∗ 500 ∗ 103

6 ∗ 6 ∗ 103 2 ∗ 0,82 = 14,6 𝑚𝑚2



ϕ
Ω °

Δ𝑝% =
200𝜌𝑙𝑃

𝑆𝑉2 cos 𝜑 2
=

200 ∗ 0,0213 ∗ 200 ∗ 6 ∗ 103

16 ∗ 2302 ∗ 0,852
= 8,36%



λθΔA

𝜌𝑙𝐼2 = 𝜆𝜃Δ𝐴𝑆

ρ θ θa
θΔ

λ

θΔ °

• λ ÷

• λ ÷



𝑆 = Τ𝜋𝑑2 4 𝐴 = 𝜋𝑑𝑙

4𝜌𝑙𝐼2 = 𝜆𝜃Δ𝜋2𝑑3 

• θΔ 𝑑 =
3 4𝜌𝐼2

𝜆𝜋2𝜃Δ θΔ ÷ ° θa °

• 𝜃Δ =
4𝜌𝐼2

𝜆𝜋2𝑑3

• θΔ 𝐼 = 1,571
𝜆𝜃Δ𝑑3

𝜌



𝑆 = 𝑏ℎ 𝐴 = 2(𝑏 + ℎ)𝑙

𝜌𝐼2 = 2𝜆𝜃Δ 𝑏 + ℎ 𝑏ℎ

•

𝑘𝑑 = Τℎ 𝑏 

൞
𝑏 =

3 𝜌𝐼2

2𝜆𝜃Δ 1+𝑘𝑑 𝑘𝑑

ℎ = 𝑘𝑑𝑏



• 𝜃Δ =
𝜌𝐼2

2𝜆 𝑏+ℎ 𝑏ℎ

• θΔ

𝐼 =
2𝜆𝜃Δ 𝑏 + ℎ 𝑏ℎ

𝜌



° °

λ ρ Ωm θ=θa+θ
Δ= °

𝑑 =
3 4𝜌𝐼2

𝜆𝜋2𝜃Δ
=

3 4 ∗ 0,0213 ∗ 10−6 ∗ 802

15𝜋2 ∗ 30
= 0,497 ∗ 10−2 𝑚 ≅ 5 𝑚𝑚



° Ω

𝐼 = 1,571
𝜆𝜃Δ𝑑3

𝜌
= 1,571

15 ∗ 30 ∗ 0,5 ∗ 10−2 3

0,034 ∗ 10−6
= 63,9 𝐴



° °
ρ Ω λ

𝑏 =
3 𝜌𝐼2

2𝜆𝜃Δ 1 + 𝑘𝑑 𝑘𝑑
=

3 0,034 ∗ 10−6 ∗ 3002

2 ∗ 18 ∗ 25 ∗ 1 + 5 ∗ 5
= 0,484 ∗ 10−2 𝑚 = 4,84 𝑚𝑚



ℎ = 𝑘𝑑 ∗ 𝑏 = 5 ∗ 𝑏 = 5 ∗ 4,84 = 24,2 𝑚𝑚

𝑆 = 𝑏 ∗ ℎ = 4,84 ∗ 24,2 = 117,1 𝑚𝑚2

𝛿 =
𝐼

𝑆
=

300

117,1
= 2,56 𝐴/𝑚𝑚2



° °

λ ρ Ωm θ θ θΔ °

𝐼 =
2𝜆𝜃Δ 𝑏 + ℎ 𝑏ℎ

𝜌
=

2 ∗ 15 ∗ 25 5 + 20 ∗ 10−3 ∗ 5 ∗ 10−3 ∗ 20 ∗ 10−3

0,0329 ∗ 10−6
= 238,7 𝐴



ϕ

• Δ𝑉% =
200𝐼𝑙𝑟𝑙

𝑉𝑛

• Δ𝑉% =
200𝐼𝑙

𝑉𝑛
𝑟𝑙 cos 𝜑 + 𝑥𝑙 sin 𝜑

• Δ𝑉% =
100 3𝐼𝑙

𝑉𝑛
𝑟𝑙 cos 𝜑 + 𝑥𝑙 sin 𝜑



• Δ

• Ω Ω

• Δ

• 𝑆 = Τ𝜌 𝑟𝑙

•

•



ϕ
°

°

Δ𝑉 =
Δ𝑉% ∗ 𝑉𝑛

100
=

4 ∗ 6000

100
= 240 𝑉



Ω

Δ𝑉% =
100 3𝐼𝑙

𝑉𝑛
𝑟𝑙 cos 𝜑 + 𝑥𝑙 sin 𝜑

Ω

°

𝜌 = 0,0178 ∗
234,5 + 90

234,5 + 20
= 0,0227 ΤΩ𝑚𝑚2 𝑚 = 22,7 ΤΩ𝑚𝑚2 𝑘𝑚

𝑆 =
𝜌

𝑟𝑙
=

22,7

4,015
= 5,65 𝑚𝑚2



•

• °

•

•

•

𝐼𝑧 = 𝐼0𝐾1𝐾2𝐾3𝐾4 = 93 ∗ 1 ∗ 1 ∗ 1 ∗ 0,81 = 84,6 𝐴



𝐿𝑠 = 0,366 ∗ 10−3 𝐻/𝑘𝑚 𝑏𝑐 = 60 ∗ 10−6 𝑆/𝑘𝑚

𝑥𝑙 = 𝜔𝐿𝑠 = 314 ∗ 0,366 ∗ 10−3 = 0,115 Ω/𝑘𝑚

Ω

𝐼𝑐 = 𝑏𝑐𝑙
𝑉𝑛

3
= 60 ∗ 10−6 ∗ 0,5

6 ∗ 103

3
= 0,103 𝐴



𝑟𝑙 =
𝜌

𝑆
=

22,7

25
= 0,908 Ω/𝑘𝑚

Δ𝑉 = 3𝑙𝐼 𝑟𝑙 cos 𝜑 + 𝑥𝑙 sin 𝜑 = 3 ∗ 0,5 ∗ 80 0,908 ∗ 0,85 + 0,115 ∗ 0,527 = 57,7 𝑉

Δ𝑉% =
Δ𝑉

𝑉𝑛
∗ 100 =

57,7

6000
∗ 100 = 0,962%



𝑢 =
∆𝑉 ∗ 1000

𝐼 ∗ 𝑙

𝑢 = 3 𝑟𝑙 cos 𝜑 + 𝑥𝑙 sin 𝜑



• Δ

• Δ𝑉 =
Δ𝑉%∗𝑉𝑛

100

•

•

•

°

Δ𝑉 =
𝑢𝑒𝑓𝑓∗𝐼∗𝑙

1000



Δ

Δ𝑉 =
Δ𝑉% ∗ 𝑉𝑛

100
=

4 ∗ 230

100
= 9,2 𝑉

𝑢 =
1000Δ𝑉

𝐼𝑙
=

1000 ∗ 9,2

35 ∗ 100
= 2,63

𝑚𝑉

𝐴𝑚











•

•

•

•



•

•

•



ϕ



• Δ

• Δ

•

• °



•

• °

•

•

•



Δp

𝐼𝑏 =
𝑃

3𝑉𝑛 cos 𝜑
Δ𝑉 =

Δ𝑉%∗𝑉𝑛

100
𝑢 =

1000∗Δ𝑉

𝐼𝑏∗𝑙

ϕ



Δ







Δ𝑝 = 3𝑅𝑙𝐼𝑏
2 = 3𝑟𝑙𝑙𝐼𝑏

2 Δ𝑝% =
100Δ𝑝

𝑃

°

𝑟𝑙 = 𝑟𝑙20°
234,5+90

254,5
= 1,275 ∗ 𝑟𝑙20°

°

𝑟𝑙20° = ൗ
𝜌20°

𝑆



Δ

° Ω Ω Δ Δ
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•
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→
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•

•

Standard n°
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•
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DOCUMENTATION 
OF THE TECHNICAL-

ECONOMIC 
FEASIBILITY 

PROJECT

PROJECT 
DOCUMENTATION

EXECUTIVE PROJECT 
DOCUMENTATION

POSSIBLE VARIATIONS 
DURING WORK

FINAL PROJECT 
DOCUMENTATION

- SCHEME (DESCRIPTION) OF THE 
PLANT CREATED
- RELATION WITH TYPOLOGY OF 
MATERIALS (COMPONENTS) USED
- DOCUMENTATION OF THE INITIAL 
CHECKS

FINAL PLANT 
DOCUMENTATION

DEC. OF CONFORMITY
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