CABLES AND ACCESSORIES
FOR LOW VOLTAGE






low-voltage F: index

INDEX

USER GUIDE ..o bbb 5
— Suggested usual applICAtIoNS fOr LV CADIES. .......... vt 6
— Afumex solutions for Electrotechnical Regulation on LV 8
— Examples of applying Afumex Firs (AS+) iN PUDIIC PIACES .......cveviririiiiiicicieeii ettt enens 10
—Types of Prysmian CabIES fOr LOW VOITAGE ... ... vviveviriieiiiiieieeee sttt ettt bbbt n s bbb nes 12
TECHNICAL INTRODUCTION ......cootioeceectece et 15
A) Interior Or reCeIVING INSTAITATIONS ..o bbb bbb bbb bbbt 17
— INSEAIIALION MOUES ...ttt bbbttt r bbb 17
— Maximum allowable current for installations in buildings 22
B ST 10 I £ VoA (0] ST RPEPUS TSR P 24
B) Overhead networks for distribution or exterior lighting at LOW VOITAgE ..o 29
— MaXimUM AIIOWADIE CUITENL ...t bbb 29
— COMTECHION TACTOIS ...ttt bbb bt b b £ b bbb h £ £ £ b bbb h £ e bbb Rt b bbbttt bbbt 31
C) Underground networks for distribution at Low Voltage (according to UNE 211435 standard) .........cccooeenierncnnninsnennceescesns 32
— MaXiMUM AHOWADIE CUITENT .......eiereieeieee ettt ettt e s et s e s b e se e s e s e b e e se b e R e ne R e s e Ee et e Re s b e s e e e s et et e e e s eneseereneerensee 32
— COMTECHION TACTOIS ...ttt bbbttt bbb £ b bbbt bRt E bbb 8 ekt b bbbttt 32

C bis) Underground networks for distribution at Low Voltage (according to Spanish Electrotechnical Regulation for
LOW VOITAGE REBT). vttt et sss ettt s8££ b0 2 a st et s ettt 36
Cables buried directly or in @ tUDE ............ccoverivieceieiiiininins 36
— Maximum allowable current .........ccccoevieiiiirsiiennn 37
— COrrection factors ..........ccoveeeerinisrsceeeie e 38
Cables installed in underground galleries 39
— MaXimUM @HOWADIE CUITEINE ......euiuiiiieeieiete bbbt bbbkttt bbbt b bbbt et 40
e S (T U0 I £ T[0TSO P PRSP 40
D) Calculation Of INTENSILY OF CUMTENT .........c.ieiicecit e bbb bbb bbbt s bbb bbbttt b s 42
E) Calculation of the SECLION DY VOILAGE UIOP ...ttt sttt 43
Sl 5.0 1L PO SO T ST TP T PO T S T SO T T T TO T TT T PSP TR 43
— Maximum allowable voltage drops in % according to the Electrotechnical Regulation for LOw VOItage ..........cceeeeiirivircriiiiniiiieeeeieens 45
(0] L5 (0T o T 0] - ] (- TEPPSST ST 46
F) Maximum SNOIE=CIFCUIT CUITEINT ..........oiviiiieiiceiiet ettt b s bbb bbbt bbbt s bbbt bbb bbb bbb bt 48
G) Examples Of LV SECHION CAICUIALIONS .......ov.ieiiciiiisceies ettt s sttt nns 50
— Power line in residential building .........ccocovvvvreririvnciienenns 50
— Individual branch in residential building 51
— LIft N @ SNOPPING CENTE ... .ttt et bbb s e bbb Rt e et e 2t R R e e s bt e b e b e R e e e s s b b e R se s bbbt et e s s st n s 53
H) RAMIUS OF CUNVALUIE ..ottt bbb 4 s b s bbb bbb b bt bbb s bbbttt 57
[) Maximum traction voltage during Cable TAYING ..ot ns et nnas 59
J) Most frequent errors in calculating sections and choiCe Of CADIE ..o 60
K) Solution to special and freQUENT SIEUATIONS ........ciiiiriicriice ettt es bbbttt 71
L) FIFE TESES ottt ettt bbb s bbb s R bR b e AR R bR SRRt bR bbb et 87
— Regulations depending on the behaviour of CADIES IN TITE.........cviiiiiicce bbb 90

M) New aluminium cable for LV Al Voltalene Flamex (S).
Characteristics in comparison with traditional design Al Voltalene N (AL RV) .....ccviiiiiieiiccccceee et 91
N) Section calculations for open lines With UNIfOrM SECLION ........cccvciiiiiiiiccce e 93
0) Energy efficiency. Example of calculation of an economic section and “environmental payback™ .........ccccoovvvvniinniccninrinninn, 95
P) Example of calculation of a technical and economic section of a conductor in a photovoltaic installation.

“ENVIFONMENTAI PAYDACK™ .. ..o bbb bbb bbb 101

@PRYSMIAN

CABLES & SYSTEMS

WWw.prysmian.es

3




CABLES FOR INTERIOR OR RECEIVING INSTALLATIONS

Cables Afumex (AS Y AS+)
Afumex Plus 750 V (AS) H05Z1-K/H07Z1-K Flexible cable 750 VAS ...ttt 113
Afumex DUO 750 V (AS) HO7Z1-K Flexible cable 750 V AS with two optical fibres for individual branches...................... 115
Afumex Flexible Panels (AS) HO7Z-K Flexible cable 750 V AS thermostable..........ccccoireeiriiiieee e 117
Afumex Rigid Panels (AS) HO7Z-R Rigid Cable 750 V AS for SWItChbOoards............ccceeereeiiiiiiiiiiisee e 119
Afumex 1000 V Iris Tech (AS) RZ1-K Flexible cable 2000 V AS ... 121
Afumex Control 1000 V (AS) RZ1-K Cable 1000 V AS for individual BranChes ...........ccoovriiiieiceeeeeeeeeeees 125
Afumex Firs 1000 V (AS+) SZ1-K/RZ1-K mica Fire resistant Cable (ASH) ..ottt 127
Afumex Firs Detec-Signal (AS+) ~ S0Z1-K Fire resistant cable (AS+) for buttons, sensors and alarms (braided and screened) .............c........ 131
Afumex Multiple 1000V (AS) RZ1-K AS control and command Cable...........ccceeeiiiiiiiii e 133
Afumex O Signal (AS) RC4z1-K Screened AS control and command Cable ... 135
Afumex Expo (AS) HO7Zz-F AS cable for MobIile SEIVICES ........covrurirririciciceee e 137
Afumex 1000 V Varinet K Flex (AS) RZ1KZ1-K AS cable for motors with frequency changers (with concentric conductor)................. 141
Afumex 1000 V LUX (AS) RZ1-K AS cable for energy and controlling DALI JUMINAIFES........cccoviiriririririiisisieieieeeieieiena 143
Al Afumex 1000 V (AS) AL RZ1 Aluminium cable 1000 VAS ... 145

Cable for photovoltaics
P-SUN SP Cable for photovoltaic solar installations .............cccoeeeveieiecccceeee s 147

Cables with PVC
Flexible Wirepol HO5V-K/HO7V-K Flexible cable 750 V PVC ... 149
Rigid Wirepol HO5V-U/HO7V-U/HO7V-R Rigid cable 750 CPVC ..ot 151
Retenax Flex Iris Tech RV-K Flexible PVC cable 1000 V ......cocoioiiiiiririnieieieieisie s 153
Retenax Flam N RV Rigid PVC €able 1000 V......ouivieeireiiicieirireieiee s 157
Euroflam Energy W-K PVC control and command Cable............ccceevereieieieiiiieee e 161
Retenax Flam M Flex (RH) RVMV-K PVC cable armoured with steel Wire (RH) .........cccooieiiiiiiiiiiss e 163
Retenax Flam F RVFV PVC cable armoured with Steel Strip (RH) ......ooerreeeceeeeereess e 168

Retenax Flam Varinet K Flex RVKV-K PVC cable for motors with frequency changers (with concentric conductor)............... 172
Wirepol Gas HO3VV-F/HO5VV-F White cable SIeeve PVC 500 V.......cviiiriiiicinesseeesses s 174
Euroflam N HO5VV-F/ES05VV-F Black cable Sleeve PVC 500V ........ccoiviriiririiniiinicisicisss e 177

Detec-Signal VOV-K PVC cable (braided and SCreened)............ccoeurueururieieeeiieeeee e 179
Rubber cables

Flextreme HO7RN-F Rubber cable (provisional works, mobile SErvices, etC.) ......ccouvrrrrrnnnsinicsciias 181

Bupreno DN-K Rubber cable for fixed installations .............ccccccoeieenene. 186

Solda HOIN2-D Rubber cable for soldering machines .............c.ccee.... 190

DN-F Submerged Pumps DN-F SUBMERGED PUMPS  Rubber cable for permanently submerged servicess 194
CABLES FOR UNDERGROUND AND OVERHEAD NETWORKS (also suitable for interior or receiving installations)

Al Voltalene Flamex (S) AL XZ1 CabIE AL LO00 V...t 199

Al Polirret AL RZ Al braided cable (for suspended or laid overhead NEtWOrkS) ...........cccvvriecnnirieennns 201

Polirret Feriex RZ Cu braided cable (for overhead exterior lighting Networks) ...........cccceererivrirvirininnn, 204
Special cables

SPECIAl CADIES TOr LV, MV NG HV ...ttt sttt bbbt s s s s s a8 s e e 80t s bbb b e s s s et e e b s st en s 206
AFUMEX DUO (includes DUO installation guide and @CCESSOMES) ...........cvvvvvvvvvveeirrisssiseeeeessssssisssssesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnnns 207
ACCESSORIES FOR LOW VOLTAGE

Guide t0 Selecting aCCESSOMIES FOr LOW VOITAGE. ... .vcvivivivirirerierieiie ettt ettt sttt ettt b b b s s s s s se e bbb bbb bbb b bbb s s s s e e s s st s s sns

TECPIUG .ottt Photovoltaic connector....

TermoSPEEU PTPF ..o Heat-shrink tubing

TermospPeed PTPF-AF ......ccoiiiiiriieiiss e Heat-shrink tubing

TermoSPeed PTPE ..ot Heat-shrink tubing

TermoSPEEd PTPM ...ttt Heat-shrink tubing

TermoSPEEd PTPG ...ttt Heat-shrink tubing

Termospeed PCC .... Heat-shrink seal ...........ccccoveene

Termospeed PPD ........ Heat-shrink multiple branches...

Termospeed PLVKD Heat-Shrink BranCh ..o
TermoSPEEd PMT ..ottt Heat-Shrink DIANKEL ........cooooioiiii e
BICASE PBU ...veviiiiiiiiii et Resin splice or branch ...

PVC band = PL000 .....ccocvieiiieiiecieeee et PVCband......cccccevevvnnene

PBA-1 DANG ..ovvviviiiciiiicee e EPR band......

LUTEC TUBFICANE ©..veviiiiciececcce ettt e

LIENER lubricant .....

[0 Yo (=T SRR

Www.prysmian.es

4



USER GUIDES



FIRS DETECSIGNAL (AS+) IN PLACES FOR PUBLIC USE

Afumex
—¥—  Firsdetecsignal (As+)
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With fire-resistant installations with an analogue detection station, both the loop and alarms are powered by Amex-Firs Detec-Signal, (AS+). The
diagram shows a possible installation for a cinema.

Cable for signalling lighting on the pumping equipment and generating set, is Afumex Firs 1000 V (AS+) to ensure safety and the main power supply
and that to independent devices (independent emergency equipment, battery and detection station) are shown with Afumex Plus 750 V (AS) or
Afumex 1000 V Iris Tech (AS). If there is a fire or short-circuit in these channels, or a conductor is broken, the service to the end receivers is assured
because power supply elements are independent.
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TYPES OF PRYSMIAN CABLES FOR LOW VOLTAGE

RATED VOLTAGE |DESIGN STANDARD| GENERIC DESIGN USES

HO5Z1-K (AS)

Individual branches, public and industrial places, interior cabling for panels,
places with a fire or explosion hazard and for all installations where extra fire

AFUMEX PLUS 750 V (AS) 4501750V UNE 211002 HO7Z1-K (AS) safety protection is required. Interior or receiving installations.
AFUMEX DUO 750 V (AS) 450/ 750V UNE 211002 HO7Z1-K (AS) Individual branches with 2 optical fibres for communicating with broadband
unlimited broadband.
FLEXIBLE AFUMEX PANELS 450/750V UNE 21027-9 HO7Z-K (AS) Cabling for boards, panels and relay frames.
RIGID AFUMEX PANELS 450/ 750V UNE 21027-9 HO7Z-R (AS) Switchboards, cabling for boards, panels and frames for relays.
Main power lines, individual branches, public and industrial places, interior
AFUMEX 1000 V IRIS TECH (AS) 0.6/1 kv UNE 21123-4 RZ1-K (AS) cabling for panels, places requiring requires extra fire safety precautions.
Interior centralised installations or receiving.
AFUMEX MANDO 1000 V (AS) 0.6/ 1kV UNE 21123-4 RZ1-K (AS) Individual branches.
AFUMEX FIRS 1000 V (AS+) 06/1kV UNE 211025 SZ1-K (AS+) Non-independent safety services, services with independent power supply, fans
' RZ1-K mica (AS+) | in garages, car parks and industrial kitchens.
AFUMEX FIRS 300/500V UNE 211025 S0Z1-K (AS+) | Alarm circuits, detectors and buttons in fire prevention systems.
DETEC-SIGNAL (AS+)
Public and industrial places, and installations requiring which may require
AFUMEX MULTIPLE 0.6/1kv UNE 21123-4 RZ1-K (AS) extra fire safety precgutions. e Y
1000V (AS)
Transmission of control signals, regulation, instrumentation and remote control
AFUMEX OR SIGNAL (AS) 300/500V VDE 0250 RC4Z1-K (AS) of fixed installations, robotics, servomechanisms, automatons. And for those
installations where extra fire safety protection is required.t
Fairs, provisional services, mobile services in public places and for mobile
AFUMEX EXPO (AS) 450/750V UNE 21027-13 HO7ZZF (AS) services requiring extra fire prevention precautions.
AFUMEX 1000 V 06/1kV UNE 21123-4 RZIKZ1K (AS) Power to motors with frequency shifters in installations where requires extra fire
VARINET K FLEX (AS) ' safety precautions.
fE)L:'\(A:;() 1000V 0.6/1kv UNE 21123-4 RZ1-K (AS) Power supply and control of receivers for lighting DALI luminaires.
Main power lines, individual branches, public and industrial places, interior
AL AFUMEX 1000 V (AS) 0.6/1kV UNE 21123-4 ALRZ1 (AS) cabling for panels, places requiring requires extra fire safety precautions. Interior
or receiving installations.
Installation in conduits on surfaces or embedded, or in closed analogue systems.
Fixed protected installation inside apparatus and in fixed luminaires. Interior or
WIREPOL ELEXIBLE 450/ 750V UNE 21031-3 HOSV-K receiving installations, interior of dwellings, in premises with a danger of fire or
HO7V-K explosion. Installations with winding pathways*.
Photovoltaic solar installations.
P-SUN SP 0.6/1kV A&ﬁEll\llDZ%
HO5V-U Installation in conduits on surfaces or embedded, or in systems closed, analogue.
RIGID WIREPOL 450/ 750V UNE 21031-3 HO7V-U Fixed protected installation inside apparatus and in fixed lighting. Interior or receiving
HO7V-R installations, interior of dwellings, premises with a danger of fire or explosion*.
* Unless obligatory to use Afumex (AS)
G RRYSMIAN
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TYPES OF PRYSMIAN CABLES FOR LOW VOLTAGE

RATED VOLTAGE |DESIGN STANDARD| GENERIC DESIGN USES

Exterior underground lighting, interior or receiving installations, open air or
RETENAX FLEX RIS TECH 0.6/1kv UNE 21123-2 RV-K embedded, or installations with winding pathways*.
RETENAX FLAM N 0.6/ 1KV UNE 21123-2 RV Exterior underground lighting, interior or receiving installations, open air or
’ underground, places with a danger of fire or explosion*.
EUROFLAM ENERGIA 0.6/1kv UNE 21123-1 W-K Control signals*.
Underground exterior lighting, premises with a fire or explosion hazard, fixed
RETENAX FLAM M FLEX (RH) 0.6/ 1 kV UNE 21123-2 RVMV-K (RH) installations in danger of mechanical attack (rodents, shearing...). Complies with
ED P10.00-00 from Repsol*.
RETENAX ELAM F 0.6/ 1KV UNE 21123-2 RVEV Exterior underground lighting, installations in danger of attack mechanical
’ (rodents..)*.
SE;E,\TS?( KF Il‘zﬁ';/lx 0.6/1kV UNE 21123-2 RVKV-K Power supply to motors with frequency changers*.
HO3WV-F In domestic premises, kitchens, offices; for average mechanical effort. Power
WIREPOL GAS 300/500V UNE 21031-5 HOBVV-F supply to electrical appliances (washing machines, refrigerators, hand-dryers...),
interior winders, devices in furniture.
HOSV-F In domestic premises, kitchens, offices; for average mechanical effort.Power
EUROFLAM N 300/500V UNE 21031-5 ESO5VV-F supply to electrical appliances (washing machines, refrigerators, hand-dryers...),
interior winders, devices in furniture.
DETEC-SIGNAL 300/500V VOV-K Detectors in fire prevention systems*.
Provisional and short-term for works, fairs and stands*, agricultural and
FLEXTREME 450/ 750 V UNE 21027-4 HO7RN-F horticultural establishments, caravans, ports and marinas for leisure boats,
exterior or industrial use extension cables, damp or wet places or at very low
temperature. Mobile services*.
BUPRENO 0.6/1kv IEC 60502-1 DN-K Interior or receiving installations. In damp or wet places or at very low temperature*.
SOLDA 100/ 100V UNE 21027-6 HOIN2-D Electrode clamp connection on soldering machines.
DN-F SUBMERGED PUMPS UNE 21166 DN-F SUBMERGED | power supply to submerged pumps. Underwater cable runs.
PUMPS
AL VOLTALENE FLAMEX 0.6/1kV HD 603-5X-1 AL XZ1 Underground distribution networks, interior installations or receiving*.
AL POLIRRET 0.6/ 1KV UNE 21030-1 ALRZ Overhead distribution networks, installations laid on facades or suspended
' on supports.
POLIRRET FERIEX 06/ 1KV UNE 21030-2 RZ Overhead exterior lighting installations. Installations laid on fagades or
’ suspended on supports.
* Unless obligatory to use Afumex (AS)
VV—' PRYSIVIIAN
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low-voltage— ; technical-introduction

. _|:| INTERIOR OR RECEIVING INSTALLATIONS

A) INTERIOR OR RECEIVING INSTALLATIONS

The passage of time has shown that there has been a great deal of oversimplification concerning the various types of electrical installations in use
in buildings, which has made it necessary to draw up load tables that reflect reality more closely.

This need lay behind the publication of UNE 20640 standard “Electrical Installations in Building™, which was adapted from the CENELEC HD-384
Harmonisation Document, which, in turn, corresponds to the recommendation from the International Electrotechnical Committee IEC 364. The
allowable currents described in this section are defined according to instructions given in UNE 20460 standard.

NOTE: This catalogue contains tables referring to three-pole cables or to three single-pole cables. A three-pole cable is understood to be a multi-
conductor cable with three cables under load (normally three-phase). Thus, for example, a 5G16 cable in a three-phase installation is a three-pole
cable for the purpose of load tables because, unless there is significant influence from the harmonics, only the 3 phases will have the conductors
under load. When talking of three single-pole cables, this also refers to a line with 3 active cables in a single conductor, regardless of whether there
are other, inactive conductors in the circuit (neutral without harmonics and/or earth).

INSTALLATION MODES

Table 52-B2 in UNE 20460 standard (Nov. 2004), describes the "installation modes", making them correspond to "standard" installations, whose
capacity for heat dissipation generated by losses is similar to those, and therefore common loads can be grouped together in a specific table (A.52-
1 bis) for all modes that fall within the same type of installation.

TABLE 52-B2: INSTALLATION MODES AND "STANDARD" INSTALLATIONS

U ﬁ Insulated conductors or single-pole cables in conduits recessed into thermally insulated walls. Al
2 Multi-conductor cable in conduits recessed into a thermally insulated wall. A2
3 Multi-conductor cable recessed directly into a thermally insulated wall. Al
4 Insulated conductors or single-pole cable in conduits on wooden or masonry walls, spaced B1
out at not less than 0.3 times the diameter of the conductor.
5 Multi-conductor cable in conduits on wooden or masonry (brick, concrete, plaster...) walls, B2
spaced out at not less than 0.3 times the diameter of the conductor.
6 Insulated conductors or single-pole cables in clamps, (protective channel) fixed to a wooden Bl
wall:
7 — Horizontally.
— Vertically.
VV—‘ PRYSIVIIAN
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TABLE 52-B2: INSTALLATION MODES AND "STANDARD" INSTALLATIONS (Continued)

8 9

INTERIOR OR RECEIVING INSTALLATIONS

8 Multiconductor cables in clamps (protective channel) fixed to a wooden wall: B2
— Horizontally.
9 . B2
— Vertically.
10 Insulated conductors in clamps, (protective channel) hanging: Bl
1 Multiconductor cable in clamps, (protective channel) suspended. B2
12 Insulated conductors or single-pole cables in mouldings. Al
13 Insulated conductors or single-pole cables in slots in skirting boards. Bl
14 Multiconductor cable in slots in skirting boards. B2
15 Insulated conductors in conduits or single-pole or multi-pole cables in an architrave. Al
16 Insulated conductors in conduits or single-pole or multi-pole cables in window frames. Al
20 Single-pole or multi-pole cables on a wooden wall or spaced out at less than 0.3 times the C
diameter of the wall cable.
21 Single- or multi-pole cables fixed under a wooden ceiling. C
22 Single- or multi-pole cables separate from the ceiling. Under study
(Cis
recommended)
30 Single- or multi-pole cables on imperforated cable trays. C

=03D
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. _|:| INTERIOR OR RECEIVING INSTALLATIONS

TABLE 52-B2: INSTALLATION MODES AND "STANDARD" INSTALLATIONS (Continued)

31 Single-pole (F) or multi-pole (E) cables on perforated cable trays. EorF
32 Single-pole (F) or multi-pole (E) cables on clamps or grilles. EorF
33 Single-pole (F) or multi-pole (E) cables separated from the wall by a distance of more than EorF
0.3 times the diameter of the cable.
34 Single-pole (F) or multi-pole (E) cables on cable ladders. EorF
35 Single (F) or multi-pole (E) cable hanging from a carrier cable or self-supporting. EorF
36 Bare conductors or insulated on insulators. G
40 EmEmmmmmE Single- or multi-pole cables in cavities. 15D, g;<5De
[T TTT]
RRa/// T
VI o S i 5D £V<50D,
HEAHHH Bl
41 == /‘/L/‘/)/‘/)/‘/l T Insulated conductors in circular conduits in cavities. 15D £V<20D,
weyn) - B2
v %///// / I
R %{@ V220D,
y
[ R } } Bl
42 S /‘ ‘/ /‘/‘ ‘/ /‘/‘ ‘/ T Single-pole or multi-pole cables in cavities. Under study
mEi7 /// 17/ 4 ,
=y, [ (B2is
v M/ T recommended)
43 T Insulated conductors in non-circular conduits in cavities. 15D £V<20D,
NI /\ [TTTTT] B2
v| [ .
Lol < V220D,
S B1
G PRYSMIAN
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INTERIOR OR RECEIVING INSTALLATIONS

TABLE 52-B2: INSTALLATION MODES AND "STANDARD" INSTALLATIONS (Continued)

44 R R RRE Single-pole or multi-pole cables in non-circular conduits in cavities. Under study
H//HHHH (2is
NS J W recommenaed)
. mEm
1 RN
45 Insulated conductors in conduits recessed into masonry (brick, concrete, plaster, etc..) with  |5Pe Ey 5D,
i i i i i a heat resistivity not higher than 2 K m/W.
,,¥1‘%F:: 5D £V<50D,
] Bl
N
46 Insulated single-or multi-pole in conduits recessed into masonry (brick, concrete, plaster, Under study
) etc.) with a heat resistivity not higher than 2 K m/W. (B2is
v \
V recommended)
[
Prirr]
47 Single-pole or multi-pole cables in ceiling cavities or false floors. 15D £V<5De
B2
5D £V<50D,
Bl
50 Insulated conductors or single-pole cables in channels recessed into the floor. B1
51 Multiconductor cable in channels recessed into the floor. B2
52 5 Insulated conductors or single-pole cables in profiled, recessed conduits B1
ISDN
52 2 Multiconductor cable in profiled, recessed conduits. B2
ISDN
54 Insulated conductors or single-pole cables in horizontal or vertical non-ventilated 15D, ’EV; 20D
D, channels.
V=20D,
Bl
N \ . L . .
55 \\\\\ N Insulated conductors in conduits, in open or ventilated channels in the floor. Bl
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INTERIOR OR RECEIVING INSTALLATIONS

—

TABLE 52-B2: INSTALLATION MODES AND "STANDARD" INSTALLATIONS (Continued)

A\ A\ . . . . . .
56 N\ / \ Single-pole or multi-pole cables in horizontal or vertical open or ventilated channels. B1
57 Single- or multi-pole cables recessed directly into masonry walls (brick, concrete, plaster, C
etc.) with resistivity of less than 2 K m/W, with no protection from associated mechanical
damage.
58 Single- or multi-pole cables recessed directly into masonry walls (brick, concrete, plaster, C
etc.) with resistivity of less than 2 K m/W, with protection from associated mechanical damage.
59 Insulated conductors or single-pole cables in conduits recessed into masonry (brick, concrete, Bl
plaster, etc.).
60 Multi-conductor cables in conduits recessed into a masonry wall. B2
70 Multiconductor cable in conduits or profiled, underground conduits. D
71 Single-pole cables in conduits or profiled, underground conduits. D
72 Single-or multi-pole underground cables with no additional protection from mechanical D
damage.
73 Single-or multi-pole underground cables with additional protection from mechanical damage. D
. . . . . Under study
80 Single- or multi-pole cables with covering submerged in water. (Itis recommended
method D with a
correction coefficient
rounded up to
1.75. Supposed
resistivity heat of
water 0.4 Km/W)
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INTERIOR OR RECEIVING INSTALLATIONS

Therefore, only the load tables for the eight “standard” installations identifying the various “installation modes” have to be taken into account.

It must be remembered that Spain’s Electrotechnical Regulations for Low Voltage (REBT) calls “insulated conductors” those insulated conductors
without a sheath, such as RIGID WIREPOL, FLEXIBLE WIREPOL and AFUMEX Plus cables. These are cables which, at best, have an insulated rate
of 450/750 V and are always single-pole, which limits their field of application to “installation in conduits on surfaces or recessed, or in similar
closed systems”.

In addition, when referring to cables this always means insulated conductors with an additional sheath, such as RETENAX or AFUMEX 1000 V, both
single- and multi-pole. The choice of one cable or another is decided by the Spanish Electrotechnical Regulation for Low Voltage REBT depending
on the features of the installation.

MAXIMUM ALLOWABLE CURRENT FOR INSTALLATIONS IN BUILDINGS

Table A.52-1 his - Allowable currents (in A) exposed (40 °C), in UNE 204460-5-523 standard (Nov. 2004), shown below, has twelve columns, among
which, depending on the type of installation for the chosen “installation mode”, the number of loaded conductors on the circuit and type of insulation,
are taken from the load column for each case.

These tables have been drawn up for standard conditions for exposed installations: a single circuit at 40 °C ambient temperature and
temperature in the conductor of 70 °C for thermoplastic insulation (PVC, polyolefins Z1, etc.) and 90 °C for thermostable insulation (XLPE, EPR,
polyolefins Z, etc.).

Installations inside building make no difference between cables with a rated voltage of 750 or 1000 V, as the thermal resistivity for both are
comparable and only differ noticeably when compared with an “insulated conductor”, which only has insulation and a “cable” which has insulation
and a sheath, which has already been taken into account when defining the “standard” installation. Therefore, for a specific “standard” installation.
the load table defines the number of active conductors, two in single-phase and three in three-phase, and the type of insulating material on the
conductor, thermoplastic (PVC or similar) or thermostable (XLPE or similar), which determine the maximum allowable permanent temperature in
the conductor.

To make the correct choice of cable type from table A.52 -1 bis, remember the following separation into thermoplastic (PVC) and thermostable (XLPE) cables:

The number 2 after PVC or XLPE shows that there are two active conductors in the installation (normally phase and neutral on single-phase
installations, the protection conductor is not active).

The number 3 after PVC or XLPE shows that there are three active conductors in the installation (normally the 3 phases in three-phase installations.
The neutral and the protection conductor are not normally active in this type of installation). A special case are neutrals loaded by the influence of
harmonics; this aspect is described in detail in appendix C of UNE 20460-5-523 (Nov. 2004).

PVC2 or PVC3 (thermoplastics) — 70 °C XLPE2 or XLPE3 (thermostable) —90 °C

AFUMEX PLUS 750V (AS) H05Z1-K/H07Z1-K AFUMEX PANELES FLEXIBLE (AS) HO7Z-K
AFUMEX DUO 750V (AS) HO7Z1-K RIGID AFUMEX PANELS (AS) HO7Z-R
WIREPOL FLEXIBLE HO5V-K/HO7V-K AFUMEX 1000 V IRIS TECH (AS) RZ1-K
WIREPOL RIGIDO HO5V-U/HO7V-U/HO7V-R AFUMEX MANDO 1000 V (AS) RZ1-K
EUROFLAM ENERGIA VV-K AFUMEX FIRS 1000 V (AS+) SZ1-K/RZ1-K mica
WIREPOL GAS HO3VV-F/AO5VV-F/HOSVV-F  AFUMEX FIRS DETEC-SIGNAL (AS+) S0Z1-K
EUROFLAM N HO5VV-F/ESO5VV-F AFUMEX MULTIPLE 1000V (AS) RZ1-K
DETEC-SIGNAL VOV-K AFUMEX OR SIGNAL (AS) RC4z1-K
AFUMEX EXPO (AS) HO7ZZ-F
AFUMEX 1000 V VARINET K FLEX (AS)  RZ1KZ1-K
AL AFUMEX 1000 V (AS) ALRZ1
AFUMEX 1000 V LUX (AS) RZ1-K
P-SUN SP
RETENAX FLEX IRIS TECH RV-K
RETENAX FLAM N RV
RETENAX FLAM M FLEX (RH) RVMV-K
RETENAX FLAM F RVFV
RETENAX FLAM VARINET K FLEX RVKV-K
FLEXTREME HO7RN-F/AO7RN-F
BUPRENO DN-K
SOLDA HOIN2-D
DN-F SUBMERGED PUMPS DN-F SUBMERGED PUMPS
AL VOLTALENE FLAMEX (S) AL XZ1
AL POLIRRET ALRZ
POLIRRET FERIEX Rz
—
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TABLE A. 52-1 bis:
MAXIMUM ALLOWABLE CURRENT IN AMPERES IN OPEN AIR AT (40 °C)

Number of loaded conductors and nature of the insulation

Al PVC3 | PVC2 XLPE3 | XLPE2
70°C 70°C 90°C | 90°C
A2 PVC3 | PVC2 XLPE3 | XLPE2
70°C | 70°C 9o°C | 90°C
B1 PVC3 | PVC2 XLPE3 XLPE2
70°C | 70°C 90 °C 90 °C
B2 PVC3 | PVC2 XLPE3 | XLPE2
70°C | 70°C 90°C | 90°C
c PVC3 PVC2 | XLPE3 XLPE2
70°C 70°C | 90°C 90 °C
D* SEE THE FOLLOWING TABLE
£ g PVC3 PVC2 | XLPE3 XLPE2
| 70 °C 70°C | 90°C 90 °C
e g‘ﬁ@ PVC3 PVC2 | XLPE3 XLPE2
8 70°C 70°C | 90°C 90 °C
mm2 p) 3 4 5 6 7 8 9 10 11 12 13
15 11 115 13 13.5 15 16 16.5 19 20 21 24 25
25 15 16 175 185 21 22 23 26 26.5 29 33 34
4 20 21 23 24 27 30 31 34 36 38 45 46
6 25 27 30 32 36 37 40 44 46 49 57 59
10 34 37 40 44 50 52 54 60 65 68 76 82
16 45 49 54 59 66 70 73 81 87 91 105 110
25 59 64 70 77 84 88 95 103 110 116 123 140
Copper 35 72 77 86 96 104 110 119 127 137 144 154 174
50 86 94 103 117 125 133 145 155 167 175 188 210
70 109 118 130 149 160 171 185 199 214 224 244 269
95 130 143 156 180 194 207 224 241 259 271 296 327
120 150 164 188 208 225 240 260 280 301 314 348 380
150 171 188 205 236 260 278 299 322 343 363 404 438
185 194 213 233 268 297 317 341 368 391 415 464 500
240 227 249 272 315 350 374 401 435 468 490 552 590
300 259 285 311 349 396 423 461 516 547 640 674 713
2.5 11.5 12 13.5 14 16 17 18 20 20 22 25 =
4 15 16 185 19 22 24 24 26.5 27.5 29 35 -
6 20 21 24 25 28 30 31 33 36 38 45 =
10 27 28 32 34 38 42 42 16 50 53 61 =
16 36 38 42 46 51 56 57 63 66 70 83 82
25 16 50 54 61 64 71 72 78 84 88 94 105
o 35 = 61 67 75 78 88 89 97 104 109 117 130
Aluminium 50 = 73 80 90 9 106 108 118 127 133 145 160
70 = = = 116 122 136 139 151 162 170 187 206
95 = = = 140 148 167 169 183 197 207 230 251
120 = = = 162 171 193 196.5 213 228 239 269 293
150 = = = 187 197 223 227 246 264 277 312 338
185 = = = 212 225 236 259 281 301 316 359 388
240 = = = 248 265 300 306 332 355 372 429 461
300 = = = 285 313 343 383 400 429 462 494 558

NOTES: Values that are never applied are shown on a grey background. Aluminium cables are not thermoplastic (PVC2 or PVC3), nor do they usually
have less than 16 sections (these values are not necessary).
Values in italics do not appear in the original table. They have been calculated using criteria from Spanish Harmonised Standard UNE 204640-5-523.

* Method D
15 | 25 4 10 16 25 35 50 | 70 95 120 | 150 | 185 | 240 | 300

PvC2 20.5(1) | 27.5(1)] 36(1) | 44 59 76 98 118 | 140 173 | 205 | 233 264 | 296 | 342 387

Copper PVC3 17(1) | 2250 29(1) | 37 49 63 81 97 115 143 170 | 192 218 | 245 | 282 319
ppe XLPE2 24.5(1) | 32.5()| 42(1) | 53 70 91 116 | 140 | 166 | 204 | 241 | 275 311 | 348 | 402 455
XLPE3 21(1) | 27.51)) 35(1) | 44 58 75 96 117 | 138 170 | 202 |} 230 260 | 291 | 336 380

Aluminium XLPE2 70 89 107 | 126 156 185 | 211 239 | 267 | 309 349
XLPE3 58 74 90 107 132 157 | 178 201 | 226 | 261 295

(1) Not allowable.
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CORRECTION FACTORS

When the conditions on the installations are different from the standards taken as a base for drafting table A.52-1bis: the ambient temperature is
40 °C in open air or 25°C underground, there is more than one circuit in the same channelling, there is influence from harmonics or specific receivers
are being powered, the following correction factors are used.

NOTE: In order to make using the catalogue easier, we have included an icon in the right-hand margin of the tables to provide rapid help in finding
the correction factor(s) to be used in the calculations.

CORRECTION FACTORS BY TEMPERATURE

As already described, when the ambient temperature (ga) is other than 40 °C, the currents in table A.52-1 bis or the basic table mentioned before must
be multiplied by a correction factor that includes the thermal difference to be used in:
| = +(Dag/n-Rg-Ry). Formula giving the allowable current in a conductor based on Ohm’s electricity law and “Ohm’s law on heat”.

According to Ohm’s Law on heat, energy dissipated in the form of heat in a cable:

Dg=PR;fi p=Ld

Ry
According to Ohm’s Law of electricity, energy generated in the form of heat in a cable with n active conductors:
P=n-Rg-I?
Where:

Rc represents the ohmic resistance of the cable [W/m];

Ry the heat resistance of the surroundings [°C - m/W];

Dq is the difference in temperature between the conductor (T¢ = 90 °C) and the surrounding atmosphere, Tt [°C];
n s the number of active loaded conductors in the line (3 with three-phase circuits and 2 in single-phase).

Equalising the terms gives the ratio of | to the ambient temperature.

D9 - R 12Fi = Dqg
RT nRERT

This formula obtains the value of the coefficient to be applied, depending on the ground temperature.

_Dg'
n-ReR I
=,/ Dd g -V ET 4 I VD
N-Re-Ry | 5 I \/bg
n‘RgRy
- K= / 70 -qa
ok /Thermoplastlcs 20240
\
Thermostable K = 90-qa
90 - 40

Therefore, the correction factor by temperature will be, for cables with PVC thermoplastic insulation (they can withstand 70 °C on a permanent
basis): K = +[(70-q,)/30] and for cables with XLPE or EPR thermostable insulation (which withstand 90 °C on a permanent basis):
K = +[(90-ga)/50].
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Based on these expressions, the following correction factors are obtained:

TABLA 52-D1:

Ambient temperature (qa) (°C)

PVC (thermoplastic) 1.40 1.34 1.29 1.22 1.15 1.08 1.00 0.91 0.82 0.70 0.57
XLPE or EPR (thermostable) 1.26 1.23 1.19 1.14 1.10 1.05 1.00 0.96 0.90 0.83 0.78

Insulation

Thus, when the ambient temperature in lower than 40 °C, the better cooling of the cables allows them to carry higher currents. Conversely, higher
ambient temperatures will mean lower currents. This is especially important when new circuits are added to those already in place in old channels.
If the higher ambient temperature of the new cables is not taken into account and the load on the old circuits is reduced, dangerous overheating
may occur. In such cases, the currents for each circuit must be recalculated, bearing the final grouping in mind.

TABLE 52-D2:

CORRECTION FACTORS FOR ALLOWABLE CURRENT FOR AMBIENT GROUND TEMPERATURES OTHER THAN 25 °C TO BE APPLIED TO CABLES
(IN UNDERGROUND CONDUITS)

Ground temperature (q,) (°C)

) I 8 3 A B R
PVC (thermoplastic) 116 111 106 100 094 088 081 0.75 0.66 058 047 -
XLPE or EPR (thermostable) 111 1.08 105 1.00 097 093 086 0.83 079 074 0.68 0.62 055 048 0.39

Insulation

CORRECTION FACTORS BY GROUND RESISTANCE

An important new item in the latest version of Spanish Harmonised Standard UNE 20460-5-523 is to take the standard resistivity of the ground as
2.5 Km/W instead of 1 K m/W (earlier reference), which means a drastic reduction in currents allowable in underground cables in interior or receiving
installations (those that are not distribution networks), as opposed to the method used up until now, coming from Supplementary Technical Instructions,
Low Voltage, to the REBT ITC-BT- 07, which, in turn, was based on UNE 20435.

TABLE 52-D3:

CORRECTION FACTORS FOR ALLOWABLE CURRENT FOR CABLES (IN UNDERGROUND CONDUITS) IN GROUND WITH A DIFFERENT RESISTIVITY
FROM 2.5 K m/W

Heat resistivity K.m / W 1 15 2 25 3 /
Correction factor 1.18 1.1 1.05 1 0.96 //// 7
.

CORRECTION FACTORS BY GROUPING

Mutual heating of cables when several circuits are in the same channel means a higher ambient temperature and that an additional correction
factor must be used in order to overcome greater difficulty in dissipating the heat generated.

Therefore, UNE 20-460-5-523 standard includes table A.52-3 which summarises the correction factors to use when a channel contains several
circuits together, or several multiconductor cables. These factors must be used to modify the currents shown in table A.52-1 bis, or in the basic
simplified table, mentioned earlier.

TABLE A. 52-3:

Number of circuits or multi-conductor cables

I I N A I R R

1.0 080 070 070 055 050 045 040 0.40

1 Recessed, encased (within the same tube, channel or conduit,
or stapled to a surface in the open air

2 Single layer on walls or grounds or imperforated trays 1.00 085 080 075 070 0.70 0.70 0.70 0.70
3 Single layer in the ceiling 095 080 070 070 065 060 060 060 0.60 6@@
4 Single layer on horizontal or vertical perforated trays 1.0 090 080 075 075 0.70 0.70 0.70 0.70
5  Single layer on cable ladders, clamps, etc. 1.0 085 080 080 080 0.80 0.80 0.80 0.80
—
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When the cables are laid out in several, superimposed layers, the values will be significantly lower and must be determined using a suitable method
(see section K).

If help is required in applying this table or obtaining correction factors for groupings not expressly included in UNE 204640-5-523 (Nov. 2004), please
turn to section K in this catalogue.

Tables 52-E4 and 52-E5 contain correction factors more specific to various groupings of cables in trays, cable ladders and similar.

For underground cable groupings, there are the following factors:

TABLE 52-E2:
CORRECTION FACTORS BY GROUPING SEVERAL CIRCUITS, CABLES DIRECTLY UNDERGROUND (METHOD D)

Distance between cables (a)

One diameter
numbers

Circuit

2 0.75 0.80 0.85 0.90 0.90 [T77777777
3 0.65 0.70 0.75 0.80 0.85 @%é%é%
4 0.60 0.60 0.70 0.75 0.80
5 0.55 0.55 0.65 0.70 0.80
6 0.50 0.55 0.60 0.70 0.80
= Multi-conductor cables JSTTTTTTTT T T 77777 TITTTTITI T
= Single-pole cables STTTTTTTT777777 777777 TTTTTTTTT77 7777777777
@ @@ —
a
+—>
a
TABLE 52-E3:
A.- MULTICONDUCTOR CABLES IN UNDERGROUND CONDUITS (METHOD D) OR SINGLE-POLE CABLES IN A SINGLE CONDUIT
cables or groups of 2 or 3
single-pole cables
2 0.85 0.90 0.95 0.95
3 0.75 0.85 0.90 0.95
4 0.70 0.80 0.85 0.90
5 0.65 0.80 0.85 0.90
6 0.60 0.80 0.80 0.90
= Multi-conductor cables JSTTTT777777777777777 = Single-pole cables STTTTT777777777777777
L O RYCS
a a

We believe that it is sufficiently safe to use these values for circuits with single-pole cables in a tube or conduit underground (the standard omits
this common case).
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B - SINGLE-POLE CABLES, ONE CABLE PER CONDUIT

NuTilseEr 6 aliauiie Distance between conduits (a)

with two or three Nil

single-pole cables (conduits in contact) 0.25m 0.5m 1.0m
2 0.80 0.90 0.90 0.95
3 0.70 0.80 0.85 0.90 JSTTTTTTTTT
4 0.65 0.75 0.80 0.90
5 0.60 0.70 0.80 0.90 &&&
6 0.60 0.70 0.80 0.90

= Single-pole cables STTTTTTTT 77777777 STTTTTT77777

@%\7\@% u@@

* NOTE: The values shown in these tables 52-E2 and 52-E3 are applied to a depth of 0.7 m and a heat resistivity of 2.5 K.m/W.

TABLE 52-E4:
REDUCTION FACTORS BY GROUPING FOR SEVERAL MULTICONDUCTOR CABLES (NOTE 1) TO BE APPLIED TO VALUES FOR MULTICONDUCTOR
CABLES INSTALLED IN THE OPEN AIR (METHOD E)

Installation method in table 52-B2 NS WLLCIRIEChIC
ofrays [ 1 T 2 [ 3] 4] 6] o]

Perforated trays (Note 3) Cables in contact 1 1.00 088 082 079 076 0.73
(Installation reference 31) 2 100 087 080 077 073 0.68
8 100 086 079 076 071 0.66
Separated cables 1 1.00 1.00 098 095 0.91 -
2 100 099 09 092 087 -
3 100 098 095 091 08 -
Vertical perforated trays (note 4) Cables in contact 1 1.00 088 082 078 073 0.72
(Installation reference 31) 2 1.00 0.88 081 076 071 0.70 CEOOS
Separated cables 1 1,00 091 089 088 087 -
2 1,00 091 o088 087 08 -
Cable ladders, clamps, etc. (note 3) Cables in contact 1 1.00 087 082 080 079 0.78
(Installation reference 32, 33 and 34) 2 1.00 086 080 078 0.76 0.73
8 1.00 085 079 076 073 0.70
Separated cables 1 1.00 1.00 1.00 1.00 1.00 -
2 1.00 099 098 097 096 -
3 1.00 098 097 09 093 -
—
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TABLE 52-E5:
REDUCTION FACTORS BY GROUPING FOR SEVERAL SINGLE-POLE CABLES IN OPEN AIR (METHOD F)

sl e e e e B Number of three-phase circuits (note 2)
of trays

Perforated trays (Note 3) Cables in contact (1 layer) 1 0.98 0.91 0.87
(Installation reference 31) 2 0.96 0.87 0.81
3 0.95 0.85 0.78
Vertical, perforated trays (note 4) Cables in contact (1 layer) 1 0.96 0.86 -
(Installation reference 31) 2 0.95 0.84 =
Cable ladders, clamps, etc. (note 3) Cables in contact (1 layer) 1 1.00 0.97 0.96
(Installations reference 32, 33 and 34) 2 0.98 0.93 0.89
3 0.97 0.90 086  LOOCOCO
Perforate@ trays (Note 3) Circuits separated by at least two 1 1.00 0.98 0.96
(Installation reference 31) times the D of the cable (triangular) 2 0.97 0.93 0.89
3 0.96 0.92 0.86
Vertical, perforated trays (note 4) Circuits separated by at least two 1 1.00 0.91 0.89
(Installation reference 31) times the D of the cable (triangular) 2 1.00 0.90 0.86
Cable Iac_iders, clamps, etc. (note 3) Circuits separated by at least two 1 1.00 1.00 1.00
(Installations reference 32, 33 and 34) times the D of the cable (triangular) 2 0.97 0.95 0.93
3 0.96 0.94 0.94

NOTE 1: the factors are applied to single layers of cables (or triangles), but cannot be applied to cables laid in several contacting layers. The values
for these layouts may be significantly lower and must be determined by a suitable method (see section K, pt. 1).

NOTE 2: For circuits that include several cables in parallel by phase, each group of three conductors should be considered as a circuit, when applying
this table.

NOTE 3: The values are shown for a vertical distance between trays of 300 mm. For shorter distances, factors should be reduced.

NOTE 4: The values are shown for a horizontal distance between trays of 225 mm, with trays mounted back to back and at least 20 mm between
the tray and the wall. For shorter distances, the factors should be reduced.

EFFECTS OF HARMONIC CURRENTS

A suitable method must be applied when there is significant interference from harmonic currents (see appendix C in Spanish Harmonised Standard
UNE 204060-5-523 (2004)).

CORRECTION FACTORS BY RECEIVER OR INSTALLATION TYPE

Premises with a danger of fire or explosion: "The current allowable in conductors must be reduced by 15% over the same value for a conventional
installation™ (Supplementary Technical Instructions, Low Voltage, to the REBT, ITC-BT 29 pt. 9.1., 6th paragraph).

Low voltage generation installations: "Connecting cables must be the correct size for a current of not less than 125 % of the maximum current
on the generator™ (ITC-BT 40, pt. 5).

“For receivers with discharge lamps, the minimum load in volt-amperes is 1.8 times the watt power of the lamps.” "...a different coefficient is
acceptable for calculating the section of conductors, providing the power factor for each receiver is equal to, or greater, than 0.9, and if the load is
known for each of the elements associated with the lamps and starting currents, which may be caused by either. In this case, the coefficient will
be the one that results.” (ITC-BT 44 point 3.1, 4th paragraph).

"Connecting conductors supplying a single motor must be the correct size for a current of 125 % of the maximum current when the motor is
running at full load.

With wound rotor motors, the conductors connecting the rotor with the starting element -secondary conductors- must also be the correct size
for 125 % of the maximum current when the rotor is running at full load. If the motor is only used sporadically, the secondary conductors can
have a smaller section depending on the length of continuous operation, but the section must never be smaller than that for 85 % of the current
when the rotor is running at full load". (ITC-BT 47, pt. 3.1).

"Connecting conductors supplying several motors must be the correct size for a current of not less than the sum of 125 % of the current when
the most powerful motor is running at full load, plus the current at full load for the others™. (ITC-BT 47, pt. 3.2).

"In motors on lifts, cranes and lifting gear in general, both direct and alternating current, are calculated as normal current at full load... ...needed
to lift loads classed as normal at operating speed once the starting period has ended, multiplied by a coefficient 1.3" (ITC-BT 47, pt. 6, 5th paragraph).

NOTE: For voltage drops and short-circuit currents, see section E and F.
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B) OVERHEAD NETWORKS FOR DISTRIBUTION OR EXTERIOR LIGHTING AT LOW VOLTAGE
INTRODUCTION

Suitable cables for these installations must have a rated voltage of 0.6/1 kV, insulated and covered with thermostable polymers that can withstand
outdoor conditions, in accordance with specifications in Spanish Harmonised Standard UNE 21030 (AL POLIRRET, POLIRRET FERIEX); also the section
must be correct for the current carried and self-supporting suspended networks must be able to withstand the mechanical traction of tensioning.

If using cables at lower voltage ratings, they are treated as bare conductors and precautions taken for the installation and service of this type of
material.

Cables with a rated voltage of 0.6/1 kV can be installed as:

— Cables laid directly onto walls using clamps securely fixed to the walls and able to withstand outdoor conditions, or on any other, similarly
robust support.

— Suspended cables.

Cables with a ground wire can be suspended between special pieces fixed to supports, facades or walls at a suitable mechanical tension. Insulation
is not a resistant element in this case. For the remaining suspended cables, galvanised steel ground wires are used, with a minimum breaking
resistance of 800 daN, and fixed by clamps or other devices suitable for insulated conductors.

The minimum section is 16 mm? for aluminium cable and 10 mm? for copper for overhead distribution networks. For overhead networks for exterior
lighting, the minimum section is 4 mm? for copper cable.

The type of cable to be used, depending on the laying method, will be:
— Networks under tension:

— self-supporting with ALMELEC ground wire:
AL POLIRRET (with incorporated ground wire)

—no ground wire (an additional steel wire is required):
AL POLIRRET (no ground wire)
POLIRRET FERIEX

— Laid networks:

AL POLIRRET (no ground wire required)
POLIRRET FERIEX

The size, electrical and mechanical characteristics for all these cables can be obtained from the corresponding pages.

MAXIMUM ALLOWABLE CURRENT

The following tables show the maximum allowable permanent current values for the cables referred to in this section, under normal installation
conditions. Normal installation conditions are defined as those for a single cable installed in the open air at a temperature of 40 °C. For other, different
conditions, the correction actors defined in pertinent sections must be applied.

NOTE: Below is table B.0 for allowable current for distribution networks, according to Spanish Harmonised Standard UNE 211435 (the new standard
of reference for distribution circuits). This standard cancels and replaces the former UNE 20435, and table B.0 contains the values to be applied.
The other tables from the previous standard (from B.1 to B.5) are also shown as they contain details on correction coefficients that do not appear
in UNE 211435 for overhead distribution networks and because the change in standards has occurred recently.
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FIRST OPTION (NEW UNE 211435)

low voltage

TABLE B.0 (ACCORDING TO UNE 211435):

OVERHEAD DISTRIBUTION CABLES TYPE RZ 0.6/1 kV

Section

ALUMINIUM
16
25
50
95

150
COPPER
25
4
6
10
16

64
90
135
215
300

35
45
62
84

Temperature of ambient air in °C

Sunlight in kW/m?2

SECOND OPTION (REBT AND FORMER UNE 20435)

Three loaded conductors

TABLE B.1 - BRAIDED ALUMINIUM CABLES WITH AMELEC GROUND WIRE FOR OVERHEAD NETWORKS UNDER TENSION (AL POLIRRET)

Number of conductors per section
(in mm2)

1 x 25 Al/54.6 Alm

1 x 50 Al/54.6 Alm
3x25A1/29.5Alm
3x50AI/29.5AIm

3 x 95 Al/54.6 Alm

3 x 150 Al/80 Alm

TABLE B.2 - BRAIDED ALUMINIUM CABLES WITHOUT GROUND WIRE FOR LAID OVERHEAD CABLES, OR TENSED BY A STEEL WIRE (AL POLIRRET)

Maximum current (A)

Laid on facades Suspended with a steel wire
(network under tension)

Number of conductors x section

(in mm2)

2x16Al
2x25Al
4x16Al
4x25Al
4 x50Al

3 x95/50 Al
3 x 150/95 Al

OVERHEAD NETWORKS FOR DISTRIBUTION OR EXTERIOR LIGHTING AT LOW VOLTAGE

Maximum allowable current in
A XLPE Insulation. Cu or Al conductor
Cables in a triangle in contact

56
76
115
185
250

31
39
54
72

101
67
90

133

207

277
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78
105
160

32
42
54
76
100

Maximum current (A)
(network under tension)

110
165
100
150
230
305

109
72
97

144

223

301

technical introduction

Two loaded conductors
mm2 Protected from sunlight Exposed to sunlight Protected from sunlight Exposed to sunlight

72
95
145

31
40
52
70
94
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TABLE B.3 - BRAIDED COPPER CABLES WITHOUT GROUND WIRE FOR LAID OVERHEAD CABLES, OR SUSPENDED WITH A STEEL WIRE
(POLIRRET FERIEX)

Number of conductors per section SR G ()

(in mm2) Laid on fagades Suspended with a steel wire
(suspended network)

2x4 0or 3G4 Cu 45 50
2x6 Cu 57 63
2x10 Cu 77 85
4x4 or5G4 Cu 37 41
4x60r5G6 Cu 47 52
4x100r5G10 Cu 65 72
4x160r5G16 Cu 86 95
4x25 Cu 120 132

CORRECTION FACTORS (VALID FOR THE FIRST AND SECOND OPTION)

The factors shown below are valid for both options (UNE 211435 or REBT and former UNE 20435). When correcting by ambient temperature, the
values are the same for both standards. With correction coefficients by grouping, the new UNE 211435 does not have a specific table for grouping
RZ braided cables, therefore table B.5 can be applied, based on the Supplementary Technical Instructions, Low Voltage, to the REBT, ITC-BT 06.

TABLE B.4 - CORRECTION FACTOR FOR A DIFFERENT AMBIENT TEMPERATURE FROM 40 °C

Ambient temperature (gj) (in °C)

----------“
1.27 1.22 1.18 1.14 1.10 1.05 0.95 0.90 0.84

This correction factor is obtained from the following expression:
F = +[(90-q,)/50]

If the cables are exposed to direct sunlight, apply an extra factor of 0.9.

The table below gives the correction factors to apply in groupings of various circuits consisting of single-pole or multi-pole cables, depending
on the type of installation.

For suspended or laid overhead networks, the following correction factors apply:

TABLE B.5 - CORRECTION FACTOR FOR CABLES GROUPINGS IN SUSPENDED OR LAID NETWORKS

0.89 0.80 0.75

Correction factor 1.00 0.70

When several conductors are used per phase, a correction factor of not less than 0.9 must be used (UNE 20435 section 3.1.2.3).

NOTE: For voltage drops and short-circuit currents, see section E and F.
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C) UNDERGROUND LOW VOLTAGE DISTRIBUTION NETWORKS
(ACCORDING TO THE NEW UNE 211435 STANDARD)

Underground distribution networks according to the Spanish Electrotechnical Regulation for Low Voltage (REBT) must be carried out following

guidelines from the ITC-BT 07, whose content is based on UNE 20435, a standard that has been cancelled and replaced by UNE 2111435 (December
2007). Therefore, the situation is that regulations have been cancelled by the appearance of a new standard. However, it has been decided to include
everything stated in the REBT in section C bis (based on the cancelled UNE 20435) and prioritise the section dealing with the new standard in force.

The cables to be used and the installation modalities are still those stated at the start of section C bis, so focus is on the maximum allowable load
tables and their correction coefficients.

MAXIMUM ALLOWABLE CURRENT

For Cu RV cables (Retenax Flam, Retenax Flex, Armoured Retenax Flam) or Al XZ1(S) (Al Voltalene Flamex) 0.6/1 kV, the allowable currents depending
on the installation system are contained in the following table:

TABLE A.1 (UNE 211435):
DISTRIBUTION CABLES RV OR AL XZ1(S) 0.6/1 kV (SUNKEN CABLES AND CABLES IN UNDERGROUND GALLERIES)

Maximum allowable current in
A XLPE Insulation. Cu or Al conductor
Cables in a triangle in contact

Section Sunken directly underground (1) Sunken in tubing (2) In open air, protected from sunlight (1)
mm2
(e] (e]
00 00
ALUMINIUM
25 95 82 88
50 135 115 125
95 200 175 200
150 260 230 290
240 340 305 390
COPPER
25 125 105 115
50 185 155 185
95 260 225 285
150 340 300 390
240 445 400 540
Ground temperature in °C 25
Ambient air temperature in °C 40
Ground heat resistance in Kom/W 15
Burial depth in m 0.7

(1) Three single-pole triangular cables.
(2) Three single-pole cables in the same tubing.

It can now be seen that the standard used for ground heat resistivity is 1.5 Kim/W instead of 1 Kém/W from UNE 20435, which means a reduction
in allowable currents in underground channels.

CORRECTION FACTORS

If the ambient temperature differs from the standard (40 °C for installations in galleries in the open air and 25 °C for underground installations),
the following values are applied to the currents in the previous table:

@PPYSMIAN

CABLES & SYSTEMS
WWWw.prysmian.es

32




low voltage— technical-introduction

777777777 UNE 211435 UNDERGROUND LOW VOLTAGE DISTRIBUTION NETWORKS (ACCORDING TO UNE 211435)

TABLE A.6 (UNE 211435):
CORRECTION FACTORS FOR DIFFERENT TEMPERATURES (CABLES IN UNDERGROUND GALLERIES AND SUNKEN CABLES)

Temperature of ambient air in cables in aIIerle °C

Maximum temperature of
conductor °C

90* 1.18 1.14 1.10 1.05 1.00 0.95 0.89 0.84 0.77 -
105 1.14 111 1.07 1.04 1.00 0.96 0.92 0.88 0.83

Ground temperature in sunken cables, °C

90* 111 1.07 1.04 1.00 0.96 0.92 0.88 0.83 0.78
105 1.09 1.06 1.03 1.00 0.97 0.94 0.90 0.87 0.83

* Cables for underground distribution networks (Retenax Flam, Retenax Flex, Retenax Flam armoured and Al Voltalene Flamex)
withstand a maximum of 90 °C in the conductor on a permanent basis.

When the ground heat resistivity is different from 1.5 Kdm/W and the installation is in tubing, the following factors must be taken into account:

Maximum temperature of
conductor °C

TABLE A.7 (UNE 211435):
CORRECTION FACTORS FOR DIFFERENT GROUND HEAT RESISTIVITY DIFFERENT FROM 1.5 Kom/W (BURIED CABLES)

Cables installed in underground tubes One circuit per tube

Conductor section Ground resistivity
mm2 0.8 Kbm/w 0.9 Kdm/w 1 Kdm/W 1.5 Kdm/wW 2 Kdm/W 2.5 Kdm/W 3 Kdm/w

112 1.10 1.08 1.00 0.93 0.88 0.83
35 1.13 111 1.09 1.00 0.93 0.88 0.83
50 1.13 111 1.09 1.00 0.93 0.87 0.83
70 1.13 111 1.09 1.00 0.93 0.87 0.82 4 /
95 1.14 1.12 1.09 1.00 0.93 0.87 0.82 ////T 7
120 1.14 1.12 1.10 1.00 0.93 0.87 0.82
150 1.14 1.12 1.10 1.00 0.93 0.87 0.82
185 1.14 1.12 1.10 1.00 0.93 0.87 0.82
240 1.15 1.12 1.10 1.00 0.92 0.86 0.81
300 1.15 1.13 1.10 1.00 0.92 0.86 0.81
400 1.16 1.13 1.10 1.00 0.92 0.86 0.81

If the cables are buried directly:

Cables buried directly in a triangle in contact

Conductor section Ground resistivity
mm2 0.8 Kbm/w 0.9 Kdm/w 1 Kdm/W 1.5 Kdm/W 2 Kdm/W 2.5 Kdm/W 3 Kdm/w

1.25 1.20 1.16 1.00 0.89 0.81 0.75
35 1.25 121 1.16 1.00 0.89 0.81 0.75
50 1.26 121 1.16 1.00 0.89 0.81 0.74
o o a2 s dw o ow om0
120 1.28 1.22 1.18 1.00 0.88 0.80 0.74 C%&&
150 1.28 1.23 1.18 1.00 0.88 0.80 0.74
185 1.29 1.23 1.18 1.00 0.88 0.80 0.74
240 1.29 1.23 1.18 1.00 0.88 0.80 0.73
300 1.30 1.24 1.19 1.00 0.88 0.80 0.73
400 1.30 1.24 1.19 1.00 0.88 0.79 0.73
—
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Take into account the depth at which the installation is buried:

TABLE A.8 (UNE 211435):
CORRECTION FACTORS FOR DIFFERENT DEPTHS OF BURIAL (SUNKEN CABLES)

0.6/1kV cables

0.50 1.04 1.03
0.60 1.02 1.01
0.70 1.00 1.00
0.80 0.99 0.99
1.00 0.97 0.97
1.25 0.95 0.96
1.50 0.93 0.95
1.75 0.92 0.94
2.00 0.91 0.93
2.50 0.89 0.91
3.00 0.88 0.90

Correction coefficients by grouping for buried installations:

TABLE A.9.2 (UNE 211435):
CORRECTION FACTORS FOR DIFFERENT GROUPINGS OF CABLES 0.6/1 kV (SUNKEN CABLES)

Single-pole cable circuits in a triangle in contact
Groups in a horizontal layout

Grouped Cables buried directly - distances between groups in mm

0.82 0.88 0.92 0.94 0.96
3 0.71 0.79 0.84 0.88 0.91
: o S
6 0.56 0.67 0.76 0.82 0.86 &&&
7 0.53 0.65 0.74 0.80 0.85
8 0.51 0.63 0.73 0.80 -
9 0.49 0.62 0.72 0.79 -
10 0.48 0.61 0.71 - -

Circuits in underground tubing
Tubes in a horizontal layout

Grouped Distance between tubes in mm

0.87 0.90 0.94 0.96 0.97
3 0.77 0.82 0.87 0.90 0.93
4 0.71 0.77 0.84 0.88 0.91
5 0.67 0.74 0.81 0.86 0.89
6 0.64 0.71 0.79 0.85 0.88
7 0.61 0.69 0.78 0.84 =
8 0.59 0.67 0.77 0.83 -
9 0.57 0.66 0.76 0.82 =
10 0.56 0.65 0.75 - -

=

WWw.prysmian.es

34




low-voltage— technicalintroduction

| 77777777 UNE 211435 UNDERGROUND LOW VOLTAGE DISTRIBUTION NETWORKS (ACCORDING TO UNE 211435)

For installations in galleries, there is the following table for grouping cables:

TABLE A.10 (UNE 211435):
CORRECTION FACTORS FOR GROUPING CABLES IN OPEN AIR OR IN GALLERIES (UNDERGROUND GALLERIES) (See note 2)

They are applied to the load capacity in an open air circuit.

Number of three-phase circuits

Number
of trays

Installation method

1 1.00 0.98 0.96
Perforated
trays 2 0.97 0.93 0.89
(note 3)
Separated 3 0.96 0.92 0.86
Vertical 1 1.00 0.91 0.89 oooooo
perforated
trays
(note 4) 2 1.00 0.90 0.86
Separated
Flanges 1 1.00 1.00 1.00
supports,
brackets 2 0.97 0.95 0.93
(note 3)
Separated 3 0.96 0.94 0.90

NOTE 1: The values are the average for the type of cables and the range of sections included. The spread of values is lower than 5% in general.

NOTE 2: The factors are applied to separated layers of cables or cables in triangles with separated layers. They are not applied if the cables are
laid in several layers in contact. In this case, the factors can be significantly lower. (See point 1, section K).

NOTE 3: The values are shown for a vertical distance between trays of 300 mm. For shorter distances, factors should be reduced.

NOTE 4: The values are shown for a horizontal distance between trays of 225 mm, with trays mounted back to back If the distance is shorter, the
factors must be reduced.

NOTE 5: For circuits that include more than one cable in parallel by phase, each group of three conductors should be considered as a circuit, when
applying this table.
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C bis) UNDERGROUND NETWORKS FOR DISTRIBUTION OR EXTERIOR LIGHTING AT LOW VOLTAGE
(ACCORDING TO THE REBT BASED ON THE CANCELLED UNE 20435)

Supplementary Technical Instructions, Low Voltage, to the REBT, ITC-BT 07, shows how to make underground networks for distribution, based on
the content of UNE 20435, a standard that has been cancelled and replaced by UNE 2111435 (Dec. 2007). In section C bis, the content of the REBT
is still provided and therefore of the UNE 20435 standard, no longer in use. The new table and criteria are found in section C bis and used for
calculations based on the standard that is currently in force (UNE 211435).

This type of network can be:

a) Sunken directly underground.
b) Sunk inside tubes.
c) In galleries, which may or may not be large enough to enter, with cables laid out on brackets, or fixed directly to the wall.

The most frequently used cables are:

— Distribution networks (underground).
AL VOLTALENE FLAMEX (S)

— Exterior lighting networks (underground)
RETENAX FLEX IRIS TECH
RETENAX FLAM N
RETENAX FLAM F
RETENAX FLAM M

Special characteristics for all these cables can be found on the corresponding pages in this catalogue.

NOTE: For underground installations that are not distribution or lighting networks, see section A.

CABLES BURIED DIRECTLY OR IN A TUBE (SUNKEN CABLES)
INTRODUCTION

Cables suitable for this type of installation can be copper or aluminium conductors, rated voltage 0.6/1 kV, insulated by thermostable polymeric
materials (XLPE, EPR or similar), in accordance with the Spanish Harmonised Standard UNE HD 603.

There can be one or more conductors and the section must be suitable for the currents carried, in accordance with UNE 20345 standard, with the
voltage drops provided for in regulations. In no case will the section be less than 6 mmZ for copper conductors and 16 mm?2 for aluminium conductors.

The type of protection, armour or exterior sheath on the cable is determined by the conditions in the installation, basically the strain the cable has
to withstand during laying or operation (rodents, classified installations, etc.).

In addition, depending on the number of conductors in the distribution, the minimum section on the neutral must be:

a) With two or three conductors, the same as the phase conductors
b) With four conductors, the section of the neutral will be at least what is shown in the following tables

TABLE C.1
Phase conductors Neutral section Phase conductors Neutral section
(in mm?) (in mm?) (in mm2) (in mm2)

6 6 95 50
10 10 120 70
16 (Cu) 10 (Cu) 150 70
16 (Al) 16 (Al) 185 95
25 16 240 120
35 16 300 150
50 25 400 185
70 35 500 240

Note

The smaller section for the neutral is only allowed in well-balanced circuits, free from harmonics. If this is not the case, the section of the neutral
must be the same as the phase conductors, or larger.

@PRVSMIAN

CABLES & SYSTEMS
www.prysmian.es

36




low-voltage— technical-introduction

777777777 REBT (Spanish Electrotechnical UNDERGROUND NETWORKS FOR DISTRIBUTION OR EXTERIOR LIGHTING
"7 """ Regulation for Low Voltage) AT LOW VOLTAGE (ACCORDING TO REBT)

As for the maximum permanent current allowable in the conductors, as specified in UNE 20435 standard, this will depend on:
—The depth of the installation.

— Thermal resistivity and type of ground.

— Maximum ground temperature at the depth of the installation.

— Proximity of other cables carrying current.
—The length of channels inside tubes: number and grouping, distance between them and the material comprising them.

The following load tables have been drawn up for standard conditions for the installation:

A three-pole cable or three single-pole cables working with alternating current, buried along their full length in a trough 70 cm deep, in ground
with average resistivity of 1 Kim/W, and an ambient temperature of 25 °C, or one two-pole cable or a pair of single-pole cables.

Remember that the protection (earth) and the neutral conductors are not normally active (except for the influence of harmonics on the neutral). This is
why there are always three-pole cables or three single-pole (three-phase), or two-pole cables or 2 single-poles (single phase).

MAXIMUM ALLOWABLE CURRENT (SUNKEN CABLES)

Maximum allowable current, in ampéres, for cables with aluminium conductors AL AFUMEX 1000 V (AS) and AL VOLTALENE FLAMEX (S) ((type A insulation),
BUPRENO (type B insulation) buried directly (for installation in tubes, see also the following section for correction factors).

TABLE C.2 - ALUMINIUM CONDUCTORS

Nominal section | Three single- 1 three-pole cable 2 single-pole cables 1 two-pole cable

Type of insulation

Auminem A 8 A | 8 | A | &8 | A | B
97 94 90 86 118 115 110 105

16

25 125 120 115 110 153 147 140 134

35 150 145 140 135 183 177 171 165

50 180 175 165 160 319 214 202 196

70 220 215 205 200 269 263 251 245

95 260 255 240 235 318 312 294 287
120 295 290 275 270 361 355 336 330
150 330 325 310 305 404 398 379 373
185 375 365 350 345 459 447 428 422
240 430 420 405 395 526 514 496 483
300 485 475 460 445 594 581 563 545
400 550 540 520 500 673 661 637 612

Maximum allowable current, in ampéres, for cables with copper conductors AFUMEX 1000 V (AS) IRISTECH and RETENAX (type A insulation), BUPRENO (type
B insulation) buried directly (for installation in tubes, see also the following section for correction factors).

TABLE C.3 - COPPER CONDUCTORS

Nominal section | Three single- 1 three-pole cable 2 single-pole cables 1 two-pole cable
2 ()
mm pole cables 00

Type of insulation

coppr .| A | 8 | A | 8 | A | 8 | A | 8 |
72 70 66 64 88 85 90 78

6
10 96 94 88 85 117 115 107 104
16 125 120 115 110 153 147 140 134
25 160 155 150 140 196 189 183 171
35 190 185 180 175 232 226 220 214
50 230 225 215 205 281 275 263 251
70 280 270 260 250 343 330 318 306
95 335 325 310 305 410 398 374 373
120 380 375 355 350 465 459 434 428
150 425 415 400 390 520 508 490 477
185 480 470 450 440 588 575 551 539
240 550 540 520 505 673 661 637 618
300 620 610 590 565 759 747 722 692
400 705 690 665 645 863 845 814 79
=
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Warning: if the load is not balanced, with phase differences of around 10%, or harmonics are expected in the network, mainly the third harmonic,
it may be necessary to increase the section of the neutral conductor to ensure that it heats properly.

If the real conditions of the installation differ from those of a "standard installation™, the values of the currents shown in the previous tables must
be modified so that, in no case, do the temperatures reached by the conductors exceed those established for the type of cable in permanent operation
(90 °C).

CORRECTION FACTORS (SUNKEN CABLES)

CHANNELS IN TUBES (SUNKEN CABLES)

a) Channels in tubes
If the cable is three-phase, or three single-pole cables, or a two-pole, or pair of two-pole cables inside the same tube, a correction factor of 0.8
must be applied.

= Multi-conductor cables « Single-pole cables
OEORONE)
d d d

If each single-pole cable is in a separate tube, a correction factor of 0.9 is applied. In this case, the tubes must not be made of iron, to prevent
magnetic losses.

< Single-pole cables

&@\7\& @@\7\@@

b) Channels inside short tubes
By "short" is meant channels of less than 15 metres. If the tube is filled with low heat resistant conglomerates (bentonite, etc), no correction factor
need be applied.

If the ground temperature is other than 25 °C, correction factors from the following table must be applied.

TABLE C.4 - CORRECTION FACTOR F, FOR TEMPERATURES OTHER THAN 25 °C (SUNKEN CABLES)

Maximum temperature in
conductor (gg) (in °C)

Ground temperature (q) (in °C)

---------
111 1.07 1.04 0.96 0.92 0.88 0.83 0.78

90

The correction factor for other ground temperatures, different from those on the table, will be (see the point in section A “Correction factors by
temperature"):

= +[(90-q,)/65]
If the ground heat conductivity is other than 1 Kem /W, the following correction factors must be applied:

TABLE C.5 - CORRECTION FACTORS FOR GROUND HEAT RESISTIVITY DIFFERENT FROM 1 Kem / W (SUNKEN CABLES)

Type of thermal ground resistivity (in Kem / W)

[

Single-pole 1.09 1.06 1.04 1 0.96 0.93 0.87 0.81 0.75 0.68 0.66 ///

Three-pole 1.07 1.05 1.03 1 0.97 0.94 0.89 0.84 0.78 0.71 0.69
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If there are several different circuits in the same trough, the mutual heating will alter the "Standard™ conditions, and so the following correction
factors must be applied:

TABLE C.6 - CORRECTION FACTOR FOR GROUPINGS OF SEVERAL THREE-PHASE CABLES OR THREE SINGLE-POLE CABLES BURIED IN THE SAME
TROUGH (SUNKEN CABLES)

Distance between
cables or group
of three cables

Number of cables or groups of three in the trough

2 | [ ¢ J s | 6 ] & | w0 | 12

In contact 0.80 0.70 0.64 0.60 0.56 0.53 0.50 0.47

d=0.07m 0.85 0.75 0.68 0.64 0.60 0.56 0.53 0.50 77777777
d=0.10m 0.85 0.76 0.69 0.65 0.62 0.58 0.55 0.53 (%(%(%
d=0.15m 0.87 0.77 0.72 0.68 0.66 0.62 0.59 0.57

d=0.20m 0.88 0.79 0.74 0.70 0.68 0.64 0.62 0.60

d=0.25m 0.89 0.80 0.76 0.72 0.70 0.66 0.64 0.62

W @LEee

TABLE C.7 - CORRECTION FACTOR FOR DIFFERENT DEPTHS OF LAYOUT (SUNKEN CABLES)

If the cable is buried at a depth other than 70 cm, the corresponding correction factor must be used:

777777777777777777777777 X Depth of the e *+ Depth of the

installation installation

Depth (in metres)
Correction factor 1.03 1.02 1.01 1 0.99 0.98 0.97 0.95

CABLES INSTALLED IN UNDERGROUND GALLERIES
INTRODUCTION

This method of installation is not exactly an underground installation, as both galleries that can be entered, and troughs and channels for inspection
must have an efficient system to renew air and enable good dissipation of the heat generated by losses from cables, so that the ambient temperature
dos not exceed 40 °C.

Depending on the case, cables will be laid out on trays, brackets or fixed directly to the wall by clamps or other elements that make the installation
safe, in particular to withstand electro-dynamic forces caused by any short-circuits.
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MAXIMUM ALLOWABLE CURRENT (UNDERGROUND GALLERIES)

The allowable currents and correction factors have been taken from Spanish Harmonised Standard UNE 20435 for open air installations under
the following "standard" conditions.

A three-phase or single-phase cable, or three or a pair of single-pole cables grouped in contact, and positioned so that air can be renewed effectively,
with the ambient temperature being 40 °C.

Maximum allowable permanent current, in ampéres, for Cu cables AFUMEX 1000 V (AS) IRISTECH and RETENAX (type A insulation), BUPRENO
(type B insulation) in the open air, or Al cables AL AFUMEX (AS) and AL VOLTALENE FLAMEX (S) (type B insulation).

TABLE C.8
Aluminium conductors Copper conductors

Rated cross 3 single-pole cables 1 three-phase cable 3 single-pole cables 1 three-phase cable

section
oo oo

Type of insulation
A ] 8 ] A ] 8 J A [ 8 | A ]| B
- - - - 46 45 44 43

6
10 - - - - 64 62 61 60
16 67 65 64 63 86 83 82 80
25 93 90 85 82 120 115 110 105
35 115 110 105 100 145 140 135 130
50 140 135 130 125 180 175 165 160
70 180 175 165 155 230 225 210 200
els 220 215 205 195 285 280 260 250
120 260 255 235 225 335 325 300 290
150 300 290 275 260 385 375 350 335
185 350 345 315 300 450 440 400 385
240 420 400 370 360 535 515 475 460
300 480 465 425 405 615 595 545 520
400 560 545 505 475 720 700 645 610

If there are two single-pole cables, or one two-pole cable, multiply the current used in three single-pole cables, or one three-pole, by 1.225. 1.225
comes from +(3/2) (see the operation in section A, point "Correction factors by temperature").

CORRECTION FACTORS

If the ambient temperature is other than 40 °C, correction factors from the following table must be applied.

TABLE C.9 - CORRECTION FACTOR F FOR A DIFFERENT AMBIENT TEMPERATURE FROM 40 °C (UNDERGROUND GALLERIES)

Operating temperature
(gg) (in °C)

Ambient temperature (gy) (in °C)

----------m
1.27 1.22 1.18 1.14 1.10 1.05 1 0.95 0.90 0.84 0.

90

The correction factor for different ambient temperatures from those in the table will be:
F = +[(90-g,)/50]

The tables below give the correction factors to apply in groupings of various circuits consisting of single-pole or multi-pole cables, depending on
the type of installation.
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TABLE C.10 - CORRECTION FACTOR FOR GROUPS OF SEVERAL CIRCUITS OF SINGLE-POLE CABLES (UNDERGROUND GALLERIES)

) : N of three-phase circuits (2)
Type of installation To be used for (1)
1

0.95 0.90 0.85

Horizontal perforated trays, Three cables in

. 2 0.95 0.85 0.80 .
| horizontal layer
cables in contact (3) 3 0.90 0.85 0.80 y
Vertical perforated trays, 1 0.95 0.85 - Three cables in
cables in contact (4) 2 0.90 0.85 - vertical layer
1 1.00 0.95 0.95 . 000000
Trays, ladder, support etc. Three cables in
cables in contact (3) 2 095 oy 0 horizontal layer
3 0.95 0.90 0.85 y
Perforated 1 1.00 1.00 0.95 )
: 2 0.95 0.95 0.90 Thrge cables in
trays (3) 3 0.95 0.90 0.85 atriangle (&)
Vertical perforated 1 1.00 0.90 0.90 (sep. between circuits > 2 De)
trays (4) 2 1.00 0.90 0.85
1 1.00 1.00 1.00 De = ext @ single-pole cable
Trays, ladder, support
2 0.95 0.95 0.95
etc. (3)
3 0.95 0.95 0.90
NOTES:

(1) Also includes the neutral conductor, if present.

(2) For circuits with several cables in parallel by phase, each group of three conductors should be considered as a circuit, when applying this table.

(3) The values are shown for a vertical distance between trays of 300 mm. For shorter distances, factors should be reduced.

(4) The values are shown for a horizontal distance between trays of 225 mm, with trays mounted back to back. For shorter distances, the factors
should be reduced.

TABLE C.11 - CORRECTION FACTOR FOR GROUPS OF SEVERAL THREE-PHASE CABLES (UNDERGROUND GALLERIES)

N° of three-phase circuits (2
Wpeof installaion | Noof rays
-« | 2 ] 3 [ 4 ] 6 | 9 |

1 1.00 0.90 0.80 0.80 0.75 0.75

Perforated trays,
) 2 1.00 0.85 0.80 0.75 0.75 0.70

cables in contact (2)

3 1.00 0.85 0.80 0.75 0.70 0.65
Perforated trays, cables ; 188 188 (1)80 ggg 820 -
separated (2)* L L e : 182 =

3 1.00 1.00 0.95 0.90 0.85 - SRR
Vertical perforated trays, 1 1.00 0.90 0.80 0.75 0.75 0.70
cables in contact (3) 2 1.00 0.90 0.80 0.75 0.70 0.70
Vertical perforated trays, 1 1.00 0.90 0.90 0.90 0.85 -
cables separated by 1 De (3)* 2 1.00 0.90 0.90 0.85 0.85 -
Trays, ladder, support etc. 1 1.00 0.85 0.80 0.80 0.80 0.80
cables in contact (2) 2 1.00 0.85 0.80 0.80 0.75 0.75

3 1.00 0.85 0.80 0.75 0.75 0.70
Trays’ ladder 1 1.00 1.00 1.00 1.00 1.00 -
support etc. cables 2 1.00 1.00 1.00 0.95 0.95 -
separated by 1 De (2)* 3 1.00 1.00 0.95 0.95 0.75 -

NOTES:

(1) Also includes the neutral conductor, if present.

(2) The values are shown for a vertical distance between trays of 300 mm. For shorter distances, factors should be reduced.

(3) The values are shown for a horizontal distance between trays of 225 mm, with trays mounted back to back. For shorter distances, the factors
should be reduced.

* At a distance larger than, or equal to, the outer diameter of the cable.

NOTE: For voltage drops and short-circuit currents, see section E and F.

CABLES & SYSTEMS

VV":PRYSMIAN

www.prysmian.es

41



low voltage

technical introduction

L) FIRE TESTS

FLAME RETARDANCY

UNE EN 60332-1-2

Diameter (mm) | t(s)
D£25 60
25<DE£50 120
25<DET5 240
D>75 480

@%/‘_

> 50 ]
(3]

600 mm

Cables up to
completion of 1.5
litres of non metallic
material per metre
of sample

I ®

t=20 min

2

The flame retardancy test (UNE EN 60332-1-2) consists in checking
the fireproofing of a single sample of cable in a vertical position.
Depending on the outer diameter of the cable, the flame is applied
for between 1 and 8 minutes. The test is considered passed if fire
does not affect the cable past the last 5 cm. Further, there should
be no flame propagation downwards.

Cables are usually grouped in channels, which thus creates the
need to check the behaviour of the entire group in fire. In the
fire retardancy test (UNE EN 50266-2-4 [category C]), samples
of 3.5 m of a certain section are grouped until completing 1.5
litres of non metallic material per metre of sample. These
samples are subjected to the flames for 20 minutes. If the final
length affected by fire is less than 2.5 m, then the test is
considered to have been successful
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UNE EN 50267-2-1

1000

Temperature of samples

S 800
< 600
—

400

200

Oven

;Air>

@qhuk,

MIN
O o

20 0 6 8 @
t (min)
A
]
[HCI < 0.5 %],

cut-up samples of 1 g

05g£PE
UNE EN 50267-2-2
@ Pl
Oven pH=243
¢ £10 mS/mm
Air @ &

900°C 30 min
NN £25m
U u

cut-up samples of 1 g

technical introduction

These two similar tests show that the tested cable is free of
halogens (does not emit HCI or other halogenated composites
in combustion) and that the gases emitted are of low
corrosiveness, with the aim of protecting people and property
in case of fire.

The tests are carried out by burning combustible material from
the cable cut into small pieces in an oven at temperatures
between 800 and 900 degrees and analysing the gases emitted
using wash bottles.

The tests stipulated under standards UNE EN 50267-2-1 and
UNE EN 50267-2-2 verify that the cable is halogen free and
that its combustible products are of low corrosiveness.

Low corrosiveness is understood as when the pH of the gases
emitted is greater or equal to 4.3, and their conductivity is less
than or equal to 10 microsiemens per millimetre (UNE EN
50267-2-2). This measurement indirectly indicates the absence
of halogens.

In keeping with the indications under Spanish Standard UNE EN
50267-2-1, we will likewise detect a concentration of HCI below
0.5 %.
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LOW OPAQUE SMOKE EMISSION

UNE EN 61034-2

@ |Transparency > 60 % []
" )

t £ 40 min
D] Diameter (mm) [no. of cableg
D>40 1
@ 20<DE£40 2
10<D£20 3
lm | 5<D£10 450D
@ 2<DE5S 45/3D

The opacity of smoke produced by fires is an important factor to be considered when the occupants of a site affected by fire must evacuate it in
the first moments, even if extinction and rescue teams are to take action a few minutes later in the premises affected by the accident.

For the low opacity test in smoke(UNE EN 61034-2), 1m samples of cable are burnt in a 3m x 3m x 3m3 cabin. The number of samples depends

on the outer diameter (see drawing). The test is considered to be completed when there is no decrease in transmittance of light for five minutes
after the source of the fire has been extinguished or when the duration of the test reaches 40 minutes.

By | FIRERESISTANCE

UNE EN 50200

Continuity of

Hammer Suppl
(Strike once every 5 PRY

Cabl
ﬁ " \ *3 Rated é
; R ‘14 voltage

Fire resistance attempts to show the cable's capacity to provide service in extreme fire conditions. Fire resistant cables are used for services intended
to continue functioning in case of fire (security and other essential services, etc.).

The UNE EN 50200 test consists in subjecting a sample of cable to 830°C for 90 minutes. The test is considered to have successfully concluded if
no conductor breaks or comes into contact with other conductors.

In order to have the test simulate the most unfavourable conditions as much as possible, strike the system fastening the cable with a hammer every
5 minutes (the vibration will cause cinders to fall off).

The photo shows the cable being tested bent in order to simulate the mechanical load on it from laying curves. A short-circuit is more likely in curved
zones when fire attacks the channel.

NOTE: other tests or variations on those described can be carried out, as required.
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FIRE TEST STANDARDS

New CENELEC Replacing:
UNE EN 60332-1-1: 2005
Common test methods for cables under fire conditions. - UNE EN 50265-1 IEC 60332-1-1

Test for resistance to vertical flame propagation for

a single insulated conductor or cable. - Part 1: Apparatus. UNEEN

UNE EN 60332-1-2; 2005 oosaz-2

Part 2: Procedures. Section 1: 1 kW pre-mixed flame. - UNE EN 50265-2-1 | |EC 60332-1-2
UNE EN 60332-1-3: 2005

Part 1: Procedures. Determination of flaming droplets/particles. - - IEC 60332-1-3
UNE EN 60332-2-1: 2005

Common test methods for cables under fire conditions. - - IEC 60332-2-1

Test for resistance to vertical flame propagation for a single small
insulated conductor or cable. - Part 1: Apparatus

UNE EN 60332-2-2: 2005

Part 2: Procedures. Section 2: Diffusion flame.ss - UNE EN 50265-2-2 | |EC 60332-2-2
UNE EN 50266-1: 2001
Test on electric cables under fire conditions. @ HD 405.3 | UNE 20432-3 IEC 60332-3-10
Test on cables laid in layers. - Part 1: Apparatus.
UNE EN 50266-2-1: 2001 A
Part 2: Procedures. Section 1: Category A F/R. HD 405.3 | UNE 20432-3 IEC 60332-3-21
UNE EN 50266-2-2: 2001
Part 2: Procedures. Section 2: Category A HD 405.3 | UNE 20432-3 IEC 60332-3-22
UNE EN 50266-2-3: 2001
Part 2: Procedures. Section 3: Category B. HD 405.3 | UNE 20432-3 IEC 60332-3-23
UNE EN 50266-2-4: 2001
Part 2: Procedures. Section 4: Category C. HD 405.3 | UNE 20432-3 IEC 60332-3-24
UNE EN 50266-2-5: 2001
Part 2: Procedures. Section 5: Category D. HD 405.3 | UNE 20432-3 IEC 60332-3-25
UNE EN 50267-1:1999
Common test methods for cables under fire conditions. HCI 4} HD 602 UNE 21147-2 -
Tests on gases evolved during combustion of
materials from cables. - Part 1: Apparatus. UNEEN  UNEEN  UNEEN

50267-2-1 50267-2-2 50267-2-1
UNE EN 50267-2-1:1999 [HCI £ 0.5%] [HCI £ 14%]
Part 2: Procedures. Section 1: Determination - UNE 21147-1 IEC 60754-1

of the amount of halogen acid gas.

UNE EN 50267-2-2-1999
Part 2: Procedures. Section 2: Determination of degree of acidity - - -
of gases for materials by pH and conductivity.

UNE EN 50267-2-3:1999

Part 2: Procedures. Section 3: Determination of degree of acidity of gases HD 602 UNE 21147-2 IEC 60754-2
for cables by weighted average of pH and conductivity. +Al
UNE EN 61034-1: 2005
Common test methods for cables under fire conditions. - UNE EN 50268-1 IEC 61034-1
Measurement of smoke density of cables burning
under defined conditions. Part 1: Test apparatus. UNEEN
UNE EN 61034-2: 2005 o032
Part 2: Test procedure. - UNE EN 50268-2 IEC 61034-2
UNE EN 50200: 2007 —— W
Test method for determining resistance to fire of v’ - UNE 20431 IEC 60331
unprotected small cables, for use in emergency circuits. (partially)

UNE EN
UNE EN 50362: 2003 50200
Method of test for resistance to fire of unprotected power and control - UNE 20431 IEC 60331
cables for use in emergency circuits (diameters larger than 20mm). (partially)
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M) NEW ALUMINIUM CABLE FOR LV AL VOLTALENE FLAMEX (S)
CHARACTERISTICS IN COMPARISON WITH TRADITIONAL DESIGN AL VOLTALENE N (AL RV)

The new Al Voltalene Flamex (S) cable with generic designation AL XZ1 (S) is an aluminium LV cable with enhanced mechanical characteristics
and behaviour under fire, replacing Al Voltalene N with this new AL XZ1 (S).

SIGNIFICANT IMPROVEMENTS UNDER FIRE CONDITIONS

= Maintained resistance to flame propagation as per UNE EN 60332-1-2

« Improved characteristics relative to smoke emission
— Reduced emission of opaque smokes (passed test of smoke opacity as under UNE EN 61034-2
— No corrosive or acidic gas emission (UNE EN 50267)

OTHER IMPROVEMENTS

= Same single pole design for easy laying and accessory connection
= Improved cable resistance to external agents
- Resistance to tears and abrasion with a premium sheathing material
- Water resistant by adherence of the sheath to the insulation
< Easier to install due to a reduced sheath thickness
= Reduced environmental impact by eliminating stabilisers with lead and plasticisers

The launching of the new Al Voltalene Flamex (S) cable marked the end of Al Voltalene N cables, but not Al Afumex (AS), whose behaviour under
fire conditions likewise passes the flame retardancy test unlike the Al Voltalene Flamex (S), which cannot be used in public places, individual
derivations or general power supply lines.

The allowable current values are the same for all 3 designs. These are thermostable cables with XLPE insulation (cross-linked polyethylene).

The following comparative table displays the characteristics of each design. The improvements in Al Voltalene Flamex (S) are particularly noteworthy
when compared with Al Voltalente N.

Properties Utilities AL VOLTALENE FLAMEX (S) AL AFUMEX (AS)
AL XZ1 (S) AL RZ1 (AS)

Resistance to traction

Minimum lengthening in breakage % 300 125
Resistance to tearing
UNE-HD 605.1 N/mm 9 -
Resistance to absorption
Applied mass Kg 18 -
No. of movements No. 8
Flame retardant -
UNE-EN 603332-1-2 Yes Yes
Fire retardant -
UNE-EN 50266-2-4 No Yes
Free of halogens and acid gases - S Yes
UNE-EN 50267 (HCI < 0.5%)
Opacity of smoke -
UNE-EN 61034-2 (T > 60%) Yes Yes
AL VOLTALENE FLAMEX (S) AL AFUMEX (AS)
Fireproof polyolefin XLPE  Compact Al Polyolefin _ XLPE  CompactAl
sheath insulation  conductor sheath insulation  conductor
(DMO 1 black) (white) AFUMEX (plack)
(Z1 green)
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IMPORTANT NOTE:

The AIRV has been replaced by the Al XZ1 (S) (Al Voltalene Flamex (S)), a cable with mechanical properties and improved fire resistance characteristics,
but with the same applications. It is halogen-free but is not Afumex and is not high-security (AS) as a result of not having passed the fire retardant test.

The Al XZ1 (S) cable, therefore, is NOT suitable for installation in public places, individual circuit breakers, general feeder lines or places where
the best fire protection properties are required. Bear in mind that in the aforementioned places and installations, the regulations do not require
halogen-free cables, but rather fire retardant cables, and as we have pointed out above, the Al XZ1 (S) cable does no meet the first condition (it is
not fire retardant), thus the best cable for these cases would be the green-sheathed Al Afumex (AS).

In short, the two currently available designs have the following applications:

Al Voltalene Flamex (S) (marked as Al XZ1 (S) and with a black sheath): Underground, interior or receptor distribution grids that have no need for
high security (AS) against fire.

Al Afumex (AS) (marked as Al RZ1 (AS) and with a green sheath): high traffic public areas, individual feeder and general power lines and
installations requiring high security cables fire retardant, with reduced smoke and opacity emissions).

(See section J, point 10)
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N) SECTION CALCULATIONS FOR OPEN LINES WITH UNIFORM SECTION

Example 1: Case of different receptors
Data:

U: 400V (voltage between phases)

g : electrical conductivity of copper 44 m/W-mm? (at 90°C, maximum temperature for thermostable cables like Retenax Flex, used in this case)
DU : 5% maximum allowable voltage drop for the line in V (5 % de 400 = 20 V)

x: line reactance 0.08 W/km

L;= 350m
L,=250m ]
L,=75m -

—
u=400v O

cos J,=08 cos J,=09 cosJ,=1

1, = 100 1, =100 l, =100

+3x(75x25x0.8 +250 x40 x 0.9 + 350 x 100 x 1)

S=

44 x (20 - 1.1732 x 103 x 0.08 x (75 x 25 x 0.6 + 250 x 40 x 0.436 + 350 x 100 x 0))

5$=93.09 =

—> S = 95 mm? (section according to voltage drop criterion)

In keeping with the allowable current criterion, considering that the copper single-pole cable Retenax Flex is within a tube ( — method D and XL PE3)

Assuming that the final current from the power supply is the sum of currents from the receptors, we would have | = 25 + 40 + 100 = 165 A. Although it
should be kept in mind that the actual value must factor in the active and reactive components:

I= V(25X 0.8+ 40X 0.9+ 100X 1)2 + (25 x 0.6 + 40 x 0.436 + 100 X O)2 = 159.33 A —»

—> S =70 mm? (see table on page 23)

The voltage drop criterion dominates our case, therefore, without checking the short-circuit values, the uniform value to use is 95 mm2.

Note: while the use of lines having section changes (telescopic lines) is feasible, it should nevertheless be borne in mind that not only would the
calculations need to be redone, but additional protective elements would also be needed.

Example 2: Case of equal receptors

Voltage drop calculation for a three phase line having 400V between phases and insignificant line reactance (x = 0). The line feeds 30 100W sodium
vapour lamps, one every 15m.

The distance to the first lamp from the power supply source is 22m.
The cable to use would be Afumex Plus 750 V (AS), under a protective channel stapled in the wall.

Data:

g : electrical conductivity of copper 47.6m/W-mm2 (at 70°C, maximum temperature for thermoplastic cables like Afumex Plus 750 V [AS])
DU : 3% maximum allowable voltage drop for the line in V (3 % of 400V = 12V)
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L=L;+ (n-1)z=22+29x15=45Tm

\

L +22=22+2x15=52m

v

L,+2=22+15=37m

L,=22m
z=15m
—>
C H E EEEEEN
U=400V I_ ’
Three-phase
pP=100W P=100W P=100W P=100W
Single-phase Single-phase Single-phase Single-phase
~— g

—————

n = 30 receptors with the same power P = 100 W

When solving this problems, we should keep in mind that these are single-phase receptors in a three-phase circuit, which is like each 3 receptors,
understood as having been connected uniformly between each phase and neutral, convert this into a single three-phase line laid in the place of
the last of the group. Thus, in line with our calculations for section, we have 10 300W receptors, the first located at 22 + 2 x 15 = 52 m from the
power source point, the second at 52 + 3 x 15 = 97 m... Therefore

P'=300W
L1'=52m
Z'=45m
Equivalent diagram:

L=52+9x45=45Tm

L,'=52+3x15=97m
L'=22+2x15=52m

2’=3x15=45m
P'=300W P"=300W P’=300W
Three-phase Three-phase Three-phase
| -
—

n’ = 10 three-phase receptors with the same P’ =300 W

Applying the formula for three-phase grids, factoring in the coefficient of 1.8 in the absence of more precise data from the manufacturer, we should
then multiply the power of each receptor since they are discharging lamps (ITC-BT 44, point 3.1, 4" paragraph):

L+1Ly 457 + 52
P\ 300x 1.8 x 10 x 2

S= = =6.01— 10 mm?2
U-g-DU 400 x 47.6 x 12

For allowable current, considering a cos j, we would have...

n-p’ 10x300x 1.8
1= — = =8.66 A—S=15mm?
+3-U-cos] +3x400x0.9

Since these are Afumex Plus 750 V (AS) single pole cables under a protective channel stapled in the wall, the installation system type is B1 and
PVC3, three-phase thermoplastic cable (see page 20), which brings us to the section as per the allowable current criterion of 1.5: consequently
the main section is 10 mm?2, which is the result of the voltage drop criterion without testing for short-circuits.
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O) ENERGY EFFICIENCY. EXAMPLE OF CALCULATION OF AN ECONOMIC SECTION AND “ECOLOGIC
AMORTIZATION™

Since there are now figures published on emissions of CO, per kg of cable produced, we can quantify the significant reduction of these by installing
cable sections larger than those obtained by technical criterio in reducing the resistance losses in conductors. In the majority of cases, this comes
together with an substantial economic savings. We can explain this with an example.

Technical section
Let's first calculate the section according to the criteria of maximum allowable current and maximum voltage drop. Data for the installation:

P =130 kW

U =400V (three-phase)

cos j =0.9

L=175m

DU = 5 % (allowable voltage drop in %)

Installation in perforated tray

Ambient temperature = 40°C.

Single circuit in the channel (3 phases + neutral + protective conductor), without thermal influence from other circuits
Cable used: Afumex 1000 V (AS) single pole (thermostable copper cable, maximum temp. in the conductor = 90°C)

Single pole Afumex 1000 V (AS) cable

Voltage drop section

Let's use the most unfavourable conductivity for copper (at 90°C —» g =44 m/(W-mm2) and if we meet this criterion, we could calculate the temperature
of the conductor to ascertain whether we could use a smaller section.

Likewise, let's assume that the section will be no greater than 95 mm2, and reactance will not factor in here. If the result fails to assume this hypothesis,
we shall repeat the calculation with the reactance value.

Calculating the current circulating in the line:
P 130000
/= — =208.5A
=3 U-cos ) +3x400x0.9

The value for the section for voltage drop in a three-phase installation with an insignificant reactance effect is obtained using the following formula:

=3[/ i +3x175x208.5x0.9
S= 8:L1"cos} = = 64.63 mm2 —»70 mm?
g-Du 44 x 20

Section for allowable current
We would initially need to know the type of installation corresponding to the perforated tray with single pole cables.

Page 19 in this catalogue shows the correlation between single-pole cable installation systems in perforated trays and the method type.

Installation modes Description

Single-pole (F) or multi-pole (E) cables on perforated cable trays.

With a current of 208.5A in a three-phase installation in tray with an Afumex 1000 V (AS) thermostable cable, which consequently withstands 90°C
in the conductor, the next step would be to check on the table for allowable currents in UNE 20460-5-523 (2004) as XLPE3, for the first current
that exceeds the current value of our line for method F.
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Number of loaded conductors and nature of the insulation

Al | pvc3 | Pvc2 XLPE3 | XLPE2
-
A2 | PVC3 pPvC2 XLPE3 | XLPE2
K
B1 @ PVC3 pPvC2 XLPE3 XLPE2
B2 @ PVC3 pPvC2 XLPE3 | XLPE2
c g@ PVC3 pvc2 | XLPE3 XLPE2
D SEE THE FOLLOWING TABLE
E PVC3 pvC2 | XLPE3 XLPE2
F g@@ PVC3 PVC{ XLPE3 XLPE2
mm?2 2 3 4 5 6 7 8 9 10 11 12 13
15 11 115 13 135 15 16 16.5 19 20 21 24 25
25 15 16 175 18.5 21 22 23 26 26.5 29 33 34
4 20 21 23 24 27 30 31 34 36 38 45 46
6 25 27 30 32 36 37 40 44 46 49 57 59
10 34 37 40 44 50 52 54 60 65 68 76 82
16 45 49 54 59 66 70 73 81 87 91 105 110
25 59 64 70 77 84 88 95 103 110 116 123 140
Copper 35 72 77 86 96 104 110 119 127 137 144 154 174
50 86 94 103 117 125 133 145 155 167 | W75 188 210
(70 del—0 118 120 149 160 171 185 199 214 224 244 269
95 130 143 156 180 194 207 224 241 259 271 296 327
120 150 164 188 208 225 240 260 280 301 314 348 380
150 171 188 205 236 260 278 299 322 343 363 404 438
185 194 213 233 268 297 317 341 368 391 415 464 500
240 227 249 272 315 350 374 401 435 468 490 552 590
300 259 285 311 360 396 423 481 525 565 630 674 713

Table of allowable currents for open-air installations. UNE 20460-5-523 (2004).

We thus see that 70 mm? is the section under the allowable current criterion coinciding with the section value for voltage drop, and we should then work
with this section value as the technical minimum assuming that it likewise meets the short-circuit requirements.

If we stop our calculations here, we could use 3 1x70 mm? single-pole Afumex 1000V (AS) cables for the phase, a cable of the same dimensions for neutral
(same section as the phases in keeping with the last paragraph of point 2.2.2 in ITC-BT 19) and 1x35 for the protective conductor. Since 0.6/1 kV
cables are not assigned by colours for either their insulation or sheaths, their function (phase, neutral or protection) should be identified adequately
with some sort of marker, ring, label, etc., as recommended in section 2.2.4 of Guide-BT 19.

Economic and ecologic section

From the technical section, let's turn to the possible savings if we were to increase the cable section size. We would spend more money on the cable, but
eventually save in resistance losses.

Considering that our line is run with the following current values on the hourly basis of an average workday, where there are 228 workdays/year and 137
non-workdays (vacations, weekends, holidays).

Current (A)
Imax that a conductor of 70 mm? can carry
UAH— — — — — — — — — — — — — — — — — — under the defined conditions
BAA———— — —
0 8 13 15 18 24
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In other words, the line runs an approximate current of 184 A (~ 115 kW, somewhat less than the maximum value from the initial calculation) from
8am to 1pm and from 3pm to 6pm during workdays, and the rest of the time it is disconnected.

Thus, the approximate yearly period of activity is
8 hours/workday x 228 workdays/year = 1824 hours/year

The energy lost in electrical resistance of a three-phase line (with a favourable outlook and assuming that the neutral is fully discharged) would
respond to the following formula:

Ep=3-R-|2-t-L-1/1000 [KW:h]
Where

R: line resistance in W/km

I: current intensity on the line in A
t: time in hours

L: length of the line in km

Thus, given the line resistance for each specific section, we can have the values for line energy losses for each section.

Since the resistance of a conductor depends on its temperature, by calculating with the temperature of the conductor, we could ascertain its real
resistance for each case and thus quantify loses with more precision

NOTE: The calculation can be simplified by using resistance values at 20°C (UNE EN 60228). However, the results would be less precise yet still
useful since it would provide an initial idea quickly, though the real result would be the most favourable as the real resistance is superior to the
table value at 20°C.

The temperature of a conductor carrying a current | can be ascertained with the following expression:
T = Tamb * (Tmax = Tamb) (/lmax)?
Where:

Tamp: ambient temperature of the installation (40°C in our case) [kW-h]

Tmax. Maximum temperature that the conductor can withstand (90°C for Afumex 1000 V (AS) cable in our example)

I: current running through the conductor (184 A during 8 hours every workday)

lmax: Maximum current possibly running through the current in the conditions of the installation (224 A) (see allowable current table)

Replacing:

T70a 184 =40+ (90 - 40) (184/224)2 = 73.73°C

Having calculated the temperature, the resistance of the cable can be ascertained...
Ry =Ry (1 +a: (T -20)

Where:

Ry resistance value of the conductor in W/km at temperature T

R: resistance value of the conductor at 20°C(value usually tabulated). A 70 mm2 aluminium cable has a resistance of 0.272 W/km (UNE EN 60228)
a: specific resistance variation coefficient for conductor temperature at °C1 (0.00392 for Cu and 0.00403 for Al)

T real temperature of conductor (°C)

R70a7373 °C =0.272 x (1 +0.00392 x (73.73 - 20)) = 0.329 W/km
Thus, the energy lost from the line over a year would be:

Ep7o = 3% 0.329 x 1842 x 0.175 x 1824/1000 = 10666 kW-h

And the cost of the energy, assuming a rate of 0.09 €/kW-h

Cpg = 10666 kW-h x 0.09 €/kW-h = 960 €

Within 25 years, the minimum useful life, we could estimate:
Cp7g, 25 years = 24000 €

We can continue in the same manner for the rest of the sections until reaching 240 (95, 120, 150, 185 and 240). Bearing in mind that in order to
calculate the conductor temperature in this case, the Imax for each one respectively would be: 271, 314, 363, 415 and 490 A (see column 11 on
the allowable current table).

We would thus obtain the data summarised on the following table:
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Section |Approx.| R at 20 | R wuth | Cable | Approx. | Dcable Resi Cost Energy Diffe Eco o, o, Ecologic
cost |°C (UNE| =184 A cost cost stance of savings rence nomic | emissions | emissions | amorti
Tires ) . between | amorti by pro for zation
with losses resi for energy | zation | duction | resistance
(3ph respect | (25 years)| stance section savings of line cable]  losses
ases) to [ 70 mm2 and (25 years)
+ neu D cost with
2
tral* 70 mm (25 years) | (25 years) cable respect to
compared 70mm?
+ prote with
ction 70 mm?

1x35 33 0554 - ~ 395 -
1x50 47 0386  -- = |zo] = o — — — - — - — -
170 67 0272 0329 7373 750 5267 O 266650 24000 0 0 - 194 0 -

1x95 8.6 0206 0.241 63.05 970 6842 1575 195325 17579 6421 4846 6.13 254 -27817 8
1x120 10.7 0.161 0.184 57.17 1200 8662 3395 149125 13422 10578 7183 8.02 318 -45835 17
1x150 133 0129 0.146 52.85 1480 10815 5548 106750 10621 13379 7831  10.37 394 -62361 27
1x185@ 16.0 0.106 0.118 49.82 1866 12705 7438 95975 8637 15363 7925B) 1210 483 -66563 40
1x240® 21.0 0.0801 0.0886 47.05 2350 16572 11305 71800 6463 17537 6232 1612 607 -75992 57

*Neutral and phase sections the same, protective conductor half section
NOTE: Both electricity rate and cable prices are subject to fluctuations.

As we can see in the economic section (185 mm2 would bring us 7,925 € since this is the difference between the electric savings and the increase
in the cost of the cable with respect to a section of 70 mma2. (15,363 - 7,438 = 7,925 €).

Savings (€)

8,000 7
7,000 1
6,000 -
5,000 1
4,000 1
3,000 1
2,000 1
1,000 1

1x70 1x95 1x120 1x150 1x185 1x 240

Economic savings for the useful life of the line based on the cross-section of the conductor used

The amortization term for the economic section would be:
15,363 €/ 25 years = 614.52 €/year
7,438 € /614.52 €/year = 12.1 years

In other words, at 12.1 years, we have paid for the increase in the price of the cable having a cross section of 185 mm2 instead of 70 mm?2, using
the energy that we saved. From this moment on, the balance begins to bring benefits, where savings will reach 7,925 € at the end of 25 years,
which is the approximate life for the line.

Losses for resistance in the section of 240 mm? are logically less, but the amortization would take much longer and there would be less time in
the positive period, though the economic benefit would nevertheless amount to 6,232 €. Indeed, the ecological savings is greater though the
comparison between emissions in producing the cable and emissions for savings on the resistance “toll” on the line are practically insignificant.

Recently, the Spanish Association of Manufacturers of Cables, Electrical Conductors and Optical Fibre (FACEL) has published a table with the values
of CO, emissions per kg of manufactured cable. Low voltage cables with copper conductor/s emit 0.327 kg of CO, per kg of cable produced.
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With the data available, we can now place numbers to the emissions from cable production and resistance losses. In this last case, some sources
indicated 0.39 kg CO,/kW:h electricity, factoring in the national mix.

With the operations carried out and the tabulated data, we can calculate the energy that would be lost from the line with a 70 mm2 cross section
cable and with the economic 185 mm? section cable

Ep7g = 10666 kW-h/year—» in 25 years: 266650 kW-h

Ep1gs = 3839 kW-h/year— in 25 yearss: 95975 kW:h

The difference shall be the electricity saved:s

Epa = Epygs - Ep7o = 266650 - 95975 = 170675 kW-h

Thus, the CO, saved with the economic section would be...

€O, Emissions = 170675 kW-h x 0.39 kg CO,/kW-h = 66563 kg CO,

Now let's compare emissions for production of the heavier cable (185 mm2 compared with 70 mm?2 for phases and neutral, and half-sized section
in the protective conductor)

Weight with phases for 70 =4 x 0.175 km x 750 kg/km + 0.175 km x 395 kg/km = 594 kg cable
Weight with phases for 185 -4 x 0.175 km x 1866 kg/km + 0.175 km x 970 kg/km = 1476 kg cable
DCable weight = 1476 - 594 = 882 kg cable

Thus production emissions is 882 kg more to meet the economic section of 185 mm2 will be:

CO, Emissions = 882 kg cable x 0.327 kg CO,/kg cable = 288 kg CO,

230 times less emissions for using the economic section (185 mm?2) and not the technical section (70 mm2). Thus, the economic section proves
to be an ally to the environment with significant reductions in emissions as we can see.

Reduction in CO, emissions

80000 A

1x70 1x95 1x120 1x150 1x185 1x240

Reduction in CO, emissions compared with use of the minimum section for technical criteria (70 mm2)
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Let's see what we will save ecologically speaking by changing from a 70 cross section to a 185 mm2 section:
2288 kg CO, / 66563 kg CO, x 25 years x 365 days/year = 39.48 days

The “ecologic amortization” nevertheless occurs after only 40 days. In other words, in 40 days we will have saved in CO, emissions that we
used to produce the economic 185 mm? cable as compared with the technical 70 mm2 section. However, the results on the table show that a
change to 95 mm?2 would bring about a further economic savings and a Significant reduction in the environmental impact.

Expressing the “ecologic savings” in other frequently used and more directly appreciable units, the CO, saved in the environment can be translated
into trees.

Some sources cite that a tree has a net retention of 20 kg of CO, yearly. Yet, data suggest that there are estimated emissions of 2,305 kg of CO,
produced by cars between 60 and 90 CV that travel an average of 15,000 km annually ( 60% highway 40% city).

We know that changing the section from 70 to 185 mm?2 reduces the energy consumption of the line from 10,666 kWh/year to 3,839 kWh/year,
and can hence calculate the number of trees that we would need to plant in order obtain the same savings in CO,:

([10666 - 3839 kWh/year] x 0.39 kg CO,/kWh ) / 20 kg CO,/tree year =~ 133 trees
We could likewise calculate the amount of km travelled by cars that would equal CO, emissions for using the 70 section instead of the mm2:
2305 kg CO, / 15000 km = 0.154 kg CO,/km

([10,666 - 3,839 kWh/year] x 0.39 kg CO,/kWh ) / 0.154 kg CO,/km =17,289km —» and in 25 years, 432,225 km (equivalent of 3 cars for the
duration of their useful life, namely 10 years per car)

The example has not factored in the possible increases in the cost of components not inherent to the cable, such as connectors, laying, trays,
protections, etc., nor the return of the cable after 25 years have elapsed with the relevant residual value (scrap) of the majority of the copper used
in the cable used in the economic 185 section compared with the 70 mm?2 section The increased weight of the copper amounts to 724 kg.

It should also be noted that the average load on the line is low since it is disconnected all non-workdays and only operating during 1/3 of the time
during workdays. With larger loads, the results would obviously be more favourable (more economic and ecologic savings).

A constant rate has been assumed for 25 years, without assessing the value of future benefits (in the form of savings). Implicitly, the estimated
energy rates will thus increase following the official interest rate.

The calculation has been substantially simplified, initially considering the resistance values at 90°C, and not the resistance calculations for the actual
temperatures. The values at 90°C can be taken from point 13 in section K. The results will vary compared with the calculations in this example
but will nevertheless be useful in getting an idea of their magnitude.

Using the economic section, we have saved not only a considerable sum of money but also in emissions to the environment and other benefits
such as:

.- Extended useful life of the line since it will not be at full load
.- Better response to temporary phenomena
.- Possibility of amplifying power without having to change the cable

We suggest that you keep the economic section and ecologic savings in mind when studying for your lines. Your economy and environment will
thank you for it.
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P) EXAMPLE OF CALCULATION OF A TECHNICAL AND ECONOMIC SECTION OF A CONDUCTOR IN A
PHOTOVOLTAIC INSTALLATION. “ECOLOGIC AMORTIZATION™
It is useful to know that increasing the sections chosen following the calculations will result in returns back on the increase in costs of the larger

section, with the savings in the electric hill for reducing losses due to heating in the conductors. The returns for photovoltaic installations can appear
much quicker and therefore are much more interesting because the rate paid for kW-h injected in the network is higher than the rate of consumption.

The following example demonstrates the benefits from increasing the cable section for photovoltaic installations with a view to securing a clear
benefit on the bill paid by the electric utility company for the energy injected into the grid.

Calculating the technical section

Let's take a solar farm with the following characteristics:

.- Location: Valencia (climate zone IV. Medium radiation values similar to Badajoz or Ciudad Real, for instance)
.- Panel installation scheme: fixed with a 30 degree inclination and orientation towards the South

.- Number of panels in series for each string (chain): 16

.- Number of strings (chains for panels in series): 33

.- Maximum ambient temperature : 50°C

.- Cable to use: P-Sun SP (special photovoltaic cable)
.- Installation system: in outdoor grill tray (no thermal influence from other nearby circuits)

Data for each panel:

.- Rated power: 222 W

.- Current at the point of maximum power: Ipmp = 7.44 A

.- Voltage at the point of maximum power: Upmp = 29.84 V
.- Short-circuit current: Icc = 7.96

.- Inverter power = installation rated power: 100 kW
.- Installation peak power: 16 x 33 x 222 W = 117216 W = 117.216 kW

Cable P-Sun SP especially designed for
photovoltaic installations.

=
Ll "

A division is made in three equal parts of 11 strings of 16 panels each one to group in three connection boxes (CCG,, CCG, y CCG,) cables from
each string (see figure for CCG,).

16 panels per string 2 U=16x29.84V =477.44 V
prels per sk .

~ >

U=2084V U=2084V U=2084V U=2884 V.

+—— F:—l_vi__
PR 2084V 11 strings >

iy pe—— —1 >
-- I=11x7,44 A=8184 A
|1-I=?Id4ﬂ

J
S | I | Bl

Generator connections box CCG4
(ju \7— Translate as Main
i . DC line

= I
L=45m . [ I (cable P-Sun SP)

-\

Inversor
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Let's have a look at the main DC line linking the connection box for generator CCG1 with the inverter. This line carries currents generated by each
string and channels them to the inverter with two conductors in order to save costs on cables, channels, labour, etc.

Lineas procedentes
de strings

— Main DC line

- _..M'.l\..'z 'ﬁ-“-l ;Jlkge
Generator connections box (CCG)
The cable section to used will be obtained by calculating the voltage and current at the maximum power point:

Since the panels are connected in series at each, the voltage in each string and thus the main DC line shall be the sum of the voltages at the point
of maximum power for each panel.

U=Upmpx16 =29.84 x16 =477.44 V

Similarly, the current of the line will be product of the currents at the point of maximum power at each panel multiplied by the number of strings.
Panels hooked up in series carry the same current.

[=lpmpx11=744x11=281.84A

Now we have all the data necessary to obtain the conductor section:

Solar installation with fixed panels

Allowable current criterion

The maximum permanent current circulating through the cable will be 81.84 A, value that must be increased by 25% as indicated in point 5 of
ITC-BT 40 (LV power generator installations) in the REBT.

Since the line receives solar action directly, being outside, and the ambient temperature is 50°C greater than the Spanish standard of 40°C for which
the currents are calculated in A.52-1 bis outside installations under UNE 20460-5-523 (2004). For this reason, we must likewise apply correction
coefficients.
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Table 52-D1 for an ambient temperature of 50°C and cable type P-Sun SP (thermostable) gives us a coefficient of 0.9.

The recommended value for lines exposed to the sun is 0.9.

Thus, applying all the coefficients, we have:
I'=1.25x81.84/(0.9x0.9)=126.3A

126.3 A is the value obtained, with which we should go to table A.52-1 bis for the section. The initial current is 81.84 A, but since this is a photovoltaic
installation, we should increase this by 25 % and apply a correction coefficient of 0.9, because our installation deviates from the standard currents
listed on the following table corresponding to values of 40°C in ambient temperature and in the shade.

Since the line is run in a grill tray, the installation type is F and, since it is a single-phase installation with the P-Sun SP cable (thermostable tinned
copper) we must check the column XLPE2, finding a section of 25 mm? (see the maximum allowable currents).

Section for allowable current = 25 mm?2

Number of loaded conductors and nature of the insulation

’ <3
AL iﬁ PVC3 | PVC2 XLPE3 | XLPE2
_—
A2 | PVC3 PvC2 XLPE3 | XLPE2
-
B1 @ pvc3 | PVC2 XLPE3 XLPE2
B2 @ PVC3 PVC2 XLPE3 | XLPE2
C 2@ PVC3 PVC2 | XLPE3 XLPE2
D* SEE THE FOLLOWING TABLE
E gl PVC3 PVC2 | XLPE3 XLPE2
s
F %g‘” PVC3 PVC2 | XLPE3 XLPE2
15 11 115 13 135 15 16 16.5 19 20 21 24 25
2.5 15 16 17.5 185 21 22 23 26 26.5 29 33 34
4 20 21 23 24 27 30 31 34 36 38 45 46
6 25 27 30 32 36 37 40 44 46 49 57 59
10 34 37 40 44 50 52 54 60 65 68 76 82
16 45 49 54 59 66 70 73 81 87 91 105 110
25 59 (Y 70 yai 84 a8 95 103 110 116 123 140
Copper 35 72 77 86 96 104 110 119 127 137 144 154 174
50 86 94 103 117 125 133 145 155 167 175 188 210
70 109 118 130 149 160 171 185 199 214 224 244 269
95 130 143 156 180 194 207 224 241 259 271 296 327
120 150 164 188 208 225 240 260 280 301 314 348 380
150 171 188 205 236 260 278 299 322 343 363 404 438
185 194 213 233 268 297 317 341 368 391 415 464 500
240 227 249 272 315 350 374 401 435 468 490 552 590
300 259 285 311 360 396 423 481 525 565 630 674 713
25 115 12 13.5 14 16 17 18 20 20 22 25 =
4 15 16 18.5 19 22 24 24 26.5 27.5 29 35 =
6 20 21 24 25 28 30 31 33 36 38 45 =
10 27 28 32 34 38 42 42 46 50 53 61 =
16 36 38 42 46 51 56 57 63 66 70 83 82
25 16 50 54 61 64 71 72 78 84 88 94 105
- 35 = 61 67 75 78 88 89 97 104 109 117 130
Aluminium 50 = 73 80 90 9% 106 108 118 127 133 145 160
70 = = = 116 122 136 139 151 162 170 187 206
95 = = z 140 148 167 169 183 197 207 230 251
120 = = z 162 171 193 196.5 213 228 239 269 293
150 = z z 187 197 223 227 246 264 277 312 338
185 = = z 212 225 236 259 281 301 316 359 388
240 = = z 248 265 300 306 332 355 372 429 461
300 = = = 285 313 343 383 400 429 462 494 558
Maximum allowable currents table (UNE 20460-5-523:2004)
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Voltage drop criterion

Referring once again to point 5 of the ITC-BT 40 in the REBT, we see that the voltage drop between the generator and the interconnection point
for the Public Distribution Grid or installation shall be no greater than 1.5 % for the rated current.

We could simplify this by assuming that the line for our calculations limits the voltage drop to 1 % and the remaining 0.5 % we shall leave for the
rest of the wiring.

Thus, our maximum voltage drop is:
e=0.01x477.44V =477V

The formula from which we will obtain the section under the voltage drop criterion is as follows (equal for AC single-phase with cos ) = 1):
L1

g-e

S=

Where:

L: length of the line (positive + negative) =2 x 45 =90 m

I: rated current —>81.84 A

g: conductivity of copper (at 70°C*) = 46.82 m/W.mm?2

e: maximum voltage drop inV —4.77V

* Given 70°C as the approximate value from an ambient value of 50°C, increased from heating of the conductor by the Joule effect.

Applying values
90 x 81.84

S=— =32.98mm2 — 35 mm?
46.82 x 4.77

Thus, the resulting section is 35 mm?2, which is the larger of the 2 criteria (allowable current and voltage drop).

This has been up to now a normal technical calculation. Now let's see the benefits of using a section larger than 35 mm2 for economic criteria.s

Calculating the economic section

Considering the increasing cost of larger conductor cross sections and the decreasing cost of energy lost due to conductors heating up as the
sections increase, let's analyse the return on each section starting logically from the section chosen for technical reasons, i.e, 35 mm2,

The power lost in form of heat from the conductor in an electric line is expressed as:

P=R-I2

Thus, the energy lost over time would be:

Ep=R-12-t

When the values for R and | are always the same, obtaining P is rather easy, but photovoltaic installations never meet nor even come close to this
premise since the power values midway through a sunny day are elevated and nul at night, passing through intermediate values that can be viewed
as a curve in the form of an inverted V if P is represented as a function of time.

In order to obtain the particular energy lost, we must use the following formula:

Ep = [R(t) - I12(t) - dt

R(t) can be considered to be fairly constant without significantly large errors in our case since it is an approximate calculation. In our example, the
values for R are for 70°C.

Ep~R-[12(t) - dt
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Obtaining an analytical expression of current based on time for a photovoltaic installation which can also be integrated could prove to be a complicated
or near impossible task, which is why we shall replace the integral with a summation of discrete values (see graph) since we have the average
incident radiation values for each zone, hour by hour for each month in the year (source: Satel-light: http://www.satel-light.com). We could thus
estimate the energy lost during the year and, with that, the number of years that we would get a return on each section larger than the minimum
obtained by the calculations according to the technical criteria.

EszS('lztl)

NOTE: precision can be gained by zooming in to the smallest squares of the “most linear” stretches of the curve I(t) and integrating, but with the
proposed method, we can obtain the results directly using simple operations by copying all the data from Satel-light onto the data sheet.

We will take the average current intensity values (l;) for intervals of 1 hour, t; = 1 h. Introducing the value for R in W and values for I;in A, we will
get the energy lost in kW-h with the following expression:

Ep =R-S |i2
1(A)
Funcién continua con los valores de I () Simplificacién de I (t)
80 — encadainstante = Ep = jR(t)-Iz(t)-dt en vzlores discretos
de una hora li (Satelé
It y. light) >Ep=R-X|;
4

hora

6 8 10 12 14 16 18 20 22
Representation of the current generated by panels throughout a day in June

Thus, the value that we must obtain is the average current, hour to hour for an entire year. With the data available for average incident radiation
current each hour for a year, obtained from Satel-light, we can calculate an approximation of the short-circuit current of the panels since this value
shares a linear relationship with the cited radiation. Given that in silicone crystalline plates, the relation between the current at the point of maximum
power (with which we must make our calculations [I]]) and the short-circuit current is approximately 0.9, we can now ascertain the |; value in each
interval of 1 hour.

li = Ipmpl ~0.9x |CCi

As the short-circuit current value furnished by the panel manufacturers make reference to standard conditions (STC) for a solar radiation intensity
(G) of 1000 W/m?2, we can obtain the short-circuit current value for each hour (Icc;) by the three set rule, taking the value of G;, dividing it by the
standard value of 1000 and then multiplying it by the standard Icc of the panel:

lcc; = lec - G/1000

Thus...

i =0.9 x Icc - G/1000 = 0.9 x 7.96 x G;/1000 = 7.164 x 10-3 - G; (A)

And for 11 strings

It; =11 x l; = 0.078804 x G; (A)

Where It; is the average yearly current at time | for the main DC line, as it receives current from the 11 strings.
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The energy lost from the main DC line would be:

Ep=R-SIt2=0.0788042 xR - S G;2 (kW-h)

And the cost of the losses (lost energy and not billed: Cp) in € shall logically be obtained by multiplying the rate in € /kW-h by Ep:

Cp = rate (€/kW:h) x Ep (KW-h) (€

The 35 mm2 section has a resistance of 0.0006102 W/m (at 70°C). With the values for solar radiation for each hour and month, and in keeping

with the previous reasoning, assisted by a calculation sheet, we can obtain the amount of energy that we are not billing for if we use a cross section
of 35 mm?2 (R = 0.0006102 W/m at 70°C):

Pu=R35
Gmi (average hourly radiation monthly) (W/m2) 2 li= 2=
Source: Satel-Light: http://www.satel-light.com Gi (W/m?){ 0,078804 0.0006102
X Gi (A) X 1i (W/m)

Power loss Cost lost
Average perm Total energy | (noevery

. hourly Average of line power cost year
Time [CLIEUOIN Average | intensity lost from (not billed)
of day Jan. Feb. Mar.  Apr. May Jun. Jul.  Aug. Sep. Oct.  Nov. Dec. yearly NOICISIVE RSEIEIED] the line every year
6-7 0 0 0 0 2 4 2 0 0 0 0 0 1 0.079 0.006 0.000 0.000  0.000 0.00 0.00
7-8 0 2 30 1 3 45 35 16 3 2 5 0 16 1.261 1.590 0.001 0.087  0.032 0.01 0.01
8-9 32 93 166 98 139 150 136 109 79 55 113 42 101 7959  63.349 0.039 3479  1.270 0.38 0.56
9-10 178 286 352 263 298 308 304 278 237 222 299 201 268 21119 446032 0272 24495 8941 2.68 3.93
10-11 330 474 530 453 468 479 482 459 419 415 459 349 443 34910 1218720  0.744 66.930 24429  7.33 10.75
11-12 450 617 668 626 611 641 649 633 571 581 579 468 591 46573 2169.060  1.324 119120 43479  13.04 19.13
12-13 522 704 741 748 737 750 785 774 704 696 629 530 693 54611 2982.380  1.820 163.786 59.782  17.93 26.30
13-14 545 729 749 821 812 815 857 849 785 729 611 529 736 58.000 3363970  2.053 184.743 67431  20.23 29.67
14-15 503 684 719 807 797 822 877 874 790 714 534 460 715 56345 3174.743  1.937 174351 63.638  19.09 28.00
15-16 400 571 618 744 730 763 822 815 719 628 396 344 629 49568  2456.958  1.499 134931 49250  14.77 21.67
16-17 253 408 456 611 608 655 695 682 581 479 222 185 487 38378 1472.836  0.899 80.885 29523  8.86 12.99
17-18 81 196 27 447 462 497 537 505 402 296 49 35 315 24823 616194  0.376 33840 12352 371 5.43
18-19 1 29 91 269 284 322 347 314 216 116 0 0 166 13081 171125  0.104 9398  3.430 1.03 151
19-20 0 0 10 104 127 157 168 133 64 10 0 0 65 5122  26.238 0.016 1441 0526 0.16 0.23
20-21 0 0 1 13 32 49 48 26 3 0 0 0 14 1.103 1.217 0.001 0067  0.024 0.01 0.01
21-22 0 0 0 0 0 7 6 0 0 0 0 0 1 0.079 0.006 0.000 0000  0.000 0.00 0.00
Average /month 205.9375 299.56255 337.625 375.9375 383.9375 404 421.875 404.1875 348.3125 308.9375 243.5 196.4375 327.5625 average /month 364.107

Data tables for attaining the cost of energy lost annually based on the hourly and monthly values for radiation intensity Gmi

As we can observe, installations applying the rate established under Spanish Royal Decree 1578/2008, whose value is approximately 0.30 €/kW-h
after the first assignments (initial value was 0.32 €/kW.h), we would not be billing for 109.23 € each year for installations under Spanish RD 661/2007
(initial rate: 0.44 €/N:K) the amount lost in the line would rise to 160.21 € yearly. If we multiply these values by 25 or 30 years, the useful life for
which photovoltaic installations are designed, we can easily see that we could have in our hands 3,000 and 4,500 € that we would not be billing
as a consequence of the Joule effect in a line with a length of only 45m.

This calculation made by factoring the average hourly radiation monthly (Gmi left of the green column) instead of how it was done in this example
(with average hourly values yearly, Gi, in the green column) would yield only slightly varying results..

Since we now know the annual cost of the losses, we can easily obtain an analytical expression that adds the cost of energy not billed to the cost
of the cable:

For the case studied with a section of 35 mm?2:
Cis=90xPs+109,23xt (€

Where:

Ps: price of the cable (€/m)
t: time (years)

NOTE: Both electricity rate and cable prices are subject to fluctuations.
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Simply changing the conductor's resistance value by one larger than the 35 section, similar tables show what we have not been billing in resistance
losses in our lines every year. However, since there is a linear relationship between annual consumption and the conductor cross section (since
the section is inversely proportional to its resistance) the previous formula can be generalised for any section (S) in mm2 and, to save, we would
have to change the value of R (see time-cost tables and graphs):

Cs=90xPs +109.23x 35/Sxt (€

We can now easily calculate the timeline for returns on each conductor section larger than 35 mma2 from the electrical calculations, by simply finding
out the approximate cost of each section of P-Sun SP cable (30 years of useful life and zero maintenance), and obtaining the cross points between
2 cost functions (straight lines).

Rate at 0.30 €/kW.h Rate at 0.44 €/kW.h

i) P Sggzzgoxxszzx t(€) §£$Sr,tizaﬂon )5/3;/29:3 30 iO Sgozzioxxszzx t (€) Cerzz\??ization 52;:295;';2 io
: (C35-Cs) () ' (C35-Cs) (€)

135 443 C, =398.7 +109.23 xt - 0 Cqg = 398.7 +160.21 xt - 0

160 602  Coy=541.88 + 76.461xt 436 840 Cop = 541.88 + 112,147 x t 2.98 1298
X70 811 C,o= 730 + 54,61 xt 6.06 1307 C,o = 730 +80.105 x t 413 2072
195 1166  Cog=1049.4 + 40.243 xt 9.43 1419 Cos = 1049.4 + 59.02 x t 6.43 2385
1120 1445  Cy,y = 13005+ 3186 xt 11.65 1419 Cyp = 13005 + 46.728 x t 7.94 2503
1X150 1845  Cyq=1660.5 + 25.487 xt 15.07 1250 Cyoo = 16605 + 37.382 x t 10.27 2408
1X185 2343  Cg = 2108.7 + 20.665 Xt 19.3 947 Cygs = 2108.7 + 30,31 xt 13.16 2187
1X240  29.90  Cpy= 2691 +15.93 xt 24.57 507 Cpup = 2691 + 23.364 X t 16.75 1813

Cost functions, amortization in years and estimated savings with each conductor section

Electric savings (€). Rate 0.30 €/kW.h

1500 1

1000 A

5001

1x50 1x70 1x95 1x120 1x150 1x185 1x240

Amortization (years). Rate 0.30 €/kW.h

251

20 1

151

10 1

5-

0-
1x50 1x70 1x95 1x120 1x150 1x185 1x240
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3,000+
2,500+
2,000
1,500
1,000+

500 -

201
15+

101

Electric savings (€). Rate 0.44 €/kW.h

technicalintroduction

1x50

1x70 1x95 1x120 1x150 1x185 1x240

Amortization (years). Rate 0.44 €/kW.h

1x50

1x70

1x95

1x120

1x 150

1x185

1x240

The savings obtained would then have to be multiplied by 3. Remember that we had initially divided our installation into 3 equal parts of 1L00kW
of rated power. Always assuming that the 3 main DC lines are the same length (45 m).

Cost(<) Representacion tiempo — coste (tarifa 0,3 </kW-h)
4000 1
3500
Maxima
3000 facturacion —S=35
1419 —8=50
2500 S = 95 mm? S=70
U/ 5=95
2000 - ] -
- —T
1500 1 e _2‘150
—S=185
1000 — S=240
500 T
0 4,36V ‘6, 16 9.43| 11.65 15,07 19.3 24 57 :
0 5 10 15 20 25 30 35 t(afios)
—
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Cost () Representacion tiempo — coste (rate 0.44 €/kW-h)
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As we can see, the returns on the sections come before 30 years have elapsed and, in any case, we obtain a better economic performance than
with 35 mm2, For a rate of 30 cents per €/kW.h, we would probably want to install a 70 or 95 mm? section, and for a rate of 44 cents per €/kW.h,
we would be probably best off with 70, 95 or 120 mm? sections.

Obviously, there would be no further benefits with larger sections because the useful life of the installation is limited and, therefore, the time for
passing the break-even point between the costs of the installation and the end of useful life is less for increasing the savings.

If the installation had been constructed with solar trackers, the amortization periods would be even shorter due to the elevated average intensity
generated from better harnessing the solar radiation (see graph).

G (kW/m?)
1.0 1L .. . With trackers
Eixed panels with a linati
0,8 -
0,6 / \
/ \
Fixed panels with a \
0,4 0 degree inclination
0,2

| | |
I I I I I I I I | hora

Representation of the radiation received by panels during a day in June (the green curve corresponds to the given example)

The savings from installing 100 kW from this example is approximately 4,000 € (VAN = 2,000

€ 3.5%) with a rate at 0.30 €/kW:-h and approx. 7,000 € (VAN =~ 3,600 at 3.5%) with a rate of

0.44 €/kW:h with amortization terms with the increase of the section for P-Sun SP cable of only 6
years and a reduction of 7 tons of CO, emissions. The TIR is established at about 16 %, which make
the returns rather significantinstallation of the economic section.
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The example has been given with a view to explaining the savings that could be obtained when factoring in the economic sections, no interest
rate of any sort has been used to update future income in order to simplify the calculations. Moreover, the amortization term for the economic
section is only 6 years.

If we were to update the value of the future income, we could be more realistic with the investment. The following table lists the updated net value

(VAN) at 30 years from the investment in the economic section factoring in different interest rates. This VAN has been calculated without factoring
in the initial investment.

Interest rate (%) 0 |Jo5 |1 |F16 2 25 | 8 |35 | 4 S 6 7 8 9 10 11 12 13 14 15 16
VZON(EINORETITADNENN 3921 3561 3234 2940 2676 2436 2217 2019 1839 1524 1263 1038 852 690 552 432 327 234 153 81 18
VAUNN(Ele 2RISR 7137 6468 5868 5325 4833 4389 3987 3621 3285 2706 2217 1806 1458 1161 903 681 489 318 168 36 -81

With an interest rate of 16 %, income levels off with the initial expenses and thus, at this point we can obtain the TIR (internal rate of return).

Ecologic amortization calculation for the cables

It has been demonstrated that the use of larger sections means an important ecologic savings, by mitigating losses in the lines, energy is saved
and consequently, so are CO, emissions. Now we can also compare whether the emissions that we are preventing by choosing a larger section
are not exceeded by the emissions produced when manufacturing a larger cable.

For our 100 kW installation (3 times the initial diagram) we have determined the following losses from resistance:

Section

1x35 1092.32 394
1x50 764.55 549
1x70 546.16 756
1x95 402.41 979

When using a cable with a cross section of 70 mm? instead of 35 mm?, the energy savings will be...

1092.32 - 546.16 = 546.16 kW.h  (every year)

For a useful life of 30 years:

546.16 x 30 = 16,384.8 kW.h

With an estimated 0.39 kg of CO, emissions per kW.h generated in Spain, the increase in section size would save in CO,...
16384.8 x 0,39 = 6390 kg CO,

The conductor with the greater weight has emissions that are 200 times less, which confirms the benefit not only economically, but also ecologically
of using the 70 mm?2 instead of the 35 mm?2 section:

90 m x 3 x(0.756 - 0.394) kg/m = 97.74 kg cable

97.74 kg cable x 0.327 kg CO,/kg cable* = 31.96 kg CO, *data from FACEL

If using a cable with a cross section of 95 mm? instead of 35 mm2, the energy savings will be...
1092.32 - 402.41 = 689.91 kW.h (every year))

For 30 years:

689.91 x 30 = 20697.3 kW.h

The reduction in emissions by increasing the section is...

20697.3 x 0.39 = 8072 kg CO,
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The conductor with the greater weight has emissions that are 156 times less, which confirms the ecologic superiority of using the 95 mm2 section
instead of the 35 mm2 section:

90 m x 3 x(0.979 - 0.394) kg/m = 157.95 kg cable
157.95 kg cable x 0.327 kg CO,/kg cable = 51.65 kg CO,

Calculating the ecologic amortization periods, we see that they are extraordinarily short:

For the cable with a cross section of 70 instead of 35 mmZ:
6390 kg CO, / 31.96 kg CO, = 200

(30 years x 365 days/year) / 200 = 54.75 dias

For the cable with a cross section of 95 instead of 35 mmZ:
8072 kg CO, / 51.65 kg CO, = 156.3

(30 years x 365 days/year) / 156.3 = 70 days

co, co, Co,
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Employing a cable with a section greater than the minimum required by technical calculations, far from going against the environment, in fact this
implies in the majority of cases, a substantial savings in contaminating emissions.

T

©

Conclusions

The numbers show us that it is at least advisable to consider the possibility of using sections larger than the theoretically contrived sizes, and since
elevated energy prices of photovoltaic installations is immediately evident, minimizing the losses with sections larger than the ones obtained with
electrical calculations would be reasonable and useful numerically for obtaining benefits.

When sections are enlarged for economic criteria, there are also collateral benefits, such as:

.- Lines that are less loaded, which prolongs the useful life of the cables
.- Possibility of increasing power without having to change the conductor
.- Enhanced response to possible short-circuits

.- Better performance ratio (PR) of the installation

.- Reduction in CO, emissions

The calculations made have been sufficiently rigorous so as not to falsify results, considering the radiations (Gi) at different hours of the day. A much
simpler approximate calculation can be made considering the datum from the hours of peak sun (HSP), a commonly available datum (for our
example, it would be 1,874.44 h) and to consider 100 % intensity for these hours for calculating the energy lost. The current at the point of maximum
power of the panels is calculated at the same radiation (1000 W/m2) as the HSP value. The losses in this calculation would come out greater than
the aforementioned more detailed example, though it would nevertheless be useful to the project designer as a global figure as to when the returns
on the economic section would commence.

P-Sun SP cables have been designed for zero maintenance and thus have a useful life of 30 years in photovoltaic installations and, thus, if calculating
the economic section with P-Sun SP cables, you can rest assured that the numbers can be extended to 30 years, which is not the case of amortization
when cables need to be replaced prior to these 30 years.
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