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Abstract

The purpose of this project is to collect utility distribution transformer
placement data that is currently performed in USA, Germany, England,
Japan, and Korea. The collected data include national standards and
transformer setting criteria. The results gained from the research will
serve as useful references for Taiwan Power Company, anticipating
achieving a feasible way of distribution transformer placement.

In carrying out this project, the data from all existing standards,
archival collections, and academic references are all collected.
Meanwhile, the related information from academic cooperation,
manufacturers’ data, and field visit are all acquired, which are useful to
enrich this study. For a better comprehension of transformer practices,
discussions with utility engineers are extensively made. Difference
between domestic utilities and foreign companies will be also prudently

analyzed.

Keywords: distribution transformer, electric power company, equipment

placement.
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(1) 4835 @ SBEATH 240 2 4T L8 R BH5H 2%
GHEE REBREFLALR LS B EHF BB RT AL
= &2 3 (Hysteresis loss) £ if /i 4f (Eddy current loss) & & < 37 » 48
Fr- BRATIFA » SR FREBMLFEML 7R REMSC
2B B 0 R APF A e AR A W R ES A o

(2) 44 - W RBEF A LB S SIS REREN

FRMAL > Tirdp £ B T E(Joule’s loss)T Ao ph4f A BT
TR T 3 2k ff o 4o AT
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F_iE 2. 200%P% o 4 4F TR D 42 10 B
S FRBENRIAASFAEEIFHNRTS TR REER -

RTRA % a2 BT EF IR RBFL | PER (R
FORF o RIZ X RTRMEL LG RRED ) P2 e 0 o=
RITRZ B0 T BN LA 0 R TRAE S ThoT A
& :—EWE_EZ x100% (2-2)
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B E.I, cosé, >
7 E. I, cosf,+P. +P 2-3)

BP Poadfbdf ~ P 24B3f ~ M costh R 2 ¥ F Fllice d V¥ o F
G ZEE S MEREL T i ER AU FRTRREL KR
P BE2 W A S AP EEP LR

2-2-2 REFRBREFELAER
AEHHTA PP RFTRY2ZBENERE A LHFE
A g o 4T e
A ZENREREZE L
FESEBREZ QPR Thod 2-1 HF[2]0 d £ F
o R FRARREELLR R A L MBI H e o

2021 Al RS RBREBL P HEPA

SR E RS R R T (%) APHFEAW) [100%F 37 | & RIFF(%)
ﬁqj’“ FE | 100% | 110% | 100% | 110% | F W) |0 hr o
‘ (kVA) | =R TR AR TR (FHE8SC) | T R
Hip® 34 25 075 | 1.58 | 65 90 250 1.03 | 2.20
¥REZ - 50 0.68 1.50 110 150 450 0.93 2.26
iz g sEnl 100 0.64 1.43 170 235 730 0.78 2.44
G b 167 0.60 1.35 | 255 355 1,200 0.75 2.50
25 0.75 1.58 65 90 250 1.03 2.20
Hppp T 50 0.68 1.50 110 150 450 0.93 2.26
FRE 100 0.64 1.43 170 235 730 0.78 2.44
167 0.60 135 | 255 355 1,200 0.75 2.50
25 0.85 1.80 75 105 250 1.10 3.47
Hipaadll 50 0.80 1.76 130 175 450 1.00 3.41
FERSERE 100 0.75 1.50 | 200 275 730 0.83 3.30
167 0.70 1.40 | 350 415 1,200 0.84 3.61
ZAEESN 75 1.20 2.70 190 250 743 1.00
¥REZ 150 1.10 240 | 300 420 1,309 0.95 N/A
&2 s 300 1.00 220 | 470 630 2,376 0.90
G5 500 0.90 2.00 | 730 985 3,850 0.85
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% 23 Hipp- L8503 ESRBRE(E D)

#E | (mm) | F(mm) | §(mm) | £ £ kg
25kVA | 600 830 740 358
S0kVA | 600 850 810 500
100 kVA | 600 940 890 725
167kVA | 650 970 900 865

2024 Hip- 48%% % 5 NHBREC)HA)

FE | S (mm) | F(mm) | §(mm) | £ £ (kg
25kVA | 600 800 660 415
S50kVA | 600 800 660 490
100kVA | 600 850 910 710
167kVA | 600 850 1,000 | 790

025 Hip- @ %a 3 A SR EGEA

#E | A (mm) | F(mm) | §(mm) | £ £ (kg
25kVA | 1,150 500 790 442
S50kVA | 1,150 500 890 533
100 kVA | 1,150 500 1,000 735
167kVA | 1,150 500 1,100 872

02-6 Hip- BB5H 3L AREEG B

FE | S (mm) | F(mm) | §(mm) | £ £ (kg
25kVA | 820 1,100 | 900 360
SOkVA | 820 1,100 | 900 506
100kVA | 1,000 | 1,100 | 900 675
167kVA| 1,000 | 1,100 | 900 780
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527 Hipd Amags 3 S EREGE )

#E | A (mm) | F(mm) | §(mm) | £ £ (kg
25kVA | 600 820 750 440
S0kVA | 600 920 840 540
100kVA | 620 960 950 715
167kVA | 720 960 1,000 890

# 28 - BEGHRENERE

FE % (mm) | iF(mm) | & (mm) | £ £ (kg)
150 kVA(3g4W)| 1,370 | 1,075 | 1,255 | 1,330
500 kVA(344W)| 1,370 | 1,095 | 1,255 | 2,020

% 29 ZjpB G % 2

AR E

e % (mm) | F(mm) | 8 (mm) | £ £ (kg)
75 kVAGB¢3W) | 1,170 | 970 | 1,290 965
75 kKVAQ344W) | 1,370 | 970 | 1,290 996
150 kVA(3¢3W)| 1,190 | 1,035 | 1,210 | 1,275
150 KVA(3g4W)| 1,295 | 1,035 | 1,210 | 1,325
300 kKVA(3$3W)| 1,220 | 1,100 | 1,418 | 2,070
300 kVA(3¢4W)| 1,300 | 1,100 | 1,418 | 2,140
500 kVA(3¢3W)| 1,810 | 1,080 | 1,405 | 2,400
500 kVA(344W)| 1,810 | 1,080 | 1,405 | 2,450
F02-10 Hipy T R BT kY
FE EE(mm) | % (mm) | £ E(kg)
25 kVA 500 1,015 330
50 kVA 500 1,115 415
100 kVA 585 1,200 605
167 kVA 595 1,385 790
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#0211 EApHER Al R E

#E | A (mm) | F(mm) | §(mm) | £ £ (kg
50kVA | 940 1,180 | 1,220 | 800
167kVA| 1,050 | 1,350 | 1,160 | 1,100

d0 2 F RRA L RBE A S T P2 R4 K
P

g AT RREL G R G RREL T

(%) =%RcosO + %X sin 0 + (%X cos@ — %R ssin 6’)2 /200 (2-4)
%R = WclkVA (2-5)
%X =+/(%Z)* - (%R)* (2-6)

2 0AARREM AT RETIALA L S We 27 RBEBEP
PE2 4F (kW) s %Z 52 S BEBE ATLdi; hkVA 5 SREF R o

D. REFrck 2355

RBEEENT b f Lo B0 2 Pt &T Y $RE
EEA G P BPRBEL RS TG RBEFERA R LR
HrxF v 3t 5407

7(%) = m%- WA-cos0 0, (2-7)
m% :-kVA-cos@+W, +(m%)" - W,

B W, A s A (W) 5 W 5 s 2 B (kW) > m% 5§
A A2 R PENARRBHERLR AL ¥l LT
T R BB E BT 0 2T ER o KT G2
GrdF L 4Bdp vt AL L 454 v (Loss Ratio) » % 2-12 5 Hip % B30 %
BREFACEFLF AR R R BERTEIT S0%
TR TE L F AR o
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L2 HApR ERREEF AN PT AL HEL
SR BB LB sk
pe vy || R
25 250/65=3.85 50.96%
50 450/110=4.09 49.45%
100 730/170=4.29 48.30%
167 1,200/255=4.71 46.00%

2 02-13 5 AR R NERERE Y F[2] 0 d AT Foo N EK
A BBEREZTZRETRYZENNSERE
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e Booh e BT ek
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167 23R A FRPE o
25 “'Ffb‘“—r?f‘ﬁ%?@"%
H g A AE R ESTE P
ECRER A | 0 W PR R B j
Fo i R R 100 fed #or(- RPN R
167 B40)
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FRIIETPARIERZE FENBRAZ BT A0A 5-1 1 4
5-7 #t57 o

2 05-1 243 T A&t 2011 £ 3 2012 £ % £ T 452 #cF St 4o
e e Wk B2 TR ORI S A B 5 AR & aE - 23097

FHE2Z M BRREY QKVEHT R, 26+ FE > FHmlcd 4o
3

Lt e AT 2011 & 3 2012 & 47 E 2 fie

&H

<

ﬂfi“ﬁ’%)‘l‘"d%\'?:ﬂ?’ﬁ"% g@,\ﬁag"’ii—“r’lﬁ'l '_I;_?.—,;_‘

N
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W T2 R RS 1l e 23 E 542 & S5S5RIAEGt
T AEST2011 #3 2012 E TR B2 REEZTEMZE 2 E N RREBGE

r/{"w‘@éi) o

DIESEEY SRR R R Y X0 R )

Z 5-1 # 3 % bt 2011~2012 & T 5 #ic® it 4

aa A & kR i A% i O

(E $#) | (E #) | (28 |83 7 °
2011 =& 2576 57634 590 0 60800
2012 & 2569 57696 586 0 60851

F 5-2 A3 TRt 2011~2012 # 9KV #F §F Bi#cE it &

EZR AP (£) FRE*(R) £3(5)
2011 & 3832 2578 6410
2012 & 3895 2695 6590

% 53 M3 T AEST 2011~2012 # fie § Hor#c B it 4

, e BT Fo-omuT| £ 3
e fef Hor | mTHYT | mT T | feR Bt
2011 & 6452 5746 322 12520
2012 & 6590 5715 333 12638
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F 5-4 A3 % St 2011~2012 & e 28 7 B OB B E St 4

P B g RO ® R
50A 60A 100A 135A BB
2011 # 0 0 879 1,167 243
2012 # 0 0 722 1,318 745
an BRET | ZRE? HE BB REE
BBt M | LB N | B reB N | 092 | Z 4
2011 # 670 16,971 5,527 2,116 4
2012 # 756 15,423 5,498 1,669 4
4055 A d FAEST2011~2012 # 2 B B B R G A
o] TECET w R i3 S B
g |* B W RS 2-600A | 3-600A | 2-600A
(kV) | 200A | 600A
2-200A | 1-200A | 2-125E
2011 & 11.4 50 216 1,710 483 0 56
22.8 10 10 5,066 1,241 45 160
2012 & 11.4 98 154 1,580 475 0 56
22.8 0 0 2,913 705 27 82
ap [RES| g o PERE BRSNS GRS eR | 2R |,
(kV) o ‘/6’ AN ('/EL‘) - ﬁ;é,}?;.ﬂ F&g xp ;}“% F:!FB F&g A)\ Ji:}@iﬁﬁ @#‘%-X%EFT v P
2011 & 11.4 2,092 66 826 3 7,637 0 13,139
22.8 1,971 2 1,740 22 5,821 0 16,088
2012 & 11.4 | 2,063 68 817 3 7,501 0 12,815
22.8 1,131 0 1010 12 3,296 0 9,176

 5-68 4 574 WL e F ST 2011 # 32012 # TR E AR
FRE2Z A2 RTARTIEE L LR At 4 > 2 20 2012 &
PTREZ AT EES A RIEBREEES KEF R Wik
B FLTHBID TS B ART BB ELRNC N R L
2P CREERBLAEMGN LD 2 WEBE A 110 V/220
VZ2EPZRN220V - HAFEY T2 ES BT S TR
fed @BB2RKE - I RFTABRFEEZY L L R - 114 kV

mBpRZ P E G131 22 @ 114 kKVARMREY 280 22 > FIpt s B
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MArERERRANS »EFF AR FRLIZ X FHBTEHURTE T
e

F 5-6 # 3 %St 2011~2012 # e R B 2 4

) o § 4
N 7 £ (VA Lk 7 £ (VA
2011 # 26023 2226331 24895 2132200
2012 # 24775 2172692.5 25378 2182691
e n FRIEE E g
- ¥k 7 2 (kVA) - MK % B (kVA)
2011 # 11901 1253554 62819 5612085
2012 # 12081 1284297 62234 5639680.5

Z 57 # 3 % St 2011~2012 # e MPLFFEE v £ £ B %

BRM S <R s B D T=S+B-D

) R B3 4 , B R .

ES RS 4 11.4kV(km) ); - 600;,_,11 —f ‘ék .
Y P EE | 225.579 | 1,277.377 | 36.537 0 1,225.364 | 386.161 | 2,378.696
w £ | 280.586 | 1,317.619 | 40.334 0 1,789.584| 0.000 | 3,428.123
2012 & FFEE | 225.579 | 1,271.167 | 36.336 0 1,219.837| 386.161 | 2,366.758
v £ | 280.586 | 1,311.409 | 40.133 0 1,784.120| 0.000 | 3,416.248

B. ¥ W %A

Aoz REREZ TR PN GEERT R
B2 P VRERTERE > UELBE ARA FHE ST Y

ok 58 L TH RAS 2011 3 2012 # o P2 td H P
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RiRAr @ BB IOROAEE i S o ¥ A 59 5w R AT 2010
£32012 & 43K OKV G BB 2 M4 00 A7 0 B Rk
KR T BHBOFHE T R KR L EE BB FE R I A

Pl %o R FEARIZETE NPT FRAFLIFT o

Bl 52 2874 27 %l waTERT R

4 5-8 ® W F AT 2011~2012 & 2 F 5 BB Bt A

&R ZS *EF g N ’& i *E‘ 4 f‘é. A 2L
(8 1) (5 ) (&2 ) | (2435 |7 °
2011 & 38 83,664 53 0 83,755
2012 # 36 84,966 53 0 85,055
% 5-9 F % AESY 2011~2012 £ 2. 9KV # 5 Ry it 4
Py MELr (2) BREF () L3 (%)
2011 # 5,860 11,665 17,525
2012 # 6,573 11,781 18,354
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FOF RSt 2011 # 3 2012 E 41K B 2 fe R HOTHcE At A o 4
F05-10 #m 0 B MG e R G B e AR 0 A B TRT T
B R B RGERE ZESFd AMEFH KFRATRAYF TRILS
Rl kT ¥4 5-11 %2 & 5-12 A4 8] 5 7 & &St 2011 &
302012 FRBEZFRTAZRME 2 8
200 RIETEME D RN RREYE
Eug S P RTFIERE R RL W TS R AT F s AT

RRI L ETHEZEMAZENRBREGHR G WPRAZH FA
daEk 2 F R 234 513 3B iR AT 2011 £ 3 2012 & 73
K2 T RREHRE A A 5-14P 5 F R 2011 £ 3 2012 #

HRE LR MBI T EE R d A7 R ¥ R AT

‘%Y

?&ﬁiﬁa?%@gagﬁf’\bkﬁ\43%17':3)?&%];}’1%_»;@3:%-}’1 i‘gﬁc’
FRERTREFIES Y E L ER T A KR ERIRTERE
2B g s o
£ 5-10 ¥ 3 ® A 2011~2012 # fie § Hordc £ it 4
R BT - BT o
P o ® - o £
fe 7T F9r fe T F97 few Fr
2011 & 5,764 771 2 6,537
2012 & 5914 769 2 6,685
0511 F B % A5 2011~2012 & e 3 4 % BB st 4
P BESLTIER (£) % &
50A 60A 100A 135A | R H
2011 & 8 175 421 1,647 243
2012 & 8 175 418 1,853 165
ap FEIL| REEY Mg AEEM | =4
TR | R | e M (D.S) |HPFE
2011 & | 441 14,101 7,051 2,208 3
2012 & | 456 17,053 7,169 2,202 3
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% 5-12 T R AEL2011~2012 & B B ;N SR By % s st 4
ey 3 b e M s T ORISR B
7 P 5% - - -
&) | 2004 | 600A T 2-600A | 3-600A [2-600A
2-200A | 1-200A [2-125E
S011 & |14 17 30 948 307 35 6
22.8 0 0 135 20 11 0
2012 i |14 14 24 1,029 310 40 6
22.8 0 0 132 19 11 0
ap | TR Kaﬁﬁ,‘g‘g;‘_»ﬁ;rﬂér’ﬁ FEN PEL| e | 2R |, L
(kV) TlO(B) |C BB M| ERM| s kEs | gagg| T
.| 114 451 31 357 3 1,884 | 27 | 4,096
2011 &
22.8 63 0 54 0 191 0 474
2012 i 4 484 21 380 3 1,923 27 | 4,261
22.8 63 0 63 0 202 0 490
Z 5-13 ¥ B %t 2011~2013 & fie 7 %R B ¥ iR Bt 4
R 4 %
B , T L =
v I # £(kVA) v ¥ 7 £(kVA)
2011 # 12,391 484,772 9,011 443,474
2012 # 12,635 497,404 9,273 456,810
P EOAOE % & 3
¥ % £(kVA) v ¥ 7 £ (kVA)
2011 = 6,977 445,049 28,379 1,373,295
2012 # 7,181 458,762 29,089 1,412,976
Z 5-14 B % Y 2011~2012 # e MELFEE v £ £ B £
BERAS “ER B D T=S+B-D
ER T 11.4kV (km) ’;—gi’#’ 600V 11T | BE | & 2t
- 7t '
Ak AR A AR & (km) (km) * %E (km) (km)
¥ BE1570.41311,569.700| 13.454 0.432 1,886.541 | 1,223.155| 2,816.953
2011 #
¥ £ |574.285|1,672.416| 14.973 0.432 |3,431.456| 0.000 5,693.130
¥ B 563.000 [1,597.889| 13.616 | 0.432 [1,899.914 |1,230.825| 2,843.594
2012 &
¥ £ [566.905|1,705.324| 15.135 0.432 |3,459.033 0.000 5,746.397
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Bl 53 3A0@T4 2P Sa Rt RIE A nEs T ha
o FERERAEFE ) LREGAEHLLRE PG A
DAL AR P EHEND R EEE o T AE 102 £ 3
Ao fFRAY S Hci 952354 4 0 H YRR 4L 930,609 ¢ 0 4
BT S 97729 0 R4 r 25 21745 4 0 kA 2 i 2.28
% ¢ Tl WA WERF 0 F R T AT TR AL A B

TR TRE LR ERL SR FIETRE ]
BRFE FIRGGE PR U 2 L RE

# 5-15%2 % 5-16 5 5% %"/t 2011 & 3 2012 & #73% B 2. 7 4%

et a

BOKV T Bl At A B 202 E2 REBHKEE LTS 0@

AR E R FT o T ET BHcE 2 AN A o QIR T B

R
2012 & 2 B A b > RRBEBFT BRESFHMTE I

ﬁ;d

l\__.-.
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Ho

=

-
o fr

ve 5@ T At 2012 £ X35 21174

% 0517 5 &% B L2011 £ 3 2012 &2 fe 3 3T #cE
BT B 2 e R Her o BIIK B
Hpe T H o2 e o & R4
Fedfie ®m HAr o ¥ & 5-18 5@ R ST 2011 & X 2012 & 913k B 2 fe
P BB FEREAIR M A
BRSEM 3R A

AR M EALABRRBRM I X

B
-

» ba

P

TG for T - G A

|

THZEMEESY L AP RT RS "
50A ~ 60A ~ 100A £ 135A %#54]¢ » & 3
SR RBEYGSNERM ST GS
Boex 4k 55195 5a RASt 2011 £3 2012 2K B2 3 5%

R E NI A D AT RE AR EBRER ST

kV £ 228 kV 2§ ar*\/éft@*’ﬁ# B~ T4 RSl s e BREFAMF M
S R E RN p R RN R -
% 5-15 5@ F® A5 2011~2012 & § 4% #c & et 4
PR T KR e 1% iﬁff? 5oL
(H4%) (H4) (21%) (##35Y) T
2011 & 505 205,728 29 0 206,262
2012 & 505 203,055 29 0 203,589
# 5-16 -3 %t 2011~2012 # OKV ¥ 5 BHcE it 4
ER BEH (5) EREY(X) &3 (5)
2011 # 7,890 33,972 41,862
2012 # 7,929 33,861 41,790
% 5-17 & & %t 2011~2012 & fie § 978 3t &
1 - 1 _ |_L- _ T
Po S R IRl by
fie T BT fie @ 3T fe T BT
2011 # 18,144 2,650 66 20,860
2012 & 18,386 2,726 62 21,174
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% 5-18 5@ ® et 2011~2012 #fed 28 2 B M Bic® bzt 4
P BRI R B (E) % B
50A 60A 100A 135A b B R
2011 & 375 71 4,996 2,022 1,035
2012 & 375 71 5,054 2,057 1,035
P BREL BRE A AR = 4p
FCETE B BAARB R | 45 SaR B (D.S) BPE
2011 # 551 50,291 7,941 6,593 28
2012 # 566 50,891 8,031 6,408 28
% 5-19 5% F EST 2011~2012 # 2 % N R By v A
fEETR M w R ER AL B
ap LB T4 F& Sk | 2-600A | 3-600A |2-600A
(kV) | 200A | 600A A
2-200A | 1-200A |2-125E
.| 114 63 141 3,651 491 9 10
—& b
2011 22.8 16 76 1,833 703 27 4
012 & | 114 63 141 3,672 492 9 10
22.8 28 76 1,851 676 27 4
E R TR v’iﬁ-’};ﬁ&ﬁ;%ﬂﬁg FES PELT w R =S
(kV) (L) |“BBR | B|»udEg ahayg| & T
2011 s | L14 | 2,219 11 928 3 11,993 | 11 [19,531
22.8 421 0 602 4 6,349 7 10,042
2012 i | 114 | 2,250 11 891 3 11,691 | 11  [19,245
22.8 426 0 594 4 8,643 7 12,336
Z 520 5 p@ Bt 2011 E 3 2012 AR BB B 22N
2007 RRTYBEREA N LA T A GEY 4 gl

FEZETR D AT 2012 ERE LT RR RS K

21 6,071,209 kVA -
zZ_ )ﬁo 3
B ~ MBRE SRR

== 59
KB F R

111,289 & = 234 521 5 5 R

25 21
YU E

2% 2L
YU E

2011 & 3 2012 #. M EEELw £ > H P oap 2_J5 P

# % 114kV 3 600V 1T RS E B R

EZod AERVHFR 2012 & L3 FAl et MBEFIES Y £
B35F HAvdk B ORTVHE P RERSL ORFHAFIRTE
RER B LE g
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% 520 53

FAST 2011~2012 & fe § R

B®

* ik

'3 e v’L;F 1~
%y 4 %
ER . — L
. S 7 £ (kVA) S S kVA
2011 =& 38,301 1,728,550 32,702 1,944,710
2012 & 39,145 1,811,527 33,416 2,037,481
P wo4oE & 3
e kVA - HK kVA
2011 =& 37,804 2,107,590 108,807 5,780,850
2012 & 38,728 2,222,201 111,289 6,071,209
4 521 S ®ASY 20112012 # e RMBFEEE v £ £ B £
BRM S MRS B D T=S+B-D
ERO|BEF ll(l.;lmk)V Mgf’ﬁ 600V 11 T $+'12;/§ L 2
o | wha | e | km) | | gm) | KM
2011 & ¥ #E11,349.02213,669.455| 84.937 0.186 4,357.512 |12,660.174| 6,800.752
¥ £ 1,494.200(3,851.798| 92.418 0.383 8,009.821 0.000 13,448.237
so12 & | FHE[1,339217[3,689.342] 96.331 | 0.186 | 4.388.331 |2,676.635| 6.836.586
v £ [1,482.651(3,872.588[103.812| 0383 | 8,066.396 | 0.000 | 13,525.447
D. #% %R i 4
A PTATH S 0 FE R FEITHH R ITAR(- B~ L D
) * © #c¥ 490,705 ¢ R R HF 1531 T3 22 5 Pk
R IRIEY S - R R B RIEAT L AT R Rl L G O 2 4

1 EFEZEFT

%)E%
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?\fn’l'if\JAvll;q?fa‘“;}Lé: 'ﬁiﬁﬁijﬁi%%c? zg*n,’“f“ﬁo
T AP 5 114KV ARRZ R EME R A %95 1,302 2 1,609 2
2 S d R R BIARIT -

Bl 5-4 S@T4 2P0 % AS)ERT B

F 5-22 F77 E it 2011~2012 & 45 g it &

in A kR B mo | moE |, L,
) [ @) [ ) [Eps 77

2011 & 321 146848 326 6 147501

2012 & 314 149340 324 6 149984

% 5-23 #77 F a2t 2011~2012 & 9KV #F T BHcE st &

+ & B () REE* (X) £ (R)
2011 & 16806 6986 23792
2012 & 16034 6974 23008
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4 524 377 % AT 2011~2012 # fie T Hordc B At 4
/}i B m f‘]’—"—"’]ﬁ. %T:ﬁj‘/“i‘ @;‘L
=
FeRder | RTLENT | RTHET | RTHFT
2011 & 8269 2235 21 10525
2012 & 8643 2322 22 10987
525 377 % AT 2011~2012 #fe T 2 7 B M BB st £
P gl B ® R
50A 60A 100A 135A B
2011 & 773 747 3,684 3,379 257
2012 & 751 710 3,685 3,966 257
ap |PELT REET MEr | AERBM | RPE
FRUTRE R | p SisaB R | 3 R M | (D.S)E Z4p
2011 & 133 33,466 3,663 3,460 4
2012 & 124 33,149 3,624 3,313 4
% 5-26 7% F AT 2011~2012 # 2 ¥ 5N R B 2k s 4
o § TR M TR AL B
E R Hd(k%/ ?J 200A GO0A w R SR 2-600A | 3-600A | 2-600A
2-200A | 1-200A | 2-125E
| 11.4 0 262 2,606 364 0 85
2011 #
22.8 23 52 1,759 975 214 9
| 114 0 262 2,739 364 0 85
2012 #
22.8 23 52 1,759 1024 214 9
E}i ?}EQJ B9 oA U %% Q.F;\F;'?Fsg ,g_%_;h Eﬁvé i\“ l‘ﬁ"é. ’:‘ﬁ%’ L 2L
(kV) N/ ,gu (,/EL) :&%.F;’f-urﬁg *71}1’,{!5’3?&? Qiiiﬁaﬂﬁﬁiﬁ-:%ﬁ'ﬁ v F
| 11.4 919 0 219 8 4274 0 8737
2011 #
22.8 986 5 1784 36 8514 0 14357
| 11.4 974 0 219 8 4161 0 8812
2012 #
22.8 986 5 1890 36 8821 0 14819
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5507 A4 R AT 20112012 £ SR B 2 M3t 4

EY =" . 4 2

a % 2 (kVA) r ¥ % 2 (kVA)
2011 # | 22629 1385327 16751 1044209
2012 % | 22832 1431036 16960 1077669
in R £ 3

e ¥ % 2 (kVA) ¥ % 2 (kVA)
2011 # | 11418 773850 50798 3203386
2012 % | 11561 796535 51353 3305240

%\' 528 ?TT“ SP/J‘{/\ 2011~2012—&ﬁ0m‘§ﬂ\&x F’E‘&Ebk"?"u—v\}iz\

R

Xy

BRMA S

MBRR B

T=S+B-D

11.4kV(km)

AR S

R A

oE 4

YT
FRE
(km)

600V 12 F
(km)

L 21
S

(km)

2011 #

1,190.162

1,483.252

394918

0

2,975.733

1,732.479

4,311.586

1,299.055

1,611.360

412.135

5,473.544

0.000

8,796.094

2012 #

1,192.662

1,481.216

439.053

3,012.648

1,751.984

4,373.595

1,302.151

1,609.807

463.669

0
0
0

5,543.339

0.000

8,918.966

pad

BAMEY S RHEEIHZIH T
EE VAN Y

Fhzo 26 #RAEH > WG F X E 1,077 T3 22 5 B JI0 R A R
SR £ %
%@ “7 (Distribution Substation, D/S) %2 21 & = = ¥ 7 “#7(Secondary

Ao o S PR R

1 - &%

#7(Primary Substation, P/S) ~ 10 & fz 7

Substation, S/S) o

B S5 5 ST 2 TE R g R A AL R A
REFEFRRHTGEFMEMED » BETHEERTEREGTHLAE T
Fodrd 5291 & 535947 od AT v 2T AL TR IKER A
o 9OkKVHEHTERERNIZIFTHIELE > TRELAY BRI RT
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RZTRMZEZ R4 EreSle s 202012 & AR ARERIY 5 11.4kV
ARAEARBREBRALAHGE 32162 2268 202 > P RH I 22 o

Bl 55 ST A4 2§ Bt RT R

F. 529 F514 % AT 2011~2012 # 7 4% #c B st 4

N A & A i A% B r ool
(3 #) | (F #) L) (2N 7T

2011 & 651 230169 9 0 230829

2012 & 718 228185 16 0 228919

% 5-30 §51 T At 2011~2012 & OKV # 5 B ® w3t 4

- & B () REE" (F) £ (=)
2011 # 5012 32135 37147
2012 # 5665 31862 37527

% 531 §5 1 ® &t 2011~2012 & fie T H#7#c® st 4

R alkl e NEREE TR
fe T HFA7 fe T HFA fe T HFA7 fe T HFA

2011 # 8308 751 3 9062

2012 & 8332 751 3 9086
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%0532 550 B ST 20112012 & fiod 4 % B M B R st 4
P e VL B R
50A 60A 100A 135A BB
2011 & 295 1,006 2,931 1,812 782
2012 & 1,218 1,289 2,830 1,255 754
P BRET| REEY LK LEBRM | PR
FCUTERRE | 3 S4am B | %3 S4B M | (D.S)E = 4f
2011 & 876 43215 19,210 9,875 0
2012 & 903 51,755 18,152 10,351 0
%0533 §510 T AT 2011~2012 # 3 B N SR B R0 £
. fE T M ® R AR
P R L2] - g ﬁ_l ; - _ i _
£ R &V) 200A G00A w4 R S e 2-600A | 3-600A | 2-600A
2-200A | 1-200A | 2-125E
| 11.4 79 0 2,126 451 9 5
2011 #
22.8 18 7 290 144 10 3
| 11.4 81 0 2,011 488 6 9
2012 =
22.8 23 9 182 148 11 4
£ R TR g AEER RS AR TR =2 JES
(kV) SRRV (—E—) - ﬁfé.ﬁqg B [+7 ;I}l’,z_, B ORE | A J,i;{}@%g?‘ @#3-3?%5? FoE
| 11.4 297 6 685 2 4,832 0 8,492
2011 #
22.8 105 0 165 0 1,392 0 2,134
| 114 283 9 714 4 4,520 0 8,125
2012 =
22.8 198 0 161 1 672 0 1,409
%0534 500 B EST 2011~2012 & fio § R B ¥ i Kt 4
- o # 4 %
=
- ¥k 7 2 (kVA) - 7 2 (kVA)
2011 & 18060 660040 34086 1597833
2012 & 16279 629584 40466 1842604
an o4 H ¥ &
o 7 2 (kVA) . 7 2 (kVA)
2011 & 29028 1613622 81174 3871495
2012 & 34332 1866754 91077 4338942
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4535 §51

T Bt 2011~2012 & fie T & B RS w

ER | BF

BRA S

“RA B

T=S+B-D

11.4 kV(km)

AR

AR

oE

URR 22
B R
(km)

600V 12 T
(km)

L =L
voF

(km)

e
2011 =

2,971.818

2,105.582

87.513

0.272

7,111.365

3,595.701

8,680.577

v £

3,213.530

2,229.629

90.974

0.272

14,311.247

0.000

19,845.380

[E3 15

2,973.753

2,136.501

95.855

0.272

7,166.805

3,614.566

8,758.348

2012 #

v £

3,216.658

2,268.603

99.355

0.272

14,412.687

0.000

19,997.303

-+
-9

B BEEE 0T

AP EERT

2K B Bt

S
{\L
i
:‘;”t,

La % et 2011 £ 3 2012 &
 HP 2 BE 1D LR

— M R BB A B AT RBREZ GG N - A&

18 %
B AGH

47

4

0o @

RUBEHED D AT BENRRERFERLS T A

b 2
25
KVA ~ 50 kVA ~ 100 kVA £ 167kVA » £ ¢
CRBREHRE MR

HFRE R ERE RES
2011 & 5 2012 & %% 2

Bt e ® AR 114kV

£ 100kVA 5 & % » 230 22.8kV 2 % §

i 3%
T A

EARRELSL Ve
AP A MR Tiok 538 2

TE
B s
20539 57 0 B S RAGKE L RRE - EE A E AR
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FHA A B AL FEHUT LES > &7 B PRE
B ERE TP RRE S R R T R REFELASF
40536 23 BAST2011~2012 £ 2 % N SR E R BE L
E 1 » 2011 # £® BB (L) 2012 # #x #HE ()

¥REF
- J@m ) 114kV | 228kV | 114kV 22.8kV
25 kVA (1D) 883 190 795 176
50kVA (10)| 1,387 317 1,261 311
100 kVA (1D)| 2,618 729 2,422 725
167 kVA (1D) 1,874 661 1,734 653
3RS 2011 # LR #KE(R) 2012 # KR BE(X)
RE P
r FEE 114kV | 228kV | 114KV 22.8kV
(B 72 Ek)
25KVA (1D)| 1,662 1,068 1,760 1,164
S0kVA (10)| 2,682 1,772 2,772 1,947
100 kVA (1D)| 5,160 4,865 5,234 5,172
167 kVA (1D)| 4,133 5,698 4224 6,041
10537 MG RAS 20112012 23 EASRELEAT R4
% g 5 2011 & %% % 8 (kVA) 2012 # %% % £(kVA)
4 PR ER vr B
%ijg )L 11.4kV | 228kV 11.4kV 22.8kV
e
25kVA (1) | 22,075 4,750 19,875 4,400
S0kVA (1d) | 69,350 15,850 63,050 15,550
100 kVA (1D) | 261,800 | 72,900 242,200 72,500
167 kVA (1D) | 312,958 | 110,387 289,578 109,051
Bk 666,183 | 203,887 614,703 201,501
=3 2011 # 3% 8 7 £(kVA)| 2012 #3358 7§ € (kVA)
FREL B
REESEL 4wy | 228KV 11.4kV 22.8kV
(% 72
25KVA (1d) | 41,550 26,700 44,000 29,100
S0KVA (10) | 134,100 | 88,600 138,600 97,350
100 kVA (1D) | 516,000 | 486,500 523,400 517,200
167kVA (10) | 690211 | 951,566 705,408 1,008,847
Wl 1,381,861 | 1,553,366 | 1,411,408 | 1,652,497
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% 538 A a FAST2011~2012 #45 F PR EER KT 2
25 [LOKVA 25 kVA 50 kVA
$i || B | KT | H | e | B | AHF
2011 &| 694 [3,780| 1,644 | 4,020 158 | 1,806(1,090| 2,030 | 226
2012 &| 370 |[3,114]1,551| 4,371 162 | 1,308|1,018| 2,235 | 219
P 100 kVA 167 kVA & 3 (2)
Fi e | AT | ARF | e | Fu x| R | AHT
2011 #| 3,383 [2,861|3,866| 18 544 19,801(6,139| 9916 | 402
2012 &| 2,989 [2,7354,314| 17 533 |7,808 (5,837 /10,920 | 398
% 539 A3 R AEST2011~2012 £ 45 F RREBE L 3 E £
2 [LOKVA 25 kVA 50 kVA
$3 | FE | e | R | AE&RE | Hd | e | R | ART
2011 #| 6,940 | 94,500 [ 41,100 | 100,500 | 3,950 |90,300 | 54,500 {101,500 11,300
2012 & | 3,700 | 77,850 |38,775|109,275| 4,050 |65,400 50,900 (111,750 10,950
P 100 kVA 167 kVA & 1 (kVA)
Fi | e | g || e | Fu | e | B | A F
2011 +# (338,300[286,100(386,600| 1,800 | 90,848 |538,912/472,548|588,600| 17,050
2012 # (298,900273,5001431,400| 1,700 | 89,011 |448,865/452,186|652.425| 16,700
B RBREEABEZ NP AT e F A e | g R R
R 2012 £ 2 BB Foi 2011 £ 0 A R SR B G OH
ez ARF M 2 TR RAHAR FREHYARER L G R 2t
SLROBTHRCEBRBRI I AT RA Y RRTRERT 2
Bk B 5-6 5 d R AL2011 £ 3 2012 £ TR A RRT R A
CRE A R 2 FRRTRAEE R F R RE
BEHMEPR G s TRIKXGLEET RE -2 EAERE
2 A s od BT 402t 2012 £ W2 # T R TR A i 2011
E5 oM ETERTRA 2012 F 2 BB R 2011 ERC 0 RGPS
Fe@ MBS T 2400 FREN o ¥ & 540 e AT R 2
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Rtz Tiogge A3 2012 25 2B R ErT 2 A4 G214
S0 F T AL A BEE 558 4 0 QAT 2012 & R 2 TioA A
%5 3.76% » #2011 # 93.18%3 4c %) 0.6% -

40,000
30,000
#
2 20,000
£
=~ 10,000
0
20114 20124
b T BB R 35,699 36,391
AT 26,258 24,963

Bl 5-6 # & % & 2011~2012 # ¥ T % % % fe § Kk & +- B

#0540 #a B e K K BH R 22 TIHRJE 4 X
Ak E NPT
T faudd A " T TG ST A (O
PN EN N s (xarznm) % T 4 A (%)
2011 # 566 18 3.18
2012 & 558 21 376

B. P WHARTRAXREFRLEB FLLFT

FRHF ROTRERTEBRELAN A T2 LEEFE
WA EArd 541 54 5449570 B Y RHRE RTEA B RN RRE
U ABEG G RBRBL LA AR RBRER
A2 RHIARTREEL S B AL FRFLEKET 2012
EF AT L RGY R WL 2 RE B S HY BB S
i%§¢@$&%&°5%Sﬂéﬁwﬁawwu&izmzﬁﬁa

2R HREBVERE BRI 2012 F2 B v TR AG
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Bz 2R\ RBaEcE L 9258 E gy 2 E 95 715380kVA

IR F R B2 B HP]

% 19,717 &
KVA > F]ptd & e R E2
S

y W

BEE % 680,821

¥

3

BETHEEELEE FE VR o
FEAN T 2B ¥REBHEEIRZENSRE S G 10459 £
e 45 P SPRE2 My T F AR e B CRRED G 34559 kVA- &
% 541 ¥R EST2011~2012 £ 2 B VSR E 2w £
BENSBRBERIE | 2011 E EREE(R) | 2012 & ExkE (D)
(- 43d) 11.4kV 22.8kV 11.4kV 22.8kV
25 kVA (1D) 544 53 543 50
50 kVA (1d) 488 56 444 53
100 kVA (1D) 657 47 636 44
167 kVA (1D) 308 19 302 16
BENRREZE | 2011 # £x#kE (D) 2012 # £ HE (L)
(% %0 8E) 11.4kV 22.8kV 11.4kV 228 kV
25 kVA (1D) 1,749 137 1,833 161
50 kVA (1d) 1,767 144 1,842 153
100 kVA (1D) 1,625 158 1,729 155
167 kVA (1D) 1,150 106 1,184 113
20542 B RAST2011~2012 22 8 AR RBER B R 2
2R 2011 & %% % B(kVA)| 2012 & %% % £ (kVA)
% JRR
%iﬂ p,]) 11.4kV 22.8kV 11.4kV 22.8kV
- >
25kVA (1D) 13,600 1,325 13,575 1,250
50 kVA (1D) 24,400 2,800 22,200 2,650
100 kVA (1D) 65,700 4,700 63,600 4,400
167 kVA (1D) 51,436 3,173 50,434 2,672
2y N 2011 & %% % B (kVA)| 2012 & %% 5% % £ (kVA)
RREFE
ST 11.4kV 22.8kV 11.4kV 22.8kV
(% ¥t 2k)
25 kVA (1D) 43,725 3,425 45,825 4,025
50 kVA (1D) 88,350 7,200 92,100 7,650
100 kVA (1d) | 162,500 15,800 172,900 15,500
167 kVA (1d) | 192,050 17,702 197,728 18,871
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+

3 5-43 ¥ B E ST 2011~2012 £ 45 F SR BER HE £
2p |LOKVA 25kVA 50 KKVA
i | Fd 2| B 2t ’Fr ¥ | R |25 Hfﬁ
2011 # | 569 [7,282] 435 | 5,552 79 1,993 | 250 | 2,030 | 63
2012 & | 456 |7,250| 410 | 5,980 84 1,907 | 226 | 2,250 | 72
N 100 kVA 167 kVA £ (2)
-g i BT ‘%?H’ LR ’F‘ BT —E 3 TR '?rf?ﬁ 2 5 ’Fﬁ
2011 & | 252 | 101 | 603 | 12 32 10,096 | 818 | 8,185 | 154
2012 2| 246 | 94 | 703 6 33 9,859 | 763 | 8,933 | 162
3 544 F B R AEST 20112012 £ 45 P PR EE B F 4
ap [10KVA 25kVA 50 kVA
'H Sl 'H Sl TR % S R %ﬁ‘ 'E ttl TR o S e
2011 & 5,690 [182,050(10,875[138,800| 1,975 | 99,650 |12,500/101,500| 3,150
2012 & 4,560 [181,250(10,250(149,500| 2,100 | 95,350 |11,300/112,500| 3,600
P 100 kVA 167 kVA & 2+(kVA)
Fi | s | A K| ot | FuE || BA (AL
2011 #{25,200 | 10,100 [60,300| 1,200 | 5,344 [312,590.0/38,819/300,600| 6,325
2012 #24,600 | 9,400 {70,300 600 | 5,511 [305,760.0/36,461|332,300| 6,300
5
 FE
-3 50 %@ AR REE
b RRF K RIEKE
5 720,000 21,000
g 700,000 18,000 g
2 680,000 15,000 g
K 660,000 12,000 =
V' 640,000 9,000 =
A 620,000 6,000
2011 2012
B 5-7 # B % At 2011~2012 & 973K B 2 fie T BB B R
FOHTRAALEFL AN A EE SSRGS A R
AR FPERAN LR ZRTERE U ERMFTEL L FR
ELi0naTH RRAARGEY o AIMNERZFER LR
R
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3

% 05452 % 54646 E T RAST2011 £ 1 201224 T 2
et

2.

EN
8

(\J
&H
o

ERTRARS RO AP A R £ AL T2
BAKO P GREBTN BH B HFESERE

2 Hep oo ¥ 201237\,@&—@[«,»1;@3%&. K 2B

H

—~

S
T

@ﬁ-—\-
e
W
&

< |
T EEE 2011 R o (e B & 12 0 4 2012 £ % 2011 E M 4e o
WAl 5-8 AT o 2 B R T 2012 # F LR R R A B 2L R
) 568 0 X 2012 &5 93 12, 3B AR T F A
R e £ 5-33 47 0 385 14% o

% 545 W R AST 20112012 # 2 e Rk KB 24

ﬁi:{?é_*p. & 2 . . » ENE IR
E 7 Ao — \_\ R .‘g\ 54 L‘:I_x < 14 7

2011 & 19,253 195 1.01
2012 # 19,717 143 0.73

% 5-46 BB H Y 2011~2012 £ TR R R A BB L

B

yd

\

2011 # 9,008 466 5.17

2012 # 9,258 425 4.59

80

60

40

(S)FrERdH

20

OREFRERSHLRF
& (%)

B TFTRERIL RS
& (%)

Bl 5-8 B FF % At 2011~2012 & fe 3% % 1845 % 200 )
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% 547 B RASERKAE BB R L T ORI A &

A
Em &&ﬁ§gﬁ%4@;$&iﬁAﬁ % T A S F A (%)
b
2011 & 50 7 14
2012 # 50 7 14

C ra¥FalikfREFa@B302 2L

% 5483 % 551 AW 5 58 FASAT2011# 3 2012 & 7 B 2
ERAEETEREL MK
ER2Z 2 E SR EHD #2011 #3e> 4oB 59 1 o A R
BREZEEL ﬁﬁ*ﬁ%’*%répﬁﬁzmzﬁw%&‘%ﬁﬁ
BB BN BN L 33,490 £ ¥E R 5 715380kVA ERE A 2

Ik

p4 4

4R
SN

s XE 0 HY L ®ESY 2012 &

7
\rmP

-

iy

2012 # 53 FAKERN S H FLRTRBELES LKL FEE

4 2L o do] 5-10 #7 o

# 5-48 L@ F St 2011~2012 & 2 % VR BRBEX KT £

FEARREFE | 2011 & EREE(E) | 2012 & EREE(E)
(= #&d) 114KV | 228kV | 114kV | 22.8kV
25 kVA (1D) 1,289 897 1.289 852
50 kVA (10) 1,632 1,032 1,632 1,053
100 kVA (1D) 1,872 1326 1,991 1,353
167 KVA (1D) 882 613 882 620
FESRBEIFE | 2011 & XK (L) | 2012 & KR EE(S)
(% “8k) 114KV | 22.8kV | 114kV | 22.8kV
25 kVA (10) 2.521 2.257 2.017 2.525
50 kVA (1D) 2.461 2.751 2.510 4,013
100 kKVA (1D) 3.362 4,133 3,510 5,369
167 KVA (1D) 1372 2.232 1,593 2.281
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# 5-49 L3 FSt 2011~2012 & 2 B AR BRBEL T E L
2 ¥ 2011 & %% 72 £ (kVA) | 2012 # %% % % ¥ (kVA)
Ry B
éﬁfj’é f 11.4kV 22.8kV 11.4kV 22.8kV
25 kVA (10) 13,600 1,325 13,575 1,250
50 kVA (1D) 24,400 2,800 22,200 2,650
100 kVA (1D) 65,700 4,700 63,600 4,400
167 kVA (1D) 51,436 3,173 50,434 2,672
RS 2011 £ %% % % £ (KVA) | 2012 £ % %% % £ (KVA)
¥REFL
(% L) 114kV | 228kV 114kV | 228kV
25 kVA (1D) 43,725 3,425 45,825 4,025
50 kVA (1D) 88,350 7,200 92,100 7,650
100 kVA (1D) 162,500 15,800 172,900 15,500
167 kVA (1D) 192,050 17,702 197,728 18,871
% 5-50 5@ F RSt 2011~2012 & 4% F SR BRI £
2z [10KVA 25 kVA 50 kVA
'H LTl 'H xR %3t £ 5 ?‘ﬁ‘ 'H LTl e | B | 24 )Fﬁ
2011 # | 2,457 [6,392| 407 | 32,672 0 4,772 | 518 [22,001| 0
2012 # | 2,457 [3,902| 234 | 35,007 0 2,996 | 268 23,126 0
P 100 kVA 167 kVA £ (&)
I EHEREEIEY AR Fi || g | AAF
2011 # | 1,613 | 287 6,598 0 50 15,318 [1,262]61,271] 0
2012 # | 1,058 | 158 8,125 0 50 10,497 | 710 66,258 0

BB SE2p 43 E
FRBTE 2

Z 5-51 5@ %t 2011~2012 & 4% b R ®

10 kVA 25 kVA 50 kVA

#
& Fu | F@ | | R | AERF | JE || R AR F

2011 # | 24,570 |159,800| 10,175 {816,300 0  |238,600{25,900(1,100,050

2012 #|24,570 (97,550 | 5,850 (875,175 0 149,800(13,400(1,156,300

100 kVA 167 kVA & 2+(kVA)

£ R

Ty

g [ e | m# [2ar] e | gu [ gH [PaF

2011 # (161,300| 28,700 |659,300 8,350 [594,254(73,125|2,576,650| 0
2012 #(105,800| 15,800 |812,500 8,350 |387,704|43,400(2,843,975| 0

o |O
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B R RRE AN KD
e 15 %/ﬁﬂ?‘f*’“—’ B P ¥

ﬁ‘:‘ R %Fi pp ‘:\.x .Bé 74;: ‘E‘_
-
| . 4,000,000 ¥
2012 & NSRS 3,980,000 &
13,960,000 k
, 13,940,000 \/
2011+ 13,920,000

| | 3,900,000 —
0 30000 60000 90000 120000

E (%)
B 5-10 5@ ¥/t 2011~2012 £ e q SR E2 & £ % i H
i

prbo ke 552 % & 5-53 ARG ba R AT 2011 # 32012 &
TR ETRTAEBS I L HP 2012 ERT RGBS
TEARERLIN 14% > B0 TEETRTKA

2ok irgeauli 1,062 22 528 i o ¥ 5-11 % 5@ % AT 2011 &
T2 ERTAFBHEIELRE D BT 0 58 R ST 2012 £

LR RRA LSS R EH A R201 ER 53 B R IRETR
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RL@BHE L oRE TRTRR A FEF 0 B REHY TR T

MLy T FPLE T RRTRA 0 rd T RTAF BN R 5-54
c3 Tt 2011 £ 3 2012 FRR R K F B R 2 TIoRJE A

TR

#¢ 2012 #2011 &2 T3 X =F A v d 11.37%3 3 12.09% » &
TRIDFE R KA 2 R R 40 1 53 12 o

% 552 S H et 2011~2012 £ 2E s ek 4 B H it 4

E
O F s naan | meraBaseEk (FRFANM)
7
2011 # 77,851 1,025 1.32
2012 # 77,465 1,062 1.37

%0553 2@ BAST20112012 E X TRT KA BSEEL

E
o pane | marasaser 5eFe0®
].7
2011 & 30,632 512 1.67
2012 & 33,490 528 1.58
£ 70 @ 1,610
4:‘ 50 1,575
,ﬂ-.
30 1,540
-3 &
% 10 1,505
"’
EEETRERE SR
66.69 66.79
R & (%)
A TREREES "
Rk & (%) 33.31 3321
-GN RAR 1,537 1,590

B S5-11 & & % a2011~2012 £ 28 2 4= TR K & B4 % 2L Rl
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%0554 L B e KA BB R L TIHRIE A X

ﬁ&aﬁx A A B | FRTEHAx | ZEIEAEE AL (%)
2011 # 598 68 1137
2012 # 599 79 12.02
D. 34 Rt AR EF R EB 22 £

4 5553 4 558 A w| L T R AEST 2011 & X 2012 F 41 B 2
BB PRREBZ ST ERELEFE TR EE FERIVAEST

FOW 5-12 2 B 5-130 B ¥ ATH Rkt 2012 £ HE 2 B B SRR
%&ﬁﬁlMl&%ﬁ’%ﬁi%@ﬁiﬁﬁiﬁﬁf*°%%:@
2012 ETEARZFENRBERENS 17887 & REAEFEN
51,720,352 kVA > =~ 2 2012 & #r 3k 2 8 F SR BAHY 5 3

EoodER R E gL 1,511,032 kVA 0 d F Fav Sd e ML T

pc il
&

2 i PRTRRE Ed 2 ENERETH 2 ATH

2012 £ EXZRETEBRERT T2 R 2011 # K 4e o

F 5-55 F77 R Jat 2011~2012 # 2 B VR B AR IKE £

PENUREFE | 2001 # AREE(D) | 2012 & FREE(D)
(- E&0@) 11.4kV 22.8kV 11.4kV 22.8 kV
25 kVA (10) 1,126 23 1,107 23
50kVA (10) 1,318 33 1,294 33
100 kVA (1D) 979 26 968 26
167 kVA (ICD) 1,006 231 1,014 241
FEARREGE| 2011 & R BE(L) | 2012 & AREE(D)
(% {,’.f,ﬂh) 11.4 kV 22.8kV 11.4 kV 22.8kV
25 kVA (10) 1,513 161 1,541 202
50 kVA (10) 2,606 317 2,640 368
100 kVA (1D) 3,616 340 3,736 518
167 kVA (1D) 3,139 574 3,322 854
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% 5-56 377 H ST 2011~2012 £ 2 B AR BRBEA AT E £
FESRRE 2011 #0007 £(kVA) 2012 # k8 7 £ (kVA)
KE(- W) 11.4kV 22.8kV 11.4kV 22.8kV
25 kVA (1D) 28,150 575 27,675 575
50 kVA (19) 65,900 1,650 64,700 1,650
100 kVA (1) 97,900 2,600 96,800 2,600
167 kVA (1d) | 168,002 38,577 169,338 40,247
FESRREE 2011 23858 7 E£(kVA) 2012 #3508 7 £ (kVA)

B (B e 11.4kV 22.8kV 11.4kV 22.8 kV
25 kVA (1D) 37,825 4,025 38,525 5,050
50 kVA (1) 130,300 15,850 132,000 18,400
100 kVA (1) | 361,600 34,000 373,600 51,800
167 kVA (1) | 524,213 95,858 554,774 142,618

3 5-57 377 F A 2011~2012 # 45 F R B B £
&R 10 kVA 25 kVA 50 kVA
Fi | Fau | e | maAt | A&F | Fu | e | B |[AAF
2011 #| 1,496 | 10,467 | 1,755 | 3,501 46 6,392 | 1,565 | 2,482 48
2012 #| 1,403 | 10,327 | 1,717 | 3,576 46 6,259 | 1,525 | 2,564 48
P 100 kVA 167 kVA & 3 (R)
Fi | e | g [ERE] e | gu | s | g [Aar
2011 & | 2,048 949 | 2,338 | 119 163 20,500 | 4,432 | 8,321 | 213
2012 #| 2,043 921 2,345 119 159 120,129 | 4,322 | 8485 | 213
% 5-58 377 ® AT 20112012 £ 45 PR B ok 4
P 10 kVA 25 kVA 50 kVA
Fa | Ha | e | B | ARF | U | R | B |2H
2011 #| 14,960 |261,675| 43,875 |87,525| 1,150 [319,600| 78,250 | 124,100 | 2,400
2012 #| 14,030 |258,175| 42,925 89,400 1,150 [312,950| 76,250 | 128,200 | 2,400
P 100 kVA 167 kVA £ 3*+(kVA)
-H W PR B3t #L 5 ’Fﬁ PR %{ LT PR FAESy # 5 ’Fr
2011 # |204,800( 94,900 [233,800/ 11,900 | 27,221 |817,234|244,246| 445,425 15,450
2012 #|204,300( 92,100 {234,500/ 11,900 | 26,553 |805,654(237,828| 452,100 | 15,450
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18,000 1,740,000
17,800 1,720,000
# 1,700,000
17,600
L 1,680,000 ¢
® oA 1,660,000 4
/17,200 1,640,000 .
® 17,000 1,620,000 g
B 6000 1,600,000 ~
e 1,580,000 K
= 10600 1,560,000 V
16,400 1,540,000 A
% o #ic
B 5-12 37+ % &t 2011~2012 # 2 B VR B2 2%k %1 F
33,500 1,524,000
g 33450 1522000 %
)3 33,400 1520000 B
23330 - 1,518,000 &%
ff gg;gg - 1,516,000 &
33200 - 1,514,000 %
- 33,150 - 1,512,000
§ 33:100 - 1,510,000 ,I:
£ 33,050 - 1,508,000,
~ 33,000 = - 1,506,000 5
32,950 S ' e 1,504,000 —

2011 2012
= RRELT Bt RRER OB

B 5-13 37+ % &St 2011~2012 # 4% F R B2 & £ g1 [

ks £ 5-59 2 £ 5-60 A %] L ATT E ELST 2011 £ 3 2012 £

—
os

cRT AR BB EE LA A BP0 2012 ERT R G EH
HFERPIOIRTRE AR LY 036% 7 BB+ T2 ETRDK
B2 XA s 6423 1192 o F B 5-14 5 377 % AST 2011 &
22012 FR T RGBS FTEVRE D BT 0 ATH R ST 2012 £

SRR A AAES R B R 2011 ER S 142 B e RT R
G2 ABEE I ERE TRIRAABEEF BT RGE IR
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% 5-59 77 T St 2011~2012 & 2

Sl BT R R A B

AR T FLE T SRS

gifé A oo 8 13 2 ¢k — N 1L (0
PN FRRRA i REHBREEER  (FEE A (%)
2011 & 33,466 130 0.39
2012 # 33,149 119 0.36

% 5-60 A7 W At 2011~2012 & 3 TR Tk B R 2 4

E
o naan | meraBaseE 5RFAAM%)
)7
2011 # 17,328 67 0.39
2012 & 18,204 64 0.35
70 200
60 195
£ 50 _
# 40 190 2
ﬁ 30 185
~ 20 #
0
EERT) 180
0 = 175
20114 20124
- 2 0 S A
24 5 (%) 65.99 65.03
TR EREES
24 B 1E(%) 34.01 34.97
—— 48R R 197 183
Bl 5-14 37+ % At 2011~2012 £ fie 2% & B4 % 2L )
E H'"aiiXAXEFREdB R iFH
% 561 3 % 5-64 A %] L350 F AEST2011 £ 3 2012 £ 7 B
ERAZRBIPRREBEL MEEEILEEFE T REKEZ FER VAR
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BOYH 515 2 B 5-160 H ¢ 451
LRSS 3 A JIE-

-5 A

T 2012 #

g on v

f\&fﬁ—»

2 E SRR

:E_L. ﬂﬁ;{zoll Eiég%t o X %/\ 2012 _& m.r'r"‘bv}t

ZBERNRRBRBRAEYL 12421 B>y 2 E 595 1,037,995
KVA > ForsEn2 45 F S RBafcgs 78567 & > w%s 58935
3,287,868 KVA o gt #b » §51 B At 2012 E £ U2 T R BRERTE

#2011 & 5 4e o

% 5-61 351 % ST 2011~2012 # 2

BRI AREE

BENRBREFE | 2011 # EukP(E) | 2012 # ExukP(R)
(= &) 11.4kV | 228kV | 114kV | 22.8kV
25 kVA (1D) 566 65 625 83
50 KVA (1D) 967 34 1070 50
100 kKVA (1D) 925 15 991 15
167 kVA (1D) 635 5 674 5
BENREREFE | 2011 & EXRBEE(E) | 2012 F XX EE(D)
(7% %t aL) 114KV | 228kV | 114kV | 228kV
25 kKVA (1) 1550 341 1759 395
50 kVA (1D) 1826 201 2110 224
100 kVA (1) 1936 125 2229 135
167 kVA (1) 1667 108 1928 128
L0562 §51 HAST 20112012 E 3 EASBREER DT R4
oy }& 2011 & 2% % 5 £(kVA) | 2012 # 2% % % £ (KVA)
RS ‘,"’, 11.4kV 22.8kV 11.4kV 22.8kV
(- J%;’iyé)
25 kVA (1) 14150 1625 15625 2075
50 KVA (1D) 48350 1700 53500 2500
100 KVA (1d) | 92500 1500 99100 1500
167 KVA (1d) | 106045 835 112558 835
FES 011 2%y 5 E(VA) 2012 2 %5 5 E(KVA)
¥REFE
(% ) 11.4kV 22.8kV 11.4kV 22.8kV
25 kKVA (1) 38750 8525 43975 9875
50 kVA (1D) 91300 10050 105500 11200
100 KVA (1®) | 193600 12500 222900 13500
167 kVA (10) | 278389 18036 321976 21376
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%5-63 51 B AT 2011~2012 & 4 ¢ R B ELHE 4
P 10 kVA ‘ 25 kVA ‘ §O kVA
¥ ¥ e | BA | ERE | Hd BT R e
2011 #| 1,189 [21,665| 1,067 [14,276| 208 12,621 | 1,278 | 9,437 126
2012 #| 1,485 24,457 | 868 [16,032| 231 13,863 | 1,247 | 11,069 | 148
Py 100 kVA 167 kVA & H(E)
Fid | e | ma [ART| ke | dd | kx| B [A&T
2011 #| 3,365 555 4,300 34 3 38,841 | 2,903 | 28,013 | 368
2012 # | 3,566 646 4,912 39 3 43,372 | 2,764 (32,013 | 418
30564 §51 B AT 20112012 £ F HREBER D E A
P 10 kVA 25 kVA 50 kVA
Fid | da | s | ma (AR | yu@ | kx| gt [A&F
2011 +#| 11,890 |541,625| 26,675 [356,900| 5,200 | 631,050 | 63,900 | 471,850 | 6,300
2012 # | 14,850 (611,425( 21,700 (400,800 5,775 | 693,150 | 62,350 | 553,450 | 7,400
ar 100 kVA 167 kVA £ 2+ (KVA)
Fi | w2 | i |AhF| e | fu | %% | mi |AhF
2011 # (336,500( 55,500 (430,000| 3,400 501 |1,521,085|146,576(1,258,750{14,900
2012 & [356,600] 64,600 [491,200] 3,900 | 501 |1,676,192[149,151[1,445,450| 17,075
13,000 1,060,000
- 1,040,000 5
% 12,500 1,020,000 3
1,000,000
§ 12,000 980,000 f
B 11,500 960,000 ::
> 940,000 #
" 1000 920,000 &
& 900,000 |
E 10,500 880,000 V
~ 860,000 A
10,000 840,000 ~—
3% 5 %R
Bl 5-15 71 % A2t 20112012 # 2 B S B B2 £R %1
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80,000 3,400,000
78,000 3300000 %
# 76,000 R
% S 3,200,000
$ 74,000 "
. 3,100,000 3%
72,000 3
) 3,000,000
v 70,000 'E'.
B 65000 2,900,000 "
Z 66,000 2,800,000 \/
64,000 2700000 2
Bl RRERFTE - R HBRER K
Bl 5-16 551 % Aot 2011~2012 £ 6+ R B2 & £ & 1t F
% 5-65% % 5-66 4 W 51 H AT 2011 £ 3 20128 B T 2 %
FRIXRAEHFEL AP L AP N 02 2RTREEHF L

Bo b PR R A KK 0.06% BHETERFIRTKALFE
B WG 25122 30 12 o B 5-17 A 501 % &S 2011 & 3 2012 & fe
THRABHFEVRE > BF o §50 w2012 E 2T KA
BBk H P 2011 £ 80 0 H P el K
B A TREXGZESEE TR P

BH B VERP TRIAAEF L AR RTRAE ST LA
ook 567 HF0 RS 2011 % 2012 EfR TR A BB FELT
IR A > B P 2012 #2 THo A S F Ao g 2011 E o A4

47.17% 2 40% o

Z 5-65 F51 ® T 2011~2012 £ 28 s e 3k % B f i 4

E
o ssmenn | matasaiee FeFrem)
2011 # 70,125 70 0.10
2012 & 78.567 30 0.04
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%5-66 351 F AT 2011~2012 & 3 T e g 2k & B A % 2

K
o g | e raBAREE (FRT M%)
)7
2011 # 11,045 65 0.59
2012 # 12,510 25 0.20
160 56
140 54
120 52
g 100 50 %
% 80 ag
60 16 &
# 40 44 ,E\b
# 20 42 %
0 40
s Zg)_ wgar'ﬁ‘—%%)ﬁgg
L (%) 51.85 54.55
R T EEREEBBE
L (%) 48.15 45.45
—ERBEAY 135 55

B 5-17 §51* % et 2011~2012 & fie 7 3K &% B4 & 2L R

£ 5-67 351t WAl T A BA K 22 TIORIE A X

A
FREN %’&ﬁﬁﬁ f%?ﬁ—”kﬁ'{ - WEIR RN ?;gf’il’ij::;&ép A};L(%)
b
2011 # 53 25 47.17
2012 # 50 20 40

5-4 & 8L % AR X 4Tt
AFTEIG R UFRrRRE R ZEAEREFLEL AR

W R e e BB TR A e AT A TR S TR 2 B A e 2

Rhko HEhe 2 ARFHLL GUEFSFT O ERT

FRBLAFFIE E VNF H1 T e AR T BEESR S ET 44
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57.54% ~ 54.712%% 61.69%2 v &) > FP T 4 2P RF|E R R E

AT R 342 5B RAERAERE B 2R &
AP B A B S 92.46% ~ 91.51%% 89.72% 0 & PR A 2P F
FREFTRBRETIINEL D= F > A B X 5= FRWILR

KR S XEGERE SRR INARE LA RS
5672 QAT BlBB 0 D F B ARG 20 A B L 90.65%
91.51% ~ 89.72%% 96.26% » 7= Frig = X T F $3K B B E2 31 F]»
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Standard nominal three-phase system voltages per ANSI C84.1-1989

Voltage Class Three-wire Four-wire
240 208 Y/120
Low Voltage 480 240/120
600 480 Y/277
2400 1,160 Y12.400
4’800 8,320 Y/4,800
omo | 2o Yous
Medium Voltage 23388 13,200 Y/7 620
34’500 13,800 Y /7,970
46:000 20,780 Y /12,000
69.000 22,860 Y /19,920
115,000
: 138,000
High Voltage 161,000
230,000
345,000
Extra-High Voltage 500,000
765,000
Ultra-High Voltage 1,100,000




it A-2

National Electrical Safety Code



National Electrical Safety Code

Section 23. Clearances

230. General

A. Application

This section covers all clearances, including climbing spaces, involving
overhead supply and communication lines.

NOTE: The more than 70 years of historical development and
specification of clearances in Rules 232, 233, and 234 were reviewed for
consistency among themselves and with modern practice and were
appropriately revised in both concept and content for the 1990 Edition.
See Appendix A.

1. Permanent and temporary installations The clearances of Section 23 are
required for permanent and temporary installations.

2. Emergency installations

The clearances required in Section 23 may be decreased for emergency
installations if the following conditions are met.

NOTE: See Rule 14.

a. Open supply conductors of 0 to 750 V and supply cables meeting Rule
230C; and communication conductors and cables, guys, messengers, and
neutral conductors meeting Rule 230E1 shall be suspended not less than
4.8 m (15.5 ft) above areas where trucks are expected, or 2.70 m (9 ft)
above areas limited to pedestrians or restricted traffic only where vehicles
are not expected during the emergency, unless Section 23 permits lesser
clearances.

For the purpose of this rule, trucks are defined as any vehicle exceeding

2.5 m (8 ft) in height. Areas not subject to truck traffic are areas where



truck traffic is neither normally encountered nor reasonably anticipated or
Is otherwise limited.

Spaces and ways subject to pedestrians or restricted traffic only are those
areas where riders on horseback or other large animals, vehicles, or other
mobile units exceeding 2.5 m (8 ft) in height are prohibited by regulation
or permanent terrain configurations or are otherwise neither normally
encountered nor reasonably anticipated or are otherwise limited.

b. Vertical clearances of open supply conductors above 750 V shall be
increased above the applicable value of Rule 230A2a as appropriate for
the voltage involved and the given local conditions.

c. Reductions in horizontal clearances permitted by this rule shall be in
accordance with accepted good practice for the given local conditions
during the term of the emergency.

d. Supply and communication cables may be laid directly on grade if they
are guarded or otherwise located so that they do not unduly obstruct
pedestrian or vehicular traffic and are appropriately marked. Supply
cables operating above 600 V shall meet either Rule 230C or 350B.

e. No clearance is specified for areas where access is limited to qualified
personnel only.

3. Measurement of clearance and spacing

Unless otherwise stated, all clearances shall be measured from surface to
surface and all spacings shall be measured center to center. For clearance
measurements, live metallic hardware electrically connected to supply
line conductors and communication equipment connected to
communication line conductors shall be considered a part of the line

conductors. Metallic bases of potheads, surge arresters, and similar



devices shall be considered a part of the supporting structure.

4. Rounding of calculation results

Unless otherwise specified in a table or rule within Section 23, clearance
specifications that require a calculation to determine the required
clearance shall have the resultant of the calculation rounded up to the
same level of decimal places as the basic value shown in the rule or table,
regardless of the numbers of significant digits of individual values
required to be used in the calculation.

If a calculated clearance is allowed a reduction by footnotes or
EXCEPTIONSs, the resultant calculation shall be rounded up before the
reduction is applied, and the resultant calculation after the reduction is
applied shall also be rounded up.

EXCEPTION 1: When determining a clearance at specified conditions
based on field measurements, the resultant calculation shall be rounded
down.

Example: Rounding of calculated ground clearance at maximum sag

Maximum Sag

CGC

MGC = measured ground clearance = 5.69 m (18.67 ft)
MS = measured sag @ 28 °C (82 °F) conductor temperature = 0.66 m
(2.15 ft)



CSC = calculated sag change from 28 °C (82 °F) to maximum sag due to
thermal or ice loading = 0.77 m (2.52 ft)
CGC = calculated ground clearance at maximum sag = 4.92 m (16.15 ft)
= 4.9 m (16.1 ft) when rounded down to the next 0.1 m (0.1 ft)

Actual clearance aboveground was measured to be 5.69 m (18.67 ft)
when the conductor was measured to be at 28 °C (82 °F). The sag at that
conductor temperature was measured to be 0.66 m (2.15 ft). The
measured sag, conductor temperature, and span length were used in sag
and tension software to calculate the change in sag from the measured
condition to the maximum sag produced by either ice loading or
maximum conductor temperature. The change in sag from the
measurement condition to the maximum sag condition was calculated to
be 0.77 m (2.52 ft). Thus, the ground clearance when at maximum sag is
calculated to be 5.69 m —0.77 m=4.92 m (18.67 ft — 2.52 ft = 16.15 ft).
Since the clearances of Table 232-1 are specified in 0.1 m (0.1 ft)
increments, the calculated clearance 4.92 m (16.15 ft) must be rounded
down to the next lower 0.1 m (0.1 ft) 4.9 m (16.1 ft) and compared to the
required clearance to determine if the Code requirements are met. For
example, if this conductor was an effectively grounded supply neutral
conductor meeting Rule 230E1, crossing a field, it would meet the 4.7 m
(15.5 ft) required for a neutral over a field when at final sag that is
required by Table 232-1, row 4, other lands. However, if the conductor
were a primary voltage supply conductor of 7200 V to ground, the
clearance would not meet the 5.6 m (18.5 ft) required at maximum sag by
the same table and row for that voltage.

EXCEPTION 2: Rules or tables with values in millimeters are shown in



units of 5 mm (0.2 in); as a result, resultants of calculations to be
expressed in millimeters shall be rounded up to the next multiple of 5 mm
(0.2 in).

B. Ice and wind loading for clearances

1. Four general degrees of loading due to weather conditions are
recognized and are designated as clearance zones 1, 2, 3, and 4. Figure
230-1 shows the zones where these loadings apply.

NOTE: The localities are classified in the different zones according to the
relative simultaneous prevalence of the wind velocity and thickness of ice
that accumulates on wires. Zone 3 is for places where little, if any, ice
accumulates on wires. Zone 4 applies to latitudes below 25 degrees where
mild temperatures exist at sea level, but icing may occur at altitudes
above 2743 m (9000 ft) above sea level.

See Appendix B.

2. Table 230-1 shows the radial thickness of ice to be used in calculating
sags for clearance purposes. See applicable clearance rules in Section 23.
3. Ice and wind loads are specified in Rule 230B1.

a. Where a cable is attached to a messenger, the specified loads shall be
applied to both cable and messenger.

b. In determining wind loads on a conductor or cable without ice covering,
the assumed projected area shall be that of a smooth cylinder whose
outside diameter is the same as that of the conductor or cable. The force
coefficient (shape factor) for cylindrical surfaces is assumed to be 1.0.
NOTE: Experience has shown that as the size of multiconductor cable
decreases, the actual projected area decreases, but the roughness factor

increases and offsets the reduction in projected area.



c. An appropriate mathematical model shall be used to determine the
wind and weight loads on ice-coated conductors and cables. In the
absence of a model developed in accordance with Rule 230B5, the
following mathematical model shall be used:

(1) On a conductor, lashed cable, or multiple-conductor cable, the coating
of ice shall be considered to be a hollow cylinder touching the outer
strands of the conductor or the outer circumference of the lashed cable or
multiple-conductor cable.

(2) On bundled conductors, the coating of ice shall be considered as
individual hollow cylinders around each subconductor.

d. It is recognized that the effects of conductor stranding or of
non-circular cross section may result in wind and ice loadings more or
less than those calculated according to assumptions stated in Rules
230B3b and 230B3c. No reduction in these loadings is permitted unless
testing or a qualified engineering study justifies a reduction.

4. Table 230-2 shows the radial thickness of ice, wind pressures,
temperatures, and additive constants to be used in calculating inelastic
deformation.

The load components shall be determined as follows:

a. Vertical load component

The vertical load on a wire, conductor, or messenger shall be its own
weight plus the weight of conductors, spacers, or equipment that it
supports, ice covered where required by Rule 230B1 and Table 230-2.

b. Horizontal load component

The horizontal load shall be the horizontal wind pressure determined

under Rule 230B1 and Table 230-2, applied at right angles to the



direction of the line using the projected area of the conductor or
messenger and conductors, spacers, or equipment that it supports, ice
covered where required by Rule 230B1 and Table 230-2.

NOTE: The projected area of the conductor or messenger is equal to the
diameter of the conductor or messenger, plus ice if appropriate,
multiplied by the span length (see Rule 252B4). See Rule 251A2 for
force coefficient values of different surface shapes.

c. Total load

The total load on each wire, conductor, or messenger shall be the
resultant of components in a) and b) above, calculated at the applicable
temperature in Table 230-2, plus the corresponding additive constant in
Table 230-2.

5. Final sag calculations shall include the effects of inelastic deformation
due to both (a) initial and subsequent combined ice and wind loading, and
(b) long-term material deformation (creep). See applicable sag definitions.
Ice is assumed to weigh 913 kg/m3 (57 1b/ft3).

C. Supply cables

For clearance purposes, supply cables, including splices and taps,
conforming to any of the following requirements are permitted lesser
clearances than open conductors of the same voltage. Cables should be
capable of withstanding tests applied in accordance with an applicable

standard.

1. Cables that are supported on or cabled together with an effectively
grounded bare messenger or neutral, or with multiple concentric neutral

conductors, where any associated neutral conductor(s) meet(s) the



requirements of Rule 230E1 and where the cables also meet one of the
following:

a. Cables of any voltage having an effectively grounded continuous metal
sheath or shield

b. Cables designed to operate on a multi-grounded system at 22 kV or
less and having semiconducting insulation shielding in combination with
suitable metallic drainage

2. Cables of any voltage, not included in Rule 230C1, covered with a
continuous auxiliary semiconducting shield in combination with suitable
metallic drainage and supported on and cabled together with an
effectively grounded bare messenger.

3. Insulated, nonshielded cable operated at not over 5 kV phase to phase,
or 2.9 kV phase to ground, supported on and cabled together with an
effectively grounded bare messenger or neutral.

D. Covered conductors

Covered conductors shall be considered bare conductors for all clearance
requirements except that clearance between conductors of the same or
different circuits, including grounded conductors, may be reduced below
the requirements for open conductors when the conductors are owned,
operated, or maintained by the same party and when the conductor
covering provides sufficient dielectric strength to limit the likelihood of a
short circuit in case of momentary contact between conductors or
between conductors and the grounded conductor. Intermediate spacers
may be used to maintain conductor clearance and to provide support.

E. Neutral conductors

1. Neutral conductors that are effectively grounded throughout their



length and associated with circuits of 0 to 22 kV to ground may have the
same clearances as guys and messengers.

2. All other neutral conductors of supply circuits shall have the same
clearances as the phase conductors of the circuit with which they are
associated.

231. Clearances of supporting structures from other objects
Supporting structures, support arms, anchor guys, and equipment attached
thereto, and braces shall have the following clearances from other objects.
The clearance shall be measured between the nearest parts of the objects
concerned.

A. From fire hydrants

Not less than 1.2 m (4 ft).

EXCEPTION 1: Where conditions do not permit, a clearance of not less
than 900 mm (3 ft) is allowed.

EXCEPTION 2: Clearances in Rule 231A may be reduced by agreement
with the local fire authority and the pole owner.

B. From streets, roads, and highways

1. Where there are curbs: supporting structures, support arms, anchor
guys, or equipment attached thereto, up to 4.6 m (15 ft) above the road
surface shall be located a sufficient distance from the street side of the
curbs to avoid contact by ordinary vehicles using and located on the
traveled way. For a redirectional curb, such distance shall be not less than
150 mm (6 in). For paved or concrete swale-type curbs, such facilities
shall be located behind the curb.

2. Where there are no curbs, supporting structures should be located a

sufficient distance from the roadway to avoid contact by ordinary



vehicles using and located on the traveled way.

3. Location of overhead utility installations on roads, streets, or highways
with narrow rights-ofway or closely abutting improvements are special
cases that must be resolved in a manner consistent with the prevailing
limitations and conditions.

4. Where a governmental authority exercising jurisdiction over structure
location has issued a permit for, or otherwise approved, specific locations
for supporting structures, that permit or approval shall govern.

C. From railroad tracks

Where railroad tracks are parallel to or crossed by overhead lines, all
portions of the supporting structures, support arms, anchor guys, and
equipment attached thereto less than 6.7 m (22 ft) above the nearest track
rail shall have horizontal clearances not less than the values required by
Rule 231C1 or 231C2 for the situation concerned.

NOTE: See Rule 234l.

1. Not less than 3.6 m (12 ft) from the nearest track rail.

EXCEPTION 1: A clearance of not less than 2.13 m (7 ft) may be
allowed where the supporting structure is not the controlling obstruction,
provided sufficient space for a driveway is left where cars are loaded or
unloaded.

EXCEPTION 2: Supports for overhead trolley-contact conductors may be
located as near their own track rail as conditions require. If very close,
however, permanent screens on cars will be necessary to protect
passengers.

EXCEPTION 3: Where necessary to provide safe operating conditions

that require an uninterrupted view of signals, signs, etc., along tracks, the



parties concerned shall cooperate in locating structures to provide the
necessary clearance.

EXCEPTION 4: At industrial sidings, a clearance of not less than 2.13 m
(7 ft) shall be permitted, provided sufficient space is left where cars can
be loaded or unloaded.

2. The clearances of Rule 231C1 may be reduced by agreement with the
railroad(s).

232. Vertical clearances of wires, conductors, cables, and equipment
above ground, roadway, rail, or water surfaces

A. Application

The vertical clearances specified in Rule 232B1 apply under the
following conductor temperature and loading conditions, whichever
produces the largest final sag:

1. 50 °C (120 °F), no wind displacement.

2. The maximum conductor temperature for which the line is designed to
operate, if greater than 50 °C (120 °F), with no wind displacement

3.0 °C (32 °F), no wind displacement, with radial thickness of ice, if any,
specified in Table 230-1 for the zone concerned.

EXCEPTION: The conductor temperature and loading condition for
trolley and electrified railroad contact conductors shall be 15 °C (60 °F),
no wind displacement, final unloaded sag, or initial unloaded sag in cases
where these facilities are maintained approximately at initial unloaded
sags.

NOTE: The phase and neutral conductors of a supply line are normally
considered separately when determining the sag of each due to

temperature rise.



B. Clearance of wires, conductors, cables, equipment, and support arms
mounted on supporting structures

1. Clearance to wires, conductors, and cables

The vertical clearance of wires, conductors, and cables aboveground in
generally accessible places, roadway, rail, or water surfaces, shall be not
less than that shown in Table 232-1.

2. Clearance to unguarded rigid live parts of equipment

The vertical clearance above ground, roadway, or water surfaces for
unguarded rigid live parts such as potheads, transformer bushings, surge
arresters, and short lengths of supply conductors connected thereto, which
are not subject to variation in sag, shall be not less than that shown in
Table 232-2. For clearances of drip loops of service drops, see Table
232-1.

3. Clearance to support arms, switch handles, and equipment cases The
vertical clearance of switch handles, equipment cases, support arms,
platforms, and braces that extend beyond the surface of the structure shall
be not less than that shown in Table 232-2,

These clearances do not apply to internal structural braces for latticed
towers, X-braces between poles, and pole-type push braces.

4. Street and area lighting

a. The vertical clearance of street and area lighting luminaires shall be not
less than that shown in Table 232-2. For this purpose, grounded luminaire
cases and brackets shall be considered as effectively grounded equipment
cases; ungrounded luminaire cases and brackets shall be considered as a
rigid live part of the voltage contained.

EXCEPTION: This rule does not apply to post-top mounted luminaires



with grounded or entirely dielectric cases.

b. Insulators, as specified in Rule 279A, should be inserted at least 2.45 m
(8 ft) from the ground in metallic suspension ropes or chains supporting
lighting units of series circuits.

C. Additional clearances for wires, conductors, cables, and unguarded
rigid live parts of equipment Greater clearances than specified by Rule
232B shall be provided where required by Rule 232C1.

1. Voltages exceeding 22 kV

a. For voltages between 22 and 470 kV, the clearance specified in Rule
232B1 (Table 232-1) or Rule 232B2 (Table 232-2) shall be increased at
the rate of 10 mm (0.4 in) per kilovolt in excess of 22 kV. For voltages
exceeding 470 kV, the clearance shall be determined by the method given
in Rule 232D. All clearances for lines over 50 kV shall be based on the
maximum operating voltage.

EXCEPTION: For voltages exceeding 98 kV ac to ground or 139 kV dc
to ground, clearances less than those required above are permitted for
systems with known maximum switching-surge factors (see Rule 232D).
b. For voltages exceeding 50 kV, the additional clearance specified in
Rule 232C1a shall be increased 3% for each 300 m (1000 ft) in excess of
1000 m (3300 ft) above mean sea level.

c. For voltages exceeding 98 kV ac to ground, either the clearances shall
be increased or the electric field, or the effects thereof, shall be reduced
by other means as required to limit the steady-state current due to
electrostatic effects to 5 mA rms if the largest anticipated truck, vehicle,
or equipment under the line were short-circuited to ground. The size of

the anticipated truck, vehicle, or equipment used to determine these



clearances may be less than but need not be greater than that limited by
federal, state, or local regulations governing the area under the line. For
this determination, the conductors shall be at a final unloaded sag at 50

°C (120 °F).



Table 232-1—

Vertical clearance of wires, conductors, and cables above ground,

roadway, rail, or water surfaces

(Voltages are phase to ground for effectively grounded circuits and those

other circuits where all ground faults are cleared by promptly

de-energizing the faulted section, both initially and following subsequent

breaker operations. See the definitions section for voltages of other

systems.

See Rules 232A, 232B1, 232C1a, and 232D4.)

Supply Trolley and
Tnzulated cahles over electrified railroad
communication EEUAY contact conductors
conductors and meeting and associated span
cable; Rule 230C2 Dll'fi'-l Or messenger
IMESSENZETS; - A30C3: supply -
overhead shield/ o -30(.311_ mudﬂglh[ s, wes
surge-protection Noninsulated 21;;15;3?01:5' over 750V
wires; grounded communica-- ' to 22 EV:
uys; tion 0 to. unground-
) ungrounded conductors: TS0V ed portions
Nature of surface portions of guys sunnlv cables ungrounded ol guys
underneath wires, meeting Rules PRy ranes ortions of meeting
conductors, or cables 215C4, 215C5, of 0 to 750 ¥ P Rules i
and 27941 meeting Rule guys 215C4, 0 to _DOver
exposed to 0 fo 230C2 or meeting | 215C5.and | 730V | 730Vto
v 230C3 jltt_ﬂ(g-i :.19.:;1 to -."I;\
neutral =Iad, exposed to '
conductors m) I15C5, and ?gﬂ Vito gl{ou;ld ground
meeting Rule 794 2Ry EE m (m)
230E1L; supply| exposed to (m)
cables meeting over 300V
Rule 230C1 to
(m) TR0V
(m)
Where wires, conductors, or cables cross over or overhang
1. Track rails of railreads [ 7.3 7.5 81 67" 6.7
(except electrified
ratlroads using overhead
trolley conductors)
2. Roads, sireets, and other 47 49 5.0 36 557 61"
areas subject to truck
traffic
3. Driveways, parking lots, 47" 497" 50" 56 55° 61"
and alleys ©
4. Other areas fraversed by 47 49 30 56 — —
vehicles, such as
cultivated, grazing, forest,
and orchard lands,
industrial sites,
commercial sites, etc. ©
5. Spaces and ways subject 29 36" 38" 44 49 55
to pedestrians or restricted
traffic only -
6. Water areas not suitable 4.0 44 4.4 52 — —
for sailboating or where
zailboating is prohibited *




Table 232-1—(continued)
Vertical clearance of wires, conductors, and cables above ground,
roadway, rail, or water surfaces
(Voltages are phase to ground for effectively grounded circuits and those
other circuits where all ground faults are cleared by promptly
de-energizing the faulted section, both initially and following subsequent
breaker operations. See the definitions section for voltages of other

systems. See Rules 232A, 232B1, 232C1a, and 232D4.)

Supply Trolley and
Insulated cables over electrified railroad
communication TS0V contact conductors
conductors and meeting and associated span
cable; Rule 230C2 '::‘1:'?11n O Messenger
MESSENgers; - 230C3: supply i
overhead shield/ . umen sﬂ( 1"_ conductors, res
surge-protection | Noninsulated P d ]J]JI : over 730V
wires; grounded commumica—- conductors, to 22KV
guys: tion . b fo. unground-
; ungrounded conductors: TRV ed portions
Nature of surface portions of guys supply cables ungrounded of guys
underneath wires, meeri.ng‘Rules £0 b '-'-‘.IJ v ortions of meeting
conductors, or cables 215C4, 215C5, ot to 72 P Rules
and 27941 meeting Rule guys 215C4, 0to _Over
exposed to 0 to 230C2 or meeting | 213C5,and | 750V | 730Vito
oV 230C3 15119.1(9_51 17041 o -.ul'ﬂ
neutral {m) 21504, exposed to round )
conductors Zla(; 5, and 1_‘2.0. Vio gl{l:.:;t ground
meeting Rule 27041 RV NS {m}
130EL: supply exposed to {(m})
cables meeting over 300V
Rule 230C1 to
(m) EELU A T
(m)
7. Water areas suitable for
sailbeating including
lakes, ponds, reservours,
tidal waters, rivers,
streams, and canals with
an unobstructed surface
areaof " "
a. Less than 0.08 km? 53 55 56 6.2 — —
b. Over 0.08 to 0.8 km? 78 79 21 8.7 — —
¢ Over 0.8 to 8 km® 9.6 o8 99 10.5 — —
d. Over & km® 114 11.5 11.7 123 — —
§. Established boat ramps
and associated nggng Clearance aboveground shall be 1.5 m greater than in 7 above,
areas; areas posted with for the type of water areas served by the lamching sites
sign(s) for rigging or
launching sail boeats
Where wires, conductors, or cables run along and within the mits of
highways or other road rights-of-way but do not overhang the roadway
9. Roads, streets, or alleys 47" 49 3.0 56 55° 61"
10. Roads where it is inlikely 41" 43" 44" 5.0 55° 61"
that vehicles will be
crossing under the line




Table 232-2—

Vertical clearance of equipment cases, support arms, platforms,
braces and unguarded rigid live parts above ground, roadway, or
water surfaces
(Voltages are phase to ground for effectively grounded circuits and those
other circuits where all ground faults are cleared by promptly
de-energizing the faulted section, both initially and following subsequent
breaker operations. See the definitions section for voltages of other
systems. See Rules 232A, 232B2, 232B3, 232C1a, and 232D4.)

Nonmetallic
or - . Unguarded rigid
. Unguarded rigid = :
effectively L S live parts of
grounded live p?ltns‘?f Oto over 750 Vo 22 KV
Support and unﬁ'nc:un(led cases and ungrounded
Nature of surface below mll;.;?l’lgd}‘::':h that contain tﬂsees :]l:ﬂ;":]f: am
p]arform,s equipment connected conne::l tﬂ}} to circuits
braces nu;i to circuifs of not more of over 750 V to
equi |;]enr than 750} 22 k‘\'
1 capses (m) -Em}
(m)
1. Where rigid parts overhang
a. Roads, streets, and other areas subject to 46 49 55
truck traffic *
b. Driveways, parking lots, and allevs 46 40°¢ 55
c. Other areas traversed by vehicles such as 46" 49 55
cultivated. grazing, forest. and orchard
lands, industrial areas, conumercial areas,
ete.
d. Spaces and ways subject to pedestrians or 347 36" 43
restricted traffic only
2. Where rigid parts are along and within the
limits of highways or other road nghts-of-
way but do not overhang the roadway
a. Roads, streets, and alleys 46" 49 55
b. Roads where it is unlikely that vehicles 40" 43" 49
will be crossing under the line
3. Water areas not suitable for sailboating or 43 44 46
where sailboating is prohibited




Table 232-2— (continued)

Vertical clearance of equipment cases, support arms, platforms,
braces and unguarded rigid live parts above ground, roadway, or
water surfaces
(Voltages are phase to ground for effectively grounded circuits and those
other circuits where all ground faults are cleared by promptly
de-energizing the faulted section, both initially and following subsequent
breaker operations. See the definitions section for voltages of other
systems. See Rules 232A, 232B2, 232B3, 232C1a, and 232D4.)

Nonmetallic
or E:f:fetl‘n'e]_i' Unguarded rigid live L ngual'de_d ‘11glul live
grounded arts of 0 to 750 Vand | PATTS of over 750 V to
support P N 22 kV and
arms, switch urt_iﬁ“ﬁ;‘ig;;}?ﬁ;kpt ungrounded cases
Nature o surace bl e, | comectdtocies |, ot
braces, and olno ?'_f:;:' {'.? an to circuits of over
equipment “:,ﬂ} 750 Vo 22KV
c?f's;s (ft)
t
3. Water areas not suitable for sailboating 14.0 14.5 15.0
or where sailboating is prohibited -
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New York City Department of Transportation-Street Works Manual

Minimum Clearance Requirements for Transformer Vaults

Item Obstruction Type Clearance

1 Bench 5 ft

2 Bicycle Rack 5 ft

3 Bus Stop Sign 5ft

4 Bus Zone Not Permitted

5 Canopy 3ft

6 Cellar Door/Hatch Door Prefer 3 ft along the same line
7 Corner Quadrant 5ft

8 Curb Cut 3ft

18 inches (maximum 24 inches)
9 Curb Offset from the grating edge
perpendicular to curb

10 Driveways 3ft out of driveway cut

11 All Entrances 3 ft each side

12 Fire Hydrant 5 ft

: : *Maintain minimum Clear
13 Areaway, Grating, Opening Path requirement (Below)
14 Mailbox 3ft
5 feet offset along the curb line

15 Newsstands (Not Permitted in front)
16 Parking Meter 3ft

17 Sign Posts 3ft

18 Standpipe 3ft

19 Street Light 3ft

20 Telephone Booth 5 ft

21 Tree Pit 7 ft (prefer 10 ft)

22 Utility Access Cover 3ft

23 Utility Pole 3ft

24 Water Line 3ft

25 Landscaped Grass Strip Not Permitted




State of Washington-Washington Administrative Code, WAC

WAC 296-46B-450
Equipment for general use — Transformers and transformer vaults.

027 Flammable-liquid or oil-filled transformers installed outdoors.
(1) Flammable-liquid or oil-filled transformers installed outdoors must
meet the following requirements:

(a) A transformer installed adjacent to a building/structure with any
combustible surface may be located only in the shaded "Approved
Transformer Area" shown in Figure 450-1; "Approved Transformer Area"

shown in Figure 450-1;

‘Approved
Transformer
‘A‘rea

Combustible
Bullding
Surface

(b) A transformer installed adjacent to a building/structure with no

Figure 450-1

combustible surface(s) may be located only in the shaded "Approved

Transformer Area" shown in Figure 450-2;

L Approved
i Transformer
Area

Figure 450-2

(c) In an area in which a transformer is to be installed next to a
nonhabitable structure, the transformer may be no closer than two feet to

the building/structure and must be outside a line extended vertically from



the ends of the eaves or rooflines;

(d) A building/structure may have no doors, windows, stairways, or
other openings closer than eight feet to the transformer;

(e) The finished grade at the location of the transformer must be such
that any oil leaking from the transformer will flow away from the
building/structure and will not pool; and

(F) If transformers are installed in areas subject to traffic other than
pedestrian traffic, they must be provided with adequate guarding.

(2) Enclosures for total underground flammable-liquid or oil-filled
transformers must not be located within eight feet of a doorway, operable
window, stairways or fire escape. Adequate space must be maintained
above the enclosure so that a boom may be used to lift the transformer

from the enclosure.
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PG & E 2012 Green book Manual

4.4. Service Drop Clearances

NOTE: See the “2012 Service Planning Office Contact Information™ at
the front of this manual on Page iv for specific contact numbers listed by
area.

Applicants can request a PG&E project coordinator (formerly service
planner) to specify a location for the service drop attachment. When
PG&E selects the location, applicants are assured that the service
conductors will maintain the required clearances above thoroughfares and
structures, as well as the required clearances away from windows, doors,
and building exits. The minimum clearances from the ground, structures,
and other objects for overhead service drops are specified in the
California Public Utilities Commission’s (CPUC’s) General Order (G.O.)
95, “Rules for Overhead Electric Line Construction.” Figure 4-2 through
Figure 4-20 list and illustrate these minimum clearances. Applicants must
ensure that the elevation at the point of attachment is high enough to
maintain all of the required vertical clearances. Applicants should allow
for normal conductor sag when determining these vertical clearances.
G.0. 95 allows the vertical clearance restrictions for service drops to be
reduced in certain instances. PG&E’s review and approval is required
before any reductions in vertical clearances are allowed. Applicants
should contact PG&E as soon as possible in the planning phases of their
projects to ensure that any potential problems or exceptions are addressed

before construction begins.



Communication
Service Drop

Supply Service Drop ——
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i
Curb or Quter | "
Limits of Possible Centerline of Street
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(See441.B2 on
Page 4-5)

Ground Clearances for Supply Service Drops, 0 Volts Through 750 Volts,
Residential Installations(Required by the CPUC)

Xcel Energy Standard for Electric Installation and Use

4.6. TRANSFORMER INSTALLATIONS - NETWORK VAULTS

For non-network areas, transformer vaults will not be permitted.

The determination of facility type and routing will be made by the
Company to be consistent with the characteristics of the territory in which
service is to be rendered and the nature of the Company’s existing
facilities in the area. Prior approval is required for all network vaults and
the following rules shall apply:

(1) Where extensive building remodeling is being done and it is necessary
to provide a vault for transformers and related equipment, all necessary
vault construction, including relocating facilities, shall be accomplished
by the building owner at no cost to the Company.

(2) All transformer vaults shall be constructed in accordance with the
latest revision of the National Electrical Code®, any other applicable

codes and the Company's specifications.



The customer, upon request by the Company, shall authorize in writing
that the Company may declare and operate the vault and equipment
therein as a Company Substation.

(3) In addition to the requirements of the National Electrical Code® , the
following general requirements shall be observed:

(a) Access for Company personnel and equipment is required. Such
access shall be available to Company personnel at all times.

The customer shall provide a hasp or other suitable means to
accommodate the Company's lock.

(b) If access to the vault does not permit the use of Company equipment
for removal, relocation, and installation of vault facilities, the customer
shall provide the means to remove, relocate, and install the Company's
facilities.

(c) The vault shall be suitably illuminated and a convenience outlet shall
be provided at the expense of the customer.

The light control switch and convenience outlet shall be located inside the
vault and shall be connected to the unmetered bus.

(d) The customer's equipment, fuses, etc. shall not be installed in the
vault.

(e) The customer shall provide a Company approved separate ventilation
system to the outside air.

The vault’s ventilation ducts shall not, under any circumstances, be tied
into the building ventilation system.

(F) Vaults shall be provided with a retaining or holding tank system to
collect any oil spillage. Any water entering the vault must be drained
away from the vault separate from any oil. Provisions shall be made to
pump any oil collected in the sump from the vault.

(g) Because of the variety of special problems arising during the

construction of building vaults, only the most general specifications



covering their design and arrangements are presented herein.

The Company shall be consulted well in advance of any proposed project.
(h) The Company will not energize any building vault transformer for
temporary or permanent service until all vault specifications are met, a
final checklist of vault specifications is approved by the assigned
Company Area Engineer, and the vault has been turned over to the

Company for occupancy.
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Teil 2
Entflechtung

Abschnitt 1
Gemeinsame Vorschriften fur Verteilernetzbetreiber und
Transportnetzbetreiber

§ 6 Anwendungsbereich und Ziel der Entflechtung

‘ertikal integrierte Energieversorgungsuntermehmen und rechtlich selbststandige Betreiber von

Elektrizitats- und Gasversorgungsnetzen, die im Sinne des § 3 Nummer 38 mit einem vertikal integrierten
Energieversorgungsuntemehmen verbunden sind, sind zur Gewahrleistung von Transparenz sowie
diskriminierungsfreier Ausgestaltiung und Abwicklung des Netzbetriebs verpflichtet. Um dieses Ziel zu emmeichen,
midssen sie die Unabhangigkeit der Netzbetreiber von anderen Tatigkeitsbereichen der Energieversorgung

nach den § 6a bis 10e sicherstellen. Die §§ 9 bis 10e sind nur auf solche Transportmetze anwendbar, die am 3.
September 2009 im Eigentum eines vertikal integrierten Untermehmens standen.

{2) Die in engem wirtschaftlichem Zusammenhang mit der rechtlichen und operationellen Entflechtung

gines Verteilnetzes, eines Transportnetzes oder eines Betreibers von Speicheranlagen nach § 7 Absatz 1

und §& 7a bis 10e ubertragenen Wirtschaftsguter gelten als Teilbetrieb im Sinne der 55 15, 16, 18, 20 und

24 des Umwandlungssteuergesetzes. Satz 1 gilt nur fiir diejenigen Wirtschaftsglter, die unmittelbar auf

Grund des Organisationsakts der Entflechtung Obertragen werden. Fir die Anwendung des § 15 Absatz 1

Satz 1 des Umwandlungssteuergesetzes gilt auch das Vermdgen als zu einem Teilbetrieb gehdrend, das der
Ubertragenden Kirperschaft im Rahmen des Organisationsakts der Entflechtung verbleibt. § 15 Absatz 2 und § 22
des Umwandlungssteuergesetzes, § 34 Absatz Ta des Korperschaftsteuergesetzes sowie § 6 Absatz 3 Satz 2 und
Absatz 5 Satz 4 bis 6 sowie § 16 Absatz 3 Satz 3 und 4 des Einkommensteuergesetzes sind auf MaBnahmen nach
Satz 1 nicht anzuwenden, sofern diese MaBnahme von Transportnetzbetreibern im Sinne des § 3 Nummer 31c
oder Betreibem von Speicheranlagen bis zum 3. Marz 2012 ergriffen worden sind. Satz 4 gilt bezlglich des § 22
des Umwandlungssteuergesetzes und der in § 34 Absatz 7a des Kirperschaftsteuergesetzes genannten Falle nur
flr solche mit der siebenjahrigen Spernfrist behafteten Anteile, die zu Beginn der rechtlichen oder operationellen
Entflechtung bereits bestanden haben und deren VerauBerung unmittelbar auf Grund des Organisationsakts

der Entflechtung erforderlich ist. Fir den Erwerber der Anteile gilt Satz 4 nicht und dieser tritt beziglich der im
Zeitpunkt der VerauBerung der Anteile noch laufenden Sperfrist unter Besitzzeitanrechung in die Rechisstellung
des VerauBerers ein. Bei der Prifung der Frage, ob die Vioraussetzungen fir die Anwendung der Satze 1 und 2
vorliegen, leistet die Regulierungsbehdrde den Finanzbehdrden Amtshilfe (§ 111 der Abgabenordnung).

(3) Erwerbsvorgange im Sinne des § 1 des Grunderwerbsteuergesetzes, die sich fir Verteilemetzbetreiber,
Transportnetzbetreiber oder Betreiber von Speicheranlagen aus der rechtlichen oder operationellen Entflechtung
nach & 7 Absatz 1 und den §§ 7a bis 10e ergeben, sind von der Grunderwerbsteuer befreit. Absatz 2 Satz 4 und 7
gelten entsprechend.

{4) Die Absaltze 2 und 3 gelten nicht fir diejenigen Untermmehmen, die eine rechtliche Entflechtung auf freiwilliger
Grundlage vomehmen.

FuBnote

(+++ § 6 Abs. 2 bis 4: Zur Anwendung val. § 118 Abs. 2 +++)
§ 6 Abs. 2 Satz 6 Kursivdruck: Das Wort "Besitzzeitanrechung" misste richtig "Besitzzeitanrechnung"” lauten

§ 6a Verwendung von Informationen

(1) Unbeschadet gesetzlicher Verpflichtungen zur Offenbarung von Informationen haben vertikal integrierte
Energieversorgungsuntemehmen, Transportnetzeigentimer, Netzbetreiber, Speicheranlagenbetreiber

sowie Betreiber von LNG-Anlagen sicherzustellen, dass die Vertraulichkeit wirtschaftlich sensibler
Informationen, von denen sie in Ausiibung ihrer Geschaftstatigkeit als Transportnetzeigentimer, Netzbetreiber,
Speicheranlagenbetreiber sowie Betreiber von LNG-Anlagen Kenntnis erlangen, gewahrt wird.



(2) Legen das vertikal integrierte Energieversorgungsunternehmen, Transportnetzeigentimer, Netzbetreiber,

ein Speicheranlagenbetreiber oder ein Betreiber von LNG-Anlagen Uber die eigenen Tatigkeiten Informationen
offen, die wirtschaftliche Vorteile bringen kinnen, so stellen sie sicher, dass dies in nicht diskriminierender Weise
erfolgt. Sie stellen insbesondere sicher, dass wirtschaftlich sensible Informationen gegeniber anderen Teilen des
Untemehmens vertraulich behandelt werden.

§ 6b Rechnungslegung und Buchfiihrung

(1) Vertikal integrierte Energieversorgungsuntemehmen im Sinne des § 3 Nummer 38, einschlieBlich rechtlich
selbstandiger Unternehmen, die zu einer Gruppe verbundener Elektrizitats- oder Gasuntemehmen gehdren

und mittelbar oder unmittelbar energiespezifische Dienstleistungen erbringen, und rechtlich selbstandige
Netzbetreiber sowie Betreiber von Speicheranlagen haben ungeachtet ihrer Eigentumsverhaltnisse und

inrer Rechtsform einen Jahresabschluss und Lagebericht nach den fur Kapitalgesellschaften geltenden
Vorschriften des Ersten, Dritten und Vierten Unterabschnitts des Zweiten Abschnitts des Dritten Buchs

des Handelsgesetzbuchs aufzustellen, prifen zu lassen und offenzulegen; § 264 Absatz 3 und § 264b des
Handelsgesetzbuchs sind insoweit nicht anzuwenden. Handelt es sich bei dem Unternehmen nach Satz 1 um eine
Personenhandelsgesellschaft oder das Unternehmen eines Einzelkaufmanns, dirfen das sonstige Vermagen der
Gesellschafter oder des Einzelkaufmanns (Privatwermdgen) nicht in die Bilanz und die auf das Privabvermdgen
entfallenden Aufwendungen und Ertrage nicht in die Gewinn- und Verlustrechnung aufgenommen werden.

(2) Im Anhang zum |ahresabschluss sind die Geschafte griferen Umfangs mit verbundenen oder assoziierten
Untemehmen im Sinne wvon § 271 Absatz 2 oder § 311 des Handelsgesetzbuchs gesondert auszuweisen. Hierbei
sind insbesondere Leistung und Gegenleistung anzugeben.

(3) Untermehmen nach Absatz 1 Satz 1 haben zur Vermeidung von Diskriminierung und Quersubventionierung
in inrer intemen Rechnungslegung jeweils getrennte Konten fir jede ihrer Tatigkeiten in den nachfolgend
aufgefihrten Bereichen so zu fihren, wie dies erforderlich ware, wenn diese Tatigkeiten von rechtlich
selbststandigen Untemehmen ausgefuhrt wirden:

Elektrizitatsibertragung:
Elektrizitatsverteilung;
Gasfemleitung:
Gasverteilung;
Gasspeicherung;

Betrieb von LNG-Anlagen.

Tatigkeit im Sinne dieser Bestimmung ist auch jede wirtschaftliche Nutzung eines Eigentumsrechts an
Elektrizitats- oder Gasversorgungsnetzen, Gasspeichern oder LNG-Anlagen. Fir die anderen Tatigkeiten innerhalb
des Elektrizitatssektors und innerhalb des Gassektors sind Konten zu fihren, die innerhalb des jeweiligen Sektors
zusammengefasst werden kinnen. Fur Tatigkeiten auBerhalb des Elektrizitats- und Gassektors sind ebenfalls
eigene Konten zu fihren, die zusammengefasst werden kinnen. Soweit eine direkte Zuordnung zu den einzelnen
Tatigkeiten nicht maglich ist oder mit unvertretbaremn Aufwand verbunden ware, hat die Zuordnung durch
Schilisselung zu den Konten, die sachgerecht und fir Dritte nachvellziehbar sein muss, zu erfolgen. Mit der
Erstellung des |ahresabschlusses ist fur jeden der genannten Tatigkeitsbereiche jeweils eine den in Absatz 1

Satz 1 genannten Vorschriften entsprechende Bilanz und Gewinn- und Verlustrechnung (Tatigkeitsabschluss)
gufzustellen und dem Abschlussprifer zur Prifung vorzulegen. Dabei sind in der Rechnungslegung die

Regeln, einschlieglich der Abschreibungsmethoden, anzugeben, nach denen die Gegenstande des Aktiv- und
Passivwermdgens sowie die Aufwendungen und Ertrége den gemag Satz 1 bis 4 gefihrten Konkten zugeordnet
worden sind.

L

(4) Die gesetzlichen Vertreter haben den Tatigkeitsabschluss unverziglich, jedoch spatestens vor Ablauf des
zwilften Monats des dem Abschlussstichtag nachfolgenden Geschaftsjahres, gemeinsam mit dem nach Absatz
1 Satz 1 in Veerbindung mit § 325 des Handelsgesetzbuchs offenzulegenden |ahresabschluss beim Betreiber des
Bundesanzeigers elektronisch einzureichen. Er ist unverziglich im Bundesanzeiger bekannt machen zu lassen. §
326 des Handelsgesetzbuchs ist insoweit nicht anzuwenden.

(5) Die Priffung des Jahresabschlusses gemaE Absatz 1 umfasst auch die Einhaltung der Pflichten zur
Rechnungslegung nach Absatz 3. Dabei ist neben dem Vorhandensein getrennter Konten auch zu prifen, ob die
Wertansatze und die Zuordnung der Konten sachgerecht und machvellziehbar erfolgt sind und der Grundsatz der



Stetigkeit beachtet worden ist. Im Bestatigungsvermerk zum Jahresabschuss ist anzugeben, ob die Vorgaben
nach Absatz 3 eingehalten worden sind.

(6] Unbeschadet der besonderen Pflichten des Prufers nach Absatz 5 kann die Regulierungsbehdrde zusatzliche
Bestimmungen gegendber dem Untemehmen nach Absatz 1 Satz 1 durch Festlegung nach & 29 Absatz

1 treffen, die vom Prifer im Rahmen der |ahresabschlussprifung dber die nach Absatz 1 anwendbaren
Prifungsvoraussetzungen hinaus zu berlcksichtigen sind. Sie kann insbesondere zusatzliche Schwerpunkte

fir die Prifungen festlegen. Eine solche Festlegung muss spatestens sechs Monate vor dem Bilanzstichtag des
jeweiligen Kalenderjahres ergehen.

(7) Der Auftraggeber der Prifung des Jahresabschlusses hat der Regulierungsbehdrde unverzuglich nach
Feststellung des Jahresabschlusses eine Ausfertigung des Berichts dber die Prifung des Jahresabschlusses
nach § 321 des Handelsgesetzbuchs (Prifungsbericht) einschlieBlich erstatteter Teilberichte zu ibersenden.
Der Prufungsbericht ist fest mit dem gepriiften Jahresabschluss, dem Lagebericht und den erforderlichen
Tatigkeitsabschlissen zu verbinden. Der Bestatigungsvermerk oder der Vermerk dber die Versagung sind im
Prifungsbericht wiederzugeben. Der Lagebericht muss auf die Tatigkeiten nach Absatz 3 Satz 1 eingehen.
Geschaftsberichte zu den in Absatz 3 Satz 1 und 2 aufgefiihrten Tatigkeitsbereichen sind von den Unternehmen
auf ihrer Internetseite zu verdffentlichen. Tatigkeitsabschlisse zu den Tatigkeitsbereichen, die nicht in Absatz 3
Satz 1 aufgeflhrt sind, hat die Regulierungsbehdrde als Geschaftsgeheimnisse zu behandeln. Prifberichte von
solchen Untemehmen nach Absatz 1 Satz 1, die mittelbar oder unmittelbar energiespezifische Dienstleistungen
erbringen, sind der Regulierungsbehdrde zu Obersenden, die fur das regulierte Untemehmen nach § 54 Absatz 1
zustandig ist.

{8) Untemehmen, die nur deshalb als vertikal integriertes Energieversergungsuntemehmen im Sinne des §

3 Mummer 38 einzuordnen sind, weil sie auch Betreiber eines geschlossanen Verteilemetzes sind, und ihre
Abschlussprifer sind von den Verpflichtungen nach den Absatzen 4 und 7 ausgenommen. Die Befugnisse der
Regulierungsbehdrde insbesondere nach § 110 Absatz 4 bleiben unberdhrt.

§ 6¢c Ordnungsgeldvorschriften

{1) Die Ordnungsgeldvorschriften des § 335 des Handelsgesetzbuchs sind auch auf die Verletzung von Pflichten
nach & 6b Absatz 1 Satz 1, Absatz 4 des vertretungsberechtigten Organs des Energieversorgungsuntemehmens
sowie auf das Energieversorgungsuntemehmen selbst entsprechend anzuwenden, und zwar auch dann,

wenn es sich bei diesem nicht um eine Kapitalgesellschaft oder eine Gesellschaft im Sinne des § 264a des
Handelsgesetzbuchs handelt. Offenlegung im Sinne des § 325 Absalz 1 Satz 1 des Handelsgesetzbuchs ist die
Einreichung und Bekanntmachung des Jahresabschlusses einschlieBlich des Tatigkeitsabschlusses gemak § 6b
Absatz 1 Satz 1, Absatz 4 dieses Geseltzes. § 329 des Handelsgesetzbuchs ist entsprechend anzuwenden.

(2] Die nach § 54 Absatz 1 zustandige Regulierungsbehdrde dbermittelt dem Betreiber des Bundesanzeigers
einmal pro Kalenderjahr Name und Anschrift der ihr bekannt werdenden Energieversorgungsunternehmen.

§ 6d Betrieb eines Kombinationsnetzbetreibers

Der gemeinsame Betrieb eines Transport- sowie eines Verteilernetzes durch denselben Netzbetreiber ist zuldssig,
soweit dieser Netzbetreiber die Bestimmungen der 5§ 8 oder 9 oder §% 10 bis 10e einhalt.

Abschnitt 2

Entflechtung von Verteilernetzbetreibern und Betreibern von
Speicheranlagen

§ 7 Rechtliche Entflechtung von Verteilernetzbetreibern

(1) Vertikal integrierte Energieversorgungsuntemehmen haben sicherzustellen, dass Verteilernetzbetreiber, die
mit ihnen im Sinne von § 3 Nummer 38 verbunden sind, hinsichtlich ihrer Rechtsform unabhangig von anderen
Tatigkeitsbereichen der Energieversorgung sind.

(2) Vertikal integrierte Energieversorgungsuntemehmen, an deren Elektrizititsverteilemetz weniger

als 100 000 Eunden unmittelbar cder mittelbar angeschlossen sind, sind hinsichtlich der Betreiber von
Elektrizitatsverteilernetzen, die mit ihnen im Sinne von & 3 Nummer 38 verbunden sind, ven den Verpflichtungen
nach Absatz 1 ausgenommen. Satz 1 gilt filr Gasverteilernetze entsprechend.



§ 7a Operationelle Entflechtung von Verteilernetzbetreibern

(1) Untermehmen nach & & Absatz 1 S5atz 1 haben die Unabhéngigkeit ihrer im Sinne von § 3 Nummer 38
verbundenen Verteilemetzbetreiber hinsichtlich der Organisation, der Entscheidungsgewalt und der Austbung
des Netzgeschafts nach MaBgabe der folgenden Absatze sicherzustellen.

(2) Fir Persanen, die fUr den Verteilemetzbetreiber tatig sind, gelten zur Gewahreistung eines
diskriminierungsfreien Netzbetriebs folgende Vorgaben:

1. Personen, die mit Leitungsaufgaben fur den Verteilemetzbetreiber betraut sind oder die Befugnis zu
Letztentscheidungen besitzen, die fur die Gewahrleistung eines diskriminierungsfreien Netzbetriebs
wesentlich sind, missen fir die Ausibung dieser Tatigkeiten einer betrieblichen Einrichtung des
Verteilemetzbetreibers angehdren und dorfen keine Angehorigen von betrieblichen Einrichtungen des
vertikal integrierten Energieversorgungsuntermehmens sein, die direkt oder indirekt fir den laufenden
Betrieb in den Bereichen der Gewinnung, Erzeugung oder des Vertriebs von Energie an Kunden zustindig
sind.

2. Personen, die in anderen Teilen des vertikal integrierten Energieversorgungsunternehmens sonstige
Tatigkeiten des Netzbetriebs ausiben, sind insoweit den fachlichen Weisungen der Leitung des
Verteilemetzbetreibers zu unterstellen.

(3) Untemehmen nach § 6 Absatz 1 Satz 1 haben geeignete MaBnahmen zu treffen, um die berufliche
Handlungsunabhangigkeit der Personen zu gewahrleisten, die mit Leitungsaufgaben des Verteilernetzbetreibers
betraut sind.

(4) Vertikal integrierte Energieversorgungsuntemehmen haben zu gewahrleisten, dass die Verteilernetzbetreiber
tatsachliche Entscheidungsbefugnisse in Bezug auf die fir den Betrieb, die Wartung und den Ausbau des

Netzes erforderlichen Vermdgenswerte des vertikal integrierten Energieversorgungsuntemehmens besitzen

und diese im Rahmen der Bestimmungen dieses Gesetzes unabhangig von der Leitung und den anderen
betrieblichen Einrichtungen des vertikal integrierten Energieversorgungsunternehmens ausiiben kinnen.

Das wertikal integrierte Energieversorgungsunternehmen hat sicherzustellen, dass der Verteilemetzbetreiber
Uber die erforderliche Ausstattung in materieller, personeller, technischer und finanzieller Hinsicht werfigt,

um tatsachliche Entscheidungsbefugnisse nach Satz 1 effektiv ausiben zu kdnnen. Zur Wahmehmung der
wirtschaftlichen Befugnisse der Leitung des vertikal integrierten Energieversorgungsuntemenmens und seiner
Aufsichtsrechte Ober die Geschaftsfilhrung des Verteilemetzbetreibers im Hinblick auf dessen Rentabilitat

ist die Nutzung gesellschaftsrechtlicher Instrumente der Einflussnahme und Kontrolle, unter anderem der
Weisung, der Festlegung allgemeiner Verschuldungsobergrenzen und der Genehmigung jahrlicher Finanzplane
oder gleichwertiger Instrumente, insoweit zulassig, als dies zur Wahmehmung der berechtigten Interessen

des vertikal integrierten Energieversorgungsuntemehmens erforderlich ist. Dabei ist die Einhaltung der & 11

bis 16a sicherzustellen. Weisungen zum laufenden Netzbetrieb sind nicht erlaubt: ebenfalls unzulassig sind
Weisungen im Hinblick auf einzelne Entscheidungen zu baulichen MaBnahmen an Energieanlagen, solange sich
diese Entscheidungen im Rahmen eines vom vertikal integrierten Energieversorgungsuntemehmen genehmigten
Finanzplans oder gleichwertigen Instruments halten.

(5] Vertikal integrierte Energieversorgungsuntemehmen sind verpflichtet, fir die mit Tatigkeiten des Netzbetriebs
befassten Mitarbeiter ein Programm mit verbindlichen MaBnahmen zur diskriminierungsfreien Ausibung

des Netzgeschafts (Gleichbehandlungsprogramm) festzulegen, den Mitarbeitem dieses Untemehmens und

der Regulierungsbehdrde bekannt zu machen und dessen Einhaltung durch eine natiriche oder juristische
Person (Gleichbehandlungsbeauftragter) zu uberwachen. Pflichten der Mitarbeiter und mégliche Sanktionen
sind festzulegen. Der Gleichbehandlungsbeauftragte legt der Regulierungsbehdrde jahrlich spatestens zum

31. Marz einen Bericht dber die nach Satz 1 getroffenen MaBnahmen des vergangenen Kalenderjahres

vor und verdffentlicht ihn in nicht personenbezogener Form. Der Gleichbehandlungsbeauftragte des
Verteilemetzbetreibers ist in seiner Aufgabenwahmehmung vollkornmen unabhangig. Er hat Zugang zu allen
Informationen, Uber die der Verteilemetzbetreiber und etwaige verbundene Unternehmen verflgen, soweit dies
zu Erfiillung seiner Aufgaben erforderlich ist.

(6) Verteilernetzbetreiber, die Teil eines vertikal integrierten Energieversorgungsuntemehmens sind, haben in
ihrem Kommunikationswverhalten und ihrer Markenpaolitik zu gewahreisten, dass eine Verwechslung zwischen
Verteilemetzbetreiber und den Vertriebsaktivitaten des vertikal integrierten Energieversorgungsunternehmens
ausgeschlossen ist.

(7) Vertikal integrierte Energieversorgungsuntemehmen, an deren Elektrizitdtsverteilernetz weniger

als 100 000 Kunden unmittelbar oder mittelbar angeschlossen sind, sind hinsichtlich der Betreiber von
Elektrizitatsverteilernetzen, die mit ihnen im Sinne von & 3 Nummer 38 verbunden sind, von den Verpflichtungen
nach Absatz 1 bis 6 ausgenommen. Satz 1 gilt entsprechend fiir Gasverteilemetze.

§ 7b Entflechtung von Speicheranlagenbetreibern und Transportnetzeigentiimern

Auf Transportnetzeigentiimer, soweit ein Unabhangiger Systembetreiber im Sinne des § 9 benannt wurde, und
auf Betreiber von Speicheranlagen, die Teil eines vertikal integrierten Energieversorgungsuntemehmens sind und
zu denen der Zugang technisch und wirtschaftlich erforderlich ist fir einen effizienten Netzzugang im Hinblick auf
die Belieferung von Kunden, sind & 7 Absatz 1 und § 7a Absatz 1 bis 5 entsprechend anwendbar.



§ 10 Unabhangiger Transportnetzbetreiber

(1) Vertikal integrierte Energieversorgungsuntemehmen kdnnen einen Unabhangigen Transportnetzbetreiber
nach MaBgabe dieser Bestimmung sowie der §§ 10a bis 10e einrichten, wenn das Transportnetz am 3. September
2009 im Eigentum eines vertikal integrierten Energieversorgungsuntemehmens stand. Der Unabhangige
Transportnetzbetreiber hat neben den Aufgaben nach Teil 3 Abschnitt 1 bis 3 mindestens fur folgende Bereiche
verantwortlich zu sein:

1. die Vertretung des Unabhangigen Transportnetzbetreibers gegendber Dritten und der Requlierungsbehdrde,

2. die Vertretung des Unabhangigen Transportnetzbetreibers innerhalb des Europaischen Vierbunds der
Ubertragungs- oder Femlegitungsnetzbetreiber,

3. die Erhebung aller transportnetzbezogenen Entgelte, einschlieglich der Netzentgelte, sowie gegebenenfalls
anfallender Entgelte fir Hilfsdienste, insbesondere fur Gasaufbereitung und die Beschaffung oder
Bereitstellung von Ausgleichs- oder Verlustenergie,

4. die Einrichtung und den Unterhalt solcher Einrichtungen, die dblicherweise fir mehrere Teile des vertikal
integrierten Unternehmens tatig waren, insbesondere eine eigene Rechitsabteilung und eigene Buchhaltung
sowie die Betreuung der beim Unabhangigen Transportnetzbetreiber vorhandenen Informationstechnologie-
Infrastruktur,

5. die Grindung von geeigneten Gemeinschaftsuntemehmen, auch mit anderen Transportnetzbetreibern, mit
Energiebdrsen und anderen relevanten Akteuren, mit dem Ziel die Entwicklung von regionalen Strom- oder
Gasmarkten zu fordem, die Versorgungssicherheit zu gewahrleisten oder den Prozess der Liberalisierung der
Energiemarkte zu erleichtern.

(2) Vertikal integrierte Energieversorgungsuntemehmen haben die Unabhangigkeit ihrer im Sinne von

§ 3 Nummer 38 verbundenen Unabhangigen Transportnetzbetreiber hinsichtlich der Organisation, der
Entscheidungsgewalt und der Ausiibung des Transportnetzgeschafts nach MaBgabe der § 10a bis

10e zu gewahrleisten. Vertikal integrierte Energieversorgungsunternehmen haben den Unabhangigen
Transportnetzbetreiber in einer der nach Artikel 1 der Richtlinie 2009/101/EG des Europdischen Parlaments und
des Rates vom 16. September 2009 zur Koordinierung der Schutzbestimmungen, die in den Mitgliedstaaten
Gesellschaften im Sinne des Artikels 48 Absatz 2 des Vertrags im Interesse der Gesellschafter sowie Dritter
vorgeschrieben sind, um diese Bestimmungen gleichwertig zu gestalten (ABI. L 258 vom 1.10.2009, 5. 11)
zulassigen Rechtsformen zu organisieren.

§ 10a Vermdgenswerte, Anlagen, Personalausstattung, Unternehmensidentitat des
Unabhdngigen Transportnetzbetreibers

(1) Unabhangige Transportnetzbetreiber mussen Ober die finanziellen, technischen, materiellen und personellen
Mittel verfugen, die zur Erfillung der Pflichten aus diesem Gesetz und fir den Transportnetzbetrieb erforderlich
sind. Unabhangige Transportnetzbetreiber haben, unmittelbar oder vermittelt durch Beteiligungen, Eigentlimer
an allen fir den Transportnetzbetrieb erforderlichen Vermdgenswerten, einschlieBlich des Transportnetzes, zu
sein.

(2) Personal, das fur den Betrieb des Transportnetzes erforderlich ist, darf nicht in anderen Gesellschaften
des vertikal integrierten Energieversorgungsuntemehmens oder deren Tochtergesellschaften angestellt
sein. Arbeitnehmeriberlassungen des Unabhangigen Transportnetzbetreibers an das vertikal integrierte
Energieversorgungsuntemehmen sowie des vertikal integrierten Energieversorgungsuntemehmens an den
Unabhangigen Transportnetzbetreiber sind unzulassia.

(3) Das vertikal integrierte Energieversorgungsunternehmen oder eines seiner Tochterunternehmen hat die
Erbringung von Dienstleistungen durch eigene oder in seinem Auftrag handelnde Personen fir den Unabhangigen
Transportnetzbetreiber zu unterlassen. Die Erbringung von Dienstleistungen fir das vertikal integrierte
Energieverscrgungsuntemehmen durch den Unabhangigen Transportnetzbetreiber ist nur zulassig, soweit

1. die Dienstleistungen grundsatzlich fir alle Mutzer des Transportnetzes diskriminierungsfrei zuganglich sind
und der Wettbewerb in den Bereichen Erzeugung, Gewinnung und Lieferung weder eingeschrankt, verzemt
oder unterbunden wird;

2. die vertraglichen Bedingungen fur die Erbringung der Dienstleistung durch den Unabhangigen
Transportnetzbetreiber for das vertikal integrierte Energieversorgungsuntemenhmen der Regulierungsbehorde
vorgelegt und von dieser gepruft wurden und

3. die Dienstleistungen weder die Abrechnung erbrachter Dienstleistungen gegeniber dem Kunden fur das
vertikal integrierte Untemehmen im Bereich der Funktionen Erzeugung, Gewinnung, Verteilung, Lieferung
van Elektrizitdt oder Erdgas oder Speicherung won Erdgas noch andere Dienstleistungen umfasst, deren
Wahmehmung durch den Unabhingigen Transportnetzbetreiber geeignet ist. Wettbewerber des vertikal
integrierten Unternehmens zu diskriminieren.

Die Befugnisse der Regulierungsbehdrde nach § 65 bleiben unberihrt.



(4) Der Unabhangige Transportnetzbetreiber hat sicherzustellen, dass hinsichtlich seiner Arma, seiner
Kommunikation mit Dritten sowie seiner Markenpolitik und Geschaftsraume eine Vierwechslung mit dem vertikal
integrierten Energieversorgungsuntemehmen oder einem seiner Tochteruntermehmen ausgeschlossen ist.

(5) Unabhéngige Transportnetzbetreiber missen die gemeinsame Nutzung von Anwendungssystemen

der Informationstechnologie mit dem vertikal integrierten Energieversorgungsunternehmen unterlassen,
soweit diese Anwendungen der Informationstechnologie auf die untemehmerischen Besonderheiten des
Unabhangigen Transportnetzbetreibers cder des vertikal integrierten Energieversorgungsuntemehmens
angepasst wurden. Unabhangige Transportnetzbetreiber haben die gemeinsame Nutzung von Infrastruktur
der Informationstechnologie mit anderen Teilen des vertikal integrierten Energieversorgungsuntemehmens zu
unterlassen, es sei denn, die Infrastruktur

1. befindet sich auBerhalb der Geschaftsraume des Unabhangigen Transportnetzbetreibers und des vertikal
integrierten Unternehmens und

2. wird von Dritten zur Verfligung gestellt und betrieben.

Unabhangige Transportnetzbetreiber und vertikal integrierte Energieversorgungsunternehmen haben
sicherzustellen, dass sie in Bezug auf Anwendungssysteme der Informationstechnologie und Infrastruktur der
Informationstechnologie, die sich in Geschafts- oder Blroraumen des Unabhangigen Transportnetzbetreibers oder
des vertikal integrierten Energieversorgungsuntemehmens befindet, nicht mit denselben Beratern oder externen
Auftragnehmem zusammenarbeiten.

(6] Unabhangiger Transpornetzbetreiber und andere Teile des vertikal integrierten
Energieversorgungsuntemehmens haben die gemeinsame Nutzung von Bire- und Geschaftsraumen,
einschlieglich der gemeinsamen Nutzung von Zugangskontrollsystemen, zu unterlassen.

(7) Der Unabhdngige Transportnetzbetreiber hat die Rechnungslegung von anderen Abschiussprifen als denen
priifen zu lassen, die die Rechnungsprifung beim vertikal integrierten Energieversorgungsuntemehmen cder
einem seiner Teile durchfihren. Der Abschlussprifer des vertikal integrierten Energieversorgungsunternehmens
kann Einsicht in Teile der BUcher des Unabhangigen Transportnetzbetreibers nehmen, soweit dies zur

Erteilung des Konzembestitigungsvermerks im Rahmen der Vollkonsolidierung des vertikal integrierten
Energieversorgungsuntemehmens erforderlich ist. Der Abschlusspriifer ist verpflichtet, aus der Einsicht

in die Blcher des Unabhangigen Transporinetzbetreibers gewonnene Erkenntnisse und wirtschaftlich

sensible Informationen vertraulich zu behandeln und sie insbesondere nicht dem vertikal integrierten
Energieversorgungsuntemehmen mitzuteilen.

FuBnote
§ 10a Abs. 7 Satz 1 Kursivdruck: Das Wort "Abschlussprifen” masste richtig "Abschlussprifern” lauten
§ 10b Rechte und Pflichten im vertikal integrierten Unternehmen

(1) Vertikal integrierte Energieversorgungsuntemehmen missen gewahrleisten, dass Unabhangige
Transportnetzbetreiber wirksame Entscheidungsbefugnisse in Bezug auf die fir den Betrieb, die Wartung und den
Ausbau des Netzes erforderichen Vermagenswerte des vertikal integrierten Energieversorgungsuntemehmens
besitzen und diese im Rahmen der Bestimmungen dieses Gesetzes unabhangig von der Leitung und den anderen
betrieblichen Einrichtungen des vertikal integrierten Energieversorgungsunternehmens ausiben konnen.
Unabhangige Transportnetzbetreiber missen insbesondere die Befugnis haben, sich zusatzliche Finanzmittel auf
dem Kapitalmarkt durch Aufnahme wvon Darlehen oder durch eine Kapitalerhdhung zu beschaffen. Satz 1 und 2
gelten unbeschadet der Entscheidungen des Aufsichtsrates nach § 10d.

(2) Struktur und Satzung des Unabhingigen Transportnetzbetreibers haben die Unabhangigkeit des
Transportnetzbetreibers vom vertikal integrierten Untemehmen im Sinne der §§ 10 bis 10e sicherzustellen.
‘ertikal integrierte Energieversorgungsuntemehmen haben jegliche unmittelbare oder mittelbare Einflussnahme
auf das laufende Geschiaft des Unabhangigen Transportnetzbetreibers oder dem Netzbetrieb zu unterlassen;

sie unterlassen ebenfalls jede unmittelbare oder mittelbare Einflussnahme auf notwendige Tatigkeiten zur
Erstellung des zehnjahrigen Netzentwicklungsplans nach den § 12a bis 12f oder § 15a durch den Unabhangigen
Transportnetzbetreiber.

(3) Tochteruntemehmen des vertikal integrierten Untemehmens, die die Funktionen Erzeugung, Gewinnung
oder Vertrieb von Energie an Kunden wahmehmen, dirfen weder direkt noch indirekt Anteile am



Transportnetzbetreiber halten. Der Transportnetzbetreiber darf weder direkt oder indirekt Anteile an
Tochteruntermehmen des vertikal integrierten Untemehmens, die die Funktionen Erzeugung, Gewinnung oder
Vertrieb von Energie an Kunden wahrmehmen, halten noch Dividenden oder andere finanzielle Zuwendungen von
diesen Tochteruntemehmen erhalten.

{4) Der Unabhangige Transportnetzbetreiber hat zu gewshrleisten, dass er jederzeit dber die notwendigen Mittel
fir die Errichtung, den Betrieb und den Erhalt eines sicheren, leistungsfahigen und effizienten Transportnetzes
verfugt.

(5) Das vertikal integrierte Energieversorgungsunternehmen und der Unabhangige Transportnetzbetreiber

haben bei zwischen ihnen bestehenden kommerziellen und finanziellen Beziehungen, einschlieglich der
Gewahrung von Krediten an das vertikal integrierte Energieversorgungsuntemehmen durch den Unabhéngigen
Transportnetzbetreiber, marktibliche Bedingungen einzuhalten. Der Transportnetzbetreiber hat alle
kommerziellen oder finanziellen Vereinbarungen mit dem vertikal integrierten Energieversorgungsuntemehmen
der Regulierungsbehdrde in der Zertifizierung zur Genehmigung vorzulegen. Die Befugnisse der

Behérde zur Oberpriffung der Pflichten aus Teil 3 Abschnitt 3 bleiben unberiihrt. Der Unabhingige
Transportnetzbetreiber hat diese kommerziellen und finanziellen Beziehungen mit dem vertikal integrierten
Energieversorgungsuntemehmen umfassend zu dokumentieren und die Dokumentation der Regulierungsbehirde
auf Verlangen zur Verfigung zu stellen.

{6) Die organschaftliche Haftung der Mitglieder won Organen des vertikal integrierten Untemehmens fir
Vorgange in Bereichen, auf die diese Mitglieder nach diesem Gesetz keinen Einfluss ausiben durften und
tatsachlich keinen Einfluss ausgelbt haben, ist ausgeschlossen.

§ 10c Unabhangigkeit des Personals und der Unternehmensleitung des Unabhangigen
Transportnetzbetreibers

{1) Der Unabhangige Transportnetzbetreiber hat der Regulierungsbehdrde die Namen der Personen, die vom
Aufsichtsrat als oberste Untermmehmensleitung des Transportnetzbetreibers emannt oder bestatigt werden,
sowie die Regelungen hinsichtlich der Funktion, fUr die diese Personen vorgesehen sind, die Laufzeit der
Vertrage mit diesen Personen, die jeweiligen Vertragsbedingungen sowie eine eventuelle Beendigung der
Vertrage mit diesen Personen unverzoglich mitzuteilen. Im Falle einer Vertragsbeendigung hat der Unabhangige
Transportnetzbetreiber der Regulierungsbehorde die Grinde, aus denen die Vertragsbeendigung vorgesehen
ist, vor der Entscheidung mitzuteilen. Entscheidungen und Regelungen nach Satz 1 werden erst verbindlich,
wenn die Regulierungsbehdrde innerhalo von drei Wochen nach Zugang der Mitteilung des Unabhangigen
Transportnetzbetreibers keine Einwdnde gegen die Entscheidung erhebt. Die Regulierungsbehdrde kann ihre
Einwénde gegen die Entscheidung nur darauf stitzen, dass Zweifel bestehen an:

1. der beruflichen Unabhangigkeit einer emannten Person der obersten Untermehmensleitung oder

2. der Berechtigung einer vorzeitigen Vertragsbeendigung.

{2) Die Mehrheit der Angehirigen der Untemehmensleitung des Transportnetzbetreibers darf in den letzten
drei Jahren vor einer Emennung nicht bei einem Unternehmen des vertikal integrierten Untemehmens, das

im Elektrizitatsbereich eine der Funktionen Erzeugung, Verteilung, Lieferung oder Kauf von Elektrizitat und

im Erdgasbereich eine der Funktionen Gewinnung, Verteilung, Lieferung, Kauf oder Speicherung von Erdgas
wahmimmt oder kemmerziglle, technische oder wartungsbezogene Aufgaben im Zusammenhang mit diesen
Funkticnen erflllt, oder einem Mehrheitsanteilseigner dieser Untemehmen angestellt gewesen sein oder
Interessen- oder Geschaftsbeziehungen zu einem dieser Untemehmen unterhalten haben. Die verbleibenden
Angehdrigen der Untemehmensleitung des Unabhangigen Transportnetzbetreibers durfen in den letzten

sechs Monaten vor einer Emennung keine Aufgaben der Unternehmensleitung oder mit der Aufgabe beim
Unabhangigen Transportnetzbetreiber vergleichbaren Aufgabe bei einem Untemehmen des vertikal integrierten
Untemehmens, das im Elektrizitatsbereich eine der Funktionen Erzeugung, Verteilung, Lieferung oder Kauf von
Elektrizitat und im Erdgasbereich eine der Funktionen Gewinnung, Verteilung, Lieferung, Kauf oder Speicherung
von Erdgas wahmimmt oder kommerzielle, technische oder wartungsbezogene Aufgaben im Zusammenhang mit
diesen Funkticnen erflllt, oder einem Mehrheitsanteilseigner dieser Unternehmen wahrgenommen haben. Die
Sétze 1 und 2 finden auf Emennungen, die vor dem 3. Marz 2012 wirksam geworden sind, keine Anwendung.

{3) Der Unabhangige Transportnetzbetreiber hat sicherzustellen, dass seine Unternehmensleitung und seine
Beschaftigten weder beim vertikal integrierten Energieversorgungsunternehmen oder einem seiner Teile, auBer
dem Unabhangigen Transportnetzbetreiber, angestellt sind noch Interessen- oder Geschaftsbeziehungen zum



vertikal integrierten Energieversorgungsuntemenmen oder einem dieser Teile unterhalten. Satz 1 umfasst nicht
die zu marktlblichen Bedingungen erfolgende Belieferung von Energie fir den privaten Verbrauch.

(4) Der Unabhangige Transportnetzbetreiber und das vertikal integrierte Energieversorgungsunternehmen
haben zu gewahrleisten, dass Personen der Untemehmensleitung und die dbrigen Beschaftigten des
Unabhangigen Transportnetzbetreibers nach dem 3. Marz 2012 keine Anteile des vertikal integrierten
Energieversorgungsuntemehmens oder eines seiner Untemehmensteile erwerben, es sei denn, es handelt
sich um Anteile des Unabhangigen Transportnetzbetreibers. Personen der Untemehmensleitung haben
Anteile des vertikal integrierten Energieversorgungsuntemehmens oder eines seiner Untemehmensteile,

die vor dem 3. Marz 2012 erworben wurden, bis zum 31. Marz 2016 zu verauBem. Der Unabhangige
Transportnetzbetreiber hat zu gewahrileisten, dass die Vergitung von Personen, die der Untemehmensleitung
angehdren, nicht vom wirtschaftlichen Erfolg, insbesondere dem Betriebsergebnis, des vertikal integrierten
Energieversargungsuntermehmens oder eines seiner Tochterunternehmen, mit Ausnahme des Unabhangigen
Transportnetzbetreibers, abhangig ist.

(5) Personen der Untermehmensleitung des Unabhangigen Transportnetzbetreibers dirfen nach Beendigung des
Vertragsverhaltnisses zum Unabhangigen Transportnetzbetreiber fur vier |ahre nicht bei anderen Untemehmen
des vertikal integrierten Unternehmens, die im Elektrizitatsbergich eine der Funktionen Erzeugung, Verteilung,
Lieferung oder Kauf won Elektrizitdt und im Erdgasbereich eine der Funktionen Gewinnung, Verteilung, Lieferung,
Kauf oder Speicherung won Erdgas wahrnehmen oder kommerzielle, technische oder wartungsbezogene
Aufgaben im Zusammenhang mit diesen Funktionen erfillen, oder bei Mehrheitsanteilseignem dieser
Untemehmen des vertikal integrierten Energieversorgungsunternehmens angestellt sein oder Interessens- oder
Geschaftsbeziehungen zu diesen Untemehmen oder deren Mehrheitsanteilseignern unterhalten, es sei denn, das
Vertragsverhaltnis zum Unabhangigen Transportnetzbetreiber wurde vor dem 3. Marz 2012 beendet.

(6] Absatz 2 Satz 1 sowie Absatz 3 und 5 gelten fir Personen, die der obersten Unternehmensleitung unmittelbar
unterstellt und fiir Betrieb, Wartung oder Entwicklung des Netzes verantwortlich sind, entsprechend.

§ 10d Aufsichtsrat des Unabhangigen Transportnetzbetreibers

(1) Der Unabhangige Transportnetzbetreiber hat dber einen Aufsichtsrat nach Abschnitt 2 des Teils 4 des
Aktiengesetzes zu verflgen.

(2) Entscheidungen, die Emennungen, Bestitigungen, Beschaftigungsbedingungen fur Personen

der Untermehmensleitung des Unabhangigen Transportnetzbetreibers, einschlieflich Vergitung und
‘Vertragsbeendigung, betreffen, werden vom Aufsichtsrat getroffen. Der Aufsichtsrat entscheidet,
abweichend von § 119 des Aktiengesetzes, auch dber die Genehmigung der jahrlichen und langfristigen
FAnanzplane des Unabhangigen Transportnetzbetreibers, Gber die Hohe der Verschuldung des Unabhangigen
Transportnetzbetreibers sowie die Hohe der an die Anteilseigner des Unabhangigen Transportnetzbetreibers
auszuzahlenden Dividenden. Entscheidungen, die die laufenden Geschafte des Transportnetzbetreibers,
insbesondere den Netzbetrieb sowie die Aufstellung des zehnjahrigen Nelzentwicklungsplans nach den §§
12a bis 12f oder nach § 15a betreffen, sind ausschlieBlich von der Untemehmensleitung des Unabhangigen
Transportnetzbetreibers zu treffen.

(3) § 10c Absatz 1 bis 5 qgilt fir die Halfte der Mitglieder des Aufsichtrats des Unabhangigen
Transportnetzbetreibers abziglich einem Mitglied entsprechend. § 10c Absatz 1 Satz 1 und 2 sowie Satz
4 Nummer 2 gilt fUr die dbrigen Mitglieder des Aufsichtsrates des Unabhangigen Transportnetzbetreibers
entsprechend.

§ 10e Gleichbehandlungsprogramm und Gleichbehandlungsbeauftragter des
Unabhangigen Transportnetzbetreibers

(1) Unabhdngige Transportnetzbetreiber haben ein Programm mit verbindlichen MaBnahmen zur
diskriminierungsfreien Ausdbung des Betriebs des Transportnetzes festzulegen {Gleichbehandlungsprogrammy},
den Mitarbeitern bekannt zu machen und der Regulierungsbehirde zur Genehmigung vorzulegen. Im Programm
sind Pflichten der Mitarbeiter und mdgliche Sanktionen festzulegen.

(2) Unbeschadet der Befugnisse der Regulierungsbehdrde wird die Einhaltung des Programms

fortlaufend durch eine naturliche oder juristische Person (Gleichbehandlungsbeauftragter des

Unabhangigen Transportnetzbetreibers) iberwacht. Der Gleichbehandlungsbeauftragte des Unabhangigen
Transportnetzbetreibers wird vom nach § 10d gebildeten Aufsichtsrat des unabhangigen Transportnetzbetreibers



emannt. § 10c Absatz 1 bis 5 qgilt fiir den Gleichbehandlungsbeauftragten des Unabhangigen
Transportnetzbetreibers entsprechend, § 10c Absatz 2 Satz 1 und 2 gilt nicht entsprechend, wenn der
Unabhangige Transportnetzbetreiber eine natdrliche Person zum Gleichbehandlungsbeauftragten des
Unabhangigen Transportnetzbetreibers bestellt hat. Der Gleichbehandlungsbeauftragte des Unabhangigen
Transportnetzbetreibers ist der Leitung des Unabhangigen Transportnetzbetreibers unmittelbar zu unterstellen
und in dieser Funktion weisungsfrei. Er darf wegen der Erfiillung seiner Aufgaben nicht benachteiligt werden.
Der Unabhangige Transportnetzbetreiber hat dem Gleichbehandlungsbeauftragten des Unabhangigen
Transportnetzbetreibers die zur Erfillung seiner Aufgaben notwendigen Mittel zur Verfligung zu stellen.

Der Gleichbehandlungsbeaufiragte des Unabhangigen Transportnetzbetreibers kann vom Unabhangigen
Transportnetzbetreiber Zugang zu allen fir die Erfillung seiner Aufgaben erforderlichen Daten sowie,

chne Vorankindigung. zu den Geschaftsraumen des Unabhangigen Transportnetzbetreibers verlangen;

der Unabhangige Transportnetzbetreiber hat diesem Verlangen des Gleichbehandlungsbeauftragten des
Unabhangigen Transportnetzbetreibers zu entsprechen.

(3) Der Aufsichtsrat des Unabhangigen Transportnetzbetreibers hat die Emennung des
Gleichbehandlungsbeauftragten des Unabhangigen Transportnetzbetreibers der Regulierungsbehdrde
unverziglich mitzuteilen. Die Emennung nach Absatz 2 Satz 2 wird erst nach Zustimmung der
Regulierungsbehdrde wirksam. Die Zustimmung zur Emennung ist von der Regulierungsbehdrde, auBer im Falle
fehlender Unabhangigkeit oder fehlender fachlicher Eignung der vom Unabhangigen Transportnetzbetreiber zur
Ernennung vergeschlagenen Person, zu erteilen. Die Auftragsbedingungen oder Beschaftigungsbedingungen
des Gleichbehandlungsbeauftragten des Unabhangigen Transportnetzbetreibers, einschlieglich der Dauer seiner
Bestellung, sind von der Regulierungsbehdrde zu genehmigen.

(4) Der Gleichbehandlungsbeauftragte des Unabhangigen Transportnetzbetreibers hat der Regulierungsbehdrde
regelmzBig Bericht zu erstatten. Er erstellt einmal jahrlich einen Bericht, in dem die MaBnahmen zur
Durchfuhrung des Gleichbehandlungsprogramms dargelegt werden, und legt ihn der Regulierungsbehdrde
spatestens zum 30. September eines Jahres vor. Er unterrichtet die Regulierungsbehdrde fortlaufend dber
erhebliche VerstiBe bei der Durchfiihrung des Gleichbehandlungsprogramms sowie (ber die finanziellen

und kommerziellen Beziehungen, insbesondere deren Anderungen, zwischen dem vertikal integrierten
Energieversorgungsuntemehmen und dem Unabhangigen Transportnetzbetreiber. Er berichitet dem Aufsichtsrat
des Unabhangigen Transportnetzbetreibers und gibt der obersten Untemehmens|eitung Empfehlungen zum
Gleichbehandlungsprogramm und seiner Durchfdhrung.

(5) Der Gleichbehandlungsbeauftragte des Unabhangigen Transportnetzbetreibers hat der Regulierungsbehdrde
alle Entscheidungen zum Investitionsplan oder zu Einzelinvestitionen im Transportnetz spatestens dann

zu dbermitteln, wenn die Untemehmensleitung des Transportnetzbetreibers diese Entscheidungen dem
Aufsichtsrat zuleitet. Der Gleichbehandlungsbeauftragte des Unabhangigen Transportnetzbetreibers hat

die Regulierungsbehdrde unverziglich zu informieren, wenn das vertikal integrierte Untemehmen in der
Gesellschafter- oder Hauptversammlung des Transportnetzbetreibers durch das Abstimmungsverhalten der von
ihm ernannten Mitglieder einen Beschluss herbeigefihrt oder die Annahme eines Beschlusses verhindert und auf
Grund dessen Netzinvestitionen, die nach dem zehnjihrigen Metzentwicklungsplan in den folgenden drei Jahren
durchgefihrt werden sollten, verhindert oder hinausgezdgert werden.

(6) Der Gleichbehandlungsbeauftragte des Unabhangigen Transportnetzbetreibers ist berechtigt, an allen
Sitzungen der Unternehmensleitung, des Aufsichtsrats oder der Gesellschafter- oder Hauptversammiung
teilzunehmen. In den Sitzungen des Aufsichtsrats ist dem Gleichbehandlungsbeauftragten des Unabhangigen
Transportnetzbetreibers ein eigenes Rederecht einzuraumen. Der Gleichbehandlungsbeauftragte des
Unabhangigen Transportnetzbetreibers hat an allen Sitzungen des Aufsichtsrates teilzunehmen, die folgende
Fragen behandeln:

1. Metzzugangsbedingungen nach MaBgabe der Verordnung (EG) Nr. 714/2009 (AEL. L 211 vom 14.8.2009,
5. 15) und der Verordnung (EG) Nr. 71572009 (ABI. L 211 vom 14.8.2009, 5. 36). insbesondere soweit
die Beratungen Fragen zu Netzentgelten, Leistungen im Zusammenhang mit dem Zugang Dritter, der
Kapazitatsvergabe und dem Engpassmanagement, Transparenz, Ausgleich von Energieverlusten und
Sekundarmarkte betreffen,

2. Vorhaben fir den Betrieb, die Wartung und den Ausbau des Transportnetzes, insbesondere hinsichtlich der
notwendigen Investitionen fir den Netzanschluss und Netzverbund, in neue Transportverbindungen, fir die
Kapazitatsausweitung und die Verstarkung vorhandener Kapazitaten oder

3. den Verkauf oder Erwerb von Energie, die fir den Betrieb des Transportnetzes erforderich ist.

(7) Nach vorheriger Zustimmung der Regulierungsbehdrde kann der Aufsichitsrat den
Gleichbehandlungsbeauftragten des Unabhangigen Transportnetzbetreibers abberufen. Die Abberufung
hat aus Griinden mangelnder Unabhangigkeit oder mangelnder fachlicher Eignung auf Verdangen der
Regulierungsbehdrde zu erfolgen.



§ 14 Aufgaben der Betreiber von Elektrizitatsverteilernetzen

(1) Die §5 12 und 13 gelten fir Betreiber von Elektrizitatsverteilemetzen im Rahmen ihrer Verteilungsaufgaben
entsprechend, soweit sie fir die Sicherheit und Zuverlassigkeit der Elektrizitdtsversorgung in ihrem

MWetz werantwortlich sind. & 13 Abs. T ist mit der MaBgabe anzuwenden, dass die Betreiber von
Elektrizitatsverteilernetzen nur auf Anforderung der Regulierungsbehdrde die Schwachstellenanalyse zu erstellen
und dber das Ergebnis zu berichten haben.

{1a) Betreiber von Elektrizitdtsverteilernetzen haben auf Verlangen der Regulierungsbehirde innerhalb

von zweil Monaten einen Bericht dber den Netzzustand und die Netzausbauplanung zu erstellen und ihr

diesen vorzulegen. Der Bericht zur Netzausbauplanung hat auch konkrete MaBnahmen zur Optimierung, zur
Verstarkung und zum Ausbau des Netzes und den geplanten Beginn und das geplante Ende der MaBnahmen zu
enthalten. Auf Verlangen der Regulierungsbehdrde ist ihr innerhalb von zwei Monaten ein Bericht entsprechend
den Satzen 1 und 2 auch Ober bestimmte Teile des Elektrizititsverteilernetzes vorzulegen. Betreiber von
Elektrizitatsverteilernetzen einschlieBlich vertikal integrierter Energieversorgungsunternehmen, an deren
Elektrizitatsverteilernetz weniger als 10 000 Kunden unmittelbar eder mittelbar angeschlossen sind. sind von
den Verpflichtungen der Satze 1 bis 3 ausgenommen. Die Regulierungsbehdrde kann durch Festlegung nach § 29
Absatz 1 zum Inhalt des Berichts nahere Bestimmungen treffen.

{1b) Betreiber von Hochspannungsnetzen mit einer Nennspannung von 110 Kilovolt haben jahrlich den
Metzzustand ihres Netzes und die Auswirkungen des zu erwartenden Ausbaus von Einspeiseanlagen
insbesondere zur Erzeugung von Strom aus emeuerbaren Energien auf ihr Netz in einem Bericht darzustellen
und der zustandigen Regulierungsbehdrde zur Prifung vorzulegen. Der Bericht wird nach den Vorgaben erstallt,
die die Regulierungsbehdrde im Verfahren nach § 29 Absatz 1 zu Inhalt und Format festlegen kann. Kommt die
Regulierungsbehdrde zu dem Ergebnis, dass in dem Netz wesentlicher Bedarf zum Ausbau des Netzes in den

nachsten zehn Jahren zu erwarten ist, haben die Netzbetreiber Netzentwicklungsplane zu erstellen und der
Regulierungsbehdrde innerhalb einer von ihr zu bestimmenden Frist vorzulegen. Die Anforderungen von den &%
12a bis 12d sowie § 12f gelten entsprechend.

(1c) Die Betreiber von Elektrizititsverteilernetzen sind verpflichtet. MaBnahmen des Betreibers von
(bertragungsnetzen cder MaBnahmen eines nach Absatz 1 Satz 1 verantwortlichen Betreibers von
Elektrizitatsverteilernetzen, in dessen Netz sie unmittelbar oder mittelbar technisch eingebunden sind,
nach dessen Vorgaben und den dadurch begrindeten Vorgaben eines vorgelagerten Betreibers von
Elektrizitatsverteilernetzen durch eigene MaBnahmen zu unterstitzen, soweit diese erforderich sind, um
Gefahrdungen und Stdrungen in den Elektrizitatsversorgungsnetzen mit geringstmdglichen Eingriffen in die
Versorgung zu vermeiden; dabei gelten die 5§ 12 und 13 entsprechend.

(2) Bei der Planung des Verteilemetzausbaus haben Betreiber von Elektrizititsverteilernetzen die Maglichkeiten
von Energieeffizienz- und Nachfragesteuerungsma&nahmen und dezentralen Erzeugungsanlagen zu
bericksichtigen. Die Bundesregierung wird ermachtigt, durch Rechtsverordnung ohne Zustimmung des
Bundesrates allgemeine Grundsatze fir die Berlcksichtigung der in 5atz 1 genannten Belange bei Planungen
festzulegen.

§ 14a Steuerung von unterbrechbaren Verbrauchseinrichtungen in Niederspannung

Betreiber von Elektrizitatsverteilemetzen haben denjenigen Lieferanten und Letztverbrauchem im Bereich der
Niederspannung. mit denen sie Netznutzungsvertrage abgeschlossen haben, ein reduziertes Netzentgelt zu
berechnen, wenn ihnen im Gegenzug die Steuerung von vollstandig unterbrechbaren Verbrauchseinrichtungen,
die Uber einen separaten Zahlpunkt verfigen, zum Zweck der Netzentlastung gestattet wird. Als unterbrechbare
Verbrauchseinrichtung im Sinne von 5Satz 1 gelten auch Elektromobile. Die Steuerung muss fir die in Satz 1
genannten Letzrtverbraucher und Lieferanten zumutbar sein und kann direkt durch den Netzbetreiber oder
indirekt durch Dritte auf Geheil des Netzbetreibers erfolgen; Naheres regelt eine Rechtsverordnung nach § 21i
Absatz 1 Nummer 9.

§ 14b Steuerung von vertraglichen Abschaltvereinbarungen,
Verordnungsermachtigung

Soweit und solange es der Vermeidung von Engpassen im vorgelagerten Netz dient, kiinnen Betreiber

von Gasverteilemetzen an Ausspeisepunkten von Letztverbrauchern, mit denen eine vertragliche
Abschaltvereinbarung zum Zweck der Netzentlastung vereinbart ist, ein reduziertes Netzentgelt berechnen.

Das reduzierte Netzentgelt muss die Wahrscheinlichkeit der Abschaltung angemessen widerspiegeln. Die
Betreiber von Gasverteilernetzen haben sicherzustellen, dass die Maglichkeit von Abschaltvereinbarungen
Zwischen Netzbetreiber und Letztverbraucher allen Letztverbrauchern diskriminierungsfrei angeboten wird. Die
grundsatzliche Pflicht der Betreiber von Gasverteilemetzen, vomrangig nicht unterbrechbare Vertrage anzubieten
und hierfir feste Bestellleistungen nachzufragen, bleibt hiervon unberihrt. Die Bundesregierung wird ermachtigt,
durch Rechtsverordnung, die nicht der Zustimmung des Bundesrates bedarf, zur ndheren Konkretisierung der
Verpflichtung fir Betreiber von Gasverteilemetzen und zur Regelung naherer Vorgaben fir die vertragliche
Gestaltung der Abschaltvereinbarung Bestimmungen zu treffen

1. (Ober Kriterien, flr Kapazitatsengpdsse in Netzen, die eine Anpassung der Gasausspeisungen zur sicheren
und zuverlassigen Gasversorgung durch Anwendung der Abschaltvereinbarung erforderich macht,

2. Uber Kriterien flr eine Unterversorgung der Netze, die eine Anpassung der Gasausspeisungen zur sicheren
und zuverldssigen Gasversorgung durch Anwendung der Abschaltvereinbarung erforderich macht und

3. firdie Bemessung des reduzierten Netzentgelts.



*t e B-2
Verordnung tber Allgemeine
Bedingungen flr den Netzanschluss und
dessen Nutzung fur die Gasversorgung
In Niederdruck
(Niederdruckanschlussverordnung -

NDAV)



§ 10 Druckregelgerate, besondere Einrichtungen

(1) Muss zum Netzanschluss eines Grundstlicks ein besonderes Druckregelgerat oder eine besondere Einrichtung
angebracht werden, so kann der Netzbetreiber verlangen, dass der Anschlussnehmer einen geeigneten Raum
oder Platz unentgeltlich fir die Dauer des Netzanschlussverhaltnisses des Grundstticks zur Verfligung stellt. Der
Netzbetreiber darf die Einrichtungen auch fiir andere Zwecke benutzen, soweit dies flir den Anschlussnehmer
zumutbar ist.

(2) Wird der Netzanschlussverhaltnis fur das Grundstuick beendet, so hat der Anschlussnehmer die Einrichtung
noch drei Jahre unentgeltlich zu dulden, es sei denn, dass ihm dies nicht zugemutet werden kann.

(3) Der Anschlussnehmer kann die Verlegung der Einrichtungen an eine andere geeignete Stelle verlangen, wenn
ihm ihr Verbleiben an der bisherigen Stelle nicht mehr zugemutet werden kann. Die Kosten der Verlegung hat der
Netzbetreiber zu tragen; dies gilt nicht, soweit die Anlage ausschlieBlich der Anschlussnutzung des Grundstiicks
dient.

§ 12 Grundstiicksbenutzung

(1) Anschlussnehmer, die Grundstiickseigentimer sind, haben fiir Zwecke der drtlichen Versorgung das
Anbringen und Verlegen von Leitungen nebst Zubehér, insbesondere Verteilungsanlagen, Gber ihre im
Gebiet des Gasversorgungsnetzes der allgemeinen Versorgung liegenden Grundstiicke sowie erforderliche
SchutzmaBRnahmen unentgeltlich zuzulassen. Diese Pflicht betrifft nur Grundstiicke,

1. die an das Gasversorgungsnetz angeschlossen sind,

2. die vom Eigentimer in wirtschaftlichem Zusammenhang mit einem an das Netz angeschlossenen
Grundstiick genutzt werden oder

3. fiir die die Mdglichkeit des Netzanschlusses sonst wirtschaftlich vorteilhaft ist.

Sie besteht nicht, wenn die Inanspruchnahme der Grundstiicke den Eigentimer mehr als notwendig oder

in unzumutbarer Weise belasten wiirde; insbesondere ist die Inanspruchnahme des Grundstiicks zwecks
Anschlusses eines anderen Grundstiicks an das Gasversorgungsnetz grundsatzlich verwehrt, wenn der Anschluss
Uber das eigene Grundstiick des anderen Anschlussnehmers mdglich und dem Netzbetreiber zumutbar ist.

(2) Der Anschlussnehmer ist rechtzeitig Gber Art und Umfang der beabsichtigten Inanspruchnahme des
Grundstiicks zu benachrichtigen.

(3) Der Grundstiickseigentiimer kann die Verlegung der Einrichtungen verlangen, wenn sie an der bisherigen
Stelle flr ihn nicht mehr zumutbar sind. Die Kosten der Verlegung hat der Netzbetreiber zu tragen; dies gilt nicht,
soweit die Einrichtungen ausschlieBlich dem Anschluss des Grundstiicks dienen.

(4) Wird die Anschlussnutzung eingestellt, so hat der Eigentiimer die auf seinen Grundsticken befindlichen
Einrichtungen noch drei Jahre unentgeltlich zu dulden, es sei denn, dass ihm dies nicht zugemutet werden kann.

(5) Die Absétze 1 bis 4 gelten nicht fiir 6ffentliche Verkehrswege und Verkehrsflachen sowie flir Grundstiicke, die
durch Planfeststellung fir den Bau von 6ffentlichen Verkehrswegen und Verkehrsflachen bestimmt sind.



*+4%B-3
Anforderungen an elektrische

Betriebsraume



§4
Anforderungen an elektrische Betriebsriume

(1) ' Die elektrischen Betriebsriume miissen so angeordnet sein, daf3 sie im Gefahrenfall von allgemein
zugiinglichen Riumen oder vom Freien leicht und sicher erreichbar sind und ungehindert verlassen werden
konnen; sie diirfen von Treppenriumen mit notwendigen Treppen nicht unmittelbar zugiinglich sein. * Der
Rettungsweg innerhalb elektrischer Betriebsriume bis zu einem Ausgang darf nicht linger als 40 m sein.

(2) ' Die Ridume miissen so groB sein, daB die elektrischen Anlagen ordnungsgemiB errichtet und betrieben

werden kénnen; sie miissen eine lichte Hohe von mindestens 2 m haben. ? Uber Bedienungs- und
Wartungsgingen mufl eine Durchgangshéhe von mindestens 1,8m vorhanden sein.

(3) Die Riume miissen stiindig so wirksam be- und entliiftet werden, daB die beim Betrieb der
Transformatoren und Stromerzeugungsaggregate entstehende Verlustwiirme, bei Batterien die Gase,
abgefiihrt werden.

(4) In den Réumen sollen Leitungen und Einrichtungen, die nicht zum Betrieb der elektrischen Anlagen
erforderlich sind, nicht vorhanden sein.



*+éxB-4
Zusatzliche Anforderungen an
elektrische Betriebsraume flr
Transformatoren und Schaltanlagen mit
Nennspannungen tber 1 KV oder fur
Transformatoren und Kondensatoren

mit PCB



§5

Zusiitzliche Anforderungen
an elektrische Betriebsriume
fiir Transformatoren und Schaltanlagen
mit Nennspannungen iiber 1 kV oder fiir Transformatoren und Kondensatoren mit PCB

(1) ! Elektrische Betriebsrdume fiir Transformatoren und Schaltanlagen mit Nennspannungen tiber 1 kV oder
fiir Transformatoren und Kondensatoren mit PCB und einer Leistung von mehr als 3 kVA miissen von

= a : . 2 . .. - .
anderen Rivmen feverbestindig abgetrennt sein. - Winde von Réumen mit Oltransformatoren oder mit
Transformatoren und Kondensatoren mit PCB und einer Leistung von mehr als 3 kVA miissen aullerdem so
dick wie Brandwinde sein. ° Offiungen zur Durchfithrung von Kabeln sind mit nichtbrennbaren Baustoffen

zu schliefen. * Transformatoren oder Kondensatoren mit PCB und einer Leistung von mehr als 3 kVA diirfen
nicht in Riéumen mit Oltransformatoren aufgestellt werden.

(2) ! Tiiren miissen mindestens feuerhemmend und selbstschliefend sein sowie aus nichtbrennbaren
Baustotfen bestehen: soweit sie ins Freie filhren. geniigen selbstschliefende Tiiren aus nichtbrennbaren
Baustoffen. * Tiiren miissen nach aufien aufschlagen. * Tiirschlosser in Tiiren von Betriebsraumen von
Transformatoren und Schaltanlagen mit Nennspannungen iiber 1 KV miissen so beschatfen sein, daf der
Zutritt unbefugter Personen jederzeit verhindert ist. der Betriebsraum jedoch ungehindert verlassen werden
kann; an den Tiiren muB auBen ein Hochspannungswarnschild angebracht sein. * Betriebsraume mit
Transformatoren oder Kondensatoren mit PCB und einer Leistung von mehr als 3 kVA sind bei den
Zugingen mit emem zinkgelben Warnschild aus Aluminium mit schwarzem Rand und schwarzer
Beschriftung "PCB" in der Grofe 297 x 148 mm zu versehen.

(3) ! Elektrische Betriebsrdume fiir Oltransformatoren oder fiir Transformatoren und Kondensatoren mit PCB



und einer Leistung von mehr als 3 kVA diirfen sich mcht 1 Geschossen befinden, deren FuBboden mehr als

4 m unter der festgelegten Gelindeoberfliche liegt. * Sie diirfen auch nicht in Geschossen iiber dem
Erdgeschof liegen.

(4) ! Die Zuluft fiir die Raume mub unmittelbar oder iiber besondere Lifrungsleitungen dem Freien
entnommen, die Abluft unmittelbar oder iiber besondere Liftungsleitungen ins Frete gefiihrt werden.

! Litftungslertungen, die durch andere Riume filhren, sind so herzustellen, daB Feuer und Rauch nicht in

andere Riume iibertragen werden kénnen. ° Offaungen von Lifrungslertungen zum Freien miissen
Schutzgitter haben.

(5) FuBbédden miissen mindestens aus schwer entflammbaren Baustoffen bestehen.

(6) ! Unter Transformatoren muB auslaufende Isolier- und Kihlfliissigkeit sicher aufgefangen werden

kénnen. * Fiir hichstens drei Transformatoren mit jeweils bis zu 10001 Isolierflissigkeit in einem elektrischen
Betriebsraum geniigt es, wenn die Winde m der erforderlichen Hohe sowie der Fubboden undurchlissig
ausgebildet sind; an den Tiiren miissen entsprechend hohe und undurchlissige Schwellen vorhanden sein.

(7) Fenster. die von auflen leicht erreichbar sind. miissen so beschaffen oder gesichert sein. dall Unbefugte
nicht in den elektrischen Betriebsraum eindringen kénnen.

(8) ! Riume mut Transformatoren oder Kondensatoren nach § 3 Abs. 1 Satz 1 Nr. 1 " eingefiigt. diirfen vom

Gebiudemnnern aus nur von Fluren und tiber Sicherhestsschleusen zuganglich sein. ? Bei Réiumen mit
Oltransformatoren oder mit Transformatoren und Kondensatoren mit PCB und emner Leistung von mehr als 3

kVA muB mindestens ein Ausgang unmittelbar ins Freie oder tiber emnen Vorraum s Freie fithren. * Der
Vorraum darf auch nut dem Schaltraum. jedoch nicht nit anderen Riumen in Verbindung stehen.

* Sicherheitsschlensen mit mehr als 20 m® Luftraum miissen Rauchabziige haben.

(9) ! Abweichend von Absatz § Sitze 1 und 2 sind Sicherheitsschlensen und unmuttelbar oder iiber einen
Vorraum ins Freie filhrende Ausgéinge mcht erforderlich bei Riumen mit Transformatoren in

1. Waren- oder Geschiftshiusern mit Verkaufsstitten. die nicht dem Geltungsbereich der
Warenhausverordnung™ unterliegen,

2. Versammlungsstitten, die nicht dem Geltungsbereich der Versammlungsstittenverordnung™ unterliegen,

3. Biiro- oder Verwaltungsgebinden. die keine Hochhiuser sind,

4. Krankenhiuser, Altenpflegeheimen, Entbindungs- und Sauglingsheimen mit nicht mehr als 30 Betten,

5. Schulen und Sportstitten. die keine Rivme enthalten, auf welche die Versammlungsstittenverordnung
anzuwenden 1st,

6. Beherbergungsstitten mit nicht mehr als 30 Betten,
7. Wohngebiuden, die keine Hochhiuser sind.

! Tiiren in Trennwinden von Riumen mit Oltransformatoren oder mit Transformatoren und Kondensatoren
mut PCB miissen fenerbestindig und selbstschliefend semn.

4 BayR5 2132-1-6-1
4 BayRS 2132-1-5-1
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German DIN VDE Standards

Standard

Title

DIM VDE 01100

Erection of power installations with rated voltages below 1000

DIN VDE 0100 Part 100

General requirements, scope

DIN VDE 0100 Part 410

Protective measures and protection against electric shock

DIN VDE 0100 Part 430

Protection of cables against overcument

DIN VDE 0100 Part 452

Choice of protective measures, protection against fire

DIN VDE 0100 Part 520

Selection and ereclion of equipment - cable, wires and wiring systems

DIN VDE 0100 Part 530

Erection elecirical equipment - switch and controlgear

DIN VDE 0100 Part 559

Luminaries and lighting equipment

DIM VDE 0100 Part 701 to Part
705

Rooms containing a bath tub or shower basin. Roofed swimming pools and open air
swimming baths. Rooms containing electrical sauna-heaters - installations site.
Agricultural and horticultural premises

DIN VDE 0100 Part 720

Fire-hazards locations

DIM VDE 0100 Part 726 to Part
738

Lifting and hoisting devices. Laying of cables in hollow walls and in buildings made up
mainly of flammable building materials. Cable entries into buildings in public cable
network. Humid and wet areas, outdoor inatallation

DIN VDE 0101

Erection of power installations with rated voltages above 1000

DIN VDE 0105

Operation of power installations

DIN VDE 0107

Electrical installations in hospitals and locations for medical use outside hospitals

DIN VDE 0108 Part 1 to Part 100

Power installations and safety power supply in communal facilities, stores and shops and
exhibitions rooms, multi-storey buildings, restaurants, closed car parks and working or
business premiges

DIN VDE 0113

Electrical equipment of industrial machines

DIN VDE 0118

Erection of elecfrical installations in mines

DIN VDE 0165

Installation of electrical apparatus in hazardous areas

DIM VDE 166

Electrical installations and apparatus thereof for use in atmospheres potentially
endangered by explosive material

DIM VDE 0168

Erection of electrical installations in open cast mines, quarries and similar plants

DIN VDE 0170/0171

Electrical apparatus for potentially explosive atmospheres

DIN VDE 085

Lightning protection system, protection of structures against lightning

DIN VDE 0207 Part 1 to Part 24

Inzulating and sheathing compounds for cables and flexible cords

DIM VDE 0245 Part 1

Cables and cords for electrical and electronic eguipment in power installations

DIM VDE 0245 Part 101 to Part
202

Flexible PVC insulated control cable

DIM VIDE 0250 Part 1 to Part 819

Cables, wires and flexible cords for power installations

DIN VDE 0253

Heating - cables

DIN VDE 0262

XLPE (cross linked PE) insulated and PVC sheathed installations cable up to 0.6/1 kV

DIN VDE 0265

Cables with plastic-insulated lead-sheath for power installation

DIM /DE 0266 Part 3 & 4

Halogen-free cables with improved characteristics in the case of fire, with reduced fire
propagation and continuance of isolation for use in the containment of nuclear power
plants

DIN VDE 0267

Halogen-free cables with improved characteristics in the case of fire, nominal voltages
from 6 up to 30kV

DIN VDE 0271

PVC insulated cables and sheathed power cables for rated voltages up to and including
366 (72)kV

DIN VDE 0276 Part 603

Distribution cables of nominal voltages 0.6/1kY

DIN VDE 0276 Part 604

Power cables of nominal voltages 0.6/1kV with special fire performance for use in power
stations

DIN VDE 0276 Part 604/6035

Additional test methods

DIN VDE 0276 Part 620

Distribution cables of nominal voltages 3.6 o 20 8/36kV 1KY

DIM VDE 0276 Part 1000

Cument carrying capacity, general, conversion factors
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16.12 Anforderungen an die Verlegung von Kabeln und Leitungen

16.12.1 Installationszonen

Die Verlegung von Kabeln und Leitungen innerhalb von Bauwerken ist in DIN 18015
festgelegt. Unter Putz ist nur senkrechte und waagrechte Verlegung, parallel zu den
Raumkanten, zulassig. Die Steckdosen sind im Wohnbereich in 30 cm, in der Kiche
in 105 em Hohe vorgesehen. Schalter sind in Tirklinkenhche, etwa in 105 cm, anzu-
bringen (Bild 16.7). Einbaugerite (Schalter, Steckdosen usw.) sind so anzuordnen,
dass sie innerhalb der Installationszonen liegen.

Die Installationszonen (Z) bedeuten:

Waagrechte Installationszonen (ZW), 30 cm breit

+ /W-o, obere waagrechte Installationszone von 15 cm bis 45 cm unter der fertigen
Deckenflache

¢ /W-u, untere waagrechte Installationszone von 15 cmbis 45 em dber der fertigen

FuBbodenfliche

¢ /W-m, mittlere waagrechte Installationszone von 100 cm bis 130 cm tber der
fertigen Fubbodenfliache

Senkrechte Installationszonen (ZS), 20 cm breit

e /5, senkrechte Installationszonen an Tiiren von 10 cm bis 30 cm neben den
Rohbaukanten

e /S, senkrechte Installationszonen an Fenstern von 10 ¢m bis 30 cm neben den

Rohbaukanten

o /S-e, senkrechte Installationszonen an Wandecken von 10 cm bis 30 cm neben
den Rohbaukanten

Oberhalb von Fenstern entfillt die obere Installationszone (ZW-o), wenn das Fenster
zu hoch angeordnet ist, wie in Bild 16.7b) gezeigt.

Von den festgelegten Installationszonen darf abgewichen werden, wenn die elekt-
rischen Leitungen

o in den Winden in Schutzrohren verlegt werden und eine Uberdeckung der
Schutzrohre von mindestens 6 cm sichergestellt ist

 in Wandbau-Fertigteilen untergebracht sind, bei denen eine nachtragliche Be-
schadigung der Leitungen weitgehend ausgeschlossen ist

Installationszonen fiir Fubbéden und Deckenflichen sind nicht festgelegt, d. h., Lei-
tungen konnen in diesen Flachen auf kirzestem Weg — auch schrag - gefithrt werden.
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Bild 16.7 Leitungsfihrung nach DIN 18015

a) Installationszonen und Vorzugsmabe (fett gesetzt) fir Riume ohne Arbeitsflichen an den Winden

b) Installationszonen und VorzugsmaBe (Fett gesetzt) fir Riume mit Arbeitsflachen an den Winden,
z. B. Kiichen; nicht angegebene MaBe wie Bild 16.7a)
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DIN VDE 0105-100 (VDE 0105-100):2005-06

Unter Spannung stehendes Teil

Gefahrenzone

Anndherungszone

s

D : Abstand, der die &uBere Begrenzung der Gefahrenzone festlegt (
Dy: Abstand, der die &uBere Begrenzung der Annéherungszone festlegt

Bild 1 — Absténde in Luft und Zonen fiir Arbeiten

7

|

<&<—— AuRere Oberfliche der isolierenden

Schutzvorrichtung

Unter Spannung stehendes Teil
Z; Gefahrenzone

/ Annéherungszone

D : Abstand, der die &uBere Begrenzung der Gefahrenzone festlegt
D, Abstand, der die &uBere Begrenzung der Annadherungszone festlegt

Bild 2 — Begrenzung der Gefahrenzone durch isolierende Schutzvorrichtung



DIN VDE 0105-100 (VDE 0105-100):2005-06

Tabelle A.1 — Richtwerte fiir Abstande Dy, und Dy

Netz-Nennspannung Annehmbarer Mindestabstand in | Annehmbarer Mindestabstand in
Luft, der die duBere Grenze der Luft, der die duBere Grenze der
Gefahrenzone bestimmt Anndherungszone bestimmt
Uy, (Effektivwert) kV Dy, mm Dy mm

<1 keine Berlihrung 300
3 60 1120

6 90 1120
10 120 1150
15 160 1160
20 220 1220
30 320 1320
36 380 1380
45 480 1480
60 630 1630
70 750 1750
110 1000 2000
132 1100 3 000
150 1200 3 000
220 1600 3000
275 1900 4000
380 2500 4000
480 3200 6 100
700 5300 8 400

Die D; - und Dy-Werte sind als eine Gruppe von administrativen Mindestwerten ausgelegt und beziehen sich auf die in
den Landern Europas existierenden Werte.

Bis 70 kV: Fur D, gibt es eine Vielzahl von Werten, da bei der Berechnung des elektrischen Bauteils ergonomische
Erwagungen vorherrschen.

Daher wird der niedrigste der europdischen Werte verwendet.
Uber 70 kV: Die elektrische Komponente herrscht vor.

Dementsprechend werden die Minimal-Werte fur Dy in dieser Tabelle bestatigt durch Berechnungsverfahren von
IEC 61472.

ANMERKUNG 1 Zwischenwerte fiir D und Dy, kénnen durch lineare Interpolation bestimmt werden.

ANMERKUNG 2 Die Werte der Tabelle A.1 sollen eine Richtschnur darstellen fur die zukinftige Harmonisierung zZwi-
schen den Mitgliedsstaaten. Dennoch kdnnen niedrigere Werte voriibergehend akzeptiert werden.

Oy
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Electricity Distribution and Report on Discussions on Science
4. Distribution Networks
The UK Electricity System is essentially made up of three key stages,

broadly analogous to the UK road network, as shown in Figure 1:

Grid /5 11KV Circuits Distribution  400/230V
SIS System

(DO

132kV

Super Grid S/5
Large Generator 400 & 275kV p Circuits

Generators ~ Transformer Circuits

CHCOHF QDo

Grid S/3 33kV Primary 11KV Distribution 400/230V
Circuits SIS Circuits S5 System

D10

400 & 275kV 132kV 33 kV

1
]
]
1
1
i
Voltage: :
]
1
i

A Road : A Road
(Dual Carriageway) : (Single Camiageway) :

|
Motorway

|
I
I
|
i
i
11KV : 400/230V
I
|
B Road : Minor Road
[

Analogy: |

I
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
I
I
i
i
I
i
: DISTRIBUTION SYSTEM
I

i TRANSMISSION SYSTEM

Note: 3/S = Substation

Figure 1. Overview of the UK power system

® Electricity generation. Traditional electricity generating stations, such

as coal-fired stations, and renewable generators such as hydroelectric

and wind power schemes are usually located away from heavily
populated areas. The electricity generated is stepped up to a higher
voltage at which it connects to the transmission network.

® Electric power transmission. The transmission network is the system
for bulk transfer of electrical energy over long distances, as far as
substations connected to the local distribution network, where the
voltage is stepped down. (Power is usually transmitted at high
voltages (132 kV and above) to reduce the energy lost in

transmission.)



® Electric power distribution. This is the final stage in the delivery of
electricity to end users. Distribution voltages vary, depending on

customer needs, equipment and availability.

The DWG has been concerned solely with the third stage above (ie
distribution systems that begin as the primary circuit leaves the substation
and ends as the secondary service enters the customer’s meter). Within
these networks there may be a mix of overhead line systems including
steel pylons, traditional wood poles and wires, and various types of

underground cable.

In the UK, the electricity that goes into a normal home is at a voltage of
230 V. But for technical reasons, the vast majority of high voltage and
most low voltage systems are three phase (ie. They utilise three phase
conductors). 230 V is the single-phase voltage; the equivalent three-phase
voltage is 400 V. Most final distribution circuits supply electricity to
several houses at once from three phases, and are usually referred to as

“400 V circuits”. Balanced three phase systems:

are more efficient;
allow larger loads to be supplied;

allow longer circuits to be installed (voltage drop is lower); and

are cheaper (overall).

This means that a typical final distribution circuit can be represented as
shown in Figure 8, with successive homes connected to different phases:

Figure 8 shows the three phase cables in red, the neutral in black and the
earth in green (current conventions for wiring colours are different to this,
with the phases brown, black and grey, the neutral blue, and the earth
green and yellow striped). Each of the 3 houses is supplied from one of

the phase cables. “Distribution main” refers to the main cable running



house house house

substation

three-phase — |~ service
transformer cable

[\

/l\ } } phases
L ' neutral
\\ earth

distribution main
three phases + neutral + earth

Figure 8. Typical UK distribution circuit showing houses connected to

different phases

from the substation, “servicecable” refers to the connection from this to

each individual home.

Note that there are different ways of earthing such circuits, which affect
the way magnetic fields are produced and are therefore discussed in more

detail later; this diagram shows just one possibility.
4.2 Substations
Substations have several basic functions:

® to change the system voltage level along the distribution system,
using transformers; (Electricity may flow through several substations
between generation plant and final consumer and the voltage may be
changed in several steps.)

® to switch off the electricity if a fault occurs, using equipment such as
circuit breakers and protection/control equipment); and

® to provide switching facilities so that particular sections of the



distribution network can be switched in and out, to allow equipment
to be disconnected for maintenance and so that electricity supplies

can be maintained or restored if part of the system develops a fault.

The DWG has been concerned mainly with final substations that step
down voltages from 11 kV to 400 V for domestic purposes. There are
over 400,000 of these (see Table 1). Such substations may be ground-

mounted or pole-mounted, outdoors in fenced enclosures or indoors in

special purpose structures, or even within residential buildings (eg.

maintenance rooms in blocks of flats).
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Electricity Act 1959 fe. 29) 35
Fart I- ELECTRICITY SUFFLY
Dacument Generated: 2013-03-08
Status: This version of this Act contains provisions that are prospective.
Changes to legislation: Theve are outstanding changes not yet made by the legislation.gov.uk
editorial team to Electicity Act 1959, Any changes that have already been made by the team
appear in the content and are refevenced with annotations. (See end of Document for details)

17 Exceptions from duty to connect.

(1) Nothing in section 16(1) requires an electricity distributor to make a connection if and
to the extent that—

(a) he is prevented from doing so by circumstances not within his control;

(b) circumstances exist by reason of which lus doing so would or might involve
his being in breach of regulations under section 29, and he has taken all such
steps as it was reasonable to take both to prevent the circumstances from
occurring and to prevent them from having that effect; or

(c) 1t 1s not reasonable in all the circumstances for him to be required to do so.

(2) Without prejudice to the generality of subsection (1) an electricity distributor is not
required to make a connection 1f—

(a) making the connection mvolves the distributor doing something which,
without the consent of another person, would require the exercise of a power
conferred by any provision of Schedule 3 or 4;

(b) the distributor’s licence does not provide for that provision to have effect in
relation to him: and

(c) any necessary consent has not, at the time the request is made, been given.

(3) Subsection (1)(c) does not permit an electricity distributor to disconnect any premises
or distribution system to which a connection is being mamtained by him unless the
distributor gives

(a) where the connection is to premises, to the occupier or to the owner if the
premises are not occupied;
(b) where the connection is to another distribution system, to the person who is
authorised by a licence or exemption fo run that system,
not less than seven working days’ notice of his intention to disconnect the premises
or distribution system ]

Annotations:

Amendments (Textual)
F76 Ss. 16, 16A, 17 and cross-heading substifuted for ss. 16, 17 (1.10.2001) by 2000 c. 27, s. 44; 5.1.
2001/3266, art. 2, Sch. (subject to transitional provisions in arts. 3-20)

Annotations:

Amendments (Textual)
F77 S. 18 repealed (1.10.2001) by 2000 c. 27, ss. 45, 108, Sch. & SI 2001/3266, art. 2, Sch. (subject to
transitional provisions in arts. 3-20)

19 Power to recover expenditure.

(1) Where any electric line or electrical plant 15 r];)rovided by [F*an electricity distributor]
in pursuance of section 16(1) above, the [ "distributor] may require any expenses



36 Electricity Act 1959 c. 29)
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reasonably mcurred m providing it to be defrayed by the person requiring the
[F®connection] to such extent as is reasonable in all the circumstances.

[[°(2) The Secretary of State may, after consultation with the Authority, make provision
by regulations for entitling an electricity distributor to require a person requiring a
connection in pursuance of section 16(1) to pay to the distributor, m respect of any
expenses reasonably mcwrred m providing any electric line or electrical plant used for
the purpose of making the connection, such amount as may be reasonable in all the
circumstances 1f—

(a) the connection is required within the prescribed period after the provision of
the line or plant; and

(b) a person (“the initial contributor™) has made a payment to the distributor
in respect of those expenses, the line or plant having been provided for the
purpose of making a connection to any premises or distribution system as
required by that person.]

(3) Regulations under subsection (2) above may require [***an electricity distributor] who,
in pursuance of this section or the regulations, has recovered any amount in respect of
expenses reasonably incurred in providing any electric line or electrical plant—

(a) to exercise lus nghts under the regulations m respect of those expenses; and

(b) to apply any payments recerved by lum m the exercise of those rights mn
making such payments as may be appropriate towards reimbursing the initial
contributor and any persons previously required to make payments under the
regulations.

(4) Any reference in this section to any expenses reasonably mecurred in providing an
electric line or electrical plant mcludes a reference to the capitalised value of any
expenses likely to be so incurred in [**'continuing to provide it]

Annotations:

Amendments (Textual)

F78 Words in s 19(1) substituted (1.10.2001) by 2000 c. 27, s. 46(2); S.1 2001/3266, art. 2, Sch. (subject
to transitional provisions in arts. 3-20)

F79 S 19(2) substituted (16.5.2001 for certain purposes and otherwise 1.10.2001) by 2000 c. 27, 5. 46(3);
5.1 2001/1781, art. 2, Sch. (subject to transitional provisions in arts. 3-10); S.I. 2001/3266, art. 2, Sch.
(subject to transitional provisions in arts. 3-20)

F80 Words ms. 19(3) substituted (16.5.2001 for certain purposes and otherwise 1.10.2001) by 2000 c. 27,
s. 46(4); SI1 2001/1781, art. 2, Sch. (subject to transitional provisions in arts. 3-10); S1. 2001/3266,
art. 2, Sch. (subject to fransitional provisions in arts. 3-20)

F31 Words ins. 19(4) substituted (16.5.2001 for certain purposes and otherwise 1.10.2001) by 2000 c. 27,
5. 46(5); S.I. 2001/1781, art. 2, Sch. (subject to transitional provisions in arts. 3-10); S1. 2001/3266,
art. 2, Sch. (subject to transitional provisions in arts. 3-20)

20 Power to require security.

(1) Subject to the following provisions of this section, an electricity distributor may
require any person who requires a connection in pursuance of section 16(1) to give him
reasonable security for the payment to him under section 19 in respect of the provision
of any electric line or electrical plant.
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(b)  the [™*Environment Agency]. any water undertaker or any sewerage
undertaker or, in Scotland. any person supplying water in the exercise of
statutory powers;

(¢) any public telecommunications operator: and
(d) any operator of a driver information system who is licensed under Part 1T of

the ™ Road Traffic (Driver Licensing and Information Systems) Act 1989,

(in this paragraph referred to as a “relevant undertaker”) may execute such works,
notwithstanding that they involve a temporary or permanent alteration of any electric
line or electrical plant under the control of a licence holder.

(2) Where a relevant undertaker is proposing to execute any such works as are mentioned
in sub-paragraph (1) above which involve or are likely to involve any such alteration
as 1s there mentioned, sub-paragraphs (3) to (9) of paragraph 3 above shall apply
as if—

(a) any reference to the licence holder were a reference to the relevant
undertaker: and

(b) any reference to the relevant undertaker were a reference to the licence
holder.

Annotations:

Amendments (Textual)
F243 Words in Sch. 4 para. 4(1)(a) substituted (1.3.1996) by 1995 c. 45, s. 16(1), Sch. 4 para. 17(2); S.I.
1996/218, art. 2
F244 Words in Sch. 4 para. 4(1)(b) substituted (1.4.1996) by 1995 c. 25, 5. 120(1), Sch. 22 para. 40 (with ss.
7(6), 115, 117); SI1. 1996/186, art. 3

Marginal Citations
M79 1989 c. 22.

Protection from interference

5 (1) Subject to sub-paragraph (2) below, a licence holder who instals or alters, or changes
the mode of operation of. any electric line or electrical plant shall take all reasonable
precautions for securing that the operation of that line or plant does not interfere with
the operation of any telecommunication apparatus which—

(a) 1is under the control of a person to whom the telecommunications code
applies: and
(b) 1is not unusually sensitive to interference with its operation.

(2) In the case of any telecomumunication apparatus which is subsequently installed or
altered or whose mode of operation is subsequently changed. the duty imposed by
sub-paragraph (1) above shall not apply in relation to—

(a) any momentary interference with its operation: or

(b) where it is installed in unreasonably close proximity to the electric line or
electrical plant. any other interference with its operation.

(3) Sub-paragraphs (1) and (2) above shall be read as also applying in the converse case
of a person to whom the telecommunications code applies who instals or alters, or
changes the mode of operation of. any telecommunication apparatus, and in such a
case shall have effect as if—
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(a)
(®)

()

any reference to the licence holder were a reference to that person:

any reference to an electric line or electrical plant were a reference to such
apparatus; and

any reference to such apparatus under the control of a person to whom that
code applies were a reference to such a line or such plant under the control
of a licence holder.

(4) Any difference arising under this paragraph between a licence holder and a person
to whom the telecommunications code applies shall be referred to arbitration by
an arbitrator or, in Scotland, arbiter appointed. in default of agreement between the
parties. by the President of the Chartered Institute of Arbitrators.

(5) In this paragraph “momentary interference” means any interference of momentary
duration which is not a regular occurrence (whether caused by physical contact or
otherwise).

Acquisition of wayleaves

6 (1) This paragraph applies where—

(a)

(b)

for any purpose connected with the carrying on of the activities which he
is authorised by his licence to carry on. it is necessary or expedient for a
licence holder to instal and keep installed an electric line on. under or over
any land: and

the owner or occupier of the land. having been given a notice requiring him
to give the necessary wayleave within a period (not being less than 21 days)
specified in the notice—

(1) has failed to give the wayleave before the end of that period: or

(i1) has given the wayleave subject to terms and conditions to which the
licence holder objects:

and in this paragraph as it so applies “the necessary wayleave” means
consent for the licence holder to instal and keep installed the electric line
on. under or over the land and to have access to the land for the purpose of
inspecting, maintaining, adjusting, repairing, altering, replacing or removing
the electric line.

(2) This paragraph also applies where—

(a)

(b)

for any purpose connected with the carrying on of the activities which he is
authorised by his licence to carry on, it is necessary or expedient for a licence
holder to keep an electric line installed on, under or over any land: and

the owner or occupier of the land has given notice to the licence holder under
paragraph 8(2) below requiring him to remove the electric line:

and in this paragraph as it so applies “the necessary wayleave” means consent for the
licence holder to keep the electric line installed on. under or over the land and to have
access to the land for the purpose of inspecting. maintaining. adjusting. repairing.
altering. replacing or removing the electric line.

(3) Subject to sub-paragraphs (4) and (5) below. the Secretary of State may. on the
application of the licence holder. himself grant the necessary wayleave subject to
such terms and conditions as he thinks fit: and a necessary wayleave so granted shall.
unless previously terminated in accordance with a term contained in the wayleave,
continue in force for such period as may be specified in the wayleave.
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PART 2
WORKS PROVISIONS

Principal powers

Power to construct and maintain works

5.—(1) The undertaker may construct and maintain the scheduled works.

(2) Subject to article 6 (power to deviate), the scheduled works may only be constructed in
the lines or situations shown on the works and land plans and in accordance with the levels
shown on the sections.

(3) Subject to paragraph (5), the undertaker may carry out and maintain such of the
following works as may be necessary or expedient for the purposes of, or for purposes ancillary
to, the construction of the scheduled works, namely—

(a) works to alter the position of apparatus, including mains, sewers, drains and cables;

(b) works to alter, erect and construct such offices and other buildings, yards, engines,
machinery, apparatus, structures and other works, and conveniences as the
undertaker sees fit;

(c) junctions and communications (including the provision of steps and ramps for the use
of persons on foot) with any highway or access way intersected or interfered with by,
or contiguous to, any of those works, and widen or alter any highway or access way
for the purposes of connecting it with any of those works or another highway, or of
crossing under or over the highway or access way;

(d) all such embankments, aprons, abutments, retaining walls, wing walls, culverts and
other such works as the undertaker thinks fit;

(e) works to alter the course of, or otherwise interfere with, a watercourse other than a
navigable watercourse;

(f) landscaping and other works to mitigate any adverse effects of the construction,
maintenance or operation of the scheduled works; and

(g) works for the benefit or protection of premises affected by the scheduled works.
(4) Subject to paragraph (5), the undertaker may carry out such other works (of whatever
nature) as may be necessary or expedient for the purposes of, or for purposes ancillary to, the

construction of the scheduled works, other than works that would interfere with a navigable
watercourse.

(5) Paragraphs (3) and (4) shall only authorise the carrying out or maintenance of works
outside the limits of deviation if such works are carried out on land shown on the works and
land plans as being within the limits of land to be acquired or used.

Power to deviate

6. In constructing or maintaining any of the scheduled works, the undertaker may—

(a) deviate laterally from the lines or situations shown on the works and land plans to the
extent of the limits of deviation for that work; and

(b) deviate vertically from the levels shown on the sections—
(1) to any extent not exceeding 3 metres upwards; or
(i) to any extent downwards as may be found to be necessary or convenient.

Streets

Power to execute street works

7.—(1) The undertaker may, for the purposes of the authorised works, enter upon so much
of any of the streets specified in Schedule 2 (streets subject to street works) as is within the Order
limits and may—

(a) break up or open the street, or any sewer, drain or tunnel under it, or tunnel or bore
under the street;

(b) place apparatus in the street;
(c) maintain apparatus in the street or change its position; and



(d) execute any works required for or incidental to any works referred to in sub-
paragraphs (a), (b) and (c).

(2) This article is subject to paragraph 3 of Schedule 9 (provisions relating to statutory
undertakers, etc.).

(3) In this article “apparatus™ has the same meaning as in Part 3 of the 1991 Act.

Stopping up of streets

8.—(1) Subject to the provisions of this article, the undertaker may, in connection with the
construction of the authorised works, stop up each of the streets specified in columns (1) and
(2) of Parts 1 and 2 of Schedule 3 (streets to be permanently stopped up) to the extent specified,
by reference to the letters and numbers shown on the rights of way plans, in column (3) of those
Parts of that Schedule.

(2) No street specified in columns (1) and (2) of Part 1 of Schedule 3 (being a street to be
stopped up for which a substitute is to be provided) shall be wholly or partly stopped up under
this article unless—

(a) the new street to be substituted for it, which is specified in column (4) of that Part of
that Schedule, has been completed to the reasonable satisfaction of the street
authority and is open for use; or

(b) a temporary alternative route for the passage of such traffic as could have used the
street to be stopped up is first provided and thereafter maintained by the undertaker,
to the reasonable satisfaction of the street authority, between the commencement and
termination points for the stopping up of the street until the completion and opening
of the new street in accordance with sub-paragraph (a).

(3) No street specified in columns (1) and (2) of Part 2 of Schedule 3 (being a street to be
stopped up for which no substitute is to be provided) shall be wholly or partly stopped up under
this article unless the condition specified in paragraph (4) is satisfied in relation to all the land
which abuts on either side of the street to be stopped up.

(4) The condition referred to in paragraph (3) is that—
(a) the undertaker is in possession of the land; or
(b) there is no right of access to the land from the street concerned; or

(c) there is reasonably convenient access to the land otherwise than from the street
concerned; or

(d) the owners and occupiers of the land have agreed to the stopping up.

(5) Where a street has been stopped up under this article—
(a) all rights of way over or along the street so stopped up shall be extinguished; and

(b) the undertaker may appropriate and use for the purposes of its railway undertaking
so much of the site of the street as is bounded on both sides by land owned by the
undertaker.

(6) Any person who suffers loss by the suspension or extinguishment of any private right of
way under this article shall be entitled to compensation to be determined, in case of dispute,
under Part 1 of the 1961 Act.

(7) This article is subject to paragraph 2 of Schedule 9 (provisions relating to statutory
undertakers, etc.).

Highways subject to redesignation

9.—(1) Subject to the provisions of this article, the following highways shall, at the relevant
time, cease to be highways of the description specified on the definitive map and statement and
shall be designated as highways as described and to the extent specified below by reference to
the letters and numbers shown on the rights of way plans—

(a) in the case of restricted byway Number 28 (Parish of Trimley St Mary) and restricted
byway Number 3 (Parish of Trimley St Martin), to be designated as a bridleway for
its entire length between points TF15 and PF12; and



(b) in the case of Footpath Number 29 (Trimley St Martin), to be designated as a
bridleway between points PF9 and PF10.

(2) In each case where a highway has been redesignated, the redesignation shall have effect
as if that highway had been stopped up and immediately rededicated as a bridleway.

(3) In this article—

(a) all expressions used in this article and in the Wildlife and Countryside Act 1981(a)
shall have the same meaning in this article as in that Act; and

(b) “the relevant time” means the time at which the new highway to be substituted for
restricted byway 28 (Gun Lane) (to be provided pursuant to article 8 (stopping up of
streets) and specified in column (4) of Part 1 of Schedule 3) is open for use by the
public.

Temporary stopping up of streets

10.—(1) The undertaker, during and for the purposes of the execution of the authorised
works, may temporarily stop up, alter or divert any street and may for any reasonable time—

(a) divert the traffic from the street; and
(b) subject to paragraph (3), prevent all persons from passing along the street.

(2) Without prejudice to the generality of paragraph (1), the undertaker may use any street
stopped up under the powers conferred by this article as a temporary working site.

(3) The undertaker shall provide reasonable access for pedestrians going to or from premises
abutting a street affected by the exercise of the powers conferred by this article if there would
otherwise be no such access.

(4) Without prejudice to the generality of paragraph (1), the undertaker may exercise the
powers conferred by this article in relation to the streets specified in columns (1) and (2) of
Schedule 4 (streets to be temporarily stopped up) to the extent specified, by reference to the
letters and numbers shown on the rights of way plans, in column (3) of that Schedule.

(5) The undertaker shall not exercise the powers conferred by this article—
(a) in relation to any street specified as mentioned in paragraph (4) without first
consulting the street authority; and
(b) in relation to any other street without the consent of the street authority which may
attach reasonable conditions to any consent, but such consent shall not be
unreasonably withheld.

(6) Any person who suffers loss by the suspension of any private right of way under this
article shall be entitled to compensation to be determined, in case of dispute, under Part 1 of
the 1961 Act.

Traffic regulation

11.—(1) Subject to the provisions of this article, and with the consent of the traflic authority
in whose area the road is situated, the undertaker may, during and for the purposes of the
execution of the authorised works, temporarily restrict the direction of vehicular traflic on Old
Felixstowe Road between points T1 and T2 as shown on the rights of way plans.

(2) The consent of the traffic authority under paragraph (1) shall not be unreasonably
withheld.

(3) The power in paragraph (1) shall only be exercised in relation to heavy goods vehicles
and public service vehicles travelling in the westbound direction.

(4) The undertaker shall consult the chief officer of police and the traffic authority in whose
area the road 1s situated before complying with the provisions of paragraph (5).
(5) The undertaker shall not exercise the power in paragraph (1) unless it has—
(a) givennot less than 4 weeks’ notice in writing of its intention to do so to the chief officer
of police and to the traffic authority in whose area the road is situated; and
(b) advertised its intention as if the proposed restriction was to be authorised pursuant
to section 14(1)(a) of the 1984 Act in accordance with the Regulations.



(6) Any restriction of vehicular traffic made by the undertaker under the powers conferred
by paragraph (1) shall have effect as if made by the traffic authority in whose area the road is
situated as if it were an order under section 14(1)(a) of the 1984 Act and shall last for such period
as the notice given under paragraph (5)(b) of this article may specify which shall in any event
terminate upon the opening for traffic of the railway.

(7) Any restriction made by the undertaker under this article may also be varied or revoked
from time to time by the traffic authority in whose area the road is situated by an order under
the 1984 Act provided that no such order may be made to revoke any provision previously
made by the undertaker under this article without the undertaker’s consent, such consent not
to be unreasonably withheld.

(8) In this article—
“the 1984 Act” means the Road Traffic Regulation Act 1984(a) and all expressions used
in this article and in the 1984 Act shall have the same meaning in this article as in that Act;
“heavy goods vehicle” has the meaning given to it in section 115 of the Highways Act
1980(b);
“public service vehicle™ has the meaning given to it in section | of the Public Passenger
Vehicles Act 1981(¢); and
“the Regulations™ means article 3 (procedure for making a temporary order) of the Road
Traffic (Temporary Restrictions) Procedure Regulations 1992(d).

Access to works

12.  The undertaker may, for the purposes of the authorised works—
(a) form and lay out means of access, or improve existing means of access, to the streets
specified in columns (1) and (2) of Schedule 5 (access to works); and
(b) with the approval of the highway authority, such approval not to be unreasonably
withheld, form and lay out such other means of access or improve existing means of
access, at such locations within the Order limits as the undertaker reasonably requires
for the purposes of the authorised works.

Construction and maintenance of new or altered streets

13.—(1) Any street intended to be a public highway to be constructed under this Order shall
be completed to the reasonable satisfaction of the highway authority and shall, unless otherwise
agreed, be maintained by and at the expense of the undertaker for a period of 12 months from
its completion and at the expiry of that period by and at the expense of the highway authority.

(2) Where a street is altered or diverted under this Order, the altered or diverted part of the
street shall, when completed to the reasonable satisfaction of the street authority, unless
otherwise agreed, be maintained by and at the expense of the undertaker for a period of 12
months from its completion and at the expiry of that period by and at the expense of the street
authority.

(3) Paragraphs (1) and (2) do not apply in relation to the structure of any bridge or tunnel
carrying a street over or under any railway of the undertaker.

(4) In any action against the undertaker in respect of loss or damage resulting from any
failure by it to maintain a street under this article, it shall be a defence (without prejudice to any
other defence or the application of the law relating to contributory negligence) to prove that
the undertaker had taken such care as in all the circumstances was reasonably required to secure
that the part of the street to which the action relates was not dangerous to traffic.

(5) For the purposes of a defence under paragraph (4), the court shall in particular have
regard to the following matters—
(a) the character of the street and the traffic which was reasonably to be expected to use it;

(b) the standard of maintenance appropriate for a street of that character and used by
such traffic;

(c) the state of repair in which a reasonable person would have expected to find the street;
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416.2 Barriers or enclosures
NOTE: Barricrs or enclosures are intended to prevent contact with live parts.
416.2.1 Live parts shall be inside enclosures or behind barriers providing at least the degree of protection
IPXXB or 1P2X except that, where larger openings occur during the replacement of parts, such as certain
lampholders or fuses, or where larger openings are necessary to allow the proper functioning of equipment
according o the relevant requirements for the equipment:
(i} suitable precautions shall be taken Lo prevent persons or livestock from unintentionally touching live parts, and
(it) it shall be cnsured, as far as practicable, that persons will be aware that live parts can be touched through the
opening and should not be teuched intentionally, and
(iii) the opening shall be as small as is consistent with the requirement for proper functioning and for
replacement ol a part,
416.2.2 A horizontal 1op surface of a barrier or enclosure which is readily accessible shall provide a degree
ol protection of at least IPXXD or [P4X.

416.2.3 A barrier or enclosure shall be firmly secured in piace and have sufficient stability and durability to
mantain the required degree of protection and appropriate separation from live parts in the known conditions of
normal service, taking account ol relevant external influences.
416.2.4 Where it is necessary o remove a barrier or open an enclosure or remove parts of enclosures, this
shall be possible only:
(1) by the use ol a key or tool, or
(i) alter disconnection of the supply to live parts against which the barriers or enclosures afford protection,
restoration of the supply being possible only aller replacement or reclosure of the barrier or enclosure, or
(iii} where an intermediate barrier providing a degree of protection of at least IPXXB or [P2X prevents contact
with live parts, by the use of a key or tool to remove the intermediate barrier.
NOTE: This regulation does not apply to:
a ceiling rose complying with BS 67
a cord operated switeh complying with BS 3676
a bayonet lampholder complying with BS EN 61184
an Edison screw lnmpholder complying with BS EN 60238,

416.2.5 I, behind a barrier or in an enclosure, an item of equipment such as a capacitor is installed which may
retain a dangerous electrical charge after it has been switched off, a warning label shall be provided. Small capacitors
such as those used for are extinction and for delaying the response of relays, ete shall not be considered dangerous.

NOTE: Unintentional contact is not considered dangerous if the voltage resulting from static charge falls below 120 V d.c. in
less than 3 s after diseonnection from the power supply.

417 OBSTACLES AND PLACING OUT OF REACH
4171 Application

The protective measures of obstacles and placing out of reach provide basic protection only. They are for
application in installations. with or without (ault protection, that are controlled or supervised by skilled persons.

The conditions of supervision under which the basic protective provisions of Section 417 may be applied as part of
the protective measure are given in Regulation 410.3.5.

417.2 QObstacles

NOTE: Obstacles are intended to prevent unintentional contact with live parts but not inlentional contact by deliberate
circumvention of the obstacle.

417.2.1 Obstacles shall prevent:
(i) unimtentional bodily approach o live parts, and
(i) unintentional contact with live parts during the operation of live equipment in normal service.

417.2.2 An obstacle may be removed without the use of a key or tool but shall be secured so as to prevent
unintentional removal.



417.3 Placing out of reach
NOTE: Protection by placing out of reach is intended only to prevent unintentional contact with live parts.

A bare or insulated overhead line for distribution between buildings and structures shall be installed to the standarc
required by the Electricity Safety, Quality and Continuity Regulations 2002.

417.3.1 Simultaneously accessible parts at different potentials shall not be within arm's reach.

A bare live part other than an overhead line shall not be within anm’s reach or within 2.5 m of the following:
(i) An exposed-conductive-part
(i} An extraneous-conductive-part
(ili) A bare live part of any other circuit.
NOTE: Two parts are deemed to be simultaneously accessible if they are not more than 2.50 m apart (see Figure 417).
417.3.2 If a normally occupied position is restricted in the horizontal direction by an obstacle {e.g. handrail
mesh screen) affording a degree of protection less than IPXXB or IP2X, arm's reach shall extend from that obstacle

In the overhead direction, arm's reach is 2.50 m from the surface, S, not taking mto account any intermediat
obstacle providing a degree of protection less than IPXXB.

NOTE: The values of arm's reach apply to contact directly with bare hands without assistance (e.g, tools or ladder).

417.3.3 In places where bulky or long conductive objects are normally handled, the distances required b
Regulations 417.3.1 and 417.3.2 shall be increased, taking account of the refevant dimensions of those objects.

Fig 417 — Arm's reach

limit of arm's reach

The values refer to bare hands
wilhout any assistance, e.g,
from lools or a ladder.




418 PROTECTIVE MEASURES FOR APPLICATION ONLY WHERE THE INSTALLATION IS
CONTROLLED COR UNDER THE SUPERVISION OF SKILLED OR INSTRUCTED PERSONS

NOTE: The canditions of supervision under which the fault protective provisions of Section 418 may be applied as part of the
prolective measure are given in Regulation 410.3.6.

418.1 Non-conducting focation

This method ol profection 1§ not 1

cognised for general application.
NOTE: This proteetive measure is intended 1o prevent simullancous contact with parts which may be at different potentials

through failure of the basic insufation of live parts,

418.1.1 All clectrical equipment shall comply with one of the provisions for basic protection described in
Scction 416,
418.1.2 L xposcd-conductive-parts shall be arranged so that under ordinary circumstances persons will not
come inte simultancous contact with:

(1) two cxposed-conductive-parts, or

(i) an exposcd-conductive-part and any extrancous-conductive-part
il these parts are liable w be at dilTerent potentials through failure of the basic insulation of a live part.
418.1.3 In a non-conducting location there shall be no protective conductor.

418.1.4 Regulation 418.1.2 is [ulfilled if the location has an insulating floor and walls and one or more of the
lollowing arrangements applics:
(i) Relalive spacing ol exposed-conductive-parts and of extraneous-conductive-parts as well as spacing of
exposcd-conductive-parls
This spacing is sufficient if the distance between two parts is not less than 2.5 my; this distance may be
reduced to .25 m outside the zone of arm's reach.
(i) Interposition of effective obstacles between exposed-conductive-parts and extraneous-conductive-parts
Such obstacies are sulTicienily efTective if they exiend the distances 1o be surmounted to the values stated in
point (i) above, They shall not be connected to Earth or to exposed-conductive-parts; as far as possible they
shall be of insulating material,
(it} Insulation or insulating arrangements of extrancous-conductive-parts,
The insulation shall be of sufficient mechanical strength and be able to withstand a test voltage of at least
2000 V. Leakage current shall not exceed 1 mA in normal conditions of use.
418.1.5 The resistance of insulating {loors and walls at every point of mecasurement under the conditions
specilied in Part 6 shall be not less than:
{iy 30k, where the nominal voltage ol the installation does not exceed 500 V, or
(i1y B0 K€L where the nominal voltage ol the installation exceeds 500 V.
NOTE: 11 at any point the resistance is less than the specificd value, the floors and walls are deemed to be extraneous-
conductive-parts [or the purposes of protection against eleetrie shock.
418.1.6 The arrangements made shall be permanent and it shall not be possible to make them ineffective. The
arrangements shall also ensure protection where the use of mabile equipment is envisaged.
NOTE: 1 Autention s drawn o the risk that, where electrical installations are not under effective supervision, further conductive

parts may be introduced at a later date {e.g. mobile Class [ equipment, or extraneous-conductive-parts such as
metallic water pipes), which may invalidate compliance with Regulation 418.1.6.

NOTE: 2 It is essential 10 ensure that the insulation of floor and walls cannot be affected by humidity.

418.1.7 Precautions shall be taken to ensure that extraneous-conductive-parts cannol cause a potential to
appear external to the location concerned.



422.3.1 Except for equipment for which an appropriate product standard specifies requirements. o luminaire shall
be kept at an adequate distance from combustible materials. Unless otherwise recommended by the manutaciurer, a
small spotlight or projector shall be installed at the following minimum distance from combustible materials:

(i) Ratingupto 100 W 0.3m
{ii) Over 100 and up to 300 W 0.8 m
(i1}) Over300and up to 300 W 1.0m
NOTE: A luminaire with a lamp that could eject Mammable materials in case of failure should be constructed with a sately
protective shield for the lamp in accordance with the manulacturer’s instructions.
422.3.2 Measures shall be taken to prevent an enclosure of elecirical equipment such as a heater or resistor
from exceeding the following temperatures:
(1) 90 °C under normal conditions, and
(i) 115 °C under fault conditions.
Where materials such as dust or libres sufficient to cause a fire hazard could accumulate on an enclosure of

electrical equipment, adequate measures shall be taken to prevent an enclosure ol electrical equipment from
exceeding the temperatures stated above.

NOTE: Luminaires marked are designed to provide limited surlace temperature.

422.3.3 Switchgear or controlgear shall be installed outside the location unless:
(i} itis suitable for the location, or

(i) it is installed in an enclosure providing a degree of protection of at least 1P4X or, in the presence ol dusy, 1P5X.
422.3.4 A cable shall, as a minimum, satisfy the test under fire conditions specilied in BS EN 60332-1-2,

A cable not completely embedded in non-combustible material such as plaster or conerete or ctherwise protected
from fire shall meet the flame propagation characteristics as specified in BS EN 60332-1-2 .

A conduit system shall satisfy the test under fire conditions specified in BS EN 61386-1.

A cable trunking system or cable ducting system shall satisfly the test under fire conditions speeificd in BS N 50085,
A cable tray system or cable ladder shall satisfy the test under [ire conditions specilied in BS EN 61537,
Precautions shall be taken such that the cable or wiring system cannot propagate flame.

Where the risk of Mame propagation is high the cable shall meet the Mame propagation characteristics specilicd in
the appropriate part of the BS EN 30260 series.

NOTE: The risk of flame propagation can be high where cables are bunched or installed in long vertical runs,

422.3.5 A wiring system which passes through the location but is not intended to supply electrical equipment
in the location shall:

(i) meet the requirements of Regulation 422.3.4, and

(i) have no connection or joint within the location, unless the connection or joint is installed within an enclosure
that does not adversely afTect the flame propagation characteristics ol the wiring system, and

(i) be protected against overcurrent in accordance with the reguirements of Regulation 422.3.10, and

{iv} notemploy bare live conductors.
422.3.6 Not used.

422.3.7 A motor which is automatically or remotely controlled or which is not continuously supervised shall
be protected against excessive lemperature by a protective device with manual reset. A motor wilh star-delta
starting shall be protected against excessive temperature in both the star and delta conligurations.
422.3.8 Every luminaire shall:
(i) be appropriate for the location, and

(i) be provided with an enclosure providing a degree ol prolection of al least IP5X, and

(iii) have a limited surface temperature in accordance with BS EN 60598-2-24, and

{iv} be ofa type thal prevenis lamp components from falling from the luminaire.



422.4.5 Cables and cords shall comply with the requiremenis of’ BS EN 60332-1-2,

42246 Conduit and trunking systems shall be in accordance with BS EN 61386-1 and BS EN 50085-1
respectively and shall meet the fire-resistance tests within these standards.

422.5 Fire propagating structures

The requirements of this regulation shall be applied in addition 1o those of Section 421 in locations where CB2
conditions exist.

CB2 conditions relate te the propagation ol fire and exist where a building has a shape and dimensions which
facilitate the spread of fire (e.g. chimney effect). such ns high rise buildings or where a building has a forced
ventilation system.

(Refer to Appendix 5.)

NOTE: Fire detcctors may be provided which ensure the implementation of measures for proventing propagation of fire, for
example, the closing of fire-proof shutters in ducts, troughs or trunking.

422.5.1 In structures where the shape and dimensiens are such as will [acilitate the spread of [ire, precautions
shall be taken 10 ensure that the electrical installation cannot propagate a fire (e.g. chimney eflfeet).

422.6 Selection and erection of installations in locations of national, commercial,
industrial or public significance

The requirements of Regulation 422.1 shall apply to locations that include buildings or rooms with assets of
significant value. Examples include national monuments, museums and other public buildings. Buildings such as
railway stations and airports are generally considered to be of public significance. Buildings or facilitics such as
laberatories, computer centres and certain industrial and storage facilities can be of commercial or industrial
significance.

The following measures may be considered:
(i) Installation of mineral insulated cables according to BS EN 60702
(iiy Installation of cables with improved fire-resisting characterislics in case of a fire hazard
(iiiy Installation of cables in non-combustible solid walls, eeilings and Noors
(iv) Installation of cables in areas with constructional partitions having a fire-resisting capability Tor a time ol 30

minutes or 90 minutes, the latter in Tocations housing staircases and needed lor an emergency escape.

Where these measures are not practicable improved [lire protection may be possible by the use ol reactive [ire
protection systems.

423 PROTECTION AGAINST BURNS

423.1 Excepting equipment for which a Harmonized Standard specilies a limiting emperature, an
accessible part of fixed electrical equipment within arm’s reach shall not attain a temperature in excess ol the
appropriate limit stated in Table 42.1. Each such part of the fixed installation likely (o atain under normal load
conditions, even for a short period, a temperature exceeding the appropriate limit in Table 42.1 shall be puarded so as
to prevent accidental contact.

TABLE 421
Temperature limit under normal load conditions for an
accessible part of equipment within arm's reach

Accessible part Muterial of Maximum
accessible surfaces temperature (°C)
A hand-held part Metallic 55
Non-metallic 65
A parl inlended o Metallic 70
be touched but Non-metailic %0

not hand-held

A part which need Metallic 80
not be touched MNon-metallic 90
for normal pperation




where:
t is the duration in seconds
S is the cross-sectional area of conductor in mm?

I is the effective fault current, in amperes. expressed for a.c. as the rms value, due account being aken of the
current himiting effect of the circuit impedances

k is a facior taking account of the resistivity, iemperature coelficient and heat capacity of the conductor
material, and the appropriate initial and final temperatures. For common materials, the values of k are
shown in Table 43.1.

TABLE 43.1
Values of k for common materials, for calculation of the effects of fault current
for disconnection times up to 5 seconds

Thermoplastic Thermosetting Mineral insulated
Conductor - .
insulation a0 N o . Thermoplastic Bare
90 °C mec 90 °C 60°C sheath (unsheathed)
Conductor | 300 mm?2 | = 300 mm? | <300 mm? | > 300 mm?
Cross-
sectional area
Initial 90 °C 70°C | 90°C 60 °C 0°C 105 °C
lemperature
Final 160 °C 140°C 160 °C 140 °C 250 °C 200 °C 160 °C' 250 °C
lelﬂl)\“_'l‘ﬂil]l'e
Copper k=100 k=86 k=115 k=103 k=143 k=141 k=115 k=135/115"
conductor
Aluminium k=066 k=57 k=76 k=068 k=94 k=493
conductor
Tin soldered k=115 k=113 k=113 k=113 =115 k=115
joints in
copper
conductors

# This value shall be used for bare cables exposed to touch.

NOTE 1: The rated current or current setling of the [ault current protective device may be greater than the currenl-carrying
capacity ol the cable.

NOTE 2: Other values of'k can be determined by reference to BS 7454,

434.5.3 For a busbar trunking system complying with BS EN 60439-2 or u powertrack system complying

with BS EN 61534, one of the lollowing requirements shall apply;

(i) The rated short-time withstand current (lew) and the rated peak withstand current ol a busbar trunking
system or powertrack system shall be not lower than the rms value ol the prospeetive Taull current and the
prospective fault peak current value, respectively. The maximum time for which the Iuw is defined for the
busbar trunking system shall be greater than the maximum operating time of the protective device

(i1} The rated conditional short-circuit current of the busbhar trunking system or powertrack system associuted
wilh a specific protective device shall be not lower than the prospective fault current.

435 CO-ORDINATION OF OVERLOAD CURRENT AND FAULT CURRENT PROTECTION

435.1 Protection afforded by one device

A proteclive device providing protection against both overload current and fault current shall Tulfil the requirements
of the relevant regulations in Sections 433 and 434.

Except as required by Regulation 434.4 or 434.5.2, where an overload protective device complying with Regulation
433.1 is lo provide faull current protection and has a rated short-circuit breaking capacity not less than the value of



Table 52.1 — Maximum operating temperatures for types of cable insulation

Type of insulation Temperature lmit?
Thermoplastic 70 °C at the conductor
Thermosetting 90 °C at the conductor ®
Mineral { Thermoplastic covered or bare exposed to touch) 70 °C at the sheath
Mineral (bare not exposed 1o touch and not in contact with combustible 105 °C at the sheath P ©
material)

& The maximum permissible conductor temperatures given in Table 52,1 on which the tabulated current-carrying
capacities given in Appendix 4 are based, have been taken Irom 1EC 60302-1 and BS EN 60702-1 and are sh.mv:\
on these tables in Appendix 4.

® Where a conduclor operates at a temperature exceeding 70 °C it shall be ascertained that the equipment
connected te the conductor is suitable for the resulting temperature at the connection.

© For mineral insulated cables, higher operating temperatures may be permissible dependent upon the temperature
rating of the cable, its terminations, the environmental conditions and other external influences.

NOTE: For the temperature limits for other types of insulation, refer 1o cable specilication or manufaciurer.

523.2 The requirement of Regulation 523.1 is considered to be satisfied il the current lor non-sheathed and

shealhed cables does not exceed the appropriate values selected from the tables of current-carrying eapacity given

in Appendix 4 with reference to Table 4A2, subject to any necessary rating factors,

NOTE: The current-carrying capacities given in the Tables are provided for guidance. It is recognised that there will be some
tolerance in the current-carrying capacities depending on the environmental conditions and the precise construction ol
the cables.

523.3 The appropriate value of current-carrying capacity may also be determined as described in BS 7769
series (some parts of the BS 7769 series are now numbered BS [EC 60287 scries, eventually all parts will be
renumbered), or by test, or by calculation using a recognised method, provided that the method is stated. Where
appropriate, account shall be taken of the characteristics of the Toad and, for buried cables, the effective thermal
resistance of the soil.

523.4 The ambient temperature shall be considered to be the temperature of the surrounding medium when
the non-sheathed or sheathed cable(s) under consideration are not loaded.

523.5 Groups containing more than one circuit

The group rating factors, see Tables 4C1 o 4C5 of Appendix 4, are applicable to groups ol non-sheathed or
sheathed cables having the same maximum operating temperature.

For groups containing non-sheathed or sheathed cables having different maximum operating temperatures, the
current-carrying capacity of all the non-sheathed or sheathed cables in the group shall be based on the lowest
maximum operating temperature of any cable in the group together with the appropriate group rating lactor,

If, due o known operating conditions, a non-sheathed or sheathed cable is expected to carry a current not greater
than 30 % of its grouped current-carrying capacity, it may be ignored for the purpose of obtaining the rating factor
for the rest of the group.

523.6 Number of loaded conductors

523.6.1 The number of conductors te be considered in a circuit are those carrying load current, Where
conductors in polyphase circuits carry balanced currents, the associated neutral conductor need not be taken into
consideration. Under these conditions a four-core cable is given the same currenl-carrying capacily as a three-core
cable having the same conductor cross-sectiopal area for each line conductor. The neutral cenduclor shall be
considered as a loaded conductor in the case of the presence of third harmonic current or multiples of the third
harmanic presenting a total harmonic distortion greater than 15% of the fundamental line current.

523.6.2 Where the neutral conductor in a multicore cable carries current as a result of an imbalance in the
line currents, the temperature rise due to the neutral current is offset by the reduction in the heat generaled by onc or
more of the line conductors. In this case the conductor size shall be chosen on the basis of the highest linc current,

In all cases the neutral conductor shall have a cross-seclional area adequate to afford compliance with Regulation
523.1.



559.2 Not used
559.3 Outdoor installation
An outdoor installation comprises one or more luminaires. a wiring system and accessories.

The following are included:

(i) Lighting installations such as those for roads, parks. car parks. gardens, places open 1o the public, sporting
areas, illumination of monuments and floodlighting

(i) Other lighting arrangements in places such as telephone kiosks, bus shelters. advertising panels and town plans
(iily Road signs and road traffic signal systems.

The following are excluded:
(iv) Equipment of the owner or operator of a system for distribution of electricity to the public
(v) Temporary festoon lighting.

559.4 General requirements for installations
NOTE: See Table 55.2 for an explanation of the symbols used in luminaires, in control gear for luminaires and in the

installacion of [uminaires.

559.4.1 Every luminaire shall comply with the relevant standard for manufacture and test of that luminaire
and shall be selected and erected in accordance with the manufacturer’s instructions.

559.4.2 For the purposes of this section, luminaires without transformers or convertors but which are fited
with extra-low voltage lamps connected in series shall be considered as low voltage equipment not extra-low voltage
equipment.

559.4.3 Where a luminaire is installed in a pelmet, there shall be no adverse effects due 1o the presence or
operation of curtains or blinds.

559.4.4 A track system for luminaires shall comply with the requirements of BS EN 60570.
559.5 Protection against fire
559.5.1 General
In the selection and erection of a luminaire the thermal effects of radiant and convected energy on the surroundings
shall be taken into account, including:
(i) the maximum permissible power dissipated by the lamps
(ii) the fire-resistance of adjacent material
- at the point of installation, and
~ in the thermally affected areas

(iii) the minimum distance 1o combustible materials, including material in the path ol a spotlight beam.
559.6 Wiring systems
559.6.1 Common rules
559.6.1.1  Connection to the fixed wiring

At each fixed lighting point one of the following shall be used:
(i) A ceiling rose to BS 67
(i1) A luminaire supporting coupler to BS 6972 or BS 7001
(1i1) A batten lampholder or a pendant set to BS EN 60598
{iv) A luminaire to BS EN 60598
(v) A suitable socket-outlet to BS 1363-2, BS 546 or BS EN 60309-2
(vi) A plug-in lighting distribution unit to BS 5733
(vii) A connection unit to BS 1363-4
(viil) Appropriate terminals enclosed in a box complying with the relevant part of BS EN 60670 series or 35 4662
(ix) A device for connecting a luminaire (DCL) outfet according to IEC 61995-1.

NOTE: In suspended ceilings one plug-in lighting distribution unit may be used for a number of luminaires.



559.7 Independent lamp controlgear, e.g. ballasts

Only independent lamp controlgear marked as suitable for independent use, according 1o the relevam standard, shall
be used external to a luminaire.

Only the following are permitled to be mounted on flammable surfaces:

(i) A “class P” thermally protected ballast{s)transformer(s), marked with the symbol:

(i} A temperature declared thermally protected ballast(s)/transformer(s), marked with the symbol:

with a marked value equal to or below 130 °C.
NOTE: The generally recognised symbol is of an independent ballast of EN 60417:

O

Compensation capacilars having a total capacitance exceeding 0.5 pf shall only be used in conjunction with
discharge resistors. Capacilors and their marking shail be in accordance with BS EN 61048,

559.8 Compensation capacitors

559.9 Stroboscopic effect

In the case of lighting for premises where machines with moving parts are in operation, consideration shall be given
to stroboscopic effects which can give a misleading impression of moving parts being stationary, Such effects may
be avoided by selecting luminaires with suitable lamp controlgear, such as high fiequency controlgear, or by
distributing lighting loads across all the phases of'a threc-phase supply.

559.10 Requirements for outdoor lighting installations, highway power supplies and street
furniture

559.10.1 Protective measures: Placing out of reach and obstacles
The protective measures ol placing out of reach and obstacles shall not be used.

Except where the maintenance of equipment is to be restricted to skilled persons who are specially tained, where
items of street furniture are within 1.5 m of a low voltage overhead line, basic protection of the Jow voltage
overhead line shall be provided by means other than placing out of reach.

559.10.2 Protective measures: Non-conducting location and earth-free local equipotential bonding
The proteclive measures non-conducting location and earth-free local equipetential bonding shall not be used.
559.10.3  Protective measure: Automatic disconnection of supply

559.10.3.1  Where the protective measure automatic disconnection of supply is used:

(i) all live parts of electrical equipment shall be protected by insulation or by barriers or enclosures providing
basic protection. A door in street furniture, used for access 1o electrical cquipment, shall nol be uscd as a
barrier or an enclosure

(i) for every accessible enclosure live parts shall only be accessible with a key or a tool, unless the enclosure is
in a location where only skilled or instructed persons have access

(iii) a door giving access to electrical equipment and located less than 2.50 m above ground level shall be locked
with a key or shall require the use of a 100l for access. In addition, basic protection shall be provided when
the door is open either by the use of cquipment having at least a degree of protection of IPZX or IPXXB by
construction or by installation, or by installing a barrier or an enclosure giving the same degree of
protection

(iv) for a luminaire at a height of less than 2.80 m above ground level, access o the light source shall anly be
possible afler removing a barrier or an enclosure requiring the use of a tool

(v} for an outdoor lighting installation, a metallic structure (such as a fence, grid ete.), which is in the proximity
of but is not part of the outdoor lighting installation need net be connected to the main earthing terminal.

147
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709.512.2.1.3 Presence of corrosive or polluting substances (AF)

Fguipment installed on or above a jeuy, wharf, pier or pontoon shall be suitable for use in the presence of
atmospheric corrosive or polluting substances (AF2). i hydrocarbons are present, AF3 is applicable.

709.512.2.1.4 Impact (AG)

Fauipment installed on or above a jetty. whari, pier or pontoon shall be protected against mechanical damage
(Impact of medium severity AG2). Protection shall be afforded by one or more of the following:
(i} The position or location selected to avoid being damaged by any reasanably foreseeable impact
i) The provision ol focal or general mechanical protection
(i) Installing cquipment complying with a minimum degree ol protection for external mechanical impact [KO8
(sec BS EN 62262).

709.521 Types of wiring system
709.521.1 Wiring systems of marinas

702.521.1.4 The following wiring systems are suitable for distribution circuits of marinas:

(i) Underground cables

tiy) Overhead cables or overhead insubited conductors

(i1t} Cables with copper conductors and thermoplastic or elastomeric insulation and sheath installed within an appropriate
cabie management system faking mlo account external influences such as movement, impact, corrosion and
ambical emperatire

(iv)  Mineral-insulated cables with a PVC protective covering

(v} Cables with armouring and serving of thermoplastic or elastomeric material

(vi}  Other cables and materials that are no less suitable than those Hsted above.

709.521.1.5 The loHowing wiring systems shall not be used on or above a jetty, wharf, pier or pontoon:
(i} Cables i free nir suspended from or incorporating a support wire, e.g. as installation methods Nos. 35 and 36
in Tabie 4A2
(ii)  Non-sheathed cables in conduit, trunking cic.. e.g. as installation methods Nos. 4 and 6 in Table 4A2
tiii)  Cables with aluminium conductors
(iv)  Mincral insulaled cables.

709.521.1.6 Cables shati be selected and instafted so that mechanical damage due to tidal and other movement of
floating structures is prevented.

Cable management systems shall be installed to allow the drainage of water by drainage holes and/or installation of
the equipment on an incline.

709.521.1.7 Underground cables

Underground distribution cables shall, unless provided with additional mechanical protection, be buried at a
sullicient depth o avoid being damaged. ¢.g. by heavy vehicle movement.

NOTE: A depth of 0.5 mis generally considered as a minimum depth to fuldil this requirement.

709.521.1.8 Overhead cables or overhead insulated conductors

All overhead conductors shall be insulated.

Pales and other supports Tor overhead wiring shall be located or protecled so that they are unlikely to be damaged
by any loresecable vehicle movement.

Overhead conductors shall be at a height above ground of not less than 6 m in all areas subjected to vehicle
mavement and 3.5 moin atl other areas.

709.531 Devices for fault protection by automatic disconnection of supply

709.531.2 RCDs

Socket-outlets shall be protected individually by an RCD having the characteristics specified in Regulation 415.1.1.
Deviees seleeted shall disconnect all potes. including the neutral.

Final eircuits intended Tor fixed connection for the supply to houseboats shall be protected individually by an RCD having
¢s specilied in Regulation 415,11, The device selected shall disconnect all poles, including the newtral.

the characterns
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Development Near Overhead Lines
S14 Power lines: facts on EMFs
1 Terminology
This paper (and all SAGE work) distinguishes “overhead line” and
“underground cable”. “Line” and “cable” used on their own should
usually be understood as “overhead” and “underground” respectively and

a “power line”” should similarly be understood to be overhead.

An overhead line is hung from “wooden poles” or “pylons”. “Pole” used
on its own would mean a wooden pole. A “pylon” is a lattice steel
structure. The electricity industry uses the term “tower” synonymously
for what i1s commonly referred to as a “pylon”; this paper uses the better
understood term “pylon” but occasionally a “tower” may be encountered

in existing literature.

The length of line between two adjacent poles or pylons is a “span”. The
height of the lowest part of the span (ie the lowest conductors at the

lowest point of their sag) is the “clearance” or “ground clearance”.

Distinctions such as “high voltage” v. “low voltage” and “transmission” v.
“distribution” are always difficult and have no universal definition,
despite what some people will insist. Broadly, in the context of this paper,
in the UK, 400 kV and 275 kV overhead lines and underground cables are
clearly “transmission” or “high voltage”. 400 V, 11 kV, 33 kV (and the
less common voltages 22 kV and 66 kV) are almost always “distribution”

and are usually “low voltage”. 132 kV, unfortunately, can be either.

A “grantor” is a person (or company or public authority) who owns land
over which an overhead line passes (the overhead line “oversails” the
land) including land where a pole or pylon is. The line is present by

means of a legal agreement (wayleave or easement, explained in



Supporting Paper S16).

Therefore, the landowner who grants this agreement for the line is the

“grantor”.
2 Lengths of power lines in the UK

The last year for which statistics collated across the UK are readily
available is 1989, the last year of the nationalised industry. For that year,
Table 5.1 gives the figures:

Table 5.1: lengths of electricity lines and underground cables in 1989 in England and Wales

Voltage Circuit km Route km
g Overhead Underground Overhead Underground
400 kV 9520 303 5258 160
275 kV 3626 444 1584 433
132 kv 16927 2558
66 kV 3289 1137
33kv 22213 13137
22 kV 5576 2541
11 kV 131913 95170
other over 650 V 2059 16442
under 650 V (ie
mainly 400 V 63278 245541
distribution)

These figures are for England and Wales. Figures for Scotland are
available but have not been included here.

The majority of these figures are for “circuit km”. As many lines,
particularly at the higher voltages, comprise two circuits on the same
pylons or poles, the “route km” are smaller, but the more useful “route
km” figures are, unfortunately, not so readily available. The ratio of
(circuit km)/(route km) for the National Grid is 1.9 and is assumed to be

less at lower voltages.
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5.4 The best-available option for obtaining significant exposure

Reduction

To reduce exposures significantly, beyond what the two options described

in Section 5.3 would achieve, we have identified a range of variants of an

option regarding physical separation of buildings from power lines.

Beyond our two recommendations, we urge Government to make a clear

decision either to implement or not to implement one of the variants of

this option. We have not identified any realistic alternative choices.

This range of options is shown in Table 5.1 (below).

Table 5.1

Precautionary Action

Implementation

Characteristics

uonnesaad Buiseadoul yum suondo jo abuey

Do nothing; no
change to existing
situation

No legislation,
regulation or
voluntary codes
needed

@ No cost

® Likely continuing dispute

® Potential political fallout and unrest
® No reduction in exposure levels

Provide information

No legislation or
regulation needed

® Demonstrates acceptance of desirability of
reducing exposures

® Enables people to make a choice

® Could either allay or increase public
concern

® |ow cost

® Does nothing directly to reduce exposures

No new overhead
lines built close to
existing buildings (eg
within 60 m)

Voluntary code
by industry

® Demonstrates acceptance of precautionary
principle by industry

@ Starts to reduce new exposures (but not by
muchin practice as voluntary action likely
to belimited)

® Significant cost

® Not enforceable

® Development still happens close to lines

DTI policy

® Demonstrates acceptance of precautionary

® principle by Government

® Largely enforceable but
flexibility

with some

DTI regulation or
legislation

® Enforceable with no flexibility

No new land allocated
for residential
development in local
plans

DCLG (formerly
ODPM)
Planning Guidance

® Costs lower than next option because less
land affected.

® Benefits lower than next option because
less land affected.

No new residential
build close to existing
lines (eg within 60 m)

DCLG (formerly
ODPM)
Planning Guidance

@ Starts to reduce new exposures

® Takes land out of residential use

@ Significant compensation costs

® Largely enforceable with some flexibility
® Likely legal challenges by developers




® Takes land out of residential use
Fombi“;‘“o” of no new DTI g%':fép'us ® Significant compensation costs
rler;?;ear?tia?(t)ﬁi(legvclose formerly oDPM) | ® Largely enforceable with some flexibility
to each other (eg within planning ® Likely legal challenges by developers
60 m) guidance ® Reduces both sorts of new exposure but
does not address existing situations
® Takes land out of residential use
Combination of no new ® Significant compensation costs
lines and no new DTI po“cy p|u5 ([ ] Largely enforceable with some erXIbIIIty
residential build close DCLG ® Likely legal challenges by developers
to each other (eg within (formerly ODPM) | @ Extends precaution beyond the home
60 m), but extended to planning ® Raised concern about existing schools
some non-residential guidance close to lines
buildings, eg schools ® Reduces both sorts of new exposure but
does not address existing situations
As previous row plus ® Compulsory eviction and/or demolition of
taking action on Legislati properties
- egislation -
existing homes close to ® \/ery large costs and public disturbance
lines as well ® Reduction in present exposure
As above but
Any of abc_>ve extended ® To greater extent
to larger distances, eg As above . . .
200 m or 600 m ® | arger fraction of the situations producing
exposure addressed

We have identified from this range the following option (the “corridors
for new build” option) as the best available precautionary intervention for
obtaining significant reduction in exposures from power lines. This is the

shaded option in the table.

We describe this option here, then in the next section we discuss whether
or not it is sufficiently attractive to be implemented. Please note that the
description of how the option could be implemented and its consequences
must not be taken to carry any implication either way as to whether it

should be implemented; our conclusion on that is in Section 5.5.

In summary, the option is to stop building any new buildings for
residential use (and some other uses including schools) within specified
distances of overhead power lines, and to stop building new overhead
power lines within the same specified distances of existing such
buildings.

It avoids future exposure that would otherwise occur, but does not reduce

present exposures. It therefore makes a difference to the situations we



identified as “new lines, existing homes” and “existing lines, new homes”,

but does not make a difference to “existing homes, existing lines”.

We considered the alternative of expressing the restriction in terms of the
magnetic field rather than the distance from the power line (see
Supporting Paper S20). This would relate more directly to the health
evidence, but would cause immense problems to implement in practice.
We recognise views either way, but overall, for practical reasons, we
consider any restriction is best expressed in terms of a distance derived
from the field.

We consider the distances concerned should be:

Horizontal distance at ground level

Voltage of line from centerline to nearest part of
building
275 kV and 400 kV 60 m
66 kV, 110 kV and 132 kV 30 m

Provisionally, no restriction (see
6.6 KV, 11 kV, 22 kV and 33 kV* | Supporting Paper S20 for an
explanation of this)

400 V No restriction

It would be possible to choose larger distances, providing greater
protection against any possible health effect but at increasing cost, or
smaller distances, providing lesser protection but at less cost. (Even a
distance which would remove all homes from a level of 0.4 uT would not
necessarily remove all possible risk, as this is not a precise threshold.) We
consider that, if this option were to be implemented, the distances we
have given are the optimum, but in Supporting Paper S20 we provide

information to allow alternatives to be assessed.

A variant of the option would be simply to prevent any new land (within
the same distances) being allocated in Local Plans for residential

development; we discuss this in Supporting Paper S19 Section 1.3.



If underground cables were used instead, there would need to be an
equivalent distance, smaller than for overhead lines, but this would need
to be calculated on a case-by-case basis. For cables sufficiently deep, no

restriction would be needed.

The buildings affected would be, in essence: residential dwellings;
schools (for children up to age 15), other childcare facilities where
children spend a substantial fraction of the week; hotels and the like; and
holiday facilities. In formal terms, these would be defined in terms of the
Town & Country Planning (Use Classes) Order 1987 as Classes C1, C2,
C3, and D1 (ideally parts b and c only)l, plus any “sui generis uses” (a

defined term in the Order) that meet the broad objective.

The justification for this selection of buildings, given in detail in
Supporting Paper S3, relates to the epidemiological evidence. The aim is
to include buildings where people spend long periods of time, using
overnight stays as an indicator of this. For children, where there is the
greatest priority for protection, the net is cast wider, and hence schools
etc are included. For adults, the restrictions are more relaxed, hence
workplaces are not included. The Use Classes used in planning law do
not correspond exactly to the uses we would ideally define (see
Supporting Paper S3), but we consider that using these existing

definitions is nonetheless the best approach.
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