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Preface

The power sector in the country 1s on & ransformation track in all aspects. The state of Kerala too has
kept the empo of ransformation with enthusiasm. The Electrical Inspectorate Depaniment has made a
significant contrbution to the standardisation and enforcement of safety standards in the nation's and stafe's
poer sector.

The introduction of Electricity Act 2003 has brought in sea changes in the power sector. Subordinate
legislations were browght in conforming to the Act. All these reformed staties and standards necessitated ne-

defining of the prevailing guidelines for power sector of the state,

Taking stock of all the technicalities of the emerging energy sector, committae was formed jor updating
the guidelines to be followed in the power sector, The commires was made up of representanves from
KELCON, HTIEHT consumer association, PWD-Electrical wing, Mational Safety councll and Deparment
officials including retired officials. Also, comments from general public were invited to offer thesr suggastions for
designing a robust set of guidelines for the safe and efficient functioning of the power sector. Valughle
suggestions were offered by all the stakeholders,

Henceforth a ser of guideines were prepared and submitted m e government for scrutimy and
approval. On being given approval for the proposals, the department is publishing the guidelines for the benefs
of all the stakehaolders in the state.

This recommendaton may be updaed from tme 1o tme In accordance with the laest standards and
requlations.

I would ke to acknowledge the contributions made by all the commitiee members,

Chiet Electrical Inspector
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1. Extra High Voltage Substations

|

| Acircutt breaker of adequate rating shall be provided mmediately after the point of
| commencement of supply. (Regulation 35(2) ()|

2.

| Gircuit breakers of adequate rating shall be provided both at primary and secandary side of all
transformers except Unit Auxikary transformers and Generator transformers (Regulation 35

@By &gey

73

Minimum safely working clearance shall be provided for bare conductors and live parls as
shown in table 1. Values given in table are far locafions of aftitudes up to and including 1000m,
A correchon factor of 1.25 percant per 100m. & to be applied for increasing the clearance for
altitudes mare than 1000m. and up to 3000m. The safety working clearance s based on an
insulation height of 2.44m, which is the height of the lowest paint on the nsulator (where it
meets the earthed metal) f from the : ground. Regulation 44(2)in)

Oil soak pit shall be provided for apparatus having more than 2000 lifres of ol and all draining
facity shall be provided if il content in any one oil tank, receptacle or chambar i& mare than
| 9000 litres, Requlation 442 )ivii|{b|

All the fransformers and switch gears shell be maintsined in accordance wih the
maintenance schedule given in the relevant code of pracice of BIS as required under
Regulation 44{2) (vi){d) and the Safety Officer under Regulation 5 shall kees a record
thereof and shall be made available to the Elecirical Inspector a3 required under Regulation

5(4).

For a Sub stafion or Smt&nn-g station where apparatus having mere than 2000 litres of oil i
installed, it should be ensured that adequate fire protection arrangement for quenching the fire
| in the apparatus is provided. Regulation 44(2){vii)

| For transformers of 10MVA and above rabng or in case of ol flled transformers with od
capacity more than 2000 |dres are provided fire fighling system as per1S 3034/1993 o
nitrogen injection fire protection system shall be provided. Transformers freactors of 220kV &
above shall be provided with bath. (Reguiabion 44{2){ix} , Technical Standards for Construction
of Eleckrical Planis and Eleckic Lines) Regulations, 2010 - 43(3) (b))

Cable trenches shall be filed with sand or pebbles or shall be covered with non-infammable
| slabs Regulafion 44(2){ai)

Al apparatus shall be protected against lightning and apparalus exceeding Z20KV shall also
be protected against switching over voltages. Regulation 44(3)

10

lsolators and e controliing circut breakers shall be intedocked so that isolators cannot be
cperaled when the cireuit breaker is in closed position, Regulation 45( 1))

11.

Isolators and fhe comesponding ‘earthing switches shall be interflocked in such & way that
earthing switch can be dosed anly if Bolalor is open. Regulation 45(1)(i)

12

When two or mare transformers operate in parallel, system shall be aranged so as lo tnp the
secondary breaker of a transformer in case the primary breaker of thal transformer trips
Requlatian 45(1)(w)

13

Minimum protections as shown below shall be provided for lines, fransformers, reactors and
bus bars,
(Central Electricity Authority (Technical Standards for Construction of Blectrical Plants and
Electric Lines) Regulations, 2010 )
| (1) Transmission Lines
a) Distance protection relays
b) Ower current and earth faulf relays
c) Ower voltage, two stage - above 220kV
d) Autc reclosing -
= 220KV & above — single phase & three phase

]




Technical guidelines (Department of Electrical Inspectorate, Kerala)

. « GEKV to 132KV - three phase
' (2) Transformers (EHV)

a) Differential

b) REF

c) Over fluxing - 132V & above

d) Ower current & Earth Fault at HV. & L.V. side. Befter to have both insiantaneous and
IDMT elements in primary side for short Circud protection.

e) Buchholz & winding and oil temperature alarm and tripping & MOG with alarm, O5SR,
PRD & Swge amestor on both primary and secondary side located outdoor and
connected to overhead ines.

fy Terbary winding protecton - 132kV & above

g) Owver load alarm - 132kV & above

h) over voltage protechian if aulomatic on load tap changing s adopled, ( prateckion
against out of slap tap changing)

| (3) Reactors —400kY & above

a) Differential

b) REF

c) OCEEF

| d) Buchholz & WT! and OTI & MOG with alarm, & Surge arrestor | if requirad)
| (4) Bus bar proteciion
a) High speed differential protechion with local breaker back up for 220KV & above

14. | Over current and earth fault relays having high set elements shall be provided for HV feeders

15. | Every generating station and sub-station connected o the grid al 220kV and above shall be
provided with disturbance recording and event logging faciiies and all such eguipment shall
be provided with fime synchronzation faciity for ghobal common fime reference but wherever
numencal relays with provision of recording fault data are installed disturbance recorder and
event logoer may nok be inslalled,

There shall be no tapping of anclher transmession line from the main lne of feeders of GGV
and above class offines.

17. | Failures of transformers and reaciors of 20MVA and above shall be reporied fo the Elecincal
Inspector and Central Bledineity Authority within 48 hours of occurrence of the failure.
Reasons for falure and measures taken o prevent it in future shall be reporied o Elecinical
Inspector and Ceniral Eleckricity Authorily within one manth. Regulalion 46(8)

18. | Earth mat shall be provided m EHV substabons to limit fouch-voltage and step vollage to
tolérable and safe velues. Requiation 48

189. | Fire buckets filled with sand, fire exBnguishers and first aid boxes, arlificial respiration charts
elc shall be provided in substation. If transformer capacity is SMVA and above gas masks shall
alko be provided. Arificial respirator shall also be provided in every manned substation.
Regulation 27, 28

Fencing shall be provided for ouldoor substations. Regulation 12

Breakers in the yard shall have remote and local operation faciity.

| All outgong feeders shall be controlled by broakers.

20

21 .

22 | I there is mare than one incomer, isolators shall be provided at both sides of lina breakers
23

24

45 mm of Granite jelly size shall be spread to & thickness of 130 mm uniformiy in the yard and
extended to a minimum width of 1m cutside the fencing.

25. | Separate cable frenches shall be prowided for power cables and control cables. f not possible
these shall be kaid in same cable trench in different racks.

26| Battery mom shall be separated and only flame procf fitings shall be used thre if lead acid
| type batteres are used. Exhaust fan shall be provided {section 6.4.13 of |5 3034-1993)

3
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Breaking cument rating of breakers shall be minimum 31.5kA for 66 & 110k and 40kA for
220kV & above —Regulation 41(1)

| Earhing system shall be designed for faulf current of minimum 31.5kA for 86kV & 110KV and

| 40kA for 220k & above ~ Regulation 42(5)

Surge arestors shall be provided with surge counters & leakage cwrent monifors -
Regulation 43(2)(g)

| Disconnectors of 220kY & above shall have provision for remote & manual operafion. Only
Incal uperathﬂ [ mcmndad for E-'arthin swilches. = Reguiation 43{2}{d]

_ | Smoke detectors with alarm shall be provided in control room Hegulahnn 43(3]:!::‘,u:|u]

| Ol evacuating, filtering, testing and filling apparatus shall be prowided. - Regulation 43(3)(e)
| SF6 filing, evacuation, fillering, &mny:hr-g plant shall be prw-ded Ft-agulaﬂ::n 43031

| PLCC shall be provided for each transmission line of 132kV & above. - Regulafion 43(d){g)

Diagnostic equipments like dissolved gas analyser, winding resistance meter, frequency
response analyser, capacdance & tan-della measunng units. conlact resistance meter,
leakage curent monitor, relay test kit et shall be provided in sub-stations of 132kV & above. -
Requlabon 46

2. Transformer Installations

2.1.0utdoor Transformer Installations ( 11 kV /1 433V )

.I

Minimum clearance between suppliers and consumer's 11 KV structures shall be 3m. F itis 5
m or more they should be braced together both at top and middie.

2. | Minimum size of RSJ poles shall be 175 x 85 mm. Channels shall be of mmimum 75 x 50 mm.

3. | Phase to phase and phaze ta earth clearances at AB swifch shall be minimum 815mm and
610mm respechvely

4. | Minimum size of 11 kV jumpers shall be Number '0' SWG copper.

5 | Maximum Ieng’d'l of unsupported 11 kV jumpers shall be 2.44 m for solid conductors and 15m
for stranded conductors.

§ | Minimum safety working clearance of 2.6 m shall be maintained for bare conductors and live
parts.

T nghmm arresiors shal be FﬂJ‘ﬂdEﬂ between AB switch and D.O. | HG. fuse,

8. | Group control AB switch shall be pmw:lad for multiple ransformer installafions.

8. | The minimum clearance from ground fo the 11kY bushings of the transformers shall be 26m
for plinth mounted transformer.

10. | AB switch operating handle shall be fived at a height of 1m to 1.25m from ground level and
shal be kept under lock and key

11. | 11 kV AB switch shall be three msulator fype.

12. | 1.8m height fencing shall be provided, keeping & minimum clearance of 1.25m from the
transformer bady/plinth

13. | Minimum clearance between 11 kV up and down jumpers shall be 75 cm.

14. | Cuidoor transformer 15 nol permitted in corporation areas and al the premises of high-nise
apartment buikdings, However outdoor transformers with cable end boxes at both sides and
indoor breaker | SFU at primary side may be permitted judiciously

15. | if two or more fransformess are installed side by side, they shall be separated by fire-

separalion walls. Fire separafion walls are deemed to be adequate from fire-safety point of
view, even if oil capacty of individual ransformers do not exceed 2000lives, and total odl

3
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capacity of all transformers installed side by side excesds 2000 ltres. ( 15 10028 Part 2 |
clause 362},

16

Az par Electrical Transformer (Quafty Controfier) Order, 2014 ofl filled fransformes B an

equipment which requires mandatory IS| marking.

2.2 Indoor Transformer Installations (11 kV [ 433 V)

1

Only dry type fransformess shall be installed inside residenfisl/commercial bulldings.
Fegulation 44(2)vii(e)

2.

il filled transformers are permited outside residential and commercial budldings subject to the .
following condifions.

(a) The substabion building shall be of weatherproof and fire proof construction, Wals shall be
of 355mm thick brick or 230mm thick RCC. If there is any window/door opening towards the
residenfiallcommercial building, there ghall be a fire resstant wall between the substation
buiding and residentialcommercial building keeping & minimum clear distance of 1,5m from
| both the buildings.

A

| il filled fransformers instalied indoors in other than residental or commersial buildings shall |
ke placed al the ground floor o not below the first basement,  Regulation 44(2) (xi)

| ABSF unit /| VCB shall be provided at primary side. At hosptzl premises breaker shall be |
| recommendgd:

Size of cable af 11kV side shall be based on-actual short circwit current but minmum  size shall |
be 150sg.mm AZXFY.

Fite separation walls shall be provided in between il filled transformers. Thickness of the wall 1
shall ba minimum 30¢m (Brick) or 20em (RCC)

d filled transformers shall be segregated from HT and MV switchgears using fite separation |
wall.

il drainage facilify | spak pits shall-be insisted for oil filled ransformers i guantly of ail is |
more than 2000 litres.

All-round clearance shall be provided for indoor transformers. Minimum clesrance fom wals
shall be 1.25m; 1m, 0.75m and 0.5m i walls are provided at 4 sides 3 sides, 2 sides and ane
side respectively. (IS 10028 Part 2 Cl.7.3.1.5)

0.

| Transformers shall be installed at the periphery of the buiding for geting easy access and '
I adequate ventiation

1.

=l

Doors and windows of ransformer ream shall be of non-nflammable materials and the door of |
efeclnical room shall open oltwards.

| Minimum S0cm headroom clearance shall be prcm:led for the transformer. (IS 10028 clause |
7.31.5)

13.

If dry type transformess are installed above ground level in mulbi-storied building, 11kV |
ABSFU/Breaker shall be provided at gound fioor. Strectural filness cerfificate rom a
competent structural engineer shall also be furnshed.

14.

Minimum phase to phase and phase lo earth clearance of bus bars in 11 kV paned shall be 130 |
mm and 80 mm respechively.

13.

Minimum 1.0 melre clear ipan:a shall be available in frant of H.T panel in breaker drawn out
paosition.
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23.
1

Llnrtlsm:l Substation
' Transformer shall be dry type or hermetically sealed typa of rafing below 1000kVA. Switchgear

| attached shall not be ail filled type.

| Transformer and contral gears in the Unitized Sub-Stations shall be clearly segregated using

metallic / FEP bamiers, I the oi filled transformer is used, metallic barrer should be used.,

Earthing swilch if any altached to the 11k ABSF wnit shall be af the oulgoing side. This
earthing swilch and the 11k\V ABSF unit shall be praperly interlocked to prevent accidental
closing of earthing switch when ABSF unit i in ON position.

There shall be proper interlocking to prevent opening of the enclosure of the unit when the
11kV condral gear is in ON' position

There shall be a metallic | FRP barrier between supply incoming live parts and HRC fuse unils

in ABSF unit

The incoming supply shall be connecied to the fied contact of 11k ABSF unat.

The Interconnection between. transformer and control gear shall be with rigid strips/XLPE
insulated conductor of adequate normal current and shart ime current capacity.

Phase to phase dearance of 11k interconnecting strips shall be mismum 13cm and phase o
edrth clearance shail be minimum Gcm,

in the case of off load tap changing transformers, 11kV control gear and tap changer of the
transformer shall be properly intedocked to prevent tap changing when the 11k\ control gear
igin ON position,

10

if potential transformer is i:lrmril:béd_’l'l_tl'ie unit, separate chamber shall be provided for housing

the same.

i1.

| Seal off hmhing&.shall be provided whan 11KV buses passes from ane chamber ko another,

General

1

¥ there are more than one transformer and aggregate transformer capacity prcoeds
1000kVA a circuit breaker of adequate rating shall be provided after point of commencement

| of supply (Requlation 35(2){i))

Minimum 1 Sm clearance shall be pmmde:l oetwean |:Ir5r t].rpa transformer and D.G. sat with
acoustic enclosure

Minimum 2 m clearance shall be provided bebween two dry type lransformers installed in the
saMa rhom, :

Baffle wall of 4 hrs fire rating shall be provided between apparatus having more than 2000
ltres of ail

i) &t consumers’ premises.

(i1} single phasa transformer banks

{illywhere adequale clearance is nol available.” - Regulation 44(2){vii)(a)

Mole = Adequate clearance required according fo clause 711 of 1.5.1846-1997 is a3 given
below

Qil in indivedual transformer Clearance requared (from any building incleding
substation)

2000 Mres to 5000 dres Miramum £ M

5000 litres o 20000 litres BM

Mare than 20000 litres 15 M

5.

6.

| Transtormer installation shall conform to LS. 10028 (Part I1) — 1581.

| Earm:'q shall conform to 1.5.3043 — 2018.

7
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General

7. | Minimum values of insulafion resistance of transformer shall be as given n Table 2

&, | Mimsmurn size of cables laid undenground at secondary side of transformers are given in Table

g | I'l."I|ru11um protections reguired for ransformers of different ratings are given in Table 4.

10. | Transformer ol shall conform to standards given in Table 13.

11, | Maximum rating of 11kV/&33V transformers may be 2500kVA

12. | LV side installation shall conform to 1.5.732 - 2019

13. | Current rafing of 11k, XLPE, cables are given in Table 16 and 17.

14, | For C55 installed afong walk ways play grounds elc . & fenang or barrier with matarials like
wire mesh shall be provided at the distance of 0.75m from CS5. The fencing shall be earfhed
(NBC PartB 52 4 2 1(16)).

15, | MNeufral conductor shall be of the same size as the phase conductor, if friple harmonic curments
are anficpated and shall confiorm to 1S 732-2019.(5.2.6.6)

16. | A comprehensive fire —protection system,  having: delection, - alarm and fife fighting
arrangament, shall be installed for the Sub- stabion and Swilch yan:l in canfarmity with relevant
5. GEA ((Technical Standards. for Construchion of Eleclrical Plants and Elechic Lines),

| Regulations, 2010 43{3)b))

17. | a), Tapping from the overhead HT feeder shall be taken to the'fixed Sontac of the AB Switch
b}, Bucket loop arangement shall be used for tapping. PG clamps shall be used when
conductor materials are different _

c). Double break type AB Switches shall be used when AB Switch is intended fe be used es
interdinkingAB Switch. Conspicuous kdenbification for interlink shall be provided.

18, | Substation shall not be located immediately above or below plumbing waler lanks or sewage
freatment plan wales tanks (Clause 4.2.1.6 of Part 8 NBC |

19, | All door openings of substation, eleckrical rooms, elc, sheuld open outwards. When vertical
shutters (like fire rated rolling shutters, grilled preferably] are used, a single leaf door cpening
outwards for ext in case of emergency should also be provided. For large substabon
reomfelactrical reom having multple equipment, tyvo or more doors shall be provided which
shall be remotely located from cach other
(Clause 4.2 1.7 of Part § NBG)

20, | In case of HY panel and fransformers located at difierent Boors of at a distance mare than 20
m, HV isalator Iremole push bulion with lockable facifity shall be pravided at transformers end

| (Clause 4.2.1.of Part 8 NBC)
21, | In case of main MVILV panel and transformers located at different floors or at a distance more

than 20 m, MLV breaker’SFU having solation faclity shall be provided at transformer end .
{Clause 4.2.1 Part 8 NBC)

2. 4 Fiu'allul ﬂperatlun of Transformers

B

' Identical phase displacement for all transformers,

2. | Same vaollage rabo for all fransformers

3. | Equal percentage impedance, with in permissible tolerance, for all fransformers.

4. | The rated output of smallast transformer in the group shall not be less than 33 percent of the
| rated output of the largest fransformer in the group.

5 | Provided the polarities of the winding correspond transformers with the following connections

operaie safisfactonly in paraliel. Connections in Group A shall not be paralieled with thosa in
Group B.

d
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B. | GroupA-  Starfstar, delta/delta and deflalzig-zag
Group B - Delta'star, star idelta and star/zig-zag

f. | Transformers designed for paralled operafion shal not be regquired fo divide the load within
limits closer than fo permit an individual variation from the rated output of any transformer of
the group amounling fo +10 percent of such raled output when the total load on the group s
aqual ta the sum of the rafed outputs of all the fransformers so connectad

8. | When connecling a new transiormes, care should be taken fb do so in accordance with the
diagram of connections supplied by the manufacturer and of the comedt phase sequence of
the supply.

9 | Reverse power relay shall be provided for transformers. -

10. | The system shall be amanged so as fo Irip the secondary breaker of a transformer in case the

| primary breker of that fransformer trips. Regulation 45(1)(iv)
Table - 1
Minimum Safety Working Clearance for Bare Conductors or Live parts in Outdoor Substation - R 44
_ (2) iii) Schedule VIl
| Highest = System
Vellage. kV 12 : 36 725 145 245 420 800
Safety  working
Clearance =IIT 28T A28 3 3T 43 b4 10.3
(Metrasg) '
Table - 2
Minimum IR values at 309C for new oil filled transformers
Related Voltage <6.6kV 6.6kV-22kV 33V >BBkV 415Volts
Value in Mega Ohms 200 300 400 500 100

.

IR Values in cil-drained condition shall be 15 to 20 times more than thatin cil flled condifion

2. Polarisation index (IR at 10 minutes/R at One minute} shall be more than 15
Tahble - 3
Cables on Secondary Side of Transformers(11k\V/433V)
Capacity of Secondary Current Minimum size of
Transformer AYFY cable
(kVA] |A) (i)
B3 B4 50
100 133.3 05(2*50)
160 233 185(2°95]
200 I 266.6 300(2°120)
250 i 333 (2*185)
35 l 420 (2"300) or{3*185) or equivalent
400 I 533 (3300) or(2*400) or equivalent
500 666 5 {3*400) or (4*240} or equivalent
630 840 (4*400) or equivalent
BOO 1067 Bus bar Trunking/{4*400jsg.mm AZXFY
1000 . 1333 Bus bar Trunking/(4*400jsq.mm YFY
1250 I 1667 Bug bar Trunking/(4*400)sq.mm 2XFY
1600 | 2133 Bus bar Trunking
2000 | 2685 Bus bar Trunking
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Table 4
Protection of Transformers 11kVi433V
Method of | Primary control and Secondary control and protection
Rating | installation protection
MCCR having isolation duty+ and E/F
Up to and release and standby Low set EF relay using CT
nicluding Outdoor | AB. switch, lightning | at neutral earthing conducior or ACB with proper
400k, amestor, 0.0. fuse curent sefting faclity wih 3 OKC and 1 E/F
) release ]
: MCCB having solation duty 3 OC and EIF
Up to and Gﬁg’:zé:'g %Eﬂ:ﬂ releases or ACB with proper cument sefting
ncluding Indoor | { EIF relays preferably facility with 3 0/C and 1 E/ F release, stand by
A00KVA with DG i low set EF relay using CT at neutral earthing
g
ACE draw out fypewith 2 QIC & 1 EF release
Above and stand by low set EIF refay usingCT at
400kVA and Outdoor AB. swich, lightring neutral earthing conducior.
bealow arrestor, 0.0 fuse **Far ransformers up to 630kVA, MCCB(rack
1000k\VA out type) having isolation duly is parmithed
instead of ACB
ACE draw out type with 3 O/IC & 1 EF release
Above ABSF unit or VCB / and standby low set EIF relay using CT at
400kVA and it GCBwith 2 ar 3 QIC neutral earthing conductor.
bl oy and 1 EF relaye with | **Fortransformers up to §30kYA, MCCB(rack
1000k VA LC tnp outtype] having isolation duly 1s permitied
instead of ACB
ACE draw outfype with 2 O/C and
VCBIGCE with 1 EIF release, stand by fow set EIF refay with
2 or 3 0/C relays with CTat neutral eaﬂ'mg ship,. If breaker is
high set elements | incarparated with micro processor based
1000kVA gne ingtantaneous EF | programmable releazes 2 O/Cand 1 EF ralay
and above Inclaor relay, Buchholz relay, may be avoided.
oil* and winding
lemperature relays with| “REF protection relay with primary trip shall be
‘alarmand frip. . pravided for fransformers of rating above
1600k VA

Mote: For ransformers insorpomted with OLTC, O/ relay to be provided ot secondary with primary mip, Oal surgs
relay shall also be provided

3.1 HV Generators

3. Generator Installations

1

\Meutral cf the generator may be earthed through NGR or earthing transformer. NGR shal be
| rated for 10 second or maximum tripping lime on earth fault whichever is higher,

2. |MCB/ GCB with DC tnip shall be provided for generator confrol,
3 | Acouste arrangements shall be provided for generator sets according to CPCB/SPCE norms
4. |Following meters shall be provided in the centrol panel.

| (&)

Ammeters

10
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(b} | Voltmater
| (¢)| Frequency meter
| (d)| kWY meter
(e | KWh meler
()| VA meter
| i) | kVAr meler
| {h) | PF metar

i) | Winding temperature indicator

! {j) | Bearing temperature indicator (above 3MW)

5. |[Following protections shall be provided for HV generators

{a}l _vnlhge resh‘an! EJ-'E relay
(b)| EF Helay

| {¢) | Standby E/F relay using CT in neutral earthing conductor

'(d)| Over voltaga refay.

| {e) | | Under vallage relay

{f) | REF /Difleraniial relay

)| Negafive sequence relay

| ih) | Rotor EIF reday (abowe MW}

(i} | Feld Failure relay (above 3MW)

L

(i} | Winding temperaturs high, alarm and tnp

(k)| Vector surge relay (when connected to grid

{lj | Reverse Power and Reverse reactive Power relays {when nunning parallel or connected to
grid]

\(m}| Synchro-check relay (When running paraliel or connected to gnd)

' in) | Under current relay may also be ncluded for generaters connected to gad

Fallowing pratections shall be provided for Diesal Engine

| {1} | High vibration (above 3MW) - lalarm and frip (Max: Trm's)
|2} | High beanng temperature {above 3MW) | - jalarm and trip (Max: 95°C)

| {3} Over spead and under speed - lalarm and trip

|14} | Jachet water lemparature high | - jalarm and trip (Max: 95°C)

| (8) Lummng ai tampe:at.we high plarm and frip {Max Eﬁ"'ﬂ;

| (8)] Lubricating oil pressure low - lelarm and trip Min: 2.5 bar)

| {7} | Low fual lewval alarm

3.2 Generators Yoltage not exceeding 650V

For generators of 10KVA to 30kVA rating completion report and single line diagram shall be
submitted with a cerfification by the owner and the contraclor stating that the electrical
installation work is carned out by using change over swilch, cable, MCB, efc. of standard make
and with ISI mark for 1ssuing the sanction for energisation. For generators above 30kVA prior
scheme approval shall be obizned.

2. | Mimmum 1m clearances shall be provided on thwee skles of a generator set When two
generator sels are inslalled side-by-side, minimum 20 m clearance shall be provided between
them.

& | Fuel tank of DG sets shall be installed outside the generator room if does not have buit-in fuel

| tank,

4 Exhaust pipe of DG sets shall maintain @ minimum height of 1.8 m dearance from floor level

1||
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| and shall be extended lo a height of af least 1m above the builkding.

[ ]

| Voltmeters and freguency mefer shall be connected before the breaker in generator condrol
panal,

=

Watt-hour meter and ammeters in each phase shal also be provided in GCP. For generators of
500 kA and above, kVAKW meter and PF, meter shall also be provided

-

| Change over switches of approved make is permitied up to and including 1250A

. | Above 1250.& breakers with castle key nteriock shall be provided.

Lim)

| Auto transfer switch of adequate ampere rating and having leckabie OFF posiion may be
permitied for supply change over

10.

| Saeparate isolators shall be provided bafore the COS, # it has no off pasition

11

UV cod may be provided at grid side ACB/MCCB on respective switch boards &t installations
where generators are installed for preventing chances of back feeding from generators to grid
sida

12

13,

When generator is directly connected to the main bus, it may not be possible some-times fo
maintain gradng of outlets. Stpulaton with respect fo maxmum single motor rating i1s ako
difficudt te insist Generator capagily can be deamed a3 sufficient aven ifit is called upon to start
inducton motors of 60% of its rating, provided sutable starters are employed for limitng
staring curent, and grading is affected. However in such cases, it should be ensured that
generator is not getting over-loaded which can be achieved by providing thermal G/L protection

|| Genarator room shall be made of non-inflammable materials.

14,

| Three pole inter locked breakers! isolators are permitied for supply change over. provided
neutral of all sources is earthed at neutral bus in the panel.

15.

CPCB approved fype Acoustic encigsure shall be provided fior all generators. For generators
without inbuilt enclosure srrangements, room acoustic shall be provided.

16.

Protections required, standard size of cables and earthing conductors for generalors are given
int Tabla 5,

17.

Electricity duty (@ Rs- 2%V is. payable for generators up to and incuding ‘Iﬂk'u’A rating. For
|_generators above 10kVA electrcity duty is 1.2 Paise/unit

3 3 Generators Running in Parallel

1

P F. meters shall be provided in generator control panels. For 1MVA and above genemators kWA
and k\iAr meters shall be provided.

Reverse power relays shal be provided for generstors. For {MVA and.-above generators

; 2| Reverse Reaclive Power redarys shall also be provided.
Meutral switching facility shall be provided. Inferock shall be provided fo ensure thai the
3. | generator breaker cannot be closed unkess one of the neutral is connected fo the earthing
_ system
| 4| Neural of largest capacity generator shall only be connected to the system,
g Neutral ﬂf-_lﬁ'éﬁm{_:éﬁﬁt_nﬁm generator shall Eﬁlr be ecarthed. MNewfrals of other
generators, running in parallel, shall be in floating cendition.
| & Albsgegtsure that generator breskers can be made 'ON’ only if functional neutral is earthed and
| E .
' 7 Synchronising breakers and neutral switches / contactors shall be electically operating type
. having remote switching faciity. : ; .
B. | There shall be facility for remote control of generator vollage and engine speed.
8. Double frequency meter and double voltmeler shall be provided in synchronising panel
: 10, For generators of one MVA and above synchro check relay shall also be provided in

synchronising panel.

12
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o

Switch rafings, cable sizes, earthing conductor szes efo shall be designed considering fault
current conbribulion by all generators nunning in paraliel.

| 12

Bus bars shall be designed for maximum current during parallel running.

3.4 Portable Generators

1.

| Generators up to 10kVA in rating are treated as portable generators.

2

| A residual current device (ELCH) having an operafing time of 20 ms &t a residual current of
| 30mA chall be provided.

3

| {a}ln single-phase generators one terminal shall be connected to earth and designated as
the neutra

; {h]Three-phas':E generators should have ther windings connected in star, with the star
connaction made available and connected o earth.

mﬁmpﬂmd metal work of the generator should be adequately connected o the earth
n

T | The installabon where both ficensee/KSEBL supply and DG supply are avaiiable, change

over switch{CO3) with adequate rating shall be provided, such a way that 4 pale COS for 3
phase and 2 pole for single phase applications.

=

| The supply fram a single-phase generator can be changed over lo a 3-phase supply system
| through a 4-pole change over switch subject to the following conditions.

{a) The neutral conductors of the lvad side and generator side should be of adequate
capacily fo carry the fotal current in the nautral,

{b) The 3 poles in the 4 pole change over switch shall be linked by using ngid conductors of
adew&te short circuit and confinuous cument rafing capacity

{c}Tha copper strip/ngid conductors used for linking the poles should be insulated by using
| tapes or slesves,

Shielding should be provided when the generator is keptexposed o weather

Electricity duly f Rs.2!- per KWA per year shall be levied for porlable generators. Duty shall
be payable for five years period

Portable generators shall be kept at a place, sufficiently ventlated so as fo avoid possible
| hazards due fo the accumulabion of smoke and pollufion

10.

In the case of single phase generators. the size of the earthing conductor shall be of
equivalent size of phase conductar

3.5 Generator mounted on Trolley, Mobile Van, and for Off Shore Operation.

The platform ghall be shruclurally slrong and stable.

2,

" Generalor and control panel shall be permanently fixed. Permanent cabling shall be provided

YWhen a conbrol panel is inslalled separately, a mindmum clearance of 1m shall be mantained
from the generator set for easy operation.

between the generator and contral panel. The cable shall be glanded at both ends and firmily
clamped on fo the platiorm.

MCB/MCCE rated at the full load current of the generator ghall be provided in the control panel
for the protection of the generator. An energy meater of adeqguale rating shall be mounted on the

control panel for recording the energy generated. Energy meter should be got tested and
sealed by Eeclrical Inspectorate / KSEBL. Voltmeters and ammeters shall be mounied on the

control panel

Adequate lighting shall be provided inside the cabin, A few |amps shall be connected to the
battery of the vehicle for ighting when the generator is not in operation.

The light wining inside the vehicle shall be of permanent nature and done through electrical
grade conduclors or by using armared cables.

(&) In the case of D.G. sets which are used as a standby source to be changed over to an
earthed system or vice versa the neutral and body of the generator shall be earthed o 2

13|
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separate and distinet earth electrodes as per slandards,

(b} An eguipctenfial bonding conductor shall be formed in the vehicle/samiage by inter-
connecling the generator, engine, cantrol panel and ather metallic parls of the camiage with
conductor of adeguate size.

(¢)The equipotental bonding conductor shall be connected to the ground earth elecirode
system, Afleast 2 Nos earfh elecirodes of 38 mm. diameter and 2.5 m length with
necessary inferconnecting earthing conductors shall be kept avaidable in the vanlcamage
for use as the earth elecirodes at places where the supply s used as a standby.

In the case of gma‘amr sefs in which suppl'ﬁr is used as an isolaled'separate source, earthing

g o the ground iz not required. But confinugy conductors shall be taken from the equipotental
bonding conductor of the vehide camiage, for the retum of the fault current. The neulral and
body of the generator shall be connected to the chassis/ equipotential-bonding conductor,

{a} Where supply & exiended for off-shore works in dredgers, ponfoons etc. earth
9. gridlequipotential bonding conductor of the dredger, pontoon etc. shall be connected to the
. generator carthing systam provided on the shore with insulated conductor of adequate size,
(b} Altermately one core of the 4-core cable o the genswatnr fram the affshare eguipment shall
be freated as earthing conductor,
(¢} The generator body and neutral shall be connecled to at least 3 earth eleclrodes as per
standards, For marine applications, onty marme cables shall be used for extending supply
| _othe offshore camiage.
Distribution from the generator control panal to the actual load center shall be taken through
10 joint less insulated and tough sheathed PVC cable or weather proof cables ar through armored
" | cables |aid properly. The sub-switch boards shall be earthed as perstandards by running earth
continuity conductors.

- Syitable ELCBs shall be provided for each fesder separately or as a group for protaction
" | agansi earth leakage.

12 Sub switch boards and DBs shall be instalied as per Regulation 37-and temparary wining, if any
used shall conform to G.O. (Ms.) TO5/85RD date, 20-8-1085.

43 | Mleastone 5 kg. DCP type fire extinguisher and 2 Nos. fire buckels filled with dry sand shall
be kept in the mobile ven or vehicle:

14 The mobde unit shall be parked sufficlently away from crowded areas temporary thatched
| sheds, and hazardous argas,

In case the mobile van'is used solely for carrying D.G. set and he control gears, a safety
15. | certficate, valid for one year shall be obtained from the Elecinical Inspector of the anea where
the uni is used and it shall be displayed in the van.

18 A compateni operator possessing a valid supervisor permit issued by the K.5.E L Board shall
" | be in the charga of the nstallation throughout the period when the D.G. et is in operation

3.6 General
Basad on the protections given, generators may be divided info three categories
Balow 100kVA, -Small generators
| 100 kWA - below1000kVA  -Medium generators
1000%YA and above -Large generatars

In generating station with more than one Generator with capacity of SMW and above is installed
Ve al least two separate gas masks per generalor place shall be made available in an accessible
| and conspicuous.

14



Technical guidelines (Department of Electrical Inspectorate, Kerala)

ad

If the Generator is to be installed in a raised platform, then
1. Stabiity ceriicate from the chartered structural Engineer shall be required.
2. Fuel drain facility should be provided.
3. Emergency engne sop should be provided at the ground level.
4. There should not be any passage underneath the struchure.

4 | Forgenerators up to 30kVA, manufacturer's test certificate shell be accepted for energy meters.
5 " For PWD work, structural stabilty certificale shall be submitied by & civil enginesr of the
department not below the rank of Assistant Enginesr.
For D.G Sets above 600kVA, provided with AMF Logc and Synchronising Logic along with
5 Engine and Allernator proleclions, as part of the Engine Controller, additional logic and
protechion systems need not be insisted fo be provided in the PCC. Details of probction
provided and seftings shall be marked as note in the drawing.
~ | In Sandwitch Bus Trunking with internal grounding conductors, which work as s proleclive
* | Earthing, are avaiable, separaie parallel Earth conductors need not be insisted,
Table - §
Size of Cables, Earthmg conductors and protection of Generators
Generator| Fullload | Cable size Earth [Panel meters
Capacity | Current AYFY conductor Protection
VA ratmg mm? size
A mmiSWG
5 T 4 8310 MCBIMCCB
[ 10.5 4 8.310 MCBIMCCE
10 14 4 8.3M10 MCBIMCCB
128 175 ] 83110 MCBMCCB
15 21 10 8310 MCBMCCE
20 28 10 8310 MCBIMCCE
23 33 16 18.6/6 MCE/MCCB
£l 42 16 18.6/6 MCBIMCCB AV,
35 44 25 18.6/6 MCB/MCCB
10 55 & 1274 | MCBMGCE | | MSEM
45 B3 35 272714 MCB/MCCE
50 in 35 272714 MCBIMCCRE
63 a8 A0 272714 MCBIMCCE
[ 105 45 25x3 MCB/MCCB
82.5 115 g5 20%3 MCB/MCCEB
100 140 120 25x3
125 175 150 2513
160 224 185 25%3 MCCE + standby law|
180 257 185 Wy sef earlh fault relay | AMVM,
200 280 %120 %3 using CT in neutral FMEEM
225 315 2x120 25x3 | earthing conductor
250 350 2x185 25%3
320 448 2%300 25%3
400 560 23400 29%3
500 Fa0 3400 253 ACE with overload AM VM
625 875 4400 26x3  |and EF reloaseand| FM EM,

15
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4 x400 ¥FY or stand by low set PFM,
750 1050 4 x400 Al 2533 earth fault relay  KVEM or KWM
ALPE cabie on using CT in neutral
Bus Trunking. earthing
conductor

1000 KA | ACE with thermal O/L, voltage controlled Q/C relay, over voltage, under
fand above, voltage, negative sequence, low sef stand by earth faull relays and
REF Differential relay with fuel shut off faciities. Over speed protection shall be
pravided for the engine.
Mate: Equivalent XLPE cable also can be used (Refer Table 20)

4. Motors
4.1.HV Motors
1 | Cables shall be rated for approprate voltage and cument Cabdes shall have adequate shor
© | arcuit current rating also.
2 . Contactors used for HV motors shall be vacuum type and rated for appropriate voltage and
" | cument
?: ‘iﬁgﬁ&'éﬁﬂiﬁ AC - 2, AC - 3 or AC - 4 types depending upon type of motor and mode of

i | For auto transformer starting, e auto transformer shall be completely isolated from supply

" | during normal ninning of motor,

| Local supply isclation facility with. locking arrangement at OFF pesibion shall be provided with in
| 3m from the meotor.

g | Protections against the foliowing shall be provided for HV motors,

' {a) Thermal over load

) Short areut

{c) Locked Rofor

"{d) Earth Fault

. () Under voltage

| (fi Negative sequence
T
| {h) Prolonged start

(i) Repeat start

") Loss of load

4.2. MV Motors

1. | lsolation facility with lockable feature n OFF posiion shall be provided for all mofkars with in 3 m.

- | Contactors used for motors shall be AC-3 or AC4 type dapending upon type of motor and mode

" | of operation,

3 | Motors shall cenform to the Ingress Profection () clessification recommended for the particular
" | location J function.

4. | Mawmum earth resstance at HT premises shal be Bmited to 1 ohm (1S 3043, dause 25.1|

5. i Tmahla : ended capacitor rafing for direct connection fo induction motors are givenin

14
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3. Power Factor Improvement

Important points regarding capacitor selection and compensation:

Mever connedl the capacilor direcily fo the mobor when solid state stariers ane used.

Mever disconnec! discharging resistors from capacitor lerminals unless Zero cross swilching is
used,

Charged capacitors connected o same bus bar discharges Instantaneously o unchargaed

3 capacitor at the time of switching on with very high inrush current. This showd be taken care
while designing APFC panel
4 | Harmonics can reduce the |fe of capacitor. Propear filters shall be provided &t such units.
: In ingtallaions where harmonics exceeds the permessible limit Series block reactor shall be
_| provided along with the power factor correction capacitor,
& | Breakers / Switches used for cmtr:lhr-g capacitors shall be pfererubly rated fo Ztimes the
| nomal curent of capacitors.
7. | Contachors used for controlling capacitor banks shall have required capacitor switching duty.
& | Backup fuses shall be 1.5 times the normal current of capacitors.
Generator supply. shall nol 'be connected fo capacior banks alone. Capacdors: shall be
9 | connecled o generator circuit only after the other loads are connected. This may be achieved
by proviging Contactors for contrelling capacitors
10. | Ammelers shall be provided in each phase for capacitor bank feeders.
11. | Recommended cable size and backup fuses for capacitor feeders are givenin Table 9,
2 .lli':phpm::;m’ra values of capacitors for direct connection fo welding fransformers are given in
' able 10.
13. | Lpsses in capacitors are fabulated in Table 11
1 :;gpmnn'ﬂh capacior ralings for required degree of power factor comechion. ang given in Table
. When individual comaction is provided, capacitor current shall not axgeed the no load current
| af modor
Table-6
Standard size of cables and Backup Fuse Rating for Molors
Motor Rating Approx full Backup fuse rating Cahle sire
load current AYFY
L A S | - B O Assisted mm?
0.7z 1 1.8 i - 4
1.50 2 3.3 10 - 4
2.25 3 5.0 16 - 4
aft | & T 78 T % 7T . T i
5.50 75 110 32 25 &
75 10 140 32 25 6
93 125 180 50 2 10
11.2 15 210 50 32 10
150 20 280 f3 a0 16
18.7 25 36.0 80 63 25
225 30 400 100 63 25
260 32 470 120 100 )
30.0 40 550 120 100 35
EIE 50 66.0 160 100 50
450 60 80.0 200 120 70
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850 2 200 200 120 895
a9.0 &0 1042.0 290 200 150
670 % 1180 20 20 185
75.0 100 135.0 250 200 185
a0 125 165.0 320 250 240
1100 150 200.0 0 320 J00
131.0 175 230.0 400 320 2150
130.0 200 2700 00 340 £"185
1850 230 3250 600 500 2*240

For molors of rating 250 HP and above, breaker shall be provided and

following protections
shall be incorporated
(a) Tharmal O/L )] Short circuit
{b} Earth faull (d) Megalive sequence
(c) | Under Voltage (fl | = Locked rofor
Table-7
Minimum cross-sectional area of Protective Conductors
(153043:2018) o
Cross sectional area of Phase conduclor Minimum cross-sectional area of the
; S mm? correspending prolective conductor
I 5«16 5
16<3<35 16
- 8235 (It (15 3043 glause 1722 1)
Table-8
Recommended Maximum Capacitor rating for direct connection
To Induction Motors in kVAr
Motor Capacitor raling for motor speed inr
CHPIW 3000 [ 1500 | 1000 | 750 600 | 500 _
25 1 1 15 i 25 28
3T 2 2 25 35 4 4
7 b 25 3 L 45 b L]
1075 i 4 43 53 | 6 6.5
15/11.2 4 5 6.7 75 8.5 g
2015 - 4] 7 g 11 12
25187 g [ ] 10.5 13 145
30228 7 a8 10 12 15 H
a037 1 12.5 16 18 23 25
757 16 17 21 23 29 J2
100475 21 17 21 23 249 32
130102 31 33 36 34 45 59
2001150 40 42 45 47 i) f7
250M187 46 a0 53 b 68 L
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Table - 8
Recommended cable size for group power factor improvemenl capacitors
Backup | Size of AYFY |Backm Fusel | Size of AYFY
KVAr | Fusel cable in KWAT 1 breaker "*‘51:: .
break |
25 6 T 50 0 1
a0 100 25 940 200 185 |
40 100 35 100 250 D ;
50 120 50 200 | Breaker F‘ﬂﬂﬁ '
60 150 70 200 Ereaker 300
n 160 120 400 Breaker 400 |
Table - 10
Capacitors for Welding transformers
Welding Transformer  Capacitor Welding Transformer Capacitor
Rating (kVA) KVAr Rating (kVA) KVAr
~ HSingle Phase) | 4 57 (Three Phase) 16.5
12(Single Phase) ’ & 95 (Three Phase) 30
18{Single Phase) 8 128 [Threa Phase) 45
24(Single Phase) | 12 160 (Three Phase) 60
30{Single Phase) | 18
Table - 11
Losses in Capacitors
Type of Capacitor Loss WikVAr |
Paper Oil Impregnated 2025 |
_ PaperPCBImpregnaled | 3035 |
. Paslic FilmPaper, PCB Lerified sseiEriment '
Plastic Film/Papsar, Oil 0ok10
Metaficed Film Less than 0.5
Table - 12
Capacitors in kVAR for required power factor corraction
Initial Correction to Initial Correction lo
power| 085|090 [ 095 | 098 | 100 (power| 085 | 090 [ 095 | D98 1.00
factor factor
050 |1.412|1.248(1.403 | 1529 |1.732| 0.75 |0.262| 0.398 |0.535| 0673 | (©B8B2
051 |1.066|1.202(1.357 | 1483 [1686| 076 {0235| 0.371 |0.526| 0.652 0.855
052 |1.024|1.160(1.315| 1.441 [1644| O.T7 |0.209] 0.345 | 0.500) 0.620 0.82a
053 |1.980[1.116(1.271 | 1.397 |1600| 0.78 |0.183| 0319 (0473] 0594 | (B33
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0.54 [0939]1.075)1.230| 1.356 [1.559] 0.79 [0.1566(0.292 |0.447)| 0567 | 0776
055 (0899110351190 1.316 [1.519] 080 (11300266 |0.421) 0541 0750
0.56 |0.86010.996]1.151 | 1.277 |1.450( 0.81 |0.104(0.250 [0.385] 0.515| 0725
057 |0.822{0958|1.113 ] 1.239 |1.442| 082 |0078| 0214 [0.369) 0489 | 0698
0.58 [0.785]0921)1.076| 1.202 [1405] 0.83 [0062[0.188 |0.343) 0463 | 0672
0.59 1074810884 | 1.039 | 1.165 [1.368] 084 (00260162 |0.317) 0437 | 0645
0.60 [0.714{0.849]1.005 | 1.131 {1.334) 085 | - [0.136 |0.291] 0.417| 0620
061 |0679|0815/0570] 1.006 |1209]| 086 | - |[0109 (0264] 03090 ] 0593
062 [0.645]078110936| 1.062 [1265] 087 | - ([0.08310.238] 0364 | 0567
063 [0613|10749)10904|1.030 [1233] 088 | - [0054 |0.208)0335| 0538
064 10580|0.716{ 08710997 11200] 083 | - |0023(0183]0309) 0512
065 |10548|0685| D840 | 0066 |1.169] 0080 | - - |0.1551 0251 | D0.484
066 [0.518]0654)0809) 0935 [1138] 091 | - - [0.124) 0250 | 0433
067 [04881062410.7/79]|0.905 [1.108] 092 | - - 009710223 0426
0.68 1045810.595{0.7501.0-876 110764 093 | - - = (00661 0:182 4+ -0.395
0.69 [0.42910.565)0.720 | 0.840 | 1049] 0.94 - |0.034]0.160 | 0363
070 [0.40010536)|069¢ | 0.811 |1020| 095 - -0 4264 0:239
071 103721050684 0663 0.753 |0932] 0.96 - - 10089 0292
0,72 [0.34310473| 0634 0.754 |0 963 097 - - 04T 0.25
0:73 [0.31610452) 0,607 | 0.727 |0.863] 0.98 - - - 0.203
0,74 [0.28910425)0.580| 0,700 |0909] 0.99 3 - = 0.143

6. Earthing Standards

Earttang shall conform o |.5. 30431 2018 and |5 732:2019.

NGR used for HY generator! Transformer shall be rated for 10 seconds or mesamum tripping time
on earth faulbwhicheveris higher

Mnimum fault level at 11 kY side shall be assumed as 150MVA for all earthing designs, if the
gclual fault level is less than T50MVA

Number of earth aleckodes required shall be calculsted for faull curment at HY side Current loading
of 1.2Mx 1.2M plate shall not exceed 13004, {15 3043 -Cl14.2.1)

Duration of fault current shall be faken as 3 sec for earthing design at HT mstsllations and 1 sec for
ENT installaion.® /M) « J{118 [ artitigs [lanarfmant

All earth electrodes shall be mierconnected wsing fhe conductors of largest sze in the earting
system.

Maximum earth resistance at HTpram-sa; chall be limited to 1 ohm (IS 3043, clause 25.1)
Earth mat shall be prm-ded at EHT premises fir lnwhr-g 5tep a-n:altaga and touch m!tagr: fo tolerable
values according to [EEE 80,

All non-current camying metal parts of electrimﬁ equipments shall be earthed ann:l if vnttage uf

Transformer and geme-ralrm neutral shall be connected in dLmh:aie One direct mmechnn fmm'

10. | neutral fo an earth electrode shall be provided for neutral earthing. Links shall also be provided in
neutral earthing conductor. Generator neutral shall be earthed at control panel.
i Lightning arrestor shall be directly connected to an earih plectrode using No. 6§ SWG Cu, Tha LA
| earth electrode may be interconnected with other earth electrodes,
12 When Steel conductors are used for earthing, the following allowances in cross section area of

earthing conducior are recommended 1o take effect of cormosion mbo account as per 15 3043-2018.
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3 ’ Allowances to be
Type of laying of earthing conductors fpri

where treatment of sod around electrode is carried out
Conductors laid in soils having resistwvity from 25 chm m o 100 chm m 15%

Conduciors kaid in s0#s having resistrvity iower than 25 ohm meler or | 30%
|
|

Conductors laad in soils having resistivity Abave 100 ahim m [ {no sllowance)

A number of rods or pipes may be connected in pamllel and the resistance is then practcally
proportional to the reciprocal of the number employed so long as each is situated cutside the
resistance area of any other, In practice, this is satisfied by a mutual separation equal to the dhiven

13. depth, Lite is fo be gained by separation beyond twice the driven depth. A substantial gain is
effecied even at 2 m separation, A Separation of fwo meter between plate electrode iz sufficient to
| getthe earth resistance value with 20% variation, (15 304322018 Cl.14 2.2)
14. | Mnimum distance between earth electrode and adjacent cvil structure shad be 1.5 m.
| 15. | Inlocation of SBs, DBs efc, sub earth buses of 25x3mm< copper or 32°6 mm® GI may be provided
| 16. | All Capper jonts in earthing conductors shall be properly tnned.
17. | Following guidelines shall be adhered to when Gl earthing is adopted,

(&) Gl ships used for earhing shall be minimum Bmm thick and hot dip galvanised

(b) The minimum cross - seclional area of the Gl sheuld be 50 2q.mm.

(c) Where a Copper conductor s to be joined to Gl, the joinis should be tinned 1o prevent
electralytic action.

{d} Joinis shall be invariably done by means of welding except in such lecations where intermittent
disconnection of joints is necessitated for testing purpose, or for e sarthing connecion fo the
bady of equipments eto

() Barium Chromate or Zinc dichremate freatment shauld be done at the welds. Joints should be

provided with eoating allernative Jayers of red oxide and-aluminum, Joirts are to be covered
with hot bifumen. Also jute band covering of adequate thickness is io be made on the portion of
earthing suscaplible to higher corrosicn and environmental influence.

(f} The area of sinp elactrode covered with bitumen and juia should not be reckoned for the

calculation of area of dissipation for the fault current

() In places where the resilivily ¥ very high end almospheric corrasion is not significant even

ordinary sleel conductors shall be parmified.

(h) Earthing system with Gl conductors should be subsected fo-a thorough physical examinalion

after a penod of 10 years and modificaions made if found necessary on such examination

(1) Jaints using Gl conductors should be welded as far as possible and kepl separated fram airby &

fhick coaling of tar of similar nan-hygroscopet materials. In casa bolled jaints cannct be
avoided, there should be a minimum of 2 bolts for sizes up to 25mm x Bmm, 3 bolts for sizes up
to 31mm x & mm and zig zag bolting for large sees.
18. Fclmnng gu:delmes shall be adhered to when covered aluminium is used for aarthlng

(&) Bare Aluminium should nol be used for final underground connections to earth electrode.

(b} Aluminium shal be used below g‘uund only if efficiently protected or sheathed agamst contact
with soi and maisture. PVYC covering shall be allowed.

t':]' Where a mppew c:cnm{twls o be Jmnad 1o Aluminium conducior, the ;mnts should be finned fo

(d] Shanp bends reguired in Aluminium stip should be formed by the use of a bending machine.

inert gas arc or Metal inert gas arc lechniques. Oxy - acelylene gas wekding or bracing shall
aleo be aliowed

(&) Aluminium to Aluminiem jeints on slrip conductor shall be arc welded using either the Tungsten |

1I|
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(f) Round and rectangular conductors can be joined with bolled clamps. Reclangular conductars
can be joined or terminated by dalling and bolting.

(g) When makmng a bolted type joint the surface of the Alumimum stip should be cleaned
thoroughly by wire brughing and grease or an approved jointing compound showd be applied
mmediately to both mating - surfaces. Bolts should then be tightened and all excess grease

_or compound shall be wiped off and discarded,

(h} Aluminiem conductor conneclions to equipment, whereas possible, should be in the vertical
plane. Surface preparation of Alumenium and meking of the joint should be as previously
dascribed. The finished joint should be profected by biumastic paind. :

Earthing swilches shall be provided al appropriate [ocations to faciilale earthing of aulgoing

19, | transmission lines fo enable maintenance. (CEA (Technical Standards for Canstruchon of Electrical

Plants and Electric Lines), Regulations, 2010 43(2)(d))

20, | Enclosure of bus duct may be used as earthing conduchor, ifi:mlinuityr i5 ensured

Maximum current per metre of rod Iengl:h fior the tolal rod system should not exceed the values as
datarmined by Equation

[= 1,’1141.'htd;|f\’.|' pxi)

whare

| = magimum current in amps/meter

21, | d= rod diameterin mm

p = earth rozistivity inohm-cm’

b= time in seconds (typially one secand )

if ground currents of high magnitude and long duration are anticipated, the system must cover a
relatively large area and employ a sufficient number of electrodes and electode connechions. This
will keep the currant density in the earth to alow value.

Permissible current density (for 3 seconds) for earthing condeciors.

29 a) Copper =1184'mm?
3 b} Aluminium =T3hmm=
) SlealGl) =46 Amm?

23. | Protectve equipotential bonding shall be camed out in all buidings as specified in 15 304315732 |
Earth fault protection at every LT consumer premises shall be achieved by the following '

a) The earth faull loop impedance has to be low encugh to allow adequate earth fault currént flow
to cause and over current prolective device (for example. a fuse or circuilt breaker) in the faulty

2. eircuit to cperate in a sufficientty short fime @ or

b) Wheretis not pessible lo achieve a low enough earh fault loop impedance, disconnechion may
be achieved by fitling a residual current device (RCD) of 30mA senaifivity (1530432018, dlause
23.1)

7. Protection against Lightning
(ISNEC: 623052010 Part-3]

For fightning current carrying connections, welding and clamping are the preferred mathods,
1 | Lashed joints as a connection are suitable for addificnal conductors for aguipotentialzation and
| for EMC purposes only. (Clause E.4.3.6)

Welds between reinforcing bars within concrete should be at least 50 mm long. Crossing rods
should be bent to run for at laast 70 mm in paralel prior to welding. [Clause E 4.3 6)

Where welding bo the namlumng rods i not permitted, clamps or additional dedicated conductors
should be used. These addfional conductors can be made of steel, mild steel, galvanized steel or
3. | copper. The addiional conduclors should be connected o a large number of reinforcing rods by
lashings or clamps o take advantage of the shiedding possibilibes of Be reinforcement steel

(Clause E4.3.6. E4395E4.3.11]

At
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Where welding is permitied, both convenfional welding and exothermic welding are acceptable.
(Clause E 4.3.6)

Connections of exfernal l:'l»:::.l'rts to the interconnected reinforcement shoukd be performed by

Weidlng fo the rgnfm:lng r::n:ls & ml:.r pannrl'ted if the civil works desgner consents (Clause
E433)

nternal down-conduciors, or infernal structural parts used as down-conduclors, should be
connected to an earth electrode and the reinforcement steel of the floor to avoid step and touch
voltages. If internal down-conductors are near expansion joints in the concrete, these jaints should
_be bridged as near to the internal dewn-conductor as possible. (Clause E43 E]

“The reinforcing rods of wals or concrete columne and steel structural frames may be used as
natural down-conductors. A ftermination joint should be provided on the roof fo faclitate the
connection of the airtermination system and, unless the reinforced concrete foundation is baing
used as fhe only earh-terminafion, termination joints should be provided to Taciltate the conneclion
with the earth-fermination system. (Clause E4 3.7)

10

F a parficular rod of the reinforcement steel is used as the down-conducler, care should be taken in
the route to aaﬂhtu EFI:EH.IFE that the md that & s Iucatad in the same pasiion will be used all the way

I 1hr= vartical continuity of the natural d}m-ﬁﬂndl.ﬂ:lﬂrﬁ prwdmg a straight path from roof to
ground cannot be guaranteed, addibonal dedicated conductors should be used. These addiional
conductors should be lashed or clamped fo the reinforcement steed. (ClauseE4.3.7) In crder o
avaoid confusion between the different types of steel rods in concrele it & recommended that round
steel rods of atleast Smm diameter with a smooth suface be used as addiional conductors in
contrast o the ordinary nbbed surface of the reinforcing rods (Clause 4.3 4)

F the direct route of the down-conductar (i.e. for existing biildings) is not clear an extemal down
conductor system should be added, (Clause E4.3.7)

12.

i the case of large, Tow buildings such as halls, the roof & supporled not only at the building
circumference but also by internal columns. Such conductive columns should be connected to the
air-fermination system at the fop and fo the equipctential bonding system at the floor, creating
internal down-conduslors; this i o prevent dangerous sparking inside the bullding. Increased
electromagnetic mierference occurs in the wicndy of such intemal down-conductors, far which
adequale care should be given. (Clause E4.1.7)

13

¥¥hen ring conductors are proposed for indrvidual floors of a bulding for the purpose of equi
patentialisation, it should be interconnected by means of verlcal rods at intervals not greater fhan
10m. (Clause E4.3.8)

14

F prefabricated reinforced concrate parks are used for lightning proteclion, conneclion points should
be attached to them to allow later interconnection of the prefabrcated reinforcement with the
reinforcement of the structure in a simple manner. These connection poinis should be located so
that in the prefabricated concrete part a continuous reinfoecing rod runs from one bonding joint to
the next. In general, one connechon paint and a bonding conductor is required at each comer of a
plate-like prefabricated reinforced concrete part. (Clause E4.3.11)

15

When the structure comprises a number of seclions with expansion jinls, in order o ensure low-
impedance polential equalization and effective shielding of the space inside a struclurs, expansion
joints between sechions of & shructure showld be bridged at short nbervals (between 1 m and one
half of the distance between down-conductors) by flexable or sliding bonding conductors depending
on the required shielding facior. (Clause E4.3.12)
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8.5witch Boards
In case of cutgoing circuite from the switchboard, whera the current rating exceads 634, connaction|

1. | between the busbar chamber and the automatbic circuit breaker or switch fuse or any cther condrol
gear shall be made only by solid conneclions (section 5,11 of 51646-1257) I

7 Current density in buses shall not exceed 1.2 Almm? for copper and 0.8 A/mm? for aluminium.
Mirimum thickness pjﬂ@mmbyggg@_h_e_ﬁmm ..............

5. | When ACB is provided at the incoming side of a switchboard the outlet switch rating shall not be |

" | less than 1/3 of the incamer setling.

1 When MCCB s provided at ncoming side, the oullet swich rating shall not be less fan 1/5th of the

| incomer sefting.

5 Ouflet fuse rahng shall not exceed 1/3 of the Incomer breaker seﬂlng from the point of wew of

| grading.

, If ACE i provided as incomer and MCCBe as outiets in a swichbeard, cutlst MCCB can be set up

" | to 80% of ncomer ACH settings.

; if MCCE 15 provided as ncomer, the maximum cument setting of MCCBs proposed as ouflets in |
switch board shall be half that of incomer MOCE setling.

When a switch fuse is available at the incomer side, outiet switch rating shall nol be less than 110

8. | of the incomer fuse rating. Maximum rating of fuses at outlets shall be 112 of the incomer fuse
rafing .

g In the case of fransformers of rating above 1600 kVA only exira current limiting fype MCCBs shall

" | be provided as outlets of MSB to limit fault level at down streams:

10 In the case of swilchboards connected to 1600 kVA transformer, the minimum oufiet switch fuse
rating shall be 630 A.

ML the case of switchboards connected to 1250 kVA fransformer, 400 A swiich fuses can be

| permitted as outiet.

19 | MECBs maybe permitied as outlets in MSB rrespective of raling of fransformer to which the board
iz connected. But thesa MCCBs shall have |, value above the prospective fault current _
MCCBs thal cut off faull curment below its ralad |« value are classified as extra current limiting lype

13.| MCCBs previded in sub-switch boards shall be extra current limding type to limit fault level at down
streams.

14 When extra current imiting type MCCBs are used sze of down stream cables can be reduced

| based an maximum lat through anergy of MCCH ﬁ.mrgﬂ‘mttmmmt .
‘When exira current imiting type MCCBs are usnd breakers of lower lcs value may be permeted at

15. | down streams. Ether 50% of los value of extra current limiling type MCCB or the prospective fault
cusrent at location whichever is less may be adequate for breakers at down stream.

When ordinary MCCBs are used, cables af down stream shall have capacity to withstand

16. | prospective fault current for a minimum time of 40 mdli seconds and breakers used at downstream
shall have les value equal to or abave prospective faull current

17 In the case of breaker controlled switching cenfers, even though out let switch rafing is fixed as 1/3 |

| ofincomer setting, the feeders can be derated by reducing the fuses as per requirements. |
18.| Bus coupler shall be of same rafing as thai of busbar, Bus coupler breaker shall be drawout type, |

18, | Mimmum front clearance of 1.5m shall be provided for draw out type breakers. ]
When two smmmr panels are inslalled face to face, a minimum clearance of 1m shal be

20 | provided in batween the breakers keeping the breakers in draw-oul posiion or two such panels may ‘
be kept 2.0 m apart.

7 For panels having no draw-oul type breakers, minimum 1 m clearance shall be provided at front. |
Clearance on other sides shall conform to Regulafion 37

27 Trenches of adequale depth and width shall be provided below floor-mounted switchboards, having

'| cable entry at bofiom, for convenient mainienancefreplacement works,
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23. | Door interlocking shall be provided for the switch fo prevent its accidental opening in 'ON' position.
24 Incomer live terminals at switchgears shall be shrowded with minimum 3mm thick SMC, DMC, FRP |
or acrylic sheets .
25.| Only SMC_ DMC or FRP supparts shall be used for bus bars. .
6 Switching chambers, bus bar chamber, cable alleys, mefering and refay chambers efc chall be
‘| propedy comparimentalisad,
Maximum rating of a dstnbution board shall be 100 A Maxamum rating of moter connected to a OB
27| shall be T.5kW. MCB DBs are better than HRC DBs. Verticad Distribution Boards may be used uplo
125A
28. | Minimum phase to phase and phase to earth clearance of bus bars in MV panel shall be 20 mm.
4y Consiering the harmenic current, only 4 core cables up to and including size 25 sq.mm chall be |
| used for lighting loads, UPS ete.
30.| MV installation shall conform to |.5. 73212018, _
Competent persons duly designated under Regulation 3 of CEA (Measures relating fo Safety and
34 Electrc Supply) Regulations, 2010, shall be appointed’authonsed to do maintenance / operation an
| any 'alecinical system, The deswgnated person should possess a cerificate of competency or
electncal work parmif issuad by the Stale Government.
37 Wherever unearthed system (IT) & adopted, insulabon monitoring arrangement shall be prowided as
™ | specifedinIS732. L e :
13 Test certiicates. ma:.' be insisted for elecironic l:harga over switches regarding its ampera Tahng and
_ | propes supply change over.
9. Low Voltage Cables
| Adequate suppord shall be provided for cables using metallic clamps. Spacing shall not excesd
alcm
| 2. | LV cables shall be laid below ground at minimum depth of 75 cm.
When cables are faid across public mads, cables shall be drawn through hume/HDPE pipes of
3 minimum 10cm diamater or 1.5 times of mndu::tnf diameter. Outer dametor of cable whichever B
" | higher, lad at 8 mnimum depth of 1.0m. Permission from local authorty shall be obtained (15
3961.151255)
4. | Armour of multi-core cables shall be earthed at both ends. A 4
5. | Different racks shall be provided in cable frenches /duct for cables of diferent voltages.
6. | Mimimim size of cablas for power loads shall be 4 =q.mm aluminium or 2.5 sq.mm copper
7. | While designating the cable, codes shownin Table 18 shall be wsed.
g | Cables shall have pdequate normal current carrying capecity and short circuit current carrying
| capecty. Refer Table 19, 20 and 21.
| SEE of feader cables. and ind cormesponding fuse ratings are given in Table 21,
10. | Voltage drop in cables shall nol exceed 3%. Refer Table 22 & 23.
1 Power loss in cables shall also be considered whie selecfing cables; resistance of aluminium
| cables s given in Table 24 and 25.
2 For current rating of medum voltage XLPE cables, IEC 60364-5523 may be followed as per Table
24 and 25.,
13. | Insulation monitoring system shall be provided if unearthed system is adopled.
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Table -13
Standard requirements for insulating oils
Characteristics Equipment Voltage Permissible Limits
Dielectnc Strength 145 k\ and above 30 kV(Min)
Break down voitage Below2.5 kY 40 kY (Min)
2.3 KV and <143 kV 50 KV (Min)
Water content Below 145 KV 35ppm (Max)
145 kV and above 25ppm (Max)
Specific resistance All voltages
{Ohm-cmjat 30°C 0.1 x 101 2ohm-cm (Min)
Diglecinc dissipaton Al voltages
factor 0.005(Max):
{tan -0} at 900 c
Meutraliation value Al vollages 0.4 mg KGIH/gr (Max)
(Total acidity )
Interfacial tension at Al voitages 0.0 BN {Min)
21°C
Min. -125°C
Flaghpoint Al veltages Max - 15°C decrease of inifial value
Sediment or precipilable Al voltages Mo sediment or preciptable sludge should
| shidge " ~ be defectable
Dssolved gas analysis | 145 kV and above Refer 1.5, 10593 - 1993 & DGA
‘study chart
Table -14

Current Ratings for Three-Core Cables with XLPE insulation, Copper Conductor and Rated Voltage
1.9/3.3 kV 1o 3.8 /6.6 KV (IS 3961 (part 7]:2017 Clause 3)

SINMo | Nominal Area of Buriedin | BumedmnDuct | InAir

Bl Conductor Ground A A
| mm2 A (4 {5)
() 13

S— 25 121 e 132
| 39 144 124 L 159
il T 160 146 188 |
V. 70 206 178 234
% 246 212 17
vi, 120 278 240 326
Wil 150 310 268 368

il 185 350 302 422
i, 240 401 352 492
K. 300 444 345 559
i, 400 206 445 642
ki, | 500 265 447 730
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Current Rating for three-core cables with XLPE insulation, Aluminium conductor and Rated Voltage

Table -13

1.9/3.3 kV 1o 3 8/6.6 kV (IS 3961 (part 7):2017 Clause 3)

Current Rating for three-core cables with XLPE insulation, Copper conductor and Rated Voltage

Sl .No Nomnal Area of Buried in Buried n Duct In Air

(1) Conductor Ground A [

mm2 A () (5)
(2} i3}

i, 23 84 81 102
ii. B 12 96 123
i 80 131 113 146

v 0 160 138 182 |
V. o5 191 165 21
¥, 120 216 187 204
wil. 150 241 208 286
vill, 185 273 235 330
% 240 315 21T 385
X, 300 354 312 440
xi. 400 403 355 512
il | 200 457 403 290
Table -18

B.6/6.6 kV to 11H1 kV (IS 3961 (part 7):2017 Clause 3)
Sl.No Momnal Area of Buried in Buned n Duct | InAir
(1) Gonduclor Ground A : A
mmz2 A (4 7]
{2) 13)
i 7% 121 105 133
i k- 144 125 160
i 50 169 146 191
W, 70 07 179 237 |
V. &5 245 213 286
| M J e A0 o gl N8 o4 o3 | 300
" 150 T 260 an
Vil 185 349 308 472
ix. 240 401 354 493
X, 300 449 396 560
o | 400 506 446 643
XE, | 500 555 497 | ™
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Table -17

Current Ratings for Three-Core Cables with XLPE Insulation, Aluminium Conductor and RAted
Voltage 6.6/6.6 kV to 11 11 kV (I3 3961 (part 7):2017 Clause 3)

Sl Mo Nominal Area of Buried in Bured in Duct In Ajr
(1) Conductor Ground [
frum2 A (4) (5)
(2} i3}
I 23 94 103
I, B 12 124
I. 50 131 114 148
v 10 161 138 184
V. o5 190 165 222
VI, 120 216 188 206
VL 150 242 208 288
Vil 185 273 240 330
% 240 315 218 387
X 300 354 312 441
X 400 404 356 512
X, | 00 457 403 290
Table -18 -
Cable Code (IS T098-Part 2- 2011)
SlNo Constitute Code Letter
L Aluminium Conductor A
I, XLPE insulation 28
I, Stesl round wire armour W
V. ., Mon-magnetic round wire armour Wa
W, Steal strip amour F
Vi Men-Magnetic e¥ip armour Fa
VL. Double steed stnip round wire armour WN
Wik Doubde steed sirip armour FF
X, PVC outer sheath T
X, | Polyethylene ouler sheath 2v

Mote: Mo code latter for conductor i required when the conductor matenal is copper

Table 19

Current Rating {a.c) for Three-, Four-, and Five-Core General
Purpose 70°C PVC Insulatre Cables, 1 100V
(IS : 3961 Part 2:2017)

Buried Direct in the Buried Direct in the In Air
Nominal Area Ground Ground
SINo | of conductor c Alumini
mm?# Copper Aluminium | Copper Aliminium ﬂf‘“ “"1"“’""
A A A A
15 21 18 18 15 17 14
il 25 28 22 24 19 23 18
i 4 T 20 H 25 30 24
Iv. i | 46 38 39 32 39 32
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¥. 10 | 61 47 51 40 53 40
Wi 16 | T8 61 i 31 67 52
i 2 101 kL [ 66 % 10

i, 3 121 94 102 79 110 85

i, 50 143 111 120 93 134 104

K. [ 175 136 147 115 169 131
. 85 210 163 177 138 209 162
il 120 237 185 200 156 238 186

i, 150 265 206 224 175 212 212
¥iv. 185 |30 234 254 198 314 245
RV, 240 35 271 293 230 an 291
i 300 347 305 330 260 425 333
i | 400 436 EE 312 207 | 490 | 30
Vil 200 488 495 424 343 o560 452
i, 630 544 447 473 389 640 329
Tahle - 20
Current Ratings (a.c) for three, four, and five-core cables with XLPE insulation and
rated voltage 1 100V (IS : 3961 Part 6:2017)
Buried Direct in the Buried Direct in the In Air
Nominal Area G Ground '
SINo | of conductor 0 Alumini
mm? Copper Aluminium | Copper Aluminium uTEr “":“”m
A A A A
i 15 26 22 @ 18 23 14

. 25 34 27 28 23 30 24

i, 4 45 35 48 30 41 32

Iv. B 56 46 47 38 52 42

¥. 10 T4 57 fi2 48 70 54

Wi. 16 93 74 79 fil 89 69
wii. 25 122 95 102 79 119 a3

ik 2 146 114 122 84 Wr [ 114

i 50 173 134 144 112 179 138

X. 70 212 164 177 137 226 175

w. | T8 25 167 217 164 [ o781 | 216
%l 120 287 224 240 187 320 249
Xiil, 150 321 244 269 209 65 284
wiv. 185 362 282 304 238 472 329
Y. 240 418 327 352 276 500 392
Al 300 469 364 396 H2 a7d 452
Xvil, 400 o28 420 447 356 662 526

wiil, 500 543 478 aft 412 760 12
wix. 630 BE1 542 571 4E8 870 T2

Mote: various rafing factors which affects the current camying capacity of cables alsa shall be considerd.
Refer IS 3961 (Part6)2017 and IS 3961 (Part 7) :2016
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Table - 21
Currenl rating of AYFY Feeder cables
FuseFesder Size In sq.mm Feeder rating in A Size In sq.mm
Rating in A
16 4 150 150
25 & 160 185
42 10 200 240
40 16 250 400
a0 25 320 2185
63 35 400 2240
a0 50 500 2240
100 10 630 31400
120 a5 800 dxd00
125 120 |
Table - 22
Voltage drop and resistance of AYFY Cables
_________ ) |reference: S 120351983, Reaffirmed 2015 & 15:6130/2013) _
Conductor Installation method {Clipped direct) AC
Cross- One Twin Single Phase Three Core Three Phase | 5. resistance at
Sectional | Current | Vol Drop(mV)/ | Current | Volt Drop(mV)/ Fm“' 20°c
Area Carrying A Carrying A Ohmkm
mm? Capacity /m Capacity im A (apprx.)
13 16 - - - 10 -
25 21 29 19 251 16 14 404
4 28 18.2 23 13.8 16 9122
fi 35 121 32 105 25 6062
10 46 T 43 63 32 3637
16 &l 445 58 39 40 2252
25 Ti 29 4. 25 8 1443
35 92 21 o 18 63| 1038
80 110 16 115 T 80 0.7%1
70 135 11 135 093 100 0537
85 165 0.79 165 068 120 0.393
120 185 0.65 190 054 125 0312
150 210 0.53 215 045 150 0250
185 235 045 250 037 160 0214
240 275 0.36 295 0.30 200 0.173
300 305 03 340 025 225 (0144
400 335 0.26 415 0.225 250 0.090
2x185 423 - . - N .
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2x240) 495 - - 400
2x300 548 - ; 475
2x400 603 : 2 450
Ix185 620 - - 450
3240 726 . 2 500
3300 803 - - 630
3x400 854 - 4 630
dxd 00 - - 800
Table - 23
Voltage drop In PVC insulated Copper Cables
(reference: IS 1255:1983, Reaffirmed 2016)
Conductor Cross- Installation method (Clipped direct)
Sechona Ee | Twin Core i Three Core
Current Carrying | Volt Drop(mV)/ A | Current Carrying = Volt ﬂmp{m’ﬂl’ A
Capacity im Capacity fm
A A
15 20. 2 18 25
25 29 18 b 16
4 ar 12 3t 95
i = == R a4 ¥ =3 |
0 T3] 43 % 38
16 EG 27 73 23
256 15 1.8 a7 16
35 142 1.3 119 i1
50 168 0.92 147 0.81
o 209 065 180 0.57
s 257 048 28 | 042
120 295 040 237 0.34
130 337 032 295 0.29
185 390 029 313 0.24
240 451 025 399 0.18
300 223 023 431 0.18
400 580 0.22 523 017
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Table -24
XLPE Cable current rating
3.5core Aluminum conductor, XLPE insulated and PVC sheathed unarmored/armoured cable
(reference: 15:8130/2013)

Nom. Unarmoured Armoured Max. D.C Max AC Current Rating |
Cross Overall | Metwt, of | Overall | Netwt of | Resistance | Resistance | Directin| In Air
sectional | Diameter cable Diameter | cable | Temp. 20°C | Operating Temp. | Ground
area {Approx.) | (Approx.) | (Approx.) | (Approx.) Km a0'c Amps | Amps
mme | {mm) | (KgKm) | (mm) | (KgKm) | _Mm
25 | 22 | 600 | 24 | 870 1200 | 1054 | 94 | 96
/| M 120 76 1030 0.858 1.110 113 117
8 | 27 910 20 1230 0.641 0.820 133 142
nmo| 3 1230 33 1610 0.443 0.567 164 179
& | 35 1550 37 2000 0.320 0.410 196 221
120 | 36 2000 40 2460 0.253 0325 223 257
150 | 43 2300 45 2840 0 206 0265 249 292
18 | 48 | 2860 =0 M50 | 0184 oan 282 | 33
240 54 3610 56 4290 0125 0.162 326 399
300 59 4410 89 5170 0.100 0130 367 455
| & 5650 68 | 6480 | COV7E |0 04023 418 | 530
: ~ Table: 25
4 core Aluminum conductor, XLPE insulated and PVC sheathed unarmorediarmoured cable
| ] reference: IS:813012013] _ L 4 ! |
Mom. |  Unarmoured Armoured Max. D.C Max. A.C Current Rating |
Cross Overall | Netwl.of | Overall | Net wl of | Resistance | Resistance | Directin | In Air
sectional | Diameter cable Diametler | cable | Temp.20°C | OperatingTemp. | Ground
area {Approx) | (Approx) | (Approx.) | (Approx.) fKm agrc Amps | Amps
mm? (mim) (KalKm) () (Ka/Km) Km
4 | 15 [ 242 L N L % | TM0 L . 950 | 34, | 31
6 | 1B 289 18 664 4 610 5.90 43 40
0 | 17 378 20 750 3.080 3040 57 53
% | 19 445 2 700 1.910 2440 73 70
2 | I 650 24 940 1.200 1.540 94 96
35 25 800 i 1130 0888 1.110 3 | 17
50 28 1000 30 1400 0641 0820 133 142
HI 1370 H 1800 0.443 0567 164 179
95 35 1740 38 2190 0.320 0410 196 221
120 39 2170 42 2690 0.253 0.325 273 257
150 hnd 2630 | 47 3220 0.206 0.265 249 | 9
185 48 3250 52 3920 0.164 0.211 282 337
240 55 4110 50 4850 0125 0.162 326 309
300 | 61 5070 B4 5900 0.100 0130 367 455
400 | 69 6420 72 7310 L0778 0.1023 418 530
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10. Multi-Storeyed Buildings (more than 13m height]

Buiidings having more than one floor is categorized as mulistoried buiding. Multistoried building
having height more than 15m attract the provisions of Regulation 36 of CEA | Measures relating to
Safety and Electric Supply) Regulations, 2010, NEC 2011 Part 3 Seclion 7 explains the
requirements of elactrical installalions in such category of buildings. Height of the building is the
vartical distance measured from the average level of the ground configuous to the bulding or the
canter line of the adjaining streel to the terrace of last livable foor of the building adiacent to the
street level (NBC & KMBR).

Only dry type fransformers shall be used for the elecirfication of resideniial or commercial buldings

| erif necessary oil filed transformers shall be installed in separate utility budding (NBC Part 8)

For commen and essential loade of 100 kVA and above, separale fransformer wih HT metering

may be installed exclusively for such loads by the consumer | prometer {at the budding premises at

his own cost) (Supply Code 2014 11(3))

a) HT metering amangement shal be atiached o the primary control device. Time of dag,r meter of
lamper proof type shall be provided for metening.

b} Tapings from-PT is permitied and shall be laken with separate fuse conirol for connection fo
ndcalion lamps, voll meler, power factor meter watl-hour meter efc,

Locking and sealing facity shall be provided in all metenng panels, all un-metered swiich boards
pravided before metering provision, HT panel etc. o prevent thef of energy and illict use of
electricity

HT panel including group control isolator, LT paneds including melenng panels shall be inslalied by
the promater | consumer at his own cost It is the responsibility of he KSEBLLicensee 1o effect
supply up to the incoming termenal of the HT panal,

Energy melers for individual comsumers shall be purchased and installed by the consumer |
promoter flicensee at his own cosl. These meters shall be gol tested and ceddified by Elecirical
Inspectorate or KSEBLILicensee,

Fuse | Breaker protection shall be provided for the feeders from energy meters. The breaker shall
have isolation duty and a separate docr with locking facility for the use of supplier, shall be
| provided. P
Emﬂ'gﬂnc:y Eu.pply of adnql.raiﬂ l:apam;r shall ba installed 1o feed essential lnads  Power mp;:l:,r i
fire pumps, pressunsaters and smoke venting systoms, fire men Ifts, emergency ighining, fire
alarms-elc. shall be-fed from normal end emergency power source; wilh change over faciity(NEC
f6pat43462)

10.

Floor wise single point supply isclation facdity shall be provided. However single pomt solation is
pemifted for two adjacent floors.

11

For calculation of fotal connected load, minimum 1.2 kW or actual shakf be taken for single-phase
connection and 5 kW for 3-phase connection. For residential apartments minimum 50 watts shall be
emvisaged for one sg.m. of residential area, { Supply code 2014.Seclicn 50)

12.

Cables shall be taken lo different floors rough cable duct only. There shall be access to duct from
all foors. Fire barners shall be provided n the duct at floor crossings. Generator cables and gnd
cables shall be segmgated in the duct. No other service pipes shall be taken through electrical duct

13,

Onlj.r Iifts with wnp-arfwated doors shall be prwmed in h|g1 -fige buildings

14

When lift is operated through generator, the capacity of generator should be minimum 6 times fhe

| rating of ift motor in KW and 3 limes in the case of vasiable voltage variable frequency controller,

15.

16.

Ol filled breakers! SFUs are not permitted in high-rise buildings.

Low set EIF profection using neutral CT nead not be insisted for fransformers feeding high-nise
buildings where LT metering is adopted, But ELCBs shall be provided for all DBs and motor loads
except for fire pump motors
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2§

Metering panels shall be fixed preferably on the ground floar having proper ventilation and dequate
ilumination (Supply code 2014, 109 (6))

18

Unmetared spare ouflefs shall nof be permitted from MSEB / 5588 [ metaring panais without sealing

"| provision,

L|g|'rtrung protection shall be prmru:led and shall confom to ISAEC 62305 Class of LPS and details

‘| are given in Tabla 26

.| When generator supply is extended bo individual consumers, if shall be through an emergency DB.

Emergency supply isoltion facility using push buttons shall be provided In a conspicuous place at

| ground flocr at a maximum height of 1.70 metres above the ground. (CEA Regulation - C|, 36(3))

Transformers and gmmtm shall be installed at the r.erq:uher]r af the building having easy access

"| and ventilation.

.| Exhaust pipe of DG set shall be brought above roof tap level as per CPCB,

Acoushic arangements of DG shall be provided as per CPCE,

Relevant standards shall be followed in selechon of wiring maienals and for maintenance. Winng

'| shall conform to |.5. 732, |.5. 4648 and MEC.

.| For fire pumps, starters without over load relay shall be provided.

_ Height uf rnetar disq:llayr in metaring panals ghall be 075M to 1.8M. (CEA Instaliation of Meters

. Indag:lendeht Iieadew- ghall ba prcrwded fwmska!.ahnns guch as fire ift, fire alarm fire pumos, s, ele.

In commercial premises and highsise buiklings, a few lifts and ‘Grculafion area fights and

| fire-fighting equipment have o be kept working by supply from stand-by sels {NEC part 2,8.2)

In ‘mull-storeyed I:n.uldmg With HT metening, use of bus duc‘ﬁ are advisable lhan cabée ducts,

| The power supply HV cables voltage shal nat be more than 12 kW and a separate dedicated and
fire compartmented shaft should be previded for carrying such high veitage cables to upper flears in
a building. Clause 4.2.1 of Part 8 NBC

If dry type transformers are installed above ground level in multi-storied building of hesght more than
15m, 11KV ABSFUBreaker shall be provided at ground flacr. Structural finess certificate from a

' mmpelmt struclural engineer shall also be furnished. Regulaticn 36(3). Alsa refer section General

{under transformer) 51, No 20

10.1 Selection of fire pumps for high-rise building

The: mirimum requirements for firefighting installagion in high rise buikding are given in the Nabional
Building Code Part IV, Table 31.

Installation and selection of Fire extinguishers shall conform to IS 2180 ;2010 and IS 15683:2006.

Electrically operated fire pumps along with booster pUmEs of adaquale m‘nng as per National
Buskding Coade shall be provided,

Main fire pumps (electric & diesel) and jockey fire pump are to be provided near surface level,
under-ground stalic tank,

Booster fire pump is to be provided al terrace level.
Concumence from fire and safity department, shall be obtained for the fire protection system,
Table 26
Lightning Protection

Class
of LPS

Mesh size

Protection angle w.r.t height

in meters

10 meter

20 meter

30 meter

43 meler ;m meler

Rolling
Sphere
redius in
melers

Distance
between
down
Conductor

5x5

23

MA

20

10

10x10

38

23

30

10

15x15

48

36

NA

43

19

IV

20x20 |

& B E S

53

48

A
NA
23
33

23

B0

20

34
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11. Electrical Layout in Residential Buildings
15, 46481968 (Realfimed 1957)

Enargy meter shall be al such a place which is readily accessible to both consumer and supplier. |

|zclating and protecting device shall be placed immediately afier the energy meter and should be |
readily accessible to consumer,

Fusas or other proteclive devices used shall have adequale breaking capacily. I

L

Insudation of conductors connected to live lines shall be either red, yellow or blue caolour. Neutral
shall be black.

Earthing conduciar may be uninsulated.  insulated, the covering hall be finished to show a green
colour, For proteclive conduclor, bi-calor combination green and yellow shall be esed. (15 3043,
Sec 11.2.1,15 11353 Table 1)

After the main switch there shall be a Distribution board. '

There shall be separaie circuits for power and Iighiing. !

There shal be minimum twe sub circuits for lighting. !

ol B e B

Tolalload on a lighting sub-circuit shall be 800 Walts. Number of poinis shall not exceed 10.

-
5'—'-‘

Totalload on & power sub-circull shall be 3000 Walts. There shall not be mare than 2 culiets ina
power sub-circuil

A swilch shall be provided adjacent ta the narmal entrance lo any area for controlling the general
lighting in that area.

12

Two way switching is recommended for halls and staircases. !

13,

Switches and bell pushas should be seff iluminating where they are often oparated in dark.

14

Local light fittings in kitchen shoukd be so placed that all working surfaces are wedl illuminated,

13,

In bedroom it i reémmended that same lighting be confrolled from the bed lozation.

16.

It is recommended o use caling hghting with the switch located outside jor bathroom.

17

Water proof light fitings shall anly be used for cutdoor Bghling

18,

All sacket outiets shall be three pin types. i

19,

Each 16A socket-outlet provided In bulldings for use of domesBic applances such as mr|
condilioner, water cooler elc shali be provided with its own individual fuse (15 732_11.7 _appn_C2). |

20

Al socket outiets shall be contrelled by a switch located adjacent to it !

21,

22

Only shuttered type sockets shall be provided at location accessible o chikdren. |
For socket outlets of rating more than 164, double pole switch shall be provided, I

23

As per 15 732 no power sockets are permitted in bathreom. In unavoidable situations it shall be at .
inaccassible distance.

24,

All ceiling fans shall be provided with a switch beside its regulator.

25,

Ceiling fan blades shall be hung nof less fhan 2. 73m above fioor,

26,

Flexible cords shall be used only in the following cases

a. For pandants
b. For wiring of fixtures and
¢ For connection of fransportable and house hold appliances
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12. Lifts and Escalators

12.1.Lifts

Lifts and its instaliafion shall confiorm to 15, 14665 Part (1-3) 2000, Part 4-2001 and Part 5-1959

2

Lift Wedl

Trap door locabion & advisable to the extend maximum possible at a place bedow which no human
rm'.-eaﬂem:s there. Trap door is nm mandatory.

| Lintel may be cast above a heght of 2100 mm for door opening at all floors.

Ma calumn projection should be extendad to the Ift wel area.

For passenger lifts having shding door facility till projeclon of 105 mm to be provided on all
landings. ) N
External powes cables {u’d‘ner than Iift car and central cahles} shauid not be run 'ﬂ1mu5r| Tift wedl.

Machine Room

The machines should be as far as possible, be placed immadiataly abave the ift well.

If canstruction of machine room iz nol possible above ft well # shall be below the lift well or in the
besement. '

High-speed lit with gearless machine should have machine room above the it well.

| Lightning profection shall be provided as per | S 62305 over the Iift machne room

The machine room shall be segregated fram the it well by fire resistant separation in the
basement:

The machine reom shall be kep! closed, except fo these who are concemed with the operafion '

and the mainlenance of the machinery. When the eleclical pressure exceeds 250 Vdc or 125
Vac, a danger notics shall be displayed permanently on the outside of the door.

The machine room shall be equipped with an insulated portable hand lamp prowided with flaxible
cord for examining the machmnery

The maching mﬂnslnll he kept clean

All open rofating parts shall h-egunrded from accidental contact,

The machine recm shall be well verdilated during normeal operafion,

The mator of each §ft machine or the warm shaft shall be arranged so-&s to provide hand-winding |

faciities and shall be suitably marked for the direction of up and down traval of the |ift car,

Electrical Wiring

All electrical supply lines and apparatus in connection with the lift installation shall be so
consinected, installed, protected, worked and maintained that there may be no danger to persons
there from.

All metal casings or metallic coverings confaining or protecting electric supply lines of apparatus
ghall be efiechvely carhed.

Mo bare conductor shall be used in any lift car.

All cable and other wiring in connection with the lift imtﬂlﬂﬁms shall be of suitable grade for the

TEOE

Cable to the motor shall be sagregated and the puwer cabhars should not ba mmed with control
and safefycables.

A traling cable, which incorporates the control circuit, shall be separate and distinct from that |

| which mcorperates lighting and signaling circuts.

| Separate feeders shall be provided for power and lighting circuils.

Proper venlilation shall be provided for the motor control panel and shall be guarded against
accessibilty to live paris.

Clearance between lift motor control panels shall be sufficient for easy maintenance from both

3+5|
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sides of the control panel,

Dressing of confrol cables from the motor control panel fo [ift car shall be checked to ensure |
frouble free operation and detection of faults, .

Lecal isolation shal be provided for both power and lighfing feeders.

Cables from the motor control panel to lift moter and electro magnehc brake shall not be lad over |
the floor directly.

Insulating mats as per IS 15652 shall be provided in front of panels, switch boards etc.

The earthing conductor shall be secured to earthing terminal in accordance with recommendation |
made in |5 30432018 and also in conformity with the latest provisions of Central Eleclncity
Authority (Measures Relaling to Safety and Electric Supply) Regulation 2010.

It iz meommendatory that lift car be provided either with an emergency signal that 1= operafive |
fram the lit car and audible outside the [ift well or with a telephone. The supply 1o the alarm
system should be taken from e maching room light cirsuit,

When |t is operated through generator, the capacity of generator should be & bmes the rating of
|ft mater in KW and 4 imes in the case of vanable veltage vanable frequency [ift motars.
ELCBs shall b provided in lift metor and hgiting feeders.,

Lift car

Emergency stopping. device in car ocpembng panel for automatically operated §fts | with |
mperforated doors is prohibited,

An alarm bulton, yellow in colour shall be provided on the ¢ar-operating panal.

A load plale giving the rated load of the lift shall be ftled in each it car. For passenger lifts the |
raled load shall be given in number of persons and kilograms.

Met inside car areas for various passenger capacibos with comesponding minimum rated loads
ghall be as given in Table 27

Frotection

Every passenger lift shall be provided with an overload protecticn dovice, which will prevent the i
from starting in case the Iift car is loaded fo 110% of the rated capacily of the &t or more, Lift shall
|_remain stafionary with deor open. !

Audio and vizual warning shall be prowded to alert the passenger in case of over load

Battery operated Automalic Rescue Devica (ARD) shall be provided on all ifts 1o take the lifts fo

the nearest possible landing in case of power failure. If Iifls are equipped with back up generator
with AMF Panel the provision of ARD 15 optional. Capacity of battery for ARD shall be such that
minimum three rescue operatabions can be performed withou! recharging.

" For al liffs with ARD, an audio and visual indication shall be provided inside the iff car to alert the
person trapped mside that he / she i boing rescued.

Table ; 27
Minimum and Maximum Net inside Car area for Lifts
(1S 14665 (Part 3/Sec.1):2000)
No. of Passengers Minimum Rate Load Mirimum Net Inside Maximum Net Inside

Kg Car Area, M? Car Area, M?
4 272 0.68 077
B 340 0.85 085
6 408 1,00 112
7 476 1.16 128
8 B4 1.3 145
49 612 1.46 160
10 680 1.61 176
11 T84 1492 191
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12 816 1.92 2.05
13 884 2,06 2.20
1 952 223 234
15 1020 2.35 247
16 1088 248 261
17 1156 262 2.74
18 1224 2715 287
19 1282 288 3.00
20 1360 30 313
21 1428 314 325
22 1496 3.26 3.38
24 1264 3,39 3.0
2 1632 351 36t
25 1700 3.62 373
26 1768 3T 385
27 1836 3.86 396
2 1804 397 407
29 1972 .08 418
12.2 Escalators
1. | Escalator end its installation shall conform to |5 4591.
2. | AnSDFICB shall control the escalator circuit.
3. | Anelectrical motor shall not drive more than one escalalor.
4. | Key operatad type starting switch shall be provided near the escalator
3. | Angle of inclination shall net exceed 30 degrees from the harizontal, but fer rises not exceeding 6
metres and & nominal speed not exceeding 0.5m's an angle up to 35 degrees is permitied. (IS
4591:2020; Part 1 sec 5.2.2) '
B. | Manually operated type emergency stop switches shall be provided af accessible height at top and
bottom landing area. . ;. . o oo Tat Tl
7. | Local supply isolator shall be provided near the escalator main mator
8. | Step breads shall be properly ifuminated fhroughout the run.
9. | Eachescalator shall be provided with an electnically released, mechamcalty applied breke
____| capable of stopping the traveling escalalor trave| with any load up to its rated load. =
10. | Rated speed shall not exceed 38 m/min,
11, | Aspeed governor has to be provided to stop the escalator ravel if the speed exceeds a
| predetermined value subject to maximum 140% ofthe rated speed
12. | Broken sbep chain device shall be provided to cul off power supply lo the diving machine, if the
step chain breaks.
13, | Balustrades shall be provided at each side and comb plates at top and bottom of escalator.
4. | Finger guards shall be provided at the point where the handrail enters the balustrades.
15. | Skirt guards shal be provided at botiom porfion of balusirades.
16. | Clearance between step and skirt guard shall be max. Smm.
17. | Clearance betweean slep treads shall be max. 4mm.
18. | Handrails shall extend 1o min. 30cm to lop and boliom landing spaces.
19. | Step tread width shall be min. 40cm. and max. 102cm. ] o -
20, | The depth of step tread shall be mare than 40cm, and the rise between freads shall be  less than
Z2cm
21. | Door to the machine room shall apen oulwards
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13. Electrification of Hospitals & Health care premises
[Ref- IS 17512, NEC)

The TH-C =ystem i not allowed in medical kecations and medical buildings downstream of the main
1| distribution board.

mafic change-over from fhe main disinibuton netwerk to the elecirical safety source feeding essen-
tial loads

« Group 0

Medical iocation where no applied parts ane intended fo be used,

« Group 1

Medical lncation where applied parts are intended 1o be used as follows:

-Externally;

~Invasively to any part of the body, except where Group 2 applies

Grouwp 2

Medical location where applied parts are intended to be used in applications such as intra cardiac
procedures, operating theatres and vital freatment where discontinuity (fallure) of the supply can
cause danger o ife.

3 PROTECTION FOR SAFETY(IS 17512 sec 6.3.12)

Protection Against Bectric Shock
4} Protection Against both Directand Indirect Contact
afet ] A9 8 BCive

When using SELV andlor PELV circuits in medical localions of groupd and group 2, the
nominal voltage applied to curent-using equipment shall not exceed 25 W rmsacor 60 V
ripple free de, Profection by insulatien of ive parts and by barriers of enclosures is essenfial

In medical lccabons of ‘group 2, exposed-conduchve pars of equipment (for example,
opersting the atre luminaries), shall be connecled (o the equi-patential banding conductor.

When safety extra voltage is obtained from supply mains, itis tobe through a safety isolating
transformer or a converfor with separate winding, the msulation of which complias with the
double insulation or reinforced insulalion requirement

by Protection Against Dire¢t Contact (1317512 sec 6.1 2)
1. Obstacles: Protection by obstacles is not permifted
2. Placing out of reach: Protection by placing out of reach is not permitted. Only profection by
insulation of live parts or profection by barriers or enclosures is permitied.

¢) Protection Against Indirect Contact (IS 17512 sec 6.1.3)
1. Automatic disconnection of supply
Disconnection of supply.
In medical locabicns of group 1 and group 2, the follewing shall apply:
~For [T, TN and TT syslems, the conventional touch voltage UL shal not exceed 25 VUL =
25 V),
~Far TN and IT systems, below table shall apply.
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11,

TN systems:
I medical locations of group 1, in final circuits with over current profechive devices rated up
tor 32 A, residual current protective devices with a rated residual operating cument not
exceeding 20m A shall be used.
In medical locations of group 2, protection by aulomatic disconnechon of supply by means
of residual current protective devices with a rated residusl-epesaling
current not exceeding 30m A shall only be used on-the circuits thatare supplying only one
single equipment
TTsystems —
In medical locations of group 1 and group 2, the requirements of TN systems apply and in
all cases residual curent protective devices shall be used
Medical [T sysiem
In Group 2 medical locatans, an IT system shall be used for fina! circuts and where the
same final circuit is connected to more than ane ME equipment or ME system, located
withir the patient envirenment, excluding:
=equipment with a rated power greater than5k VA,
—X&-ray equipment;
—the supply of movements of fixed operating tables.
For each group-of reoms serving the same funchion, at |eest ane separate medical IT system is
necessary. The madical IT system shall be equipped with an insulation manitoring device in
accordance with the following spedfic requirements:
—The ac. infernal impedance shall be at least100 k O;
—The test voltage shall not be greater than25 Ve,
~The injected current, even under fault conditions, shall not be greater than 1mA peak;
=indication shall take place at the |atest when the insulation resistance has decreased 1050 k
(1. Atest device shall be provided;
For each medical IT system, an acoustc and visual alarm system mcorperating the following
companants shall be arranged at a suilable place so that it can be permanently monitored
(audible and visual signals) by the medical staff
-A green signal lamp fo indicate normal operafion;
—A yellow signal lamp which lights when the minimum value set for the
insulation resistance is reached. It shal not be: possible for this light to be
cancelled or disconnected;
-An audible alarm which sounds when the minimumn value set for the insulation
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resistance & reached, This audible alarm may be silenced
—The yellow signal shall go out on removal of the fauk and when the nommal
condition is restored.
Manitoring of overoad and high temperature for the medical IT transformer is
requined,
IV.  Supplemeniary equi patential bonding
In each medical location of group 1 and group 2 supplementary equipotential bonding
conductors shall be installed and connected to the eguipotential bonding bus bar for the
purpcse of equalizing potential differences between the foliowing parts, located in the “patient
environment™
-Proteciive conductors;
—Extraneous-conductive-parts;
—Sereening against electnical interference fields, if installed;
—Connection to conductive floar grids, if installed;
—IMetal screen of the molating transformer, f any.

5 | Fixed conductive non-edectrical palient supports such as operaling theatre tables, physiotherapy
couches and dental chairs should be connecled to the equipatential bonding conductor unless thay
| areinfended o be solated from earth

] In medical locations of group 2, the resistance of the conductars, including the resistance af the
connections, between the terminals for the protectve conductor of socket-outlels and of fixed
equipment or any extraneous- conductve-parts and the equipotental bonding bus bar shall not
exceed 0.2 (0.

NOTE — This resistiva value ¢an also be determined by the use of a suitable cross-sechional area
of the conducor.

7 | Fire Protection shall be provided as per National Buiiding Code of India part 4 Fire and Life safety
applies.

& | SELECTION AND ERECTION OF ELECTRICAL EQUIPMENT(IS 17512 sec 7}

a) Transformers for medical IT systems
It i recommended that the medical IT distnbution board |8 located within 25 m of the pant of
use, The distribution board should be-easily accessble for maintenance which will reguire it to
be located on the same level and the same fire sechon as the load it serves. Distnbution
boarde shall be mstalled outside the group? medical locations and should be sakly guarded
against unauthorized persons,

The rated voltage Un on the secondary side of ransformers shall not exceed 250 V ac.

b} Medical IT systems for group 2 medical lecations
Transformers shall be in accordance with [EC 61558-2-15, with the following addtional
reguerements:

1} The leakage cument of the outpul winding to earth and the leakage current of the
enclosure, when measured in no-load condifion and the transformer supplied at rated
voltage and rated frequency shall notexceed 0.5 mA

2} Single-phase transformers shall be used to form the medical T systems for portable and
fixed equipment and the rated output shall not be less than 0.5 kKVA and shall not exceed
10 KVA.

3) 3)If the supply of three-phase loads via an [T system is also required, a separate three-
phase izolation transformer shall be provided for thés purpose without put Ine-fo-line
voltage not exeeeding250y.

9 | Where appropriate, atienton should be given to prevention of electromagnetic interference.

Explosion nsk
1) Reguirements for medical electrical equipment for use in conjunction with flammable

gases and vapours are contained of 15 13450 (Part 1}.
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2y Where hazardous conditions are likely fo occur (for exampie, in the presence of flammable
gases and vapours), specal precautions may be required.
3) Prevention of busid-up of static electricity is recommended.
Electrical devices {for example, socket-outlets and switches) shall be installed &t a distance of at
lzast 0.2 m hernzontally (centre to centre) from any medical gas- ouflets, so as to minimize the nsk
of ignition of flammable gases.
13 | Any wiring system within group 2 medical localions shall be exclusive to the use of equipment and
fithngs in thal location. (IS 17512 sec 7 2)
11 | Protechion of Wiring Systems in Medical Locabions of Group 2:
Total selectvity shal be ensured for any prospective over current: In case of a short-circui in a final
circuit, the incoming circuits of the upstream distribution board shall not be inerrupted.
Over current protection against ahart-circut and over load current is necessary for each final cirowil
Overload cument protection is nol allowed in the feeder circuits upstream and downsiream of the
transformer of medical IT-system.
12 | Lighting Circuits _
In medical locations of group 1 and group 2, af least two diflerent sources of supply shall be
pravided for some of the luminares by two circuits. One of the two circuits shall be connected o
the szafaty service. In escape routes, atemate luminanes shall be connected to the safely sennce
(1S 17512 sec T 4.1
13 | Socket-cutlet Circuats in the Medical [T System for Medical Locations of Group 2
Al each patient’s place aof teatment, for example, bed heads, the configuration of socket-oulels
shall be as follows;
~Eithar a minimum of two separate crcwits feeding socket-outlets shall be installed; or
~Each socket-outlet shal bendividually protecied against aver current,
Where circuits are supplied from other systems(TH-S of TT systemein the same
medical locabon, socket-oufiels connected to the medical |T system shall ether:
=be of such consfruchon that prevants their use in other syskems, or
=be ¢learty and permanently marked.
(S AT512 8007 2 0opinny evsymanne Y. VT
14 | Architecture of Special Safety Supply System in Operation Theatre (S 17512 sec 7.4 3)
Operabing Rooms require impeccable availabiity and quality of Electne power to ensure maxmum
pabent safety
-There shall be dedicaied UPS system to ensure the back-up power for at least 3 hours
-In group 2 locafions, that is, Operafing Rooms, an lsdlated Powar System panel shall be used for
circufs powering medical electrical equipment and systems for survival and surgical applications.
-The system archiecture shall be supplied as integrated soluion comprising of electrical
swilchgear, msulation maoniloring device, medical rated ransformer (as per NABH and 7.1.1.1 this
slandard.) connecled fo building management system on non-proprietary or open protocel
communication eystem
-Medical Rated Transformer shall conform fo IEC 61558-2-15 and need o be protected against
overload and short circull and lemperature monitoring of ransformer s needed.
-Insulation momtoring device shall conform lo IEC 61557-8. An audible and visual alarm shall be
provided fo alert medical and faciity personnel,
-For optimum operation of medical equipment, prevention of eledromagnetic disturbance s
_necessary. The above systern shall be tested to aftenuate electromagnedic disturbances
15 | SAFETY SERVIGES
-In medical locations, a power supply for safely services is required which, in case of a failure of the
mormal power supply source, shall be energed to feed the eguipment stated in detaided
requirements for safety power supply services with elecincal energy for a defined period of time
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and within a pre-determined changeover period

-If the voltage at the main distnbubon board drops in one or several ine conduciors by more than
10 percent of the nominal voltage, a safety power supply source shall assume the supply
automatically

-The supply transfier should be achieved with a delay in order to cater for auto re-closure of circui-
breakers of incoming supplies (shori-time inferruptions)

-Where socketoutlets are suppbed from the safety power supply source they shall be readily

ientifiable

Detailed Requirements for Safety Power Supply Services (IS 17312 sec 8.3)

a) Power Supply Sources with a Change-Over Pericd less than or equallo 0.5 &
In the event of a voltage fadure on one or more line conductars &t the distribution board, a
elecinical source for safety services shall be used which s capable of providing power supply
for a penod of at keast 3 h for:
—luminanies of operatng theatre tables;
=ME equipment containing light sources or equipment essenlial to the appilication.
As an example, this equpment may include:
~gnooscopas and essential equipment such as monitor;
=critical life-supporting ME eguipment.
The power supply shall be restored within a change-over penad not exceeding 0.5 s,
The duralion of 3 -h batlery may be reduced 1o 1 h, if & power source-as diesel generator is
installed,

b) Power Supply Sowces with a Change-over Period/less than or equalio 15s
Equipment according o Safely lighting and Other sendces shall be-cormested within 15 s5to a
safely power supply source capable of mantaining it for & minimum period of 24 h, when the
voltage of one or more-line conductors at the main distribution board for the safety senices has
decreased by more than10 percent of the nominal value of supply voltage and of a duration
greater than 3 &

) Power Supply Sources with a' Changeover Period greaterthan 15 s
Equipment ofher than those covered above, which is required for the maintenance of hospital
sanvices, may be connected either automatically or manually to a safety power supply source
capable of maintaiming 't for @ mnimum penod of 24 h, Ths equpment may include, for
example:
—Sterilzation equipment;
—Techmcal building instalialions, in parbicular air condiioning, hesting and ventilation systems,

building services and waste disposal systems,

=goaling equoment;
—Gooking equipment

Safety Lighting

In the event of mains power failure, the necessary mnimum illuminance shall be provided from the

safoty services source for the following locations.

a) The changeover perod bo the safely source shal not exceed 15 &:

=-gscape routes;

=L ighting of exit signs;

—Locabons for swilchgear and control gear for emergency generation sets and form & in
distribution boards of the normal power supply and for power supply for safely senices;

—Hooms in which assenfial senices are intended. In each room at least one luminary shall be
supplied from the power source for safely services;

-Rooms of group 1 medical locations. In each room at least one luminary shall be supplied
from the power supply source for safety services,

~Rooms of group 2 medical locations, A minimum of 50 percent of the lighiing shall be
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supplied from the power source for safiety services.
b) Services other than lighting which require & safety service supply with a changeover pencd
not exceeding 15 & may include, for example, the following:
—selected lifts for firemen;
-yentlating systems for smoke extraction;
-paging systeme;
-Medical efectrical equipment used in group 2 medical locations which serves for
surgical or other measures of vital importance, Such equipment will be dafined
by responsible staff authonzed by the management,
=Elecirical eguipment of medical gas supply including compressed air, vacuum
supply and narcosis (anesthetics) exhaustion as well as their monitoring
devices— Fire detection, fire alarms and fire extinguishing systems.

16

VERIFICATION

The dales and resuks of each verfication shall be recorded,

Imetial Venfication

The tests specfied below under items @) to ) in addibion to the requirements of 6 of IS 732 shall be

camied out, both pror to commesioning and after alterations or repairs and before re-

commissianing.

a) Functional test of insulation monitonng devieas of medical IT systems and acoushealviawal

alarm systams.

b) Measurements to verfy that the supplementary equipotential bonding is in accordance with
Supplementary equipotential bonding.

¢} Venfication of ihe integrity of the facilities required with Supplementary equipolental bonding for
equipotential bonding. _

d) Verificabon of the mtegrity of the requirements of Safety services for safety seivices

&) Measurements of leakage current of the outpul cireuit and of the epclosure of medical 1T
transformens in no-load condifion,

Peniodic Venfication

Perodic verification of ilems a) to &) of Initial verfication shall be carmed oul In accordance with
lcalinatonal requishons. If no bcalinalional requlaions exist, ' the following intervals are
recommended:

a) Functional testing of changeover devices:12 months;

b) Funchongl testing of insulation monitoring devices: 12months;

&) Checking, by visual inspection, settings of protective davices: 12 months:

d} Measurement verfying the supplementany equipotential bonding: 36 months;
e) Venifying integrity of faciities required for equipctential bonding: 36 months;
f) Monthly funchonal testing of:

~Safely services with batieries: 15 min;

—Safoly services with combustion engines: unfil rated running temperature is
achieved

12 manths for "endurance run”;

—Safely services with batleries: capacity test;

-Safely services with combustion engines 60 min;

In &l cases at least 50 percent to 100 percent of the rated power shall be laken aver
g} Measurement of leakage currents of IT transformers: 36 months;

h} Checking of the inpping of RCDs at IAN: not less than 12 manths.
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General

Equipotential bonding shouwd be completed in theatres and ICUs as per the above stendards.
I.| Recommended value of earthing conductor resistance should be attaned. All metallic bodes like
| gas lines efc. should come under equipotential bonding.

2. The enfire PE conductor shall be insulated with YIG PVC sleevelnsulation. Minimum size of PE is
2 bmm? if mechanically profected or 4mmé if not protected

3.| All electrical aql.uprmrts {speciically arc generating type during its working or ON/OFF operation)
i |__§I_1m_.|_lg_lle_|;§stdlad minimum 1.5m above fioor level.

Steel clading, if any, should be connected to equipotential bonding and electrical continuity must be
ensured incuding gas lines. -

IT system (Unearthed power systam) should be used by providing medical isolating transformer in
theatres and ICls for ffe saving fife supporting equipments affer gefliing the detailed list from
surgeonsiphysicians of life supporting eledino medical equipement.

g, | Power distribubon for theatre complex should be energised only with redundant cables. Incase of a
able failure, redundant cable should restore fhe supply at the earliest

7. Al EMI generating equ[;mants must be installed in consultaton wih medical equipment
supplier/electro medical equipment catalogles.

B.| Minimumn recommended distance shoud be stncly implemented for EMI generating equipments.
' (Eg. High frequency ballast for fluorescent hghting, power cabling ets..|

9. Minimum 1000 lux shadow-free general-lighting other than OT table top lamp should be gr.ren iy
neatres.

A dedcated adequately rated standby supply for thetres and ICUs are strongly recommended witn

10, AMF panel. Supply source and AMF logic should be able fo resione power supgly in less than 15

|
. seconds and encugh fuel storage should be available for 24hours continuaus opesation

11, Acceptable time delay in restoring power supply for various devices, ercas of medical
| establishmentgiven in the standards should be followed sirictly.

12| The limits of touch voltage in operation theatre and ICU are limited to25Y ac rms.

13, Only TN =5 & IT system power supplies are allowed in theafress ICUs,

14, Screening/shiekding should be completed for CATMRI if reqmreu:l frecommended by manufacturer.

14. X-RAY Installations

| Xeray installations shall confirm lo Regulalion 54.

il o

| X-ray mam shall be located as far as possibie from areas of high occupancy and from matamity |
' pediatnc wards in the hospital.

3. | Onlyone door is permitied for eniry into the X-ray room.

4, | Dark room shall be so located that fhe primary X-ray beam cannot be directed on it

5. | Minimum size of X-ray room shall be 18 sq.m. For CT scan 25 sq.m is required. Single dimension of

| the x-ray room shall not be less than 4m

6 Structural shielding shall be provided against radiation for walls. Walls shall be of approximately
| 23cm thick (Brick masonry)

=]

| Unshielded openings in X-ray rooms shall be manimum 2 m sbove ground.

8. | Room housing fluoroscopy equipment must be so designed that adequate darkness can be
| achieved conveniently when desired in the room. A suitable red light must be provided in the room
| for the use of radiologist after dark adaplation.

9. | X-ray equipment shall be installed in such a way that in normal use the primary x-ray beam is not
| directed lowards control panels, doors, windows, dark reom or areas of high cccupancy.

10. | In the case of diagnostic X-ray equipment operating &t 125 kV or above, the conirol panel must be
| instalied in a separate control room, provided with appropriate shielding, direct viewing and oral
| communicabon faciibes between the operator and the patent,
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11.

| Waifing areas must be provided outside X-ray room.

12,1

Asmtatule warning signal such as a red light must be provided at conspicucus place outside the X-
l'ﬂj’ room and kept "ON when the x-ray unitis in use

13. |

EL CBs shall be provided in X-ray circuits.

14,

| Adequate clearance shall be provided around equipments and control panel for eazy and convenient
| aparation

15, | Cable size and earthing conduciors of X-ray units of different rating are given in Table 28,

18. |

| Approval shall be abtained from Atomic Energy Regulatory Board (AERB) for X-ray unit installation.
| Sanchon shall be ssved only afler producing approval certificale from AERE.

17, | Barium sulphate coafing should be provided for the walls, if the wall thickness is less than 15cm
18. | Arlificial resuscitafion chart shauld be axhibiled al a conspicuous localion inside the X-ray room
18, | The distance between conirol pancl and X-ray unit shall be minimum 3m.
Table 26
Cables for X Rays
: i . . Cable size Earth
Capacity of X Ray Current fﬂhnghxdmp Fuse AYFY Por kit
ma A Phase A A . mm? mm
30 (Portable) a8 1 22 3z 2x6 3.251
50 (Portable) 1.9 3 10.8 3¢ i 3x6 3.251
5D 75 3 108 32 | 3B 3.251
100 10 ) 16 a2 4 Ixb 3.251
300 30 3 45 50 | Jxie 4064
500 65 3 o8 L %35 4064
Mote | For equipments such as ¥ Ray, Nean Sign, Lift. Escalator and CT scanner, the fee specified in
the Govi. order will be inclusive of the associated swilch boards carth eleclodes els.

[ Nean mstallations shall confirm to Rangul:atim 9

15. NEON - SIGN Installations

L
kS
3

Neon-sign boards should be struclurally stable. =
HT transformers shaukd be adequataly enclosed In a venmin proof and dust proaf enclosure and
there should not be any exposed live parts,

HT interconneciion should be dane with cables of adequate insulabon and the joints should be
soldered and adequately insulated propery,

I'I.'Iﬂpnlnt of HT winding af Neon transformers shoukd be I'Igldly' connected to the I:':n:?:u:llr.I of the
ransformer and there from to the transformer enclosure by duplicate earth connection of Mo, 10
SWG copper wire, The transformer enclosure should be ngidly connected o the Neon sign frame
and the frame provided with duplicate earhing.

Minimum size of the chamber should be 50 x 50 x 6 ¢cm,

Separale circuits with Juse switch isolation al supply end and recelving end should be provided.

Meon-sign board should be provided with separate earthing scheme.

Fire main switch, a linked switch to operate on all phases except the neufral m a three phase four
wire circuit, shall be prowided at not more than 1.70 m from ground as envisaged in Regulation 52
{1} (i) of CEA (Measures Relating to Safely and Beclric Supply| Regulations, 2010

10,

Main wiring should be done using rigid PVC / metal conduils.

b P

On the Neon transformer enclosure cawtion nobice "DO NOT OPEN WHEN SUPPLY ON" sign
should be conspicuously marked and standard danger board provided neary the Neon-sign.
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16. Installation of Electric Fence Energizer

Electnc fence installabon should confiorm fo 1S 302-2-76M999 and IEC 60335-2-16/2002

=¥

The applicant will have to submit & formal applcation contaming the lacation and area covered by
the elechic fence enargizer

Eraeclion and maintenance of the fence shall be carried oul under he supenvision of an authorzed
persaon,

When the fence 15 crossing public ! private properly necessary sanction / NOC from appropnate
agency shall be obtained

The electric fences shall be installed, cperated and maintained in @ manner that minimizes danger
o persons, animals ar their surmundmgs Eleciric fencing must have its conductng wires
effaclively isolated from the ground. The fence structure must be of suficient strengih and
capacity to defiver an electric shock sensation to an animal when it touched.

The Energizer shall I:ua of standard make and hauhg foliowing characheristics,

sarr

.:} The: I"I'lp-LIltE duration of e |mputse in the 500 Ohm mmp:rnent of mdards Ibad does not
excoed 0.1 seconds.

d) The energy per impulsein the 500 Ohm component of the- standard load shall not exceed 5
joules

) Mains operated and batlery operatad energizers suitable for conneclion fo the main shall be
Class |l with respect to protechion against electric shock.
f} Energizes shall be of minimum degres nrpmta:han |PX4 for sutdoor installation

=

Electric fence construchion that s likely to lead the entanglement of animals er persons shall be
avoidad,

Fences shall not be supplied from two separate energzer or from independent fence circuits of the
same energizer. If the separale fences are supplied from separale energer, the distance
between the wires of electric fences shall be minimum 2 meter, If the distance is to be less, it shall
be effected by means of electrically non conductive materiale or with an isolated metal barrjer.

If the energizer is provided with mare than one fence drcuit the impulse for the individual sets of
output terminals shall be synchronized, The duration and repetition of impulse shall be the same
as for the energizer with one arcuit

10.

The barbed or razor wires shall not be used.

mn.

The energizer shall be earthed independenlly and a minimum distance of 10 meler shall be
maintained between energizer earth elechodes and any ather garthing system.

12.

Connecing loads of energizer that are mn inside budding shall be effectively insulatod from the
earthed structural parl of building and if thal are run underground shall be ren in condut of
inswlating raterials or with insulated K\ cables. Care must be taken to avoid the damage caused
by the efiect of animal hooves or rodents or by farming fools,

12

Energizer live wires shall not be instalied in the same conduits as the electrical domicikary
instalation, communication, TV, data etc.

14,

The :urrnacﬁng leads and fance wires shall not cross OH | puwar linas!cemmunication lines. If such |
crossing cannot be avoided, it shall be taken underneath of the power ines and as nearly as
possible at right angle to it.

15,

The minimum clearance as shown shall be maintained for connecling leads | electric fences wire
which are installed near OH power lines.
Less than or equal to 1000V 3 metre

Belween 1000V and 33 kV 4 metre

Above 33kV & metre.

16,

Height of electric fence above ground shall not exceed 3metre for ether side of pnu.rEr line for &
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distance of 2 meter for voltage up fo 1000V and 15 meter for a vollage exceeding 1000 V.

17.

YWhere an electric fence crossing a public pathway, a non-glecirfied gafte or stiles shall be
provided and waming signs shall be provided at adjacent electrified wires. The warning signal at
not greater than S0metre interval of fences where there is public access.

18.

The conducting wires of fence shall be made of non-cormosive matenal. The joints in the wire shal
be made either by knotting or with double crmp sleeve joiner.

19.

A cut out switch shall be used fo isolate parts of fences without need fo turn off the energizer and
the switches shall be capable of isolating and insulatng a valiage level of 10 kV.

The fence wires runneng under the tefephone wires or parallel fo underground telephone cables
for any distance shall be avoided

21,

Electric fence bardering public thoroughfares are required fo have a warming sign at least
20 cm x 10 om size with yellow & back ground and !::Iﬂ[:k |etters. "CAUTION : Eleutnc anlm.f.i fence’.

In I:Iry areas with low rain flow fegls‘ms there is a severe decrease of the mrﬂmhxﬂty ti'lmugh the
| ground. In such place, “Ground wire refurn system’ of earthing shall be prefersble.

For Electic security fences used for security purpose shall comprise an electric fence and a
physxal barrier not less than 1,5 meter in height infended to prevent inadvertent contact with the
pulzed conductors of the Electric fence.

Inspection fee of Rs 2500/ (Rupees Two Thousand and Five Hundred Only) per circuit of
energizer shall be remitted by the applicant under the head of account 0043-102.

- =

17. Installationof Digital Projectors in Cinema Theatres

The eguipment shall beinstalled in the cabin tself.

Sufficient working space shall be maintaned around the proposed projectar.

LR

The height of projechion shall not be less than 2.1m from the fop most portion of the auditorium
floor level

The cakin shall be n-charge of a licensed Cnema Cpemter for the operabon of Digital Prajector,

Separate sanchon shall be cblained Fom the Distict Bleckical Inspectar for the installation of
Digial Projeciors

| This equipment can be permitted in addition to the existng Arc lamp projecton o independently.
| Eepﬂrﬂ’te circuit shall be provided for the Digital Projectors.
Cuality of the picture and sound produced by the Dagital Projector shall be ensured.

o |gal~m| (s

All the relevant rukes as per Kerala Cinema (Regulation) Rules 1988 shall be made applicabls to
the cinema installation with Digital Projechors.

18. Installation of Solar Energy System

a)Technical

1.

The minimum qualification for carmying out the installaton work of solar energy system shall be a
licensed B-Class Contractor. Depending up on the capacity of the nstallaton, eligible contractors
can camy out the work.

Verify, whethar the inverter iz grid tied or not. Inverier capacity shall be selected based on the
salar PV generation, so that maximum generabon can be ulilized. The design of inverter should be
as par the Indian / International Standard and efficiency of the inverter should be mare than 97%

Solar inverter delalls and its specifications and Solar PV module details such as number of
“modules, wattage, voRiage, current efc, shall be verified,

PV module shall be MMRE approved, The certficate of MNRE approval shall be verified. If the PV
maodule is not MNRE approved, certificate from MNRE approved lab shall be obtained.

Inthe grid tied System, ensure that there i no back feei:ling to the grid when grid supply is off and
anli-islanding prolecion shall be ensured during grd falure. The Inverter should shut down

48




Technical guidelines (Department of Electrical Inspectorate, Kerala)

'al.eh:urmically if there is a power blackout or a fault with SPY for safety of the personal and other

equipments. Certificate from the manufacturer shall be obizined.

in case consumer want to use SPV pawer for its use at the time of grid failure, he has to install an
automatfic switching syslem o solate gnd supply from SPV system to use the supply from 3PV
with Ballery system safely.

The adequacy of cable size for salar P\ System shall be vedified and ensured. The cable shall be
UV Protected. I the ln'.fa'tur i3 installed in the lower floor, the DC cable shall be kaid through the

An enargf mater shall !Je provided for ramrﬁng the solar anarg;r generated

ifit = grld fesd, it shall be ensured that Bi-drectional meter .[I‘;J;t.rrneter} L prcru'u:ted at the
intereonnection point bo record the import and export of anergy.

10.

Battery and inverter shall be segregated properly with fire proof parfition or minimum 75 cm
clearance shall be ensured between them. Easy and safe accessiblity to penel for cdeaning shall
be provided,

1.

12.

If the proposed installation is having a DG set and mitended to work in synchronzation with Solar
system, reverse power relay shall be provided fo avoid back feeding io DG set. In the case of back
feeding, reverse power relay shall tip Solar inverter.

A tockable isolator should also be installed at the pont of inter connecton with the gnd connectad
SPV system which should be accessible fo the utlity siaff to isclate the system at the time of
maintenance of the distrbufion system

13.

PV module fames, amay structures, equipment and enclosures, AC conductors and fighining
conductors shall be earthed as per IS 304372018 and m::n 142 of IEC 625452016. AC and
DC side earthing shal be inlerconnected

4.

Frames of all PV modules shall be connected to one  continuous sarthing conductor. The earthing
conductor shall be rated for .56 mes the maximum short circutt current of the PV array.

15.

The minimum size of earthig conduclor for PV equipment shall be 6 mm* if copper, 10 mm' if,
aluminmuim ar 70 mm? if hot-dipped galvanized iron.  Resigtance between any point of the PV
system and earth should not be greater than 5. Al the ecarthing should be provided with two
paralel paths with separate earth eleclodes.

18.

Each string should be provided with two fuses, one connected ta the posifive and the ofher to the
negative terminal of the skring.

7.

18.

PV sinng connected in paralle! shall have maiched cpen circuit voltage within 5% per stnng to
avoid cln:.l.datlng current. (Refer section 5.1.6 of IEC 62548/2016).

Gabie size for PV string cable, BV & BLi:n-arra'f cable and Y array main cable shall be selected as
per saction 7.3.7 of [EC 62548/2016

19.

OC =urge arresters shall be Provided at DC side and it shall be of Type 2 {as per IEC 61643-1 IEC
62548/2016) rated at a continuous operating voltage of at least 125 percent of the open-circuit
voltage of the PY siring, and a flash current of more than 5 A. As the sting inverters used for roof
top PV systems do not allow more than 800 VDC, surge amestors rated for 1,000 VDC are
commonly used, The surge armestors should be connected to bath positive and negalive outgoing
terminal of the string junction box, If the inverter is provided with in-build SPD this may not be
insisted. AC side of inverler shall also be provided with a SPD of adequale rafing. SPDs shall be
salected based an the veltage impulse withstanding capacity of the equipment to be pratected

20.

Far large PV systems a dedicaled lightning protection system shall be pravided as per |[EC 62305
and sechion 7.4.2 of IEC 62548/2016. Exasting ightning protechon of a building may be considered
sufficient for this purpose, provided i adequately pmhects the instaliation area.

21.

All BV equipment nstalled cutdoors should have an ingress protection ratng of at Ieast P65, AII '
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22,

arrangement to avoid direct sunlight,
All The PV Equipment shall be labeled as per [EC 62445-2009-05,
« Al circuits, protective devices, swilches and terminals shall be suitably labeled

« Al DT pnction hoxes shall be labelled for indicaing acive parts inside the boxes fed from

a P\ array
« Main AC isolating switch shall be clearly labelled with dual supply waming and a single line

wiring deagram shall be displayed.
« Inverter protection seings, installer details and emergency shuldown procedures shall be
displayed on site

23.

PV systerm shal not inject DC current greater than 1 percent of the inverter rated cufput current
into the grid.

24.

Solar inverters shall be rated for THD{) less than 3 percert of power injected into the grid.

25,
The

=

Galvanized iron (G} or aluminum shall be used for module mounting struclures.

-

nstallation shall conform to the following Act, Rules, Regulations & Standards .

» Central Electricity Authortyl installation and operation of meters) Regulation 20110 as
amendad from ime to tima.

= The televant provision of the Cenfral Electnoty Authonty {Measures Refating fo Safety and
Electric Supply) Regulations, 2010 and The Electncity Act, 2003

= The Relevant provisicn of CEA regulation as notified by CEA {Standard fot Connactivity of
Drstributed Generabion Resources), Regulatons, 2013

« CEA (Technical Standard for connectivity of the Grid) Regulafion 2007 as amended from
the time-fo time.

« HKerala Stale Electicity Regulatory Commission (Renewable Energy and Met metenng)
Regulatons 2020

+ Naticna® Solar Mission-Best Practice Guide pubkshed by MNRE, Gavt of India 2016 shall
be referred for general guidelines.

» - Various ordersicircularsTechnical specificabions related 1o solar plants published by the
State Government & Kerala State Elechricity Regulatory Commission

b)

General

Solar Instailation capacity <10kW | Scheme Approval and sanclion for energisation are not
required fram the depariment of Electical Inspeciorate.
A0kW=Seclar Installaion capacty | Scheme  Approval not required from the depardmen! cof

SICkW Electrical Inspectorate. Completion report and single line
diagram shall be submitted by the consumer through a

competent electrical contractor and sanction for energisation
shall be obtained from the district office concerned.

Solar Installation capacty >30kW | Scheme Approval and sanchon for energisation shall be
obtained from the office concerned.

Mote- If the said installation i an addition to the existing HT instakation, then the as-fitled drawings
for such changes shall get approved from the distnct office.

For the installalion above 30kW and below S00KW, prior scheme approval and sanclion for
energeation orders shall be obtained fram the disinicl office concermed.

For the installations including S00kW and above, prior scheme approval and sanchion for
energsation orders shall be obtained from the office of the Chief Elecinical Inspector.

for tha scrutiny and inspection, tha check ist given in the annexure shall be fallowed,

S
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The following tests shall be conducied at the tme of nspection:
a. PV Module; radiance measurement, angle of inciination, temperature of the PV module and

a V| characterstics using PV Array Tesber.
b, Selar Inverter: Efficiency, input voitage, output voltage, power, THD, DG injection flicker elfc.
and anti-islanding profection,
While ssuing sanchon for ﬂnﬂrgéahm for Solar Energy Sysfem, fﬂllmuiﬁg conditions fo be
6. | included in addition to normal conditions:

a. Consent from the boensee shall be obiained (In case of gnd fied system).

c) scrutiny ! inspection of Solar Energy System

1

Up to 5kW solar plants, fwo numbers of earth electrodes are sufficient and LA shall be provided in
lightning prone area.

2. | Above SkW and up to 100kW sclar plants, three numbers of earth eleclrodes are sufficient and LA
shall be provided,

4. | These earh electrodes shall be interconnecled to existing earth electrodes and total earth re-
siiance shall be less than b (1

4. | Equipatential bonding ghall be done as per IEC TR 632272020

5. | Leckable CBISFL shall be instaled at the point of interconnection with the grd and should ba ac-

cossible to the wllity slaff to isolate the system at the time of mantenance of deinbubion system.

the siraat.

2

When cables are drawn across the soad, a minimum ground clearance of 5800mm chall be
maintained

3

A minimum vertical clearance of 1200mm shall be maintained for Oplical Fibre cables from lowest
power conductor when run under LT lines and 2440mm from 11KV lines,

All Diglectric Self Supporting (ADSS) cable shall possess good performance characlerisfics such
as anti-mpact, ani-whration, ant-bending, preventon of tharmal aging, flame ratardant and UV
protected.

ADSS cable specification shall conform lo the lalest editions of the relevant International Electra
Technical Commission (IEC), [EEE and BIS.

Elements consisting of ADSS cable shall be non-metallic, shall possess anb-electromagnetic,
strong endurance of electrical effect and in worst case scananc no eleciricity should be conducted
fram the surface of the ADSS cable, when charged electrical conducior touches the surface of
ADSS cable.

In work sites, all metalic equipment including hardware anchors and structures shall be commen
bonded together and then grounded to ensure safety. ADSS cable shall be grounded between the
wiork area and the spans when splicing ADSS cable duning wet or rainy condiions near active high
voltage phase conductors for preventing dangerous leakage currents andd transients from flowing
through personnal,

Pole Attachmen! Hardware | Brackets and supporting assembly for Fiber Oplic Cable in electric
peoles shall be earthed,

Oplical Fiber Cables Should not pass through/vonnecled to Transformer Struclures

Maximum of two cables of adl service providers put fogether per pole may be allowed due lo

ErrwE e mmmEE e EEE R EE e s CormE TERET e rom R amom mm rEr
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1

Ereclion of cables and subseguent maintenance of the network shall be carmied out under the
supervision of the authorized person of he Utlity adopting all safety precautions. No such works

12

Copy of the agreement with the KSEB LidLicenses and sanchon recesved, i any shai be
forwarded while applying for Safely Cerfificate.

13-

Optical Fibre Cables should not be run above the power lines. It should always be below power
lines.

14

Pole Attachment Hardware | Brackets and supporiing assembly for Opfical Fibre Cable shall be
fixed to the utility pole, such that, a minimum horizontal clearance of 130mm & maintained be-

15

‘Power supply fo the booster unitOptical Amiifier unitMUX, if required, should not be taken direct.
ly from the power lines. The prmary supply to such units shall be contralled by an MCB/MCCE and
30maA rated ELCE. The power cubicle shall be effectively earthed.

17

16.

When crossing of Publc/Private Property, necessary consent from appropriate &gency shall be
oktained

The natwork shall be subjected to periodizal inspection by the Elecirical Inspector and fee for such
inspéction prescribed by the Government shall be paid on demand.

18.

Statement grving details of number of customers, length of cable network, route map shown, num-
ber of poles, number of power conneclions availed for amplifiersinode, area of junisdicion of the
supplier (Electrical Section) shall be furnished to the Deputy Chief Elecincal inspectar/ Bectrical
Inspector at the end of every financial year ending on 31st March,

19.

Details of the customers, including name, address efc shall b2 maintained at the administrative
office and made available when called for

20

The ralevant pravisions of Requlation 68 & 69 of Cantral Eleclrieity Authorty (Measuras ralaling to
Safely and Eleclric Supply), Regulations, 2010 shall be sinclly adhered 1o.

21.

Safety Provision under Electncity Act 2003 and Central Elechicity Authorily (Measures relating to
Safety and Electrnc Supply), Heg_l;lﬂnns 2010 shall be strictly adhered to.

{2

The inslallation shall conform 1o [5/1EC 60794 Eﬂﬂl‘l

20. Guidelines for scrutiny / inspection of Public EV Charging Station (PEVCS)
Technical

The mirémum gualificalion for camying oul the installation work of a public EV ¢harging system shall
be a licensed B-Class Contractor issued by KSELB{Kerala State Elecincty Licensing Board).
Dependng up on the capacity of the installation, ehgible confraciors can camy out the work.

[

All eleclric vehicle charging siafions shall be provided with pratection against the overdoad of input
supply and output supply fitings.

The electric vehicle parkng place shall be such 111at the. nmrﬁcﬂnn on the vehicle when parked for

Suitable ighh'ung profection system shall be mwded for the eleckic vehicles charging stafions as
per Indian Standards Code IS/ IEC 62305,

All residual current device for the pratechion of supplies for electrc vehicle shal,

(@) have a resxdual operaling current of not grealer than 30 mA;

ik} intemrupt all live conductors, including the neutral; and

(¢} have a performance al least equal fo Type Aand be in conformity with |5 12640.

Co-ordination of various protective devices shall be ensured. All electric vehicle charging stations
shall be supplied from a sub-circult pratected by a voltage independent residual current device and
alse providng personal protechion thal is compatible with the charging supply for an electnic vehicle.

Earthing of all elecinc vehicle charging stalions shall be as per IS 30432018

The cable may be fitted with an earth-connected metal shielding and the cable insulation shall be

5:|
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wear resistanl and mantain flexibilily over the full lemperalure range

A pratective earth conductor shall be provided to establizh an equipotential connection between the
earth terminal of the supply and the conductive parts of the vehicke and shall be of sufficient rafing
to satisfy the requirements of IEC 60364-5-54,

Fire detection, alarm and control sysiem shall be provided as per relevant Indian Standards.

Power supply cables used n charging station or chargng points shall conform o pravision of [EC
62623-1 and its relevant pards

11

The safety provisions of all Allernating Currenl charging stalions shall be in accordance with [EC
51851-1 IEC 67851-21 and IEC 61851-22,

12,

The safety pravisions of all Direct Current charging siations shal be in accordance with [EC 61851~
1, IEC 61851-21, |EC 61851-23 and |EC 61851-24.

13.

Where the connection point is installed cutdoors, or in a damp lecation, the equipment shall have a
degree of ingress protecbon of al least IPX4 in accordance with IEC 60529,

14.

Public Charging Infrasiructure [PC1) - Requirements:

Every Public Charging Station (PCS) will have the following infrastructure:

1} An exclogive transformar with 2ll relgted substation equipment including safaly appliance (If
required).

2} 33411 kV kine/cables with assoaated equipment including line termination etc (If required).

3} Appropriate civil warks.

4] Appropriate cabling and electnical warks ensuring safety

5} Adequate space for charging and enfrylexit of vehicles,

6| Public Charging Station shall have, any cne ane or more chargers or any combinabon of
chargars from the table given below in one ar mare electric kisskboards:

Ciidtigar Rated Mo.of Charging
T 5LNo. | Charger Connectors® Dutput Connector Vehicle type
e | Voltage([v) guns [CG] W-Wheeler)
FAST 1 | Combined Charging | 200-730 or | 1CG AW
Sy stem (CCSFmin. | higher
SO0k
2 CHAmge de Move | 200-500 or | 1CG 40
(CHAdeMO) =Min. | higher
—n ﬁw B L T e e -
- 3 [ Type2 AC-Min 22kW | 380415 | 1C6 AW IW2W
SLOW ! Bharat D-C-ﬂﬂl Min. | 48 1CG dW.EI-'I.I'n':.Z'-'nI'
/MODERATE 15kW
5 Bharat DC=001 - Min. | 72 orhigher | 1CG 45
e 3 lshw mr—— - e s T = =
B Bharat AC-001 - Min. | 230 3G of 3.3 | AWIWIW
| —— | 10kW | kWeach !
*In addition, : an',,l W other I'ast.-"sluw.."mnderate I:harger as per apprn'u'ed BIS standards whenever
notified.
MNote: Type -2 AC (Min, 22 kW) is capable of charging e- 2W,/3W the provision of an adapter

7} Charging slations for e-twolthree wheeless shall be free to install ary charger other than
those speciied above subject to compliance of technical & safety standards as lad down
by Central Electneity Autharily {CEA),

Bl Twe up with at keast one cnline Metwork Service Providers (NSPs) to enable advance
remotefonline booking of charging slots by EV owners. Such online information fo EV
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gwners should also include information regarding location, types and numbers of chargers
nsiallediavailable, service charges for EV charging elc.

9} Share charging station data with the appropnate DISCOM and adhere to protocols as
prescribed by CEA for this purpose. CEA, Central Modal Agency (CNA) and State Nodal
Agency (SNA) shall have access fo this database.

15

Captive charging infrastructere for 100% internal use for 2 company’s ownleased flest for ifs own
use will not be reguired to install chargers as per 14 and to have N5P lie ups,

16.

Charging stehon may also be nstalled by Housing sociebes, Malis, Office complexes, Restauranis,
Hotels, efc. with a provision to allow charging of visitor's vehicles which are permitied fo come in its

17.

Public chamging Infrastructure (PCI) for lor long mnge EVs andior haavy duty EVs Fast Chargmg
Stations (FCS) 1.e., public charging stafions for long range EVs andior heavy dufy EVs (like trucks,
buses etc.) will have the following:

{i) At least two chargers of minimum 100 kW (200-T50 V or higher) each of different specification
(CCSICHAdeMO or any fast charger as approved by BIS for above capacity) with single connector
gun each.

(il) Appropnate Liquid cocled cables high speed charging facilty as above [17()), for onboard
charging of filid codled batteries (currently available in some long range EVs), if required

18.

Fast Charging Stations (FCS| which are meant only for 100% in house'caplive utlization, for
example buses of a company, would be free to decide the charging specifications as per
requiremen; for its in-house company EVs,

19.

Additional PCS/FCS can be installed even if there exists @ PCSIFCS in the required grid or
dislance.

20,

Separate metering arrangemant shall be made for PCS so that consumplion may be recorded and
billed as per applicable tariff for EY charging stalions,

.| The power quality analysis at each public charging station shall be done. The THD shall be within

the limil as per the latest version of IEEE 519 and IEC 61000-3-12/2-4,

.| An emergency push button shall be provided at the main Incomer side for disconnection of power

supply to the public EV charging station.

Three phase Elactrical Vehicle Supply Equipment [EVSE) shall be equally loaded in all phases,

| The capiive charging station (CC5) shall not be used for commercial purpose,

Elﬂtta'!,r chargng system (BCS) shall be treated as par with public charging station (PCS).

e ——

Safety clearance between the oll based charging point and EV charging point is to be specified from
s @ B700 « IN40 Coartifiod Danartmaang

7. | Exclusive fransformer of adequate capacity shal ba provided for public EV charging station,

] Dnll_.l four core cable shall be used for malgm points which require three phase power.

.| Swatch boards and panels shall have a degres of ingress protection not less thaniof at least IP34.

.| UG cables shall not cross the UG tank or oll pipe line

2. | Only double compressed glands shall be used for lerminating cables.

UG cables through the charging area or vehscles passage shall be minimized and provided shall be
at a minimum depth of 1m.

.| All residual current devices used for the protection of supples to elecine vehicle shall be perma-

fently marked to identify their function and the location of the charging station or socket ouliet they
profect.

.| Each electne vehicle charging pcunts shall be mpp!ied mdwdualy by' a dedicaled final sub-circu

pratected by an over current profective device comphying with |SAEC 60A947.2 ISAEC 60947.6.2 or
the IEC 60268 saries and the over currant protective device shall be part of a ewilchboard

ﬁal
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Where required for service reasons, discrimination (selechivity) shall be mamntained between the
residual cument device protecing & charging point and a residual current device installed upsiream.

All electric vehicle charging stations shall be supplied from a sub-circud profected by a volfage in-
dependent residual current device and also providing personal protection that is compatible with a
| charging supply for an edectric vehick.

{b) Charging Points

1

All electric vehicke charging points shall be installed so that any socket-outlet of supply is at least
BO0 millimetre above the finished ground level

2

A cord extension set or sacond supply lead shall not be used in addfion fo the supply lead for the
connection of the electric vehicle to the electnc vehide chargng peint and it shall be so constructed
sathat it cannot be used as a cord extension set,

.| An adapior shall not be used to connect a vehicle connector fo a vehicla inlet.

Porable socket-outlels are nol permitted lo be used for electric vehicle charging

Lh | B |

.| Each electric vehicle charging points shall be supplied individually by a dedicated final sub-circut

protected by an over curent proteciive device complying with IEC 60947-2_ IEC E0947.6-2 or the
|EC 60269 senes and the over current prolective mm shall be par of 8 swilchboard.

ic) EVSE Requirements

I

2|

The elechric vehicle charging station shall be equipped with a protectve device against the uncon-

| h'clled reverse power | ﬂu:m frurn vehlule

One second after hamg disconnected the alactric vehicle from the supp{',r {mrﬁ] the '.'cll:age be-
ween accessdle conductive parts o any accessible conductive parl and earth shall be less than or
equal to 42.4 V peak (30 rms) . or 60 V D.C.. and the slored energy avallable shall be less than
20 J (as per [EC 60950) and ifthe vollage is grester than 42 4 W peak (20 Vms) or 60V DIC., or
the energy is 204 ormore, a warning label shall be aftached in an appropriate position on the charg-
ing stations.

A vehicle connector used for Direct Current (D.C.) charging shall be logked on & vehicke inlet if the
wokage s hlgher than 60  0.C. and the vehicle connector shall not be unlocked (if the locking
mechanism is engaged) when hazardous voltage s detected through charging process incleding
gfter the end of charging and in case of charging system malfunction, a means for safe disconnec-
fion shal be provided (non networked).

The Direct Current (D.C ) electric vehicle charging paint shall disconnact supply of electricity to pre-
vent overvoltage al the batlery, f outpul voltage exceeds maximum valtage limit set by the vehicle,

]

.| The electric vehicls charging points shall not energtze the charging cable when the vehicle connect-

or s unlocked and the voltage at which the vehicle conneclor unlacks shall be lower than G0Y.

Al electric '.rehir:la margng stations shall ba plmrlded ‘with an carth mntlll.ltr manitoring system
that disconnects the supnly in the event that the earthing conneclion to the vehicke becomes inef
fective.

.| Enclosure of charging stations shall be made of fire-retardant matenal with seff-extingushing prop-

erly and free from Halogen.

.| Electric Vehicle Supply Equoment (EVSE) shall be type tested by an agency /lab accrediled by Na-

lional Accredilation Board for Testing and Calibration Laboratories (NABL) from fime to time.

d) Re

sponsibilities of Owner (PEVCS)

.| The owner of the charging station shall keep records in regard o design, construction and labeling

to be compatible with a supply of standard voltage at & nominal frequency of 50 Heriz of the charg-
ing station.

-3

The owner of the charging station shall keep records of the relevant test certificate as indicated
the regulations and as per IEC B1851.

Every charging station chall bo tested and inspected by the owner or the Elecirical Inepector or

Chartered Electrical Safety Engineer before enargsation of charging stations.
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The owner of the charging stafion shall ensure that test and inspection of charging slafion (with &
without load) is being camied out every year in the initial pericd of first three years after the energis-
ation of charging station and in every four years thereafter or inspection on request.

3

The owner of the changing stabion shall establish and implement a safety assessment program for
regular periodic assessment of the electrical safety of charging stabon.

The installation shall conform to the following Act, Rules, Regulations & Standards:

1

The relevant provisions of the Cenlral Electricity Authorily (Measures Relaling to Safety and Electic |
Supply) Reguiations, 2010 and The Electricity Act, 2003 and amendments.

B2

Central Electricity Authorty {Measures Ralatng to Safety and Electric Supply) {Amendment) Regu-
lations, 2019 and amendments.

Minstry of Power, Gavernment of India-"charging infrastructure for edectric vehicle (EV)- the revised
consolidated gudelines & standards” dated 14ih January 2022

5 17017 Part | & Part |l

=]

Varous omders/circulars redated to EV charging stabons published by govemment of Kerala and
Kerala slate Eleclricity Regulatary commission.
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