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\.I OTKPHTOE AKUMOHEPHOE ObwecTeo O

307 ceBep MEKTPO sy

OTKpbITOE AKUMOHepHoOe O6wecTBO «CeBepaneKkTpo»
obpaszoBaHo 01.07.200lroay B pe3ynbrate peopraHmsaumm OAO
«Kblprbi3aHepro» Kbiproiackon Pecnybornvkym nytem BblaeneHuss U3 ero
cocTaBa UMYLLIEeCTBEHHOr o KOMMJiekca ANEeKTPUYECKUX
pacnpegenuTenbHbiX ceten Yymckoro, Tanacckoro u bulKeKcKoro
npeanpuAaTUN INEKTPUYECKUX CeTeMN.

PacnpepenutenbHas komnaHua OAO «CeBepanekTpo» — BeayLyas
3HeprocHabxarwan opraHusauma Koiprbizckon Pecnyonuku.

B HacTosillee BpemMss B YCNOBUAX PbIHOYHOU IKOHOMMKM
KOMNaHUA OCYLIeCTBINAET TMOKYNKy, pacnpegerieHue U npogaxy
3NEeKTPO3HEeprum B COOTBETCTBUU C MoOJfiyYyaeMbiMU B YCTaHOBJIEHHOM
nopsake JfMUEH3UAMMU, PEMOHTHO — 3KCnJjlyaTauMOHHOE U onepaTUBHOE
obGcnyXuBaHue pacnpeaennTenbHbIX 3MIeKTPUYECKUX CeTen HanpshkeHUeMm
35/6-10/0,4 kB, Haxoaswmxcs B rpaHuuax Yymnckon, Tanacckomn obnacrten u
ctonuue Kbiprbi3actaHa ropoae buukek.
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OTKPHBTOE A
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-0 CeBep IMEKTPO  °uviowie

NocTtynneHne anekTpoaHeprum B cetn 35-10-6-0,4 kB OAO
"CeBepaneKkrpo"

5076,7

MJTH.KBTY




YyeT 3/1eKTPO3HEPruM NOocTymieHue u ee pacnpeaesenne OAQ "CeBepaJjiekrpo'.

NncC 110/35/6-10 kB T3l nc 220/110/35/6-10 kB
OAO "H3CK" OAO "3C" OAO "H3CK"
2 n O
I'panuna |
pas3aciia
¢ OAO "HOCK"
v e

[1C 35/6-10 KB KT
I'panuia . »|OAO "C3" (MO 3TB
pasacia
c OAO "DC" ‘I‘
I'panuna O ‘
pasnaena - OAO "YakaH N2C"
c aboHeTamMu . ggg Zggo,’,‘; “B | Manbie N'3C
I'panuna ’
pasnena A A L r(
¢ KT (3C) MoTpebuTtenm MoTpeBuTent MoTpebuTenm K

\ MNMpomblIL fiEHHbIE BbiToBbIE Kommepueckue TPaH3nUT

I'panuna
pasacia 4 4+

c OAO "Yakan I'DC"




‘.’ OTKPHTOE AKUMOHEPHOE OB ULE ceer u'renno’

%% ceBep I-)J'IeKTpO A

PeMOHTHO-3KCNlyaTalMOHHOE U onepaTuBHOEe OOCnyXuBaHue
pacnpegenuTenbHbIX anekTpu4yecknx ceten 0,4 — 10 kB ocywecTBnsaercs
no TeppuTopuanbHOMy NpUHUMNY.

B YUynckoun oonactun 10 panoHoB anektpoceten (PIC);

B ropoae buwkek — 2 P3C;

B Tanacckoun obnactn — 5 P3C.

PeMOHTHO-3KCNTyaTauMoOHHOEe ob6cnyXxuBaHue pacnpenenutenb-
HbIX 3anekTpun4yecknx cetenm 35 KB no Bcen 3o0He OAO «CeBepanekTpo»
OCYLUEeCTBMSAETCA cneayrowmm odpasom:

Cnyx6ou nodcmaHuyuli — noHM3UTenbHble noactaHuum 35 kB, B
COCTaB KOTOpPOU BXOAOAT:

Mockoeckasi epynna [IC;

Kanmckasi epynna  [IC;

Xaubinckasi epynna [1C;

Bbuwkekckas epynna [IC;

KemuHckasi epynna [1C;



\" OTKPHBTOE AKUMOHEPHOE OBWECTBO -
= O = p p B
Cnyx6ou JluHul - BO3AQyWHbIE JWUHUM 3NeKTponepeaayvun

HanpsxeHuem 35 KB.

Hducnemyepckol Cnyx6ou OAO «CeBepanekTpo» OCYLECTB-
NAeTcA onepatuBHOE OOcCnyxXuBaHMe 3neKTpuyeckmx cetem 35 kKB B
COOTBETCTBUM C UX OnepaTUBHOU NMOAYMHEHHOCTbLIO, B COCTaB KOTOPOW
BXOOAT:

no Yymnckom obnactm — 12 P3C;

no Tanacckoun oobnactu — 5 P3C;

no ropoay buwkek — 2 P3C.

Hducnemyepckue cnyx6bl paloHO8 3NIeKmpuYecKux cemeu
OCYLUEeCTBNAIT oOnepaTUBHOEe OOCNyXuBaHUE 3fIEKTPUYECKUX CeTeu
HanpsxeHnem 35/6-10/0,4kB.
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SBeT u'renno’

OTKPHTOE AKUMOHEPHOE OBWMECTBO C

CEBEP IJMEKIPO " smmane

OcHoeHble mexHu4eckue nokazamesiu OAO "Ceeepasiekmpo” Ha 2011 200

o,
-,O

Ne HanmeHoBaHue ca. OAO Yyn Buwkek | Tanac
n/n N3M. C3
1 | KonuyectBo INC 35 kB LUT. 122 o8 14 10
MoLyHOCTb MBA 980,507
2 E§°T""‘e””°°“° BI-35-0,4 KM 19853 | 12667 2766 | 4420
3 ITgOTFI)KeHHOCTb KI-35-0,4 - 960 275 1685 0
B T.4. KJ1-35 kB KM 59 59
KI1-10 kB KM 305 107 198
KJ1-6 kB KM 734 44 690
KJ1-0,4 kB 852 122 730




P
SBeT u'renno’

OTKPHTOE AKUMOHEPHOE OBWMECTBO C

l
-0 CeBep 3MEKTPO  *,woue

Ne HanmeHoBaHue cA. OAO Yyn | buwkek | Tanac
n/n N3M. (02C )
4 | KommiecTtBo oTxoAAWMX WIT. 2258 537| 1618| 103
¢unpepos
5 | KonnyectBo Pl u TN LUT. 8385 | 5569 1630 1186
MOLLHOCTb MBA 2041 | 1060 773 208
BT.Y. MTIT LUT. 106 1 105
KT LUT. 6209 | 4691 437 | 1081
3aKpbITble LUT. 2071 878 1193 0
6 KonunuectBo Tl Ha 6anaHce W 4289 | 2407 1390 492
aOboHeHTOB
MOLLIHOCTb MBA 1025 523 447 55

\/__
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<O; ceBep IMEKTPO oo

PacnpeaeneHue anekTpo3Heprum B paspese obnacren u r. Bullkek
322010 r. B MITH. KBTY

UToro nocrtynneHune anektpoaHeprum B cetn OAO «CeBepaneKkTpo»
3a 2010 r. coctaBuno 4 394,1 MmnH. kKBT4

/—\—/



‘.’ OTKPHBTOE AKULMOHEPHOE OBILECT B G

7% ceBep 3ne|<Tpo A

OAO «CeBepaneKkTpo» ObIfI0O NPUHATO KOHLUENUMUSA No BHEOAPEHUIO
ABToMaTusupoBaHHyro Cwuctemy YnpaeneHua [lpousBoacTBOM
(ACYI) cHunxeHUO noTepb 3reKTpoaHeprum B ceTaAX. KoHuenuwus
BKIo4yaeT B ceb6s1 HECKOJIbKO 3TanoB;

1. NMoBbIWEHNAA OTBETCTBEHHOCTU MHCMEKTOPOB CIIyXO
cObiTa 3a nMONy4YeHHYK 3NeKTpo3aHepruww Ha duaep 6/10 kB
(3akpenneHne uHAMBUMAYaANbHO 3a KaXAbIM WHcNeKTopom duaep wm
BCeX aDOHEHTOB 3anuTaHHbIX OT 3Toro domaepa 6/10 kB.);

2. BHeapeHue ABTOMaTtTusunposaHHoun WHdpopmaumoHHON
UameputenoHonm Cuctembl (AMMCKYDI) Ha Bcex noactaHuusax OAO
«CeBepaneKkTpo» U rpaHumuax d6anaHcoBou npuHagnexHoctn ¢ OAO
«HaumoHanbHaa  anekTpuyeckaa ceTb KbiprbizctaHa», OAO
«dnekTpuyeckme ctaHumn» u OAO «YakaH NACx»;
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Ballem' gome"

NMpnHUuUN opraHnsaunm y4erta

HylMB3C TNB3C
Mc 110xB nc 110«B
5 s [1na obecneyeHmns HabnogaeMmocTu
- pacnpeneneHnsa anekTpo3aHepruu,
5| o 5 npubopbl y4€Ta AOMKHbI ObITb
G 35/10/6 (B ™ a6 yCTaHOBMEHblI MO 00e CTOPOHBI
5 KOHTPONMUPYEMOro yana.

KoHTponupyemsbie nortepu:

d — dbakTnyeckmin Hebananc no MNC

O — NOTEPU B TPAH3UTHbIX NMMHUAX

O — noTepu B pacnpegenuTtenbHbix ceTax 6,10 kB

TM 10,6/0.4xB

_\—/__
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‘.’ OTKPBTOE AKUMOHEPHOE OBWECTB

7% ceBep 3ne|<Tpo A

- BHegpeHne AUUCKYD npeanonaraer cobou 3ameHa M ycCTaHOBKa
UHTEeSIeKTyanbHbIX MPUOOPOB yyeTa 3NeKTPO3Heprum ¢ uncppoBbLIMU
BbixogaMmn RS-485 nonyydyeHuss ¢ HUX UHcpoOpMaUUMnN TeXHUYECKUX
napamMeTpoB MO KaXaomMy TrMpUCOeAUHEHUID C BbIBOAOM Bceun
MHopMauuMM B AOUCNETYEPCKME MYHKTbl PauOHOB 3NEKTPUYECKUX
ceTe KOMNaHuu;

« YcTtaHoBKa wutoB «YcTtpouctB Coopa u lNepepaum [JaHHbIX» Ha Bcex
noactaHumax  220/110/35/6-10 kB rpaHuy pasgena Mexay
komnaHuamu m nogctaHumm OAO «CeBepaneKkTpoy;

3. BHeapeHue AMUCKYD Ha Tl 6-10/0,4 kB.

4, NMocTpoeHne 6ecnpoBOAHLIX TEXHONONMYECKUX KaHasnoB
CBSsI3U Ha OCHOBE BbICOKOTEXHOJNIOrM4YecKoro o6opyaoBaHus:
« TpaHcnopTtHou cetn — PIACbl 1 OAO CeBepaneKkTpo.
e AOOHeHTCKOM ceTun — noactaHuum 110/35/10-6/0,4 kB n PAChbi.
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-O- 5

O ceBep 3M1eKTpo S 5
5. Paspabotka w©n BHegpeHne OWNJIMHIOBOU  CUCTEMBbI

apantupoBaHHon K AUUCKYD pabotawwaa B pexume pearibHOro
BPeMEeHMU:

6. NMpy pPEeKoOHCTPYKUUN U pPEeMOHTEe INIeKTPUYECKUX ceTeun
KOMNaHUU NMPUMEeHeHue, HOBEULLUMUX TeXHONOrMn, Takme Kak CamoHecyLime
UsonupoBaHHble NpoBoaa (CUIM) B cetsix 0,4kB.

7. BHegpeHne aBTOMaTU3UMPOBAHHbLIX MPOrpamMm BbIMNONMTHEHUSNA
paboT peMOHTHbLIM NepcoHariomMm Ans aBToMaTtusaumm nNpousBOACTBA.

B uensx ymeHbLeHUs TeEXHNYECKUX U KOMMEepP4YEeCKUX NoTepb B CETAX
OAO CeBepanektpo, B anpene 2010roga ObINO MNPUHATO peLueHue
BHeapeHusa ABTomatuampoBaHHou WHcpopmaumoHHon WUsmeputenbHOM
Cuctembl Kommepueckoro Y4yeta AnektpoaHeprum (AMMCKYJ), a Takxke
nepexon Ha ABTOMaTU3UPOBaAHHYIO Cucremy YnpaBneHus
NMpoussoactesom (ACYI).



\.I OTKPHTOE AKUMOHEPHOE ObwecTeo O

307 ceBep MEKTPO sy

OcHoeHble npeumyuwiecmea eHeOpPeHUs1 CUCMEMbI:

* [lOCTOSIHHbIN KOHTPOSIb Ka4yecTBa 3NEeKTPOIHEepPruu;

« ObecneyeHue BO3MOXHOroO nepexoda Ha pacyeT 3a 3NeKTPO3Hepruro
C nocTaBLwWMKamMmu no anddepeHuMpoBaHHbIM Tapudam,

« OnepatuBHOe onpepeneHve MNpuUYUMH HebanaHca NO BCeM Uenam
AOCTaBKU 3NIEKTPO3HEeprumn B pacnpeaenutenbHbiX cetax 35/6-10/0,4
KB,

 loBbileHMe TOYHOCTU y4YeTa INEeKTPOIHEePIruu;

 OOHapyXxeHue 1 nokanumsauma o4aroB NOTepPb INEKTPOIHEPIuUMm;

 [oBbleHNne Knacca TOYHOCTUM U YYBCTBUTENIbHOCTU CYETYUKOB
3NEeKTPOIHEepPruu;

« CokpalweHue KonimyectBa UHCMEKTOPOB CObITa 3NIEKTPOIHEPrUn.

« CHuXeHMe YpPOBHA 3aTpaT Ha oOOcCnyXuBaHMe TOYEK Yy4yeTa W
opraH13auuio BbINMUCKU CYETOB,;

 lNoBblweHne YPOBHSA OTBETCTBEHHOCTHU aboHeHTOB 3a
CBOEBPEMEHHYI onsiaTty NNaTéXHbIX CYETOB,;



A
'S 8 P POTKPHTOE AKUMOHEPHOE OBWECTEO CeeT n'renno

~Os cesep I1eKTpo g g

« CBoeBpeMeHHOe BbifiBJIEHNE XULLEeHUN 3NEeKTPOIHEePruu;

« OTcyTCcTBME MCKAXEHUWU MPU CHATUU MNMOKaA3aHUN IEKTPOCYHETYUKOB
3a CYET UCKIIYeHUsa YyernoBeyeckoro dakTopa;

« Ob6ecneyeHue «MNPO3pavYHOCTU» npouecca pacnpegeneHus
ANEKTPO3HEPrum mMexay KOoMMaHuUsMU, pavoHaMU INEeKTPUYECKUX
ceTem;

 T[loBbllleHNe cpoKa CnyX0Obl 3NMEeKTPUYECKUX ceTen 3a cyeT
ornepaTuBHOro KOHTPOSIA Hag4 CUMMeTpPUen Harpy3ok;

« OnepaTtuBHOE MUCNOSIb30BaHUE AaHHbIX MO 3MEKTPONOTPEONneHuro B
npouecce NMPUHATUA peLleHUA NO 3aKynKe 31IeKTPO3Hepruum;

« OnepaTtTuBHbLIN KOHTPOJIb NOJI0XKeHUN KOMMYTaLMOHHOIO
obopyaoBaHusa 1 TeneynpasBrieHUe obopyaoBaHUEM.



A
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voe CeBeP ONEKTPO " smumames

Bdllem

BbilleyKka3zaHHble MepPONpPUATUA MOMOryT 3HAuYUTeNbHO CHU3UTb
notepu B cetax OAO CeBepanekTpo, WCKNKOYUTb  BIUSHUE
yenoBe4yeckoro pakropa npu pacnpegerieHun 3rNeKTPo3IHeprum, CHU3UTb
0eOUTOPCKYH 3aAO0/MKeHHOCTb 4YTO, HECOMHEHHO, OKaXeT MNO3UTUBHOEe
BliuSsHUe Ha (pMHAHCOBOE MOJNIOXKEeHNe JHepreTM4ecKoro cekrTopa
Kbiprbizckon Pecny6nuku.

OgHum n3 nepsBbix waros B 2010 roay nepBbIM 3Tanom ObIN nepeBos
KOHTPONMEPOB B WMHCMEKTOpa W 3aKpenunu 3a KaxAabiM, JIMHUIO
anekTponepepa4y 6-10 kB(otxopoawun dwmaep), Takke nognucanu ¢
KaXabiIM [OOroBop O MaTepuaribHOUM OTBEeTCTBEHHOCTU 3a obbem
3NEeKTPOIHeprum NOCTynUBLUMA Ha ITOT huaep.



‘.’ OTKPHTOE AKUMOHEPHOE OBWECTBO G

~Os ceBep deKTpo A

NodmaepHbIN y4eT INeKTPOIHepPrum 1 ero NnpenMyLLecTBa:

1. Jlokanunsauusa o4aroB NOTEPb INIEKTPOIHEpPrum,

2. MNoBblweHHaa 3¢ ¢eKTUBHOCTL BHeOPEHUA MeponpuaTUA  no
CHWXXEHUIO NoTepb anekTpoaHeprum comaepa 6-10 kB;

3. TloBblweHNne OTBETCTBEHHOCTM WHCMEKTOPOB 3a MNOCTYNUBLUYHO
3NeKTpo3aHepruro Ha dupep 6-10 kB.

Ha cerogHsiwuHuM peHb Oonee 30 ner ncnosibdyemass cCBfA3b B
dHepreTn4eCKom CeKTope (*WI3I/I‘-IGCKM n MOpPasnbHO yCcTapena,
OTCYyTCTBYET BO3MOXHOCTb peasfindaumum BbICOKUX TeXHOJIOrmmn. BBI/I,EI,y
3TOro Hawen KomMnaHuen Obino NMPUHATO pelweHune opraHn3aumu
BbICOKOTEXHOJIOTNYECKUX KaHalloB CBA3MN.

Ona peanusaumm cuctemMbl MNOTpedOyeTcA oOpraHusauusa KaHanos
CBA3M C pauoHaMu 3reKTpoceTen, noACTaHUMAMM U abOHeHTaMm
Yyinckon, Tanacckomn obnactu u r.buiuikex.
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OaHuM U3 cnocoboB peanu3auMM TPaAHCNOPTHOM CeTU ANA Hac,
ABnseTcs nocTpoeHue PagvopenenHbix cTaHUuun (PPC), c
MCNONb30BaHMEM CYLLUEeCTBYHOLWMX aHTeHHbIX Ma4yT B PACax.

Peanusauna abOHEHTCKOU ceTU BO3MOXHO no TtexHonorum CDMA, c
pa3melieHMeM 0a30BbIX CTaHUUU MO Tepputopum r. buwkek, Yynckon u
Tanacckoun obnacrem.

Takke XOTUM OTMETUTb, MNOCNe MNpoBeAeHHOro TeHAaepa MeToAOM
HeorpaHM4eHHbIX Topros., 28.12.2010 roga mexay OAO «CeBepaneKkTpo» u
kopnopaumen ZTE (TeneKOMMyHUKaLUUOHHbIe TEXHOJSIOTMU U peLleHUs B
obnactnu OecnpoBoAHbIX KaHanoB c¢BA3u) Kutamckom HapogHow
Pecny6nukon Obin nognucaH AOroBop no nocTpoeHur 6ecnpoBOAHOro
KaHara CBA3M.

B cBA3u ¢ BHeapeHuemM HoBbIX TexHonormm OAO «CeBepaneKkTpo».
Kopnopauma ZTE npepoctaBnsieT TeXHMYECKUN KpeaAUT C paccpoyYKomn
BbIMNJlaT B Te4eHMe ABYX JieT Nnocrie peannsaunm npoekKTa.
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Jdtanbl BHeapeHua AUUC KYD (ycmaHoeka uHmMesnnekmyasibHbIX
cYem4ukos)

| 3Tan - Ha rpaHMue NOCTYMNSIEHUS OT MOCTABLUMKOB 3f1IEKTPO3HEPIrn - 637 LIT.
Il aTan - Ha rpaHuue mexay POC n cobetBeHHbIX 1C 35/6-10 kB - 1 163 wirT.
lll aTan - yctaHoBka Ha TI16-10/0,4 kB - 13 000 wrT.

YcTtaHOBKa npubopoB y4yeTta anekTpoaHeprmm Ha TI 6-10/0,4 kB ero

npeMMmyLyecTBa:

 Jlokanusauua notepb 3n.3Heprum oo KoHkpetHoro Tl 6-10/0,4 kB;

« To4HOe GanaHcoBoe onpeaesieHMe Tex. NoTepb No ctopoHe 6-10 KB,

 [loBbiweHne 3hheKTUBHOCTU BHeAPEHUA MEePONPUATUN NO
CHUXXEHUIO TeX.NOTEePb INEKTPOIHEePruu;

. OnTumunsauma pexmmoB ceteu 6-10 KB;

«  CHuMxeHue aBapuMHOCTM O0OOpPyAOBaHUA 3a CHET ONEepPaTUBHOCTHU
pearmpoBaHusl Ha OTKITOHEHUA PEXUMOB U TeX.napamMeTpoB ceTeun
6-10 kB;

 [loBblWeHUe KayecTBa INEKTPOIHEPrum NnocrTaBnsieMoro aboHeHTam.

IV atan - yctaHoBka y notpebutenen - 492 370 wrT.
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NMpeanonaraembin 3acgpcekt ot BHeapeHna AUUC KYI - cHuxeHus
notepb anekTpoaHeprum oo 10 % nocne nonHoro BHeapeHna AUUC KYO3.

OaHMM mn3 crnefyloWMX WAroB Ansi YMEeHbLEHUA NoTepb U CHUXEHUS
AeONTOPCKON 3a40/MKEeHHOCTU Haweu KOMMNaHuen HayvaTa PeKOHCTPYKLUSA
ceten 0,4 KB ¢ npumeHeHMeM HOBbIX MHHOBAUMOHHbLIX TEXHONOrUNn, T.e.
3aMeHa W3HOLWIEHHbIX HEeU30NMPOBaHHbIX MPOBOAOB MarucTparbHbIX
FINHUN Ha COBpPEMEHHble CaMOHecylMe usonupoBaHHblie nposoaa (CUM)
Oonbluero ce4yeHusl.

CUI Ha4yanu npuMeHATb B pa3BUTbLIX €eBPONEeNCcKUxX ctpaHax okono 40
neT, Ha3aA, YTO 3apeKoMeHAoBano ceds TONMbKO C Hausy4yllen CTOPOHDI.
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TakK KaKk N3HOLUEHHOCTb CeTeu U INeKTpoobopyaoBaHusa coctaBnsieT 85%,
TpebyeTcsa cpoyHasa 3ameHa cyuwectByrowux BJl1 10-0,4 kB Ha camoHecyLwme
npoBoAa, cevyeHMe KOTOpbIX OyaeT COOTBETCTBOBAaTb Harpyskam C y4YeTom
NepcnekTUBHOro pasBUTUA PaUOHOB. JTO MO3BOSIUT CHU3UTb MNOTEPU WU
obecneuynTtb TpedyeMbin ypoBeHb HAaAEXHOCTU (TaKue Kak, OTKNMHO4YEeHUs OoT
KOPOTKOro 3amMblKaHUA NPU CUNbHbIX NOpPbIBaxX BeTpa).

Ha cerogHAWHMN AeHb MAeT PEeKOHCTPYKUuuMAa B r.bulikek, 3TO pavoH
xurnoro maccuBa Tokynbgow #n Owckoro pblHKa. PeKOHCTpyKuuA
npeanonaraet 3ameHy marucrtpanbHbix nuHum 0,4 kB ot 12 TN 10/0,4kB
obLen NPOTAKEHHOCTLIO 44 KM Ha obLyro cymmy 29 785Tbic.cOM.
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OTKPHTOE AKUMOHEPHOE OBIWLECTBO

Ona noBbllleHUA HapgexXHoctTn cetem 6-10 kB Tak B 2011 ropy
npeanonaraeTcs:

YcTaHOBKa M NpuUMeHeHUe BbICOKOBOMLTHbIX pe3nctopoB B Konu4vectee 30
LUT;

YcTaHOBKA WHTeNneKTyanbHbIX perne B KabenbHbIX cetax 6-10 kB B
KkonunyectBe 20 WTYK;

YcTtaHOBKa TepMMHanoB 3awuTtbl AnAa TpaHcdhopmatopoB 35/10-6 kB B
konu4yectBe 10 WTYK.

NMpepnonaraemoe cHMXeHue 3aTtpaTt - 20 MITH.COMOB B rog.

YMeHblueHne aBapunMHOCTU B ceTAX 6-10 KB Ha 26 %.
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B aToMm roay HauuMHaeTcs peanusauusa npoekta «Mepbl nNo ynyyleHuo
(KomnoHeHT  PeKOHCTpyKUuM Cetn r.buiukek) 7 lNoBbiWweHue
AdbdekTuBHOCTN HepreTnveckoro Cektopa OAO «CeBepaneKkTpo» 3a cyeTt
KpeAUTHbIX cpeacTB HeMmeLKoro 6aHka pa3sutua KFW ¢ obwmm GroaxeTtom
26 MJTH. eBpO.

3amMeHa KabenbHbIX NMUHUU no ropoay buwkek 35-6-10-0,4kB oOuiewn
NMPOTAXEHHOCTbIO 2 173 KM:

* no 35-6-10 kB — 111 km;
* no 0,4 kB —-500 km

Ha obLwy cymmy 26 MIiH.eBpO, AJIA NMOSIHOU peanu3auum npoekTa no
3amMeHe OONONTHUTENbHO TpebyeTca 13 MNH. AONNapoB.
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3amMeHa M ycTaHOBKa MMUKPOMPOLIECCOPHbLIX UHTENMeKTyanbHbIX NMpUoopoB
yyeTa B KonuyectBe 110 136 WT ¢ BO3IMOXHOCTbLIO ANCTAaHUMOHHOro AocTtyna u
OTKJTIOYEeHUA aOOHEHTOB 3a AeOUTOPCKYHO 3a0/MKEHHOCTb.

JKOHOMMYECKasA OKYNaeMoCTb NMPOeKTa Tpu roaa.

Oxupaembin 3adhheKkT nocrne BHeapeHUA npoekta «Mepbl Mo yrny4YleHUo
(KomnoHeHT PekoHcTpykuun Cetu r.bunwkek) u lNoBbiweHne A peKTUBHOCTH
AHepreTnyeckoro Cektopa OAO CeBeparneKkTpo» CHMXKEeHUe notepb nNo r.bulikek
COCTaBUT NO UcTedeHUu 2 net Ha 6%, no utoram 2011 roga Ha 2,5%.

Bce 3T MeponpuaTUa HanpaBrieHbl HA CHMXeHue notepb U 6ecnepebonHoe
3NeKTPOoCHabXeHne abOHEHTOB Haluen KOMMaHuu.



‘.’ OTKPHTOE AKUMOHEPHOE OBWECTBO G

~Os ceBep deKTpo A

Pe3ynesratbl OT BHEAPEHUSA MEPONPUATUMN:

3HaunTesribHOe CHUXEeHUe NnoTtepb ANeKTpoaHepruu ¢ 24,7 % po 10-11 %;

* YnydyweHuns (pMHAaHCOBOIro COCTOAHUA KOMMaHUW;

«  MoaepHM3auusa U TeXHUYECKOe NnepeBOOpPYyKeHUe CeTeun;

« BO3MOXHOCTb BHeApPEeHNAA aBTOMaTU3NPOBaAHHbLIX CUCTEM yrpaBreHus
CeTAMMU;

* Yny4yweHue 3NeKTpocHabXeHUs noTtpeduteneun;

3HauunTesibHOEe COKpallueHUue aBapUMNHbIX OTKITHOYEHUMN;

 CoKpalleHne BpeMeHU Ha yCTpaHeHne HencrnpaBHOCTEN B CETAX;

« BO3MOXHOCTb yBenn4yeHuUs 6,1arocoCTosiHUA nepcoHasrna KoMnaHuu;

 [loBbiweHUe Npo¢ecCUoHaNbLHOro YypoBHA pabOTHMKOB KOMMaHWUMU;

 [loBbliweHUe KynbTYypbl 06CnyXnBaHnsa aboHEHTOB,;

«  CHuXeHue 4yenoBe4yeckoro pakropa npum obcnyxuBaHmMm aboHeHTOB
KOMMNaHWW;
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«  3HauuMTenbHoOe COoKpalleHue eXerogHbIX 3aTpaT Ha PEMOHTHO-
3KCnnyaTauuoHHbIe PaboThbl B aNEeKTPUYECKMX CeTAX KOMMNaHWUM;

«  3HauuMTenbHoOe CoKpalleHMe HeCaHKLMOHUPOBaHHOro oTbopa
3M1eKTPO3HEepruu.

Bce amu eblweyka3laHHbIe Meponpusmusi U ycusnusi Hawel KoMrnaHuu
HanpaesieHbl Ha [po3padyHoOCmMb U nosbiweHuUe 3gpgphekmueHocmu
cucmembl 3Hep2emuKuU, 8 cesi3U, ¢ YeM Hamu eHedpsiemcsi AUNC KYI u
ACYIl coepeMeHHO20 8bICOKOMEexXHOo/I02Uu4YecKo2o0 obopydoeaHusi U
op2aHu3ayuro MexHOoJsI02U4YeCKO20 KaHaJsia cesi3U.
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About SMUD
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900 sg mile service area
Elected Board of Directors
Not-for-Profit community utility

6th largest community-owned electric utility

Committed to a high level of customer satisfaction
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The Current State
of the Grid

® Current grid tends toward “dumb”
® \We typically learn about outages via phone

Many substations are not automated

Many functions are performed manually in the field

No automation in homes

By the time customers get their bill, it's too late to do
anything about it

® One benefit of the dumb grid—not as open to
cyber attack




Smart Grid Vision

< :'.
o "
e
oINS tions
ero-Ene
Feal
humps
Consumer Portal 11
& Bldg EMS _
=
am]@ -+
= D [}
vl i
Energy Storage Smart End-0se Devides
- ﬁﬂ.ﬂﬂ.ﬂﬁ Airconditio 'IJI'I.E
T Large Appliances
e Pool [Pumps
H-\_""'\—\__\_\_ _'_,..;-'-'_-'-FF
—|—- —
IS TRICT -
2 The Pover fio po[Mare. I'F .




SMUD’s vision is to empower its customers
with solutions and options that increase

energy efficiency, protect the environment,
reduce global warming, and

reduce the cost to
serve our region.




Tangible Benefits of Smart Grid
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® Reduce peak load

® Reduce losses
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® Improve energy efficiency

® [aster outage restoration

® Promote distributed generation
® |mprove air quality

® |[ntegrate intermittent renewable resources

The Smart Grid Project
allows customers to be
part of the energy

solution.
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SmartSacrame® ARRA Grant

Distribution '

[ Automation ";
($55.0M) /

4 | Technology
Smart Meters / Infrastructare I

($142.2M) ($27.2M)

Y SMUD received a

$127.5M Smart Grid
Investment Grant from 4
( o Sumer DOE to implement / s%ﬁﬂﬁ{y

Stud . |
81051 $307.7M integrated L ssaw )
_ project y

($47.1M) ($20.4M)
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What SMUD Is Doing?

® Smart meter installation

® Consumer behavior study

® Demand response

® Distribution automation
® Customer applications
® Technology infrastructure
® Cyber security

R&D Projects
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Smart Meter Installation

® SMUD has installed over 184,000
meters to date.

e SMUD will install 615,000 Smart
Meters by Q1 2012.

® Customers receive a letter &
brochure before meter is installed.

® They don’t have to do anything, except remove barriers to
access.

® There is no need to be home for the meter installation.
® Customers won’t notice any big changes at first.

. ® Customer Satisfaction Level — 95%




Embarking On A New Journey With Our

Customers
® SMUD customers are asking for:

® More information and new tools to manage energy usage
® More transparency and control

® \We are partnering with customers to:
Reduce peak load

Improve energy efficiency

Promote distributed generation

Improve air quality

Integrate intermittent renewable resources

® The Smart Grid Project and other SMUD programs allow
customers to be part of the energy solution




Better information for customers

* Detailed energy information
* Yesterday’s usage today

* Choices for managing energy

Hourly - kWh
Monday May 17 2010 ’ Tuesday May 18 2010

KWh - Kilowatt Hours
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>
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High=29kwh Low=06kwh Average=1.1kwh

KWh - Kilowatt Hours

Billing Period - kWh

[ Pre-Smart Meter data = Smart Meter data(click bar EI Current usage(not billed
et)

for details)
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Consumer Behavior Study

® Conduct a consumer behavior study that
will be used to develop strategies for rate
design, provide information on automation,
measure satisfaction by demographics, and
measure value for the consumer and SMUD.
The effort will provide a statistical measure
of the abllity to reduce electricity use, reduce
peak demand, and determine the likelihood
of participation by demographic.

® As part of the consumer behavior study, install a suitable
number of programmable communicating thermostats to
measure and study behavior.




Training for Smart Meter
Presentations

e All Board members trained | '
In presentation and Media

® 48 employees trained to be
speakers (2 sessions)

® 103 employees attended ‘
Smart Grid-Smart Meter
workshops to learn how to
respond to questions




Outreach and Education

® Smart Meter presentations to date (from Oct 2009)
® 116 customer presentations
® 71 internal employee presentations
e 7 SMUD Board members have given presentations
e 37 different employees have given presentations

® Presentations made or offered to:

All six City Councils and the County Board of Supervisors
Individual elected officials and their staff.

Community Planning Councils

Chambers of Commerce

Neighborhood Associations

Social Civic Clubs (Lions, Rotary, Kiwanis, SIRs, etc)

: Not everyone wanted to hear from us! ©




Feedback on Presentations

Customer Feedback

Generally positive, like the idea of having choices to control energy use.
Rate concerns, especially TOU Rates (Will this make my bill go up?)
Privacy issues (How will the information be kept confidential?)
Employees impact (What will happen to displaced workers?)

Customer contact (How much notice and materials in other languages?)

Customer control (Will SMUD try to remotely control my energy use?)

Perceived benefits—liked not having meter readers in back yards, SMUD
controlling costs, future outage information and new programs for EE.




Feedback on Presentations

Employee Feedback
® Positive, like SMUD “leading the way with technology.”

® Questions on employee impacts, return on investment,
privacy concerns, timing for deployment, customer
notification and impacts on work areas.




Customer Communications

* Inclusion in

: advertising

:  campaigns :
: + Promotions for new
: programs, services,



Customer Experience

% e 1| etter & brochure
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Building a smarter energy future

Smart Meters
Your mete an upgrade

Unable to install
to access, safety
or other issue.
Door hanger with
UPA phone -

Meter installers knock
on door, informs
customer of install
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Utility Partners
of America

Customer
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makes
additional
attemp.
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Smart Meters

Your meter has been upgraded

Install
complete;
door hanger
left to inform
customer




i Key Differences

® Financing project through O&M savings.

® Using DOE approved Cyber Security plan.

® Paying attention to the customer EARLY.

® Anticipating & preparing for problems.

® Contracting for the best customer service.

® Testing meters, asking for installation details.

® Fine tuning high bill process, a live person to take
complaints, programs to help pay bills.




Demand Response

® |nstall Demand Response Management
System software.

® |nstall up to 10,000 Home Area Network
and energy management devices to allow
homes and small commercial businesses to
participate in direct load control and pricing
programs.

® Design and deliver programs for medium & large
commercial customers to automatically respond to peak
prices by reducing load (Automatic Demand Response).




Distribution Automation

® Retrofit 35 substations with
SCADA.

® [nstall intelligent switching and
monitoring equipment on 90
feeders (line automation).

® |nstall an advanced operations management system
for voltage control and automatic restoration.




Distribution Automation

® Enhance operating capability and
Increase the system efficiency.

® |mprove reliability (20-25% reduction
In the duration of outages.)

® | ower electricity use--flatter load curve. (0.5 MW load
reduction)

® Optimize distribution network (6.2MW load reduction)

® | ower transmission & distribution losses (38.1 GHG
~ reduction)




Customer Applications

e Partner with California Department of
General Services, California State
University Sacramento, Los Rios
Community College District, and County
of Sacramento to design, procure and
build energy management systems and
plug-in electric vehicle charging
stations.

® Develop services and solutions for residential and commercial
customers that educate, inform, and enable them to access and
use the information available through the smart grid system to
better manage and control their energy use.

® Develop a pilot program to install up to 180 electric vehicle charging
stations for residential customers.




SMUD’s Smart Grid Partners

SMUD is partnering with
Stae ) four public agencies

\MDUtgtSt' N0 implement the Smart Grid grant.

g—

LRCCD

\ Los Rios
Sacramento Community

County SGIG _‘ Cc_JIIe_ge
" Smart Grid \D'S”'Ct
Investment

Grant » P al’tn ers

f  SMUD - Sacramento Municipal Utility District
Caitorna | StetMll | RCCD — Los Rios Community College District
State Department | g
\University, QGe_neral - DGS - CA, Department of General Services
Sacramento / Services | ) ) ) )
CSUS - California State University, Sacramento

Sacramento County — County of Sacramento




Technology Infrastructure

® [nstall Enterprise Service Bus software
platform to allow various systems to
communicate; reduces the number, size,
and complexity of integration interfaces
between systems in order to reduce cost
and improve speed of service to the
customer.

® |nstall Customer Relationship Management System software
that integrates customer service call center with back office
billing system; provides customer representatives a real-time
view of energy usage.




Cyber Security

® Perform ongoing cyber security
assessments.

® Procure and install tools that
will detect intrusions.

® Extend existing Security Event Information Manager.

® Procure and install vulnerability management tools that
will maintain a secure computing environment.




Other Grants and Projects

® Received several other smart grid-related grants

Accelerate renewables & waste biomass ($6.9 M)
High Penetration PV ($3.0 M)

PV and Energy Storage ($4.3 M)

CHP for Food Processing ($1.5 M)

Micro Grid ($1.6 M)

GM and Chrysler

Others as partner, not prime ($9.2 M)

Focus for next three years will be on Stimulus/grant projects

Smart Grid Plan will be developed to define direction beyond 3
years



SMUD PV & Smart Grid Pilot at Anatolia

ARRA FOA 85 Topic 4: High Penetration Solar Development

| Residential Energy Storage (RES) Group: Grid Tied with Battery Storage |

Critical Lowd Panel

Broadhand Router GEM Battery Storage

[ Community Energy Storage (CES) Group: Grid Tied with Battery Storage )

Partners include GridPoint, SunPower,
Navigant, NREL

Will firm renewables, reduce peak load
and improve reliability

Installing 15 RES and 3 CES units in
Anatolia SolarSmartSM Homes that
currently have 2kW PV systems

Installing utility and customer portals
to monitor PV, storage, customer load

Sending price signals to affect changes
in customer usage

Developing specification for smart
meter/inverter interface to enable
management of distributed PV/storage
system with AMI

Quantifying costs and benefits of this
storage deployment to gain insights to
broader application for SMUD

ted States Energy Association



Storage for Grid Support

ARRA FOA 36 Topic 2.3: Regional Smart Grid Demos

SACRAMENTO FLEET SITE

Anatolia-Chrysanthy
Substation
20 MVA

East City
Substation

il

500 kW 6 hrs

é 21kV

Battery sooBI;\:tv:y hrs

300 kW

The Anatolia Ill 10 kW
Solar Smart Solar PV
Homes

SMUD Headquarters Microgrid

Benefit Metric Sacramento
Fleet

Peak load reduction Peak Load 5-10%
T&D loss reduction T&D Losses 2%
Reduced cost of power CAIDI/SAIDI/SAIFI 10%

interruption improvements
Reduced damages as a result of

lower GHG/carbon MRRA SR 57 TBD

. renewable sources

emissions
Reduced cost to serve pegk Hourly marginal cost data 70%

energy (energy arbitrage)

Partners include Premium
Power, National Grid, SAIC,
NREL, Syracuse University

Will firm renewables,
reduce peak load and cost
to serve peak, and improve
reliability

Installing two 500kW,
Zinc-Bromine, 6 hours
systems

Operating as a fleet of
distribution assets

Quantifying costs and
benefits of this storage
deployment to gain insights
to broader application for

=l




Electric Vehicle Impact Study

® Purchasing battery system to test impacts of
electric vehicles on distribution transformers

® Using load simulator to simulate reactive and
resistive variable loads

e Will apply to most common transformers in the
system — 25 kVA, 50 kVA and 75 kVA

® Will mount transformers at the Hedge
~ Substation where our training facility is locate




Conclusions

Smart grid is the biggest thing to happen to utilities in the
past 100 years

It will likely take 10-20 years to build out
It will provide significant improvements in grid operations

It will provide customers with much better control over
their energy usage

It will enable more renewables, higher levels of energy
efficiency and better integration of distributed resources

More R&D Is needed




Question? ldeas?
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Contents

» NDPL Distribution System Overview
» Loss reduction programs.

» System planning and design.

» System operation and maintenance.

» Strategies for improving distribution circuits, automation, fault
detection, transformer optimization.

» Improved metering and AMR.
» Outlook toward “Smart Grid”.
» Enhancing workforce capabilities.
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NDPL Geographic Overview

NDPL
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Brief Introduction o

NDPL was incorporated in July 2002 as a JV of Tata Power (
51%)and Delhi Government( 49%) ( PPP model) to take over
the power distribution activity of the ailing Delhi Vidyut Board
(DVB) in North & North West of Delhi, as part of the sector
reform process. NDPLUs utility business is governed by the
provisions of distribution and retail supply license issued by the
DERC for the supply & distribution of Power in North & North
West Delhi.

3/22/2011 4



Brief Introduction NGEL
Turnover INR 2783 crores
Peak Load 1313 MW

Estimated annual energy requirement
Total registered consumers

Number of employees

Area

Population

Per Capita Consumption (Units)

Number of consumers per Sq.Kms

6911 Mn. Units

1.1 Mn.

3998

510 Sg Kms

5 Mn.

1266 (National Average of 612)

2156 (Only Registered)



About NDPL Network

»The present assets base is of INR 3087.90 Crores

»Grid Stations -58
» Total - 58
» Automated and Remotely Operated — 50

> Total ckt 9952 Kms

> 66KV 276 KM
> 33KV 427 KM
> 11KV 3317 KM
>LV 5932 KM
»Power Transformer
» Capacity — 3189 MVA Nos. — 149

» Distribution Transformer
» Capacity — 3125 MVA Nos. - 25000
, /g/m?g Main Units — 2365 Capacitors- 856 MVAR



AT&C loss level Scenario

Over a short span of 8 years NDPL has brought down the AT&C loss
level from 53% to 13.5% apart from major improvements in
reliability of network and consumer services.

G000
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AT&C Loss Reduction Programme BT

» Replacement of Old electromechanical meters by electrostatic
meters along-with old service cable .

» HVDS in Industrial area’s ( completely revamped & obsolete the
conventional distribution system).

» Laying of LT ABC in place of bare LT conductor in highly theft
prone area’s.

» Reactive Power compensation through consumer awareness
programme .

» Use of wedge connectors in place of outdated bolted connectors
at Grid Substation / O/H Lines to reduce technical losses .

Qe
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AT&C Loss Reduction Programme BT

» Attained N-1 configuration for Power Transformers / 11 KV
feeders to achieve optimum technical losses.

» Installed New DT’s / Relocation of DT’s near of Load Centre.

» Improved number of 11kv / LV feeders with adequate size of
conductors.

» Installation of capacitor panel at Grid level ,DT level (APFC) as per
system requirement in an optimized way .

» Installation of Amorphous core DT’s instead of CRGO type in
system.

Qe
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AT&C Loss Reduction Programmes Gud

Intra company / Inter Zonal exchange points metered and audited regularly.

Replacement of old EM meters with Electronic meter.

No un-metered supply.
Bringing un-metered to metered category.

Maximum bills on the basis of reading ,zero provisional billing.
Effective Disconnection for payment defaulters.

Ensuring 100% bill distribution through database of correct address ,e-bills, SMS
intimation ,soft calling through call centre, spot billing etc.for increasing collection
efficiency to 100%.

» 1150 Payment Collection Channels from just 20 in 3 years , average waiting time
for consumers gone down many-fold. No queues...

>
>
>
>
>
>
>

» Introduction of online payment avenues ,ECS ,credit/debit card ,Drop box
,interactive kiosks etc. Qe
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Some initiatives to curb losses NDPL

» DT wise consumer Indexing.

» Conducting of Energy Audit on each DT/Feeder.
» Evaluation of Loss on each DT.

» Installation of AMR on DT check meters.

» 100% metering of Street Lighting System.

» Split Meters in Theft Prone area particularly in JJ clusters with
provision of AMR/Remote metering.

» Pre-paid meters ( 1 & 3 Phase). In addition to this all Govt.
connections up to 45 KW load are being given on pre-paid
meters.

Qe
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Some initiatives to curb losses NDPL

» Remote operated LT Switch for Load Shedding.
» Providing franchisees in un-electrified /Theft Prone Area.

» Providing Single Point Delivery Connections in Weekly Bazaar.

» High Priority to HRB(16 KW to 99 KW)/KCG(100 KW to 499
KW/Express consumers (Above 500 KW), with separate group to
monitor these consumers .

» Walking sequence of consumers from DTs for proper reading.

Qe
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System Planning and Design NDPL

» System study and load forecasting through CYMEdist .
» Grid Substation Automation System (GSAS) .

» Implementation of GIS .

» Optimum utilization of existing Network and asset.

» Switching schemes made standardized.

» Replacement of Old OCB panel with New SF6 panel and RMU'’s.

3/22/2011 13



(A
System Planning and Design NDPL

> Installation of Auto reclosuer’s and Sectionalizes in rural areas as
per system requirement in order to reduce the feeder length
and improve the reliability.

» Systematic Study of future load growth as well as existing
networks to meet the requirement in phased manner i.e. short,
medium & long term.

> Integration of GIS-SAP-FAR.

» Implementation of SCADA ,Distribution Automation(DA),DMS
and OMS.

» Installation of Capacitor Banks at Grid and DT level
JImplementation of CAP on TAP.
Qe
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>
>
>
>

System Operation and Maintenance ,&?L

NDPL overall O&M has been grouped based on voltage level’s ,66/11 KV & 33/11
KV is grouped into three Area Power Systems (comprising of Grid S/stn’s and
transmission Lines) and 11 kv downstream n/w into Distribution System which is
further divided into 5 circles comprising of 12 districts sub—divided into 3-4 zones
each .

Remote Operation of 50 Grid out of total 58 through SCADA .

Distribution Automation Implemented in 400 Distribution S/Stn’s.
Extensive Usage of GIS data as backbone for Various system functions.

Implementation of SAP PMM,PS & MM .

Implementation of BSC & Annual Maintenance Schedule ,SAP_PMM Driven
Maintenance Philosophy of all maintainable equipment with integration of GIS-
SAP-FAR.

For maintenance of grid S/stn equipments there is a dedicated separate team
SMC (Special Maintenance Crew ) & SLMC ( Specialized Line Maintenance Crew).

Overhauling, Drying out & Oil filtration of Power transformer at site itself and in-
house workshop for DT’s. Qe
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A
Strategies for Improving Distribution Circuits, Automatio'\‘r?,PL
Fault Detection & Transformer Optimization

» Systematic study of all the existing circuits in view point of meeting

the future load growth in short, medium & long term.

» Explore all the possibilities of (N-1) plan ,scheme preparation and
execute the same in time framed manner.

»Standardization of switching circuits .
» Replacement of OCB’s with SF6 RMU and Breaker panels.

»100% revamping of LV System i.e LT ACB ,MCCB LT cable, convert
bare conductor to LT ABC cables ,LT Distribution box.

»Remote switching/operation of Street Lights.
»Installation of APFC panels.

3/22/2011 16



A

Strategies for Improving Distribution Circuits, Automation,

Fault Detection & Transformer Optimization

» Automation and un-manning of 50 Grid S/Stns out of 58.

» Implementation of state of the art technologies i.e SCADA, DMS,
DA ,OMS,AMR,GIS.

»100% Replacement of OCB’s with SF6 RMU and Breaker panels
along with motorization of the same.

> FPl installation at each end of feeder cable.
» Automatic Meter reading AMR.

»Installation of APFC panels.

3/22/2011 17



o
Strategies for Improving Distribution Circuits, Automation, -

Fault Detection & Transformer Optimization
»FPI installed to give the exact section of faulty feeder, with the

help of DA the supply is restored through alternate source and
isolate the faulty section within 1 minute.

»FLC (Fault Locating Cell) pin point the fault location and
maintenance crew maintain the circuit ,signature analysis of the
sick underground cable done by FLC.

»Thermo scanning through IR camera’s to locate HOT spot in the
network.

»Accurate hierarchical protection system , replacement of old
Electromechanical relays to Electrostatic relays.

» Application of Auto- reclosure and Sectionalizers.

3/22/2011 18



o
Strategies for Improving Distribution Circuits, Automation, -

Fault Detection & Transformer Optimization

> N-1 at Grid Level achieved for PTR’s .

» Installation of TMU (Transformer Monitoring Unit’s) in Grid
S/Stns to capture online real time PTR data.

> Erection of New Grids and installation of DT’s near to load centre.

»Introducing Phase sequencing and Parallel operation of Power
Transformers at Grid S/stn’s .

» Induction of new DT rating’s i.e 160 KVA & 315 KVA.

3/22/2011 19



Improved Metering

Tampering in Electro Mechanical Meter.
» Loosening the connections of pressure wire and current wires.

» Reversal of Phases on secondary side of CTs.
» By providing wire in CT to make reverse Polarity of Circuit.
» Making Meter Sticky through body hammering.

» By providing thin PVC film through Window Glass to stop the
dial disc.

» Tilting the meter & meter box.
» Use of CTs not compatible with CT Meter.
» Mistake in MF.

3/22/2011 20



Action taken for improvement in CT Metering

» Installation of Electronic meters & replacement of old
electromechanical meters(100%Electronic meters installed
with AMR/Modem:s).

» Specially designed boxes with inbuilt CTs, No provision of
TTB/Fixed terminals.

» Fixing of Standard CT meters in boxes at MMG back office.
» Sealing of Meter Terminals at MMG back office.

> |Installation of Modem with accessories inside the meter box.

Qe
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Action taken for improvement in CT Metering

» Pre survey of site for required length of service line by
Engineers.

» Installation of meters in presence of Site Engineers.

> Installation of standard size of armored service cables .
» No mismatch in CT meter & CT specification i.e. MF remains 1.

» AMR in 100% cases & analysis of data to check
abnormality/tampering.

» Pre-testing of meters & CT box in NABL accredited NDPL Lab&
Accuracy-check of all meters on site.

Qe
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Single Phase Whole Current Three Phase LT CT Operated Electronic
Electronic or Energy Meter
Static Energy meter




Indoor type HT Metering Cubicle
W|th mbwlt resin casthT & PT |
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Standardizing Ranges, Rating & Accuracy Class

Rating of Conventional

Category of consumers Type of Meter Installed Class Meters Installed Applied Load Factor
Domestic sector Single phase 2 5-30A Upto 5 Kw
Three Phase Whole current 2 10-60 A 6-10 Kw
Three Phase CT Operated 1 3x (30-60)A 11-15 Kw
3x(60/5)A 15-37 Kw
3x(100/5) A 37-50 Kw
3x(200/5) A 50-100 Kw
Commercial Sector Single phase 2 10-60 A Upto 5 Kw
Three Phase Whole current 2 20-60 A 6-10 Kw
Three Phase CT Operated 1 3x (30-60)A 11-15 Kw
3x(60/5) A 15-37 Kw
3x(100/5) A 37-50 Kw
3x(200/5) A 50-100 Kw
Small Industrial Power Single phase 2 20-60 A Upto 10 Kw
Three Phase CT Operated 1 3x(60/5) A 11-37 Kw
3x(100/5) A 37-50 Kw
3x(200/5) A 50-100 Kw
Bulk supply (LT) LT Trivector Meter 1 3x(200/5) A Above 100 KW
(Static Type) 3x(300/5) A
3x(400/5) A
Bulk supply (HT) HT Trivector Meter 0.5 Above 100 KW
(Static Type)

3/22/2011
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Automatic Meter Reading

»  Meter with data transfer capabilities.
»  Software for data collection.
» Modem
»  Transmission media.
/
Transmission
medium \
o0 s N
o i, Utility
. % ;"{ w"‘nx. Company
Computer







AMRDA CYCLE

3/22/2011

v .

(4)
Tamper Data Downloading of
Analysis &
YSIs Meter Data
Monitoring
3) &
Billing Data
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Introduction

The AMRDA system reads the
consumer meters remotely. as per a
defined {configurable) schedule,
consolidate the meter data from
manufacturer specific format to
uniform XML format. analyze the
data, and send email notifications to
concerned user groups. about
occurrence of (rule based)
exceptions.

The system is able to collect billing.
events, profile and instantaneous
data from the meters as per approved
meter data format document. The
system waill generate alert
notifications for the user depatments
and management, based on the
defined exceptions.

The AMRDA System is a host driven,
multi-level network system
consisting of an Application Server.
Database Server, Communication
Server and CFW Interface, with built-

in flexibility and expandability.

Commercial

Data Concentrator
(With GSM / tei. line Modem)

Industrial

WELCOME CMC.SAURABH T0O AMRD A4 SYSTEM. LAST LOGIN AT 61512006 9:50::4

Special
* Can read Multiple meters at a time
*1n build expandability

*Uniform data format across all
meter manufacturers

Benefits

*Speed up the process of reading
collection

*Enhanced vigilance on consumer

*Faster decision making in case of
meter tampering

®*Revenue spread over the month
due to ng scheduli

Features

Escalate exceptions thwough mail
Run user defined & stored queries

Pass on the reading data
automatically to the BBS & DEBS.

| >

/2. Done

‘3 Local intranet & 100% <~

Qoo
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Prepaid Metering

. | > Use electricity Q
B Q > Collect money

> Read meter
\/

Transfer credit to meter

<

» Prepare invoice

:

Use electricity
» Collect money

$

» Warn late payers

.

» Disconnect non-payers




PREPIAD METER-Keypad Vending NDPL

‘ =

y - Vending
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Testing & Calibration




Outlook toward “Smart Grid” NDPL

What is Smart Grid?
“SMART GIRD” is a set of technology implementation that
uses advanced sensing, metering, communication, control,
computation and reporting technologies to facilitate
generation and distribution of electricity more effectively,
economically and securely to achieve desired balancing of
supply and demand.

Smart Grid : An evolving set of concepts and not a set of
formulae.

34



SMART GRID CHARACTERISTICS ...

The Smart Grid will:

® Enable active participation by consumers

® Accommodate all generation and storage options

® Enable new products, services and markets

® Provide power quality for the digital economy

® Optimize asset utilization and operate efficiently

® Anticipate & respond to system disturbances (self-heal)

Qe
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The following technologies are required for NDPL
implementing Smart Grid System-

® Advanced Metering Infrastructure (AMI)

® Grid Substation Automation System (GSAS)

® Supervisory Control and Data Acquisition (SCADA)
® Geographical Information System (GIS)

® Dijstribution Management System (DMS)

® Distribution Automation (DA)

® Outage Management System (OMS)

® Communication Infrastructure

® Home Automation

® Demand Side Management (DSM)
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Enhancing Work force Capabilities ,&?L

The workforce of NDPL is an amalgamation of employees from erstwhile DVB
and new recruits after takeover. NDPL's workforce comprises of 3998 employees.
Certain non persistent, fluctuating volume and low value added works e.g.
network maintenance, consumer documentation, meters installation & reading,
call centre, security, house-keeping etc. have been contracted to specialized
agencies who are more cost effective and are governed by ‘Performance / SLA
based Contracts’.

NDPL is an equal opportunity employer and encourages diversity in experience,
skills and background .60% of the employees are represented by a Union whose
members are democratically elected.

NDPL has state of the art in house training centre “CENPEID” which is also
undertaking DRUM training programs for executives from all other utilities
across country.

NDPL is certified for an OHSAS 18001 System which ad-dresses health and safety
related requirements .lt is also the only utility to be certified for SA
8000:2008(addressing Social Accountability). Key workforce benefits are
medical, scholarship, education sponsorship, car scheme, celear%tigns,

benevolent scheme, etc.
37



Enhancing Wor

< force Capabilities

Segment

Sub Segment

No of
PG/Proffessionals

Key Expectations-Engagement
Factors

Key Expectations-Satisfaction
Factors

Organisation pride

High-end exposure

Sr. Mgmt (72) 72
Concern for Customers Work-life balance
E t C titi ti
Executives Middle Mgmt (57) 55 mpowermen ompetitive compensation
Development & growth Teamwork & cooperation
Ir. Mgmt(1074) 750 Senior-subordinate relationship  |Working conditions
Reward & Recognition (R&R) Avenues for higher education
Supervisor (789) 100 Avenues for higher education Communication
. Reward & Recognition (R&R) Working conditions
Non Executives
Workmen(1933) 315 Organisation pride Industrial Relations
Job content (enrichment) Working conditions
. Job/Role Clarity Statutory compliances
BA Employees (Under direct 190

supervision) (290)

Working Condition

Training

Qe
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Enhancing Work force Capabilities

Various opportunities/platforms have been created for employee
engagement with a focus towards improvement in system and achieving
organizational goals .

Some of them are :

»SHINE Systematic and Holistic Improvement initiatives at NDPL
through Employee Engagement.

»Knowledge sharing , Seekh Sessions .

»Six Sigma approach .

»Quality Circles .

»Innovation platforms :TATA Innoverse , Ndpl-Innoverse

»Energy Clubs by Corporate Sustainability Group .

»Various Functional , Managerial and other Trainings are being
organized.

» Celebrating Safety week ,Ethics week ,Environment Week etC.g o o
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Split Metering Unit fixed on HVDS Transf. with ,g‘?L

remote reading facility
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The major cause for loss of revenue is due to lack of

seriousness in ensuring effective installation practices
Before
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Pole Cleaning Project

- Last Mile in Power Distribution
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ENERGY AUDIT AND ACCOUNTING

NDPL
— Service Level 1
-~ - . ,
rd > P {“mismatch bfw DTL's
( N v end and NDPL’s end)
Service Level 2 @ ./
{% mismatch bfw DTL — 66/33/11 KV DTL to NDPL
meterreadingand 6
Feeder metering)
e
11 KV
} \ Feeders to Districts
R AT

At Consumer Premises

With HT Load Service Level 3

{0 mismatch bfw
Feeder metering and DT

metering |

Service Level 4

S
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Feeder Meters

Distribution Transformers

{% mismatch bfw DT
metering and consmmer
metering]
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At Consumer
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CONDITION OF 11 KV SWITCHGEARS AS INHERITED gp‘l_

..(Before

Circuit Breakers as inherited




NEWLY INSTALLED STATE OF

11 KV SWITCHGEARS.. (After)
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Newly Installed State of Art VCB




11 KV AUTO RECLOSURE




Some NDPL Facilities




Power Transformer’s at NDPL




"Asset Management through GIS-SAP-FAR Integration”

Planning for new assets happens through the CRM, Network
Analysis Tools and SAP applications. Thereafter the new asset
creation is through SAP. GIS is populated with the existing and new
assets. Maintenance of assets is controlled SAP's Plant Maintenance
Module (SAP-PMM). The Fixed Asset Register (FAR) resides in
SAP's Fixed Asset Module (SAP-FAM). The interfaces between each
of those IT applications were manual and therefore each asset
related transaction requires several manual updations of databases.
Leading electricity Utilities have implemented all of those applications
and continuously struggle in keeping all the databases synchronized
because of the manual interfaces and same were true for NDPL also.

The main reasons for wrong identification of the Assets were

1. Asset description and quantity appearing in FAR is different from
that of the field as those were defined by different user group.

2. It was also observed that some of the assets appearing in FAR
were already retired though the same was available in field
physically.

3. Asset Physical Location appearing in FAR is different. There Q no_

process of flow of information about the movement of Ass
Finance for necessary Updation in FAR.



Analysis:

The above factors triggered to develop an innovative process of synchronization which will
interlock GIS ID, Equipment Id & Asset Id to avoid the mismatch in any of the system and hence
to have better control on the following business model:

Asset Management, Capital Expenditure Management, Operation & Maintenance
Management, Commercial Management , Outage Management System.

To overcome the above challenges, the innovative solution came to integrate all the Assets
with GIS ID- Equipment ID — Asset ID through GIS-SAP integration. The following activities were
carried out to integrate the above:

1.Physical verification of all assets through field survey and assign of GIS ID from GIS system.
2.Capture of equipment details through physical verification and assign of Equipment ID by
creating / linking Equipment number in SAP (PM Module) system.

3.Through equipment details, assign Asset ID by linking Asset number from Fixed Asset
Register in (SAP) system.

For all Assets, GIS ID-Equipment ID-Asset ID is interlocked in all business system using middle

ware “SBIl integrator” which integrates GIS-SAP. Any change in any business system triggers the

event in other and restrict the users to carry out any further action unless it is done in other

system. Hence, a systematic process has been innovated for carrying out business proces 50 ©
mentioned above. This is first of its kind in electric distribution utility. w
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Asset Management through “GIS-SAP-FAR Integration” nppL

22 2,0 € Integration of Assets with GIS ID- SAP ID- FAR ID

Map ch Tools

NDPL GIS Online

Map Markup & DM | Helpdesk /Complaint | Zonal SLD

Map |/ Search RESII“S Plot Full Map View | Add this Map to Favourites | Email this Maj

Gis Id

Sap Id
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Functional Loc
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Date
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By

Material
Number

Material Sr No
Manufacturer
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Serial No

Manufacturing
Country

Construction
Year
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Month
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Asset Sub No

LT Line
Supply Points
DT History

DT Energy

History

Geography:
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sset Management through “GIS-SAP-FAR Integration” ,&?L

|%I Bl Display Equipment : Organization

Equipment; 201006308 Category T  Transformers
Description TR.1I:BARADARI STN 1000 KVA
Status INST INIT
Valid From 23.02.2008 Valid To 31.12.9993
General k Location Drﬁgnizatinn k Structure k Technical Specifications “I
Account assignment
Company Code NDEL Morth Delhi Power Limited Delhi
Business Area
Asset 10201003120 /7 0O Qil Transformer - 1000 - 1996
Cost Center 342304 / HDFPL Tibya College 11KV
WBS Element

Responsibilities

Planning plant CORP MDPL Central Procurement Plant
Planner group 423 Zone Tibya College
Main WorkCtr 423-1 J 423 ZONE-423(TIBYA COLLEGE):INTERMAL

Catalog profile NDDTENO1 MDPL Distribution Transformer




1 o H 110
Asset Management through “GIS-SAP-FAR Integration”nppL

|53 Display Eguipment : Technical Specif

ARl A

................

Eguipment;: 201006308 Category T Transformers
Description TR.1:BARADARI STH 1000 KWA

Status INST IMIT

Walid From 23.02.2004 wvalid To

!,;,/ Location k Crganization k Structure

31.12.93959

Technical Specifications k SerData

Classification

RATED KVA FOR DIS. TRANSFORMER
PRIMARY YWOLTAGE
SECOMDARY WOLTAGE
PRIMARY CURREMT
SECOMDARY CURREMNT
WECTOR GROLUP
PERCEMTAGE IMPEDAMCE
TEMPERATURE RISE

THYPE OF COOLIMNG
TRAMSPORTATION WEIGHT
OIL QUANTITY

HNO LOAD LOSS

TYPE OF TAP CHANGER

GIS CODE

1,000 kWA
11,000 V
440 v
52.50 A
1,333.40 A
DY¥M11
5.11 %

OIL MATURAL ATR MATURAL

4,800 kg
1,068 |

31358204




Thermo Vision Scanning Gud

Use of state-of-the-art thermo vision cameras for detection & "'~
speedy rectification of hot spots in the network.
Benefits include: Detection of weak links & prevention of
potential breakdowns and residual life extension.

L s

=

|

|

||
Hot Spot Detection
Qoo

\ <~



TRAINING CENTRE - CENPEID




GIS Organization Resources




Usages Of GIS —In NDPL NDBL

> Network Planning & Scheme Design

> Project Engineering and Estimating Approval Process
> Integration with Customer Information

> Integration GIS-SAP-FAR.

> Integration with Distribution Management System
> Integration with Outage Management System

> Integration with Planning & Engineering

»> Consumer Indexing

> Technical Feasibility of New Connection

> Meter Installation Route Management

» Corporate Building and Land Management

> Vehicle Location Tracking

> Energy Accounting
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NDPL GIS Online

| North Delhi Power Limited. - Windows Intemet Explorer provided by NORTH DELHI POWER LTD

File Edit View Favortes Tools Help

e

/A NDPL IS Online - Map Markup - Microsoft Internet Explorer provided by NORTH DELHI POWER LTD =18 x|

Fle Edt Mew Favoites Tools Hep

eEack . O / U @ \_M;j Search ‘?ﬁ?Favontes

gei- U3

‘@‘P\ay Games ‘l‘ ‘ Thiter

EI. Search ¥ é?a ‘w‘Muchdeos U’q‘ Lyrics ‘.‘N.OTRad\o ‘ U ‘Weather

fj Favortes

_@ North Delhi Power Limited.

NDPL

Power to the People

Web Slice Gallery @ Suggested Sites v
Bl v m e Pagev Seyr Tooky @+ !

o Map Search Tools Settings Operations Commercial AdminRE TSP Financ nts Help Administrator ContactUs  Logout
NDPL GIS Online

Map Markup & DM | Helpdesk/Complaint | Zonal SLD

Full Map View | Add this Map to Favourites | Email this Map

Districts *

Al

Badi(BOL
Bawana(BWN
Civil Ling(CVL)

(For multiple selecrions, plezse use
Control/Shit)

Zones *
Bawana--Bawana(512)
Bawana--Kanjhawala(533)

Bawana--Karala(513)
Bawana--Poath Khurd(521)

Only Single Selections Allowed)
Option Box

Na. of Transformers JRd

Zonal Mis Report  eb

»
(5]

,

@I@@ll CRE00a

KNa(s). Search Customer(s) | Pole Nofs). Search Pole(s)

Display Style: District bnd Grid Stn Coordinate: -93438495, 1742110977

Address |ﬂ http:Jfevksap-menishjsmm,

Map Search Tools Settings Task Design Activities  Assets Specifications Help Logout
North Delhi Power Limited : _ 5 _ -

NDFL A Tata Powar and Delhi Govt.Joint vantura

Neiw Job Is inftiated successfully

Create Tack

Display Style: All Layers Coordinate:-45874485, 1719539829

ﬂ\‘ Localintranet | Protected Mode: Off
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MPG prepare AMS &

Prepare Monthly Mtc Schedule of
Equipments &

accordingly create

Mtc. Plan in system

SAP Maintenance Process o

NDPL

For the scheduled date of maintenance,
system generates the PMO05 order for
particular Equipment.

Work Execution. Material received
by Stores as per reservation no.

Otrder released by ZM/Grid Manager.
As soon as
order is released, reservation is
created for materials

Maintenance job is carried out as pe
Task List on the equipments
ensuring safety

Power System approves outage
and provides Permits to Work

ZM /Grid Engineer create measurement
Document in SAP on equipment
maintained
so that history is maintained

in SAP properly.

Order is closed by pressing the
TECO button-Technical Closure
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Order Edit Goto Extras Enwironment System

Help

1080 €@e DHE Dhias HE @B

VIEWING PREVENTIVE MAINTENANCE ORDER IN SAP. 0

EIW

@ = Change Schedule MTC Order (SAP Generated) 5006{Creates New Session| Header

J | Complete (business) |

Order [PMO5| 50062064 |

|F’ﬂl.l'I:TR.1 SSAMAY VIHAR ST

= S

S/STH MTC AT SAMAY VIHAR STN

SHUT DOWN OF TRFR AT S/STN SAMAY VIHAR =TN
WORK: S/STN MTC (TRFR AND PANEL ROOM CLEANING, MEGGER AND EARTH
RESISTANCE MEASUREMENT, TR OIL LEVEL, LEAKAGE & BDV CHECKING, END BOX
AND CABLE CLEATING CONDITION MONITORING)

AREA AFFECTED:SAMAY VIHAR STN

LOAD AFFECTED: 16 A HT SIDE E
Sys.Status |REL CSER NMAT PRC SETC |[EwTOT |2

HeaderData Cperations i Components i

Costs . Pariner , Objects . Addit Data

|Ln-r.einn

|[4][]

|Flmni|g|Cnn|uI|Enlmnlll

Person responsible Matifctn 20016591 |g9|'°q|
PlannerGrp IW'! CORP| Cen Maint Planner Costs B.00 INR
Mnwketr |571-1 |/ 571 | ZONE-571(ROHI.. PMAciType |002| Preventive mai..
Person res . |29454 || Om Parkash Ahuja | SystCond. |_|

Address @
Dates
Bscstat  [07.12.2009[10:00|  Priority | a| =l
Basicfin. |87.12.2008[17:po[5) Revision | |
SchedStart [07.12.2009(10:00)  Act stant | [ee:e0] []shit order
SchedFin. [07.12.200910:00| Acualend | |00:66| [7ind:Relshp.data

SchedType |Forwards intime &

RefDate B7.12.2609

Automat. sched.

Rel. view | EI| Startin past 5 [C] Exact breaks
Version | E| Adjust dates |3| Cap. reqmts
| Reference object
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MEASUREMENT DOCUMENT CREATION in SAP ,:)‘?L

[ El=IE] =0 x
Measurement documents  Edit Goto  Environment System  Help )
& | NI eee CHE nooa BIF OF ,1
- 2 Shape Fill 34 Find
Collective Entry of Measurement Documents: Overview I shape Outiine - || &, Replace ~
| All measuring points on object || Dbject counter || New entries | =/ Shape Effects I Select ~
Editing
Equipment 201020491
Description TR.1PURU STNE30 KVA
Default Values for New Entries 1 >
MeasTime 17.12.2008] / [17:32:37 Readby 90256 Enter emp- no Of person wh
has |
Measurement Documents
’ 0
MeasPoint Measurement position ~ Description val. A taken the Value S dunng th
Rdgi/CtrRdg Unit CounterRdgDifference MeasurementTime R P - . . .
[} [141517 |EARTH_RES_BODY | EARTH RESISTANCE BODY | O ACtIVIty in field.
* —  Jonm | 17.12.2008]17:32:37|] [ |
[ |141512 |EARTH_RES_NEUTRAL | EARTH RESISTANGE NEUTRAL | O
- —  Jonm | [17.12.2000[17:32:37| 7 | |
O [141512 [TR_HV_E | IR VALUE HV TO EARTH | O
[+ —  |wohm | [17.12.2009]17:32:37|] | |
[ [141513 |IRLV_E | IR VALUE LV TO EARTH | O
[+ —  |wohm | [17.12.2009]17:32:37|] | |
0 [141514 [TR_LV_Hv | IR VALUE LV TO HY | O
* —  |monm | [17.12.2008[17:32:37|] [ |
[ [141515 | TR_TENP | TEMP AT WHICH IR MEASURED O
* — o ] [17.12.2608[17:32:37|] [ |
0 141516 [MAIN_TANK_OIL_BDV | MAIN TANK OIL BDV =
[+ e [17.12.2000[17:32:37| 7 | |
I | RP1 (1) (500) B[ erpappot [ovR | [/

Slide 21 of 23 [ "Office Theme™ | <& |

> ' i €] Microsoft PowerPor... It (B Microsoft Bxcel - 7o... VT SAP Logon 710 ! [i& Collective Entry of ... | 64550 S (]




List Edit nvironment
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DATA ANALYSIS USING MEASUREMENT DOCUMENT IN SAP

A

NDPL

Display Measurement Documents: Measurement Document List
@ 6‘? ﬁj B = T E |]E| & Measurement Document | Measuring Paint By E‘,l

MName |Date |Equipment |Meas...|MeasPoint |Description of measuring point A| Meas/TCRdg | DocMeasUnit Upper range limit Lower range
5000.00 | MOhm 3)[4]
N 600.00 | MOhm 3|[+]
| Unit of Measurement: kV Year 2003-2010 200.00 | MOhm Hm
nr 2000.00 | MOhm 5
5000.00 | MOhm 5

N 500.00 | MOhm 5
e 67.00 | kV
|| '\ 65.00 | kV
|- \_\r 68.00 | kV

70.00 | kV
- /\ /\l\//- 60.00 | KV
I 44.00 | kv
] 49.00 | kV

70.00 | kV
& 69.00 | kV —
| 70.00 [ kv
T 85 74.00 [ KV
N 0.00 | ppm 120.00
N 18.26 | ppm 120.00 -
| % 0.00 | ppm 120.00
N \ / 3.20 | ppm 120.00
1 45 1.00 | ppm 120.00
N E 0.00 | ppm 120.00
N 0.00 | ppm 120.00
L ‘m'3.0:14.031.042.04{3.044.041.0$.u$.n$.051.0&.0&3.0&1.061.nk.uﬁufg.un.n&.uﬂs.o&.u1.0$.0$.0$.us1.1c 5.00 | ppm 120.00
| 03 2004 2005 2006 2007 2008 2009 P07 13.00 | ppm 120.00

6.00 | ppm 120.00 | |
— - 823 MAIN_TANK_OIL_BOV MAIN TANK OIL BOV 700 ppm =T [
S vana | 7.00 | pom 120.00 IEEE
|__ [ |[RP1(2) (500) [Zl erpapp01 INS V.

Inbox - Microsoft O... li= Functional Location... [ig Display Measureme... lig Functional Location...
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Commitment for Excellence -SCADA

Display View Overlay Vi 5
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LA

Supervisory Control & Data Acquisition System CRL

* SCADA :
- Control & Monitoring of all grid stations
50 Grid stations are Unmanned
Load shedding on predefined time from SCADA
ABT interfaced with load forecasting and load shedding
Grid/Area wise Energy Audit




Distribution Management System

» Centralized Monitoring of 11 kV Distribution system

» Decision making based on DMS Applications outcome,
considering present state of Network condition for planned and
unplanned work .

B ———

Order ID | Type |Priority Special

.
» .
<
Tasks For Order g;i .




Distribution Automation

» Centralized control & remote operation of 11kV Switching
Stations through ‘SIEMENS’ provided Central SCADA/DMS
system.

» Provide Auto —changeover to alternate source for some vital
consumers RMU.

» Faster identification of faults.
» Faster restoration of supply from remote.
» Improvement in reliability indices (SAIDI & SAIFI).




Outage Management System

» Consumer trouble call management through SAP-ISU.
» Outage management using prediction logic.

» Crew management.

» Prioritization of outages through predefined logics.

» Planned outage management through SAP-PM.

3/22/2011



SYSTEM CONCEPT o

PROPOSED
IN FUTURE
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Customer calls
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Call center genera

tickets in &
SAP-ISU s : MWM FSR Module :

[ALERT: Weapon [GsRv [19RE01
Address 1 5
Address 2 =
Address 3 - City, State, Zip - scroll j

Outage Management System

Order Type: [ Reading: [
(‘Un(’ulr (‘v(‘N(‘U
Order No: Completed By:
g 0 Test
Leakage:
I~ CO Test PPM

+ Home
L ) [+ Emergency Field:
Please select the service time convenient for you Lesklocaton [ [ TimedMeter I ProvedMeter [ SospTest
Leak T
.’;- ( i [ Main [” Sev.Line [~ Yardine I Foundation [ Buiding I Appliances I~ Under House ‘
Caolor Legend: .Ava\lab\e .Not Available .Or\gina\ Appointment

lﬁmw [ ] [ | Heating [ | Dwer: [

"Melal Set, Change, Remove, Dial:

|7:30 AM - 9:30 AM [9:30 AM - 11:30 AM|11:30 AM - 1:30 PM |1:30 PM - 3:30 PM |3:30 PM - 4:30 PM

| ‘ I NotHome I Excp

alo

C Set C Change C Remove C Dials Changed Pressure: #Dials [

New Mt No: Size: Read: MuDest | | Muloc )
™ sl Bypase I~ Change Regulor I~ Of@Cub  Ireg.User ~]  Yadine: =

ion. Taker(| =] Cesh| Check: [ ‘

Completion Rematks: | =]




Call assignment

System Interfaces “Trouble prediction g HERE
*Switching
Takes trouble calls -Dispatching -

*I[nforms customers of

restoration status %//
C ol Centre

System letered

*Provides location

SAP-ISU = *Provides circuit data

e

=== N —— *Provides routing
*Keeps OMS apprised | System — for 1.8 million QU AR
of status on Customers S e T
monitored devices / \ ST GES | T
\ *Initiates work )
*Tracks work status

*Closes jobs
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BTATE ELECTHIC COMPANY LIMITED




Organization Structure for STELCO
19 June 2010

BOARD OF DIRECTORS

COMPANY SECRETARY - - INTERNAL AUDIT *

CHIEF EXECUTIVE OFFICER

MOHAMED RASHEED STRATEGIC PLANNING COMMITTEE

CHIEF TECHNICAL OFFICER | CHIEF OPERATION OFFICER
DR. ZAID MOHAMED

CORPORATE AFFAIRS?
POWER GENERATION — FINANCE & ACCOUNTS2

TRANSMISSION & DISTRIBUTION PROCUREMENT

PROJECT PLANNING & — HUMAN RESOURCES
IMPLEMENTATION !

CUSTOMER SERVICES®

INFORMATION TECHNOLOGY

Notes:

1- Ircludes Power Production & Distribution

2- Includes Inventory Control & Assets

3- Includes Administration, Maintenance, Transport & Security
4- Reports to Board of Directors

5- Includes Billing










ELECTRICITY PRODUCTION FOR MALE'
MAXTMUM DEMAND

70,000 3
~
3
a
<
60,000 B
50,000
30,000 Avaitabie Capacty ~ 38386 kW =
Peak Load : 37835 kW 5

Firm Capacity : 34144 kW

30,000

20,000

10,000

0 A

1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
YEAR






11KV DISTRI







= —~— e
















Data S1O, NOAA, U.S. Navy, NGA, GEBCO G l
Image © 2011 DigitalGlobe ©2010 008 e

Image © 2011 GecEye
Image NASA




GOVERNMEN










BEST PRACTICES

An Overview of Best Practices in
Electric System Performance

2011) I g e

;

Presented by ' }
Jaspal Deol, P.E. y
Manager, T&D Substation Design, \
Construction and Maintenance

Sacramento Municipal Utility District
Distribution Services
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SACRAMENTO MUNICIPAL UTILITY DISTRICT

The Power To Do More.®

AGENDA

System Overview
System Planning
Loss Reduction
System Operations
System Maintenance
Conclusion

BEST PRACTICES (2011)
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SACRAMENTO MUNICIPAL UTILITY DISTRICT
The Power To Do More.®

SYSTEM OVERVIEW

Distribution System

Overview

2,331 square kilometers of service
area

Total population of 1.4 million
Approaching 600,000 customers

220+ Distribution substations with
275 transformers

6,280 kilometers of overhead
distribution

9,520 kilometers of underground
primary distribution

Almost 80,000 distribution line
transformers

Poles - 150,000+

BEST PRACTICES (2011)



SACRAMENTO MUNICIPAL UTILITY DISTRICT

The Power To Do More.®

SYSTEM QVERVIEW - SUBSTATIONS

Bulk Energy Substations (High
Voltage)

230/115kV -200MVA+

230/69 kV — 200MVA+

115/21/12kV — 25 MVA+
Distribution Substations (med.

Voltage)
69/12kV - 3.25 MVA-25 MVA

Distribution Transformers (med |
Voltage)
69/12kV - <2500kVA
Dist. Line Transformers (Low
Voltage)
21kV/480volt/240/120
12.47kV/480volt/240/120

BEST PRACTICES (2011)
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SACRAMENTO MUNICIPAL UTILITY DISTRICT
The Power To Do More.®

SYSTEM OVERVIEW - SUBSTATIONS

CIRCUIT SWHTCHIER/

Notel:

TRANSFORMER
69,/12kV

N AAAANAL

12 kV

51/51N
RTU TELEMETRY
MW, MVAR,V,I

J

| Notel Note 1l | Notel

BKR.

BKR. BKR.

F#1 | F#2 | F#3 |

FEEDERS

50/51/51N/79
RTU TELEMETRY.
MW,MVAR,V,|

CAPACITOR

1,2&3 HAVE SIMILAR SCHEME

S FUSE

TRANSFORMER
69,/12kV

NACAAAAL

12 kV

51/51N
RTU TELEMETRY
MW, MVAR V|

J

Note1 & Notel Note1| 50/51/51N/79
RTU TELEMETRY
MW, MVAR V|

BKR. BKR. BKR.
t‘ t‘ t‘ CAPACITOR
F#1 F#2 F#3
Note1: FEEDERS 1,2&3 HAVE SIMILAR SCHEME

BEST PRACTICES (2011)
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SACRAMENTO MUNICIPAL UTILITY DISTRICT

The Power To Do Mor:

SYSTEM PLANNING

System Planning
System planning, at its core,
is developing a schedule of
future system additions and
changes to ensure reliable, - m
efficient and safe system ‘

operation at the lowest
possible cost

Many elements are involved
and the levels of efficient and
satisfactory performance and
operation varies from utility

to utility

Electric demand is one of the Reliability and power quality is another
primary drivers of system very important driving element
planning

=usaip USPA
ey
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BEST PRACTICES (2011)
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SACRAMENTO MUNICIPAL UTILITY DISTRICT

The Power To Do More.®

SYSTEM PLANNING

Design Criteria

Service territory broken
down into logical planning
areas based on natural
geographical boundaries
and other general system
considerations and sets the
fundamental planning unit

System utilization and
reliability metrics provide
the benchmark for system
planning

A design criteria is
established based on
acceptable operating and
service limits

Reliability criteria is based on
acceptable SAIFI and SAIDI levels

=wusaiD USFA
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BEST PRACTICES (2011)



SYSTEM PLANNING

Design Criteria (Loading)

Planning Area

Substation
Transformer

Underground
Conductor

Overhead Conductor

BEST PRACTICES (2011)

Normal

100%

100%

100%

100%

Emergency
110% (N-1)

110%

SACRAMENTO MUNICIPAL UTILITY DISTRICT

The Power To Do More.®

Emergency (Short)
125% (N-1)

125%

/=" USAID USEA
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SYSTEM PLANNING

Design Criteria (Reliability)

Normal
Outage Frequency Per 0.85-1.14
Customer Per year (SAIFI)
Outage Duration Per 49.7-68.7

Customer Per Year (SAIDI)

SACRAMENTO MUNICIPAL UTILITY DISTRICT

The Power To Do More.®

Major Event

0.99-1.33

67.5-93.3

Major events are typically defined as an extreme weather event
such as a major windstorm or other natural disasters of a large

magnitude and of a relatively rare occurrence

BEST PRACTICES (2011)
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SACRAMENTO MUNICIPAL UTILITY DISTRICT
©

The Power To Do More.

SYSTEM PLANNING

Load Analysis & Forecasting

Load forecasting is a critical component
of system planning

The system must be able to withstand
the design criteria, which is based off of
a percentage of peak demand

Peak demand typically occurs just a few
days of the year, but the system has to
be planned and built to accommodate
this level of load

A multitude of variables affects peak
demand, including temperature,
economic conditions (both locally and
nationally), population, etc.

BEST PRACTICES (2011)



SACRAMENTO MUNICIPAL UTILITY DISTRICT
©

The Power To Do More.

SYSTEM PLANNING

Load Analysis & Forecasting
Temperature and economic conditions play

critical roles in load forecasting Lol | ddze
Planning area and system-wide forecasts are 102 1.110
done through linear trend lines (least- : 103 1.095
squared method) using historic growth (five
years) and accounting for temperature 104 1.080
variances and special economic conditions 105  1.065
A temperature adjustment is added to the 106 1.052
trend to account for a 110 degree design '
temperature 107 1.039
This is done to equalize mild summer peaks 108  1.026
up to what could be expected on warmer
days 109  1.013
110 1.000

o
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SACRAMENTO MUNICIPAL UTILITY DISTRICT

The Power To Do Mor:

SYSTEM PLANNING

Economic Considerations
and Bulk Loads

Economic considerations
and conditions are also
taken into account for any
system forecast

Major events such as
recessions and ‘“boom”’
periods have a marked
impact on peak system
demands and must be taken
into account accordingly

Large future load additions (typically
defined as loads exceeding 25% of the

B_Ulk loads are also treated planning area growth) are manually
differently and separately added to the trend due to their
from the forecast trend relatively low frequency of occurrence

and large magnitude

N
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SACRAMENTO MUNICIPAL UTILITY DISTRICT
The Power To Do More.®

LOSS REDUCTION

BEST PRACTICES (2011)



SACRAMENTO MUNICIPAL UTILITY DISTRICT

The Power To Do More.®

LOSS REDUCTION

System Losses

System losses account for an often
invisible but otherwise large
revenue loss

Almost all components on the
distribution system have resistive
and reactive elements that
““wastes’ energy

Transformers, distribution lines, and
other reactive loads account for the
bulk of these losses over the life of
operation

Additional revenue is lost due to
increased capacity requirements of
system components to
accommodate these losses

3\ - @)
NJ[% ——
Nonarsed” FR i iati

BEST PRACTICES (2011)



SACRAMENTO MUNICIPAL UTILITY DISTRICT

The Power To Do More.®

LOSS REDUCTION

System Losses

Total system
delivery losses is 6%

Distribution and
secondary system
losses accounts for
4.5%

Transmission losses
account for the
remaining 1.5%

The distribution

system represents . ,
the highest revenue Escalating energy and capital costs

loss component of make minimizing system losses a
the entire system priority

I
United States Energy Association

USEALB

BEST PRACTICES (2011)



SACRAMENTO MUNICIPAL UTILITY DISTRICT
©

The Power To Do More.

LOSS REDUCTION

Line Losses

Line losses account for a
large proportion of energy
loss on the distribution
system

Line losses can be simply
defined as: I’R

Effective conductor sizing,
voltage regulation, Var

compensation, load
characteristics, SMUD practices sound conductor
operational considerations sizing to minimize losses over the life

d optimal of the installation
FPEPPETE BT Other distribution efficiency measures

configuration all play taken into account when determining
important roles in line the most cost/lost effective line
losses system

P
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LOSS REDUCTION

BEST PRACTICES (2011)

SACRAMENTO MUNICIPAL UTILITY DISTRICT
©

The Power To Do More.

Line Losses

Economical conductor sizing
plays a critical and key role in
minimizing losses

This is the first crucial step in
minimizing expenditure losses
due to line losses

Post installation fixes and
adjustments can be costly if
sized incorrectly

Cost studies are done to most
economically choose
conductor sizes in conjunction
with voltage drop
considerations

& ;ms,q%
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SACRAMENTO MUNICIPAL UTILITY DISTRICT
©

The Power To Do More.

LOSS REDUCTION

Line Losses

Method to analyze distribution line costs or annual line cost of a given size
can be determined as:

TAC=AIC+AEC+ADC

Where :

TAC = Total annual equivalent cost of the conductor/cable ($/km)

AIC = Annual equivalent of investment cost of installed conductor/cable ($/km) (see next slide)
AEC = Annual equivalent of energy cost due to IR losses ($/km) (see next slide)

ADC = Annual equivalent of demand cost incurred to maintain adequate system capacity to supply
I2R losses ($/km) (the cost of useful system capacity lost in order to supply the line losses)

The total annual line cost can be calculated and assessed

Load and loss factors play a key role in assessing line costs
Since load varies with time, time-based loss calculations are needed

Load factor is the average demand divided by the peak demand
Loss factor (used to determine AEC) is empirically related to load

y \

&\ )
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SACRAMENTO MUNICIPAL UTILITY DISTRICT
©

The Power To Do More.

LOSS REDUCTION

Line Losses

Annual equivalent investment cost (AIC):

AIC=IC (i)

Where :

AIC = Annual equivalent of investment cost of installed conductor/cable ($/km)
|C; = Annual equivalent of investment cost of a given conductor/cable ($/km)
ir = Annual fixed charged rate applicable to the conductor or carrying charge ($/km)

Charges such as capital, O&M, depreciation, taxes, etc., are
typically included in the “carrying charge”

ST
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SACRAMENTO MUNICIPAL UTILITY DISTRICT

The Power To Do More.®

LOSS REDUCTION

Line Losses
Annual equivalent of energy costs due to I?R losses (AEC):

AEC=I2R(LsF)

Where :

LsF=0.15(LDF)+0.85(LDF)2

Where :

LDF = Load factor or average yearly load divided by peak load
Line load varies over time so there is no precise method to
calculate losses over time

However, utilizing load factors (LDF) can give a good
approximation suitable for economic assessments

BEST PRACTICES (2011)



SACRAMENTO MUNICIPAL UTILITY DISTRICT
©

The Power To Do More.

LOSS REDUCTION

Transformer Losses .

2010 mandates by the
Department of Energy
(DOE) governing
distribution transformer
efficiency

/1 SMUD utilizes total cost of
All oil-filled transformers

must meet higher minimum ownership

efficiency standards (DOE This includes initial cost and cost of

Ruling 10 CFR 431, Part I11) operation over the life of installation
As aresult of these Both costs must be thoroughly
standards, initial costs likely ~ examined and weighed to
to rise (copper costs, etc.) determine the best cost/benefit
but gains in long-term ratio, taking into account all
operational costs positively mitigating factors (i.e., operational,
impacted maintenance and reliability)

BEST PRACTICES (2011)



SACRAMENTO MUNICIPAL UTILITY DISTRICT

The Power To Do Mor:

LOSS REDUCTION

Transformer Losses é
Cost of ownership and = £ & 0
operation significant, both o S e g
initially and over the life of 3 ) ﬂ
operation J

Initial cost heavily
dependant on commodity
values (i.e., Copper) and

likely to increase due to Load losses represent I°R losses
commodity prices and while in operation

efficiency standards No-load losses represent

Two major operational “energized” losses

costs of transformers: Hysteresis losses: energy expended

due to magnetic flux

Eddy current losses: energy expended
due to circulating currents in the core
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&
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No-load losses
Load losses

BEST PRACTICES (2011)



SACRAMENTO MUNICIPAL UTILITY DISTRICT
©

The Power To Do More.

LOSS REDUCTION

Transformer Losses

Marginal operational costs
varies over time due to
changes in generation costs

SMUD operational load-loss
costs have increased
exponentially over the last few
years

In 2003 SMUD used $0.93 per
load-loss watt and $3.9 per no-
load loss watt

Today it has ballooned to
$2.8/watt and $11.4/watt
respectively

Increases in costs due primarily to increases in energy costs
and anticipated loading over the life of installation

BEST PRACTICES (2011)



SACRAMENTO MUNICIPAL UTILITY DISTRICT

The Power To Do More.®

LOSS REDUCTION

CASE 1 Option 2 Option 3 Difference
1st Cost NLL LL EnergyCosts| | 1st Cost NLL LL Energy Costs||1st Cost  Energy Cost CBR
50kVAPole [$ 1,385 920 566 $ 2662118 1,433 78 572 $ 2,542 (1% 48 $ (119) 2.49
50kVAPad |[$ 2379 91 603 $ 278011 2492 84 541 § 2521|] $ 13 $ (259) 2.29
300kVAPad | S 9468 469 2646 $ 12994 || $ 9,820 454 2414 § 12,152 |] $ 352 § (841) 2.39
2500 Pad $ 41,672 2749 14801 $ 74113 || § 44,848 2377 $13,994 $ 67,540(| $ 3,76 $ (6,573) 2.07

CASE 2 Option 1 Option 3 Difference
1st Cost NLL LL EnergyCosts|| 1st Cost NLL ME Energy Costs|| 1st Cost Energy Cost CBR
50kVA Pole |S 1,356 92 568 $ 26901l 1433 78 572 $ 2,542 (] $ 77| % (148) 1.92
50kVAPad S 2326 88 620 $ 2795|118 2492 84 541 § 2521119 166 $ (274) 1.65
300kVAPad | S 8815 425 3148 $ 13,9431 S 9,820 454 2414 § 12,152|| $ 1,005 $ (1,791) 1.78
2500 Pad $ 38,826 2844 15202 $ 76,355 || § 44,848 2377 $13,994 $ 67.540(]$ 6,022 $ (8,815) 1.46

Transformer Losses Some units have higher initial

Shown here is an example of costs, but offer greater long-

anticipated unit costs based on term load-loss costs (difference

different efficiency standards column)

and long-term load-loss costs Unknown variables (risk) in

Cost/benefit ratio (CBR) is key regards to long-term cost
estimates

‘=usaiD  USFKA
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SACRAMENTO MUNICIPAL UTILITY DISTRICT
©

The Power To Do More.

LOSS REDUCTION

Capacitor Banks

Reactive power is one of
the most important and

Power Factor
controlled (or controllable) = KW
component on the Jov + kvAR
distribution system

=cos ©

While vital to the system
(e.g., motors, transformers,
etc.), reactive power does
no “real” work

Can have great benefits to
distribution system
efficiency/capacity

Reactive Power (kVAr)

True Power (kW)

Not only are improvements seen in real losses, but vast gains can
be achieved in overall equipment utilization by “freeing” up

GPPELY =usaiD USFA
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SACRAMENTO MUNICIPAL UTILITY DISTRICT
©

The Power To Do More.

LOSS REDUCTION

Capacitor Banks

Capacitor banks provide
tremendous benefits to
distribution system efficiency
Capacitors provide:

Power factor correction

Voltage support

Increased capacity
Two main distribution capacitor
types:

Line

Substation

The increase in capacity helps
SMUD aggressively utilizes to maximize system utilization,

capacitor banks to minimize improving costs by postponing
system losses and increase line F)therW|se expensive capacity
capacity, greatly improving Improvements

distribution system efficienc
y y | == ) USAID USI%
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SACRAMENTO MUNICIPAL UTILITY DISTRICT

The Power To Do Mor:

LOSS REDUCTION

Voltage Regulation &
Optimization | oo e

Voltage regulation and mﬁ‘w »ﬂ m ﬂ m
optimization is a well | W W\ m m mﬂm I
known system and energy i bty

Post Implementation
Average 527 8 kW

Demand Reduction

o
o

conservation and
efficiency measure

Voltage controls can
effectively reduce both v |
real and reactive power =
demands anywhere from2 == = = = o o o o
to 10 percent

vemand (kw)
[; o
o
uonejuawaidw|

8
<)

Voltage regulation improvements require THOROUGH system
studies to meet all end-user’s voltage requirements!

BEST PRACTICES (2011)



SACRAMENTO MUNICIPAL UTILITY DISTRICT

The Power To Do More.®

LOSS REDUCTION

Voltage Regulation &
Optimization
The most common
SMUD control element is

the transformer load tap
changer (LTC)

The LTC controls the
output voltage of the
transformer

The LTCis SCADA
operable

This will allow SMUD to integrate
SMARTGRID, AMI and LTC controls with other efficiency

other technologies will devices (capacitor banks) to

help SMUD optimize ¥J! .
Voltage/Var controls for VEudidss Yoltfslge/Var regulation
and optimization

greatest system
efficiency improvements

BEST PRACTICES (2011)



SACRAMENTO MUNICIPAL UTILITY DISTRICT
©

The Power To Do More.

LOSS REDUCTION

System Optimization

SMUD employs a vast and
integrated SCADA
(Supervisory Control and
Data Acquisition) system

SCADA allows us to control
(automatically or manually)
both voltage and
capacitors banks for
maximum efficiency
improvements

Control elements greatly
improves system efficiency

Data management and
automation capabilities
tuned specifically to
efficiency improvements

Intelligent alarming and control
aspects greatly enhances
distribution efficiency
improvements

& Wmm%&"m l ' S A I D USIA
& o
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SACRAMENTO MUNICIPAL UTILITY DISTRICT

The Power To Do More.®

SYSTEM OPERATIONS

System Operations

Distribution System
Operations (DSO) manages
and controls the entire
distribution system
Primary responsibilities
include:
Monitoring and
ensuring the system is
operating within
allowable tolerances
Storm preparation and
management

Managing outages
Switching and
clearance orders

Accounting for any system
changes or additions in real-time

=usaiD USFA
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SACRAMENTO MUNICIPAL UTILITY DISTRICT

The Power To Do Mor:

SYSTEM OPERATIONS

System Management

Ensuring the system is
operating within
acceptable and allowable
tolerances is a critical
component of system
operations

Operating within loading
guidelines is critical to safe
and reliable system

operations

Design guidelines from

transformers to conductors System changes are made to pre-
are all strictly adhered to empt or adjust to a system
Voltage and Var deficiency, alarm or operating
requirements are also constraint

closely monitored

=wusaiD  USFA
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SACRAMENTO MUNICIPAL UTILITY DISTRICT

The Power To Do Mor:

SYSTEM OPERATIONS

Outage Management
System (OMS)

The Outage Management
System (OMS) is an
operating tool that assists
in managing all facets of
system operations during
an outage

Used to predict the source
and scope of any outage

Provides a means to
manage and prioritize
workload and resources
relating to the outage

Up-to-date indicator of all
jobs in the District in real-

time
(="USAID USEA
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SACRAMENTO MUNICIPAL UTILITY DISTRICT

The Power To Do Mor:

SYSTEM OPERATIONS

SCADA

SCADA or Supervisory Control
and Data Acquisition is a
fundamental component of
efficient system operations

Real-time indicator of system
status

Monitor district loads on
individual circuits

Open and close breakers
remotely

Operate capacitor banks
remotely / automatically

Has alarms to indicate when
there is a problem on the
system

N
= USAID
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SACRAMENTO MUNICIPAL UTILITY DISTRICT
©

The Power To Do More.

SYSTEM OPERATIONS

Outage Process

Customer Call Center (CCQ)
receives an outage
notification

CCC Creates “Ticket” in SAP

Electronically transferred
from SAP/IVR to OMS

If IVR, ticket goes to Service & / i
Dispatcher who calls 7
customer

CCC and Service Dispatchers
try to resolve call

If Dispatcher able to
resolve, close ticket

LN
)5
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SACRAMENTO MUNICIPAL UTILITY DISTRICT

The Power To Do Mor:

SYSTEM OPERATIONS

Outage Process (cont.)

If unable to resolve, ticket
goes to Trouble Shooter

Trouble shooter fixes
problem/identifies cause

Trouble shooter
communicates to Customer

Tags come back to Service
Dispatchers

If resolved, they log it

If unresolved, job is created
for the appropriate work
group to investigate and/or
repair

7N
N
= USAID
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SACRAMENTO MUNICIPAL UTILITY DISTRICT
©

The Power To Do More.

SYSTEM OPERATIONS

Switching & Clearance

Orders
Managing the day-to-day \ -
operation of the system p nea
involves working closely L[ta e
with other groups Z il

This involves managing
switching and clearance
orders to ensure segments
of the system requiring
work and/or maintenance
are properly and safely de- el
energized F e et

Clearance is an authorization to work on a section of line that has
been de-energized and isolated from all sources of electrical

potential

N [/
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SACRAMENTO MUNICIPAL UTILITY DISTRICT
©

The Power To Do More.

SYSTEM OPERATIONS

Switching & Clearance Orders

No conflict with any other
clearance scheduled for same
time

Write clearance (switching steps
needed to de-energize line)

Check correct switching steps
and schedule the clearance

Direct trouble shooters or work
crews through each step of the
process to de-energize & tag out
the line section and ensure safety

Report crew on section of line Directs crew or T/S through
(hand it over to crew for work) process of restoring section of
Crew completes work and returns line to normal

section to operations

BEST PRACTICES (2011)



» Emergency Operations

» Emergency operations are
triggered during the
following events:

» Sustained wind speeds are
forecasted to be exceed 30
mph

~ Wind gusts forecasted to
be at least 35 mph

~ Sustained high
temperatures (100 degrees
or above) are forecasted
over multiple days and
overnight low
temperatures are
forecasted to be 70
degrees or above

BEST PRACTICES (2011)

SACRAMENTO MUNICIPAL UTILITY DISTRICT

The Power To Do More.®

~ There are ten or more unidentified or
unassigned outages, impacting at
least 500 customers
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SACRAMENTO MUNICIPAL UTILITY DISTRICT
©

The Power To Do More.

SYSTEM OPERATIONS

Emergency Operations

500 or more customers have
been out of power for at
least four hours and at least
500 customers are
forecasted to be out of
power for more than twelve
hours

10% or more of District
customers are impacted or

are anticipated to be Duration ot the event is expected
impacted to go beyond twelve hours
Existing resources are Major event is expected to result
insufficient to respond to the in extensive inquiries from the
emergency in a safe and media and/or governmental
efficient manner and agencies

additional manpower is

needed for 24/7 coverage /=" SAID USEA
BEST PRACTICES (2011) ‘a,,%l::j@vo EEEEEEEEEEEEEEEEEEEEE m




SACRAMENTO MUNICIPAL UTILITY DISTRICT
©

The Power To Do More.

SYSTEM OPERATIONS

Restoration and
Dispatch Priorities

Ensuring public safety is
our number one goal and
priority; restoration
priorities take this goal
into account

(1) Public and employee
safety:
Downed “live” power
lines
Public exposure to
energized facilities
(2) Reliability of the
District’s portion of the 'T118310 13
SMUD Control Area Grid Major distribution facilities

Major generation facilities
Major transmission facilities

I
United States Energy Association
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SACRAMENTO MUNICIPAL UTILITY DISTRICT
©

The Power To Do More.

SYSTEM OPERATIONS

Restoration and
Dispatch Priorities

(3) Critical infrastructure

Critical fire [ law
enforcement
operations (city &
county 911 facilities)
Critical pumping
facilities (sewage
pumping stations,
storm pumping
stations)

Hospitals

Mass transportation

(Sacramento Airport (4) Repairs that impact the largest
& the Light Rail amount of customers

System) (5) Individual customers

LN
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The Power To Do More.®

SYSTEM MAINTENANCE
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SACRAMENTO MUNICIPAL UTILITY DISTRICT

The Power To Do More.®

SYSTEM MAINTENANCE

Planned/Preventive/Scheduled

Maintenance
Prevents problems (Better) ool G 41
Desirable ol b '
Predictable

40.0;
Condition Based ’

Risk/Criticality Model

Unplanned/Corrective/Unscheduled
Maintenance

Not desirable

Associated with outages or |
breakdowns Y

Costly

BEST PRACTICES (2011)



SACRAMENTO MUNICIPAL UTILITY DISTRICT

The Power To Do More.®

DISTRIBUTION PERFORMANCE STANDARDS

CPUC Energy Reliability Program

Performance Standards (decision 96-09-045)

Three Measures of Outages
SAIFI (System Average Interruption Frequency Index)
SAIDI (System Average Interruption Duration Index)
MAIFI (Momentary Average Interruption Frequency Index)

Inspection and Maintenance Standards

General Order 165
Patrol, detailed Inspection, Intrusive Inspection

Tree Trimming/Vegetation Management Standards

BEST PRACTICES (2011)



SACRAMENTO MUNICIPAL UTILITY DISTRICT

The Power To Do More.®

SYSTEM MAINTENANCE - WORK FLOW

Work Order Work Order
Generated Issued to Crew

Results Verified and Completed Work
Work Order Closed Order Turned
Out After Work
Completed

=usaiD  USFA
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SACRAMENTO MUNICIPAL UTILITY DISTRICT
©

The Power To Do More.

SYSTEM MAINTENANCE

Condition Based Maintenance

Doing only the maintenance that is
required

Uses predetermined “trigger” points
Monitors baseline limits
Substations Employs:

Oil analysis

DGA analysis

Megger/TTR Line Inspections
Vibration testing Poles/Towers
Infrared thermography Underground
Sweep frequency response analysis vaults/manholes
(SFRA) Cross arms
Corona inspections Vegetation

Line Inspections
Regulatory Compliance

PN
I Usaio O *
D= |
VP8 FROM THE AMERICAN PEOPLE U_
s

Y

BEST PRACTICES (2011)



SACRAMENTO MUNICIPAL UTILITY DISTRICT
©

The Power To Do More.

SYSTEM MAINTENANCE

Condition Based Maintenance

Tests and monitors the condition
of the equipment at various
frequency based on Asset Risk or
Criticality
Impact to number of
customers

Impact to critical customers
(Sac International Airport,
Hospitals, Large Commercial
Load)

Restoration time
Redundancy

Historical trending of test
results of the various Condition
Monitoring Tasks

P
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SACRAMENTO MUNICIPAL UTILITY DISTRICT

The Power To Do Mor:

SYSTEM MAINTENANCE

Condition Based
Maintenance

Condition Monitoring Tasks
(CMTs)

Monitoring tasks are
performed to determine the
condition of the equipment
and monitor for changes in
the condition

Condition Directed Maintenance
(CDM)
Tasks performed to address

changes in the equipment
detected by the CMT

=usaiD  USFA
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SACRAMENTO MUNICIPAL UTILITY DISTRICT

The Power To Do More.®

SYSTEM MAINTENANCE

Condition Based Maintenance

Condition Based Maintenance — Condition Monitoring Tasks
2007 — 2010 CMT or High Risk Equipment | 2010 — Beyond {Medium Risk 2010 — Beyond (Low Risk Equipment)
Interval Equipment) Interval Interval
CMTs : ; >
Equipment Interval Equipment Interval Equipment Interval
Visual Inspection All Substation Equipment Monthly All Substation Equipment Monthly All Substation Equipment Manthly
Infrared All Substation Equipment Annual All Substation Equipment Annual All Substation Equipment Annual
Inspection
TCAITASA Transformer! Annual Transformer! 2 Year Transformer! 3 Year
Tap changer Tap changer Tap changer
DOBLE Transfarmer Baseline and Transformer Baseline and Transformer Baseline and
time of high time of high time of high
side protection side protection side protection
Ultrasonic Transformer Baseline and Transfarmer Baseline and Transformer Baseline and
Vibration time of high time of high time of high
side protection side protection side protection
TTR Transfarmer Baseline and Transfarmer Baseline and Transformer Baseline and
time of high time of high time of high
side protection side protection side protection
Megger Transformer Baseline and Transformer Baseline and Transformer Baseline and
time of high time of high time of high
side protection side protection side protection
SFRA Transformer Baseline and Transformer Baseline and Transformer Baseline and
time of high time of high time of high
side protection side protection side protection

BEST PRACTICES (2011)
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SACRAMENTO MUNICIPAL UTILITY DISTRICT

The Power To Do More.®

SYSTEM MAINTENANCE

Condition Based Maintenance

Condition Based Maintenance — Condition Monitoring Tasks
2007 — 2010 CMT or High Risk Equipment | 2010 — Beyond {Medium Risk 2010 — Beyond (Low Risk Equipment)
Interval Equipment) Interval Interval
CMTs : ; >
Equipment Interval Equipment Interval Equipment Interval
Visual Inspection All Substation Equipment Monthly All Substation Equipment Monthly All Substation Equipment Manthly
Infrared All Substation Equipment Annual All Substation Equipment Annual All Substation Equipment Annual
Inspection
TCAITASA Transformer! Annual Transformer! 2 Year Transformer! 3 Year
Tap changer Tap changer Tap changer
DOBLE Transfarmer Baseline and Transformer Baseline and Transformer Baseline and
time of high time of high time of high
side protection side protection side protection
Ultrasonic Transformer Baseline and Transfarmer Baseline and Transformer Baseline and
Vibration time of high time of high time of high
side protection side protection side protection
TTR Transfarmer Baseline and Transfarmer Baseline and Transformer Baseline and
time of high time of high time of high
side protection side protection side protection
Megger Transformer Baseline and Transformer Baseline and Transformer Baseline and
time of high time of high time of high
side protection side protection side protection
SFRA Transformer Baseline and Transformer Baseline and Transformer Baseline and
time of high time of high time of high
side protection side protection side protection

BEST PRACTICES (2011)
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SACRAMENTO MUNICIPAL UTILITY DISTRICT

The Power To Do Mor:

SYSTEM MAINTENANCE

Parts, Process, and Stock M

A dedicated maintenance , ¥ A T
planning and scheduling group Lt s S ~—H +%
handles all maintenance parts .l (0 .

and stock requirements

All maintenance processes ' =
incorporated into SAP work order
system

Work order system incorporates g
parts requirements for each &
maintenance process

This work order system tracks all

costs and also automatically

Every stock item needed for any replenishes stock based on pre-
particular maintenance work is determined levels

recorded within the work order at

; Maintenance and material trends
the time of use

and other data assessments can
be analyzed using this system

=usaip  USFA
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SACRAMENTO MUNICIPAL UTILITY DISTRICT
The Power To Do More.®

WORKFORCE

Recruitment

Enhancement

Skill Assessment
Technology edge
Training & re-training
Continuing education

Industry leader Retention
Establish best practices Keep the best
Employee Engagement Training Facilities

SMUD a great place to work

BEST PRACTICES (2011)



SMUD

SACRAMENTO MUNICIPAL UTILITY DISTRICT
The Power To Do More.®

CONCLUSION

Closing Remarks

SMUD is presented with new
challenges, new challenges
related to efficiency and
reliability (Example - AB 2061 —
Smart Electricity Distribution
and Efficiency Act)

Ensuring the system is planned, ~ SMUD will be better prepared
operated and maintained inthe ~ to face any new challenges as
most efficient, reliable, and they arise, providing the

cost-effective and conscious greatest benefit to our
ratepayers
manner

, , Customer and Employees are

make improvements whenever  everyday
possible

Lok

BEST PRACTICES (2011)
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LOSS REDUCTION
&

RELATED DISTRIBUTION REFORMS




LECO was Established in 1983

Ceylon Electricity Board 54.8%
Government Treasury 43.6%
Urban Development Authority 0.8%
Local Authorities 0.8%
Total Number of Customers 469,000
11kV line length 1,025 km
LV line length 3,933 km

11kV/400V substations 3,494
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Took over Distribution Systems of Local Authorities

Carried out complete Rehabilitation of the run down

distribution systems using ADB assistance

New concept in power distribution was adopted

introducing LV Arial Bundled Cable




— or thelt «
e Small Capaditys

250kVA)

Reduced lin&185s% ¢
Increased rehablhty:o P 0V
Enhanced quality ofi po
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DISTRIBUTION SYSTEM=of LECO

Purchase at 11 kV — Metering (C E B)

11 kV Distribution Network

Distribution Substations Bulk Substations

Metering

L.V. Distribution
Lines

Metering Metering

Metering

Bulk Consumers

: Bulk Consumer
Retail Consumers ( Exclusive T/F for each Consumers
consumer) 11 kV




CO Distribution ystem Energy Loss
Variation

25.00

——Loss (%)

20.00 -

15.00
Percentage
of Loss

10.00

5.00




Types of Energy
Losses

Technical Loss

A

Non Technical Loss

System Improvements

A

Energy Audit




Monitoring of Energy Losses

Branch (Sub Division ) overall loss
CSC (Customer Service Center) wise loss

Distribution Transformer wise loss




Branch Overall Energy Loss

(d Purchases Vs Customer sales

d Monitoring Monthly, quarterly, 6 Month & annual
loss figures

d Corrective measures are taken based on the
above figures

[ Act as a key performance indicator & set a target
for the branch to achieve in reducing energy
losses




CSC Wise Energy Loss

‘¢ Sub operating strategic units of a branch

¢ Measuring energy export & import across the
boundaries

“ Key performance indicator




Distribution Transformer
Wise Energy Loss

d Measuring distribution transformer Purchases Vs
Customer Sales

[ High loss areas can be identified

d As smallest sub units - easy to take corrective
measures




Energy Audit
To Minimize Non Technical Losses

Checking 11kV Purchase Meter accuracies

v'at Primary Sub Stations
v'Accuracy class of 0.5
v'Done 1t annually

» Verifying accuracy of Bulk Consumer Meters

v 40% of total energy sales of LECO
v" Done it annually




Energy=Audit ....

» Testing of Retail Consumer Meters

v Where high loss areas are detected
v" Check the meter at the Substation

v Consumer Meters are tested for accuracy

Meters are Checked for Tampering
Service Wire Down Run is checked for illegal tapping

Check for unbilled / Un-metered connections

Check for unauthorized street lamps

Review the figure of loss percentage after taking
corrective & preventive actions together with
modifications







Electricity Distribution 1s a giant utility sector
Present Scenario — Distribution Sector Largely Inefficient

In a regulated environment the energy sector 1s made into
clusters as;
- Generation
- Transmission
- Distribution
Each cluster has “ Transfer Prices “
Generation to Transmission: Transmission Transfer Price

Transmission to Distribution: Bulk Transfer Price

“Regulator” - a New Entity : Regulates the “Transfer
Prices” & imposes “Performance Indicators




The New Act on Electricity in Sr1 Lanka was enacted in year
2009

Utility Regulatory body PUCSL (Public Utilities Commaission
of Sr1 Lanka) was established

When setting Transfer Prices or the “ Tariff ” PUCSL
considers;

Allowed margin of loss percentage
Capital expenditure
Profit for the utility company

If the utility company go beyond the allowed loss percentage
the cost of loss has to bear by the utility

17




Things to be Considered while
Regulating a Utility

Legal Aspects or The Act of governing the utility
& the Utility Classification

Position of the Utility in the Reform Structure

Procurement & the Energy Sector




Legal Aspects Defined By The Act....

Loss reduction i1s a historical phenomena
Modality of reducing losses almost same for all countries

Technologies or engineering approaches are same for reducing
technical losses

Reducing the Non-technical or commercial losses - mainly focused
on reducing

How to approach on theft — depends on the country’s legal
framework

Major drawback on the “ Law Enforcement” on “ Non-Technical
Losses”




Legal Aspects Defined By The Act....

Crown Property — State Department
v' Assumes there will be no theft

v If it happens it is considered as a “ Criminal Offence” or an “ Unbailable -
Offence”

Cooperate Property — State Organization
v Public law 1s applied
v Electricity theft is considered as similar to any other theft
v The law carries on the same way as done for any other commodity




Legal Aspects Defined By The Act....

Contract Property — Private Organization
v Utility supplier considered as a private organization

v' Laws would be
Private-private law,
Private-cooperate law
Cooperate-cooperate law

v Through “Fundamental Rights

b0

Private-Private law has been

New Act — utility considered as a Contract Property




Reform Structure....

(4

LECO 1s the one & only utility which was operated as a “Regulated Regime
in an “Unregulated Environment”

3-Type of Reform Structures

+ Every cluster generation, transmission & distribution were
handled & controlled is done by a single organization

+ At the take over LECO was “Vertically integrated”

+ Energy Losses usually in the range of 12% - 15% for these
entities

« All organizations strive together to achieve predefined goals
+ Energy Losses usually in the range of 8% - 9%

22




Reform Structure....

< Initially LECO was inspirited in a de-regulated
environment to be efficient more than larger
organizations

+» Which brought the low cost methods & increased its
efficiency

+ Under this loss reduction programs were introduced

«» Energy Losses usually was in the range of 4% - 5%




Procurement & Distribution Reforms ....

* 95% from the utilities are built with the Infrastructure
products & maintenance products

e The rest of the 5% 1s contributed from commodities

* To purchase infrastructure usually there 1s no proper specification
or a guideline

 But every country has a
or a

e It 1s mainly focused on 60% - 70% of non infrastructure & non-
maintenance items




Procurement & Distribution Reforms ....

e Until recent times LECO was operated as a Public Owned —
Private Company

e The reliability improvements & loss reduction programs were
carried out without any difficulty in the past

e No user friendly procurement guideline for buying infrastructure
v It has become very difficult to take prompt decisions

v Procurement process for utility sector has become a very tedious
process

e LECO has moved from
1in the area of Procurement Procedures




Challenges to Overcome !

o Utility reformation should be done together with the Legal
Framework reformation

o Utility should be considered as a crown property
 The laws should be reinforced to avoid electricity pilferage or theft

» Metering Electricity must be advanced metering technologies to
mitigate theft & to do proper recovery of energy losses .
= Proper Recording & Smart Metering
= Electronic Meters & Remote Metering




Challenges to Overcome !

* Trying to reduce the technical losses the cost of capacity
charges get increased

* Trying to reduce commercial losses or the non-technical
losses, the cost of infrastructure get increased

* Cost of Electricity or energy is always has an ever lasting
increasing trend




Challenges to Overcome !

 If someone has achieved an optimized figure at the loss
reduction & willing to go further to reduce, it may (over
optimization) cause higher increase in costs

* Preparing a favorable Procurement Guideline for Utilities




Conclusion

»  Reformation of the structure of the utility
reformation

. Match the property classification & the
legal framework

. Proper technical & technology reformation

*  Reformation of the procurement procedures for
utilities

. Reformation of the external Socio & Legal
environment
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