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The contents of tills report mclude recommendatIons based on data prOVided by the chent
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the guIdance of a registered ProfeSSIOnal Engineer, hcensed to practIce m the Umted States
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SECTION 1

EXECU1TVESU~RY

Cost-effective energy efficIency measures can result m large savmgs for an mdustnal enterpnse, thus releasmg
money spent on energy for other unportant uses by the management ofthe enterpnse These cost saVIngs can
help to make the enterpnse stronger, more productive and more competItIve

One ofthe programs sponsored by the UnIted States Agency for Intemauonal Development (USAID) is the
Energy EffiCiency and Market Reform Project for RUSSIa (Contract No CCN-0020-C-OO-152-00) As part of
tlus project a team of engmeers from East West Energy Agency m Moscow, led by Hagler BaIlly carned out
sIte actIvItIes at the AO KokhmatextIl faCilIty m the Ivanovo RegiOn Their objectives were to work wrth the
enterpnse personnel and techmcal personnel from Ivenergo and to IdentIfy opportunItIes for unprovements m
energy effiCiency ofthe vanous mdustnal processes at AO KokhmatextIl

Dunng the sIte ViSIt, a vast amount of data was collected on the operatmg charactensucs ofthe faCIlIty, the
eqUIpment mstalled, and the energy usage Metenng and measurements were done at key locatIons to
detemune the energy usage levels and operatmg effiCIenCies ofthe eqUIpment All ofthiS mformation was
then analyzed by the energy effiCIency experts and evaluated for areas of potentIal unprovements These
evaluatiOns resulted m some recommendatIons for unplementmg cost-effectIve modtfications to unprove the
energy effiCIency ofthe enterpnse

Based on the recommendatIons, the estunated overall saVIngs for all energy effiCIency measures for eleven
measures IS 1 334 mIllIon rubles per year Table lIS a summary ofthese recommendatIons The table shows
each recommended measure and mcludes the estunated costs and benefits, together WIth the SImple payback
for Implementmg these

The management of AO KokhmatextIl should reView these energy effiCiency measures and the costs and
benefits of each A deCISIon on the measures to be Implemented and the detemunauon ofthe financmg for
these should occur as soon as pOSSIble Followmg that, the speCifications for eqUipment and busmess plans
for unplementatIon wtll be wntten These WIll be used m determmmg the financmg arrangements Once
approved, the energy effiCiency measures WIll be procured and mstalled

Cotton and cotton products are the mam products of the enterpnse The requrrements m steam and hot water
for technolOgIcal purposes as well as heat load ofthe heatmg and hot water supply systems are met by the
enterpnse's own boller house

Whl1e makmg the calculatIons related to the effiCIency of usmg vanous measures the follOWIng assumptions
were made

1 The calculatIons of the estunates of energy saVIng amount were done m natural terms WhIle usmg the
savmg percentage dunng the unpiementation of a speCIfic measure the estImates were done agamst the
1996 level of consumptIon

2 The follOWIng tanffs for energy resources were used m estImatmg the costs and savmgs m the study

• ElectncIty 450 rubles per kWh
• Natural gas 289,177 rubles/thousand m3 ofnatural gas
• Water consumptIon 300 rubles/rn3

Page 2



,.to AokhmaJatll

3 An exchange rate of 5,700 rubles per U S dollar was used m the calculatIons of costs and savmgs

4 Dunng the calculatIon oftons of reference fuel mto thousands ofm3 ofnatural gas, It was assumed that
natural gas heatIng value was at the level of 8000 Ccal/m3 ofnatural gas (reference fuel has heatmg 'value
of 7000 Ccal/kg)

5 Durmg the calculation ofheat losses m the heat supply system expressed m Gcal mto thousands of m' of
natural gas It was assumed that boilers efficiency was at the level of 90%

Table 1
Recommended Energy Efficiency Measures

Descnpu.on Uruts Annual Annual Cost of Sunple

No Of Of Energv Savmgs Measure Pavbal,.k
Measure Measure Savmgs MRubles MRubles In Years

I FleXIble Scheduhng Mvvh 566 155 0 ImmedIate
Tce/vear 510

Reschedule spllllUllg &
2 v.eavmg to 3 shIft Na 0 709 0 < 1 month

operation (mstall metermg
and morutonng capacI!) )

SectlonalIze the lIghtIng
3 systems Mv.h 40 10 4 < 2 months

Opunuze the boIler
4 operations Tfs 7 0 Immedtate

, Install condensate tap Tfs 424 20 4 3 month:.

0 Steam header splIt Mv.h 190 48 2 < 1 month

7 Install regulated speed Mwh 105 26 67 2, years
dnves

8 Fabnc unpregnatlon Gcal ,00 350 900 25 "ears

9 Install heat recovery Gl..al
[k2-O 8 per

200 170 10 months
(Uruts TSI-3)

10 Heat recovery system on Gcal 035 perhr 220 260 I 2 years
drymg and washmg

11 Optmnze exhaust Gcal 007 perhr 35 60 1 7 vears
ventl1atlon system

Total for all Measures (2) 1780 1484 10 months

Page 3



AO Aokhmatextzl

(l) The energy savmgs and costs reflect a smgle measure There are numerous pomts throughout the facIlm.
where these measures are appropnate, hence the costs, and savmgs WJ.11 be much greater

(2) The total reflects only a smgle measure as descnbed m (1), the totals WIll be greater as more measures are
accomplIshed
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Section 2

IntroductIOn

The purpose of conductmg the energy audrt at OAO Autoagregat was to collect and analyze appropnate data
and mformatlon about the enterpnse and the energy usages WIthm the facuIty then use thIS mformatloo to
make recommendatIons on cost-effectIve measures to mcrease the efficIency level ofthe plant The process
mvolved the collectIon ofhlstoncal use of eleetncIty, gas, coal and other fuels and theIr asSOCIated costs It
also mvolved some metenng and measurements ofkey energy usmg eqUIpment at the faclhty ThIs was done
usmg the most current and sophIstIcated energy aud1tIng eqwpment avaIlable

The energy audIt was conducted at the Kokhmatextd plant durmg the penod from 18 February through 25
June 1997 Energy aud1tIng experts performed the audrt, mcludmg the measunng, metenng and other data
acquISltIOn necessary to analyze the energy uses
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Section 3

Enterprise Description and Energy Consumption

In order to better understand the overall sItuatIon wrth the enterpnse and Its energy use, It IS unportant to look
at the charaetenstlcs operatIons, processes and energy reqwrements ThIS sectIon proVldes the descnpnon of
the enterpnse, followed by a descnptIon ofthe facIlity Itself, and then a descnptlon ofthe energy uses and
reqUlrements After that IS a descnptlon ofthe data collectIon from the measurements and metenng that was
done dunng the energy auwt

A Enterprise DescrIption

AO KokhmatextIlIs located m Kokhrna m the Ivanovo RegIon The plant ConSIstS of three wstmct operatlOns
each wrth Its own plant The three operatIons mclude the spmmng plant, the weavmg plant and the fimshIng
plant They do not necessanly operate m a closed cycle For example, the fimshmg plant processes the end
products from the weavmg plant, but also processes coarse matenal the comes from outSIde sources The
current capacrty load IS 40% to 45%

B FaClhty DeSCriptIon

The spmnmg plant produces cotton yam from raw cotton The process conSIsts ofthree shops a preparatIon
shop a cardlng/drawmg/combmg shop, and, a spmnmg shop All three shops use eleetnc power for
productIon processes, ventIlatIon (380 V) and hghtIng eqUlpment (220 V) In addItIon, IDlddhng products are
transported between shops by electnc-dnve mechanIcal conveyors (380 V) The latter two shops use steam
and compressed aIr for hUIDlwfication Input ventIlatIon heaters also use steam The plant operates two
ShIftS, seven days a week wrth mght ShIftS occumng SIX tunes per month

The weavmg plant produces coarse fabnc from yam The plant conSIsts of two shops, a preparatlOn shop and
a weavmg shop The plant consumes electnc power to process eqUlpment, compressed aIr m aIr humIwfiers
and weavmg tool blowers It also uses steam for aIr hUIDlwficanon and sIzmg machmes m the preparatIon
shop, and thermal energy for heat supply as hot water from the boIler house The plant IS eqUIpped wrth a
water heatmg system The plant operates on the same schedule as the spmnmg plant

The fimshmg plant produces fimshed fabnc from the coarse fabnc The plant compnses five shops, whIch
mclude SIzmg, dyemg, rovmg, bleachmg, and pnntmg The plant consumes electnc energy for productIon
processes and hghtmg The plant IS the pnmary consumer ofheat energy, the bleachmg shop consumes
17,000 tons of steam per year and the dyemg shop 19,000 tons The fimshmg plant IS also a pnmary user of
water, as IS the boIler house

C Energy ConsumptIOn

Heat energy IS generated by a boIler house plant whICh operates 11 boIlers (DKVR 10/13) The boIler house
generates steam for mput feed mto the productIon processes, for sub-users, for the fimshmg plant heatmg for
water heatmg m the heatmg and hot water supply boilers, to preheat mazut, and for other nuscellaneous uses
The gas consumption IS registered by two meters (DCC711) which have mterchangeable swnmer and wmter
diaphragms The boiler operation control IS automatIC In 1996, the boiler house consumed 26,059 tee The
boIler uses natural gas (Qm=7,950 kcal/cu m) as the pnmary fuel and mazut as backup The plant has an m­
house heat energy accountmg arrangement

Eleetncrty IS supplied from Ivenergo s gnd Vla four 6 3 KV mput hoes to 6 transformer SubstatIons The
spmmng plant SUbstatIon has four 1,000 KVA transformers, one 1,600 KVA transfonner and one 630 KVA
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transformer Another spmnmg plant substatIon has two 1,000 KVA transformers The fimshmg plant
substatIon has three 1,000 KVA transformers and two 630 KVA transformers The bleachmg shop substatIon
has three 1,000 KVA transformers The weavmg plant substation has three 1,000 KVA transformers, one
315 KVA and one 250 KVA transformer The boIler house substation has two 1,000 KVA transformers
The plant operatIng voltage IS 0 4 and 0 5 k V In 1996, the combmed electncal usage for the entIre enterpnse
was 18,257 Mwh

The electnc power consumptIOn, by factory plant, IS shown m FIgure 3 1 The figure shows data for 1990
which was a stable penod, and 1996, whIch IS a more recent penod

1CJ90 Electric Po'\'\.er ConsumptIon

Boller House

6) "

FlIushmg Plant

30% ~:;~~;llliiiiSpmrung Plant;;;j ~6%

\\ e a\lng Plant

180
0

1996 Electnc Po'\'\. er Consumpllon

Ftruslung Plant
31%

BOller House

13" u

Wea"mg Plant
18%

Spmrung Plant
38%

Fig 3 1 1990 and 1996 Electflc Power Consumption

Table 2 1996 CapacIty Percentages m % ofRated CapacIty

Plant % Load
1 Sommn2 25
2 Weavm2 38
3 FuusluD2 36
4 Boder House 74
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The enterpnses pnmary eleetnctty consumer IS the spmnmg plant The process there IS contmuous therefore
there are no slgmficant losses of eleetnc power due to the Idlmg of energy-mtensIve eqwpment Another
major consumer of electncrty, and the largest consumer of steam, IS the fimshmg plant

FIgure 3 2 proVIdes an example ofhow the energy consumptIon correlates wrth the productIon output changes
Wlule thIS figure proVIdes some useful mformatIon, rt should be noted that the Impacts from cuts m
productIon capacrty and seTVlce loads vaned For example, the bouer house, venttlatlOn loads, hghtmg and
some other energy costs dmunIshed much less that the costs for pnmarv eqwpment resultIng m mcreased
specIfic heat and eleetncIty consumptIon per product unrt
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Fig 3 2 Fmlshmg Plant Energy ConsumptIOn and Output DynamiCS
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Figure 3 3 shows the dynanucs ofthe specIfic electnc and heat consumptlOn for the years 1990 through 1996
The trend towards lower specrnc water conswnptIon IS caused by the mtroduetlon ofwater conswnptIon
accountmg and metenng arrangements
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FIg 33
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1990-1996 SpecIfic Energy ConsumptIon

Figure 3 4 shows the percentage of electncrty reqUlrements for 1996 for each ofthe pnrnary users at the
enterpnse The audrtors were told that electncal energy amounted to 20% ofthe total production costs m
1996, therefore, electncrty saVIngs IS a pnorrty

1990 Electnc Power Consumption

Boller House

6%

FlnlShmg Plant
30%

Spmmng Plant
46%

WeaVIng Plant
18%

FIg 34 1996 Energy Resources Payment Structure
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The electncrty payments pattern m 1996 (see Figure 3 5) mdIcates that It IS equally unportant to reduce both
total electncIty consumption as well as the requested peak-tune capacIty

Requested

Capaclt\
37°/0

Consumed

Capac1t\

63%

Figure 3 5 1996 Electricity Payment Structure

Begmnmg January 1 1997, the plant had proposed to have unplemented a new mght eleetnclty tanff at 163
Rubles/kwh (2300 to 500) However it W1l1 become possIble to mtroduce the new system only after new
meters have been mstalled

Table 3 shows the energy tanff rates for the enterpnse for each month dunng 1996

Table 3
1996 Energy Tanff Rates

farIff Rate 1 2 3 4 5 6 7 8 9 10 11 12
Gas Fuel Rlt cu m 257151 26l 9~0 269 8~2 280212 27~ ~6, 2n~65 275 ~6, 27~ -165 281230 289177 289177 289177

Electnc,tv
Tolal ekClnell\ consumption 17~ 174 17~ 2119 20) 2119 209 2119 261 261 251 151

R!}..Wh
Requested peak-hours capacltv ~~ 200 ~8 200 48200 ~I 114 51 1I4 'I 31~ 'I ll~ 68 n-l 68 n~ 681N 617,1 611'1

RlI<.\V
Water Rlcu m

Waler consumotlon 172 174 174 27' 272 272 272 272 117 317 117 117

Waler dlscharl!e 630 630 630 916 916 916 916 916 1037 1017 1037 IOn
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Energy Resources - GeneratIOn an Distribution

BOller and Furnace Fuel

Natural gas IS used for heat energy generatIon by the bOiler house and for smgemg furnaces (GOF-220 and
MTO-I-240) The furnaces consume mSIgnmcant gas amounts (about 2,000 em! per month or 0 1% oftota!
consumptIon) and, therefore, have been left out of further analysIS The bOIler house has 11 steam boilers
(DKVR 10/13) generatmg steam for process needs, firushIng plant steam heatmg, boiler water heatmg for hot
water and heatmg supply to the spmnmg plant, the weavmg plant and the workers accommodatIons for mazut
preheatmg, and other needs The boller operatIon IS controlled automatically Some boilers are eqwpped
WIth mstruments mdIcatmg flue gas temperature after boilers and after economIzers BOller #9 IS eqUIpped
WIth a gas analyzer measurmg 02 content of flue gases after the bOIler A water feed to Boller #7 IS eqUipped
WIth a thermometer The bOIler house flow dIagram IS presented m FIgure 3 7 Boder feed comes from the
water reservOir plus condensates from the spmnmg and fimshmg plants, and the boIler house The water
flows through the cheOllcal treatment and de-aeratIon m DSA50 and DSA25 de-aerators De-aerated water IS
then cooled to 90-94 °C m a heat exchanger and channeled mto an econoOllzer Feed water IS pumped mto the
bOIler at 120°C The bOllers have a capacity of 10 tonslhour at an operatmg pressure of 5 to 6 atm

The actual speCIfic fuel consumptIon for heat energy generation m 1996 was as follows

lSI quarter
2nd quarter
3'd quarter
4th quarter

170 6 kg ce/Gcal
162 5 kg ce/Gcal
170 9 kg ce/Gcal
167 1 kg ce/Gcal

The seasonal gas consumption analysIS mdIcates a reductIon outSIde ofthe heatmg season

ExceSSIve gas consumptIon IS caused by the bOilers operatmg m less than optImum operatmg mode The lack
ofmonrtonng and measunng mstruments currently avaIlable prevent the IdentificatIon ofall ofthe causes for
thIS excess use Ofthe five boIlers operatmg at the tIme ofthe mspectlon, three were not workmg m an
optImum mode, WIth gas analyzer readIngs of oxygen content of flue gases after Boller #9 rangmg from 6 2%
to 7 4%, and flue gas temperature reachmg 305°C after Boller #8 and 190 °C after the econoOllzer The same
mformatlon was obtamed for BOller #3 Increased gas consumptIon mthe summer IS due to the fact that the
fiOlshmg plant needs largely determmes the boller house operatIon The unstable operatIon produces Irregular
operatIon ofthe boiler house, WIth the boIlers often tImes under-loaded, resultmg m mcreased fuel
consumptIon

An mstrument-asslsted study was camed out at the combmed plant from 18 June through 25 June 1997 A
Bacharach Model 300 gas analyzer was used to evaluate the boIler house fuel combustIon effiCIency Three
boilers were m operatIon at the tIme, specmcally nos 2, 3 and 10 BoIlers #3 and #10 and gas-fired, whlle
Boller #2 fires a Ollxture of gas and mazut Flue gases were analyzed for cheOllcal composrtlon m vanous
boller operation modes

The measured results and correspondIng operatIonal chart reqwrements are presented m Table 4 The
mstrumentatlon was not able to be used to test the effiCIency ofthe econoOllzers because the probe length was
not suffiCIently long to penetrate the thIckness ofthe gas duet wall
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Table 4
Boller OperatIon Parameters

# Parameter Boder#2 Boller #3 Boller #10
()P Chart Actual ()P Chart Actual ()P Chart Actual

I Boder CapacIt\ t/hr 9 9 10 104 108 96
2 Gas Temperature 270 324 260 336 273 274

After Boder °c
3 Gas CompoSltiOn

~ 5 1 101 53 ~5 46 61
C~ 90 6 88 92 92 83
CO 0 0 0 0 0 0

4 Excess Alr Ratto 146 186 129 125 125 137
5 Losses m Flue Gases - 199 - 147 - 126

after Bollers

The above gas composItIon analYSIS mdIcates mefficlent bOller operatIon SpecIfically Bollers #2 and # I0
mdIcated an exceSSIVe oxygen content of flue gases, the excess arr ranos are also m excess of operanve
values Au IS supphed for combustion m the automatIC mode therefore, the mefficienCIes are due to the
automatIC controls operatIng defectIvely, as well as suctIon m the gas lme for Bouer #2 Bollers # and #3
have flue gas temperatures hIgher than operatmg chart requrrements whIch IS probably due to dIrt on theIr
heat exchanger surfaces

An mcrease of 0 1% m the au ratIO causes an mcrease m exceSSIve fuel consumptIon of 0 7% The eXCeSSI\ e
m Bader #2 reached 2 8% A deVIatIon from the optImum value of 0 1% m C02 content results m an
mcrease of 0 6% m exceSSIve fuel consumptIon For Baller #2, thIS reached 1 8%

In order to nnprove the heat exchange, It IS belIeved that the heat exchange surfaces should be cleaned on
Boders #2 #3 and #8 Boders #2 and #10 need adjustments m theIr automatic controls ofthe fuel feed feed
for combustIon Boder #2 should be checked for leaks m the lmmg

Fuel losses due to mefficlent fuel combustion m Boders #2, #3 and #9 amount to 240 tons ce or 70 rntlhon
Rubles per year
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Figure 37
Boder House Flow Diagram

II \ II"VI( HlIn

(UII'II 1IL1101I IIIVI'WU

121 108 I = 1215 IA

M 1111 "IL Ill' I IpLlIIIL

l2l4]0 J = I jj 1,1

M 11111 IILlIL .Imb

121 76 1- 400 M

'>"I IIl1l1lb

121 100. I = 565 M

Ih .. ILI IIUI"L

121 38 1- 10 M

1J
0." 0

0,
~::I:
Ul.!l "4

=0
cco
Cl

}
I~

"l/llIb '>hup WLdvmg

I-M 121 325, 1- 13j M
I

121300

"IL 11II1'1I111P'

..----t--j-l>1 121 IOU 1~ 10M • ~

I 1 .ul. W "hlllb
I

-M 121 100 I - 400 M ,

G-'fJll
~-'(Jll

0-'(fIl" ..MllllllIl

'I I\1 .. 1O'i1/2

~

g II IIV 2'i12111/:!

""E
~ I IIlV 2'i1211111
If

Iklllllb U11I

JilIN../1,.61'.11/1

IH:!II'illll2

II \211 'illll Ii

hNllV !Iii

I(L'LI VUII

1111I"11I1I1-~S
I T X

0:
06
S

KM 45/55 ~
::I:

IlL .HUb III 1/
~ ~

Pagl. Il



AO Aokhmatextll

Heat Energy

Boller house generated heat energy IS used m the fimshmg and weavmg processes and for plant and dtstnct
heatmg SIX to seven bollers are operated m the wmter and three to four durmg the summer The heat energv
consumptIon structure IS presented m Figure 3 8 (mfonnation receIved durmg the energy mspeetlon)

Figure 3 8
Heat Consumption by Vanous Plants

Weavmg Plant
,0 0

FlnI~hlng P1.lnt

89"

The prmclpal plant heat consumer IS the fimshmg plant WIth 8<)Ojo ofthe total combmed plant consumptIon
The spmnmg plant uses 6% ofthe heat energy and the Vlieavmg plant 5% The fimshmg plant consumes 92%
ofthe heat energy m the production process and 8% for heatmg The weavmg plant uses 72% m the process
technologIes and 28% for heatmg The spmnmg plant consumes no heat energy m the production process
Therefore, the potentIal for heat energy savmgs can prunanly be secured by unprovmg the thermal efficIencv
of the process equIpment The fimshmg plant process technology uses 6 attn steam

Major heat quantitIes are consumed m the bleachmg shop by Amdess lmes (474 Gcallt) dryIng drums (204
GcaVt) and the LJO-2 Ime (248 Gcal/t) In the dyemg shop, the major heat IS consumed by Amdess lmes LPS
Ime (571 Gcallt) and LKS lme (1 029 Gcallt) Other major heat consumers are LU-120 Imes (280 Gcal/t),
SShR lmes (172 Gcal/t) and LAO-l20 lmes (140 Gcal/t)

All heat consummg equipment have condensers, except the SiZIng rnachmes m the weavmg plant The SIZIng
machme IS fed WIth steam at 3 attn The unrt consumed 1 212 Gcal m 1996 The prmclpal purpose of the
condenser IS to reduce free stearn m the heat exchanger return pIpe, otherwIse there IS a drastic drop m thermal
effiCIency due to unused latent evaporatIon heat whIch IS 517 Kcallkg steam In addrtIon, If steam IS earned
WIth condensate, hydraulIc shocks become a hazard The condenser helps remove au from the steam and
condensate AIr Impairs the heat transfer DIssolved carbon dtoXide and oxygen corrode pIpes, thus causmg
more mefficiency m the system The economIC feasIbl1rty ofcondensate return to the bOIler house for
recyc1mg IS arguable smce the weavmg plant IS far from the boiler house Ifmstalled, a condenser prevents
heat losses m free steam m pIpes The percentage of free steam m condensate IS computed as follows

Xl':. = S X P x 100%

Where, Xr, - free steam content of condensate (%)
S = 0 2 - empmcal coeffiCient
P = 3 atm - steam pressure
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The SIZIng machme has Xfs =35% or 424 Gcal or 72 tce per year, gIven total consumptIon of 1212 Gcal per
year Free steam losses amount to 21 mullon rubles per year m monetary terms

Analyzers were used to check the operatIon of some heat consummg eqUIpment as part ofthe mstrument
mspeetIon ofthe company, mcludmg two LAO-120 lmes and LJO lmes AnalysIs of load changes over a two­
day penod (see Appendtces) mdtcates that the eqwpment was stopped several tlmes for a penod from 30
mmutes to 3 hours LAO-120 lmes #1 and #3 were stopped eIght tImes dunng the penod LJO lIne had ten
stoppages which lasted from 45 mmutes to three hours The potentIal ofa reductIon m heat consumptIon by
tlus eqwpment can be achteved by mcreasmg rts effiCIency m order to reduce heat losses dunng start-ups and
run-ups after shutdowns

Hot water for hot water supply and heatmg purposes IS prepared by the boIler house bOilers whIch mclude
three heatmg bollers and two hot water supply boIlers Steam feed to the boIlers IS from a common steam
drum Boller capacrty IS msufficient to mamtam the heatIng water temperature schedule m wmter at 100-104
°C feed and 60°C return The fimshmg plant reqUIrements dtsallow pressures m excess of 6 atm Under thIS
CIrcumstance, It IS unpossible to meet the recommended heat schedule

On pOSSIble way to remedy the srtuation would be the mstallatton of a steam cooler/reducer unrt Another
SolutIon would be to spIrt the common steam drum mto process and heatmg sectIons Both optIons would
ensure a new heatmg schedule whIch would reduce water flow m the system and reduce pump loads The
electncity consumptIon for water pumpmg m the heatmg system IS proportIonal to the cubed speCIfic water
ConSumptIon per 1 Gcal ofheat delIvered The first optIon mcreases boIler efficIencv m all bOIlers, the other
applIes to heatmg bOIlers only The mstallatlon of a cooler/reducer unrt Will entaIl SIgnIficant capItal costs and
thrrd party mstallation services, whIle a steam drum splrt calls for mmunal caprtal costs and can be done usmg
the enterpnses labor resources

ElectrIC Power

Spmmng Plant

The spmnmg plant IS the pnnclpal consumer ofelectncrty at the combmed plant It accounted for 38 2% of
the electncrty consumptIon m 1996 FIgure 3 9 presents the spmmng process electncrty consumptIOn and
output data The graphs mdtcate that there may be a dtscrepancy between electncrty consumptIon and
product output The analYSIS of speCIfic electncrty ConSumptIon as a functIon ofproduct output mdtcates that
the electncrty consumptIon varys from 73 to 79 kWh/ton FIgure 3 10 shows thIS m graphIcal form
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Figure 3 9
1996 Spmnmg Plant Electncrty Consumption
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Figure 310
Specific Electnclty ConsumptIOn by SplDDlng Plant
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The mcrease m the electncrty consumptIon per unrt output IS pnmanly due to the fact that when produetlon
decreases, the non-produetlon uses of electncrty, such as hghtmg and ventIlatIon, do not decrease
proportionally The full produetlon capacrty load of eleetncal uses for the spmnmg plant IS presented m
FIgure 3 12

Figure 312
ElectriC Power ConsumptioD Structure at Full ProductIOn CapacI!}
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The average dally production capacrty load ratios have been computed (see Table 5) m percentage tenns
agamst the maXlOlum output m January and February 1996

Table 5
1996 ProductlOD Capacity Loads

# I Parameter Jan Feb Mar Apr MOl' June Julv Au!! Sept Oct Nov Dec
I I t1da\ 180 179 J);, 221 183 31;, 111 129 115 161 181 305
~ I c; ::. ~hltt~ 100 100 40 8 582 482 829 292 339 303 ..24 476 803-
-; I c; : ~hltt5 66 66 269 384 282 547 193 224 20 28 314 53

The spmnmg plant operates m two shifts seven days a week The productIon capacrty loads m vanous months
m 1996, computed agamst the maXlOlum achIeved loads (accepted as a base load of 100 %) vary from 30% to
100 %, or 20% to 66% WIth round-the-clock operation Such productIon fluctuatIons are related to raw
matenal supply outages, leadmg to Irregular operation and a SIgnIficant mcrease m speCIfic eleetncrty
consumption per unIt ofproduct

The dally schedule ofeleetnclty consumption IS presented ill Figure 3 13
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Figure 313
DaIly Active Power Consumpnon
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The eXlstmg shift schedule produces a peak ofelectncrty consumptIon from 0600 to 2200 hours therefore
electncrty consumption IS at Its mimmum from 2200 untIl 0500 hours ThIS IS a time penod when reduced
mght rate hours could be taken advantage ofto reduce the overall monthly b111mg

Weavmg Plant

The weavmg plant operates as part of the common production cycle together WIth the spmnmg plant rovmg
between the end product ofthe latter and the mput product ofthe weavmg process The weavmg plant
electncrty consumptIOn and product output performance for 1996 are presented m Figure 3 14

Figure 3 15 shows a graphIcal representatIon ofthe electnclty consumptIon per unrt output compared to the
percentage of load Increased speCific consumptIon at lower productlvrty IS pnmanly due to an mcrease m the
percentage weIght ofshared costs (ventIlatIon, lIghtIng aIr compression for water spraymg and weavmg tool
blowmg) m the electncrty consumption structure and Idle eqUlpment operatIon
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Figure 314
1996 ElectrIcIty ConsumptIon 10 Weavmg Process
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Figure 315
Specific ElectrICity ConsumptIOn 10 Weavmg Process
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Ventllatlon and hghtmg consumption amounted to 46% (see Figure 3 16) for the weavmg plant

Figure 316
Weavmg Process Electricity Consumption Structure
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Table 6 shows the dally average productIon capacIty load ratios m percentage terms, compared to the
maXImum outputs ill January and February 1996 The weavmg plant operates ill two shifts, seven days a
week The production capacIty loads vaned from 15% to 67% ill vanous months ill 1996 (adjusted to round­
the-clock operation) Irregular operation slgmficantly illcreases the speCIfic eleetncIty consumptIon per unIt
output

The eXlstillg two-shIft schedule produces a peak of eleetncIty consumption from 0600 to 2200 hours
therefore, electncrty consumptIon IS at rts mmunum from 2200 to 0500 There IS potential for a reductIOn m
btllmg If load could be moved to these off-peak hours

Table 6
1996 Production Capacltv Loads

# Parameter Jan Feb 'lar -\.pr Mav June Juh -\.Ul! Sept Oct "I[ov Dec
I mIn tce/da\ 92 649 202 2::> 8 269 444 503 2,8 342 223 196 462
2 %2 100 71 224 287 299 493 5' 9 287 38 248 218 513

::.lufts
3 % 3 67 476 15 192 20 33 37, 192 255 166 146 344

slufts
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Figure 317
"'eavmg Plant Hourly Electnc Power ConsumptIOn
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A sIgnrficant percentage of electncrty consumed by the weavmg plant IS accounted by the compressor statIon
Au compressed to 3 atm IS generated by two VP-202 12/13 compressors (# 1 and #2) WIth 75 kW mstalled
capacIty The compressed IS used for water spravmg m plant bUlldmgs Compressor #4, VP-202 10/8 (75
kW mstalled capacrty) and #5, KSE-5EM (90 kW mstalled capacrty) compress aIr to 5 atm for weavmg tool
b10wmg

The actual compressor statIon electnclty consumptIon was measured m the course ofan mstrumental
mspection on 24 June 1997 A Fluke Model 39 electnc power analyzer was used to measure actIve capacrty
reactIve capacIty and total power factor The resultant readmgs and capacIty factor computatIons are
preseneted m Table 7

Table 7
Compressor StatIOn ElectriCity ConsumptIOn

# Compressor # Parameter Total Value Canaclty Factor
1 Comoressor 1 Actl"\l e DOwer KWh 454 061
2 Reactive DOwer KVAh 292
3 Total DOwer KVA 540
4- cOS{J) 084
5 Comoressor 2 ActIve DOwer KWh 439 059
6 Reactive DOwer kvar 333
7 Total poVl<er KVA 557
8 cos (J) 077
9 Comoressor 4 Actne DOwer KWh 433 058
10 Reactive DOwer kvar 351
11 Total DOwer KVA 559
12 cos (J) 078
13 COffioressor 5 ActIve DOVI<er KWh 62 069
14- Reactive DOwer, kvar 63
15 Total DOwer KVA 89
16 cos (J) 07
17 VentIlator ActI"e DOwer KWh 022 004
18 Reactive DOwer kvar 14
19 Total DOwer KVA 142

20 cos Q) 016

Page 21



40 Aokhmatextz1

The compressor statIon has not changed for ten years It was desIgned for full load productIon CapaCItIes To
date, the weavmg plant output IS down by 62% (1 e there are SIgmficantly fewer machmes reqwnng
compressed au) Because ofthts, the compressed au capacIty IS exceSSIve It seems that It may be
appropnate, after further mvesttgatlon to replace KSE-5M compressors wIth smaller machmes For
example, If the motor IS replaced wIth a 75 kW motor, the compressors electncrty consumptIon could be
reduced by 91,000 kWh, wIth a savmgs of23 nulhon rubles per year

If the spmnmg and weavmg plants move from two ShIftS to three slufts per day, at least one thud ofthe dalh
eleetncrty consumption will shtft to mght hours (1 e the penod when mght rates apply) To do so would
requue the mstallatlon ofnew meters, at a cost of about 4 rrnllton rubles to mstall (not counting the cost of the
meter) The proposed operatIonal schedule change could result m a cost savmg of289 rrnllion rubles per year
m electncrty.
It would also seem appropnate to mvestIgate the ImplementatIon of fleXible schedulmg ThIS may depend
upon raw matenal and serrn-fimshed mput product avaIlabIlrty A fleXible schedule may mean workmg for
two weeks, then two weeks off A rough estImate of such a schedule may say eleetncrty m the compressor
statIon m the amount of 296,000 kWh per year, or about 74 rrnlhon rubles

IfpossIble It IS proposed that all power transformers, except those supportIng the repaIr and mamtenance
operatIOns and emergency bghtmg, be sWItched offdunng the plants shutdowns The followmg empmcal
formula can be used to compute the electncrty savmgs

E =S'IB x (5K +°5), kwh/year
100

Where S'I =transformer rated capaCIty (KVA)
t =shutdown penod (hours)
K =°05 (empmcal factor -losses)

Transformer power-downs on the 2 weeks on/2 weeks off schedule wIll save 270,000 kwh per year, or 68
rrnlhon rubles

The proposed operation schedule wIll also help reduce heat consumptIOn, as all mdustnal buIldmg heatmg
systems at the spmnmg and weavmg plants could be swrtched over to standby mode for shutdown penods
The above wIll reduce heat generatIOn reqUIrements by 300 Gcal and reduce gas consumptIOn by 510 cte wIth
a resultant savmg of 13 rrnlbon rubles per year

Fmlshmg Process

The fimshmg plant IS not tied mto the common productIon cycle wIth the spmnmg and weavmg processes It
processes raw matenal sourced outSIde as well as the combmed plants serrn-fimshed product The fimshmg
plant compnses five shops bleachmg, dyemg, SiZIng, pnntmg and rovmg The rovmg shop consumes
mSlgnificant electncal capacIty and wIll be left out ofthe further diSCUSSIon

The fimshmg process, JUst hke the spmmng and weavmg processes, operates under reduced Irregular loads,
WIth the resultant unpact on monthly electncrty consumptIon (see FIgure 3 18)

In general, electncIty consumption correlates wrth product output At the same tIme, the analySIS of speCific
electncrty consumption, as a functIon ofplant output, produces scattered results Figure 3 19 prOVIdes the
graphical representation ofthiS analYSiS
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Figure 318
Electricity ConsumptioD ofthe FlDlshmg Process
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FIgure 3 20 shows the percentage of eleetncrty consumptIon for each ofthe pnmary uses m the Fmshmg
plant ObVIously the largest use for eleetncal energy IS the process Itself, WIth hghtmg and ventIlatIon equal
at about 10% each

Figure 320
ElectrICity Consumption Structure for FIDIShIDg Process
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80%

Table 8
1996 FIDlShIDg Plant CapacIty Loads

# Parameter Jan Feb 'Iar Apr Mav June Julv AUI! MDt Oct Nov Dec
1 tlmonth 3951 411 7 5866 4346 2776 2267 601 3585 205 264 214 304

2 °ocapacrt) 6574 685 976 72 31 7231 3552 100 59 6~ 3411 4394 3559 5058
load

The dally load pattern ofthe fimshmg plant IS relatively flat, gomg do\'ffi shghtly between 2300 and 0600
hours ThIS IS shown m Figure 321

FIgure 321
Dady ActIve Load Schedule of FmIshmg Plant
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The breakdown ofenergy consumptIon, by shop, as proVIded by the plant energy mspectlon department IS
presented m FIgure 322

Figure 3 22
Electric Power Consumption Structure for Flmshmg Plant

Thelng Shop
17°/0

Pnntmg ;,hop
22%

SIZIng Shop

~--=--::==lliii~~~~ 30%

Bleacrung ~hop

31%

The prmclpal fimshmg process electnclty consumers area the bleachmg and the Slzmg shops, the rovmg plant
share IS mSlgruficant and WIll not be taken mto account

Energy and Elrte electncal power recorders were mstalled on the major energy consummg eqwpment umts m
the bleachmg and SIzmg shops for the penods from 23 to 25 July These measured the operatIon modes
power consumptIon profile and power factor changes m the course ofthe mstrumental mspectlon ofthe
combmed plant Readmgs were recorded at 15-nunute mtervals The measurement readmgs are tablulatd m
Appendices #1 through #3 and are presented below m the form ofgraphs (See FIgures 3 23 through 3 27)

The Amdess lme, the prmclpal consumer ofheat energy (644 Gcal/t) WIth hIgh aggregate mstalled capacIty
(126 kW) was shut down durmg the test Readmgs were taken of a LJO-2 Ime (248 kW aggregate electnc
dnve mstalled capactly) m the bleachmg shop and two LAO-120 lmes (#1 and #2, 156 KWaggregate
mstalled electnc dnve capacrty each) Readmgs were recorded from 1700 on 23 June 1997 through 1000 on
25 June 1997
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Figure 3 23
ActIve Power ConsumptIOn, LAO-l20 Lme #1
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FIgure 3.25
ActIve Power Consumption, LAO-l20 Lane #3
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Figure 326
Power Factor Change, LAO-120 Lme #3
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AnalYSIS of load changes over a two-<iay penod (See Appenchx #2), mchcates that the eqwpment was stopped
several tunes from 30 mmutes to 3 hours LAO-l20 Imes #1 and #3 were stopped eIght tunes durmg the
penod The LJO lme stopped ten tunes, from 45 mmutes to 3 hours Such modes of operatIon leads to
mcreased electncIty consumption dunng start-ups and shutdowns, as well as Idle eqwpment runs dunng
warm-ups

The LAO-lime was observed to operate for 21 hours at full load, as corroborated by the the correspondmg
actIve capacity values and cos 0 =0 56 (at full load cos 0 =0 82) LAO-3 over the same tune penod worked
for 18 hours at partIal load at cos 0 =0 4 (at full load cos 0 - 07)

Based on the analysIs of productIon capacIty load profiles, the dady load schedule and the mam process
equIpment operatIon schedules, It IS recommended that a fleXIble work schedule be mvestigated for pOSSIble
ImplementatIon m the fimshmg plant For example, operate for three weeks, then shut down for one week
dependmg on the actual quantItIes of coarse mput product avadable ThIS proposal may mcrease the mam
productIon eqUIpment loads and, thereby, reduce heat and eleetncIty losses due to start-ups, shutdowns and
Idle run warm-ups Some other general costs may be reduced (1 e ltghtmg, ventdatlon, etc) The proposed
schedule would mean sWltchmg the heatmg system mto standby mode for the duration of Idle penods A
steam flow regulator would need to be mstalled on the feed pipe At 20% supply, the resultant heat energy
savmgs would amount to about 1,000 Gcal/year or 45 rmlhon rubles

If the power transformers are also SWItched off for the duratIon of Idle penod It would result m electnclty
savmgs of about 94,000 kwh, or 24 rmlhon rubles annually

BOIler House

The boder house generates steam pnmanly for the fimshmg plant and the heatmg/hot water system for the
plant and tOwnShIp

Figure 328
1996 Beat Generation and ElectrICIty ConsumptIOn by BOller Bouse
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AnalYSIS ofthe 1996 boiler house electncIty consumption mchcates there were vanatIons m the season from
12 to 22 kwhIGcal (See FIgure 3 29)

Figure 329
Seasonal SpeCific ElectrICIty ConsumptIon to Generate Heat
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The summer mcrease m specrfic electncrty consumptIon can be attnbuted to the fact that the boiler house
operation IS chrectly contmgent upon the operation ofthe fimshmg plant Therefore any mstabtlrty m the
operatIon ofthe latter Wllliead to Irregular operation ofthe boIler house and the pOSSible mcomplete loadmg
ofthe boIler house FIgure 3 30 prOVIdes a typical dally eleetncalload for the boIler house

FIgure 3 30
Dally Active Load VariatIOn of Boder House
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Ifthe boIler output IS reduced, the general aUJQlIary electncrty consumptIon (1 e feed pumps. blower fans,
exhaust fans. lIghtIng) remams unchanged whle specIfic electnc power consumption mcreases (See FIgure
3 31) At the same tune. the output of feed pumps and blower fans changes as a functIon ofboIler house
output
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Figure 3 31
Specific Electnc Consumption as a Function of Heat Energy Output for Boller House
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The electncal parameters of the pumps m operatIon were measured as part ofthe mstrumented mspectlOn of
the botler house Measurements were made usmg a Fluke Model 39 electnc power meter Table 9 presents
some ofthe data from these measurements

Table 9
Characteristics of Boder House Pumps

# DescnptlOn Pmst W, Q, S, cos<p Power Factor
KW KW kvar KV

A
I Pump GVS K90/85 P=3 atm 70 282 27 I 389 072 04
2 Feed Pump CNSG-60 P=4 90 56 433 706 079 08

atm

A pomt Will be made of the exceSSIve capacrty ofthe hot water supply pump WIth a power factor of 04

It IS a common practIce to adjust electnc power consumptIon to changmg load on vanable output eqUIpment
by usmg a vanable dnve wrth vanable frequency, or other types (60-70% oftotal number ofelectnc dnves)
If mstalled m pumps, a vanable speed electnc dnve Will reduce electnc power consumpnon by 20 to 30
percent and water losses by 10%

BoIler feed IS generally prOVIded by two parallel pumps Pmst==90 and 37 KW m wmter and 55 and 37 KW
m summer It W1ll be appropnate to mstall a vanable electnc dnve on a pump WIth vanable load, e g DNSG­
38 (pmst==38 KW) Ifnecessary, the vanable electnc dnve can be eqwpped WIth an automatIC SWItch to
SWitch It from one pump to another A vanable electnc dnve costs about $250IKW, an automatIc SWItch IS
about $501KW The potentIal savmgs from reduced electnc power consumptIon by the feed pumps may
amount to 40%
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Section 4

Recommended Energy Efficiency Measures

A Potential Energy Efficiency Measures

The energy audrtors mvesngated as many potential effiCiency measures as possible mthe tIme budgeted for
the project Subsequent to thts, the most cost-effectIve measures are recommended for unplementatlon bv the
enterpnse Some ofthe potential energy effiCiency measures are not reasonable because ofthe long payback
penod, or very lngh mmal cost Those measures mthe recommended hst conSist of aCtIons that have sunple
paybacks ofless than 3 years Given the econonuc condrtlons m RUSSia, thiS seems hke the most reasonable
maXlIIlum tune penod for the measures to be paId for by the savmgs

B Recommended Cost-Effective Measures

The followmg are the recommended energy effiCiency measures for AO Autoagret to undertake to reduce rts
energy costs and unprove the effiCIency ofthe enterpnse

Project No 1 - Flexible SchedulIng ofWork

1 Purpose

2 DescnptIOll ofProJect

3 ImplementatIon Costs

4 Annual Savmgs

5 Payback Penod

Increase the load ofproduCtIon capacrtles

A fleXIble schedule ofwork means a more mtenslVe mode ofwork due to the
mtroductlon ofnon-workmg weeks

a) TIus change wIll allow the enterpnse to mcrease the load ofproductIOn
machmery and lower the electncrty consumptIon per unrt of output An
example IS the compressmg stanons, whIch wIll result m a decrease m
electncrty usage of296,000 kwh per year

b) Dunng the penod ofthe factory down tune, rt IS suggested to swrtch off
the power transformers which prOVIde the power to the repaInng and
emergency work, as well as emergency hghtmg ThIS w111 save about
270,000 kwh per year

c) The suggested schedule ofwork Will also allow the decrease ofheat
consumpnon due to the transfer ofthe system for heatmg the production
shops ofthe weavmg and spmnmg factones to the emergency mode
dunng the down tlDle ThIS will allow a decrease ofheat consumptIOn by
about 300 Gcal, or reduce gas consumption by 510 tons of reference fuel
per year

None

566,000 kwh and 510 tons of reference fuel
272 nullIon rubles

Immedtate
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PrOject No 2 - Reschedule Spmnmg and WeavJDg to 3-shlft OperatIon

1 Purpose

2 DescnptlOn

3 Costs

4 Annual Savmgs

5 Payback Penod

Take advantage of eleetnc mght-tIme tanff

The reschedulmg ofthe weavmg and spmnmg factones from a two-shrft
operatIon to a three-shIft operatIon WIll allow the enterpnse to take
advantage ofthe mght-tIme electncrty tanff by shlftmg load to those hours
It IS estnnated that approxnnately one-thIrd ofthe kwh could be shIfted to
thIS penod

Metenng - 4 mtlhon rubles

289 mtlhon rubles

Less than one month

PrOject No 3 - SectIonahze the Lightmg Systems

Purpose

2 Descnptlon

3 Costs

4 Annual Savmgs

5 Payback Penod

Savmgs ofElectncrty

Sectionahze ofthe hghtmg systems by proVIdmg appropnate swrtches, thus
allowmg un-used areas to be turned off

1 mIlhon rubles

40,000 kwh
10 mIlhon rubles

Less than two months

PrOject No 4 - OptimIZe the Boder OperatIons

1 Purpose

2 Descnption

3 Costs

4 Annual Savmgs

5 Payback Penod

ProVIde hIgher combustIon effiCIency of boIlers

Install automated deVIces to regulate the aIr supply to boIlers #2, #9 and #10

Clean the heatIng surfaces ofboders #2 and #3

Check the bncklmmg ofboder #2 for leakage and repaIr

None

27 tons of reference fuel
7 mIllIon rubles

ImmedIate

PrOject No 5 - InstallatIon of Condensate Tap

1 Purpose SaVIng ofheat energy by elImInatIon of flymg steam

Page 32



2 DescnptIon

3 Costs

4 Annual Savmgs

5 Payback Penod

-10 Aokhmarexnl

Install stearn trap m the SlZlllg machme to allow use ofthe latent heat from
the flymg steam and unprove the heat exchange process

4 nullIon rubles

20 rntlllon rubles

3 months

PrOject No 6 - SplIt the Steam Header

1 Purpose

2 Descnptlon

3 Costs

4 Annual Savmgs

5 Payback Penod

ProVlde hlgher efficIency ofthe boIlers and savmgs ofelectncrty m the
network pumps

DlVlde the steam collector (drum) mto a technologlcal sectIon and a heatmg
sectIon TIus WIll allow the enterpnse to mcrease the operatIng pressures m
the boIlers of the heatmg sectlons and transfer the heat networks to the
operatIOn m the temperature schedule of 130-70 DC wrth a decrease m the
network water consumptIon

2 rntllton rubles

48 rntlhon rubles

less than one month

PrOject No 7 - InstallatIOn of Regulated Speed Dnves

Purpose

2 DescnptIOn

3 Costs

4 Annual Savmgs

5 Payback Penod

Electncrty Savmgs

The mstallatlOn of a regulated electnc dnve m one ofthe two feedmg pumps
ofthe boIlers whIch operate m parallel Dunng the wmter, pump #2 (90
kW) operates on a constant load and pump #6 (37 kW) operates on the
altematmg loads Dunng the summer, pump #5 (55 kW) operates on the
constant load and pump #6 (37 kW) operates on the altematmg load

$300/kW
67 rntllIon rubles

26 rntlhon rubles

25 years

Project No 8 - IntroductIon oftechnology for Fabnc impregnatIon

1 Purpose

2 DescnptIon

Steam savmgs

impregnatIon of fabncs WIth technologlcal solutIons by the surface fimshmg
method makes rt pOSSIble to reduce the mOlsture content m fabncs before
drymg from 90% to 30%, thus decreasmg steam consumptIon for drymg by
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150% (steam savmg - 350 to 500 Gcal/hour) and mcreasmg effictencv by
50%

3 Costs

4 Annual Savmgs

5 Payback Penod

900 mtlhon rubles

350 mtlhon rubles

25 years

PrOject No 9 - InstallatIon of Heat Recovery Umts TSI-3

1 Purpose Thennal energy savmgs

2 Descnption InstallatIon ofheat recovery unrts to recover heat of steam effluent from
fimshmg machmes (dryers, steam maturrty machmes, steam-pnntmg plants)
makes It possIble to save 02 to 08 Gcal/hour ofthermal energv

3 Costs 170 mtlhon rubles

4 Annual Savmgs 200 mtlhon rubles

5 Payback Penod 10 months

PrOject No 10 - IntroductIon of heat recovery systems on dyemg and washmg hnes

1 Purpose

2 Descnptlon

3 Costs

4 Savmgs

5 Payback Penod

Steam and water savmgs

Heat and recovery systems Will reduce steam consumptIon for fabnc washmg
(to 0 35 Gcal/hour) and water consumptIon (to 10 to 20 m3lhour)

260 mtlhon rubles

220 mtlhon rubles per lme

12 years

PrOject No 11- OptimIZe Exhaust VentIlatIon System on Drymg Machmes, Installation of thermal
energy recovery systems on dyemg and washmg hnes

1 Purpose

2 DescnptIon

3 Costs

4 Annual Savmgs

5 Payback Penod

Thermal energy savmgs

ThIs measure wtll help to reduce aIr consumption for drymg by 2,000
m3lhour and save 0 07 Gcallhour ofthermal energy

60 mtlhon rubles

35 mtlhon rubles

1 7 years
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Appendix 1

Transformer Capacity of SubstatIons

SectIon 5 - Appendix

AD AoJ,.J"notextU

Substation No of KVA per Total

No Transformers Transformer KVA

1 4 1000 4 000

1 1600 1600

1 630 630

---
6230

2 2 1000 2 000

3 3 1000 3000
2 630 1260

---
4260

4 3 1000 3 000

5 3 1000 3 000

1 315 315

1 250 250

---
3565

6 2 1000 2 000

Total 21055
Substation
CapacIty
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Appendix 2 - LAO 1 Electric Power Consumptaon Measurement Data

AO Aokl""atext,l

Itl.wrd R~l.urd Rl.wld Lhlll I LII III I Ul'lll I LII III 2 l hill 2 lhlll2 lhllll l h III 1 Lh III 3 l hili) lh Ill) lll,1Il ) Lh Ill) Lhlll ) Lh III )

Numbl.r Dale 1nd lIme Avg Avg Avg \..W Avg Avg Avg Avg A\g Avg \..W Avg Avg Avg \..W Avg W A Avg 1'1 Avg
Voll~ Amn~ Voll, Amp, \..W Vulh AmI)' VIlIl~ Allln~ WAR

I 6123/97 163000 211 3 2146 I 151 2302 2'2 0(, 12)7 210 I 22 II o In4 2107 67 ll6 I '\ 16 1'\77 022 15 III

2 6/23/97 164500 2285 0 0 2309 0 0 no 9 0 0 210 I 0 0 0 I 0

3 6123/97 170000 2291 0 0 2114 0 0 211 ') 0 0 2107 0 0 0 1 0

I 6/23/1)7 17 I) 00 2105 0 0 2\1 0 0 2 \2 X 0 0 212 I 0 0 0 I 0

) 6/23/97 173000 231 0 0 233 II 0 0 233 I 0 0 2327 0 0 0 1 0

6 6/23/97 174500 2309 0 0 233 6 0 0 231 3 0 0 212 (, 0 0 0 I 0

7 6123/97 180000 2303 0 0 2129 0 0 2126 0 0 232 0 0 0 I 0

II 6/23/97 III 15 on 2288 0 0 230 h 0 0 210 9 0 0 2302 0 0 0 1 0

9 6/21/97 III 30 on 22ll I 2031 1702 2301 21 71 I (, I) 2107 21 III I 202 2297 61 ll2 4 ) 19 14 6(,(. 031 13719

10 6123/97 184) 00 228 1809 1417 2101 19 lIiJ I 497 210 ) 19 hi 10)/1 229 (, )7 )4 3 9(.9 11219 03 12 4<12

II 6/23/97 190000 2282 314 III 2107 12 I) 1607 211 11 211 0633 230 ')'\ 0') 1372 21872 015 20929

12 6123/97 19 I:> 00 2287 3466 1092 231 1:136 I 31 231 1 31 1'\ 0)58 2304 un III 2979 23 769 011 23 J7

13 6123/97 193000 228 ) 0 0 210 9 0 0 231 0 0 210 I 0 0 0 I 0

14 6123/97 194, on 2286 0 0 231 0 0 211 0 0 2302 II () 0 I 0

I) 6/21/97 200000 2293 0 0 211 ') 0 II 211 II () 0 211 0 0 (I I 0

16 6/23/97 20 I, 00 2295 0 0 212 0 0 212 0 0 2112 0 0 () I 0

17 6/23/97 203000 2298 0 0 2322 0 U 2322 U 0 2114 0 U 0 1 0

18 6123/97 204500 2295 0 II 2319 0 0 2319 0 0 231 I 0 II 0 I 0

19 6123/97 210000 2304 0 0 232 7 0 0 2328 0 0 232 0 U 0 I 0

20 6/23/97 21 1500 2316 0 0 233 I) 0 0 2342 0 0 213 3 0 0 0 I 0
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:n 61'!.1/'17 211)(/1/ 2b ~ 27 I 2179 Wh 2,7 h 2') I 217 h7 ~ 1I0In :!O ) III 0) I \6 h71

21 61211'J7 22 00 1111 211, II 0 21 1) \ II 2 ,h 7 0 2lh I 0 II 0 I 111112

:b 61211')7 22 I ~ /l0 211 ) 0 216 I) 0 .! ltl , 0 21) 9 0 (I 0 \ (I 1112

26 1lI2]IlJ7 22 3/l Oll 2312 )9 211 7 7 , 2 Jl , 6 l 2,27 1') I \ 6 II, I 191 017 19') 1

27 (,12]/97 22 4) llO 2271 1674 210 I I'lH :!297 17) \ 229 )261 111-1% \20) 17 (/ 69 lh 021<

28 6123/97 2J 00 (1) 2266 IiJl 2294 177 II 22\ 6 1716 211\ 2 )102 79 II'> \ 116 1)\ (I (Ih h) 267

29 6/23/97 23 I) 00 226 ] \:'192 22K9 17(, 1 22K 3 1701 227K )0) 6 7K322 \1,20) o6K II I 2KI

30 6121/97 21 30 110 22,6 I,Kl 22K2 1719 227 \ 16') 1 227 1 )1l21 776K(. IlIon (\ 6K 8117

] I 6123/97 23 4, 00 22,4 1)82 2279 1716 227 I 16K 9 226 K )01 7 77 )6 III K07 o 6K 81 IOh

J2 6124/97 00000 22, K 1362 22K 1 \)67 2276 146 I 227 2 '119 \ 49917 91) l!6l! (J) 81722

]) 6124/97 01,00 2289 II 211 K 12 ') 210 1 11K 210 1 1) 7 27l!7 hll 011 7 (,II

34 6/24/97 03000 2296 6 I 2324 79 23\ 69 21\ 209 1793 '171)] (J17 1277

3, 6124/97 04,00 229 I 1681 23 12 IK4 , 2304 \74 K 2302 ,27 4 l!2l!1) 121 132 0(,8 117077

36 6124/97 10000 2296 134 23 I) "36 230, I'll l! 230 (, 4291 44629 9901 Ob 8) 921

37 6/24/97 I 1500 2288 \J1l9 211 I "9h D02 146 I 230 414 l! 46906 10230l! 046 8791

38 6/24/97 13000 2268 1676 2294 Ill38 2285 1747 2282 ,261 84875 120 109 /)71 8447)

39 6/24/97 14500 2268 160 I 2294 176, 2285 1696 22112 ,063 783111 I', )64 o i11l 11479

40 6/24/97 20000 2269 1594 2294 1761 2286 169 7 22l! 1 )11, ) 78071 II) 431 o £Ill 114862

41 6/24/97 21500 2269 1)97 229 ) 176, 2286 1697 2283 )0) 9 71l 301 1I) )37 068 K4 KOl

42 6/24/97 23000 227 159 ) 229 'I 17) K 22K) 169 I 2211 3 )04 " 771l1l2 Ih 17\ (\ 61l K4 (,')1

43 6/24/97 24500 2267 1595 229 I 11) 1 2283 1m I 221l )016 77 97 I" 09\ o6K 8tI '103

44 6/24/97 30000 2269 ISO' 229 J 16h 4 2284 160 22112 179 6(6)7 10930K o (JI 114 (,81

4' 6/24/97 3 1500 227 I 1599 229 ) 1763 22116 1691l 22114 )061 7821 I I) 621 068 II 19)2

46 6/24/97 33000 221 161 229 ) 1778 2287 1708 228 I )096 19366 116431 0(,11 8) 113 I

47 6/24/97 34500 2211 /609 2296 1777 22h 7 1711 7 2285 )01) I 793/7 116 1\ (l6l! II' (I)

48 6/24/97 40000 2272 160 Il 2291l 177 9 229 I 1707 2211 7 )119 " 79122 116,31 068 8) 31)7

49 6/24/97 4 1,00 2211 161 ) 2298 17112 2291 171 2289 , III 1 796116 116')(1) 068 II) '161

,0 6/24/91 43000 2288 1616 230 ) 1782 229 II 171 3 2297 ,\I 79021 117389 067 h6662
)1 6/24/91 4 'I' 00 229 I 1)94 2306 1762 2301 1(1) I 2299 )11 11 76229 11(0» 066 86 1J26
)2 6/24/91 ) 0000 2332 436 2344 ,12 233 6 46 " 231 7 1412 II 1167 J2 »9 016 30 WI
53 6/24/97 51500 2353 0 2369 0 2359 0 236 0 0 0 1 -0011

54 6/24/97 53000 2354 0 2369 0 2362 0 2362 0 0 0 I 0014
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)) hl24N7 ) 4) 00 231 1) 0 21h 7 II 21(, II 1,) I) II II II I II OIh

)h 6121N7 h 00 lIlI :m 1 707 2n, 7t. 2126 7"21 2,2 I 221 I 11 ))1 )lI 7t.1 1I (,6 160%

)7 hl24N7 6 \) Oil 2266 1617 21\ I 17h ') 227 (, Ih') h 217 I )OK 2 7') 71 II) hth 1I (,I) K1 III

)11 <>12 1197 63000 22) 7 1)-11 227 I 170 21h I 1(,2 I 226 I IM,l 7074 I 110 111 061 III 12K

)9 6124197 (4) 00 2247 14-H 2266 161 I 22) H 1)2h 12) 7 4)H H 611 612 lin ))1 o )9 HI )22

60 6/24/97 70000 2233 1)7 ) 22) 1 1719 211 I 16) 9 2:!1l I'h 1 76107 III 11(, 069 110671

61 6/21197 7 I) 00 2227 1)6 (, 2217 171 2237 1617 2217 4923 760UII 11(1)1 069 79611

62 6/24/97 7 3000 2218 1)4 II 221 I I(,9 I 121 162 I :m IHl! 1 7172) IOH n) 0(1) 7114H)

63 6/2'1197 74) 00 221 1399 2236 1)63 2226 1'17 ) 2224 '143 H )8768 911742 06 77 136

64 6/24/97 80000 2199 1516 222 4 1662 2216 1)9 (, 221 3 4771 72 137 10) 6) 068 7(7)

6, 6/24/97 8 1,00 2198 1,29 2223 1665 221 , 1609 2212 4802 7362 106211 069 764H6

66 6/24/97 83000 2189 1259 2212 1447 220' 133 9 2202 404, 43 139 89091 048 7677H

67 6/24/97 84) 00 2179 118 I 2202 I3HI 2197 \26 H 2193 3H3 3) 526 R4 02 042 7597

68 6/24/97 90000 2186 1175 2209 137 I 2205 12) 8 22U 3HO 4 34165 113716 041 76214

69 6/24/97 91500 2212 278 2237 323 222 H 296 2226 897 6692 19746 U 34 111536

70 6/24/97 93000 222 0 2244 0 2235 0 2233 0 0 0 I 0011

71 6/24/97 94500 2198 32 2222 382 2214 3'1 I 221 I 1047 9208 22711) 04 20621

72 6/24/97 10 00 00 213H 1063 216 I 1255 21) 4 113 4 21, I 3452 11 125 7'127 046 6) 76K

73 6/24/97 10 1500 213 6 1059 21) 8 1248 21) 1126 214 H 3433 33 ,47 7376, 045 6) )0)

74 6/24/97 10 30 00 213 6 1063 21) 7 1214 215 I 1127 214 H 143 ) 33 M5 73796 046 6'i 495

75 6/24/97 104) 00 2134 106 2155 1212 2149 1127 21'1 (, 3129 33521 73 619 o 16 6'3)5

76 6/24/97 110000 2194 III 2213 1303 2207 1182 2205 3,9, 34259 793,2 043 71 hi

77 6/24/97 II \5 Oil 223 1143 2247 1142 2243 1216 22'1 37U I 341147 112 1)1) 042 7,0,6

78 6/24/97 II 30 00 2232 II' 22) 2 131 I 22, 122 1 224 ) 17\ 7 14 91 H3,I,9 042 1) 617

79 6/24197 114500 2219 1155 22) I) Ib2 22) 7 122 K 22,2 3714 1\92 HI 101 0'12 76121

80 6/24/97 120000 223H 1219 22, H 142, 22) 2 1291 2219 393H b917 HI> 614 041 1111 H02

81 6/24/97 12 " 00 2233 \232 22) ) 141 22\ H IJ I 1 22 J) 39H) 3,11 H9 )0 I 039 H2017

H2 6/24/97 123000 223 I 122 H 22,3 144 2217 III I 221 I 19112 b21H HI) 17 o 19 HI 907

H3 6/24/97 124,00 222 H 1227 22) 143 h 221 I 131 '2 2211 197 6 b 214 HI) 101 o '\ III M7

84 6/24/97 13 0000 222 ) 122, 2246 1427 221 I 1107 2237 39) 9 » 0(1) 11116 04 HI 172

85 6/24/97 13 1500 2233 1235 22,4 1434 22) 1319 2246 3989 35 17 895H6 039 82 19,

86 6/24/97 13 3000 2234 1235 2256 1436 22) 2 132 ) 2247 3997 35202 H9835 031) 82 151

AO Aokhmatextd
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X7 (,/2 IN7 11 bOil 221 (, 121 (, 2267 I I.., 22(,6 III I) 22(, 10 • .., h 111 1)1 21X o 1') XI')

XX 612 1/')7 I I 11000 226 126 I) 221> I 1172 22X I \(,7 227 I 11111> bX61 1)1 132 o lX 1l(,O..,('

119 6/H I')7 14 1,00 22'19 12)6 226 I> I b I) 226 K 11.., 22(12 10(, I 1(121)) 1)1 1)) o 1') I. 12(1)

90 6/24/97 113000 2214 12,2 2261 II' .j 22(, I III I 22,6 1111 I 360X3 'JI 166 O.j 1.1,11

91 6124/97 144,00 2244 1249 2261 114 I) 226 1123 22,6 1112 1,277 ')069 ... o 11) X132X

92 6/24/97 1,0000 2244 1247 2264 14'6 226 13211 22.., 6 .jOl I 36221 I)[) 'J) () I 10221>

93 6124/97 I' 1,00 2246 1223 2266 1423 226 I 12911 22, II 19.j'1 3317& X9069 017 1124

94 6124/97 1,3000 22,2 1208 2274 1406 2268 128, 226, 19[) 31 113 811326 Ob 82391)

9, 6124/97 1,4,00 22,6 1229 2279 1433 2274 IJ 14 227 397, 32919 902, 036 X37,

96 6/24/97 160000 2269 1276 2292 1484 2286 1363 2282 4123 36278 91 123 039 866,1

97 6/24/97 161500 228 1287 2302 1)03 2295 1373 2292 416 I 36,76 9,173 038 87988

98 6/24/97 163000 2282 1289 2303 1,09 2294 1367 2291 416, 16,72 9, ,37 o1l! Xl! 056

99 6/24/97 164500 227 1275 229 1492 2282 13,4 228 I 412 I 36281 94022 () 39 l!65'1

100 6/24/97 170000 225 I 1252 2272 1468 2265 1335 2262 40,4 3,992 91746 039 81186

101 6/24/97 171500 2253 125 I 2276 147 2269 1344 2266 4065 35777 92 144 039 84713

102 6/24/97 17 3000 2265 498 2292 ,87 2282 534 228 1619 14001 367'i 038 3388

103 6/24/97 174500 2277 0 2306 0 2293 0 2292 0 0 0 I 0007

104 6/24/97 180000 2275 0 2104 0 229 I 0 229 0 0 0 I 0008

105 6/24/97 181500 22,8 767 2283 907 2276 827 2272 2)0 I 22648 ,6686 0'1 )1679

106 6/24/97 183000 2247 1153 227 13)9 2261 1217 226 3748 13 9 II 84731 04 77 434

107 6/24I'J7 III 4, 00 22) 11,2 227 2 11"'17 226 Il 1212 2261 17) I 11 KI'" K 11)11 04 77 662

108 6/24/97 190000 22:1 4 1\57 2277 116 K 2272 121 K 226 K 177 1 1\ 16K Ih'i81> II I 782,5

109 6124/97 191500 22,8 116 nK 136 K 227 ) 12\ K 227 I 177 (. 1'1 17 X) 79') () 1 78491

110 6124/97 193000 22) 9 1112 228 I 134K 2276 1227 2272 371 7 32 387 8'1 17(, o 18 77 76,

III 6/24/97 194,00 226 I 1172 22K 4 131> 4 227 K 1262 227 I 381 lJ 1) 723 86X77 () 41 7l! 97)

112 6/24/97 200000 2264 1174 2288 139 22X 3 12(, ) 227X 3829 36022 87263 011 7'J 2)1)

113 6/24/97 20 I) 00 2263 1\66 2287 138) 228 I 12l) 2 2277 3KI 3 3) 202 86862 () 41 79181

114 6/24I'J7 203000 2262 1\6 2287 131>1 22K I 12) 9 227 7 31>0 H ( 1)J 1>6 ))) o I 7'J 0)7

II' 6/24/97 204,00 226, 117 I 228 'J 1388 2283 126 I 227 'J 3823 3 1892 87163 04 79616

116 6/24/97 210000 2274 1183 2296 139, 229 1273 22K 6 3K, ),088 Xll 06, 04 SO ))1

117 6/24/97 21 IS 00 229 I 120 231, 1413 231 130 I 230, )lJl 4 35001 90249 039 8291

118 6/24/97 213000 2335 14 2357 28 I 2354 198 2349 61 9 5085 14513 035 130K7

AD Aokhmale.dtl
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III} M2 1/97 21 I) Oil 2111t I 2 2'1 2 K 2H. I Ih 2 lit ) h 0)117 I 1(,1t 017 \ 212

120 (,f21197 22 00 00 2h \ 0 2'1 I 0 2 lit h 0 2 lit I 0 II 0 I II 0 I

121 (,f2 1/97 22 ,) Oil 211 1 0 21(,6 0 2 lit \ 0 2h7 0 0 0 I II 0 \

122 (,/2 1/97 223000 2316 II) 9 216 1 212 21) ) 221 21) '1 6r. 2 ) 106 h 112 Ob 11212

123 6121/')7 22 I) 00 2296 119 7 212 I 112 ) 211 (, 110 I) 211 I 11)1 I hili) 911 hi}) o 19 I!hll

12\ 6/2 1/97 23 00 00 229 I II I) \ 21\ I! 112 211 110 2107 19 \ I ,) 11! I I}O ,22 o 19 "'2 1!26
12) 6/24/97 23 I) 00 229 " 1196 2J I 9 1/21 211 2 110 I nil I) lin I 11912 911 ) 11! o J9 I!J 2)\

126 M24/97 23 10 1111 2311 I I II) I) 212 7 III 211 K IlO I! 211 6 31)1 6 31 167 I) I 2(l) o 3X 1!12H

127 6124/97 23 4) 00 228 I 117 2294 l3XI) 22K 6 1261 2287 3822 3396" X7" " (31) 8(3)1)

121! 6/2)/')7 00000 2278 117 I 221! 7 l3I!X 2279 126 221! \ lX I I) 14 13 1!7 131 (31) 71) 971

129 6/25197 01500 2312 261 232 ) J I J 2312 2/\ , 211 6 X62 7032 II) 79) 036 18 1)1)

130 6/25197 03000 2324 :>3 233 5 65 2322 63 232 7 18 I 1)46 " 177 037 3737

131 6/25197 04500 231 1204 2314 1427 2309 129 K 211 I 1928 3.. Ibl 90 71b () 38 83611

132 6/2'/97 100 00 231 121 I 231 5 143, 2309 1302 231 I 1948 3569.\ 91 Z,4 039 83777

133 6/25/97 I 1500 2307 1202 231 '1 1429 2307 129 ) 2109 1')27 3) 6')1 90702 () 19 83 16,

134 6/25197 13000 230 1177 231 I 1403 2302 127 2304 3/l) 33566 XK 721 o 31! 811172
13) 6/25197 14500 2293 1187 2303 1407 2294 1278 2297 1872 347) 81! 932 039 8163

136 6/2)/97 20000 2292 118 I! 230 I 1406 2294 121! 1 2295 31!7 ) 3) 004 "'I! lJ69 039 I! 1 597

137 6/25/97 2 1,00 2294 1187 2303 1407 2296 1282 229 I! 3876 )) \)9 89072 039 I!1641

138 6/2)/97 23000 2297 1194 2307 \41 3 230 128 I! 230 I 3K94 35476 11963 0'1 1!2 1lI2
))9 612,/97 24500 231 I 120 I) 2316 1426 211 I 110 I 2, I , 11)36 )) 723 91 027 o 31) 1!3 )26

141l 6/25197 3 Oil 00 2319 121 5 2322 143, 231 7 1108 211 ') 1')'8 3, 61!1 9\ 79 o ,'} I! 1361

141 6/2'/97 3 1,00 2319 1214 2122 1433 2116 1,0 7 211 I) 3')) ) 3) )86 91 701! 039 1!1322

142 6/2,/97 33000 232 1213 2323 III I 211 7 1111 , 212 11)'2 3,318 1)16/0 039 84 31)l)

143 6/2,/97 34,00 232 1214 2321 14,8 231 X I,0 I) 232 3% I 3) 438 I) I ') 12 031) 8'1 )93

111 6/2'/97 40000 2323 1217 2326 141, 232 I 131 212 3 1')62 3, 476 92 O,l) o 31) 1!47'

II' 612,/1)7 4 1,00 2322 122 232' 144 1 211 ') 1\1 2,22 31)7 2 h ))I! 1)2 212 01') 1!4 I)(II!

146 6/2,/97 43000 2323 1217 2326 1438 231 I) 13(J 6 2321 31)6 )) )0) l) I I)l), () 31) 84666

147 6/2'/97 44,00 2336 ,02 2343 ,91 233 (,
" I! 213 I! 1611 14216 37 (hI) (J 31! h (JI)

148 6/2'/97 ) 0000 236, 0 237 6 (J 2368 0 237 () (J (J I 001

149 6/25197 5 1,00 236 I 0 237 I 0 2362 0 2364 0 0 0 I 001

150 6/25197 53000 2356 0 237 0 236 I 0 2362 0 0 0 I 001

to Aokl""atextll
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hi 60."11')7 "I 1"1 llll :n17 II 2 \62 II 2h I 0 ~ ,"I I 0 0 II I 1101 ~

h2 hr:!."lN7 hOOOO 2\\ 7 2~ 2 1\"1 I 211 7 1\"1 ~ I "I 2 d 7 7, I "1(,72 17 II~ I 011 1"1 II(,~

1)3 IIIhl')7 6 I) 00 2296 II I 2 2111 I> I \ , I> ), \0 I) L!2 "I ~ ,0 I \70"1 ~I) I> 71 lh 11>2 II ,"I 71) 711

hi 6/1...,1')7 6101111 1.267 1216 2271l 1127 2~7 6 I ~II I 227 I 1') I I h 1'J2 Ill) (,7 II 19 1>2 ~1I7

I)) 612)197 6 I) 00 1.2) 3 12 19 2262 II) ) 22"19 1>1 ~2"1 ... Ill~ I ~) 611 9101>6 II 19 h1 (,"16

1)6 61h/97 70000 2213 124 226 I Ib2 22) 6 111 9 22"1 I 101 \"11,11 9019 I 01 IHIII/>

1)7 6/2)/97 7 I) 00 2232 1673 22) 11116 22 I (i /71 J 22/1 "120 1I11l17 116622 071 7967

158 61h/97 73000 222 I)) 2 21.1 ) 169 I 223 1611 222 II 11I7/) 7) h9 lOll (i1l2 069 711 211b

/)9 6/h/97 74) 00 2229 1418 2242 1)7 I 2238 149 ~23 6 4479 )8661 1001111 0)9 78782

/60 612)/97 80000 2222 I)) 8 1.236 1706 2232 1)9 I 221 411) ) 70 )h(i 10827 06"1 77 706

161 6125/97 8 I) 00 2229 1)73 2243 170 ) 2239 1616 2237 1924 76 \38 110 179 069 79 )14

162 6125/97 83000 2259 1)94 2274 171 I 2272 168 ) 2269 )01 I 77 331 113681 068 83 181

\63 612)/97 84500 2242 \)78 22) 8 1708 22) ) \662 1.2) 2 4949 76249 I I \ Ib6 0(.8 8\ \)4

\64 6/2)/97 90000 2227 157 I 2201 7 1704 2243 16) 2 2239 492 7 76384 11031) 069 7947

/65 6125/97 9/500 2262 105 2287 122 228 I II I 2277 317 2912 7 ))8 039 6939

\66 6/25/97 93000 2256 0 2282 0 227 ) () 227 \ 0 0 0 I 001

167 6/2)/97 94500 2249 308 2273 344 2267 32) 2261 977 13971 21918 OM \) 1131)

\68 6/2)/97 10 00 00 2209 1608 223 \ 1742 2227 1679 2222 5029 80335 \ 11779 072 77264

\69 6/25/97 \0 \500 2\99 \536 2223 \67 I 22\ 9 1624 22/4 4832 74528 106977 07 76 )83

10 Aoklm,alext,l
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Appendix 3 - LAO 3 Electnc Power Consumption Measurement Data

Ih.l.onl RLl.lIid RLl.Unl lh 111 I lIlIlI I lhlll2 (h1ll2 ( 11 11\ 1 l hili 1 ( 11 111 ) l II 111 ) (h 111 ) ( 11 III ) ( 11 \II ) l 11 11\ )

NUlllhLr DilL I Illi Avg VIIIl~ A\g A\g A\L A\L Vllih A\g I\\!! VIII" ,\ \ l- \\ L ,hI! I. V \ i\\ L 1'1 A\l-
111111.. AI11IJ~ Volh AIIl(l~ A\IIp~ i\III1J~ I.W I.VAR

I (,/21/')7 16 I) 00 227 1,27 22') ) 1117 22') 2 11124 22X (. IX2 77 12X 110 2lh lI7 7X 171

2 6/23/97 163000 2276 1,)1 210 167 I) 2297 162 '! 229 1 Ih I 77137 11091') 07 7921)'1

3 6123/97 164,00 2283 1,97 2107 1746 2102 1611 9 2297 )01 I 78707 II) 61 06& R4 508

4 (,/21/97 17 on 00 22& II 162 II 231 3 17X 2111 7 171 ') 2101 ) 127 79419 IIX OX2 0(,7 117211

5 6123/97 17 1,00 2303 769 2329 X, , 2122 III I 211 X 211 7 3396 )6296 06 4 I 0'12

6 6/23/97 173000 231 0 2338 0 2329 0 232 6 0 0 0 I () 012

7 6/23/97 17 '15 00 2308 0 2336 0 232h () 232 I () 0 0 I 0012

8 6123/97 180000 2304 62 2332 77 2323 7 I 2319 21 1 X73 I 1137 o 31) 430,

9 6/23/97 181500 2286 1184 2308 1396 2303 1272 2299 31152 34'74 1I11 ,8 019 81302

10 6123/97 183000 228 1204 2303 1409 230 12119 2294 3902 3,6911 119,42 04 8191

II 6123/97 184500 2278 142 2302 1'9' 2299 1,1, 2293 4,3 ,7556 1038119 0,5 84599

12 6/23/97 190000 2279 1619 230, 177 I 2302 172 2 229' 5112 79324 117369 0611 86336

13 6123/97 191500 2285 1437 2309 162 230 II 1,37 230 I 4,94 ,) 649 I(b 70) 0,3 117501

14 6123/97 193000 2282 1626 230 II 17117 2303 1729 2298 )142 8007 Illl 1115 II 611 116765

15 6123/97 194500 22X 3 1612 2309 1795 230 1 172 ') 229 X ,1,6 1I11 61' IIX ,26 II 611 116727

16 6123/97 2000 UO 229 I 1633 231 II IXO I 231 I 171 2lO7 5174 Xli ,(,') II') 171 067 1179U5

17 6/23/97 20 I' UO 2293 1488 2319 1678 2312 I,ll 9 230 II '17, , 619,7 109771 () )6 88 164

18 6/23/97 2U 30 00 2296 131 I 232 I I) I I 231 (, I II t 211 I 4269 38 hi)) 9869 II 19 9lJ 4411

19 6/23/97 204,OU 2293 1,4 I 211 II 172 1 23 I 1 1M' 21U II 1909 611 22 11112) U6 llll llil

20 6/23/97 21 UO 00 230 1477 212 , 167 I 232 \)ll 211 , 472 II ,9611 109·-\)1 0,4 119601

21 6/23/97 21 1,00 2313 1'4 2337 1719 2334 1649 23211 490 II 6) ,Ill 114311 0,7 917'14

22 6123/97 213000 2328 167 I 23,2 182 II 23, 1711 3 214 1 ,2112 III 33' 123 1114 066 93lbl

23 6/23/97 214500 23, , 274 2179 108 2376 293 237 87 ) 11097 20,48 lJ ,4 16873

24 6/23/97 220000 2366 0 2391 0 2387 II 2381 0 0 0 I 0012

25 6/23/97 221500 2345 0 2369 0 2365 0 235 ') 0 0 0 1 0012

AO Aokh",atexlrl

I'agl. 42



Appendix 3 - LAO 3 Electnc Power Consumption Measurement Data

AD Aokhlllatev:t,'

21 h/'!.3N7 21 3000 233 2 0 0 '!.~, I 0 II '!.~, \ 0 0 '!.~ I X 0 0 0 I 0

22 hn3/')? 21 1,00 2hh 0 0 2~h 0 II '!.,\ 1 0 0 '!.,7 I 0 0 0 I 0

:n 6/2,N7 22 0000 2\6 I) 0 0 2W 1 0 0 ::!,l) I 0 0 '!.\h' 0 0 0 I 0

'!.I (,l'!.lN7 '!.'!. 1,00 '!.1311 0 0 '!.lh I 0 0 '!.lh ::! 0 0 2h I 0 0 0 1 0

2, 61'!.3I'J7 22 1000 2301) 0 0 211 I 0 0 211 "\ 0 0 21'!. I, 0 0 0 I II.----
26 6/23/97 22 1,00 2271 121 I 12h 210 tin I "\ 17 ::! \0 1 11 ~h 061 22 1) I 1)1) h7 12h~ 22,{lIh Oil 22 Olh

27 6/21/1)7 21 00 00 2267 3111 I 121 22') 1 ~ I '!. I 121 22<) I 11 ~h o(, I I 2::!h I 101 hit 1 1'7 '!.~ 27 011 '!.2 hOI

211 61'!.~N7 :n 1,00 226 1 1'166 I 12') '!.'!.lJ ~, lh I 11)h '!.'!.\ I) 11 I,h 062 '!.'!.h I 10 lIn 1 I 1(, 23 IH"\ on 23 171

21) 6/23/97 233000 22, I) 314 12,6 22X 4 12 '6 1(11) ::!'!.\ 2 11 2h oXI' 227 , 1),22 372 216(,.1 017 20 In
30 6/23/97 234,00 22, , 2,33 36,1 2279 26% I 201 227 7 2.J2X 1 I I 2271 76,2 10 991 17377 063 4111

31 6/2111)7 00000 226 I 21,11 16,9 '!.'!.X) '!.) ( 1) 10h '!.2X 1 21 II 3 IX7 2276 71 n 10 906 16121 067 1111

32 (,/24/97 o 1,00 2292 19611 0271 212 I 111% o I::!h '!. I I 1 III (,1 (271) 210 l) 11711 09111 270116 001 2( 1) 12

31 6/24/97 03000 2296 3501 09,7 212 ~ 349 1 I,.J 211 ) 31 13 oIb3 231 I 10 137 2964 24 127 012 2321

34 6/24/97 04,00 2294 23,X 286' 231 3 2, ,6 1293 210 I) 27.Jl 3 Ill"\ 210 ) 76 )3 93<13 17613 () ,3 10931)

3, 6/24/97 10000 2299 1914 339 231 7 2241 4 117 211 2 1739 21159 23U 9 ,ll91 10 ,66 116()) 078 2767

36 6/24/97 I 1500 2288 2918 363 I 231 2906 3871 2107 2673 26(1) 230 I Il,04 10 173 19'4 052 407

37 6/24/97 1300U 227 1166 11024 229' 1194 12 \)7 221) I 11777 1081, 2211 , 263 M 34026 602,1 0,6 '186,

38 6/24/97 14500 227 I 81193 II 1(1) 2295 9139 124"\2 2'!.1) I 1)022 II () 17 2211 (, 270411 J4 63R (1112) 0)6 ,0061

39 6/24/97 20000 227 901 112112 2295 9107 12 1h2 2291 lJ29 II 31) I 22116 277 Oil 3562) 61341 0'(' 'I IXt I

40 6/24/97 2 1,00 227 I 9'154 II 8111 229 ) 10107 11 1)'lh 221) 2 9l) (,7 12 n, 22116 21)) 12 311 ») I (,7 )02 0:>7 ,1 K7 'I
41 6/24/1)7 23000 227 9419 11763 22') I 96 7, I ~ 121 2'!.1) I Ih5,) I 1607 2211 ) 211647 16 (1) I 6) 1'\7 U :>6 ,2 I»)

42 6/24/97 24,00 2269 1)349 116111 229 I 96 29 I1lb 22') 9,47 I 1771) 22K] 2K,2) 16,11 6,131 0)6 ,2 I,ll

43 6/24/1)1 ] 0000 227 I 936 116,1 221) 1 9,7 11 Oh, 221) 10107 12,3 221> "\ 21)0 16 372'16 66 ~62 o "\h ,3 (,1)

44 6/24/97 1 I) 00 2272 94 II) I I MK 221) 7 9,82 11 (h 221) 1 9, 17 II ,1)7 221> 7 2lb 'I 1629, 6) ~O) 0,6 ,1011

4, 6/2.J/1)7 33000 2272 922 11281) 2'197 9) ,I) 11 03'1 '!.21) ~ Ih ]) 1I,ll6 221> 7 2h 1 II 1) 1)07 6 17,'1 0» ,2 (,'1,

46 6/24/97 34,00 2272 92" 11 433 2296 9) 17 13 001 2293 1)"\ ,') 11417 221> 7 211161 3, K71 61 K76 On ,271),

47 6/24/97 '10000 2274 9197 II 39) 2299 916, 1291h 22') 7 91 19 II1'n 229 280 hi l,7Kl 61312 0,(, )2 171

48 6/24/97 4 1,00 2279 92 32 11321) 229 K 9, )1) 129111 2297 91 12 II 3) I 2'l'J 2 2112 14 1,611 6172" 0,) ,2 Kl:!

49 6/24/97 43000 229 90 I II 133 2306 9102 12691 230, 9127 10916 210 27'136 14 71 63 II 0), , I III I

50 6/24/97 44500 2294 9279 II )07 2307 946, 12806 2307 9442 11,97 230 ] 21l1!!7 3,91 6490(, 0" ,2 K,3

51 6/24/97 50000 233 6 4213 5311 2348 4307 ,795 2346 419 5224 2343 12721 1633 29507 055 24 119

52 6/24/97 51500 2354 0 0 23611 0 0 2364 0 0 2362 0 0 II I 0
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to Aokll1llal~/ll

)1 6111N7 ) III Oil 2h6 0 0 2.7 0 0 2.1l \ 0 II 2ll> ) 0 0 0 I 0

) I (,/2 IN7 ) h 00 21) 0 0 2,1,7 II tl 2 II> ) II II 211, I 0 II II I II

" 612-1N7 6 IlOOO 2.>0 I 7166 Xh, I 2,22 7,06 ') hI), 2,22 7,6) I) 01 2,1 I> 21h 12 277)) )01X9 0)) lX 7,\

,6 6/21/97 61) UO 226, X, OX II (h, 22h KI,02 II 7Xl 227 I) X\ 1\ 10 71 ) 227 ) 2" )1 11 ), I 'X II) o ,h 1(, 1(,7

57 6/2 IN7 (, 3(J 00 22, II 91 hi 120,') 227:! 922 12 )71 227 91 In 1162h 221,6 271> th 16261 (11 (1) II )h )111'»

'X 6/24/97 6.j) 00 224 X 9267 II 76) 2266 91 XI 121)t, 226 I 92 7() II 71 22) I) 271) 211 3(, -I, I 61099 o,x 'II J.j \

,I) 6/2'1/1)7 70000 2214 1)1 74 II 7,1 22) 1 I) I I') 12916 221 h ') I 7 I II )1) 221 ) 277 7) 162XI) (21)X o)ll II) ,72

611 6/24/97 7 I) 00 2228 9, \) 12,2, 2247 9119 11 II 22\ 2 9) -17 12 XI)7 2239 2X, 3X lUI 631113 061 II) 3 12

61 6/24/97 73000 2218 10224 1'1 lOll 2242 1)6 29 I) 10 I 221 ) 103 17 I' Ill) 2212 301 7, 4) 038 (7321) 067 48 Ill,

62 6/2<1197 74500 221 98 II' 13792 2216 922 II )-12 221 I 100 II I' )16 222 6 291 II '11 811 617116 II 611 46592

63 6/24/97 80000 22U 10271 1'1 16) 2224 9722 I) 166 222 3 103 U6 I' 1117 2216 301 (J, 4,177 (714) 0117 411 511

64 6/24/97 8" 00 219 II 10166 13992 222 I 9) 94 14 K, 222 1(2 1)1 I:> 8K) 221 1 100 :> I 44726 66,01 II 67 4K 011
6) 6/24/97 K30011 2189 9769 13206 221 I 9092 11217 221 9K 'J7 I) 21 2201 2117 ) 42674 633,11 II (,7 4:> 574

66 6/24/97 K4:> 00 218 8928 II JJK 2202 KK 23 12 39) 2202 911 I:> 118'18 219 :> 26791 35581 :>8811(, 0(11 45714

67 6/24/97 900 00 2111 9 1111 7 11227 221 I 11637 118112 2212 876:> 11492 220 I 2627 3'1601 57891 06 4:> 1,1

68 6/24/97 91500 2215 0 0 2239 0 0 2236 (J 0 223 0 0 0 I 0

69 6/24/97 93000 222 0 0 2244 0 0 224 0 (J 223, 0 a U I 0

70 6/24/97 94500 2188 4062 , 182 2212 10 62 5621 221 10 8'i ,3211 2201 122 Ii 16131 26 :>1l7 061 19 102

71 6/24/97 100000 213 8 8742 II 181 21:> 9 87 :>3 119,9 21) 6 K8 17 I 721 21:> I 263 'I 34861 :>666 062 13 6)1)

72 6/24/97 10 I' no 2138 ilK 7 II 144 21, I) 11602 II KK2 21) 7 KK 23 I 1121 21) I 26281l hOI7 56544 (J (,2 43271

73 6/24197 IU 3U UU 213 6 866 II UO, 2156 x) 67 11691 21, ) X7 IX I )6K 2119 2,9 ,4 3426X 5) 771 061 429ll<1

74 6/24/97 10 'I'i 00 213 5 11963 11422 215 I Il) 7X 117% 21) 2 11777 I ,61 21'17 26324 117111 )(,51'1 II (,2 41 Illl)

7:> 6/2'1/97 110000 2211 7 1l1l2J /I /I') 222 ) IlX 17 II I) 19 222 I h9 II) I 112 2219 2(,) 77 II 'III ,I) Ihll 46 llll)

76 6/24/97 II I:> 00 223 88 :>8 112:>9 2247 X9 II) 111)1l1 221 K XX 17 I 1:>1) 221 I 26601 34402 )96211 o )X 17 (,(,

77 M2 1/97 II 10 011 221 ) XI) 17 II 11')9 22) 1 h97, 12 162 22) 7 1)022 I 12) 221 II 2(,1) 0(, 116X6 (,() II) I II ) 7 III 1)11

7X 6/2<1197 II 1,00 224 K') 2X II 121 226 Xl) h7 12 III 2261 hI{ 23 I 171 22) I 2(,7 lK 14 Ill) W277 0)7 IX1%
7') 6/24/97 1200011 22111 91111 II 1'1) 22) K 1)1 62 12 ) III 22) 7 ')11 22 1 HI 22) I 272 II 1) 1% III 2(,1 11)7 I') 0) I

IlO 6/24/97 12 I) 00 223 I 91 X, II ) 17 22:> ) ')29 126(1) 22) 2 In 67 I 627 2217 277 1') h 7X3 62326 II )7 19 'HI
81 6/24/97 121000 2232 90,7 11149 22) 2 9162 12 11') 22:> 2 922 I 1'J2 221, 274,1 J) 2X 61 (,39 0)7 II) III

82 6/24/97 124,00 2229 89 17 112'12 2219 90,7 123M 224 X 119 )2 I 146 2242 269 23 34 7,1 60352 (J 51l 4X229
83 6/24/97 13 00 00 2226 894 JJ J75 2245 9022 12291 224 ) 89li7 11304 2239 26952 3477 6034 058 4823J

84 6/24/97 13 1500 2234 894 II 137 2253 8905 12185 22:> :> 11812 \I 18 2248 26662 34502 5992:> 058 478611
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10 ll.(lkl""at~t"

K' (,f21/97 11 31l Oil 221 "\ ltl 7h 1062, 2'1"\(. hhlh II (.6 22"\ I> 1-.707 III lin 22"\ 2,1) 79 U III) ,II 11K 0,7 17 121)

h6 t./21N7 11 I' Illl 221 I) 1)0 n II lin nh ') 1)1 71 12 "\(,7 227 I 1)2 II II (.1)1 22h I 271 12 1, I"\h (,2 II 0,7 '19 KKl

K7 t./2~flJ7 1\ Oil 00 n,9 hn2 10 3:n 227 I) 1>,61> II ,h. 221-. , h2 % III WI 227 \ 219 I) 12 107 ,(, h2K 0,6 160b

11K 6/2~flJ7 14 I' 110 221 K 90 31 oIn I 226, 1)0 I 120(" 227 I I)() hi) II 106 22(, I 271 17 11 116 61 3 II Il ,(, \9677

K9 6/2\/97 143000 2213 lJO 33 11112 2262 922 Inl 22il, I> 707 10 7K' 22,7 26lJ 6 11127 60 Il II o ,(, ~I) 21l1)

lJO 6/24/97 144,00 221 <I KlJ ,2 107, 226 '2 90 'J2 1207 226 I 1)2 (,7 II 16 2:h 7 271 I 11 @, 6161') o '6 491)2,

91 6/24/97 1,0000 2213 91169 I 16, 2261 1)1 , 12 n, 226, I) I 71 11262 22,7 271 III 1<16,1 61 79& 0,6 ,0 ()I)

lJ2 6124flJ7 I' 1,00 2246 KX In I 0(,7 226 (. K9 I 11921 2266 I) I 0 I II 20K 22,9 2(,1) I, 14 lIn (,(j &7 \ 0,6 49311

93 6/24/1)7 1,30 ()O 22, I 91 , I 176 2271 90 11 12 (bX 2272 1)0 ( 1) II IX I 2266 272 '17 3'1 '119 (172) o,6 ,0 17

94 6/24/97 1,4,00 22,7 9127 I 144 227lJ 91 , 12217 227lJ 9'2\ II 7~X 227 I 2779X 3, 11 63 143 056 ,1336

95 6/24/97 160000 227 91 K, 1 161 2292 'J2 67 12161 22lJ 2 lJO 31 11212 22X' 274 &1 34714 627K6 0,) 51 142

96 6/24/97 161500 22K 9232 14KI 230 I 9 13 12 'KI 229lJ 9'29 II ,19 22lJ 1 27lJ, J 3, 58 64 10K 0,6 52 151

97 6/24/97 163000 2283 92 ()9 1276 2303 94 )4 12 ,91 210 9162 II 248 229 ) 27831 h II, 63878 05, 52241

98 6/24/97 164500 2268 8917 0981 2288 91 I) 11876 22K) K81' 10M 228 26866 33,37 61247 05) 50117

99 6/24/97 170000 2252 915 1336 2272 In 14 124'19 227 I 91 19 II 10 I 226, 27609 3,08r. 62526 056 5054

100 6/24/97 171500 22,4 9104 II 114 2275 9185 12311 2274 9212 II 33, 2268 27,21 14 759 62413 056 50661

101 6/24/97 173000 2266 464, 5746 2292 '1727 6210 22K K 1,9K ) 636 2282 1l96, 17665 31745 056 25864

102 6/24/97 174500 227, 0 0 230 J 0 0 221) K 0 0 2292 0 0 0 I 0

103 6/24/97 180000 2276 0 0 2303 0 0 2296 0 0 2292 0 0 0 I 0
104 6/21/97 IK I) 00 225, 8K 21 11212 2277 'JIOJ 12,K I 2277 K) I) 1072 227 26) If, 14 511. (,() 161 057 48188
10, 6/24/97 183000 2246 77 3K 10013 226lJ 7(.21 101 n 2267 7491 I) 72, 226 I 22K '\6 300KI 51 M 058 4136
106 M24/1)7 184) 00 22, KK 23 IOl)9K 2272 l>K 7 12093 2271 lJI19 II I) II 226, 271 OlJ 3) 003 61 lUI 0)7 41) 312

107 6/24/97 190000 22) ) 88 » 11 101 2276 9101 12194 2277 '!'J% 112K7 2269 2(1) 19 1\ 711 I 61 11'1 057 4') 117

W8 6121197 19 I) 00 22) K 90 )7 II 167 22K ')092 1232l> 22K I)on 11126 2271 271 8, 11 K21 61 7KI 0)6 491111b
W9 6/24/97 193000 22:> 8 90 I II 164 228 I 90 'J2 12107 22K lJO 6l) II 292 2273 271 73 14 1(,1 61767 (J ,6 19 1)18

110 6/24/97 19 I) 00 226 I 890) 110)2 12K I Kl) ,2 1221 22K I lh 12 120K6 2276 27361 bnK 62 29 \ 0)7 ,() III

III 6/2<1197 200000 226 ) KK 3, 1107 22K 7 ')() 22 12272 22K 7 KK ,K I I 064 22l> 2f.7 I') 11 Ilh 60 909 0,6 49 13
112 6/24/97 20 I) 00 2263 871 10 KI2 22K) hI) 4 12 132 22K' K71 1077 227l> 26391 33711 60116 0)6 41162
111 6/24/97 201000 2263 K87 II 106 22K 6 KI) K7 12261 22K 6 K7 Xl> I() 906 227 K 2MI II J 127) 606')') 0,6 4K 9,'J
114 6/24/97 2(4) 00 2265 8823 10929 228 K 89 )2 12 19, 22l> 7 KI) 2K 10 973 22K 2(61)7 34097 60872 0,(, 49302

II' 6/24/97 210000 2274 9033 11202 229, 9033 12206 2294 8952 I 10,6 2288 270 \) 3\46\ 61806 () ,6 ,017(,

116 6/24/97 21 \500 2295 936 11366 2319 91 74 12378 2318 929 1\ 481 231 27822 35225 64 283 0), 5259
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to Aokhmatextd

117 h/21N7 21 1O 00 2117 ... '1 lilt 721>K 21, h "1 17 7 '11 2,1, I h' '1(' hi')') 21 ... 2 IK2 11 21 12h 12 7KI> II ) ... h:U.

III> h/'!.I/'J7 21 I... lit) 2 I 1(, II 0 2 II,') II II !. Ih') II II !. II. '!. II II II I 1I
--- ----

III) ilI2 IN7 22 U[) ()() 2 I.., I II 0 '!.17 ]. II 0 217 1 II II 2 II, h U 0 II I 0

120 I1I2M'J7 22 I ... lit) 21-1 I II (I 21h It II 0 2 ,h II 0 0 21'1 I) 0 0 0 I II

121 (,/24N7 22 30110 2112 2 hK o II) 21) 'J , (ll II 11>1 2b 7 21,K 01)1 HII) K1 12)1 I 911> (16.., I II!.

122 6/24/97 22 'b 00 221) I 1» n 10 )2 231 I> K777 120\ I 2 I I I> 1>7 II> III 791 211 26031 331')) (,() 101 (I )It IK OOK

123 6124/97 23 on 00 2294 131 12 24 I)) I 211 7 In 0') 27 126 211 ) 1101>1 :!ll% 2309 10) 31 7) 772 'n )I)R 081 )3 ORR

124 612-1/97 23 I) 00 2294 13321> 2) 777 211 I) 11729 2\ ...61 211 7 112 "1'1 21 167 211 411 01 78..,lb 9) 412 Il R2 '2893
12) 6124/97 233000 230 ) 131 KK 2) 116 2326 III KI 27 6KK 212 I 112 ...x 21 K21 HI K '\01) 36 76 6)K 1)191 ) oKI )4 17

126 6124/97 234) 00 2277 13221 2) ))9 22K 7 I b 07 27 K)I 12K) 112 )1> 21 II 12111 \0992 77 )) 91 )97 oIII 5\ \12

127 6/b/97 00000 227R 10714 1696) 228 Il 11109 1846) 12R) 10) 97 III 1116 2284 32629 )\ 617 7448K 069 50667

\28 6/2,/97 01) 00 231 ) 3922 I Il II 2321l 31l ) I 1224 232 3793 (9)11 232 I 1156, 3222 26811 o 12 -21 774

\29 6/2)/97 03000 2322 3887 140) 2332 31163 I 717 212 6 37 III \ 31l \ 212 7 \1) 33 44)6 2682 017 19717

130 6/25/97 04) 00 2312 9) 7 \1608 2314 1)7 I 12, II) 211 I 9119 1129 HI4 28696 h441l 661118 053 5492)

131 (12)/97 10000 23\ I 9901) 13487 2114 10\ 81) 1162 211 'I 9827 12966 231 1 299 )'\ 4\ 1171 69232 059 5362

132 6/b/97 I 1500 2307 114 'J6 19241l 211 1 1222 20 l)tl2 23 12 III 44 III OK2 23 I I 35062 58271 81 1132 072 521)1J2

133 6/2)/97 13000 230 9162 11342 231 946) 12617 2106 ')J 95 II ,\0) 231l ) 21l1l 14 3539\ 6'151l 055 52866

134 6/2)/97 14500 2293 10) 39 16137 2302 11221l 17707 1299 I117 112 I) 7113 229 Il 32462 49 SIR 746 066 52791

13) 6/2)/97 20000 2292 1127 256)7 231l \1172 2776 229 Il 113 28 212'1 221) 7 410 67 77 (,,6 91322 082 )227

116 (12)flJ7 2 15 UO 229 1 112 12 2S 671 21(1 1 I'll II) 27 'JO') 21111 112 7 2'1 19'1 21U 4(1) 17 77 779 1)1 1'1') UIII 51 714

117 6/25/97 21000 22') 9 13387 25 '»7 2106 145 !l') 2X 1111 21116 111 )7 2'1 172 230 I 414 21. 7K 441 I» 141 o112 53 \25

1111 6/2,/97 2 'I) UO 23 I 1 \211 K) 24422 231 S 1'1) 117 27 IlU) 211 7 11177 21 16) 211 ) 41lS 79 7'1791 93 '>26 Illl 5) 17)

11') 6/2)/1)7 1 U(I UO 211 l) 12) 21 :n KI7 212 1 11667 2) KI ... 212 2 12 ...... X 22 11 2121 111754 71 761 !l'J 921, ilK )2777

141l 6/2)/97 3 I) 00 2319 13) I) 26327 232 I 14721) 2K 277 212 1 IHO) 213') 212 41) IK 7R 99'1 91.40) II 112 540)

141 6/2)/97 11000 23\9 13) lJ7 26177 232 I 117 )2 2K hI 212 2 1111> 21 )1l7 232 I II K21 79117 nil...... 082 )4 (,92

142 6/2)/97 34) 00 212 2 113 17 260(, 2324 141 RI 21l III> ... 212 I 133 ...2 21 1-1 212 3 411 ) 71l )K) I)) )1) II X2 )3 I) 1

141 612)/1)7 100110 212 I In I 26107 232 ... 14) 11 2K 11K 2126 In 17 21 )21 212 ... III 1)2 7ll 761) I)) 771 1I1l2 )3242

144 6/b/97 4 1500 2323 13187 26134 232 ) 14) ) I 211 112 212 ) 1137) 24 )29 232 I 1131 71-.791 'J(, 1112 Il R2 )1 )81l

\4) 6/2,/97 11000 2323 13321l 26097 232 ) 14) 31 28121l 212 I 111 I 24 )8) 232 '1 '1126\ 7881 .)) 1)04 Il 82 )1377

146 6/2)/97 44) 00 2339 98 (,2 \8008 234 ) 10) 97 19'b3 2141 9769 16891 2312 30223 )4 hi 70 )97 077 421171

147 6/25/97 50000 2368 0 0 2377 0 0 2374 0 0 2373 0 0 0 \ 0

148 6/25/97 5 \500 236 I 0 0 237 0 0 236 (, 0 0 2366 0 0 0 I 0
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Appendix 4 - LJO 2 Electnc Power Consumption Measurement Data

Rl.wn.l Rl.l.ord Rl.l.Old l h,lI\ I Lh III I lh 1112 lhclll2 l h 11\ 3 lh III 3 l h III :> l h III ~ l h 11\ :> l hili:> lhlll:> lh 1I\:>

NUlIlhl.r UIII. I IIlI A\ g Voll~ A\g A\g AVI, A\!, Vol" A\L A\l.- Volh "\ !- A\I,. Avl.- !-.VA 1\\1,. 1'1 A\I,.
111111,. A11I11' Volh AIIIIl' AlII11' '\l1Ilh I.. \V !-.V AR

I 6123/97 17000U 2306 1097 210 II} 6 230 I 9112 211l 1 227 :> 9117 :>2424 Olll llJ3h

2 6121/97 171:>00 2112 lOll 9 2307 II II 210 I) 102 211 2227 ) 1)91 ~ I 1(1) 012 '1'1 flll
3 6/23/97 173000 2304 1087 229 II 119 210 IOlll 210 I 222 I (, 001 :>1 193 o 12 4.J )3)

4 6/23/97 174)00 2211 3 1061 227 7 114 227 ') 91( 4 22X 21:> 9 6337 49244 011 42131

5 6123/97 180000 227 1465 226 ) 1211 ) 2268 71( ) 226 X 1)16 6126 110 14 076 2) OOX

6 6123/97 181) 00 2267 183ll 2262 1909 2266 107 226 :> 'Ihl 7 111l1l41 109097 oIII )1( 4)3

7 6/23/97 '1l30 00 2247 18) 9 2239 Ph) 2246 1121 22/1 I 191 ) 90 )23 110 723 082 )9 )94

8 6/23/97 184) 00 225 172 7 2242 1767 224 II 968 2217 4162 827311 1001116 083 49931

9 6123/97 190000 225 ) 1)83 2246 1)52 22) 4 842 22) 2 3977 73679 89434 082 379U7

10 6/23/97 191500 2258 1818 225 1119 I 2258 1065 225 ) 477 3 89499 107614 083 54517

II 6/23/97 193000 22) 179 ) 2243 186 2249 104 2247 469 :> 87436 10) 472 083 53373

12 6123/97 194500 2252 1114 2244 1915 225 lOll) 22411 411311 119829 1087311 083 56497

13 6/23/97 200000 2274 1266 2266 1096 2272 536 227 21198 )1961 6) 761 079 16858

14 6123/97 201500 2273 106 2267 198 2272 898 2271 21) :> 10472 48 (7) 021 36932

15 6/23/97 203000 2268 1375 2262 118 2268 6) 9 2266 3214 :» 711 72 7811 077 19697

16 6/23/97 204500 2269 1826 2264 190 2268 1056 2267 47112 88618 10816:> o112 )6991

17 6/23/97 210000 226 ) 1899 22511 200 2263 II) 3 2262 )1))2 921104 114251 o81 62119

18 6123/97 21 I) 00 2267 1629 226 1624 226 ) 874 22(1 I 4126 7609 933.Jll o112 .J2919

19 6/23/97 21 3000 2279 1366 2267 101 2274 849 2271 322 ) 4797) 73193 066 841h

20 6/23/97 214500 2288 1011 2278 113 228 , 1019 22112 2208 ) 18/1 )041) o I 41916

21 6123/97 220000 2303 108) 2294 111 2297 1112 ) 229 S 2221 ) 19) )1 11 011 1,1 h6

22 6123/97 22 I) 00 2322 1099 2314 II 1 2316 103ll 231 I( 22) 5 )Ill )2 1119 o II 4) 06)

23 6/23/97 2230 00 231 I 1096 2304 I1 11 2306 lin 7 230 7 224 I( ) 3114 )1891 () I 4466)

24 6123/97 2245 00 2283 107 ) 2273 116 2277 1013 22711 2203 ) '1611 50229 () II '13 7:>2

25 6/23/97 230000 2289 1079 228 115 2281 1017 2211 3 221 ) 507 50502 011 43982

26 6/23/97 23 15 00 2282 1016 2274 115 2277 101 2217 220 I 5602 50171 011 43411

AD Aoklm'atext"
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j() oI24/'n 4,OL 230 179 • 229,..' 187
229· I '186 " "992111 III ,118137 6/24/97 20000 2297 18,4 2287 194 J 22~ 107 ~8" IXII

38 6/24/97 2 1,00 230 1483 229 I 1224 2296 919 2296 3625 ,7154 83 IOJ Ot. 3,1'

39 6/24/97 23000 2306 1003 2297 61 230 I 408 230 I 202 I 29174 46,29 063 6944

40 6124/97 24500 2294 1825 228, 1887 229 I 1064 229 477 6 88006 109307 (181 ,8349

41 6/24/97 30000 2299 1747 229 180 2295 9,4 229, 4,0 I 83 Ill! 1032:>4 Oh 5'058
42 6124/97 31500 2305 170 2297 1736 2302 948 230 I 431! I 79267 1001132 (179 '27M
43 6/24/97 33000 230' 1066 2296 2115 230 863 230 2213 14258 50929 o2R 31 (h2

44 6/24/97 34,00 2304 1842 2294 190 I 230 1067 2299 481 1179,2 110 ,67 08 60 '17()

45 6124/97 40000 2307 2166 2297 2199 2302 13,9 2302 ,72 3 III 058 131716 0114 6,971

46 6124/97 4 1,00 2299 1906 221> 8 1806 2291 1177 229 I 4KK I) 92 II 112062 II 1.2 16 Illl
47 6/24/97 43000 2313 1073 2303 ,94 230 9 ,3 230 II 2197 299112 )0721 o ,I) IU 3"
41! 6/24/97 44,00 231 I 1094 2302 I() I) 2306 911 , 2306 22411 8111 ) I R91! 017 411 ,I!I)

49 6/24/97 :> 00 00 229, 108 2287 III! 229 I 101 1 229 I 221 I ,1101 '0 (197 o II 40.1 2011
,0 6/24/97 5 I' 00 232 1094 231' II, 231, 1028 211 7 2236 ,814 '1813 -0 II 44971
)1 6/24/97 ,3000 2314 108 I) 2309 II, 230 I) 1023 231 2227 ,1W9 '1471 U II 44769
,2 6/24197 '4500 2302 1083 2296 113 2293 IOlll 2297 2214 ,711, ,0874 011 44297
S3 6/24/97 60000 228 1076 2274 117 2272 1008 227, 220 I 5791 ,009 (I 12 13 676
S4 6/24/97 61500 226 107 I 2254 122 2254 100 2256 2193 ,894 49501 012 43162

1_ ;;1 ~71 '2".".01 229', " I I C
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r- -- .,., I., (06) 22 191 Io! I)) (Il- l 6 --
'--

II 111 :> t) I , 221 II)6 M21I'J7 (. b 00 121 I '''- ~
_HI

- - ~~,

)7 612.4/97 7 O() 00 1114 117£> 1227 III ) --- ) lUI » )')}, 7119111 I/'"- --
,8 6/201197 7 I' Oil 2117 19 I 2 1109 1% 1 221 2 112 (. 221 1 )11 I I I) I I ' l I) ») 197

- -)9 6/24/97 7 30 Oil 2214 200 2206 201 I 220 I) 1209 221 )21 ') 9h 1112 11)lh6 (lll) ) 11I1I

60 6124/97 74,00 2222 1463 2214 1362 2117 6, .j 2217 1111 6,211 77 1)6 Olb 26 )6)

61 6/24/97 80000 2227 1899 2219 1% I) 2222 1121 2223 191) 1 91 I) 110922 II Kl )744 I

62 ()f'JAN7 II bUO 2232 1889 2223 1947 22211 I III ) 2228 1942 92173 11(0)6 084 55071

63 ()f24/97 R30 00 2234 1127 2227 7) ) 2228 )36 223 2418 36793 ,] 913 06& -I "'02

64 6/24/97 84) OU 2227 105, 2218 1:>3 2221 9) 8 222 1 2166 7368 4l'. IR o I) 39837

65 6/24/97 90000 2228 10,2 2223 13, 2224 977 222 ) 2164 6157 48166 013 -410)

66 6124/97 91500 2242 10) 9 2238 II I) 2230 994 2219 2172 ,4011 48622 011 -4254&

61 6124/97 93000 2258 1057 22) 2 I' I 22:> 9) I) 22,3 2167 7411 1881t Ob -398111

68 6124/97 94500 2247 1796 224 1799 224 101, 2242 461 8) 13-1 1033'Jl 082 4901

69 6/24/97 100000 2213 186 I 2206 1908 2209 1069 2209 4838 9019) 106883 084 ,1917

70 6/24/97 10 1500 2209 1922 220 1995 2202 1149 2204 5066 93683 111649 084 56408
71 6/24/97 103000 220 I 1848 2192 1887 2196 106) 2196 4&0 89 )31 105394 085 50301
72 6/24/97 10 45 00 220 1878 219 I 193 I 219 ) III 2 21 1) ) 492 I 91918 108014 085 5169
73 6/24/97 110000 2213 1842 2207 1899 2209 107 I 221 4812 892,6 106303 084 )2 III
74 6121/97 II 1500 2199 1877 2192 19'1 4 2195 III 7 219 ) 19)1) 91 'OR 1118 In tlM 53378
7) 6124/97 II 1000 222') 181 222 I 1119 7 2226 107 <I 222 5 181 2 88908 107017 083 52613
76 6124/1)7 114) 00 2236 2019 2227 2032 221 I 121 <I 223 I )266 1/10972 117436 () &6 54212
77 6124/97 120000 2243 2168 2234 221 I 223 h 111\ 7 223 II )766 110 736 12904& (J 1\6 61 )28

78 6/24/97 12 I) 00 224 ) 2056 223 & 2139 224 12117 221 I ) 182 1034(h 122 l'.31 (1111 6191lJ
79 6/24/97 12 1{) 00 224 I 1818 2233 IH66 223 (, 1067 2217 nl\ I 1\96&1 IO(l861 o K-I 49,43
lW 6/24/97 124500 2239 1877 2232 11);,2 2214 IIUR 221 ) IlJl & 9140& I J() 3:> I o K3 ,(, 17<1

81 6/24/97 13 0000 2237 1914 222 I) 19lJ 7 2211 1169 2233 )0& 9480) 113 407 o 8t ,794&
82 6/24/97 13 I) 00 22) 1827 2243 1&91 2248 10& I 2247 11102 &9906 10786) 0&3 ,4203
H3 6124/91 133000 2253 13) 5 2246 1082 22) 2 72, 22, 316 I 5191) 71 118 o 73 II 111
84 6/24/97 13 45 00 2262 1064 22) 6 119 226 I 999 226 2182 '423 49334 011 43 101
85 6/24/97 140000 2266 1063 2259 117 226 " 100 2263 218 5316 49363 011 43167
86 6124/97 141500 2268 1064 2261 117 2266 1002 2265 2184 5334 495 -0 II 43301
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1111 \)1_

"9 6fJIN7 I) Oil UO 22) III I

1-- -I-- 7;( ~ II 17K I 22, lXI, \90 6UI!h --- - , I _6D}91 6/24/97 I) 30 Oil 2265 11\\1 !. '126 I 22h ~

1262 17') 2
-

".." 1010 701192 6124/97 I) 'I) Ol) 22J 7 IXh 7 _./..u t 1721 Ill. I> lX

6/24/97 1600 (J() 227 ) 17:;, 9 227 11>'1 ) 227 ) 10J 9 !.27 I
- t--

I( .,9) Ill, I (IX "(,7~
184 ) - r-c;94 6/24/97 16 I) 00 2284 227 I) 1')) 8 2283 101)) 22h 2 'IX9 h 90 287 III 747 II I> I

9) 6/24/97 163000 2288 17) 8 22111 IX 19 2211 ) W09 228 ) 1617 113 1)011 10) II) OX )7439

96 6/24197 164500 2293 1)9 I 228 H 117 229 I 1061 22") I 1tl26 6J 171 1)2 26) oMI 29474
97 6/24/97 170000 2292 1077 2287 II I) 2287 1006 22H I) 2202 ) 931 )() 41) o 12 43801

98 6/24/97 17 I) 00 2295 1077 229 I 119 2294 1009 221) 1 220) 51169 )0 ..9 012 43961

99 6/24/97 173000 2297 1077 229 ) 118 2294 1009 229 ) 22(14 ) 891 )061 012 43984

100 6/24/97 174) 00 2302 1301 230 889 2297 7) I) 230 2919 12 hi 67764 062 4 )7

101 6/24/97 180000 2295 1918 2292 2043 229 II) 7 2292 )119 94 374 117357 OS 65365

102 6f24/97 181500 2284 166 I 2282 1706 228 I 9 I 7 2282 4283 77 254 976K 079 4902

103 6/24/97 183000 2279 1834 227 ) 1946 2276 10K X 2277 4869 89085 110813 Oil 60926

104 6/24/97 184500 2279 1118 9 2271l 203 227 X II) 7 227 I) )(176 92722 II) 658 08 61871

105 6/24/97 190000 2279 1838 2276 192 3 2277 1062 2277 4822 89217 109783 081 58505

106 M24flJ7 191500 22ll 1838 2276 1
1
)1 " 2278 1072 22711 4lb ') ll991 110 5113 011 I 59151

107 6124/97 19300(1 2295 lin 2292 I'H II 2294 1t17 9 22') 1 11117 ilK 1)(,9 III lilt Oil (,I 53

108 6/24/97 194500 2287 1899 2282 202 221l ') 1I41l 2211 ') )066 93254 II) 7:>3 Olll M 146

109 (,/24/97 20 Otl Oil 2284 IK3 :> 2277 1917 2211 I 1m 2 221l IH I) 1I1l7711 I III cl)9 Oil 60 70ll

110 It/24/97 20 I) Oil 221lll 1779 22112 III) 22K .. 1021 22K ') 1653 III h7 lOr. 27 .. o 79 :>6109

III 6/24/97 20 1000 229 ] lin I 22H II 193 H 229 I 1117 22') IX11) l\') bK II () III II HI 60 (lOll

112 6/24/97 20 4:> 00 22H I 1914 227 :> 201 ) 227 H 1169 2271l )127 IJI 129 1167K7 II KI M 816

113 6/24/97 210000 22H 7 1112 22111 1'>2 7 22116 1tl611 2211/1 IHI ) KIl ))) 109 I)) I II HI (,0 172

114 6/24/97 21 I) 00 2305 1222 230 K27 2]04 61) 7 2303 2747 JI) I)] 6] 202 () 63 0111)

115 6124197 21 311 00 211 ] 10') I 230 ) 117 2J() I) 1ll2 .. 2]() I) 2211 ) K7H ) I )1)8 o I I II )lh

116 6/24/97 214)00 232 I 109 2312 II) 2315 1026 231 () 223 I ) 1l4] )1703 () II 44734
117 6/24/97 220000 2336 1092 2324 112 232ll 1029 2329 2234 5834 52081 -0 II 45129

118 6/24/97 221500 2313 1089 2303 117 2305 1022 2307 222K S9 SI434 Oil 44571

BEST AVAILABLE copy
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119 M14JlJ7 22 1U un 210 I 107 -I 22 ') I \I 2 229, 100 I 22') 7 21h 7 IIbl ~ll 2112 II 12 127(,11

1211 (,/2 1/1J7 22 hun 227 I 1217 2211 ... 71 2269 71 7 226 ') 272 \ \(,011-. 61771 II ~h 71 IX

121 (,/2 1/97 23 un 00 2277 1-I211 221111 I ,e. II 227 \ 61 2 2272 11(1) 6, 1(n 77 111 Uhi 21\ K12

122 M24/i)7 :n 1,00 2269 Ill' , 22:l9 II), 22(, , 1101 226 ... -19U 7 K9617 III II Ul-.I 6U 736

123 612IN7 23 3000 2211 3 Ill,7 227 \ \9 I I 2277 I U') (, 2271> 1111) 7 90616 III ,-11 ohi 60191)

121 M21/i)7 21 1,00 210 I 1I1l2 229 I II 1 22') 6 1)2 I 22
'
) (, 2~11) 21 12 'll ,6, 016 2190'

I:b M2,N7 00000 2303 1074 2291 II I 2296 III I 1 2297 219 I) , III .,0,.,1 UII II 1211

126 612'/97 01"100 21() II 11176 229 I) 1119 :nll 1016 2 \112 22112 , 12, ~()7n Oil II 212

127 6/2'/97 03000 231 3 1067 2303 10, 2301 1001 2106 217, ,6<11 ,0199 011 -43 373

12& 612,197 (14500 2107 140 2297 9, .. nil I 911 7 23U2 111 1 1'1 '1,7 76 &7'1 o ,K 1I 7111

129 6/2,/1)7 100110 230 11l3, 22') l"n 229 I 1111 '1. 221) ... (71) 7 Kll 1126 1III I 0& 610711

130 6/2,/97 I 1,00 2297 1,83 22K7 I" 4 2292 797 2292 391 , 71017 90033 079 41522

131 6/25/97 13000 2268 1&76 22, II 196, 2263 110, 2263 '19 I (, 9 I 1'1 111926 081 60,41

132 6125/97 14500 226, 1879 22,6 1949 226 I I to 7 226 I 493 , 91261 III »7 082 ,9821

133 6/25/97 20000 22) 9 1705 2249 172 2256 936 22:1 , 436 I 79973 98242 081 48672

134 6125/97 21500 227 177 6 2258 1686 2266 1013 2265 417, 8412) 101 2'6 083 41417

135 6125/97 23000 2257 2243 2246 227 22,1 I II ') 2252 ,9(,2 1\)736 114241 0/16 63505

136 6/25/97 24500 2271 1936 226 1937 2267 III /I 2266 4991 97208 112 1)88 086 51721

137 6125/97 30000 2262 1976 22:> I 19& 4 2258 1169 22,7 ,\1 991,3 11'72 086 :>3811

IJIl 6125/97 3 1500 2266 21111 2256 222 I) 2261 1'10 1 22(,2 5KI4 112211 131466 () Jl~ Ml77

139 6/2'/97 33000 2261 2059 22:> 2106 22,6 1279 22,6 ,44 5 103 767 12280' 0114 61323

140 6125/97 34,00 2273 1843 2263 18711 22611 1069 22611 1789 8/1 84 lOll 'Il(, o 112 5:> 24&

141 612'/97 40000 228 I 1198 2272 7' , 2277 627 2277 2'8 11) ()97 :>874 0(,7 ,111

142 6/2:>/97 4 1500 22119 1076 2211 117 22112 101 I 2211 4 220 'I ,676 'Il 377 Oil 439118

143 612,197 43000 229 1077 22111 II 7 22113 1012 2211 ... 221l 7 ,712 ~Il 161 (I II ,14077

144 6/2:>/97 44,00 230 108 229 I 116 2293 1016 229, 2212 :> 669 ,07116 011 443116

145 6/b/97 ,0000 212 10& 7 231 1 112 231 1 102 , 211 ... 2221 , (,()~ 'I .,Il1 o II 'I I Ihl>

146 6/h/97 , 1,00 232 3 109 I 231 II II 1 211 (, 1027 211 9 221 ,7lJ2 'I 739 (I I I 'b (119

147 6/h/97 ,3000 2319 10& 7 23 I 1 113 2112 1023 211 , 2224 :> 7" 'I 493 011 41114

148 6/h/97 54,00 229 & 108 2292 ", 229 1016 2293 221 I ,679 ,0718 011 11208

149 6/25/97 60000 2297 1082 2294 117 2293 1017 2295 2216 :> 698 '085 011 44364

150 6125197 61500 2274 1074 227 I 12 227 I 1007 2272 2202 :> 698 50029 011 43648

40 Aokl'matextll
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,,1 (,/2,1'J7 6 10 OU 221 I) 11111 , 221, 122 22 17 <)1) I, 2:! I 7 :!Ih 1 , 1177 II) Ohll 1112 1277

1,2 11/2'/''1 II " lUI nl' 10 I h 221 I II , :!:! I, 'n I :!:! I I :! I, 7 , \'n 17 1))') 1112 II WI)
-

1,1 11I2)/')7 7 Illl lUI 221 II III I 2212 III 221 I 'JII I :!2 I I 211 , h 112, 17 171. Oil III (,I) I

1,4 612,/97 7 1,00 2217 1178 223 I 61 22, I 776 111 I 2,6 I ,II 162 ,721>1 11,1 12712

I)) 612'/97 73000 m 126 222.J h,6 2:227 61) 2 222 7 2MI'" II I)" 62 )), 067 097.,

1,6 612,/97 74,00 2224 103 222 12 ) 222 1 1)1 I 2222 2(11) I, 6732 16613 011 19297
,,7 612,/97 80000 223, 1,47 223 1213 2211 101 I 2211 171) I ,I) 192 8.J 922 07 20 11
1,8 6/h/97 8 I:> 00 2238 1927 2234 202, 2236 116, 2236 .,11 7 912,2 11'141 082 60679

1,9 612,/97 83000 2228 168, 2226 176, 222, 89 I 2227 111 7821 %622 (J KI 'I 11
160 6/25/97 84,00 2226 1" 8 2224 1618 2223 763 222 I 3899 67091 867 077 4840,

161 6/25/97 90000 222, 11'6 222 I 43 I 2222 964 2223 2)) 171)82 ,66lJ 032 23662

162 6/25/97 9 1,00 223 3 1057 223 I 122 2229 99 I 221 I 217 , ,13 48413 () II 42 ))7

163 6/25/97 93000 22,4 1066 225 I II 9 2247 tOo 22,1 218, , ,,6 49 187 011 42926

164 6/25/97 94500 2246 1043 2244 112 224 968 2243 2123 6022 4763 o 13 -40682

AO Aokl,malext,l
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