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MINIMIZATION OF ENERGY LOSSES
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ABSTRACT:

This paper aims al minimizing energy losses in the Mid-Delta zone using load flow
methods. The mathemaricai model is applied 1o the Mid-Delta zone. The 220 k¥ nenwork is
modeled in the load flow program for each season of the year while the losses in the high
voltage substaiions, medium voltage nerwork and inedium voitage substations are calcuiared
using o heuristic approach.

This paper presents a practicai approach thar would asist. the decision making process in
an eleciric utility o optimize the operation procedures (0 save investements required Lo instai)
new equipinent 10 meet the growth on clectric demand if the losses are minimized.

1. INTRODUCTION:

Power systein losses in the transmission network are experienced in the components of
such nerwork. e.g. high voltage wansmission lines, high voltage substations, medium voltage
transmission lines, and medium voltage substations.

When zeneraung cosis are relatively low, network losses are not considered significant.
However. e increasing cost of fucl makes electrical utilities weight these losses inore
heavily and study wayvs of reducing them{1-2].

Load flow studies are used fo minimize network losses [3]. This is aecomplished by
runiaing an extensive set of load flows during normal and emergency canditions for different
joad scenarios. Shuut losses. transformer's no load losses and eorona losses are not included
in load Mow studies.

Electric utilities pay grear attention to reduce transmission losses (o save some of the
investments paid in expanding both the generation facilities and electrical network to accaunt
tor load growth and network losses [4-6].

l.osses can be classified inte built-in, technical. and commercial losses. The reduetion of
the built-in [osses is the responsibility of the design ream while the reduction of the technical
and cowninercial losses is the responsibility of the operation personel.

The paper aims at ininimizing energy losses in the Mid-Delta zone using load flow metheds.

2. POWER SYSTEM LOSSES:

The losses in an elecrrical nemwork are defined as the difference berween the energy
input cotresponding to local production and impors and the output. which is the loeal
consumpzion and export,

When generating costs are relatively low, network losses are not considered significant.
However, the increasing eost of fuel imakes electrical utilities weigh these losses more
heavily and study ways of reducing them. To reduce losses, we must first define the sourees
of lasses{7] which can be classified into the following:
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(i) Built-in Losses:

Lasses inherent in  the system stemnung Itom the leehnical aspects of transimission and
distribution.
{ii) Technical Losyes:

Ceviations [rom optimal conditions.
(it Commereial Losses:

There are a consequence of crrors induced by (he quality of metering deviees,
management of accounts, the consumpuion ratio of some equipmen, and power thelt.

2.1 Losses:

Power system losses are experienecd imainly in the transmission system (and its
associated (ransfocmers). In transmission, the derermination of losses is subjeet to refatively
large errors because olien the losses in a line is considerably less than the preeision tolerance
of the meters used. A common mcthod to minimize power system losses 1s by means of load
flow studics which calculate the losses during sysiem load levels thal sunuiate the actual
ioading during the daily load eycle. When performing sueh simuiations, 1t is very imponant
to ake inlo account (wo catcgories of “shuat” losses:

iy (he tansformer’s no-load Yosses {whieh usually account for a significant proportion ol the
total fosscs). and
i1 corona losses. especially in the very high vollage lines

Tradivionally ~shumt™ losses are not included in load ‘ow studics.

The Load Flow simuiation {8-10] is only 4y zood 4. the assumiptions of he varations of
each individual load in the various seenarios Lhat are synihesized. Whereas it is recogmized
that the tvpical loadings ihat are sclected should be representative. there will be tmes when
these assumptions are not correct. However. the ensning discrepancies should be very minor
because each of these toads is only a stnall part of the rolal.

in the load flow simulation it is quite difficuil 10 represent the conditions when some
transmission lines inay be out of scrvice for relatively shore periods of time (as it occurs when
a wansmission line is de-cnergized 1o clean ils insuialors), at which time the losses may be
slightiy larger than usual.

2.2 Demand Losses (Pnwer Losses):

The detnand losses are the summation of the square of the load current in each circuit
element of 1he sysiem, at the insant of the svystem maximum demand, muitiplied by the
resistance of the cirenit element in which it is tlowing:

i.e. Power Losses = [“R 2.1

The etfect of the demand losses in the increased lpading in the sysiem elements by an
atnount ¢qual to the magnitude of losses. In other words, Lhe effcel of 1he demand losses is
the requirement to increase the inslalled capacity, and hence the eapital investments in the
distribution and transmission systems as well as in the senerating station.

1.3 Envrey Losses:

Energy losses correspond to the loss of energy groduction costs ingurred in satisfying
enerey losses, .

Since the consuiner Toads ehange rom hour to hour then 1he demand losses also change
trom hour o hour. beiny maximum at the hour of maximum demand.

The encrry losses is the lime integration of the demaund losses in sucecssive Ttime
intervals.

The cnergy losses is calculatgd as:

Coerey losses = 7R x Loys Facloe x 8760 12.2)

2.4 Losy Factor:

A loss Jactor is introdueced ro calculate the energy [oascs il the demand losses at peak
tine is known. It is defined as the pereentage of time reguired by the peak load 1o produce
the same losses as produced by the aelual loads over a speeified time period. Loss factor may
be calculuted Irom the following relationship:
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Loss factor = Square of actual demands/square ol peak deinand over 100% ot [he time,

\i {Hourly Demand)*

Loss factor % = = — x 100 2.3)
n(Peak Demand)

IMATHEMATICAL MODEL:
3.1 Minimization of Yearly Loss Facui
1} Preparc atypicai dailv vad curve tor o ch season (or the year.
11y Calewulate the loss factor vor each seas: 1 using the following equation.

y P
Season loss Factor (A,) = --=L—— (3.1)
5 24 P:m
Where:
B = hourly load during tive cvp'cal day for the season.

3 = . . RET
? max = the max. (oad for the day.
] index [or hour.
ity Caleulite vearly foss factor as a weighted average itom the four season loss factors

-
5 >
LAVK Imaxs
ooy - 1 _ =l .
Yearly Loss rm:lor(.ﬁ.y) = (3.2
=
— plﬂ.’!.‘s
a=l
wiiere:
g = season loss faclor.
Poaxs = max. Il?ﬂd for the typical representing the scason(s).
3 = index tor season.

1.2 Minimization uf Demand Losses:

Demand losses are defined as the sum of the losses of individual components comprising
the Crapsnvission system which are:

(i} FHligh voltage transmission network.
(i) Hligh voliage substations.

(il Medium voltage yransimission nenwvork.
(iv)  Medium voilize subslaucns.

Normally. extensive foad flow swudies are required 1o determine such losses both in the
normal and emergency operaung conditions. It is worthmentioning that corona losses are not
inodeied in load flow programs.

Duc 1o the lack of information regarding the technical parameters ineluding iron and
copper losses of the individoal {220/66/11) kY and (66/11} kV wransformers and the details of
{66 kV) transmission nerwork. the followmg approach is followed to minimize the demaad
losses in the zone.

3.2.1 220 kV Network Lusses:
The 720 ¥V newwork and the generation facilities in the zone are modeled via an AC

load Aow program utilizing NCWTON-RAPHSON aigorithim.

i) Run load {low program lor four cases, one for each season, during the max. load
conditions.

il Record the amount of power losses as derived from the outpul results of the power flow
Lases,

iy Average the four loss values to obrain an ninimize for the vearly demand loss by the
lollowing equanon:

4
S0, X Pras,
p| =— !

1=
<
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where:
P} = the yuarly power loss of the (220 kV) network.

g = §8250N power joss of the (220 kV) nerwork.

3.2.2 220/66/11 kV Substation Losses:
Generatly, for any transformer, the power loss is determined from the following
equation:

N ( Load {(MVA}

2
—————— " “ | xFull Load Copper Loss | + No Load Loss -
Full Load (MVA)J PP : (3.9)

then the toial demand losses in the (220/66/11) kV substalions are calcuiated as:

n
Pr= LR

1=l (3.5
where:
Pr(i} =demand loss for each rransfonner.
n = Number ol \hese transforimers.

3.2.3 66kY Network Losses:

Since the 66LV network 15 not modeled in the load flow becanse of the lack of
information aboul such aenwork. an approximation is followed in this paper based on the
tigure published in the 1982 world bank study [L1] Inthis sty the demand losses were
minitnized W be {2-4%) of the peak load.

i) Caleulared the season deimand loss as:
P = E%Pm:ms (3.6)

i}y Average the four loss values o obrain an minnmaze for the yearly dewnand loss in the (66
kV) network by the foilowing equation:

r
Zj Ps X Pmaxg
Py = 3.7
Z_lpma.\s
where:
(3 = the yearly power loss of the (66 kV} network,
Ps = the season power loss of the (66 kV) network.
3.2.1 66 KV Substation Losses: \

Similar 10 220/66/1 1 kV substatton, the wownl demand losses in the 66/1 |kV subsialion is
calculated as:

Fl
B, = ZPL(E)
i=1 (3.8)
where:
Pyii)= demand loss for each wansformer irom this type which can be calculated
troin equation (3.2).
The total demand losses (or the zone is the suin of all the constituents starting from the
220 kV network up to the 66/1 ) kV substation.
Py = [’1+P2+P3+P4 (3.9)
the percentage demand losses is calculated by:

L and L.
"“Demand Losses = Total Demand Losses x 10D {3.30)
Peak Load ’

P,
=— x |00
B
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where
4
Z PI’!'IEL‘(SL
Py = Average of season maximum loads = = 3.1
Py = Tolal demand losses 1 the zane,

3.3 Minumization of Enerey Losses:
According 1o equation {2.2), The vear ¥ energy losses in the zone is given by:
E},=P),xl},x87ﬁl) . {3.12)
Enerey Losses
£y =x 100

% Lnergy Losses =

Total Energy (Ei) of the year

LT
= E, ! (3.13)
4 APPLICATION ON MID-DELTA ZONE:
The mmhematcal model developed in seetion 3 is applied to the Mid-Delta zone. The
220 kV nenwork is modeled in the load flow program for each seasan of the year while the
dich volrage substations, medium voltage newwork, and medium voltage substauons are
havdled by the method detailed in the previous secrion.

4.1 Loss Caleulatinns For The 220kY Network:

Typical Jdaily ioad curves Jor the four seasons of the vear are prepared to calculate the
loss factor tor each season and consequesntly the yearly loss factor. The detailed calculanons
for the sumimer season s given here as an exampie while for other seasons, the tinal resuits
are given Fia. (4.1) shows the typical daily load curve for the summer seasnn.

p |

T 2
~ ,,—,P[ 13464959
TUxPR 24x(1107)?

The soiution of Load Flow program for the suinmer season is achieved in < ilerations
(see Appendix) and ihe single line diagram,Fig (4.2), illustrates the foad Now results for this
case.

From tihe above calculations, the loss [actor and the active power loss for summier are
0.458. 3.822 MW respectiveiy.

The same procedura is followed for the ciher seasons and the results are as {ollows:

For Autumn Season:

Loss Factor = 3.415

Active Power Loss = 9209 MW
For Winter Scason:

Loss Factor = 0.483

Aenve Power Loss = 6,127 MW
For Spriug Season:

Loss Factor = 0.403

Active Power Loss = 5.997 MW
Calenlaton of Yearly Loss Factor and Demand Loss:

4

z Ay x Pmmcs
Yearly Loss Factor (1,) =L
}: prnaxs
Fiad |

D402 x 1150 + 0415~ 1156 + 0.458 x 1107 + 0.483 x 1201
1150 + 1156 + 1107 + 1201

hy = 044
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Fig. (4.1): Daily load cur 2 for sumiacr season

Using this curve, the following rable is constructed 1o caiculate the summer Loss Factor:

Hour Load {P;} 1 (Load)” (P~
0 906 f 820836
| | §24 | 678976
2 i 673 ! 452929
3 H 678 459684
3 ! 675 155625
3 i 679 i 161041
6 ! 64| 110881
7 f 392 3150464
8 529 279841
Yy 647 418609
19 675 453625
1 657 431649
12 704 405616
13 623 388129
14 694 481636
i5 ! 667 i 144889
T3 611 ' 373321
17 647 i 118609
18 658 432964
19 697 485309
20 266 749956
2 Ponay =1 107 1225449
22 1055 1113025
23 1086 1179396
24 906 8208346

TP; = 17591 ‘ S~ = 13464959
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32

Fig. (4.2} Load Flow Program Resuits
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4
bl 2
E.lf.XImm{,

Yearly Demand Loss(P,) = &——

4
E Pmm,

5997 x1150+9.209x 1156+ 8322 x 1107 +6.127 x 1201

1150+1156

Py=7.513 (MW)

4.2 {220/66/11) kY Substation Losses:

Assume ail these substation transformers are 125 MVA and 50% loaded.

Number of these transformers = 25,
Full load copper toss = 368 kW,

No load loss =82 kW,

According equations (3.4), (3.5).

P =174.00 kW

Py =435 MW

4.3 (66 kKVY netwark losses:

According to equarion (3.6)

For WINTER season
For SPRING season
For SUMMER season
For AUTUMN scason

(Po=0.02x 120] = 24,02

L Pe=0.02 x 1]
(P F002a 1]
(Pg=0.02x 11

dccording 1o equation (3.7).

+1107+1201

MW
30 =24 MW
07 =221 Y
ip=1212 MW

P;=23.089 MW

4.4 (66/11) KY Substation Losses:

Transformer rating | No. of Transformers | Copper Loss At Full | No Load Loss kW)
(MVA) Load (kW)
23 18 136 22.5
RH 63 115 19.5
i 9 97 17
12.5 39 32 i5
According 10 eq. (3.8).
Py=338125 MW
Calewlation vl percentage demand and energy losses:
Py =P +Py +P3+ Py =40.764733 MW
, Py
{1 9% Demand Losses =§— x 100
4
+ 1107 + 11530 +
P\;:1201 - 150 + 1156 _ 11535 MW
4.7
. Demand Losses = 9 6? = 3.528
1153.5

{2} % Eneroy Losses
Yearly energy losses

=3, xP, x 8760
= 407643 x 0.44 x 8760
=157123.59 MWH

Calealavion of Energy during the vear.

Eneray during WINTER season
Energy during SPRING season
Eneray during SUMMER secason
Energy during AUTUMN season

= 1755285 WWH
= 1549972.5 MWH
= 1596053.75 YIWH
= 15901223 MWH
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The Towal Enerey During The Yeur ={EN=6791433.75 MWH

157123.59
o4 Losses :-64_0[—1%5; x100= 242

5 CONCYLUSIONS AND RECOMMENDATIONS:

a) The results achieved reveals . . .o:curacy of the mathematical model developed in this

paper 1f camparey @ the figures . ned in 1982 world bank study [11-12}, The following
table illustrates this conclusion.

{ Power Systiem Compenent % Demand Losses | % Energy Losses
220 kY network 0.6513 0.446
220066/11 WV §/8 03770 (.258
a6 kY network 2.0000 1.370
66/11 kv 5/5 $.5000 0.346

4 Total Caleyrared = 3,528 242
Losses Word baok study = 3.5 .31

by The actnal figures of the percemiage energy losses was reduced from 3.2% in 1995 1o
2.9% in the first quarer of 1996 while the munimized value calculated in this paper
amounts to 2.42% which allows [or lurther reductions in the energy losses to improve
the overall perforinance of the Mid-Deita zone.

To end this paper, it is recommended to apply the following procedures 1o reduce the
losses,

L. Built-iu Losses:

This aspect is addressed by seeking to optimize the power systern coinponents and power
delivery process during the design stage. Since the uetwork already is in place, then the
redesigns Lo center on nelwork expansion and equipment replacement.

To reduce the built-in losses the following policies are recommended;
(i} Locating new power sources close {0 consumers.
(i) installing new 220/66/11 kV subsrations in areas of high consumption.

{ii{} Changing the conductor of ald 220kV line sections o bundle conductars.

(iv) lmpolymg new technologies for example, new materials for power ransformers are
an effective way of reducing consumption.

{v) Installing capacitor banks ro improve Lhe voltage profile.

2. Technical Losses:
i) Reducing technical losses can be accomplished primary by the optimal distribution
of active and reactive facilities.
i) Adeguate sectionalizing of the 220kY and medium voltage networks is the most
important target for reducing such losses.
ity During the reduced-load periods. some of the 220 kV lines can also be disconnceted
1o rednce (he Insses caused by corona effects.

3. Comniercial Losses:
Can be reduced by:
i) Using high class meters (ermor ciass 0.5 or less).
ii) Periodic calibration of merers.
ity Reviewing primary and secondary connections of melers.
1v) Reviewing of reading conslants.
v) Fixing time and date of reading all meters.
vi) Training the personal for accurare readings.
vil) Muimizing thefts.
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7 APPENDIX:
Load Flow Input Data For SUMMER Season.
11, 1.0.802.0110
100
Bus Darta:
'SLACK'221.1,0,0.0273,14.7
POQ220,1.0.0.0.80.7,94.3
'POI20,1.0.0.0.144 537
‘P(Y.220.1.0.0.0,124.6.81 3
PQL220.1.0.0.0.112,18.1
PV.217,1.0,292,0,195.6,102
0,170
'PQ.220,1,0.0.0,66.2.6
PQL,220.1,0,0,0,78.8,48.4
'PQ220.1.0,0.0.235.543.3
'PQ220,1,0,0.0.-16.5,-22.5
'PGI20.1.0.0.0.46.7.31.2
Branch Daia:
1.2.0.0412.0.302,3.72,10.0,2, 1000
1,3.0.0412.0.302.3.72.35.0,2, 1000
1.8.0.0412,0.302.3.72.75.2.2, 1000
2.5.0.0412,0.302.5.72.35.0.2,800
34.0.0412.0.302.3.72,56.8.2.300
4.6.0.0412.6.302,3.72.17.0,2.300
6,5.0.0825,0.918.2.72.60.0,2,1000

7.11,0.0412.0.302.3.72.47.0,2,600
8.9.0.0412.0.32,3.72,50.0,2,1200
10.11,0.0412.0.302.3.72,45.0,2,800



Sansoura Cngmeerne Joumal IMEDL Val, 22, Nool, Muarch 1497

Lead Flow Ouinut Resnlts For SUMMER Seuson.
BUS DATA OF BASE CASE

BUS  BUS PG 0G M QL QMI QMAX
NO  TYPE (MW) (MVAR) (MW) {MVAR) (MYAR) (MVAR)
I SLACK 320,538 116999 27300 14700
2 PQ 000 064 §0.700 94 300
3 rQ 000 .00 144.000  37.000
1 28] 000 pon 124.600 81300
3 PQ nno Ay [12.000 18.100
6 PV 19%.bd  170.000 195 600 102.000 000 170.000
7 8] 000 000 66.200 6.000
8 6] 000 000 78800  48.400
9 PG 000 000 25500 13300
10 PO 000 {00 -16.500 -22.500
1 PO 000 00 46700 31.200

RESIILT FOR BASE CASE
Load Flow Resuils Of Nelwark Bus

ALS LS PT QT YMaG YANG
NO TYPT LMWL (MYAR) ik Vi (DEG)
! SLACK T93.238 102.2489 2210000 0000
2 PG -30.700 -3d 53000 2191851 -3989
3 b} - 144,000 -37.0000 I18.7280 -1.5230
i ' 124600 -31.3000 218.2395 -3.8139
3 PG -112.000 -18.1000 2150577 -B.0088
il Py 96400 58.0000 216.1740 -1.2027
7 0 -66 200 -6.0000 222.8662 -9.4276
b 20 -78.800 —+5.4000 2152072 ~4. 1932
v 0 -235.5300 33000 211.6428 -3.5173
10 [ 16 500 22,5000 2242657 -9.3975
I PG -16.700 -31.2000 2232609 -9.6930

i

LOWER FLOW THROUGH LINES
SENDING, RECEIVING. FROM SENDING END. FROM RECEIVING END.

NODE NODE MW}  (MVAR) (MW) {MVAR)
| 2 336341 86.801 -236.271 -88.449
| 3 19250 22005 -228.507 -328.486
! b 318.626  An840  -315.085 -87.384
2 3 153572 5848 155230 ~3412
3 + 239740 25103 -238528 15.274
4 ] 113732 9573 -113.573 91.603
f 3 112,685 10.751 -111.995 -18.100
6 7 872711 -34.3%6 -96.441 19,120
7 I 0244 -25.129 -30.221 7.899
3 @ 136,285 38984 -235.300 -13.299
10 11 165300  22.501 -16.477 -39.099

TOTAL ACTIVE AND REACTIVE LOSSES IN THE NETWORK
ACTIVE POWER LOSS - 3.822 MW
Renctive Mower Loss - -93. 400 MYAR
Solution OF Load Flow Program Achieved 1n 4 lteration

1T
1n
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