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Abstract— One of the aims of the General Electrical
Company of Libya (GECOL) is to supply the customers
with electric energy a wording to the standard specification.
Alkhoms is a Libyan city and it is one of GECOL areas.
Because of the conditions increasing of the loads in Alkhoms
and in all Libyan cities, the electric network should be able
to feed the increasing and future loads. So it is necessary to
adopt a strategic plan for future expanding of the network.
The aim of this paper is to know the operating state of the
electrical power system by the conditions of the power
circulation, as well as developing the network until 2023 and
studying the proposed solutions to solve the problems
Alkhoms — Libya network. This paper has been used
NEPLAN software which had estimated and solved the
future expanding problems of Alkhoms networks.

Index Terms: Power circulation, expanding of the network,
NEPLAN software.

I. INTRODUCTION

he electrical power distribution system is the final
stage in electricity delivery to end users. The most
important function of a modern electric power system is
to provide electric power to its customer at the lowest
possible cost and with an acceptable level of reliability.
Also, reliability is one of the major factors for planning,
designing, operating and maintaining electric power
system [1].

The network expansion or reconfiguration in
distribution system is to find a configuration with
minimum losses while satisfying the operation
constraints under a certain load pattern. The operating
constraints are voltage drop, current capacity and radial
operating structure of the system [2]. The voltage and
power on/through both ends of a feeder are used to
describe the load and its distribution pattern within the
feeder line [3]. Power system network is heavily
overloaded because the system is not expanded or it has
been expanded without proper planning and increasing
the required level of capital expenditure.
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There are many problems of electrical network
expansion and the general form problem of this
expansion can be stated as follows [4]:

e  Existing network configuration.
Available line types and the corresponding cost.
All possible routes (length and right of way).
Load generation pattern at target year.

The three important factors influencing the expansion
of the distribution system are:

A. Load Forecasting:

There are two common time scales of importance to
load forecasting:
e Long-range, with time horizons on the order of
15 or 20 years away.
e Short-range, with time horizons of up to 5 years
distant [5].

In this work long-range time scale (20 years) has been
chosen.

B. Substation Expansion:

There are some factors affecting the substation
expansion such as transmission voltage, feeder
limitation, power losses, economic factors, existing
substation locations, etc., but in the system expansion
plan the present system configuration, capacity, and the
forecasted loads can play major roles [5].

C. Substation Site Selection:

The important factors affecting the substation site
selection are the distance from the load centers and from
the existing sub-transmission lines as well as other
limitations, such as availability of land, its cost, and land
use regulations [6].

The existing system is the 30 KV network of Alkhoms
city and it is consists of two main rings, which branches
off the main station and substations, the first ring is called
Alkhoms Switching ring, and the second one is called
Alkhoms Generation ring. These two rings have been
feed by 220 KV, one from Alkhoms Switching and the
other from Alkhoms Generation.
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Il. ELECTRICITY NETWORK COMPONENTS

The expansion of Alkhoms network until 2023 has
been done for the two main rings, Alkhoms switching
ring, and Alkhoms Generation ring.

A. Alkhoms Generation Ring

Alkhoms Generation ring consists of some working
stations and substations as shown in figure (1). These
working station and substations:

e Alkhoms Generation station 220KV has two
transformers 220\30KV of 63MVA each.

e Alkhoms Generation substation 30KV.

e Lepda substation 30KV, has two transformer
30\11 KV of 20MVA each.

e Albandar substation 30KV, has a transformers
30\11 KV of 20MVA.

o Soglkhmees 30KV, has two transformers 30\11
KV of 20MVA each.
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Figure 1. Alkhoms Generation Ring.

The second ring of Alkhoms network is Alkhoms
switching ring and also consists of some working stations
and substations. Apart of this ring is shown in figure (2).
The working station and substations of this ring is listed
as following:

e Alkhoms switching station 220 KV has two
transformers 220\30KV of 63MVA each.

e Alkhoms switching substation 30 KV has two
transformers 30\11 KV of 20MVA each.

e Alkhoms Almadina substation 30KV has two
transformers 30\11 KV of 20MVA each.

e Albarkat substation 30KV has a transformer
30\11 KV of 20MVA.

e Esment Lebd a substation 30KV has four
transformers 30\11KV of 10MVA each.

e Esment Almergeb substation 30KVhas two
transformers 30\11KV of 10MVA each.
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e Seleen substation 30KV has a transformer
30\11 KV of 20MVA.

e Alakhshab  substation 30KV has two
transformers 30\11 KV of 20MVA each.

e Mesalatah substation30KV has two
transformers 30\11KV one is 10MVA and the
other is 20MVA.

e Almazraa substation 30KV  has two
transformers 30\11KV of 10MVA each.
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Figure 2. Part of Alkhoms Switching Ring.

I11.  LOAD GROWTH FACTOR

The factor of load growth is taken as 8% in this work
as given in reference [7, 8], but may be this percentage is
not applicable for our country due to the uncontrolled
and random loads. The equation of load growth factor
which is gives an approximation of the future density is:

P.= P(1+0.08)" 1)

The expansion for 10 years has been obtained from
equation (1), where the maximum load of both rings is
120 MW,

P1o= 120(1+0.08)° =259 MW

Newton Raphson method calculation was used in
NEPLAN software to obtain the overload elements and
nodes for 30 KV Alkhoms network.

V. NEPLAN SOFTWARE

NEPLAN is power system software applied worldwide
for network planning, modeling and analysis. NEPLAN
is used in more than 80 countries by more than 600
companies, such as small and large electrical utilities,
industries and universities [8].

NEPLAN permits to define, develop and manage the
power systems elements, data, library and graphics. The
main elements used currently in educational process for
network design and applications are:
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e Classic compensating and Voltage Control
devices: shunt capacitors, series capacitors, shunt
reactors, synchronous condensers, regulating
transformers such as tap-changing transformers

e FACTS devices: Controlled static VAR
compensators  SVC,  Static  Compensators
STATCOM,  Thyristor  Controlled  Series
Capacitors TCSC, United Power Flow Controller
UPFC, and Phase Shift Transformer PST.

e Generating Units Controls devices: Generators,
Excitation system, Automatic Voltage Regulator
AVR, Power System Stabilizer PSS.

e Power System Loads: static loads,
motors and load models parameters.

induction

In this work, this software has been used for Alkhoms
network expansion from 2013 up to 2023.

V. RESULTS

According to GECOL data 2013 supplied for Alkhoms
switching and generation rings, the analysis and
expansion up to 2023 for both rings have been done. The
tables I up to VI illustrate load flow, elements and nodes
situation of Alkhoms switching ring before and after
treatments from 2013 up 2023. Whereas for Alkhoms
generation ring, the treatment of element (L2) and nodes
up to 2023 is illustrated from table VII up to IX.

These results were obtained after added extra stations
and replaced some lines for these rings.

Table 1. Load Flow Summary Of Alkhoms Switching Ring (Over
Load Elements And Nodes) In 2013
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Table 3. Nodes Situation of Alkhoms Switching Ring in 2013

Name |U u Unew) | Ulnew) | Optimization | Kind Of

Node |KV |% KV % Optimization
1] ) 2179 | 72.63 28.67| 70,92 | addition subt(-24Mvar)
2] Cs| 2179 1283 28.67| 7542 | addition subt(-24Mvar)
3 D | 2361 78.68 28.66 | 7542 | addition subt(-15Mvar)

Table 4. Load Flow Summary of Alkhoms Switching Ring in 2023

Un P Loss Line Qlossline | Ploss Qloss
[ MW MW MyEr
30 13.69 25 507 1944 24792
220 0 0 0.784 21.245
Overioads.
Nodes (lower) %
N1077252630 879
i | 80.77
N1077252630 79.72
| TE3
S| 763
N1077252630 74.01
Elements % Type
TR2-1077018610 153.5 | QW T
TR2-1077018553 1475 | 2W Ty
Ls 13637 | Line
L10 13637 | Line
L3 13386 | Line
Ls 13385 | Line
TR2-1077020100 | 12706 | 2WT,
EL4 11836 | Line
L8 10475 | Line
L1077377586 10155 | Line
TR2-1077018368 | 10088 | 2W T,
T 96.72 | 2W Transformer
T2 95.42 | 2W T
EL3 92.25 | Line
L1077020211 86.23 | Line
L2 82.11 | Line
L1 84.11 | Line

Table 5. Elements Situation of Alkhoms Switching Ring In 2023

Element Type | Loading Kind Optimizstion | Newkind | Loadimg | Long
S 1 7 T T = ==
30 6379 11.159 0.706 3151 T1 QW Transf | 8996 |220/30KV-100MVA | No change No change 68
720 0 o 0414 9270 TR2-1077018363 | 2W Transf. | 9444 | 301IKV-20MVA | Nochmge | Nochmge | 7222
Overloads TR2-1077019553 | 2W Transf. | 14399 | 30/11IKV-25MVA Addition | 3011KV-2SMVA| 646
Nodes ﬂm) o TR2-1077020100 | 2W Transf. | 11832 | 30/11KV-10MVA Replaced | 30/11KV-20MVA| 65.53
N1077252630 | 85.82 TR2-1077019610 | 2W Transf. | 138.76 | 30/11KV-2SMVA | No change No change 78.7
N1077252630 | 8151 L3 Lme 104.76 xple240cu new Addition 2*xple240cunew | 50.01
e 7992 L1077377586 Lme 99.79 Bear Addition Bear 45.07 ]
N1077232630 | 71.36 TR2-1077019553 | 2W Transf. | 158.87 301 1kv-25MVA Addition 3011KV-25MVA| 646 -
] 7342 L1077020211 Line 8438 xple24Qcu new Addition 2*xple240cumew | 40.71 71
T 7542 TR2-1077019368 | 2W Transf. | 100.82 | 30/11KV-20MVA | Nochange No change n2 -
= = o T)f;l! L8 Line 103.35 xple24Qcu new Addition 2*xple240cumew | 50.01
110 143.67 Line L3 Lme 14043 2*Bear No change No change 4488 ]
Lo 143.67 Line L4 Lme 14043 2*Bear No change No change 4488 ]
" EL3 Lme 9144 xple240cu new Addition xple240cu new 76.8 42
t;; i }: :; tﬁ: EL4 Lme 118.52 xple240cu new Addition 2*xple240cunew | 6346 42
T1077377586 | 100.41 Tine T3 2W Transf. | 8263 | 220/30KV-100MVA | No change No change 408 -
%] 96.53 Tme n 2W Transf. | 98.13 | 220/30KV-63MVA | No change No change 58 -
L2 9633 Lme T1 IW Transf | 96.72 | 220/30KV-100MVA | No change No change 68 -
T2 9232 [ 2W Transformer 11077020211 Line 3613 | xpleddOcunew Addition | Txple0cumew | 4071 | 7.1
2 EL4 Line 11933 xple24Qcu new Addition 2*xpleX40cumew | 6346 | 42
pi} TR2-1077020100 | 2W Tramsf. | 127.35 | 30/11KV-10MVA Replaced | 3011KV-20MVA| 65.53
. . . - . - 2 EL3 Lme 9223 xple240cu new Addition 2*xple240cu new 76.8 42
Table 2. Elements Situation of Alkhoms Switching Ring in 2013 - Py R o addition o w0 | e
pL TR2-1077019610 | 2W Transf. | 153.15 301 1kv-25MVA No change No change 78.7
23 T3 QW Transf | 77.76 |22030KV-100MVA | No change No change 408
T i a Loading w1 o kind Loading (Long|
Node name ment name ype " ptimization - A ' ' o '
T B30 ol o Tne | 18631 0030 Regleed T TR Table 6. Nodes Situation of Alkhoms Switching Ring In 2023
1 | B30ea 14 Tine | 11863 | 2713030 | Replaced 7B 16
3 Bl | T W] 930 | J2030K-63MVA | Nochange 551 Name| U | U |Ulnew)| U | Optimization| Kindof [ New name
§ 3 | LIOTBIISSS | Lme | 10031]  2°13030 | Replaced Bear 36 | 6 Ifmd? kV | % KV _ | new% _ Optimization N°fie |
R T e lsst s et | i 1[ <<, [21543 | 7081(31.189 | 104 | Addition Bus | 230,
i e : : pace o : 2| ci<,0 21543 | 7181 [ 31.189 | 104 | Addition Bus 230 <)
6 | 2-304d 14 Line | 11863 2413030 Replaced 2*Bear 4126 3| ioie. | 24332 | 8111 | 29948 | 998 Addition Bus PN
7] 2308 19 Lne | 14367] 2°D3030 | Replaced 2B 615|193
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The comparison of Alkhoms switching ring before
treatment and after for lines and transformers has been

Table 9. Elements situation of Alkhoms Generation Ring In 2023

shown in figures 3, and 4 respectively. Gra |beoi st e cod MINN alng
% New%
1 W Transf.|  87.61)220/30kv-63MVA |Chang=Tap [16Tol7 48.54
2 W Transf| 112.31)220/30kv-630VA |Addition  [220/30k-100MVA) 48.36
= 3|B-107 W Teansf.| 11712300 1kw-25MVA  |Addition  [30/11kw-25MVA | 6545
= %6140 4/B-1077471132 26 |2WTransf.| 95.1630/11kv-25MVA  |No chang= - 65.62
% x 1 gg 5|B-1077471136 760 [2W Tramsf [ 11325301 1k-25MVA  [Adéition  |30/11k-25MVA | 56.62
E BT §|B-1077471144 |TR2-10770241760|2W Teamsf. | 113.2430/11kw-25MVA  |Addition  |30/11k-25MVA | 56.61
2 aesn 7|B-30 45 et | T2 W Transf| 104.29)220/30kv-63MVA |Addition  |220/30kv-100MVA| 47.6
z %20 8|B-305 TR2-1077024226 [IWTramsf | 95.1630/11k-25MVA [No changs - 6563
£ s L L 9 Al sl T) 2WTransf.|  82.75220/30kv-63MVA |chane=Tap _[16Tol7 45.15
L3-La L= ELZ EL4 ;ggg ;g;:fl’ 10 L TR2-1077024228 |7W Tramsf. | 117.13[30/11kv-25MVA  [Addition  [30/11Lv-25MVA | 6343
= Betors solotionl 56733 | 5e109 | %oz | %iie [ %101 2556 11| B-107M471107|T3 W Transf. | 48.86/220/30kv-100MVA [New - -
= After solution | 9544 2550 TG %63 %54 %40 12| N1077473213 541430/ Lk 25MVA [New
13| NI 8 4306301 1-25MVA [Naw

Figure 3. Alkhoms Switching Ring for Lines before and after
Treatment.

45.43220/300-100MVA |Naw
415300 He-25MVA  |Naw
43.0630/11kv-25MVA  |New

The following chart is illustrated the elements
(Transformers) of Alkhoms generation ring before and
after treatment at2023.

%180
g %160
[} 26140
2 26120
E %100 The percentage for elements which were loaded in Alkhoms
E %50 Generation ring at 2023 before and after treatment
@ %60 (Transformer)
B %40 % 140
E %20
= a0 § % 120
X 2
T T2 10770 | 10770 | 10770 | 10770 g %100
19610 1965563 20100 19368 ,—g %80
[=Before solution | %88 %696 | %163 | %147 [ %127 | %6100 ]
g
[=Afersolution | %s68 %58 %TE %64 | %65 %672 5 %60
b %40
H
. o g e P = %20
Figure 4. Alkhoms Switching Ring for Transformers beforeand after
%0
Treatment. TR2- TR2- TR2-
T1 T2 107702 107702 107702
4228 4226 4760
. . = Before solution %87 %112 %117 %95 %113
Table 7. Load Flow Summary of Alkhoms Generation Ring In 2013 = After solution 4B 2ds %65 265 %56

30 049 -2.293 0.243 4.053
220 0 0 0.127 2527
Overloads

Nodes (upper) %
B-1077471127 | 11352

11352
% Type
38.93 Line

Table 8. Load Flow Summary of Alkhoms Generation Ring In 2023

TUn PLoss Line QLossLine | PLoss T QLoss T
kv MW MVar MW Mvar
30 1361 -1.883 1.146 5.17
220 0 0 0.639 12.766
Overloads
Elements % Type

TR2-1077024228 117.13 | 2W Transformer
TR2-10770241760 113.25 | 2W Transformer

T2 112.31 | 2W Transformer
TR2-1077024226 95.16 | 2W Transformer
T1 87.61 | 2W Transformer
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Figure 5.  Alkhoms Switching Ring for Lines before and after
Treatment.

VI. CONCLUSION

This paper was studied the expansion of 30 kV
Alkhoms switching and Alkhoms generation rings
network. Based to GECOL 2013 data, this work was
done for the two rings up to 2023. NEPLAN software is
been used for all analyzed and expansion. The existing
network 30 kV of Alkhoms city was analyzed and the
load flow calculations were performed for peak operation
and for the assumed loading. The results of NEPLAN
software have been illustrated in tables and figures of this

paper.
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