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Abstract 
This paper considered the 330kV Nigeria power grid with a view of estimating the real and reactive power 
flows, power losses in the entire network and bus phase angles using Power World Simulator. The simulation 
result of the existing 330kV power grid indicates that Damaturu and Gombe bus voltages were out of tolerance 
with per unit and actual values of 0.94432, 311.63kV and 0.94497, 311.84kV respectively. Substantial losses 
occurred along some transmission lines like Osogbo-Aiyede (18.78MW), Osogbo-Ikeja-West (6.28 MW), Jos-
Mando (5.49MW) and Osogbo-Benin (5.20MW). The power loss of existing grid totaled 85.3MW, while the 
expanded and fortified grid showed power losses of 32MW and 24.7MW respectively 
__________________________________________________________________________________________ 
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INTRODUCTION 
Power flow study also known as load flow constitutes 
an important part of power system analysis and 
design of any power network. The power flow results 
are necessary for planning, design and operating of 
power system under steady state and to study the 
effects of changes in equipment configuration as well 
as evaluation of the effect of any possible 
contingencies such as loss of generating unit, loss of 
transmission line, or failure of any single component 
of the system (IEEE Standards Board, 1997). The 
power flow solution is used to evaluate the bus 
voltage, branch current, real power flow, reactive 
power flow for specified generation and load 
conditions. The results are used to evaluate the line or 
transformer loading and the acceptability of bus 
voltages. Since power flow is considered under 
steady state balanced condition, a positive sequence 
model of the power grid is adopted for power flow 
solution (Onohaebi and Omodamwen, 2010). This 
paper is aimed at providing technical information to 
aid system planners to plan effectively the location 
and capacity of transmission lines and generation 
units to be added for the expansion of grid system. 
Also to determine the extent to which the post reform 
grid will provide remedy to the inadequacies 
associated with the existing grid network and to 
identify the optimal operating conditions and losses 
in a system so that no transmission lines are 
overloaded even when some lines are out of service; 
and when equipment additions are to be made to the 
existing network as well as determine the 
effectiveness of possible alternatives to tackle the 
inadequacies of present grid. According to Nigeria 
President, the power sector is on a 14,000MW reform 
plan for the country by 2013 (The Presidency, Fed. 
Rep. of Nigeria, 2010); and the existing grid lacks the 

technical adequacy to handle such huge electric 
power injection and meet the future system 
performance criteria (NEPA Technical Committee, 
2004). The power flow study of Nigeria 330kV 
power grid is pertinent to ascertain the performance 
state of the network for a scheduled load and 
generation. The existing network in the past twelve 
months has expanded from 8 plants, 26 bus to about 
10 plants, 30 bus systems hence requires re-
evaluation of its power evacuation capabilities as 
well as assessment of the impact of adding more 
generators and transmission facilities to this new 
network. In this paper, the essential steady-state 
network parameters of the expanded 41 bus, 330KV 
gird system comprising 20 generating stations 
(plants) and 21 load buses was evaluated through 
power flow and contingency analysis using Power 
World Simulator. The research was aimed at 
determining the adequacy of the existing 330kV grid 
network to sustain the rapid increase in the demand 
for electricity as a result of population growth, 
industrial development and rise in consumer 
electrical appliances; and to examine the impact the 
expansion in the grid capacity will have in the nearest 
future towards meeting the aspirations of numerous 
energy starved consumers. The purpose is also to 
provide technical information required by utility 
planners and operators to effectively manage system 
power flow as well as minimize losses through proper 
fortification of the grid system.   
 
MATERIALS AND METHODS 
Power world simulator was a major tool to achieve 
the solution of the power flow problem (Power World 
Co-operation, 2006). The 30 bus and 41 bus models 
for existing and expanded grid network respectively 
was modeled in the edit mode of power world 
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simulator. The existing 330kV grid has a total 
number of 30 buses (10 generator buses and 20 load 
buses), while the expanded grid consists of 41 buses 
(20 generator buses and 21 load buses).  
 
Power flow Solution 
The buses that were used in power world simulator 
were classified as Load buses, generator buses and 
slack bus (Meier, 2006), which basically is similar to 
PV bus but takes the slack in power flows so as to 
achieve a converged solution (Saadat, 2002). The 
generator has its real power and bus voltage 
specified, because it is convenient to specify real 
power for all generators and to use the generator bus 
voltage V, instead of reactive power. Power-flow 
problem starts with a single line diagram of the 
power system, from which computer solutions can be 
obtained. Data for the simulation include bus data, 
transmission line data, and generator data. Iterative 
numerical method is currently a viable power flow 
solution technique.  Computer simulation was used in 
this paper to obtain the solutions to the grid systems 
power flow based on the Newton-Raphson technique 
in Power World simulator run mode. The Newton-
Raphson algorithm for the solution of the power flow 
problem is articulated as follows: 
 
Compute and assemble Ybus in per unit 
The voltage and angle at the slack bus is fixed at Vi = 
1, δi= 0o, and assign specified values to unknown 
voltage magnitudes and angles for a flat voltage start 
and use equations 1 to 4 to perform the kth iteration. 
 

      (1) 

        (2) 
 Next compute  

         (3) 
         (4) 

If all values of and are below the tolerance 
of 0.001, calculate Pi and Qi for slack bus power.  
Print active and reactive power flows, and line losses. 
Else evaluate the Jacobian elements 
Proceed to solve for correction of voltage  and 
angle . Increment voltage magnitudes and angles 
with        (5) 

    
                       (6) 
Repeat step 2 
Compute line flows and slack bus power as follows: 

     (7) 

     (8) 
Compute total losses. 
 
Power Flow Simulation in Power World Platform 
The run mode of power world simulator enabled the 
simulation of the existing and expanded grid models 
using Newton-Raphson iterative method to obtain the 
bus voltages, phase angles, line losses, real and 
reactive power flows after inputting  line impedance 
data, load and generation schedules into the dialogue 
box of power world simulator in the edit mode. 
Figures 1 and 2 show the simulation mode of the 
existing and expanded grid models, while Figure 3 
shows fortified network with the introduction of 
additional new transmission links represented with 
dashed lines in the model to increase the power 
evacuation capacity of the network and reduce losses 
to the acceptable limit. 
 
 

Figure 1: Existing Nigeria 330kV Power Grid (Power 
World Flow Model) 
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Figure 2: Expanded 330kV Nigeria Power Grid (Power World Flow Model) 
 

Figure 3: Fortified Expanded 330kV Grid (Power World Flow Model) 
 
RESULTS AND DISCUSSION 
For  easy identification of bus names with numbers, 
table 1 gives the network bus identity. Tables 2, 3 and 
4 show the scheduled generation from Electric Utility 
Company and PowerWorld Automatic generation 
schedule to meet a load demand of 8895MW in the 
existing grid and 9002.5MW in the Expanded and 
Expanded Fortified  330kV Grid. The results of 
power flow simulation of the existing 330KV grid  

 
under steady-state operation show that lines 5 - 4, 17 
- 5 and 17 - 23 are loaded beyond the specified 
megavoltampere limit of 720. While lines 13 - 23, 13 
- 5, 12 - 11, 13 - 16, 3 - 10 and 15 - 25 recorded line 
losses above 4MW with critical value along line 13 - 
23. Table 5 shows the network bus voltage magnitude 
profiles as well as voltage angles for the existing, 
expanded and fortified expanded 330kV systems 
under consideration as evaluated via the bus view 
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mode available in Power World Simulator. It 
indicated that buses 30 and 18 in the existing network 
recorded low voltage profile of 0.9443p.u and 
0.9450p.u respectively; while in the expanded 330kV 
grid, the profile of the bus voltages improved 
remarkably with only bus 22 (Kumbotso) recording 
minimum bus voltage of 0.9723p.u. 
 
 
Figures 4, 5 and 6 show the plots of the variations in 
bus voltages and angles for the existing, expanded 
and fortified grid systems. The voltage angles fall 
within the range of 40 and 60 degrees which is within 
the acceptable limit without any threat of possible 
system disintegration on account of steady state static 
stability limit violation. 
 
Figure 7 shows the condition of the lines during 
contingency (loss of line) under which line 12 - 18 
sustained the minimum apparent power flow of 
923.0MVA, while line 4 - 5 sustained maximum 
apparent power flow of 1463.0MVA in the existing 
330kV grid. 
 
For the loss of line contingency in expanded 330kV 
grid plotted in Figure 8, the minimum and maximum 
apparent power flow were 942.5MVA for line 23 - 17 
and 1214.6 for line 23 - 13 respectively; while the 
fortified expanded 330kV grid resulted in MVA 
power flow of 720MVA without any limit violation 
even under similar contingency situation, as indicated 
by Figure 9. 
 
The existing network is fraught with lots of line 
losses than the fortified network. About a total of 
eighty-five megawatts (85MW) losses occurred in the 
existing network under the generator schedule and 
loading condition shown in table 2; whereas thirty-
two megawatts (32MW) losses occurred on the 
expanded network under the generators schedule and 
loading condition as indicated in table 3. Table 4 
however showed the generators schedule as well as 
loading conditions for buses in the fortified 330KV 
network which recorded minimal active power losses 
of 24.7MW. These losses represent huge financial 
drain to the electric utility company involved in the 
power wheeling. The observations made from the 
simulation results show that: 
 Osogbo to Aiyede line had highest losses in the 

existing network due to excessive reactive 
power build up along the transmission link. 

 Reactive power flows along the line was a 
consequence of low power factor at the buses, 
this condition increased the line losses. 

 The percentage loading of the existing network 
during contingency resulted in one hundred and 
seventy-two violations. 

 Gombe and Damaturu buses in the existing 
network experienced voltage violations with 
values of 0.94p.u and 0.926p.u respectively as 

against 0.95 or 1.050 acceptable limits (Beaty, 
2001). 

 The existing grid network had only two loops, 
hence very susceptible to collapse. 

 The Expanded grid had lots of loop with an 
attendant reduction in radial transmission lines 
linking northern Nigeria. 

 
CONCLUSION 
The adequacy of power grid network to maintain 
continuity of supply and ensure security of power 
system is largely dependent on its spinning reserve 
capacity (Ameli, Moslehpour and Golnazsadat, 
2008). The expanded network has a sufficient 
spinning reserve to sustain the network. The spinning 
reserve of expanded grid network computed via 
Power World Simulator stood at about four thousand 
five hundred and sixty-nine megawatts (4569.7MW), 
while the existing grid network gave a deficiency of 
about two thousand and sixty-eight mega-watts (-
2568.3MW). The implication of the negative sign is 
an indication of inadequacy of the network to meet 
the applied load. The losses that occurred along some 
transmission lines are adequate to effectively supply 
various communities in Nigeria. A benchmark loss in 
excess of 2.50MW is unacceptable and compensation 
could be provided strategically to reduce the losses. 
With the implementation of the fortified expanded 
network as evaluated in this paper, about fifty-two 
megawatts (52MW) of power will be recovered. 
 
RECOMMENDATIONS 
The technical information provided in this paper 
forms a veritable database for future work towards 
improved Nigeria power system operation. The 
following are recommended to ensure efficient 
operation of the Nigeria grid system: 

 Provision of adequate generation capacity in 
each zone of the Federation through 
distributed generation scheme to minimize line 
losses and cost of power wheeling.  

 While the expanded network is gradually 
being implemented, the existing transmission 
lines and substations should be upgraded to 
improve voltage profile of vulnerable buses 
like Gombe, Damaturu, Jos and Kumbotso 
buses with appropriately sized VAR 
compensators. 

 Expansion of electricity distribution facilities 
which constitute major source of suppressed 
electricity demand across the country should 
be embarked upon. 

 By fortifying the expanded grid via 
introduction of more transmission links as 
indicated in figure 3, lines overloading in the 
event of contingencies will be minimized. 

 Provision of multiple Loops as seen in the 
fortified network will guarantee continuity of 
supply in the event of any contingency or fault. 
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 Provision of two double circuit transmission 
lines to interconnect Egbin and Osogbo, and 
double circuit lines to connect Osogbo to 
Aiyede,  Kainji to Birnin-Kebbi and Omotosho 
to Ikeja-West will greatly enhance the efficient 
operation of the grid. 

 
Table 1: Bus Identification 

Bus 
No 
 

Bus Name Bus 
No 

Bus Name Bus 
No 

Bus 
Name 

Bus 
No 

Bus Name 

1 Kainji GS 12 Jos 23 Aiyede 34 Ikot-
Ekpene 

2 Jebba GS 13 Osogbo 24 Aladja 35 Ibom 
3 Shiroro 

GS 
14 Delta GS 25 New-

Haven 
36 Makurdi 

4 Egbin GS 15 Onitsha 26 Alaoji 37 Mambila 
5 Ikeja-

West 
16 Benin 27 Katamp

e 
38 Guarara 

6 Afam GS 17 Papalanto GS 28 Aja 39 Calabar 
7 OkpaiGS 18 Gombe 29 Akangb

a 
40 Egbema 

8 Sapele GS 19 Geregu GS 30 Damatur
u 

41 Eyaen 

9 Ajaokuta 20 Omotosho 
GS 

31 Gbaran   

10 Jebba 21 Birnin-Kebbi 32 Owerri   
11 Mando 22 Kumbotso 33 Omoku   

 
Table 2 Existing Grid Generation Schedule 

 
Table 3: Expanded Grid Generation Schedule 

Table 4: Fortified Expanded Grid Generation 
Schedule 

 
        Table 5: Grid Bus Voltages with Phase Angles 

 
 

Bus 
No 

Installed  
Capacity  
(MW) 

Generating  
Capacity 
 (MW) 

Simulator 
Generation 
MW MVAR 

1 760 320 900.00   -84.42   
2 578.4 475 500.00   -21.91   
3 600 450 900.00   215.42   
19 414 276 400.00 -119.37   
17 304 70 300.00     0.00 
4 1320 667 1300.00   785.28 
20 304 76 600.00   442.05   
14 437 385 506.78   153.25   
8  1020 692 247.00 124.00  
7 450 60 400.00    55.14   
6 1620 54.4 500.00   -98.57   
26 370 Not Scheduled 300.00   -10.86   
31 225 Not Scheduled 320.00    -6.00   
33 100 Not Scheduled 70.00    11.24    
35 156 Not Scheduled 100.00    69.21   
37 2000 Not Scheduled 1064.44    24.65 
38 30 Not Scheduled 30.00    68.69    
39 561 Not Scheduled 500.00   -30.74   
40 338 Not Scheduled 300.00   -21.46   
41 451 Not Scheduled 362.99   123.80   

Generator 
Bus No 

Installed  
Capacity 
(MW) 

Actual  
Generation 
 (MW)  

Simulator  
Generation 

MW MVAR 
1 760 320 700.00   195.69 
2 578.4 475 500.00   164.24 
3 600 450 550.00   590.07 
19 414 276 400.00   -89.20 
17 304 70 300.00   593.05 
4 1320 667 4330.28   767.99 
20 304 76 300.00   235.36 
14 437 385 800.00   162.73 
8  1020 692 170.00   106.00    
7 450 60 400.00   233.88   
6 (Slack) 1630.4 54.4 700.00   162.62   

Bus 
No 
 

Installed  
Capacity 
 (MW) 

Generating 
 Capacity 
 (MW)  

Simulator 
Generation 

MW MVAR 
1 760 320 907.93 -215.04   
2 578.4 475 507.93   -22.96   
3 600 450 907.93   211.97   
19 414 276 321.93 -110.31   
17 304 70 242.93     0.00 
4 1320 667 1315.94 1086.45 
20 304 76 625.98   -26.72   
14 437 385 502.71   155.34   
8  1020 692 526.57 -218.37   
7 450 60 387.93    53.77   
6 1620 54.4 494.03   -95.67   
26 370 Not Scheduled 277.93    46.19   
31 225 Not Scheduled 407.93   -93.81   
33 100 Not Scheduled 59.08    12.51    
35 156 Not Scheduled 95.94    69.80   
37 2000 Not Scheduled 352.37    67.81   
38 30 Not Scheduled 25.94    67.02    
39 561 Not Scheduled 468.93   -28.35   
40 338 Not Scheduled 245.93    19.72   
41 451 Not Scheduled 358.93   130.02   

Existing 330kV Grid Expanded 330kV Grid Fortified Expanded 
330kV Grid 

Bus 
NO 

Phase 
Angle 

Voltage 
(P.U) 

Phase  
Angle δ  

Voltage 
(P.U) 

Phase  
Angle δ 

Voltage 
(P.U) 

1 -16.37    1.0000 48.77    1.0000 52.67    1.0000 
2 -16.46    1.0000 46.59    1.0000 51.93    1.0000 
3 -20.41    1.0000 47.74    1.0000 51.55    1.0000 
4 -7.62    1.0000   46.85    1.0000 49.86    1.0000 
5 -9.21    0.9947   46.54    0.9957   49.54    0.9954 
7  -9.41    1.0000   50.53    1.0000   55.63    1.0000 
8 -9.74    0.9992   47.25    1.0000 53.42    1.0000 
9  -9.13    1.0021   47.84    1.0029   53.62    1.0029 
10 -16.50    0.9997 47.99    0.9999   51.88    1.0000 
21 -18.60    0.9784 46.59    0.9789   51.56    0.9947 
11 -21.82    0.9869 -21.82    0.9869 50.94    0.9965 
15 -9.79    0.9946   48.80    0.9991   53.96    0.9994 
16 -9.74    0.9995   47.23    1.0005   53.24    1.0004 
17 -10.00    1.0000 46.46    0.9918   49.64    0.9921 
6 -7.13    1.0000   50.77    1.0000 56.24    1.0000 
12 -24.67    0.9585 47.92    0.9936   51.52    0.9942 
19 -8.60    1.0000   48.37    1.0000 54.02    1.0000 
25 -9.95    0.9767   49.34    0.9987   54.04    0.9989 
27 -21.05    0.9932 47.23    0.9890   51.04    0.9889 
20 -9.47    1.0000 47.04    1.0000 53.23    1.0000 
14 -9.13    1.0000   47.44    1.0000 53.52    1.0000 
24 -9.40    0.9992   47.31    0.9995   53.43    0.9995 
26 -9.27 0.9929 50.71    1.0000 56.23    1.0000 
23 -11.47    0.9988 46.17    0.9882   49.82    0.9990 
30 -26.92    0.9443 45.61    0.9850   49.61    0.9923 
28 -7.78    0.9979   46.78    0.9989   49.79    0.9989 
18 -26.82    0.9450 46.77    0.9859   50.37    0.9865 
29 -9.53    0.9845   46.55    0.9938   49.54    0.9935 
13 -14.08    0.9862 46.57    0.9924   50.47    0.9924 
22 -23.78    0.9628 45.18    0.9723   48.95    0.9724 
31 “ ” 50.70    1.0000 50.37    1.0000 
32 “ ” 50.71    1.0003   56.84    0.9987 
33 “ ” 50.79    1.0000 56.24    1.0000 
34 “ ” 50.56    1.0005   55.89    1.0005 
35 “ ” 50.50    1.0000 55.83    1.0000 
36 “ ” 49.78    0.9984   53.29    0.9992 
37 “ ” 54.04    1.0000 54.04    1.0000 
38 “ ” 47.21    1.0000 50.96    1.0000 
39 “ ” 53.09    1.0000 58.22    1.0000 
40 “ ” 51.34    1.0000 57.31    1.0000 
41 “ ” 47.29    1.0000 53.30    1.0000 
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Figure 4: Existing Grid Bus Voltage and Phase Angle 
Variation 
      

        
Figure 5: Expanded Grid Bus voltage and Angles 
Variation 
 

 
Figure 6: Fortified Expanded Grid Bus and Angles 
Variation 
 
 
 

 
Figure 7: Existing 330kV Grid Contingency Plot 
 

 
Figure 8: Expanded 330kV Grid Contingency Plot 
 

 
Figure 9: Fortified Expanded 330kV Grid 
Contingency Plot 
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