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Abstract- The inconsistence power supply observed 

in NSUKKA metropolis is as a result of per unit volts 

not falling within the standard range of 0.95 through 

1.05. This is subdued by introducing Improving 

energy y efficiency using FACTS device Technique 

in NSUKKA 33kv distribution network. To achieve 

this it is done in this manner, characterizing the 

33KV NSUKKA power distribution network to 

establish power losses, running a load flow analysis 

of the NSUKKA power distribution network in order 

to identify power loss sources and faulty BUSBARS, 

using SIMULINK to model FACTS device for 

minimizing Power losses in the NSUKKA 33KV 

Power Distribution Network, repeating the load flow 

analysis with the FACTS device and its control 

circuit integrated into the SIMULINK Model of the 

NSUKKA 33KV Power Distribution network for 

minimizing power losses and  validating and 

justifying the use of FACTS device in loss reduction 

in NSUKKA 33KV power distribution network from 

the results of 2 and 4 by calculating percentage of 

improvement in loss reduction. The results obtained 

are conventional and facts device P.U. volts in bus 

3(WILSON) in Improving energy y efficiency in 

NSUKKA 33kv distribution network.  The 

conventional per unit volts in bus 3 is 0.88 which 

implies that the power supply therein is unstable 

because it did not fall within the stable range of 0.95 

through 1.05. 

 

Indexed Terms- Energy Efficiency, Facts device 

technique, Nsukka 33kv, and Distribution Network 

 

I. INTRODUCTION 

 

In the present-day scenario, transmission systems are 

becoming increasingly stressed, more difficult to 

operate, and more insecure with unscheduled power 

flows and greater losses because of growing demand 

for electricity and restriction on the construction of 

new lines. However, many high-voltage transmission 

systems are operating below their thermal ratings due 

to constraints, such as voltage and stability limits. 

Now, more advanced technology is used for reliable 

and operation of transmission and distribution in 

power system (Paserba,2003). To achieve both 

reliable and benefit economically, it has become 

clearer that more efficient utilization and control of the 

existing transmission system infrastructure is required. 

Improved utilization of the existing power system is 

provided through the application of advanced control 

technologies. Power electronics has developed the 

flexible AC transmission system (FACTS) devices. 

FACTS (Paserba,2003), devices are effective and 

capable of increasing the power transfer capability of 

a line and support the power system to work with 

comfortable margins of stability (Candrakar et 

al,2007). FACTS devices are used in transmission 

system to control and utilize the flexibility and system 

performance. To achieve all, the insertion of FACTS 

devices required in plant in order to control the main 

parameters namely voltage. 

 

Now, the industry is suddenly faced with the 

responsibility for many pricing decisions in an 

environment that can be highly volatile. The 

deregulation of electric power pricing has created a 

stimulus for some high quality scientific and economic 

research and several of these researches focus on 

power quality improvement, cost, and efficiency to 

reflect contemporary electricity market dynamics 

(Pennings and Heijman, 1995) and (Amundsen and 

Singh, 1999). This deregulation translated into 

separation of generation, transmission and 

distribution. Each country has its own liberalization 

model. The Federal Government of Nigeria has 

adopted the public-private partnership (PPP) model to 

privatize the Power Holding Company of Nigeria’s 

(PHCN’s) eleven successor distribution companies 

(Nation Newspaper, 2010). At the ultimate phase, 
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every sector is independent of one another and this 

would result in improved power system efficiency and 

price decrease of the kilowatts hour (KWH), 

particularly for large customers.  

 

• Problem Statement 

The instability of power supply in NSUKKA 

metropolis is as a result of the per unit volts not falling 

within the range of 0.95 through 1.05. This has equally 

led to inefficiency in power supply in NSUKKA 

metropolis this has liquidated some companies or 

establishments that solely depend on power to run 

their routine business. This is surmounted by 

introducing Improving energy y efficiency using 

FACTS device Technique in NSUKKA 33kv 

distribution network  

 

• Significance of the Study 

In a modern powers system, there are several elements 

between the generating station and the consumers. 

Several voltage control equipment is used at various 

points in the system for the following reasons (Gupta 

1995):  

 

The power network is extensive and there is 

considerable voltage drop in transmission and 

distribution system the various circuits of the power 

system have dissimilar load characteristics. For these 

reasons, it is necessary to provide individual means of 

voltage control for each circuit or groups of circuit.  

 

In view of the above analysis, the significance of this 

technical research work includes:  

a) Helping government agencies like the Nigerian 

Electricity Regulatory Commission (NERC) to 

postulate and implement power policies like 

statutory limit of voltage variation, optimization 

and improved power quality.  

b) This technical research work has equally shown 

that power electronic high speed control FACTS-

DEVICE is a more efficient method of voltage 

control than the electromechanically controlled 

synchronous condenser presently in use at ogui 

power distribution network control of power 

system parameters and enhancement of power 

quality using FACTS devices.  

 

 

• Scope of the Study 

The scope of this research work covers the reduction 

of power losses in NSUKKA distribution network 

only. It does not extend to restructuring of the 

distribution networks. 

 

• Justification of the Study 

Electricity is modern society’s most convenient and 

useful form of energy. Without it, the present social 

and physical infrastructure would not all be feasible. 

The increasing per capita consumption of electricity 

throughout the world reflects a growing standard of 

living of the people (Gyugyi, 2009). The greater the 

per capita consumption of electrical energy in a 

country, the higher is the standard of living of its 

people. To reflect this global trend, the Electric Power 

Research Institute (EPRI) in the US launched the 

Flexible Alternating Current Transmission System 

(FACTS) initiative in the later 1980’s with two main 

objectives: To increase the power transfer capability 

of electric power system and to conveniently keep 

voltage constant over designated routes. 

 

II. MATERIALS AND METHODS 

 

• Materials Used.  

a. MATLAB 2015a 

b. Laptop 4gb RAM, 64 Bit operating system 

 

• Design Method   

This work is built upon the principle of steady-state 

operation and modeling of FACT controller describes 

the power flow theory. Newton-Raphson model was 

developed because of their strong convergence 

characteristics have proved the most successful and 

have been embraced by power industry. This work 

employed an elegant method for accommodating 

models of controllable equipment namely STATCOM 

Flexible Alternating Current Transmission System 

controller into the Newton-Raphson power flow 

algorithms. The algorithm was simulated using 

MATLAB 2015a Two different power flow programs 

of EECD Distribution Network are written in 

MATLAB environment, MATLAB program to 

calculate positive sequence power flows using the 

conventional Newton-Raphson method and MATLAB 

program to incorporate the static compensator 

(STATCOM) FACTS controller within the Newton-
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Raphson power flow algorithm. Data was collected to 

test-run the model from EECD Enugu. The model was 

compared with network that has FACT DEVICE and 

NO FACT DEVICE. 

 

III. TO CHARACTERIZE THE 33KV NSUKKA 

POWER DISTRIBUTION NETWORK TO 

ESTABLISH POWER LOSSES. 

 

Power loss is the outage of power from the power 

system which occurs unexpectedly. However, the loss 

in power transmission lines could be as a result of the 

voltage level, distance of transmission, the level of 

current and so on etc. 

 

 
Fig 1: Single Line Diagam of the Nsukka 33 KV 

Power Distribution Network 

 

The Nsukka 33KV distribution network consists of 

five buses, four feeders, four transformers and five 

transmission lines. it receives its incoming 33KV 

supply from the New Haven 330/132/33KV 

transmission network. The 33KV voltage is then 

stepped down to 11KV using four 5MVA, 33/11KV 

transformers and feeds Township, Wilson, UNN and 

Onuiyi on 11KV as shown in fig 1 above. 

 

The Nsukka 33KV distribution network consists of 

five buses, four feeders, four transformers and five 

transmission lines. it receives its incoming 33KV 

supply from the New Haven 330/132/33KV 

transmission network. The 33KV voltage is then 

stepped down to 11KV using four 5MVA, 33/11KV 

transformers and feeds Township, Wilson, UNN and 

Onuiyi on 11KV as shown in fig 1 above. 

 

Table 1 collected data of NSUKKA distribution 

network 

 
Table 2 empirical data for 33KV distribution network 

in NSUKKA metropolis. 

 
 

Table 3:  load distribution in the network after 

running the load flow 

 
 

The formular for the percentage loss in a power system 

can be calculated using the formular: 
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%PowerLoss = (
ActualPower−LoadPower

ActualPower
) × 100 (1) 

% Power loss at Township 

%PowerLoss = (
3.98 −3.81

3.98
) × 100%  =4.3% 

% Power loss at Wilson 

%PowerLoss = (
1.04 −0.965

1.04
) × 100% = 7.2%  

% Power loss at UNN (
2.67 −2.67

2.67
) × 100% = 0%  

% Power loss at Onuiyi = 0% 

 

 
Fig 2 Conventional SIMULINK model for improving 

energy y efficiency in NSUKKA 33kv distribution 

network. 

 

Fig 2 shows conventional SIMULINK model for 

improving energy y efficiency in NSUKKA 33kv 

distribution network. The results obtained are as 

shown in figures 5 through figure 8. 

 

To use SIMULINK to model FACTS device for 

minimizing Power losses in the NSUKKA 33KV 

Power Distribution Network 

 

 
 

Fig 3 FACTS device SIMULINK model for 

minimizing Power losses in the NSUKKA 33KV 

Power Distribution Network 

 

To repeat the load flow analysis with the FACTS 

device and its control circuit integrated into the 

SIMULINK Model of the NSUKKA 33KV Power 

Distribution network for minimizing power losses 

 

 
 

Fig 4 repeated load flow analysis with the FACTS 

device and its control circuit integrated into the 

SIMULINK Model of the NSUKKA 33KV Power 

Distribution network for minimizing power losses 
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Fig 4 shows repeated load flow analysis with the 

FACTS device and its control circuit integrated into 

the SIMULINK Model of the NSUKKA 33KV Power 

Distribution network for minimizing power losses. 

The results obtained after extensive simulation are as 

shown in figures 5 through figure 8. 

 

IV. RESULTS AND DISCUSSIONS 

 

Table 4 comparing conventional and facts device P.U. 

volts in bus 3(WILSON) in Improving energy y 

efficiency in NSUKKA 33kv distribution network 

 

 
 

 
Fig 5 comparing conventional and facts device P.U. 

volts in bus 3(WILSON) in Improving energy y 

ef``12ficiency in NSUKKA 33kv distribution 

network. 

 

Fig 5 shows comparing conventional and facts device 

P.U. volts in bus 3(WILSON) in Improving energy y 

efficiency in NSUKKA 33kv distribution network. Fig 

4.1 shows that the conventional per unit volts in bus 3 

is 0.88 which implies that the power supply therein is 

unstable because it did not fall within the stable range 

of 0.95 through 1.05. On the other hand, when Facts 

device is incorporated in the system it boost the per 

unit volts to 1.003 thereby enhancing energy 

efficiency in bus 3. 

 

Table 5 comparing conventional and facts device 

power loss in bus 3(WILSON) in Improving energy y 

efficiency in NSUKKA 33kv distribution network 

 

 
 

Fig 6 comparing conventional and facts device power 

loss in bus 3 (WILSON) in Improving energy y 

efficiency in NSUKKA 33kv distribution network 

 

Fig 6 shows comparing conventional and facts device 

power loss in bus 3 (WILSON) in Improving energy y 

efficiency in NSUKKA 33kv distribution network. In 

bus 3 the conventional percentage of power loss in 

NSUKKA 33kv distribution network is7.2% thereby 
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reducing the energy efficiency of the distribution 

network at Wilson in NSUKKA metropolis. 

Meanwhile, when Facts device is imbibed in the 

system it reduced the power loss in bus 3 to 6.743% 

thereby improving the energy efficiency in bus 3 to 

0.46%. 

 

Table 6 comparing conventional and facts device 

P.U. volts in bus 2 (Township)) in Improving energy 

y efficiency in NSUKKA 33KV distribution network 

 
 

 
 

Fig 7 comparing conventional and facts device P.U. 

volts in bus 2 (Township)) in Improving energy 

efficiency in NSUKKA 33kv distribution network 

 

Fig 7 comparing conventional and facts device P.U. 

volts in bus 2 (Township)) in Improving energy 

efficiency in NSUKKA 33kv distribution network. In 

fig 4.3 the conventional per unit volts of bus 2 in 

NSUKKA metropolis is 0.869 which is definitely out 

of range of 0.95 through 1.05 per unit volts that 

determines voltage stability. With this result it depicts 

that there is intermittent power supply in bus 2. On the 

other hand, when Facts device is incorporated in the 

system it stabilizes the voltage to 0.9907 per unit volts 

thereby improving energy efficiency in bus 2. 

 

Table 7 comparing conventional and facts device 

power loss in bus 2 (Township) in Improving energy 

efficiency in NSUKKA 33kv distribution network 

 

 
 

 
 

Fig 8. Comparing conventional and facts device power 

loss in bus 2(Township) in Improving energy 

efficiency in NSUKKA 33kv distribution network 

 

Fig 8.  Shows comparing conventional and facts 

device power loss in bus 2(Township) in Improving 

energy efficiency in NSUKKA 33kv distribution 

network. In fig 8. The conventional power loss in bus 

2 in NSUKKA distribution network is 4.3% while that 

when Facts device is incorporated in the system is 

4.027%. With these results obtained, it shows that the 
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energy efficiency improvement is 0.273% when Facts 

device is incorporated in the system. 

 

CONCLUSION AND RECOMMENDATIONS 

 

• Conclusion  

The intermittent power supply observed in NSUKKA 

metropolis has arisen as a result of per unit volts not 

falling within the range of 0.95 through 1.05. This has 

caused low energy efficiency in NSUKKA metropolis. 

This is overcome by introducing Improving energy y 

efficiency using FACTS device Technique in 

NSUKKA 33kv distribution network .To achieve this 

it is done in this manner, characterizing the 33KV 

NSUKKA power distribution network to establish 

power losses, running a load flow analysis of the 

NSUKKA power distribution network in order to 

identify power loss sources and faulty BUSBARS, 

using SIMULINK to model FACTS device for 

minimizing Power losses in the NSUKKA 33KV 

Power Distribution Network, repeating the load flow 

analysis with the FACTS device and its control circuit 

integrated into the SIMULINK Model of the 

NSUKKA 33KV Power Distribution network for 

minimizing power losses and  validating and justifying 

the use of FACTS device in loss reduction in 

NSUKKA 33KV power distribution network from the 

results of 2 and 4 by calculating percentage of 

improvement in loss reduction. The results obtained 

are conventional and facts device P.U. volts in bus 

3(WILSON) in Improving energy y efficiency in 

NSUKKA 33kv distribution network.  The 

conventional per unit volts in bus 3 is 0.88 which 

implies that the power supply therein is unstable 

because it did not fall within the stable range of 0.95 

through 1.05. On the other hand, when Facts device is 

incorporated in the system it boost the per unit volts to 

1.003 thereby enhancing energy efficiency in bus 3, 

conventional and facts device power loss in bus 3 

(WILSON) in Improving energy y efficiency in 

NSUKKA 33kv distribution network. In bus 3 the 

conventional percentage of power loss in NSUKKA 

33kv distribution network is7.2% thereby reducing the 

energy efficiency of the distribution network at Wilson 

in NSUKKA metropolis. Meanwhile, when Facts 

device is imbibed in the system it reduced the power 

loss in bus 3 to 6.743% thereby improving the energy 

efficiency in bus 3 to 0.46%, the conventional per unit 

volts of bus 2 in NSUKKA metropolis is 0.869 which 

is definitely out of range of 0.95 through 1.05 per unit 

volts that determines voltage stability. With this result 

it depicts that there is intermittent power supply in bus 

2. On the other hand, when Facts device is 

incorporated in the system it stabilize the voltage to 

0.9907 per unit volts thereby improving energy 

efficiency and the conventional power loss in bus 2 in 

NSUKKA distribution network is 4.3% while that 

when Facts device is incorporated in the system is 

4.027%. With these results obtained, it shows that the 

energy efficiency improvement is  0.273% when Facts 

device is incorporated in the system. 

 

• Recommendations 

In this work, the objective was to determine the steady-

state operating condition of Radial distribution 

network. The steady-state was determined by finding 

out, for a given set of loading conditions, the flow of 

active and reactive powers throughout the network and 

the voltage magnitude and phase angles at all buses of 

the network. Buses where voltage magnitudes are 

outside acceptable limit, STATCOM was deployed to 

regulate such voltage magnitudes and increase the 

active power flow in the network. However, with ever 

increase in the load sizes and operational complexities 

brought about by a widespread interconnection of 

power system, the operating philosophy had to be 

revised, and the concepts based on economic 

consideration like optimal power flow should be 

adopted. It is most likely that this thesis, although 

feasible, would not yield the most economic operating 

schedule. The OPF solution, in contrast, would 

optimize the power flow network equation subject to 

physical and operational constraints. Any solution 

point that satisfies all the constraints would then yield 

an economic feasible solution. 

 

The optimal power flow suggested above is usually 

solved by converting the constrained optimization 

problem into an un-constrained optimization problem 

using Newton’s method. This is achieved by 

constructing an augmented Lagrangian function. In 

view of the rigorous mathematical analysis involved in 

conventional optimization algorithms, combinatorial 

optimization problems are better solved using artificial 

intelligence. Sequel to this, it is suggested that expert 

systems such as Genetic algorithm and Fuzzy logic 

should be applied to simultaneously determine the best 

node/bus to connect the FACTS DEVICE, the type of 
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FACTS DEVICE and the rating of the FACTS device 

in order to achieve the most economic feasible 

solution. 

 

• Contribution to Knowledge 

This work contributes to knowledge in the area of the 

following: 

1. The development of newton Raphson model which 

will incorporate with the STATCOM FACT-

DEVICE in order to improve energy efficiency of 

power distribution networks 

2. The simulation of the model use in the 

improvement energy efficiency of power 

distribution networks 

 

V. ACKNOWLEDGEMENT 

 

My joy has no bound for I give thanks to God 

Almighty for his love and guidance towards me, to My 

Supervisor Professor James Eke for his Support in 

helping me achieve this goal, and also would like to 

appreciate all my Lecturers and Colleagues for their 

contributions in this project. To my lovely wife and 

children, I appreciate you all for your love and support. 

 

REFERENCES 

 

[1] Nadeem, Muhammad, Kashif Imran, Abraiz 

Khattak, Abasin Ulasyar, Anamitra Pal, 

Muhammad Zulqarnain Zeb, Atif Naveed Khan, 

and Malhar Padhee. "Optimal Placement, Sizing 

and Coordination of FACTS Devices in 

Transmission Network Using Whale 

Optimization Algorithm." Energies 13, no. 3 

(2020): 753. 

[2] Alhejji, Ayman, Mohamed Ebeed Hussein, Salah 

Kamel, and Saeed Alyami. "Optimal power flow 

solution with an embedded center-node unified 

power flow controller using an adaptive 

grasshopper optimization algorithm." IEEE 

Access 8 (2020): 119020-119037.. 

[3] Vijayakumar, B., G. Rajendar, and Veerlapati 

Ramaiah. "Optimal location and capacity of 

Unified Power Flow Controller based on chaotic 

krill herd blended runner root algorithm for 

dynamic stability improvement in power 

system." International Journal of Numerical 

Modelling: Electronic Networks, Devices and 

Fields (2020): e2828. 

[4] Nguyen, Thang Trung, and Fazel Mohammadi. 

"Optimal placement of TCSC for congestion 

management and power loss reduction using 

multi-objective genetic algorithm." 

Sustainability 12, no. 7 (2020): 2813. 

[5] Biswas, Partha P., Parul Arora, R. Mallipeddi, P. 

N. Suganthan, and B. K. Panigrahi. "Optimal 

placement and sizing of FACTS devices for 

optimal power flow in a wind power integrated 

electrical network." Neural Computing and 

Applications (2020): 1-22. 

[6] Paola Pezzini, Oriol Gomis-Bellmunt, Carles 

Gonzalez-de- Miguel, Adria Junyent-Ferre and 

Antoni Sudria-Andreu. “FACTS location using 

Genetic Algorithm to increase energy efficiency 

in distribution networks”. Department 

d’Enginyeria Electrica, Universitat Politecnica 

de Catalunya, ETS d’Enginyeria Industrial de 

Barcelonia, Av Diagonal, 647, Pl2.08028 

barcelonia, Spain.  

[7] The Nation newspaper, “Manufacturers Spend 

60% running cost on power, says Aganga” page 

31, August 12, 2010. [3] J.M.E Pennings and 

W.J.M. Heijman, “Prospects for an electricity 

future market: A comment”, Res. Policy, Vol 21, 

pp 283-284, Dec.1995. 

[8] E.Hope, L. Rud, and B. Singh, “Electricity future 

Markets”, Models for energy policy. Studies in 

the History of Economic modeling. J.B Lesound 

and J.V Francis, Eds. New York: Routledge, 

1996, vol1, pp238-249. 

[9] K.H Knivsfla and I. Rud, “Markets for electricity 

structure, pricing and performance”, Pacific 

Asian Journal on Energy, Vol5, pp 261-284, Dec. 

1995. 

[10] R.Green, “The British electricity spot market”, 

Pacific Asian J. Energy, Vol.6, pp39-52, June 

1996. 

[11] E.S Amundsen and B. Singh. “Developing future 

markets for electricity in Europe”, Energy J, Vol 

13 pp 95- 112, 1999 

[12] The Nation Newspaper, “Federal Government to 

adopt (PPP) model for power firms 

privatization”. Page 31, August 12, 2010. 



© APR 2022 | IRE Journals | Volume 5 Issue 10 | ISSN: 2456-8880 

IRE 1703343          ICONIC RESEARCH AND ENGINEERING JOURNALS 139 

[13] The Nation Newspaper, “Government approves 

strategy for privatizing PHCN”. Page 60, August 

24, 2010. 

[14] This day Newspaper, “Engineers want 

professional as power Minister”. Page 30, June 

28, 2011.Hingorani, N.G. Gyugyi L. 

Understanding FACTS: concepts and 

Technology of flexible AC Transmission 

System, Institute of Electrical and Electronic 

Engineers, New York, 2000. 

[15] Song Y.H, John A.T, Flexible AC Transmission 

Systems (FACTS), Institute of Electrical 

Engineers London 1999. 

[16] Zhu J. Chow M.Y. and Zhang F. “Phase 

balancing using mixed integer programming”, 

IEEE Trans Power Systems, Vol. 13, no 4, 

PP1487-1492, Nov. 1998 

[17] Dileck M. Broadwater R.P. Thompson J.C. and 

Sequin R. “Simultaneous Phase balancing at 

substations and switches with time-varying load 

patterns”, IEEE Trans power systems, vol. 16, 

no4, pp922-928, Nov 2001 

[18] Bilbro G. Zhu J. and Chow M. “Phase balancing 

Using simulated annealing”, IEEE Trans power 

systems, Vol.14, no4, pp1508-1513, Nov 1999. 

[19] “Study of System Operating Impacts of Facts 

Technologies”, GE, ECC Inc, Carson Taylor 

Seminars, Final report on EPRI, RP 3022-25, 

Oct. 1993. 

[20] FACTS Application Task Force, FACTS 

Application: IEEE Power Engineering Society 

1996. pp1-4. 

[21] Pable A.S. Electric Power Distribution, Fifth 

Edition, Tata Mc. Graw-Hill, New Delhi, 2003, 

Pg 1. 

[22] Gyugyi, “Flexible Ac Transmission Systems 

(FACTS)”. In inst Elect. Eng. Power and Energy 

Series 30, Y.H. Song and A.T. Johns, Eds. 

London, U.K. 1991, Ch1. 

[23] IEEE/CIGRE (Institute of Electrical and 

Electronic Engineers/Conseil International des 

Grands Reseaux Electriques), 1995, FACTS 

Overview, Special issue, 95TP108, IEEE service 

Centre, Piscata-way, NJ. 

[24] Enrique Acha, Claudio Fuerte-Esquivel, Hugo 

Ambriz-Perez and Cesar Angeles-Camacho, 

“FACTS Modeling and Simulation in Power 

Networks”. 2004 John Wiley and sons. 

[25] Tinney W.F. Hart C.E. “Power Flow Solution by 

Newton’s method”, IEEE Trans Power 

Apparatus and Systems, 1967, PAS-96 

(11).1449-1460. 

[26] Gupta, B.R., “Reliability of Electric Power 

Systems”, Workshop organized by Central Board 

of Irrigation and Power (India), Nov., 1995. 

[27] Kimbark, E.W., Improvement of Power System 

Stability, IEEE Trans., 1969, Vol. Power 

Apparatus and Systems, PAS-88, pp773-782. 

[28] Ambriz – Perez H. Acha, E. and Fuerte-Esquivel 

C.R. “Advanced SVC models For 

NewtonRaphson Load Flow and Newton 

Optimal Power flow studies”. IEEE Trans Power 

Systems 15(1) 129-136, Nov. 2000.  

[29] Fuerte-Esquivel, C.R, Acha, E. ‘Newton- 

Raphson Algorithm for the reliable solution of 

Large Power Networks with Embedded FACTS 

DEVICES’. IEEE Proceedings: Generation, 

Transmission and Distribution 143(5) 447-454, 

Sept. 1996.  

[30] Fuerte-Esquivel, C.R. Acha, E. “The Unified 

Power Flow Controller: A Critical Comparison 

of Newton-Raphson UPFC Algorithms in Power 

Flow studies” IEEE Proceedings: Generation, 

Transmission and Distribution 144(5), 437- 444, 

Nov.1997.  

[31] Fuerte-Esquivel, C.R. Acha, E. Ambriz-Perez, H. 

2000a, “Integrated SVC and step-down 

transformer model for Newton-Raphson load 

flow studies”, IEEE Power Engineering Review 

20(2) 45-46. 

[32] Fuerte-Esquivel C.R, Acha, E. Ambriz-Perez, H. 

2000b. ‘A Thyristor controlled Series 

Compensator Model for the Power Flow Solution 

of Practical Power Networks’, IEEE Trans. 

Power Systems 15(1), 58-64.  

[33] Fuerte-Esquivel, C.R. Acha, E. Ambriz-Perez H. 

2000c ‘A Comprehensive UPFC Model for the 

Quadratic Load Flow Solution of Power 

Networks’, IEEE Trans Power Systems 15(1) 

102-109.  

[34] Adapa, R. “Summary of EPRI’s FACTS System 

Studies”. CIGRE Sc 14, International 



© APR 2022 | IRE Journals | Volume 5 Issue 10 | ISSN: 2456-8880 

IRE 1703343          ICONIC RESEARCH AND ENGINEERING JOURNALS 140 

Colloquium on HVD and FACTS, Montreal, 

September 1995.  

[35] FACTS Application Task Force, FACTS 

Application: IEEE Power Engineering Society, 

1996, pp1-4.  

[36] Ying Xiao and Y.Z. Sun, “Power Flow Control 

Approach to power systems with Embedded 

FACTS DEVICES”. IEEE Transactions on 

power systems, Vol.17, No4: pp943-950, 

Nov.2002. 

[37] Arrillaga, J. ‘High Voltage Direct Current 

Transmission’ 2nd edition, Institution of 

Electrical Engineers London 1998 

[38] Anya-Lara, O. Acha, E. ‘Modeling and Analysis 

of Custom Power Systems by PSCAD/EMTDC’. 

IEEE Trans Power Delivery 7(1) 266-272, 

Oct.2002 

[39] Miller, T.J.E, 1982, Reactive Power Control in 

Electric Systems, John Wiley Inter science, 

Chichester. 

[40] Larsen, E.V. Bowler, C. Damsky, B. Nilson, S. 

‘Benefits of Thyristor Controlled Series 

Compensation: International Conference on 

Large High Voltage Electric System (CIGRE) 

paper 14/37/38-04, Paris, September,1992. 

[41] Christl, N. Hedin R. Sadek, K. Lutzelberger, P. 

Krause, P.E. Mc Kenna, S.M. Montoya, A.H. 

Torgersen, D. “Advanced Series Compensation 

(ASC) with thyristor control impedance”. 

International conference on Large High Voltage 

Electric Systems (CIGRE) paper 14/37/38-05, 

Paris, September, 1992. 

[42] Mohan, N. Undeland, T.M and Robbins, W.P. 

“Power Electronics Converter, Applications and 

Design,” 2nd edition 1995. [40] Hingorani, N.G. 

“High Power Electronics and Flexible AC 

Transmission Systems,” IEEE Power 

Engineering Review, pp 3-4, July 1996.  

[43] Raju, N.R. Venkata, S.S. Sastry V.V. “The use of 

Decoupled Converters to optimize the Power 

Electronics of Shunt and Series AC System 

Controllers,” IEEE Trans. Power Delivery 12(2) 

895-910, Feb.1997. 

[44] Asplund, G. “Application of HVDC light to 

Power System Enhancement,” IEEE Winter 

Meeting, Session on Development and 

Application of Self-Commutated Converters in 

Power Systems, Singapore, January, 2000.  

[45] Schauder, C.D. et al. “TVA STATION Project: 

Design, Installation and Commissioning,” 

CIGRE Paper 14-106, July 1996.  

[46] Schauder, C.D. et al. “Operation of ±100ˆ˜ó, 

TVA STATCON,” IEEE, PES Winter Meeting, 

Paper No: PE-509-PWRD-0-01-1997.  

[47] Arrillaga, J. Arnold, C.P. “Computer Analysis of 

Power Systems second Edition,” John Wiley and 

Sons Chichester, 1990. 

[48] Wood, A.J. Wollenberg, B.F. “Power 

Generation, Operation and Control,” Second 

Edition, John Wiley and sons, Chichester, 1984 


