
 

 

 

 

TOWARD IMPROVING ENERGY SECURITY IN KENYA VIA HTLS CONDUCTORS 
AND LOAD BALANCING 

 

 

CYNTHIA CHEREMA MKABANE: 148462 

STRATHMORE UNIVERSITY: SCHOOL OF COMPUTING AND ENGINEERING 

SCIENCES 

MASTER OF SCIENCE IN SUSTAINABLE ENERGY TRANSITIONS 

 

 

 

Master’s Project Dissertation submitted to the School of Computing and Engineering Sciences, 

Strathmore University, in partial fulfillment of the requirement of the award of Master of 

Science in Sustainable Energy Transitions. 

 

April 2024



i 
 

 

DECLARATION 
This proposal is my original work and has not been presented for an award of any degree in 

any university. 

Signature: ………………...    Date: ……………………. 

Admission no: 148462 

APPROVAL 
This proposal has been submitted to the School of Computing and Engineering Sciences for 

examination with my approval as the university supervisor. 

Name: Dr. Dickson Owuor 

Signature: ………………………   Date: ……………………………... 

 

 

 

 

 

 

 

 

 

 

 

 

 

Cynthia
Typewriter
18/04/2024

Dickson Owuor
18 Apr, 2024



ii 
 

 

 

ACKNOWLEDGEMENT 
I would like to thank Dr. Dickson Owuor of the School of Computing and Engineering Sciences 

for his patient guidance, enthusiastic guidance, and useful critiques of this research work. I'd also 

like to thank him for his advice and help in keeping my progress on track. I would like to thank 

Dr. K.V. Rop on his assistance in data acquisition and also during analysis of the work. 

A special thanks to DigSilent Powerfactory company for allowing me access to their software for 

analysis, and Kenya Power and Ketraco for their great input in terms of data acquisition and also 

analysis of the system. 

A special thanks to my loving parents, Leonard and Phyllis Mkabane, whose words of 

encouragement and push for tenacity continue to ring in my ears. My heartfelt gratitude goes to 

my siblings Edwin Mkabane, Levis Mkabane, and Sandra Mkabane, who have never left my side 

and are very special to me. 

Finally, I dedicate this dissertation to the Almighty God for allowing me to persevere through the 

difficulties of writing this dissertation. 

 

 

 

 

 

 

 

 

 



iii 
 

 

ABSTRACT 
 

The Industrial and Commercial sectors of the economy are rapidly growing and hence, energy 

consumption and transmission line loading are also increasing. This explains the major 

breakdowns related to transmission lines since the initially installed lines are not able to handle 

the increased energy requirements. Previous studies have been done replacing ACSR with ACCC 

conductors to reduce thermal line losses. The project aims to replace ACSR with ACCC 

conductors in short lines, analyze the length of the line in which the ACCC conductor will cease 

to be beneficial, and analyze the mechanical properties of the line. The Kenyan grid will be 

analyzed in its present state by performing a load flow analysis and a sag and tension analysis. 

The short lines will then be replaced by ACCC conductors and the load flow and sag and tension 

analysis of the new system done. The two systems will then be compared. The length of the line 

in which the ACCC conductor will no longer be beneficial for application will be determined. 

The analysis will be performed using PowerFactory DigSilent software. 
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Definition of Terms 
i. Conductor: This is a substance or a material that allows the flow of electricity from one 

point to another. 

ii. Contingency: It is an unexpected failure of a single principal component (e.g., a 

generator, transmission line, or capacitor) that causes the change of the system state, large 

enough to affect the grid security.(Roy & Jain, 2011) 

iii. Grid: This is an interconnected network created for the purpose of electricity delivery 

from producers to consumers in a certain region. 
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Chapter One 

1 Introduction 
1.1 Background of Study 

This subject has been extensively discussed in recent years, and it has become more broadened 

as an emphasis on energy efficiency and sustainability has grown. A system must be able to 

provide continuous energy supply at a reasonable cost in order to be considered safe. Short term 

and long-term energy security are the two main aspects of energy security. 

Long term refers to the long-term investment required to provide energy in accordance with 

economic development and environmental needs. To increase energy supply to the grid, this is 

typically done in collaboration with governments or through Power Purchase Agreements(Mirza 

et al., 2009). The ability to respond quickly to changes in the demand-supply balance is referred 

to as short-term energy security. This is frequently done using contingency analysis to test the 

system's reliability. 

According to (Griggs et al., 2017),one can solve energy security by focusing on the availability 

of energy, affordability, accessibility, and acceptability. Sustainable Development Goal (SDG7) 

deals with affordable, clean energy. However, accessibility is also important. Frequent analysis 

of power system models is needed to ensure stability and stability in the face of system changes. 

Contingency analysis simulates power systems to assess the effects of outages and calculate 

overloads. 

It determines whether a power grid is safe from unexpected disturbances. This analysis is used to 

reduce the risk of blackouts and to ensure the power system's quality from source to end. 
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Transmission at high voltages could be one option to reduce line loss. Good conductors are 

essential to minimize losses. 

It is crucial to select a conductor that offers the best mechanical, electrical, as well as cost 

attributes in order to maximize electricity transmission's benefits. Conductors that have a higher 

capacity for carrying electricity are essential as they play a significant role in reliability. 

1.2 Problem Statement 

Transmission and distribution infrastructure remain technical problems for electrical transmission 

utilities. The demand for electricity is increasing, so it's becoming more important to upgrade 

existing infrastructure and create new transmission lines. 

It is possible to change the conductor in use to avoid any design changes to existing support 

structures. Thermal constraints affect the shortest lines. The current can cause them to become 

hot, and they will experience higher resistive losses at higher temperatures. These lines are more 

resistant to temperature increases. The amount of sag increases with an increase in 

temperature.(Tokombayev & Heydt, 2015) 

In windy conditions, excessive sag can cause short circuits in the lines. Transmission with HTLS 

allows you to raise temperature and create the right sag conditions. A N-1 contingency assessment 

will help determine if the proposed HTLS Conductors have an improved carrying capacity and 

make the line as reliable possible. 
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1.3 Objectives 

1.3.1 General Objective 

To establish effect of adoption of HTLS load balancing and conductor strategy in Kenya for                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     

improving energy availability. 

1.3.2 Specific Objectives 

i. To analyze the performance of ACSR and HTLS conductors under full load for the 

Kenyan Power system. 

ii. To propose a HTLS network with load balancing technique for the Kenyan Power system 

iii. To model a HTLS network with load balancing technique for the Kenyan Power system 

iv. To validate the proposed model using performance of the transmission lines. 

1.4 Research Questions 

1. What is the effect of changing the ACSR conductor to a HTLS conductor in the Kenyan 

Power System? 

2. How does loadability impact the Kenyan Power System? 

3. How does HTLS conductor impact loadability of the Kenyan Power System? 

4. How does HTLS conductors improve loadability? 

1.5 Justification of Study 

For transmission lines shorter than 100 km, the greatest concern is thermal. Low resistive losses 

are important and conductors should transmit high currents at high working temperature. The 

conductor must have excellent thermal sag properties and tension properties. Conductors must be 
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capable of operating at temperatures higher than ordinary bare overhead conductors and should 

not exceed the original maximum stretch. It shouldn't cause a significant increase in the initial 

maximum tension. 

An aluminum conductor composite core is the best solution (ACCC conductor). The composite 

core shrinks significantly and has minimal thermal expansion coefficient. The conductor is lighter 

overall because the composite core is lighter than steel. Because the conductor has a higher tensile 

force, shorter spans and smaller structures are possible. 

Because of the composite core's high strength and elastic conductor, it can withstand extreme 

wind loads. The length and cost of the ACCC conductor are both limited. There will be minimal 

losses as long as the line's length is limited by thermal and voltage limits. The cost of running the 

line should not be greater than the savings realized by using them. 

1.6 Scope of Study 

This study focuses only on High voltage transmission line of 132kV or more with a minimum 

length of 100km. These short transmission lines are prone to sag. Therefore, a solution is required 

to improve its performance and solve other issues within the Kenyan Power System. 
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Chapter Two 

2 Literature Review 
2.1 Introduction 

The chapter focusses on the theoretical literature, empirical literature and the conceptual 

framework of using HTLS conductors and also the contingency analysis of various countries over 

the years. 

2.2 Theoretical Literature 

For more than a century, ACSR have been the primary conductors in the market for overhead 

transmission lines. ACSR and AAAC conductors are mainly used in the construction of overhead 

lines on occasion, primarily to provide additional corrosion protection for conductors. However, 

most designers around the world still prefer ACSR for transmission line construction. Thermal 

sag is regarded as one of the most significant drawbacks of ACSR. As the temperature rises, so 

does the conductor's expansion as a result of the increased current. The outer layer of ACSR 

conductors is Hard Drawn Aluminum, and the core layer is steel. Because 1350-H19 is not heat-

treated aluminum, it cannot withstand increased temperature levels.(Kim et al., 2006) 

The optimum continuous operating temperature that could be achieved with ACSR conductors is 

approximately 90⁰C. If the conductor is used at temperatures higher than this, it is more prone to 

losing tensile strength over time. This is referred to as annealing. Lines will elongate as a result, 

and safety clearances will be violated. As a result, manufacturers developed another technology 
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known as Low Loss Conductors, which can operate at higher temperatures such as 150⁰C without 

annealing. .(Håkansson, 2013) 

 

As a result, HTLS conductors are designed to resolve the current limitations and thermal 

elongation challenges presented with ACSR and Low Loss conductors. In order to improve 

current capacity and reduce thermal sag, various techniques are used in each type of HTLS 

conductor. As demand grows, new solutions for developing power transmission systems are 

required, while dealing with the issue of power system congestion. The possibility of solving the 

load growth is to add a number of parallel transmission lines for various sections, or to reconduct 

the transmission line and use conductors with higher current carrying capacity. 

2.2.1 Conductor types used in Transmission Lines 

Conventional Conductors 

A) Aluminum Conductor Steel Reinforced (ACSR): 

Figure 2-1: ACSR Conductor 

ACSR is a conductor that is not homogeneous. It consists of 2 layers. The external layer is made 

of Hard Drawn Aluminum and serves as a conductor of electricity. The core layer is made of steel 

and provides tensile stability to the conductor. Because it is less expensive than copper, the 
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conductor has generally been preferred. However, the conductor has several disadvantages, such 

as carrying too much weight. ACSR conductors cannot be used at temperatures above 75°C with 

a wind velocity of 0.6m/s since hard-drawn aluminum is indeed not heat treated. (Domínguez et 

al., 2014; Riba et al., 2020). 

 

AACSR conductors are also widely used. Relative to ACSR conductors, they have concentrically 

stranded conductors made of stranded aluminum alloy wire and a high-strength coated steel core. 

Galvanized (zinc-coated) steel strands can be aluminized (aluminum-coated), or aluminum 

clad..(Transmission and Distribution Committee, 2013) 

b) All Aluminum Alloy Conductor (AAAC): 

Figure 2-2: Aluminum Alloy Strands 

AAAC is a standardized conductor. Alloy aluminum improves the conductor's current load - 

bearing capacity as well as its mechanical strength. It carries slightly more current than an ACSR 

conductor of the same size. AAAC has greater corrosion resistance than ACSR, allowing it to be 

used in coastal areas. Heat treatment is also not used for alloy aluminum conductors. As a result, 

they are not suitable for use at higher temperatures.(Riba et al., 2020) 
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c) All Aluminum Conductors (AAC) 

The composition of AAC conductors is almost pure aluminum wires, and they are primarily used 

in urban environments where support structures are near.. Their structure is similar to AAAC with 

a difference in the chemical composition of the conductors. AACs conductor mechanical strength 

is lacking as compared to the other conventional conductors i.e., AAAC, ACSR, and AACSR. 

High Temperature Low Sag Conductors 

These conductors aim at solving issues related to the limited current carrying capacity and sagging 

when operating at high temperatures. The power transfer capability of short overhead transmission 

line i.e., less than 80km, is mainly limited by the conductors thermal rating. For lines which are 

80𝑘𝑚 > 𝑥 ≤ 300𝑘𝑚, power transfer capability is limited by the voltage drop limits. Transmission 

lines which are longer than 300km, their steady state stability becomes a critical factor. 

a)  GTACSR/ZGTACR (Thermal/ Super Thermal Resistant Aluminum Alloy 

Conductor Steel Reinforced) 
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Figure 2-3:GTACSR/ZGTACR Conductor 

This conductor is also called the Gap Conductor due to a space separating the outer and inner 

layers. The exterior layer is made of a hard drawn aluminum alloy doped with zirconium. The 

strands in the external layer are circular, while the strands in the layer below are trapezoidal. 

Thermally resistant grease is used to fill the annular gap. High strength steel is used for the inner 

core. Because of the presence of grease, the steel core and aluminum core can move independently 

of each other.(Domínguez et al., 2014) 

GTACSR can operate at 150°C and ZGTACSR  at 210°C. These conductors' stringing 

requirements differ from those of conventional conductors. Knee Point Temperature (KPT) is the 

temperature at which the steel core absorbs the entire conductor tension. The KPT of a gap 

conductor is comparatively low.(Riba et al., 2020) 

b) ACCC (Aluminum Conductor Composite Core) 



10 
 
 

 

Figure 2-4: GTACSR/ZGTACR Conductor 

This conductor's core is composed of a glass fiber composite core and hybrid carbon that employs 

a high temperature epoxy resin matrix to bind hundreds of thousands of individual fibers into a 

unified load bearing tensile member. To improve flexibility and toughness, the central carbon 

fiber core is surrounded by high grade boron free glass fibers. It also prevents galvanic corrosion 

between the carbon fiber core and the aluminum strands. Annealed Aluminum (1350-O) is used 

to make aluminum strands, which has a higher conductivity than Hard Drawn Aluminum. The 

shape of aluminum strands is trapezoidal.(Riba et al., 2020). 

 

 

ACCC, like Gap conductors, has a very low Knee Point Temperature (KPT), which contributes 

to lower sag values with increasing temperature. When compared to other types of conductors, 

thermal expansion of the core is negligible. ACCC conductors can be used safely up to 180°C. 

These conductors, however, necessitate special installation techniques and careful handling. 
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c) ZTACIR (Super Thermal Resistant Aluminum Alloy Invar Reinforced) 

 

Figure 2-5: ZTACIR Conductor 

The Invar Conductor is another name for this conductor. The shape is more like ACSR/AW. 

Unlike ACSR, the outer strands of Invar conductor are made of heat-treated annealed aluminum 

strands that can withstand high temperatures. The conductor's core is made of Aluminum 

Clad Steel with high strength and low thermal expansion value. These conductors can withstand 

temperatures of up to 210°C. 

One advantage of Invar conductors is that their installation and spare parts requirements are more 

similar to those of ACSR. Because these conductors have a significantly higher KPT value, low 

sag performances cannot be expected at lower operating temperatures. 

 

 

 

d) ACSS (Aluminum Conductor Steel Supported) 
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Figure 2-6: ACSS Conductor 

The ACSS conductor's outer strands are made of trapezoidal-shaped heat-treated fully annealed 

aluminum. The conductor's core is made of extra-high strength steel (EHS). This conductor is 

very popular in the United States and some European countries. This conductor's tensile strength 

is not compromised when operated at 250°C. This conductor's stringing requirements are very 

similar to those of conventional conductors. 

Transmission Lines 

Overhead lines or underground cables transport electricity from generating stations to consumers. 

Overhead lines are used for long distances, whereas underground cables are used for under water 

crossings in urban areas.  

a) Overhead lines    

A transmission line is defined by four parameters: series resistance R caused by conductor 

resistivity, shunt conductance G caused by leakage currents between phases and ground, series 

inductance L caused by the magnetic field encompassing the conductors, and shunt capacitance 

C caused by the electric field between conductors. 

 

b)  Underground lines  



13 
 
 

 

The basic parameters of underground cables are the same as those of overhead lines: series 

resistance and inductance; shunt capacitance and conductance. However, the parameter values 

and thus the characteristics of cables differ significantly from those of overhead lines for the 

following reasons: 

1. Cable conductors are much closer to one another than overhead line conductors. 

2. Metallic bodies such as shields, lead or aluminum sheets, and steel pipes surround the 

conductors in a cable. 

3. The insulating material in a cable is typically impregnated paper, low viscosity oil, or an 

inert gas. 

Seeing as G and R are negligible, the characteristic impedance Z with losses ignored is commonly 

referred to as the surge impedance. The natural load or surge impedance load is the power 

delivered by a transmission line when it is terminated by its surge impedance (SIL). 

2.3 Transmission Line Modelling 

Transmission lines are divided into three main classes. The short lines, the medium lines 

and the long lines. The short lines are those below 100 km. The medium lines are between 

100 and 250 km. The long lines are those above 250km.  

In finding out the characteristics and performance of a transmission line, we model the 

transmission lines in form of a two-port network. The A B C D parameters relate the voltages 

and currents at the sending and receiving ends. 

𝑉ௌ = 𝐴𝑉ோ + 𝐵𝐼ோ                                                                                                (2.1) 

𝐼ௌ = 𝐶𝑉ோ + 𝐷𝐼ோ                                                                                                (2.2) 
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൤𝑉ௌ
𝐼ௌ

൨ = ቂ𝐴 𝐵
𝐶 𝐷ቃ ൤𝑉ோ

𝐼ோ
൨                                                                                       (2.3) 

The A B C D parameters depend on the resistance, inductance, capacitance and admittance 

of the lines. D and A are dimensionless while B’s units are ohms and C’s the units are 

siemens. Also, AD – BC = 1. (D.M. Larruskain, 2007) 

For simplicity, we denote the impedances per unit lengths and total impedances as follows. 

𝑧 = 𝛾 + 𝑗𝜔𝐿 Ω/𝑚                         (2.4) 

𝑦 = 𝐺 + 𝑗𝜔𝐶
Ω
𝑚

                             (2.5) 

𝑍 = 𝑧𝑙 Ω                                          (2.6) 

𝑌 = 𝑦𝑙 Ω                                         (2.7) 

 

G is the conductance. It takes into account actual power loss between conductors or between 

conductors and ground. It is overlooked because it is a minor component of shunt admittance. 

2.3.1 Short Line Modeling 

A short transmission line is represented as a simple series circuit. The effect of capacitance is 

minimal in the short lines. 

 

Figure 2-7: Equivalent circuit for a short line 

From the figure above we find that: 



15 
 
 

 

𝑉ௌ = 𝑉ோ + 𝐼𝑍                                                              (2.8) 

𝐼ௌ = 𝐼ோ                                                                         (2.9) 

The relationship between the sending and receiving ends is shown in the matrix below. 

൤𝑉ௌ
𝐼ௌ

൨ = ቂ1 𝑍
0 1ቃ ൤𝑉ோ

𝐼ோ
൨                                                   (210) 

 

The phasor diagrams of loads with different kinds of power factor are shown below. 

 

Figure 2-8: Phasor representation of a lagging power factor load. 

 

 

 

Figure 2-9:Phasor representation of a unity power factor load 

 

Figure 2-10:Phasor representation of a leading power factor load. 
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2.3.1.1 Voltage Regulation 
Voltage regulation is defined as the percentage change in voltage in the receiving end of the line 

in going from no load to full load.(Kopsidas & Rowland, 2009) 

=
ห𝑉ோ

ே௅ห − ห𝑉ோ
ி௅ห

ห𝑉ோ
ி௅ห

× 100                                                (2.11) 

VRNL = Receiving end voltage at 

no load.  

VRFL = Receiving end voltage at 

full load. 

 

 

 

At no load IR = 0. From the matrix VR = AVs and A = 1. The percentage voltage regulation 

becomes: 

|𝑉ௌ| − |𝑉ோ|
|𝑉ோ| × 100                                                (2.12) 

Voltage regulation depends on the power factor. Current is poorer for the low lagging power 

factor. For leading power factor loads regulation may become negative where Vs is less than VR 

as shown in the figures above. 

2.3.1.2 Transmission Capability 
A power line's capability is constrained by its thermal loading and stability limits. The rise in 

temperature, which causes expansion, causes the conductors to sag. At high temperatures, the 

lines may permanently stretch. The thermal limit of a line, according to the manufacturer's 

specifications, is: 



17 
 
 

 

𝑆௧௛௘௥௠௔௟ = 3𝑉∅௥௔௧௘ௗ × 𝐼௧௛௘௥௠௔௟                           (2.13) 

During design the transmission lines are rarely operated at their theoretical optimum power. 

Usually, voltage regulation is also considered so that VR/Vs ≥ 0.95. 

2.3.2 Medium Line Modelling 

In these lines the line charging is significant; we therefore consider the shunt capacitance. Half of 

the shunt capacitance may be placed at either end of the line. (Geary et al., 2012). 

 

Figure 2-11:Corresponding circuit of a medium transmission line 

 

൤𝑽𝑺
𝑰𝑺

൨ = ൦
൬𝟏 +

𝒁𝒀
𝟐

൰ 𝒁

𝒀 ൬𝟏 +
𝒁𝒀
𝟒

൰ ൬𝟏 +
𝒁𝒀
𝟐

൰
൪ ൤𝑽𝑹

𝑰𝑹
൨                             (2.14) 

 

The ABCD constants for the line become: 

𝐴 = ൬𝟏 +
𝒁𝒀
𝟐

൰ , 𝑩 = 𝒁 

𝐶 = 𝒀 ൬𝟏 +
𝒁𝒀
𝟒

൰ , 𝑫 = ൬𝟏 +
𝒁𝒀
𝟐

൰ 
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2.3.3 Long Line Modeling 

In short line and medium, we assume that the parameters are lumped. In long lines however the 

model with the parameters is distributed evenly along the line length. This diagram shows an 

equivalent diagram for a long line l km. 

 

 

 

Figure 2-12: Equivalent circuit diagram of a long line 

The parameters of the equivalent Ω becomes 
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Figure 2-13:long line equivalent circuit with ABCD parameters. 

2.4 Modelling Contingency Analysis 

It is an effective tool for predicting which contingencies will cause system violations and ranking 

the contingencies based on their relative severity. Contingency analysis is divided into three 

stages: 

i. Definition of the contingency 

ii. Selection of the contingency 

iii. Contingency evaluation 

The contingency definition entails compiling a list of all potential contingencies that could occur 

in a power system. Contingency selection refers to the process of identifying the most severe 

contingencies from a contingency list that result in system violations in terms of power flow and 

bus voltage magnitude. As a result, the least severe contingencies are eliminated, and the 

contingency list is reduced. Contingencies are then prioritized based on the value of a scalar index 

known as the severity index or performance index.(Kundur et al., 2004) 
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The PI is a measurement of the system-wide impact of a contingency event. Contingency 

evaluation is the final step in contingency planning. This entails recommending the necessary 

corrective actions or control measures to be implemented in order to mitigate the effect(s) of the 

contingency. 

2.4.1 Methods used in Contingency analysis  

In DigSilent, a contingency analysis can be run using the following calculation methods: 

1. AC Load flow calculation 

This method is used to give information on MVAR flows and bus voltages in the system. 

It determines the overloads and voltage limit violations accurately However, the time 

taken to perform this analysis is long and hence the Fast-Decoupled Power Flow is used 

during this calculation. 

2. DC Load flow calculation  

This method is used to improve on the computational time and storage of data. It uses 

linearized DC load flow method to compute the active power flow per 

contingency.(Kanno et al., 1992; UserManual_2023_en.Pdf, n.d.). The DC load flow can 

be performed by neglecting simply any QV equation in the fast decoupled Newton 

Raphson power flow algorithm [12]. This gives as result a linear and non-iterative power 

flow algorithm. To achieve these simplifications, we simply assume that |Vi| = 1 pu for 

every bus i. 

And we have: 

      ൥  
 ∆𝑃ଵ
 ∆𝑃ଶ

⋯
 ൩ = [𝐵ᇱ] ൥  

 ∆𝛿ଵ
 ∆𝛿ଶ  

⋯
൩                                                                           
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The elements of matrixes 𝐵ᇱ are: 

𝐵௜௞
ᇱ = −1 𝑥௜௞ൗ  (𝑤ℎ𝑒𝑟𝑒 𝑥𝑖𝑘 𝑖𝑠 𝑙𝑖𝑛𝑒 𝑖𝑚𝑝𝑒𝑑𝑎𝑛𝑐𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑏𝑢𝑠𝑒𝑠 𝑖 𝑎𝑛𝑑 𝑘  )                 

𝐵ᇱ
௜௜ =  ෍

1
𝑥௜௞

௡

௞ୀଵ

                                                                                       

The terms of the matrix B’ are described above by Eq. (2.2) and Eq. (2.3). The DC power 

flow is used only to calculate the real power flow (MW) of transmission lines and 

transformers. It gives no indication of the voltages or on the reactive power flow (Mvar) 

and apparent power (MVA).The power flow on each line using the dc power flow can be 

described by the following equation: 

 

𝑃௜௞ =  ଵ
௫೔ೖ

( 𝛿ଵ − 𝛿௞)                                                                                   

And  

 𝑃௜ = ∑  𝑃௞௜
௡
௞ୀ௡௢ௗ௘௦ ௖௢௡௡௘௖௧௘ௗ ௧௢ ௜                                                           

To compensate for the lack of losses in the DC solution, the total DC load is increased by 

the amount equal to AC losses. Hence, in the DC approach the estimated transmission 

system losses could be allocated to the bus loads. This requirement to first estimate the 

losses is usually not burdensome since the specified total control area “load” is actually 

the true load plus the losses. 

 

3. AC Linearised calculation 

This is a fast calculation method for contingency analysis, which represents the 

contingency case by using equivalent injections to reduce the flow through the faulted 
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area to zero. The injections are calculated using a linearised estimate and the process 

avoids the need for a new load flow to be run for the contingency case. Where the 

algorithm detects that the linear method is not suitable for a particular contingency case it 

will revert to the standard method. The linearised method is faster than the traditional 

contingency analysis using a full load flow, but it does not consider the response of 

controllers and so is a more approximate method.(UserManual_2023_en.Pdf, n.d.) 

4. Linearised screening +AC Load flow for critical cases 

The contingency analysis will perform two runs (if required). First it will use a linearised 

load flow method to calculate the active power flow per contingency case; if for certain 

contingencies loadings are detected to be above a certain threshold, then these cases will 

be recalculated using the iterative AC load flow method. The choice of screening method 

and the criteria (thresholds) to be used for the AC recalculation of critical cases are entered 

on the Screening page(UserManual_2023_en.Pdf, n.d.) 

2.4.2 Contingency Ranking  

Contingency ranking in power systems refers to the process of assessing and prioritizing potential 

system contingencies based on their impact on system reliability and security. Contingencies in 

power systems can include various events such as generator outages, transmission line failures, 

transformer faults, or sudden changes in load demand. Overall, contingency ranking is essential 

for maintaining the reliability and security of power systems by identifying and prioritizing 

potential risks and implementing appropriate mitigation measures to ensure the smooth operation 

of the grid. 
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The calculation of performance index using the NR load flow method yields a criterion for 

measuring the severity of possible contingencies in a power system. Based on the values obtained, 

the contingencies with the highest PIs (Perfomance Indices) are ranked first.(Alvarado et al., n.d.) 

2.4.3 Remedial Action Scheme 

These refer to the measures which the utilities need to take to get the system back to its normal 

operation after a contingency. Remedial Action Schemes (RAS) are also referred to as Special 

Protection Schemes (SPS) or System Integration Schemes (SIS). The RAS is designed to mitigate 

the effects of critical contingencies that initiate the actual system problems. Each critical 

contingency may require a separate arming level and different remedial actions. (Guide, 2006) 

In the event of critical contingencies such as temporary faults during stressed operating 

conditions, automatic single-phase or three-phase recloser may prevent the system from 

undergoing catastrophic failure. This happens in most cases. However, appropriate RAS action 

may still be required if reclosing is unsuccessful.(Guide, 2006) 

2.4.3.1 Types of Remedial Action 
Corrective measures that are usually taken to mitigate the effects of contingency include: 

 Shunt capacitor switching 

 Generation Re-dispatch 

 Load shedding 

 Under load tap changing (ULTC) Transformer 

 Distributed Generation 

 Islanding 
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The effectiveness of the remedial actions has been demonstrated in where the IEEE 6 – bus system 

undergoing contingency analysis through computer simulation was able to return to normal 

operating state after power generation of one of the generators was minimized and load shedding 

was done. 
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2.4.4 Modeling of power system components  

In carrying out contingency analysis for a transmission system, the major components under 

consideration are: 

i. Generators 

It changes mechanical energy to electrical energy for distribution and transmission in the 

system network. Loss of generation could cause system instability hence contingency 

analysis is used to analyze whether the system can handle loss of a generator. 

ii. Transformers 

Transformers transfer electricity between generator and the distribution primary circuit. 

They also are used to change AC voltages i.e., either step-up or step-down voltage levels. 

iii. Transmission lines 

They carry electric current from one point to another. This can be either alternating current 

or direct current or both. Overloading by the transmission lines can lead to system 

instability. There is need to know the loading limit for every transmission line and ensure 

specific limits are not exceeded for better performance in times of a fault. 

iv. Loads 
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2.5 Empirical Literature 

Power outages are a serious problem, and preventing them is critical. Overloading of transmission 

lines, generators, and transformers, among other things, can cause blackouts. To avoid this, 

appropriate control strategies must be implemented to prevent an N-1 contingency, maintain load 

generation balance, and cascade to additional fault contingencies. Conducting a contingency 

analysis is important in Kenya for determining our energy security situation. (Tokombayev & 

Heydt, 2013; Wu et al., 2017) 

(Roy & Jain, 2011) performed an analysis for contingency selection by considering two 

performance indices i.e., active power performance index and reactive power performance index, 

while considering a single transmission line outage. He incorporated both Fast Decoupled Load 

flow method and Radial Basis Function Neural network to rank the contingencies, taking note of 

the loading and generation levels in power systems. The networks considered were the IEEE 5-

bus, IEEE 14-bus and IEEE 30-bus system. The proposed methods proved to be efficient in terms 

of accuracy and time. This analysis was done using MATLAB software. 

An analysis of three 150kV High Voltage transmission lines in Sicily was performed to determine 

the line current carrying capacity using GIS and LiDAR technology. The current carrying capacity 

of each line was determined using both summer and winter atmospheric conditions. The current 

value of HTLS conductors from these three transmission lines was found to be superior to the 
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current value of the traditional ACSR conductors used. ACSS and ZTACIR are the only high-

temperature conductors currently installed in Italy.(Filippone et al., 2014) 

 

(Rasool et al., 2021) analyzed the power system for Kurdistan Region to predict and evaluate 

voltage stability in case of a contingency occurrence on the transmission line to determine the 

most severe cases and manage them. The analysis was done using the Power System Simulator 

Software for simulation of the single transmission line outage. 

 

 

 

 

 

 

 

 



28 
 
 

 

2.6 Conceptual Framework 
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Figure 2-14:Conceptual framework for analysis of the project 
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Chapter Three  

3 Research Methodology 
3.1 Introduction 

In order to address the rising concerns on energy security, there have been significant increase in 

connected domestic and commercial consumers to the National Grid. There has also been a rise 

in the energy plant installation around the country that has improved availability of the energy to 

the consumers as a whole. However, the recent load shedding experienced in the country is greatly 

connected to transmission lines being load constrained. Hence there is a need for a contingency 

analysis to be conducted to ensure that the lines do not surpass their thermal limit as well as their 

loading.  

The whole grid will be analyzed because some sections of the grid are mesh connected while 

other are radially connected. The scope however will be limited to short transmission lines i.e., 

below 100km in length. 

3.2 Experimental Model 

The Kenyan Power transmission system will be modelled using Powerfactory DigSilent software. 

The system has ACSR conductors hence a load flow analysis of the system will be done to check 

for power system overloads on the transmission line being analyzed. The short transmission line 

will then be replaced with HTLS conductors and the load flow of the system will be done. A 

contingency analysis will be performed for all the systems to analyze the reliability of the system. 
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This system will be modeled as follows focusing on short transmission lines above 132kV: 

1. A model of the current power system will be done and a load flow done to determine its 

operating conditions i.e., loadability of the line. 

2. A contingency analysis will be performed to determine the security level of the system 

i.e., N-1 security. 

3. A model of the power system with HTLS conductors for the short transmission lines will 

be done to determine its operating conditions. 

4. A contingency analysis will be performed to determine the security level of the system 

i.e., N-1 security. 

5. Load balancing of the system with HTLS conductors will be performed. 

3.3 Research design 

The data required for the analysis is to be collected from Kenya Power control center. The 

transmission line data required for analysis includes: Resistance and reactance values for all 

sequences, Voltage profiles, generations data etc. The data will be used while modelling and to 

provide a more accurate analysis of the state at which Kenya is. The model will be done using 

DigSilent software as it provides a complete suite of functions for studying large interconnected 

power systems and addressing their emerging needs. 
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3.4 Sampling Frame 

The Kenyan Power system will be used for analysis using DigSilent software. The sample under 

study will be reduced to short transmission lines which are below 100km in length for study. The 

short transmission lines are prone to short circuit due to rise in temperature during current transfer. 

The short transmission lines considered will be for all voltage levels in the system, and will 

consider the effect of N-1 contingency on the system. 
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Chapter Four 

4 Results 
4.1 Introduction 

This chapter presents results of the research questions that guided the investigation, that are listed 

as follows: 

1. What is the effect of changing the ACSR conductor to a HTLS conductor in the 

Kenyan Power System? 

2. How does loadability impact the Kenyan Power System? 

3. How does HTLS conductor impact loadability of the Kenyan Power System? 

4. How does HTLS conductors improve loadability? 

The research questions were addressed through analysis using Powerfactory DIGSILENT 

software.  

4.2 Data collection methods 

The data that was used for these analyses was obtained from Kenya Power and Kenya Electricity 

Transmission Company Limited (Ketraco) for 2022. The data was mainly secondary data and 

entailed generator data, transmission line data, busbar information, load data and reactive 

elements in the Kenyan transmission system. 

The information collected is updated yearly, taking into considerations the upgraded and the new 

installed transmission lines as well as generations. The data collected includes renewable energy 

technologies like wind energy and solar energy that have been introduced in the system. 
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The data sets were obtained from both online platforms and the companies listed above for  better 

accuracy of the data. 

4.3 Data preparation techniques 

The data set collected was large hence data cleaning was done to remove the data not required for 

the analysis. This was done using Microsoft Excel, reducing the data to generation (P, Q, pf), 

transmission line parameters (R, L, C, km), and voltage levels in the network. The data that was 

not required was deleted e.g., Make of the machine, open circuit saturation factor etc. The data 

sets provided were well labelled hence relabeling and removal of outliers or missing values was 

not required. 

4.4 Data analysis techniques 

The data collected was used to model a single line diagram for the Kenyan Power system using 

the DigSILENT PowerFactory 2023 software. A load flow analysis was done to determine the 

power flow through the various elements in the system. It was also used to check the loading 

capability of the line during normal operating conditions.  

A contingency analysis was done on the transmission lines to determine the reliability and 

security of the lines in cases of an outage, a fault or disturbances in the power system that can 

cause a blackout in a section of the grid or on the whole grid. The analysis will also help in 

planning and analyzing the growth level in terms of load of a section in the grid and its effect on 

the grid. 
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4.5 Results 

4.5.1 Kenya Power Grid 

A load flow analysis was run to determine the overview and summary of the grid as shown in the 

figure below: 

 

Figure 15: Total system summary for the Kenyan Power System 
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The load flow analysis was run using the Newton Raphson method to determine the active and 

reactive power, the voltage levels and also the loading at each node. These parameters assist in 

assessing the network stability, optimizing operation through generation dispatch, impact of 

various contingencies as well as assisting in planning and expansion activities for the grid. 

4.5.2 Analysis of the system with ACSR conductors 

The system transmission lines are currently ACSR. According to Kenya Power and Ketraco 

records, the following lines are critical and under consideration due to the blackouts caused in 

cases of overloading or in an event of a short circuit: 

1. Kisumu- Muhoroni 

2. Muhoroni- Chemosit 

3. Naivasha-Olkaria 1AU 

4. Juja- Dandora 

5. Suswa – Nairobi North 

6. Masinga- Kamburu 

The contingency analysis considered the above listed lines. During the analysis, 181 fault cases 

were created considering the N-1 contingency of transmission lines. The contingency analysis 

was done for a scenario of 100% loading to test the actual conditions on the ground, as close to 

90% of the transmission lines are loaded in the upper quarter i.e., they are 75% to 90% loaded. A 

static contingency analysis was done using AC load flow method to be able to get both the loading 

violations and voltage violations of the system.  
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Table 4.1: All loading violations for ACSR system 
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Table 4.2: Non-convergent cases for contingency analysis 
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Table 4.3: Maximum or worst voltage violations 
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4.5.2.1 Results after load balancing 
Table 4.4: All loading violations after adding a line to Kisumu-Kibos 
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4.5.3 Analysis of the system with HTLS conductors 

According to (Accc-Midal-Dataeuropean-Sizes.Pdf, n.d.), we used the properties of the HTLS 

conductors used in other countries for our case study. We used the cables used in Madrid as a 

reference due to the characteristics of the cable i.e., rated current, AC resistance, weight of the 

cable and its current carrying capacity. The figure 16 below shows the properties of the 

overhead transmission line that were used during the design process. 

 

Figure 16: HTLS Conductor properties for a transmission line in Madrid  
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The Kenyan power system was redesigned incorporating the above ratings of HTLS transmission 

lines for132kV lines and 220kV lines. A load flow analysis was run to determine the loading 

capability of the line. Most of the lines increased the carrying capacity as can be seen when the 

contingency analysis is run. There were no loading violations nor non-convergent cases as seen 

from the table below 

Table 4.5: Loading violations of the Kenyan Power System with HTLS transmission lines 
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5 Discussion 
5.1 Introduction 

In this Chapter, an analysis of the results obtained in chapter 4, where a comparison of the loading 

and voltage violations are considered in the research. It as well explains how the results achieved 

meet the research objectives of the research study. 

5.2 Kenyan Power System with ACSR conductors 
5.2.1 Loading Violations 
According to table 4-1, the N-1 contingency analysis shows the effect of loss of some of the 

transmission lines on the system as a whole. The contingencies were ranked from the most severe 

to the least severe. The Naivasha- Olkaria 1 is the most sever line with a loading of 227.5% for 

the Olkaria II Tx and loading of 124.4%.  

 

Figure 17: Comparison between base loading and continuous loading of the lines 
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This is because all the power generated by the Olkaria I AU is directed towards that line and 

transformer. The Naivasha-Olkaria 1 transmission line has also not been made redundant to assist 

in the event of a security case. Adding another line in parallel between the two busbars creates a 

redundant connection that ensures load shedding is not experienced with some customers. 

The Masinga- Kamburu line is also a major line of concern to Ketraco and Kenya Power. The 

loss of this line affects the Masinga transformer. This is because loss of the line makes the 

Masinga generator the only supply for the loads, overloading the transformer. Addition of a line 

in parallel from Masinga- Kamburu will ensure the transformer is not overloaded as well reduce 

on any instance of load shedding. 

The loss of chemosit-muhoroni transmission line causes an effect on the Kisumu-Kibos line. This 

is because loss of the line causes the Olkaria II generator to increase on its generation to be able 

to supply some of the affected loads. Redirection of power causes an overload on the Kisumu- 

Kibos line making it overloaded by 102.4%. Addition of another parallel transmission line 

between Kisumu and Kibos busbars allows for division of power transferred hence the making 

the line be stable.  

Redundancy of most of the equipment is because, in normal operation, most of them are loaded 

close to three-quarter of the current carrying capacity of each line. 

5.2.2 Voltage violations. 

Table 4-3 shows the voltage violations of 166 transmission lines. Loss of all this line affects the 

the Loiyanagalani busbar. This is because the length of the loiyangalani line could cause Ferranti 

effect on the bus bars where the receiving voltage is more than the sending end voltage. Addition 
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of a R-L shunt reactor, with a power rating of 100MVAr, at the Loiyangalani bus removes the 

effect as of the voltage stabilizes. 

5.2.3 Non-convergent cases 

Table 4-2 shows the non-convergent cases during the performance of the contingency analysis. 

This shows that non-convergence of this line affects both the loading and voltage limits of the 

system. Stabilization of this transmission lines through addition of redundant parallel lines 

improves in both the loading violations and the voltage violations. 
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5.3 Kenyan Power System with HTLS conductors 

Table 4-5 show the results when a contingency analysis is run with incorporation of the HTLS 

conductors. There were no loading violations nor non-convergent cases. However there were 

voltage violations with the loss of 174 transmission lines that affected the Loiyangalani busbar. 

This is due to the Ferranti effect caused by the long transmission line from Loiyangalani to Suswa 

220 busbar. Additon of an R-L, 100MVAr reactor on the Loiyngalani busbar stabilized the voltage 

violations as shown in the table below: 

Table 5.1: Voltage violation of the Kenyan Power system after addition a shunt reactor 
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6 Conclusion and Recommendation 
6.1 Conclusion 

The research determined that there are weaknesses in the system due to overloading. Major causes 

would be overloading of equipment, aging of some of the equipment, and lack of constant 

maintenance of the system. Contingency analysis done in the system has shed light on the security 

challenges of the system by conducting an N-1 analysis for transmission lines. This has shown 

the weakness in a major part of the system in terms of overloading and voltage violations that 

affect the stability of the system. 

The analysis was done with incorporation of the renewable energy technologies hence 

incorporating all their intermittency qualities. The analysis provides insights on the vulnerabilities 

of the systems and potential disruptions on the Kenya Grid and in the midst allows for proper 

planning on maintenance and upgrades to the equipment in the system. 

In addition, the results obtain in the analysis of HTLS conductors in the system i.e., in the 132kV 

and 220kV transmission lines shows the capability of the system. The system was able to 

withstand both N-1 and N-2 contingency analysis of the system without being overloaded or 

exceeding the voltage limits shown. This has led to major discoveries on the need to upgrade our 

system even as the economy grows and be beneficial to areas interested in power security and 

stability. 
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6.2 Recommendation 

The proposed system was developed to solve the challenge of system insecurity in the Kenyan 

Power System Grid. The analysis of the system was successful in maintaining both a N-1 and N-

2 contingency analysis for lines and cables. However, the analysis did not incorporate the small 

renewable plants below 1MW and the IPP’s. With this, it is advisable that the proposed system 

be implemented in a live scenario to check the security of the system in a real-time scenario. 

6.3 Further work 

The analysis of both generator and cable/ transmission line, N-1 contingency is important as the 

real time scenario has very many cases and will assist in an advised planning process by the 

authorities.  Further research is needed on the static security of the Kenyan power system using 

contingency analysis for other operating scenarios such as during the dry seasons when generation 

from hydro power plants is low. Also, a dynamic security assessment of the system should be 

done in the future. 
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8 APPENDIX 
8.1 Kenya Transmission system 
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8.2 DigSilent Licence Contract 

 

 



57 
 
 

 

 

 



58 
 
 

 

 

 

 



59 
 
 

 

8.3 Transmission line data 

Table 8.1: Transmission Line data 
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