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ABSTRACT: The increase of power demand in Libya raises the voltage drop issues in distribution networks. 
Therefore, Integrating renewable energy sources into electrical distribution networks as distributed generation (DGs) 
would play an essential role to overcome many issues such as meet future demand, eliminate voltage drop issues and 
decrease the CO2 emissions in Libya distribution networks. However, connecting many DGs into the distribution 
networks will cause the voltage regulation and stability challenges. This paper looks at the voltage performance for a 
real 11kV Libyan distribution network at current and future demands to discover whether the existing technologies in 
the network could maintain the voltage levels within required limits ±6%. Additionally, the appropriate location of 
connecting a future renewable power station into this network is investigated in terms to avoid voltage regulation issue 
occurs in the network at future requirements. 
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I. INTRODUCTION 
 
The Voltage regulation issues have in recent years begun to pose an undesirable threat to the operational stability of 
distribution power systems in Libya. The annual power demand in Libya is an increase significantly by 6 – 8 % of total 
current demand [1]. The demand in Libya was 5.8GW by 2010. Then, the demand is excepting to reach 8GW by 
2020[1]. The increase of demand leads to raise the voltage drop issues in the distribution networks. Many conventional 
techniques such as On-load tap changer transformer (OLTCT), Automatic voltage regulations (AVR) and governor in 
DGs, capacitor banks and voltage regulators, can implement into distribution networks to maintain the voltage level 
within required limits [2]. However, operating many DGs into distribution networks increases issues associated with 
stability, power management and voltage regulation. 
 
Moreover, meeting the future demand with considering reduction of CO2 emission in Libya is required to start 
integrating renewable energy source as DGs into the distribution network. Hence, connecting future renewable energy 
stations will play essential role to address such issues in the future. Advantages of integrating these DGs into 
distribution networks can enhance power support, reduced power losses and improved voltage profile [3, 4].However, 
operating many DGs into distribution networks increases issues associated with stability, power management and 
voltage regulation [5]. 
 
This paper investigates the voltage performance for a real 11kV Libyan distribution network at current and future 
demands to see whether the exiting OLTCT can maintain the voltage levels within ± 6% limits from reference voltage 
level of slack busbar 11kV. Additionally, the appropriate location of connecting future renewable energy stations into 
this network is investigated in terms to avoid voltage regulation issue occur in the network when future demands are 
considered. 
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II. CONTROL VOLTAGE LEVEL IN DISTRIBUTION NETWORKS 
 
Voltage drop issues is a major problem in many Libyan distribution networks, especially those operating at lower 
voltage levels and those feeding large loads over long distance at poor power factor. Maintain voltage level within 
required limits in these networks is challenging especially with the expected future demands [2]. Furthermore, 
connecting more DGs into distribution networks lead to increasing voltage stability issues. There are many techniques 
are implemented with conventional distribution networks to maintain  the voltage level within required limits such as 
sharing reactive power between generators. Actually, control sharing reactive between DGs has a huge influence to 
control the voltage level in distribution networks especially those have heavy loads or poor power factor for loads. 
Several studies propose the sharing of reactive power between DGs in conventional distribution networks. A solution to 
the problem of operating heavy loads with non-unity lagging power factors in distribution networks by sharing reactive 
power between two DGs is proposed in [6]. It shows that the DGs can be used in the network to reduce the reactive 
power losses if they already exist in the network. One DG is used to supply to where the reactive power is needed in the 
network to avoid delivering reactive power through the distribution network [6]. The sharing of reactive power between 
these DGs is accomplished by an automatic power factor regulator (APFR), which allows a heavy load to be supplied 
while simultaneously maintaining the voltage within the required limits. In [7], the sharing of reactive power between 
DGs is proposed to supply heavy loads and to keep the voltage within network limits. The sharing of reactive power 
between DGs in this case is achieved through the DG AVRs to control the output of reactive power from each DG. 
Occasionally, on-load tap-changing transformers must be used in conjunction with DGs when the DGs are unable to 
maintain the voltage within the saturation limits. In [6]and [7], on-load tap-changing transformers are used to maintain 
the voltage within required limits when one of the DGs goes off-line for some reason such as the occurrence of a fault 
or when the DGs supply heavy loads by sharing reactive power between them. Thus, on-load tap-changing transformers 
need to be used in order to help the DGs to maintain the voltage within limits. A further use for on-load tap-changing 
transformers is in conventional distribution networks when the sharing of reactive power needs to be balanced equally 
between DGs [7]. Furthermore, connecting more DGs into distribution networks lead to increasing voltage stability 
issues. The voltage drop in distribution networks can represented   by following equation, equation 1. 
 
∆V = − j                                                                                                                                                       (1) 

III. CASE STUDY 
 
An investigation of 11kV Libyan distribution network is achieving by using the case study as shown in figure1. The 
main reason of developing this practically network  for this study is to investigate how much power can be delivered 
into this network and how much voltage drop occur in this network at future and current demand without causing 
voltage regulation issues. The distribution network was developing using Matlab SimPower software using the real 
parameters of each component of the network. The network consists of 8 feeders, two 30kV/11kV transformers and 
21.2km of overhead lines and underground cables. The most obvious way of transforming in a three-phase electrical 
system is to operate each phase as a separate single-phase system. The Y-Y connection, primary and secondary circuits 
are in phase; i.e., there are no phase angle displacements and the phase-to-neutral voltage is only 57.7% of the phase-to 
phase voltage [8]. 
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Fig. 1 The 11 kV Libyan distribution network with composite load 

 

IV. MODELLING OF THE ON LOAD-TAP CHANGER TRANSFORMER CONTROL SYSTEMS 
 
Recalling that the aim of the controller of tap changer transformer is to maintain the voltage level in the distribution 
network within ± 6% from the slack busbar voltage. The tap-changing steps move in up and down directions to adjust 
the secondary voltage of the transformer. The change of tap position is carrying out in discrete steps with each 
beginning at 0.0125% of the normal ratio according to transform specifications that used in this real network. The 
function below is programming in C++ and it is expressing mathematically for controller. 
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The control system will be operated whether the error is greater than a bandwidth of 1% tolerance band or less than a of 
-1% tolerance band in order to maintain the voltage in the distribution network within ±0.06 pu. Thus, the control 
system will be operated if the error is greater than a bandwidth of 1% tolerance band then  the tap position moves down 
one step  while less than a of -1%  tolerance band then  the tap position moves up one step in order to maintain the 
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voltage in the distribution network within ±0.06 pu. The control system of the tap changer transformer begins to work 
after 30 seconds and once the tap position is set, it holds for 10 seconds before the next change of tap position can take 
place [9]. The number of steps that made is ± 16 steps [10]. Figure 2 shows the diagram of the whole controller for tap 
changer transformer. 

 

 
 

Fig. 2 The diagram of the controller for tap changer transformer 
 
 
Where, V measurement is the input voltage from transformer busbar, V errors the voltage error from comparison 
between the input voltage and reference voltage, VD is the output of the time delay unit, Vn represents an incremental 
change in tap position and Tap position is reflected in the transformer model. 

V. ANALYSIS OF VOLTAGE CHANGES   
 
The analysis of voltage level changes investigates to find out whether the existing OLTCT can be kept the voltage 
within required limits. The investigation is look at the voltage level changes occur in a real 11kV Libyan distribution 
network at current peak and future demands. 
 
Current Peak Demand: 
This case investigated the voltage changes in the 11 kV Libyan distribution network at early evening peak demand. 
Demand reaches peak value in the summer and winter seasons[11].In the Libya, June, July and August are considered 
the summer peak demand and December, January and February as the winter peak demand, therefore the highest power 
demand has been taken based on these assumptions for this study to investigate the voltage level changes that occur in 
the 11kV Libyan distribution networks at the current peak demand [11,12]. The peak demand for this study is 20MVA 
at 0.9 lagging power factor. In this case, the tap changer of OLTCT does not moved when the voltage level was above 
0.99 pu in terminal busbar of transformer. That means, the error occurs in ONTC controller was within bandwidth. 
Therefore, the voltage level in the 11kV Libyan distribution network kept at requirement limit (±6%) from voltage of 
slack busbar. Table 1 shows the voltage changes in the 11kV Libyan distribution network with step up of tap changer 
transformer. 
 

Table 1. The voltage changes in the 11kV Libyan distribution network with step up of tap changer transformer at peak demand (20MVA). 
 
 
 
 
 
 
Future demand 
In this case, the voltage level changes in the 11kV Libyan distribution network have been evaluated at future demand. 
This investigation needs to be implemented to find out whether the present 11kV Libyan distribution network can cope 
with future demand using existing OLTCT without resulting any voltage drop issues. The power demand in Libya is 
increased by 8% of total current demand [1]. Consequently, this percentage of increased demand has added to current 
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peak demand to obtain of the future demand after 10 years. Figure 3 introduces the power demand changes through 10 
years in the 11kV Libyan distribution network. 
 
 

 
Fig 3. The power demand changes through 10 years in the 11kV Libyan distribution network 

 
As show in figure 4, the tap changer transformer has moved once the voltage drop less than 0.99 pu for terminal busbar 
of transformer. Although the voltage level in the 11kV Libyan distribution network has dropped down less than 0.94 pu 
at busbar #3, busbar #4and busbar #5,the tap changer transformer has not move because the error of voltage changes is 
within bandwidth for OLTCT controller as shown in figure 4. Hence, the tap changer transformer controller has not 
operated to maintain voltage in the network.  This indicates that the necessary of integrating distributed generation 
(DGs) to address challenges those face the 11kV Libyan network such as to avoid voltage regulation issue occur, to 
meet future demand and to decrease the CO2 emissions in Libya. 

 
Fig.4 The voltage changes in 11kV Libyan distribution network through 10 years 
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VI. INTEGRATION OF FUTURE RENEWABLE ENERGY STATION 
 
Although the X/R ratio of distribution networks is lower than for transmission networks it is often still effective to 
control voltages in distribution networks through power control. Ideally, it must take as close to the source of voltage 
deviations as possible. Renewable energy sources as DGs will increasingly be located in disparate locations. Therefore, 
in many cases it is more desirable to call upon DGs to meet future demand. The future Photovoltaic (PV) power 
substation is associated at the weakest busbar in the network at peak demand, which is busbar #4.  Figure 5 indicates 
the ideal location of PV power station as DG to overcome of issues that previously mentioned before [13].  
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Fig.5 Ideal location of integration renewable resources into the 11kV Libyan distribution network 

 
The studying of possibility to integrate renewable energies as DGs provides to find out how much power can injected 
by these DGs to maintain voltage within required limits. The analysis is carried out to   investigate how much power 
can be delivered from DGs in the 11kV Libyan distribution network before voltage level reaches to over 1.06 pu in the 
network. Moreover, it is investigated how much power can be delivered from DGs in the 11kV Libyan distribution 
network at future to bring the voltage level to 0.94 pu in the network. 
 
At minimum demand, the majority of customers are away from their houses for work which will be from 8 to 2 am[10]. 
Consequently, it is an essential to find out how much power can be delivered in this period of time  before the voltage 
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level goes over 1.06 pu in the 11kV Libyan distribution network. Table 2 shows the voltage changes in the network 
with/without connecting future PV power station at minimum and peak demand. 
 

Table 2. The voltage changes in the network with/without future PV power station at minimum demand 

 
 

Table 3.The voltage changes in the network with/without future PV power station at peak demand 

 
The future PV power station is assumption to be operated at 1 power factor .Therefore, there is no reactive power 
generated from this substation in this study. Based on results in table 3,the maximum power can be injected from future   
PV power station at future power demand (36MVA) is 2.61MVA to bring voltage level to 0.94pu in busbar #3, busbar 
#4 and busbar #5. Moreover, the maximum power can be injected from future PV power station at minimum power 
demand (16MVA) is 28.2MW before the voltage regulator issue occurs as shown in table2. However, the number of 
cables has increased to deliver that amount of power in the network. This indicates that the necessary of introduce a 
method to cooperate of tap changer transformer and distributed generator to fed and to maintain voltage level within 
required limits  at current and future demand. Consequently, the power management systems(PMS) controller could be 
designed to operate as supervision for tap changer transformer controller, and DGs to meet future requirements. 

VII. CONCLUSION 
 
In this paper, the investigation of voltage performance at the real 11kV distribution network has investigation at current 
and future demand to meet future demand. The results provide that the existing tap changer transformer could not be 
able to maintain voltage within required limits after approximately 10 years from now. Consequently, the proposal to 
integrate a future PV power station is introduced to overcome such issues of voltage stability those would face the real 
11kV Libyan distribution network in the soon future. The maximum power can be injected from the future PV power 
station at minimum demand is 28.2MW before voltage regulation issue occurs. Moreover, the maximum power can be 
injected from the future PV power station at future demand is 2.61MW to bring voltage level limit within required 
limit. This indicates that the necessary of introduce a method to cooperate of tap changer transformer and distributed 
generator to fed and to maintain voltage level within required limits at current and future demand with reasonable 
power factor. The power management systems(PMS) seems to be promised to address this issues. Further research 
needs to be considered to avoid this problem occur in the 11kV Libyan distribution network. 
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