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Abstract-- Solar Power is the most abundant renewable energy 
resource in Pakistan. With increased power shortage and decrease in 
price of PV units it has the ability to be a key player in the energy 
mix in Pakistan. This paper uses PSCAD to model a LESCO operated 
11kV radial distribution network containing three LV networks and 
fixed loads. Different PV penetration levels are modeled in the LV 
networks and the effects on the voltage profile in the LV network is 
evaluated.  
Keywords--PSCAD, PV, Pakistan, Renewable energy 

I. INTRODUCTION 

AKISTAN is a developing country which has been 
suffering from an energy crisis that has resulted in loss of 

economic production as well as huge suffering for the 
populace. At times the difference demand and production has 
increased to as much as 7000 MW [1]. This has occurred due 
to multiple reasons [2]. 
a) Lack of Long term Planning  
b) Lack of Investment in Power Sector  
c) Barriers to Foreign Investment  
d) High Subsidies to furnace oil based generation units  
 

Pakistan on the other hand is a nation blessed with 
enormous renewable energy potential [3]: 

 

a) Wind Power potential has been calculated to be around 212 
TWh with installed capacity of 122 GW. 
b) Hydro Power potential is already being utilized but more 
than 35 GW hasn’t been utilized yet. 
c) Solar Power potential in Pakistan is among the highest in 
the world and is estimated to be around 3.5PWh with installed 
capacity of approximately 1600GW. 
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Fig.1 Solar Irradiance and Transmission lines 

A large amount of research conducted regarding renewable 
energy in Pakistan has been related to evaluating the potential 
of renewable energy and the cost evaluation of renewable 
energy generation plants. In [4] the authors have evaluated the 
prospects of a PV power plant, while in [5] the author has 
discussed the available potential of the major renewable 
resources in Pakistan. To the best of the authors knowledge 
research related to simulation and modeling of grid connected 
PV systems in LV network in Pakistan is not present. 

In this paper a model of a LESCO operated 11kV 
distribution network containing three LV networks is modeled 
along with fixed loads connected at 11kV level. Grid 
Connected PV systems are modeled and different PV 
penetration scenarios are modeled to evaluate the effects on 
the voltage profile inside the LV networks and at the 11kV 
networks.  

This paper consists of five Sections, Section I deals with the 
modeling of the LV and MV network, Section II describes the 
load modeling, Section III contains the PV system mode, 
Section IV contains four case studies each representing 
different penetration levels of PV, Section V is the set of 
conclusions that are derived from case studies and a foreword 
to the forthcoming works from the authors.  

II.  NETWORK MODEL 

The network model was developed using data obtained 
from [6]. The 11kV feeder originates from a 132kV-11kV 
substation. The 132kV-11kV step down transformers is 
modeled as a stiff 11kV three phase voltage source. Figure 2 
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shows the block diagram of the layout of the network. LV1, 
LV2 and LV3 have the same topology but different number of  
houses.

 
 

Fig.2 Layout of Network 
 

The 11kV feeder’s is made of osprey conductor (ASCR) 
and the feeder is modeled using the impedance value of the 
line per km using PI section model available in PSCAD [7]. 
The total length of the feeder is 5.2 km. The three LV 
networks are at a distance of 1.5 km, 3 km and 4.5 km along 
the feeder. The four fixed loads are at a distance of 1, 2.5, 3.5 
and 5.2km along the 11kV feeder. It has a value of 1.2MW at 
0.8 p.f lagging. 

The step down transformers are 11/0.4 kV and rated at 
200kVA. The three LV networks have different number of 
houses Table 1 gives the detail regarding the LV network. The 
capacitance of the LV network cables is not taken into 
consideration. The LV network in this research is considered 
as balanced. The conductor used in LV network is wasp which 
is an AAC conductor [6]. 

TABLE I 
LV NETWORK DATA 

No. No of Houses per 
phase 

Distance between Houses in 
each phase 

LV1 23 9.5m 
LV2 19 11.5m 
LV3 9 14.6m 

 

III.  LOAD MODELLING 

The household load data is obtained from [8]. The number 
of houses in each LV network is different. The household load 
is represented in PSCAD using resistances and inductances in 
series. The household load profile for a single household is 
given below in fig. 3. File read and variable resistors and 
inductors available in PSCAD are used to simulate variation in 
daily load demand. The fixed load remains constant and its 
value is obtained from the surveys conducted in [9] [10] It has 
a value of 1.2MW at 0.8 p.f lagging.  

 

Fig. 3 Single House hold load 

IV.  PV MODEL 

The PV system modeled in this research is such that it can 
inject maximum current at unity power factor into the grid at 
the point of connection of PV system to grid [11]. The rated 
power of this system is 2.4kW at STC. It consists of 12 
modules connected in series and connected to the grid through 
an inverter. The rating of each module is given below [12] 

Voc= 43.9V, Isc=5.3A, Im=5A, Vm=36V 

Here Voc and Isc are the open circuit voltage and short 
circuit current respectively. While Im and Vm are the current 
and voltage at the maximum power point of the I-V curve. The 
modeling process is explained below:  
1) Calculate the value of Im and Vm at given irradiance (S) 
and temperature (T) using the following equations where Sref 
and Tref are 1000 W/m2 and 25C respectively [13]  

𝐼𝑚′ = 𝐼𝑚 �
𝑆

𝑆𝑟𝑒𝑓
� (1 + 𝛼∆𝑇)— (𝑒𝑞𝑛. 1) 

 𝑉𝑚′ = 𝑉𝑚 (1 + 𝛾Δ𝑇) ln(1 + 𝛽Δ𝑆) — (𝑒𝑞𝑛. 2) 

∆𝑇 = 𝑇 − 𝑇𝑟𝑒𝑓 

Δ𝑆 = �
𝑆

𝑆𝑟𝑒𝑓
� − 1 

𝛼 = 0.0025/C 

𝛽 = 0.5 

𝛾= 0.00288/C 

2) Next step is to calculate the maximum power point power 
(Pmpp) at the given temperature and irradiance using the 
following equation  

𝑃𝑚𝑝𝑝 = 𝐼𝑚′ ∗ 𝑉𝑚′ − (𝑒𝑞𝑛. 3) 

3) The corresponding AC power that is delivered by the 
inverter (Pac) can be calculated using the following equation 
[14] 

𝑃𝑎𝑐 = 𝑃𝑚𝑝𝑝 ∗ 0.85 − (𝑒𝑞𝑛. 4) 
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Here 0.85 is the efficiency factor of the entire system which 
includes inverter, DC link and PV array.  

Equation 4 gives us the output AC power for a single 
module in order to obtain for entire array we need to multiply 
eqn. 4 by the number of modules in the PV array giving us 
Ppv.  

𝑃𝑝𝑣 = 𝑃𝑎𝑐 ∗ 12 − (𝑒𝑞𝑛. 5) 

4) The next step is to calculate the maximum PV current that 
can be injected into the system  

𝐼𝑝𝑣 =
𝑃𝑝𝑣
𝑉𝑝𝑜𝑐

− (𝑒𝑞𝑛. 6) 

 Here Vpoc is the voltage in rms at the point of connection of 
the PV unit to the grid.  
5) The value obtained from eqn. 6 is rms value, this is used to 
generate the sinusoidal current waveform using the following 
equations. 

𝐼𝑝𝑒𝑎𝑘 = 𝐼𝑝𝑣 ∗ 1.41 − (𝑒𝑞𝑛. 7) 

𝐼 = 𝐼𝑝𝑒𝑎𝑘 ∗ sin(𝜑 +𝜔𝑡) − (𝑒𝑞𝑛. 8) 

Since we desire the PV output to be of unity power factor 
the value of 𝜑 (phase angle of I) is the same as that of the 
phase angle of voltage at the point of connection of the PV 
unit to the grid. 

The solar irradiance data for the city of Lahore for the 
month of June, 2010 was obtained through a formal request 
from Pakistan Metrological Department. Fig.4 shows the PV 
model in its implemented state in PSCAD. Fig.5 shows the 
solar radiation values in w/m2 for the month stated above. 
Fig.6 shows the entire model layout developed in PSCAD. 

 

Fig.4 PV Model 

 

 

Fig.5 Solar Irradiance 

 

Fig.6 PSCAD Model 

V.  CASE STUDIES 

Base Case: 
 

In this scenario no PV systems are modeled. The results of 
this simulation are used as a comparison in order to evaluate 
the effects on voltage profile by the addition of PV systems 
into the network. Figure 7a shows the voltage in phase A, B 
and C of LV1, 8a and 9a provide the same information for 
phase A, B and C for LV2 and LV3 respectively. 

 
 

Fig.7a 
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Fig.8a 

 
Fig.9a 

Case Study 1:  
 

In this case study all LV networks have the same amount of 
PV penetration i.e. 50%. 50% means that 50% of the houses in 
the LV network have a PV unit installed. The LV networks are 
considered to be balanced. 

Figure 7b shows the voltage in phase A, B and C of LV1, 
figure 8b and 9b provide the same information for phase A, B 
and C for LV2 and LV3 respectively. 

 
Fig.7b 

 
Fig.8b 

 
Fig.9b 

Case Study 2: 
In this case study all LV networks have the same amount of 

penetration that is 80%. Figure7c, 8c and 9c show the voltage 
profiles in the network. 

 

Fig.7c 

 

Fig.8c 

 

Fig.9c 

Case Study 3:  
In this case study all LV networks have differing amount of 

penetration. LV1 has 100%, LV2 has 100% and LV3 has 
100%. Figures 7d, 8d, and 9d contain the voltage profiles. 
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Fig.7d 

 

Fig.8d 

 

Fig.9d 

Case Study 4: 
In this case study each phase has a different amount of PV 

penetration. Phase A of LV1, LV2 and LV3 has 50% while 
has phases B and C of these networks have 80% and 100% 
respectively. Figures 7e, 8e and 9e show the voltage profiles 
in the network as explained in case study 1. 

.  

Fig.7e 

 

Fig.8e 

 

Fig.9e 

VI. CONCLUSIONS 

From the case studies conducted it can be seen that the 
voltage profile remains within the limits even when there is 
100% penetration in the network. This is because the peak 
load coincides with the peak PV power output in the network. 
When there is unequal PV penetration in the network, there is 
still not a large swing in the voltage profile of the network. 
This research shows the introducing PV units in balanced LV 
networks in Lahore could result in reduction of power flow in 
the main feeders and savings in terms of transmission and 
distribution network investments. In forthcoming research the 
authors aim to study PV integration in unbalanced networks 
and study the ability of PV and battery based system to 
stabilize system during grid disconnection which due to the 
power shortage in Pakistan is a very common occurrence. 
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