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Abstract: This paper analyze the voltage profiles in power distribution networks with different levels of small-scale PV systems. The 

grid-connected PV system is one of the most promising renewable energy solutions which could offer many benefits to both the end 

user and the utility network, adistribution network model has been developed in MATLAB/Simulink and implemented to evaluate the 

voltage profiles and power flow for different levels of PV systems. This will help in evaluating the impact of high penetration levels of 

small-scale grid connected PV systems on the power quality for a residential distributed network in the UK. Different penetration 

scenarios and variable load conditions are considered. The result obtained confirmed that maintaining a stable operation and an 

acceptable power quality in distribution networks are possible with a wide range of PV penetration levels. 
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1. INTRODUCTION  
One of the big challenges are facing the energy sector are 

increasing energy demands while primary energy sources are 

limited. Existing power plants are rely mainly on fossil fuels 

(oil, gas and coal) , which has a negative impact to the 

environment[1,2]. To overcome these drawbacks, the 

European commission proposed a new energy policy in 2007 

based on distributed generation to reduce the emission of 

greenhouse gases, improve power quality and increase the 

contribution of sustainable power sources such as Wind 

turbine generator and Pv system. However[1,3,4], integration 

of renewable energy sources to the utility grid introduces a 

new set of challenges[5,6,7]. As well as, traditional power 

system is designed as a unidirectional power system, 

penetration of renewable energy sources at different points of 

power system require bidirectional power flow and that 

leading to protection problems[8,6,9,10]. The photovoltaic 

system and especially (Grid-connected GCPV) are also 

becoming more prominent during the last few 

decades[11,12,13]. A typical daily load profile and the output 

power of 3Kw PV system are considered (summer season). 

The main issue are expected to be happen is the overvoltage ( 

demand low and  generation penetration is high)[3,8,9]. 

 

Figure(1): Schematic Diagram of Computer Models (Low 

voltage side) 

 

2. METHODOLOGY  
2.1 Simulation of the UK Distribution Network model  

The system modelled by using MATLAB/Simulink simpower 

system toolbox, the nominal primary voltage is setting to 

33kV and supplied to Bus 1. Bus 2 connect to the AC 

distributed energy sources. Distribution substation in the UK 

includes two three-phase OLTC regulating transformers rated 

at 20 MVA, 33 Kv / 11.5 kV type Wye/ Delta. In general, 

OLTC is located at the primary side of the transformers 

because of the current will be too less than the current in the 

secondary side to reduce the spark through transfer between 

the position of the tap changer. It supplied by medium voltage 

range 66 or 33kV. The OLTC transformers are used to 

regulate the system voltage at Bus 2, which is require to 

change the turn ratio of the transformer. Typical frequency in 

the UK is setting at 50HZ. The OLTC performed by eight 

series regulation winding (tapped winding) for each phase. 

Each phase of the regulating tap windings connected in series 

with each 11.5/sqrt (3) kV winding. There is inside the OLTC 

a reversing switch enables reversing connections of the 

regulation winding. Accordingly, there are Nine OLTC 

switches works with 17 taps; Zero position, which provides 

the nominal transformer ratio 33kV/11.5kV, eight negatives 

(eight subtractive position 1-8) and eight positives (eight 

additive position 1-8).  

The OLTC contained a reverse switching to permit the reverse 

connection of the regulation winding, which is also connected 

to ±8 tap positions.  

Each tap in the low voltage side 11.5 kV will maintain a 

voltage correction of  

±0.0167 pu or ±1.67% of the rated primary voltage 33 kV, as 

a result, a total of 17 tap positions will permit the variation in 

voltage by steps of 0.0167 pu (0.55 kV) 

The tap changer time response is 5 secs per tap and this is 

limited by the OLTC controller. As OLTC voltage regulation 

varied accordingly with a transformer ratio which has a 

specified dead zone. 
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The OLTC dead zone (                         

Where 

Step voltage= Step voltage per tap (per unit) 

Therefore, the voltage regulator of the OLTC orders further 

voltage boosting and stabilises the voltage within a maximum 

voltage error (which is equal to step voltage), and hence the 

maximum and minimum permitted of the OLTC is given as: 

 
     

      
 

                         
      

 
 
 

Where 

    = Reference voltage for the OLTC (per unit) 

                  = Voltage at initial tap position (per unit) 

The maximum and minimum voltage errors per tap changing 

is set to (0.9875 to 1.0125 per unit) respectively, as the 

OLTCs value of        has set as 0.025 per unit, and the 

voltage reference is considered as 1 for each unit. 

All distribution transformers had ratio 11/0.433 kV, connected 

at tap 0%. On a base of 230/400 V. Short circuit level was 

500e3 and setting frequency at 50HZ. 

Dynamic load emulates as a subsystem block model as shown 

in Appendix A, Figure 33-A), it includes a lookup table which 

provide the three phase dynamic load by the required P and Q. 

Active power P calculated by multiplying the apparent power 

per 24 hours (Winter and Summer ADMD) by the value of the 

power factor which supposed (0.95). As well as, reactive 

power calculated by multiplying the apparent power by the 

constant which is                 

Domestic PV system output profiles emulates as a subsystem 

as shown in Appendix A, Figure 33-B), it includes a lookup 

table which provide the three phase dynamic load by active 

power only. PV generation values represents inside the lookup 

table by negative values. 

Diesel generator sets emulates as a diesel engine coupled to a 

synchronous machine as an isolated power source 

requirements or in scenarios where sudden demand are 

expected as shown in Appendix B, Figure 34. 

3. MODEL SIMULATION WITH 

DYNAMIC LOAD WITH DIFFERENT PV 

PENETRATION 
Voltages at different nodes of the distribution network 

corresponding to the daily load and PV generation profile for 

a domestic load in the UK adopted.                                                                                                         

Domestic PV system output profiles specification for winter 

and summer was as:                                                                                                          

• Winter: generated from the measured output of a domestic 

PV system in the UK for the months of December, January 

and February.                     

• Summer: generated from the measured output of a domestic 

PV system in the UK for the months of June, July and August. 

• System size is 2.03 KW, tilt angle 30 degrees, azimuth angle 

0 degrees (south facing), output in Wh (average Wh generated 

in that hour)-average are calculated for the hour centered on 

the value, i.e. 10 values are the average output between 9:30 

and 10:30.                                                        

 Many scenarios are achieved by the penetration of the PV on 

the low voltage side 230/400 V which are 25%, 50% and 

100% to each node of the model for a summer and winter 

profile. 

 

A- Winter season 

 

B- Summer season 

Figure 1: Typical daily load profile and PV output power 

 

 

Figure 2: Voltage profile along the 230/400 V feeder with 100 

% PV penetration level in summer (Off-load tap changer) 
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Figure 3: Voltage profile along the 230/400 V feeder with 

100 % PV penetration level in winter (On-load tap 

changer) 

 

Figure 4: Voltage profile along the 230/400 V feeder with 

50 % PV penetration level in summer (On-load tap 

changer) 

 

Figure 5: Voltage profile along the 230/400 V feeder with 

25 % PV penetration level in summer (On-load tap 

changer) 

 

4. CONCLUSION 
    A distribution network model has been implemented and 

developed in to evaluate the voltage profiles and power flow 

for different levels of PV systems (25%, 50%, 100%) 

penetration. It was noticed that even with connecting PV to 

whole customers (25%, 50%, 100%) penetration in winter, 

and for (25%, 50%) penetration in summer, the voltage profile 

sustains on the allowable limits.  However, with 100% 

penetration, the voltage profile exceeds the statuary limit 

through the period between (10 AM to 2 PM) in summer 

where the penetration is 100%, which is considered the best 

period for PV generation.                                                The 

challenge in the renewable distributed generation will be 

happen when the demand is low, and the penetration level is 

high, as there might be a bi-directional power flowing 

according to the location and the capacity of generator, 

accordingly, these variations can be controlled by utilizing the 

energy storage systems such as batteries and electric vehicle 

(EVs) to support the grid by providing the energy when there 

is a mismatch between the load and the generation. In 

addition, to save the energy when there is surplus in the 

generation as compared with demands (particularly in summer 

season). 
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