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Abstract. This article presents the development of a power 
flow tool to analyse the impact of the integration of distributed 
generation on low voltage distribution networks. The work has 
been implemented in MATLAB-SIMULINK environment. The 
developed tool can be used in radial or weakly meshed 3-phase 
networks with the presence of distributed generation. The 
voltage and power magnitudes of selected nodes can vary over 
time allowing a dynamic power flow analysis. 
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1. Introduction 

The appropriate integration of DG units into distribution 
networks can help to improve their efficiency from the 
point of view of the network operator, the integration of 
DG in the distribution networks could mean [1]: 

• Reduction of electric losses. 

• Reduction of congestion in the transmission and 
distribution networks. 

• Postponement of investment for upgrading or new 
network infrastructure. 

• Improvement of service reliability, energy quality, 
and voltage regulation. 

From the point of view of the owner of a DG unit, this 
could be an interesting investment thanks to the 
incentives and special rates applied to the generation of 
electricity under the special regime, based on generation 
technologies that use renewable energies, waste and co-
generation, as in Spain [2]. In the same way, DG is an 
interesting option to cover all or part of the demand in 
remote areas or with high peak demands.  

To optimise these benefits it is necessary to carry out the 
integration of DG in a controlled and co-ordinated way. 

Poorly planned integration could lead to operational 
problems due to the voltage operating limits or the 
thermal limits for conductors being exceeded. 

With the perspective of significant penetration of 
distributed generation on LV networks some applications 
will require repeated and fast load flow solution that must 
be resolved as efficiently as possible [3]: 

• Distribution automation. 

• Generator voltage correction. 

• Optimization of power system. 

• Control of sudden increase in demand or generation. 

The different types of generator (single-phase, 2-phase 
and 3-phase connections) present on the LV network 
with balanced and unbalanced loads will require a power 
flow method that takes this aspect into consideration to 
obtain accurate results. 

In order to be able to analyse these scenarios a 3-phase 
dynamic power flow tool has been developed. The tool is 
able of carrying out a dynamic analysis of radial or 
weakly meshed networks with the presence of distributed 
generation. 

This paper describes at first the dynamic power flow 
modelling and implementation. Next details of the 
implementation are presented. At the end simulations, 
results and conclusions are presented. 

2. Dynamic Power Flow 

The main part of developed tool corresponds to the 
power flow calculation algorithm. The algorithm is 
especially suitable for the analysis of distribution 
networks with a high R/X ratio and a radial or weakly 
meshed structure; enabling the 3-phase analysis of the 
network to be carried out with reduced calculation times. 
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The method used in the power flow algorithm is based on 
the developments presented in [4] [5] [6] [7] [8]. This 
method takes advantage of the radial configuration of the 
distribution networks to carry out progressive sweeps, 
forwards and backwards, until convergence in their 
calculations is achieved. Unlike the traditional methods, 
Newton-Raphson or Gauss-Seidel, there is no need to 
manipulate the network’s admittance matrix presenting 
good levels of convergence and calculation speed. The 
main characteristic of this algorithm is its convergence 
speed which makes it especially suitable for use in real 
time calculations where in each iteration is necessary to 
carry out a power flow calculation. 

The developed algorithm has been tested on a 200-node 
radial network, converging in three iterations in a time 
period of 0.03 seconds. The same network has been 
tested with the traditional Newton-Raphson algorithm 
developed in [9], with convergence in three iterations in a 
time period of 0.07 seconds. 

A. Components model 

The modelling specifications provide the description of 
power system components. The different components of 
the network model are described below. 

Line model: 

The generic model used to represent the distribution line 
connecting two buses is based on the π-model as shown 
in figure 1 [7]. 

Series Impedance
Zk

Shunt Capacitance
1/2Yk

Shunt Capacitance
1/2Yk

Vk-1 Vk

 

Fig. 1. Line model 

Where k represents the entering node. 

LV distribution networks have lengths where the effect of 
shunt capacitance can be discounted so that the π line 
model can be simplified, bearing in mind the line’s 
resistance and series inductance [10]. 

kkk jXRZ +=  (1) 

Load and DG model: 

Loads can be modelled as constant-power, constant-
current, constant impedance or a combination of these. In 
our model the constant-power is chosen where their 

known variables are consumed active and reactive power 
[11]. 

DG units are modelled as PV nodes where their known 
variables are voltage magnitude and injected real power, 
or as negative loads where their known variables are 
injected active and reactive power. 

Some loads or DG units can be chosen like dynamic 
nodes where their known variables vary over time. To 
difference dynamic nodes from non dynamic nodes the 
loads and DG units are identified with an index. 

PQ node: 1 PQ-dynamic node: 10 

PV node: 2 PV-dynamic node: 20 

Slack node: 3 

B. Implementation 

Implementation specifications indicate how to use the 
model to obtain the solutions. The description of the used 
method to solve the power flow is shown below. 

Backward-Forward Sweep: 

The forward sweep calculates the current from the end 
nodes to the slack node. This step uses equations (1) and 
(2). 

*
~

)/.( kLkLk VSI =   (1) 

1

~
)(' +

∈

++= ∑ k
Aj

jLkk IIII
k

 (2) 

LkI
~

: Current consumed by the load in node k. 

'kI : Current injected in k from the higher node k-1. 

jI : Current consumed by the nodes adjacent to node k. 

1+kI : Current consumed by the lower node k+1. 

Then, updating the slack node first, all the voltage values 
for all the nodes are updated using equation (3). 

kkkk IZVV −= −1

~
 (3) 

The sweep is repeated until the convergence criterion is 
achieved. The flow chart in figure 2 shows the operation 
sequence for the power flow calculation algorithm 
developed. 
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Fig. 2. Flow chart of power flow algorithm 

Convergence: 

The convergence criterion uses three inequations (4) (5) 
(6) which have to be complied with simultaneously: 

),....,,max( 121 −+∆ ∆∆∆≥ mnP PPPtol (4) 

),....,,max( 21 nQ QQQtol ∆∆∆≥∆   (5) 

),....,,max( 21 mV VVVtol ∆∆∆≥∆    (6) 

Where: 

n: Number of PQ type nodes. 

m: Number of PV type nodes plus the slack node. 

∆P, ∆Q, ∆V: active and reactive power and voltage 
mismatches. 

3. Matlab-Simulink implementation 

The implemented power flow algorithm has been 
integrated in a SIMULINK MATLAB-function block.  

The block’s inputs are the known variables of the 
dynamic nodes established in the distribution network 
configuration file.  

PQ node inputs: Pa, Pb, Pc, Qa, Qb, Qc. 

PV node inputs: Pa, Pb, Pc, , , . 
→

aV
→

bV
→

cV

The block’s outputs are the voltages in each of the 
network’s nodes. 

Outputs : , ,  
→

aV
→

bV
→

cV

Figure 3 shows the dynamic power flow calculation 
model developed in MATLAB-SIMULINK. 
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CONTROL AND
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References

 

Fig. 3. Dynamic power flow model 

4. Simulation scenario 

 

Fig. 4. Simulation scenario, Annexe 1[12] 
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The tool has been tested on a 400/230 volts 3-phase 
grounded wye low voltage network. The system serves a 
total load of around 250 kVA, figure 4. The network 
integrates both single-phase as 3-phase loads. 

5. Simulation results 

The impact in network power losses value with different 
placement of DG is shown in figure 5 and 6. 
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Fig. 5. Network Power Losses 

The first scenario, CASE A, integrates a 3-phase DG unit 
in node 24. The second scenario, CASE B, integrates 
three single-phase DG units in node 26, 27 and 28. The 
last simulated scenario, CASE C, integrates three single-
phase DG units in node 3, 4 and 9. In all cases the DG 
units’ penetration level vary from 0% to 200%. The 
results shown that the power losses reduction is around 
50% in case A, 31% in case B and only 7% in case C. 
None of the cases exceeded the voltage limits (EN50160 
- Un±10%).  
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Fig. 6. Network Power Losses 

The case D integrates 3-phase DG units in node 24. The 
case E integrates DG units in nodes 3, 4 and 9 
simultaneously. In both cases DG units have a fixed 
generation capacity of 50% of full network load. The rest 
of nodes vary from full load to minimum load. The 
results shown that the network power losses are higher in 
case D that in case E besides, case D, exceeded voltage 
limits imposed by the EN50160. 

These basics analysis confirms the real benefit of DG 
integration into low voltage networks from the point of 
view of network power losses reduction. Furthermore 
results display the high importance of correct placement 
of DG in distribution network to avoid voltage limits 
violations. In order to optimize DG integration in low 
voltage distribution networks complex search techniques 
could be applied, like genetic algorithms or tabu search 
[13]. 

6. Conclusions and further works 

A tool has been developed to test the impact of the 
integration of distributed generation on low voltage 
distribution networks. The 3-phase analysis capacity 
allows generation units with 3-phase, 2-phase or single 
phase connection to be integrated. The speed the power 
flow algorithm can be run allows the incorporation of 
dynamic model of loads and DG units with fast variation 
of demand or generation ratios. 

The developed tool could possibly be improved in 
several ways. The actual tool is limited to grounded wye 
network. It could be possible to generalize to 
ungrounded-delta networks. 

Future developments of the tool will enable control 
functions integration for centralised management of loads 
and distributed generation units. Functions like Active 
Demand Management and DG’s voltage regulation 
management or optimisation of DG’s production will be 
implemented running in conjunction with the dynamic 
power flow block. 
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Annexe 1 

Node P (kW) Q (kVAr) 

1   

2   

3-S 5,75 1,9 

4-T 5,75 1,9 

5   

6-T 9,2 3,02 

7-T 9,2 3,02 

8-S 5,75 1,9 

9-R 5,75 1,9 

10-R 14,49 4,76 

11-S 5,75 1,9 

12-S 5,75 1,9 

13-S 9,2 3,02 

14-R 9,2 3,02 

15-T 9,2 3,02 

16   

17-RST 20 6,57 

18-S 14,49 4,76 

19-T 5,75 1,9 

20-R 5,75 1,9 

21   

22-T 9,2 3,02 

23-RST 20 6,57 

24-RST 17 5,58 

25-R 9,2 3,02 

26-R 5,75 1,9 

27-S 5,75 1,9 

28-T 5,75 1,9 

29-S 9,2 3,02 

30-R 9,2 3,02 
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