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ABSTRACT 

Usually, design of distribution networks only considers 

the possibility of unidirectional power flow. Now, 

anticipation of massive small scale intermittent 

Distributed Generation (DG) in networks requires 

thinking in another way. Design should add new 

variables and conditions to the traditional problem of 

determining network optimality for given demand. Now, 

the optimal sizing of MV/LV transformer and LV 

conductor is affected by the amount, size and distribution 

of DG power. But this factor, like the individual customer 

power demand, is a variable of statistical nature, and is 

necessary to take account of this fact in electrical 

calculations overall and voltage drop. Then, the main 

idea is to simulate the system with random demand and 

random renewable energy generation by a Monte Carlo 

process. The tool is an algorithm developed to solve the 

network under that situation. The next step is to set 

regulated limits of penetration, for each demand density, 

and different MV/LV transformer and LV conductor 

sizing. The proposed regulated limits are varied. Actual 

allowable limits for each type situation are found 

repeating the process. Finally, levels of technical losses 

and service quality for different penetration levels are 

compared with respect to the basic network design. This 

allows proposing a likely regulated limit for insertion of 

individual small scale intermittent renewable generation. 

This is a first step towards finding a consensus on the 

parameters to take into account, the objectives to pursue, 

and methodology to follow when regulating the insertion 

of intermittent renewable energy DG, as is expected in a 

rather near argentine future. 

INTRODUCTION 

In recent years, a new interest is growing not only around 
the world but in Argentina: the insertion of small scale 
intermittent renewable energy Distributed Generation 
(DG). One of more imminent requirement for that aim is 
the determination of an adequate regulation framework. 
Specifically, we are required to suggest a feasible 
maximum limit to the insertion of power for every user. 
That limit has to take account of distribution networks 
characteristics and consumers behaviour. In this paper, 
we present the work developed for that task in the 
following way. 
First, in section “Networks used” we explain the 
methodology adopted to simulate the family of possible 
networks, mainly MV/LV transformer sizing for each 
value of demand density considered. 

 
Second, in section “Consumers behaviour” we describe 
the methodology to simulate the random behaviour of any 
user who can install any power generation equipment in 
its house. 
Third, in section “Algorithm and running” we show the 
algorithm developed to solve the network and the every 
running executed for every condition. 
Fourth, in section “Results” we report the main results 
obtained over the network performance in terms of 
losses, voltage drop, etc., for every limit imposed to the 
random consumer behaviour. Then, we select a likely 
level to regulate that limit. Obviously, it depends on 
focus adopted: voltage drop, losses, etc. 
Finally, we present the review of the main attainments 
throw the paper in section “Conclusions”. 

NETWOKS USED 

We begin with a basic network. We use a Medium 

Voltage feeder with MV/LV distribution transformer 

substations of 160, 250, 315 and 500 kVA and Low 

Voltage networks with 1, 2 and 4 MW/km
2
 demand 

densities, as is shown in Figure 1 and Figure 2 examples. 

These options were considered not only to evaluate DG 

power limits in each case, but to analyse the technical and 

economically optimal network with different DG 

penetration level and power densities, in a future work. 

 

 
Figure 1. Medium Voltage system. 

CONSUMERS AND GENERATION 

BEHAVIOR 

We simulate the system with random demand and 

random renewable energy generation. As first choice we 

use a normal distribution probability for consumers 

demand (some authors recommend using a logarithmic 

Gaussian distribution) [1]. 
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Figure 2. Low voltage network details for 315 kVA and 2 

MW/km
2
 example. 

 

We can estimate mean power per customer in peak hour 

with Eq. 1.  

 

      
           

       

 
Eq. 1 

 

where N is the number of customers, Fc is the 

simultaneity factor for a great number of customers 

(empirically obtained between 0,2 and 0,3), PmaxSIM is 

the simultaneous maximum power of N customers 

(obtained from MV/LV transformer load curve), and FS 

is the simultaneity factor of N customers (obtained from 

Eq. 2) [2]. 

 

                
 

√ 
 

Eq. 2 

 
Then, standard deviation can be calculated as Eq. 3, 
assuming that customer maximum power can be 
overpassed only one time a year. 
 

   
      

    
 
           

       

 
Eq.3  

 
Individual demand random distribution is, then, 
characterized with standard deviation and power mean 
value. 

Demand daily variations are established adopting patterns 
from a transformer feeding a large number of customers 
(about 300). 
We show mean power for a typical customer in every 
time during a day in Figure 3. 
 

 
Figure 3. Simultaneous demand curve for a typical 

customer. 

 

In that case, the curve is for a market where demand is 

mainly constant from noon to evening. 
To consider unpredictable power and unpredictable 
location for DG we use a random disposition of 
photovoltaic generators in every node of LV network. 
We use a uniform distribution generation limited to a 
peak power of 2, 3, 4 and 5 kWp three phase (four cases). 
The calculus was made for every hour of a summer clear 
day. Irradiance, temperature and power of equipment 
were determined by own measurements and contrasted 
models. 
Finally, we define penetration factor for generation by 
Eq. 4. 
 

   
         

      

     
Eq. 4 

 
where Ppmax is DG maximum peak power, Sn is 
transformer nominal power and FCo is transformer load 
factor without DG. 

ALGORITHM AND RUNNING 

The tool is an algorithm developed to solve the network 

in every situation. A schematic diagram of the program is 

shown in Figure 4. 

That demand, power generation and network resolution 

are simulated with a Monte Carlo process [3] and [4].  

The next step is to set regulated limits of penetration and 

dispersion. 

The system behaviour is evaluated under these 

conditions. 

The proposed regulated limits are varied. Actual 

allowable limits for each type situation are found 

repeating the process.  
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Figure 4. Program schematic diagram. 

RESULTS 

Electrical calculus for every hour, considering random 
DG and random demand in every node, allow us to obtain 
statistical distributions and mean values of several 
variables. 
Here we are interested in: 
i) mean losses in conductors at every hour and 
ii) node voltages probabilistic distribution (especially not 
to exceed values required for service quality). 
In Figure 5 we show total losses in LV network as a 
function of installed photovoltaic peak power for 
different hours, considering similar installed power in 
every LV network of every transformer output. 
As DG rises, we observe a fall in losses until a point 
where tendency is reverted. 
For example, it is interesting to see that the minimum of 
losses is reached at 200 kWp at noon and at 400 kWp in 
the morning or in the evening. 
 

 
Figure 5. Losses in summer days as a function of peak 

power. 

 
In Figure 6 we show total losses in LV network in the 
same transformer, but now as a function of DG 
penetration factor for different allowed equipment peak 
power, considering maximum irradiance hour. 
 

 
Figure 6. Losses as a function of penetration factor. 

 

As expected, losses are smaller with smaller peak power 

equipment because of better (more uniform) equipment 

distribution along the network. 

In Figure 7 we show losses in LV network along an entire 

day, for a determined level of DG, evidencing losses 

reduction. 

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

10.0

0 100 200 300 400 500

8 13

11 17

15

kWp  

0.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00

8.00

9.00

0 20 40 60 80 100 120 140

2 kW

3 kW

4 kW

5 kW

LV losses  (kW) 

Penetration  
factor (%) 



 24th International Conference on Electricity Distribution Glasgow, 12-15 June 2017 
 

Paper 0011 

 
 

CIRED 2017  4/5 

 
Figure 7. Losses as a function of day hours. 

 
In Figure 8 we show voltage in farest node in summer 
days as a function of peak power for every LV circuit. 
 

 
Figure 8. Voltage in farest node in summer days as a 

function of peak power. 

 

Voltage values are obtained from a probability of not 

overpass these values. 
Results show that for high penetration and at peak 
generation hours (about noon) voltage overpasses 
admissible levels (1.08). That situation requires limiting 
permitted DG (or adopting another complementarily 
technical ways of voltage regulation). 
In Figure 9 we show voltage probability distribution in 
LV network farest node for two cases: without DG and 
with 57 kWp photovoltaic peak power by output. 
 

 
Figure 9. Voltage probability distribution 

 
We found voltage level is a determinant factor. 
Other way of analysis is possible looking in Figure 10, 
where we show voltage level as a function of the amount 
of nodes with DG and the limit allowed power. 
 

 
Figure 10. Voltage as a function of nodes with DG and 

allowed power. 
 
NB that if we allow to every customer to do whatever it 
want with equipment of more than 4 kWp (three phase) 
peak power, it is possible to overpass admissible limits of 
voltage levels. 
This allows us to propose an appropriate regulatory limit 
for individual small scale intermittent renewable energy 
distributed generation insertion. 
In present networks we recommend not to exceed 4 kWp 
per (three phase) user, i.e. only 1.33 kWp per home. 
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CONCLUSIONS 

One of more imminent requirement for regulating 
insertion of small scale intermittent renewable energy 
distributed generation in Argentina is a feasible 
maximum limit to the insertion of power for every user. 
We pursue that task in this paper. 
First, we explain the methodology adopted to simulate 

the family of possible networks. 

Then, we describe the methodology to simulate the 

random behaviour of any user who can install any power 

generation equipment in its home. 
Next, we show the algorithm developed to solve the 
network and the every running executed for every 
condition. 
Then, we report the main results obtained over the 
network performance in terms of losses and voltage drops 
for every limit imposed to the random consumer 
behaviour. 
Finally, this permits us to select an appropriate criterion 
to regulate that limit. 
We found voltage level is nowadays a dominant factor. 
For argentine situation and limits regulated, in the typical 
case analysed, we recommend a maximum of 4 kWp 
intermittent generation per three phase user (or 1.33 kWp 
per home), and a total of 70 kWp for each LV circuit. 
Otherwise, we would need additional (and expensive) 
means of voltage regulation. 
This is a first step towards finding a consensus on the 
parameters to take into account, the objectives to pursue, 
and methodology to follow when regulating the insertion 
of intermittent renewable energy, as is expected in a 
rather near argentine future. 
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