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Abstract – Due to known reasons the small-scale wind turbines 
and photovoltaic installations are connected to the medium 
voltage grids. Their increasing share in these grids makes 
relevant the problem with the impact of the renewables on the 
steady-state and the transient processes. There are a lots of 
developed algorithms which are intended to assess the 
uncertainty of the renewable energy sources on the power flows 
of the electrical grids. This paper proposes novel and easy to 
implement algorithm which is based on the generation and 
calculation of random number of steady states, by using the 
Monte Carlo method. The main advantage of the new algorithm 
over the algorithms known from the literature is that in requires 
a minimum initial data. The obtained results allow the user to 
quickly estimate the impact of the generators based on renewable 
energy sources on the loading of the power lines and 
transformers, as well as the impact on the voltage level in the 
grid. The algorithm is realized and tested in a computer program 
developed by the author. Test case results from a medium 
voltage grid are presented. The obtained results prove the 
application of the algorithm for such studies. 
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I. INTRODUCTION 

The evolution of the electric power systems (EPS) over the 
last decade is mainly associated with massive investments in 
renewable energy generation projects. A significant part the 
built wind and solar power plants are connected to medium 
voltage grids (distribution grids). As it is well known, these 
grids supply the domestic consumers, the small and medium 
enterprises. The topology of the medium voltage (MV) grids 
is usually radial. The connection of power plants based on 
renewable energy sources (RES) raises problems in the 
following aspects:  
• Fluctuating bus voltages due to the intermittent 

operation of the generators; 
• Due to the relatively slower network development, 

lines could possibly be overloaded; 
• In grids with high resistance of the lines (small 

conductor cross-section) an unwanted high-voltage 
level could be observed nearby the generator 
connection node; 

• Possible deterioration of the power quality due to the 
inverter-based generation of the RES. An increased 
level of current and voltage harmonics, as well as 
voltage flicker could be observed. 

A probabilistic power flow algorithm was proposed in [1]. 
It requires bus load data as set of power values along with the 
probability for their observation. The parameters and the 
configuration of the grid are considered unchanged during the 
calculations. Numerous other papers are dedicated to the 
improvement and modification of this algorithm [2-4].  

In [5-8] the fuzzy-set theory is exploited to make a 
probabilistic assessment of the power flows. This approach 
requires that the bus injections are set as intervals (triangular 
or trapezoidal or any other membership functions) within 
which the power may vary with a certain probability. A main 
drawback of the fuzzy power flow algorithms is that the 
generation and the load values are changed in the same 
direction (either both are low or both are high). Practically, 
the situation with the RES in not the same. For instance, the 
wind is usually more powerful very early in the morning, 
while the system load at this time is at its lower rates. 

This contribution proposes a novel and effective algorithm, 
based on the Monte Carlo method. The algorithm accounts the 
uncertainty and evaluates the impact of the RES along with 
the deviation of the bus loads on the power flows and the 
voltages in the grid. The probability density function of the 
bus power injections for simplicity is chosen to be uniform. 
The obtained results allow immediate assessment of the 
probability to observe overloaded lines and transformers. An 
appropriate control schemes of the power plants can be 
determined, in order to maintain reasonable voltages. 

The paper continues with a presentation of the algorithm. 
Results from a test case study are discussed in section III. 
Section IV draws the main conclusions. 

II. ALGORITHM 

To be adequate, the algorithm should be consistent with the 
actual situation of the EPS control (dispatching). In this sense, 
it is clear that the conventional power plants actively 
participate in the power and frequency control of the system. 
Power plants based on RES usually do not provide such 
services, because of their intermittent wind or solar power.  

Therefore, the modern EPS have two sources of uncertainty 
– the bus loads and the generators based on RES. Thus, the 
RES can be considered as negative loads. The resulting EPS 
model has higher degree of uncertainty of the system load. 

The proposed algorithm is based on generation of random 
bus power injections. As a result N random cases are 
formulated and then solved by the Newton-Raphson method. 
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The main idea is to check for overloaded lines or transformers 
for each random case. Let M be the number of cases which do 
not show any overloading. According to the Chernoff’s bound 
[9], the probability for correct assessment (

NOPP ) of the 

probability for normal operation of the grid ( NOP ), is 
evaluated with the following inequality: 

 { } 22/ 1
NO

N
P NOP P M N e εε − ⋅ ⋅≥ − ≥ −  (1) 

In other words 
221 Ne ε− ⋅ ⋅−  is the minimal probability that the 

probability for normal operation of the grid is higher than 
/NOP M N ε≥ − . Where ε  is the deviation error and is 

usually set a small value (for example 0.05 which is 5 % 
deviation). Thus, the more the solved cases N and the smaller 
the deviation error, the higher the probability for correct 
assessment of the probability for normal operation of the grid. 

For the implementation of the algorithm with the Monte 
Carlo method, the following formulation of the grid’s power 
injection model is convenient [10, 11]: 

 ( )conj⋅ ⋅ inj0 = V Y V + S    (2) 

where V  is a column-vector consisted of the complex bus 
voltages, Y  is a square matrix of the network admittances and 

injS  is a column-vector of the generators and loads bus power 

injections. Thus, injS  is assigned as a variable, randomly 
changed for each case N. 

The proposed algorithm is executed in the following stages: 
• First, the minimum and maximum injected bus power 

for each generator and load are specified - ,mininjS  and 

,maxinjS . For the bus loads this could be annual, monthly 
or daily minimum and maximum values. For 
generators based on RES the min and max power is set 
from zero to the rated value. For conventional 
generators which participate in the system active power 
and frequency control the power is allowed to vary 
within the physically admissible limits. An equal min 

and max power is set to those conventional generators 
which do not participate in the active power and 
frequency control of the system (the nuclear power 
plant of Bulgaria usually operates at constant power).  
Finally, two vectors with the minimum and maximum 
injected power are composed - inj,minS  and inj,maxS . 

• Next a randomly generated matrix D  is created with 
elements values within the interval [ ]0,1 . This is easily 
implemented with the following command in 
MATLAB®: D=rand(n,N). Where n is the number of 
buses. The matrix D  can also be represented as a row 
of N column-vectors [ ], ,...,1 2 ND = d d d . Each vector 

id  refers to a random power flow case, where 
1,2,..i N= . 

• This stage is repeated N times and consists of the 
following steps: 

Step 1. The vector with randomly generated bus injections 
is created with the following formula: 

 ( ) iinj inj,min inj,max inj,minS = S + S - S .*d     (3) 

In (3) the sign ‘.*’ stands for element-wise multiplication. 
Step 2. The total load of the system loadP  is calculated, as 

well as the total power generated by RES - RESP . The 
difference between these two power gives the remaining load 
that must be covered by the conventional generators 

,conv need load RESP P P= − . The total power generated by 
conventional power plants is also calculated - convP .  

Step 3. Since all previously calculated power are based on 
random numbers varying within certain limits, in general 

,conv need convP P≠ , i.e. there will be lack or excess of power 
produced by conventional generators. Therefore, it is 
necessary to correct their power in response to the remaining 
system load that has to be covered. That is why the following 
correction coefficient is calculated: 

 , /corr conv needed convk P P=  (4) 

 
Fig. 1. Single-line diagram of one of the MV feeders of the studied substation 
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This correction coefficient multiplies the power of all 
conventional generators. Then, if there are generators with 
power beyond the specified limits their power is fixed 
correspondingly to the upper or lower bound. After that, (4) is 
calculated again and the power of the generators that have not 
been limited yet is corrected. This loop repeats over, until 

1corrk ≈  or until all generators hit their limit power. 

Step 4. Now (2) is solved with the corrected vector injS  by 
using the Newton-Raphson method [10-12]. Finally, the 
power flows are evaluated and compared to the maximum 
allowed. If there are no violations, the number of the normal 
operations of the grid is increased by one 1= +M M . But if 
there are cases with overloaded elements, they are recorded. 
After the calculations a statistical information about the 
overloaded elements is displayed. 

III. STUDY ON A MEDIUM VOLTAGE GRID 

Part of the studied MV grid is depicted in Fig. 1. For the 
sake of the study an entire MV grid of a real 110/20 kV 
substation, situated in north-eastern Bulgaria is modeled 
(about 300 buses). The main wind power potential of the 
country is concentrated in this region. That is why many 
small-scale wind farms are built and connected to the MV 
grids in the region. Fig. 1 depicts only one of the feeders of 
the substation. There are six wind farms connected to the line. 
The total length of the feeder is about 40 km. The line is 
constructed with overhead ACSR-95 mm2 conductors. 

A 1000 randomly generated power flow cases are 
calculated for the following situations: 
• Situation 1 – all generators are considered to have 

known active and reactive power at unity power factor; 
• Situation 2 – all generators are considered to have 

known active and reactive power at power factor 
±0.95; 

• Situation 3 – all generators are considered to have 
known voltage magnitude and active power. 

As it was clarified in section II, the wind turbine generators 
may vary their output from zero to the rated power. For the 
wind turbine connected to bus 119 this is shown in Fig. 2. 

Fig. 3 presents the voltage magnitude for the end of the line 
(bus 92), calculated for the three situations. The plots show 
that when the wind turbines control operate with a reference 
reactive power the voltage magnitudes can exceed the allowed 
upper and lower levels (0.9-1.1 p.u.). The results show that the 
most favorable operation in terms of voltage level is situation 
3 - control with reference voltage. In this situation the voltage 
remains within acceptable limits along the entire line. 

Fig. 4 presents the voltage magnitude on bus 118, nearby 
the point of a 9 MW wind farm connection. Due to the high 
conductor resistance, the voltage in situation 1 and situation 2 
is significantly increased in order to inject the generated 
power. Again situation 3 appears to show normal voltage 
levels, because the wind farm absorbs reactive power in order 
to maintain reasonable voltage on the terminals. 

The loading level of the line section between bus 294 and 
bus 69 is presented in Fig. 5. The calculations show that the 
line has been overloaded several time in situation 3 only. This 

is mainly due to the increased reactive power consumption of 
the wind farms. 

The computation time for a 1000 cases and a 300 bus 
network is reasonable. It took only about 5 minutes for each 
studied situation on an average multi-core processor laptop. 

 
 

 
Fig. 3. Voltage magnitude of bus 92 

 
Fig. 4. Voltage magnitude of bus 118 

 
Fig. 2. Active power of the wind farm connected to bus 119 

 
Fig. 5. Loading of line section between bus 294 and bus 69 
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IV. CONCLUSIONS 

The developed algorithm provides fast probabilistic 
assessment of the impact of renewable energy sources on the 
power flows of the medium voltage grids. The algorithm can 
be easily implemented in any open source software for 
classical power flow. 

The paper presents the application of the algorithm for 
evaluation of the voltage levels as well as for determining the 
overloaded grid elements. 

Another interesting conclusion is that for MV grids with 
small cross-section conductors it is preferable to control the 
wind turbines with reference voltage rather than reference 
reactive power control. Moreover, the wind turbines would 
have positive impact on the voltage magnitude in terms of 
maintaining good levels on the entire line. Along with this, the 
cross-sections of the first few line sections may need to be 
increased for precaution of overloading. 
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