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Monte Carlo Analysis of the Trade-Off between Trading and 
Security in a Two-Area System 

Abstract— The objective of this paper is to present a method to calculate the expected benefit of trading and the risk of a 
major operational disturbance in a two-area system, given characteristics of the components in the system. 
A two-area model has been chosen as the basis of the concept validation and simulation reported in this paper, but later on a 
more generic large-scale model will be considered, the bottleneck being the transmission between the two areas. 
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1.  INTRODUCTION 

The deregulation of the electricity market has meant 
that the trading between different areas has increased, 
since the actors want to keep the production cost as low 
as possible, (i.e. using the cheaper power plants as much 
as possible). This has in turn lead to higher demands 
being put on the grid owner. 

When setting limits for the transmitted electrical power 
in a bottle neck in the transmission-grid, the system 
operator has to consider several aspects. 

Amongst them one important issue is the trade-off 
between trading and security, it is often not most efficient 
to use all available transmission capacity between two 
areas, because a disturbance on a single line might lead to 
an overload on the other lines, potentially causing the 
whole transmission to break down. 

At the same time the system operator wants to be able 
to transfer as much electrical power as possible through a 
bottle-neck in the transmission-grid, since trading 
between different areas leads to a more efficient pricing 
and a decreased risk of someone dominating the market. 

The question therefore is to find what margin to keep if 
the system operator wants to use a transmission line in the 
best possible publicly economic way. 

 
This paper presents a way to calculate the value of 

trading and the reliability of the system as functions of 
the allowed maximal trading between the two areas of a 
two-area system. 

The simulations are carried out on the two-area system 
described in section 2. The Monte Carlo simulation is 
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described in section 3. In section 4 a case study is 
presented and in section 5 the conclusions of this paper 
are given. 

 

2. THE MODEL 

In large and complicated systems it is often hard to 
distinguish the fundamental and decisive phenomena 
from the more irrelevant ones. It is therefore of 
importance to study simple systems to get an insight into 
and understanding of the basics, that can be used in the 
analysis of more complex systems. 

The model on which the calculations are done, is 
therefore a simple two-area system, the areas being called 
‘Area 1’ and ‘Area 2’ [1]. In Area 1 the cost of producing 
electricity is  and a load, D1C 1, with an active power, 

1DP , and a reactive power, 1DQ , is connected to the 

system. In Area 2 the cost of producing electricity is , 

and a load, D
2C

2, with an active power, 2DP , and a reactive 

power, 2DQ ,  is connected to the system. 
The two areas are connected by two parallel power 

lines, each with a certain maximal transferring capacity. 
In both areas the production capacity exceeds the 

connected loads plus the allowed maximum trading 
between the two areas, which means that there will never 
be any problems of handling power shortages. 
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Let us assume that the cost of producing electric power 
is smaller in Area 2. Then of course we would like to not 
have to use the more expensive power plants in Area 1 at 
all, hence supporting both loads with the power plants in 
A

ther line will be over loaded and 
ta n out of service. 

at all losses in the 
system are purchased at market price. 

 of covering the demand in 
th market looks as follows: 

inimize: 

ubject to:  
 

12

21

12

21

rea 2. 
On the other hand, let us assume that, at some point we 

are transferring 200 MW from Area 2 to Area 1 and the 
lines can only transfer 150 MW each. If one of the lines 
trips at this point the o

ke
 
The model in this paper is based on the assumptions of 

the load to be constant through the entire trading period; 
that we have a linear cost of production; that the load 
does not depend on the price and th

 
 
The optimization problem
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where, 

ijP  is the transferred active power from Area i to Area j, 

i,j=
sferred reactive power from Area i to Area 

j, i,

,2. 

1,2 i≠j.. 

ijQ  is the tran

j=1,2 i≠j. 

GiP  is the active power generated in Area i, i=1,2. 

GiQ  is the reactive power generated in Area i, i=1

DiP  is the active part of the load in Area i, i=1,2. 

DiQ  is the reactive part of the load in Area i, i=1,2. 

iG  is the power generation capacity in Area i, i=1,2. 

i  is the voltage in Area i, i=1,2. U

1θ  is the phase angle in Area 1. The phase angle is set to 
0 in Area 2. 
Z R jX= +  is the resistance of the lines. 
B  is th

e transfer 

is means that we do not consider 
dy

 n areas as well; we then get the 
ob ive function 

 

C P . 

ow equations with one slack-
bu

ctions of the allowed 
trading between the two areas. 

ulation on this system 
is m  

 
• 

e capacitance of the lines. 
K is the allowed maximal trading. 
 

The last four equations in the constraints are the Load-
low equations witch sets a maximal limit for thF

in order to keep voltage stability in the system. 
 

Obviously setting the limit on the trading between two 
areas is an important task. We want to be able to transfer 
as much power as possible but still we want to keep a 
high level of security. 

As a measure of the reliability in the system we have 
chosen the probability of no event causing the lines to get 
over loaded happening. To simulate this we solve the 
optimization problem given above with impedances 
according to the number of available lines between the 
two areas. The number of available lines is randomized 
using a certain failure rate for each line. 

Now we know the number of available lines and thus 
the total transferring capacity, if the transfer demand 
found when solving the optimization problem is larger 
than the capacity then the remaining lines will get over 
loaded and we get a system failure. 

When taking the mean over a lot of these scenarios  (a 
1 for a functioning system and a 0 for a non-functioning 
system) we get a good estimate of the reliability of the 
system. 

To simulate the reliability part a Static Security 
A ] is done, thnalysis [4

namic phenomena. 
 
The described method can be generalized to apply to 

m ti-area systems withul
ject

1i=

 
    The Load-Flow equations in the constraints will be the 
generalized n-area Load-Fl

i Gi

n

∑

s and n-1 PQ-buses. 
 
In the case study in section 4 we have used Monte 

Carlo Analysis to find the cost of supporting the load in 
the area where it costs less to produce electric power and 
th reliability of the system as fune 

 

3. THE SIMULATION 

One step of a Monte Carlo Sim  
ade in the following way: 

First we generate random numbers 
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corresponding to the paramete of e dem d 

in the ele

rs  th an

ctricity market, i.e. DiP , DiQ Generate random 
numbers 

Solve optimization 
problem 

Calculate values of 
the generated 

scenario 

Generate random 
numbers 

corresponding to 
grid state 

Solve new 
optimization 

problem 

Purpose? 

Cost Reliability 

and iG , 
for i=1,2. 
Next we solve the optimization problem of 
covering the demand in the market. A constraint 
to this optimization problem is the Load-Flow 
equations. A consequence of this is that we take 
under consideration the losses  tem. 

 this we get th

• 

in the sys
From e values of ijP , ijQ , GiP and 

• 

optimization it

GiQ  for i,j=1,2 i≠j. 

We now know all the electric flows in the 
system. If we are looking for the cost of 
supporting the loads in the system all we have to 
do is to calculate this cost for the generated 
scenario. If we on the other hand are looking for 
the reliability of the system we generate random 
numbers corresponding to the status of the grid 
(are the lines all working?) then we solve the 

 problem again w h impedance 
Z R jX= + and capacitance B according to our 
system state, this will give us the difference in 
losses in the system between ordinary running 
state and the current state of the system. This in 
turn yields the total transfer in the system when 
we add the extra losses to the original transfers. 
If these transfers are larger than the transferring 
capacity then we have a system failure 

 
 

 
These steps are repeated several times for each value, 

K, of the allowed trading between the two areas.  
Taking the mean of the values, for all the generated 

scenarios for each K yields, due to the law of large 
numbers, the expected values of the value of trading and 
the reliability of the system. 

 

4. CASE STUDY 

As a case study we look at a system where the loads 
are Normal distributed, 1DP  having mean 200 and 

standard deviation 20 and 2DP  having mean 100 and 
standard deviation 10. The respective reactive powers, 

1DQ  and 2DQ  are assumed to be 10% of the active 
powers witch is a quite normal assumption. The cost of 
producing active power in Area 1,  , is 50€/MWh and 

the cost of producing active power in Area 2, C is 
20€/MWh. To emphasize the effects of the simulations 
the probability of the lines tripping during a scenario is as 
high as 5%. 

1C

2

 
The Value of Trading in our case study 

If we neglect the losses in the system the problem of 
calculating the expected cost, of supporting D1 actually 
becomes quite trivial. 
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Let P21 be the power transferred from Area 2 to Area 1 
and let K (as before) be the allowed maximal trading 
between the two areas. 

Then, 
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Now, the expected value 21

1
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where 
1Dϕ is the probability density function of  D1. 

 The expected cost of supporting D1 when neglecting 
the losses in the system then looks as follows. 
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When we start considering losses as a part of the 

problem it becomes more intricate and a Monte Carlo 
Analysis becomes more useful. 

 
The result of our Monte Carlo Simulation can be seen 

below. 
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As we can see this curve is very similar to the one that 

was calculated when neglecting the losses in the system. 
The main difference is that, due to losses in the lines 
connecting the two areas, the profit of trading between 
the areas is slightly reduced. 

 
The Reliability of the System in our case study 

Since we wanted to part the value of trading from the 
security of the system, outages in the electricity grid was 
not taken under consideration when establishing the 
relation between the cost of supporting D1 and the 
allowed maximal trading. Instead outages in the grid will 
be considered when establishing the relation between the 
reliability of the system and the allowed maximal trading. 

As a measure of the reliability in the system we have 
chosen the probability of no event causing the lines to get 
over loaded happening (e.g. The transfer is 200MW and 
one line tripping). 

When doing a Monte Carlo Analysis of the system the 
following relation was found, 

0 50 100 150 200 250 300
0.9

0.91

0.92

0.93

0.94

0.95

0.96

0.97

0.98

0.99

1

Allowed maximal trading

R
el

ia
bi

lit
y 

of
 th

e 
sy

st
em

 
When the maximal transfer, K, is below somewhere 

around 148MW the loss of one power line does not cause 
the other line to be over loaded, so the system satisfies the 
N-1 criterion. At first glance one might think that this 
should be true for all K<150, but when we lose one power 
line between the two areas the loss in the transfer will 
increase which causes the regulation plants in Area 2 to 
increase their production. Hence the transmission will 
increase and if it was already close to 150MW, it might 
increase to above 150MW, causing the lines to be over 
loaded. 

So the discontinuity in the above graph represents the 
step from a system fulfilling the N-1 criterion to a system 
that will break down as soon as a single line trips. 
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5.   CONCLUTIONS 

In this paper we have described a method to find the 
value of trading and the reliability of the system as 
functions of the allowed maximal trading between the 
two areas of a two-area system. 

The results obtained in the case study indicate that the 
method can be applicable to real power systems. 

The advantages of the method described are that it is 
easy to use and that due to all-purpose numerical analysis 
tools, e.g. GAMS and MATLAB, the simulations are fast, 
takes about an afternoon on a ordinary PC, using GAMS 
and MATLAB, to obtain the results presented in the case 
study, in the future we will use variance reducing 
techniques to improve the simulation speed.  

The results presented herein summarize findings from 
the preliminary phase of research in the area of security-
constrained trading and therefore the main findings have 
not yet been generalized.  

In the future we will work on generalizing the method 
to cover a dynamic electricity market with more than two 
areas. 
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