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ABSTRACT

We display the preparation and results of a real electric
distribution network (EDN) simulation and its reliability
analysis using the parameters calculated from the real da-
tabase of EDN failures in Czech Republic from last years.
An example network is simulated in the RiceVM environ-
ment.
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1 INTRODUCTION

We have prepared the simulation environment of the Rice
system to model a real electric distribution network described
in the next section. The simulation of the network reliability
was done using parameters calculated from the failure data-
base [1]. The load nodes in the simulation are defined with
dynamic power flow at the day basis, so the amount of en-
ergy-not-supply varies with the exact time of failure occur-
rence [2,3]. The real network is simulated in the RiceVM
software environment [4].

2 THE REAL NETWORK DATA

The simulated network data come from a real scheme of
middle-voltage distribution network in Ostrava (see the Fig-
ure 1). The network is supplied by 110 kV/10 kV substation
MART. Among others there are two main loads in this grid -
Fnem and Energ. These load nodes also interconnect particu-
lar supply branches.

Each load node is characterized by its maximum load P,
and the type of average daily load course. Based on practical
measurements, three types of daily load course were deter-
mined: households, mixed load (both households and light
industry) and light industry. Assigned types and maximum
loads to nodes are in the Table 1. According to the maximum
load, the typical load course was proportionally adjusted, so
the peak on the load curves reaches P, (see the Figure 2, all
load courses were adjusted to P, =3 MW).

The modeled network is a typical urban cable system with
no maintenance reliability parameters. The mean time to
repair was set to 215 hours. The failure rate was calculated
according to the cable length. The failure rate of the cable
4,85 1/Year/100 km was calculated from the failure database

[1].
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Figure 1: The scheme of the simulated network

Table 1: Load types and maximum loads of nodes

Node name Type P, MW)
MART source

Dom households 0,2
BytV households 0,25
VTP1 mixed 0,4
Menz light industry 0,47
Energ light industry 1,1
CSAV light industry 0,15
BudN light industry 0,22
Prad mixed 0,26
Fnem light industry 3

3 RICEVM - THE RICE SIMULATOR WORKING
ENVIRONMENT

RiceVM is the virtual machine designed for the evalua-
tion of the Rice power network simulation system. It is based
on the simplified Arch Linux distribution [6] with X-server,




web server and fully functional Rice system. The main fea-

tures of RiceVM are:

- Graphical user interface for controlling all the main
system features

- Automatic updates

- Flexible agents behavior definitions

- Reports generation

- Decentralization and scalability support

The Rice simulator is designed as decentralized and
modular [8] and this principle is kept even in the RiceVM
distribution. It is possible to test the decentralized deployment
of the system by running multiple version of the virtual ma-
chine on one or more physical computers interconnected with
the network. This arrangement can be used for decentralized
simulation of one power network.

To keep all of the virtual machines up to date it is essen-
tial to have an automatized system for the distribution of the
actual system components. in the RiceVM automatic updates
are based on the Arch Linux package manager Pacman [7].
The packages with the actual versions of the system compo-
nents are stored in the package repository on the central
server. Installation of the new versions of the components is
fully automatized and can be initialized from the graphical
interface (GUI) or remotely.

The GUI is designed to easily control all the main features
of the simulator system - not only Rice components but also
the software updates and basic configuration such as the
name server used. You can see the GUI on the Figure 3. The
left part of the figure displays the controller GUI and the right
part contains the Viewer application showing the simulated
network.
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Figure 2: Typical load courses

The Rice simulator is based on the interchange of the
small pieces of information between the agents which repre-
sent the components of the power distribution network. The
behavior of the agents constitutes the overall behavior of the
simulator. The agents behaviour itself is based on the small
code pieces associated with the concrete information inter-
change acts. This way the overall simulation definition is
strictly event-driven and highly modular.

In [4, 10] we have discussed the ways of using the XML
format for the definition of the behavior of the agents. We
have proposed the format which uses declarative approach

combined with the definition of the event-driven actions in
the Python programming language.

Using this definition format, we can describe not only the
components to be simulated (declarative portion) but also the
power distribution network features to be simulated and
means of such a simulation (actions portion). Both is defined
in the ways which can be processed and generated automati-
cally without the need of the source code modification or
extension.

In the case of the RiceVM, the simulation definition is
placed in one XML file which can be loaded into the system
using the web interface.

The web interface is also used for the presentation of the
results of the simulation. The values of the variables to be
watched are gathered in the special database according to the
instructions in the simulation definition file. After the simula-
tion run, these values can be visualised, statistically analyzed
or exported for another processing. The RiceVM itself con-
tains the module for charts-making again driven by the defini-
tion present in the simulation definition file. The generated
charts are presented in the web interface of the system. The
main export format is the comma-separated-values (CSV)
file.
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Figure 3: RiceVM

4 EXAMPLE SIMULATION USING THE REAL-
WORLD DATA

In this section we will describe how to use the proposed
simulation-description format for the implementation of a
simulation which will be based on the real-world gathered
data. We will simulate the part of a real distribution network
with ten nodes and twelve lines. We will focus on the power
consumption and failure rates.

First, we must define the configuration options concern-
ing the whole simulation:

<configuration>

<time>
<start value="080101"/>
<stop value="100101" />
<coefficient value="3600"/>
</time>
</configuration>
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In this code we declare the time-frame of the simulation.
The Rice system defines time of the simulation as the interval
between two given virtual-time moments. Virtual time is
defined by the coefficient used to multiply the real time
elapsed. In this case we define the simulation time-frame as
the interval between January 1% 2008 and the same day in
2010. The coefficient is 3600 which means that one hour of
the virtual time will elapse during one second of the real time.

Our main focus in this example is the energy consump-
tion. We will use the consumption values identified in the real
power network we are simulating. These data are presented
on the hour basis for the period of one day as illustrated in the
daily consumption chart of the "CSAV" node of the network,
see the Figure 4.

Power Consumption of the "CSAV" node
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Figure 4: Consumption values example

The consumption values will be periodically loaded into
the agent's knowledge slot named myConsumption and the
consumption change will be summed to the overall power
flow through the node (consumption knowledge). Imple-
mentation of the loop timer will be as follows:
<loopTimer triggerTime="0.3">
<action type="python">
def action (data) :

agent=datal['agent']
hourNow=Utils.timeNowConverted () [ "hour']
myConsumption=
agent['dailyConsumption'] [hourNow]
myConsumptionChange = myConsumption-
agent.get ('myConsumption', 0)
agent [ 'myConsumption'] = myConsumption

agent [ 'consumption'] =
agent [ 'consumption']+myConsumptionChange

return 1
</action>
</loopTimer>

This code will be common for all node agents. We will

make a template named consumption-simulation and will
include it into all agents definitions. The consumption values
table is different for each agent and thus must be inserted
straight into the agent definition:

<init>

<knowledge name="dailyConsumption"
value="py:[0.571, 0.545, 0.542, ...,

0.591, 0.591, 0.582 1"/>

</init>

These two pieces of code together ensures that every
agent has the correct value of the consumption according to
the hour of the virtual time present in the knowledge my-
Consumption. But we must deal with the interchange of
this value between agents. We will use the subscription
mechanism. Every agent will subscribe for the value of the
consumption of his outputs as soon as the outputs are con-
nected to it. Le. it is a reaction to the change of the output
knowledge. We will write this handler for it:
<handler wvalueName="output" name="output-
handler">
<action type="python">
def action(data) :

agent= datal['agent']
newOutputId = datal['newValue']

# append the new output to the list of

outputs

if agent.get ('outputsList',None)==None:
agent [ 'outputsList']=[newOutputId]
else:

agent ['outputsList'] .append (newOutputId)

# subscribe for the output's consumption
agent.sendMessage (agent.makeKgmlMessag
e ('subscribe', outputaAid, '',

agent.makeTrivialMessage ({'receiver':outp
utAid, 'performative':'ask', 'con-
tent':'consumption=7?",
'reply-with':'consumption
newOutputId}), ')

\}

o

of %s

return True
</action>
</handler>

The subscription means that as soon as the value of the
consumption knowledge changes in the output, it will send
the message to our agent. The message will be labeled with
the in-reply-to tag "consumption of X" where X is the ID of
the output agent.

The last piece needed is the procedure which will sum the
consumption values present in the incoming messages (from
outputs) and the agent's own consumption (myConsumption)
and place the sum into the knowledge consumption (which
can be propagated further in the same manner). This proce-
dure must be triggered by the incoming messages. Its code
looks like this:
<incommingMessages>
<handler inReplyToFilter="consumption of"
bypassKb="yes"

name="consumption-summation">
<action type="python">
def action(staticbData, **fireData) :

agent = staticData['agent']

consumption = fire-
Data[ 'messageSemantics'] ['consumption']

message = fireDatal['message']

sender = message.sender

# store the cons.
change

value and compute the



oldConsumption
agent [ 'outputConsumptions'].get (sender, 0

agent [ 'outputConsumptions'] [sender]
consumption

consumptionChange =
Consumption

# change the overall consumption of the
node

agent['consumption'] =
agent['consumption']+consumptionChange

return True
</action>
</handler>
</incommingMessages>

We have developed the whole chain of actions which are
needed to transport the consumption values from the energy
consumer to the source. These simple one-purpose actions
cooperate in such a way that every agent representing a node
in the network has the actual value of the energy going
through it in the knowledge consumption. Values are com-
puted automatically with every change of the consumption in
any of the nodes.

Of course the above-described set of actions also ensures
that the values of the energy consumption are summed ac-
cording to the actual network topology in spite of we have no
central data structure describing the topology. All the actions
are performing their tasks on a strictly local basis and accord-
ing to agent's knowledge about the surrounding world.

1

consumption - old-

5 VALUES LOGGING AND CHARTS GENERATION

The last part of the simulation implementation is the defi-
nition of the desired result. Let's suppose we want to see the
chart of the overall network power consumption and we want
its values be exported for the further processing. We have the
network with one source point - the 'MART' node. We also
know that every node has the value of its overall power con-
sumption stored in the consumption knowledge. The task is to
dump every change of this knowledge, make the chart and
export the timeline into the CSV file.

As have been said, the Rice power network simulator has
primitive functions to store values (as the timelines) into the
database. The first part of the task is to develop a change
handler of the knowledge consumption. A change handler is a
function which is triggered every time the knowledge value
changes. In our case we must save the new value of the
knowledge into the database for further processing. The code
will look like this:
<handler valueName="consumption"
name="uloz-consumption">

<action type="python">
def action(data) :
agent=datal['agent']
agent.logValue ('consumption')
return True
</action>
</handler>

The primitive function logValue correctly saves the

desired value along with the virtual time value.

ga- Google

(;'3!; x @ © hrtp://192.168.191.135 fcharts/

Output charts

Pouer consumption of the HART node

consunption

Mowa oo

1

1199180860 1 1; 1 1 1 1 1: 1

Fower consumption of the Henz nede

11993

600

consuRpt ion

eer
Do rbhs

0.4

1169160060 1199200608 1199220000 1 1; 1 1

Figure 5: Charts page of the web interface

The next step is the chart generation. The RiceVM web
interface has built-in support for this. We must declare which
stored knowledge values should be used in the chart:
<output>

<chart db="/tmp/evdbs/MART"
title="Power consumption
MART node">
<knowledge name="consumption"/>
</chart>
</output>
The CSV file creation is similar:

<output>
<csv db="/tmp/evdbs/MART">
<knowledge name="consumption"/>
<knowledge name="rlStatus"/>
</csv>
</output>
By this code we tell the system that it should create CSV
file containing the values of: virtual time (implicit), power
consumption and the state of the node (its potential failure
codes).

of the

After the simulation run, we click on the "Generate out-
put" button of the RiceVM GUI and the web interface will
contain the chart and link to the generated CSV results ex-
port. The output page with two charts is presented in the
Figure 5.

6 CONCLUSION

The simulation of the simple power distribution system
has proven RiceVM to be useful for calculation of energy not
supply and it seems also promising for calculation of the
energy supply reliability. Nevertheless for the full applicabil-
ity, the RiceVM must be further tested with other power
network configurations to meet all the required criteria for
modelling of the distribution network reliability.
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