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Objectives

• Learn some basic circuit notions that are applied to power grid

• Learn about the sections of a power grid 

• Learn what AC quantities are

• Learn to use the “Tennet Power Flow Simulator”

• Build custom models in “Tennet Power Flow Simulator”

• Get a basic idea of how the electrical power grid works



Electrical Circuit Nodes

• In electrical circuits a node is the point of connection between two or 
more electrical elements.

• All the three points that form ‘node b’ constitute a single point. The 
same is true of the four points forming node c.



Characteristics of Nodes

• Each node has a single voltage value. 

• The sum of currents entering a node must equal the sum of currents 
leaving a node (Kirchhoff’s Current Law).

• Here, at ‘node a’, 𝑣2= 𝑣3=6V and 𝑖1=3A, 𝑖2=2A and 𝑖3=1A. 𝑣1 is 24V.



Electrical Grid



Electrical Grid Circuit (Buses)



Electrical Grid Circuit (Transmission Lines)



Power Flow

• In the circuit below there are two nodes with voltage 𝑉1 and 𝑉2. They are 
connected by a line with resistance R.

• Current through the line, I =
𝑉1−𝑉2

𝑅
=

𝑉1

𝑅
• So, power flow, 𝑃12 = 𝑉1 − 𝑉2 I
• In power grids all the quantities are AC signals

𝑉1 𝑉2=0

𝑅

𝐼



AC Voltage



AC Voltage Equation

• AC Voltage can be expressed as:

• 𝑉 𝑡 = 𝑉𝑚𝑎𝑥sin(2𝜋𝑓𝑡 + 𝜑)

• Where
• 𝑉 𝑡 = Voltage value at time t

• 𝑉𝑚𝑎𝑥=Maximum value of the voltage (amplitude)

• 𝑓=Frequency of the AC Voltage

• 𝜑= Initial phase



AC Voltage, Current and Power



Tennet Power Flow Simulator

• Link: https://www.tennet.eu/our-key-tasks/innovations/powerflow-
simulator/

Click Here

https://www.tennet.eu/our-key-tasks/innovations/powerflow-simulator/


Tennet Power Flow Simulator

Close



Tennet Power Flow Simulator



Tennet Power Flow Simulator

• In the top right corner: 

• Discover different built in models and explore them

• Play with the challenges given



Tennet: Build Your Own Models

Click Explore



Tennet: Build Your Own Models

• Go to bottom left and turn on Expert mode

Turn On the 
expert mode



Tennet: Build Your Own Models

Go to build 
your own



Tennet: Build Your Own Models

Click Expert Mode Icon



Tennet: Build Your Own Models

Click 
“Create an 
asset” 



Tennet: Build Your Own Models

Now click 
anywhere inside 
the map



Tennet: Build Your Own Models

Click the drop-
down menu and 
choose from the 
options



Tennet: Build Your Own Models

Change the 
parameters



Tennet: Build Your Own Models

After 
placing the 
assets click 
“Create a 
line”



Tennet: Build Your Own Models

Click on the assets



Tennet: Build Your Own Models

A transmission 
line will be 
created

Right click 
on the line



Tennet: Build Your Own Models

Change the 
parameters



Tennet: Build Your Own Models

Click on the assets to turn 
them On/Off, Change the 
generation/consumption

Click on the lines to 
activate/deactivate them



Tennet: Build Your Own Models

You can turn on the market 
mode to see system cost



Tennet: Build Your Own Models

You can save and 
load your models 
from “Settings”



Assignment

Connect two more 
busses to this bus

• Add two more busses with the bus shown in 
figure

• Add a new solar generation, battery storage 
and load with the following specifications:
• Solar: Maximum 200 MW
• Load: Maximum 200 MW
• Battery Storage: Maximum 100 MW 

and Minimum -100 MW
• Try out different values of generation and 

line capacity and see at what values the line 
capacity reaches 80%

• Note the values and present them in a table



Assignment

• Challenges:
• Frequency must stay within the green range

• CO2 content must be low

• Bonus points will be given for models with low system cost in market 
mode



Advanced Topics



Problems with DC Voltage

• In electrical grids, a standard value of Voltage must be maintained.

• If 𝑉1= 𝑉2 then current through the resistor 𝑅, I =
𝑉1−𝑉2

𝑅
= 0

• So, power flow, 𝑃12 = 𝑉1 − 𝑉2 I = 0

𝑉1 𝑉2

𝑅



Solution: AC Voltage

• The grid supplies AC voltage which we get in our house, office, 
schools etc.

• AC means Alternating Current where voltages and currents are 
functions of time (change with time).



AC Voltage



AC Voltage Equation

• AC Voltage can be expressed as:

• 𝑉 𝑡 = 𝑉𝑚𝑎𝑥sin(2𝜋𝑓𝑡 + 𝜑)

• Where
• 𝑉 𝑡 = Voltage value at time t

• 𝑉𝑚𝑎𝑥=Maximum value of the voltage (amplitude)

• 𝑓=Frequency of the AC Voltage

• 𝜑= Initial phase

• In grids a standard frequency must also be maintained



Voltage Difference Through Phase Difference

• Let two voltage signals 𝑉1(𝑡) and 𝑉2(𝑡) with the same amplitude and 
same frequency but with different initial phase 𝜑1 and 𝜑2
respectively.

• Then

• 𝑉1(𝑡) = 𝑉𝑚𝑎𝑥sin(2𝜋𝑓𝑡 + 𝜑1) and

• 𝑉2(𝑡) = 𝑉𝑚𝑎𝑥sin(2𝜋𝑓𝑡 + 𝜑2)

• If 𝜑1 > 𝜑2 then 𝑉1 leads 𝑉2
• If 𝜑1 < 𝜑2 then 𝑉1 lags 𝑉2



Voltage Difference Through Phase Difference



Current Due to Phase Difference



Power Flow due to Current Flow



THANK YOU!!


