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Our Idea
Three levels control of power budget

Limit

General 
Load

Variable
loads

Level I: Single

 Single safe
power budget

 No Communication

Level II: Mutual

 Mutual fixed
power budget

 Distribution by demand
 Communitation

of devices

 Mutual variable
power budget

 Determination 
of the actual grid state

 Communication of devices

Level III: Mutal
with grid state

 Aim of control: 
No grid overload

 For variable loads
 Loads communicate
● to share power budget
● to share measurements
● to enable 

grid topology estimation,  
grid state estimation

 Grid state estimation 
allows variable power 
budget

Decentralized 
control

Benefits
 Less grid extension needed
 No investment for central controller needed
 Fast grid use extension 
 Resilient
 No discrimination of loads

How does it work

Easy-Peasy:
Known nodes n = m unknown nodes

Setup equation system with 
admittance matrix:

Coefficients known 
from line impedances

Known node currents and voltages

Unknown node currents and voltages

Sort unknown to left and known to right
U4, U5 and U6 can 
be determined by 
inversion of the left 
partial matrix
Then I4, I5
and I6 can be 
calculated

Not so easy:
Known nodes n < m unknown nodes or
Ambiguous arrangements

 Select (m – n) nodes and assume a node current
 For worst case: 

● Select nodes, which are not at the end 
● Assume node current = 0 
● If ambiguous, calculate all cases

 Each Zero Current Node adds 
one variable to the equation system

 Equation system is solvable,
proceed like before.

Solution:
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 For each known variable (U or I) one unknown variable (U or I) can be calculated

Node voltages and currents: Line currents:

U1 U2

UL

Z L IL

Known
Load 2 

Variable
Load

Known
Load 1 

 Use node voltages from state estimation and 
 Ohm's law
 to calculate line currents

Solution:

 Voltages and currents are complex numbers
 Only amplitude is measured

Problem:

Line currents:
Error without phase information
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What errors do we get

 For low voltage grids: 
● Low reactive impedance 
● Inductive currents 

 => Estimation error <10%

Node voltages and currents: Error from zero current assumptions

 Up to 20589 arbitrary grids simulated and estimated
 From 4 nodes to 19 nodes
 Varying topologies and combinations of node types
 Only radial topologies
 Reference voltages and currents for all nodes from grid simulation

 All errors on the “safe side”
 Node voltages: 

Far below Errors < 0.15% 
 Node currents:

Large errors due to zero current 
assumption

 No significant errors for ratio of 
unknown to known busses < 4
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Note: 
Previous Data was not correct due to
programming error
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