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Current Power Grid Challenges
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Copperplate assumption breaks during peaks
Expensive redispatch required

Increased demand in distribution grids
Short peaks threaten to overload power lines/transformers



The Network of Networks
Division into independent subnets
Data Routers (DR) connect subnets
Divide and conquer principle

Discretization approach
Data streams discretized into data packets
Packets routed trough network using DR

Taking inspiration from the Internet
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The Energy Packet Grid: A future Power Grid Architecture
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Power grid separated into cells
Electrically independent
Connected using Energy Routers (ER)

Power flows discretized into Energy Packets (EP)
Scheduling between consecutive EPs

Energy Router



The Energy Packet Grid: A future Power Grid Architecture
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Distribution grids transformed into mesh-topology
ERs connect previously unconnected power line segments

Enables balancing of local feeders



Idea: Media Access Layer for the Smart Grid
EP Transfers performed between participants

Transfer a predefined energy and power
Self-Healing

Cell Controllers       placed in each cell
Approve and schedule EP Transfers
Operate independently
Ensures safe operation, i.e., infrastructure limits

Distributed control architecture
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Steer power flows on alternate paths
Distributes load evenly across the grid

Key Mechanism: Congestion Control
Throttles power flows to prevent overloads
Causes Back-Pressure at generators

Back-Pressure reported to scheduling
à Creates feedback loop

Active steering of power flows
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Topic is not that new

Various approaches in research
The Energy Internet, 2011 [1]
Digital Grid, 2011 [2]
TCP-like EV charging controller, 2019 [3]
Cellular transformation of the Grid, 2015 [4]

… but what about evaluations, real 
implementations, and experience ?

Earlier discussions among various
attendees here

Internet Concepts for the Smart Grid !?
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Hardware Prototypes and Experiments
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New power grid architecture: The EP Grid
Inspired from the Internet
Based on Energy Packet Transfers

Design and evaluation of first EP Grid protocols
Work on prototypical Energy Routers

High complexity
Electrical engineering, Optimization, Communication, etc.

à Interdisciplinary group of researchers required

Conclusion
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Intra-Cell: Time-slotted EP Transfer (TEPT) Protocol

28.07.2612 The Energy Packet Grid – Christoph Hildenbrand

A X
Idesired

Idesired Iallocated

1

2

3

4

A

X • Devices agree on parameters
• Desired electric current: Idesired

• Register EP transfer at the Cell controller
• Calculation of schedule

• Goal: no power line overloading

• Distribute results
• Allocated electric current: Iallocated ≤ Idesired

1

2

3

4

Organization for n+1
Energy transfer

Organization for n+2
Energy transfer

Time Slot n Time Slot n+1 Time Slot n+2

time



Intra-Cell: Asynchronous Forwarding
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Congestion Control
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