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Towards a reliable and sustainable power grid 

SAFEr Grid
Store-and-Forward Energy Grid
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Synchronous
Global Balancing of Power

Grid stability relies on  
synchronous balance of power 𝑷 = 𝚫𝑬

𝚫𝒕

Stability Metric:  
𝒅𝒇
𝒅𝒕
= 𝟓𝟎𝑯𝒛

𝑮𝒓𝒊𝒅 𝑪𝒂𝒑𝒂𝒄𝒊𝒕𝒚
" 𝑷𝒐𝒘𝒆𝒓 𝑰𝒎𝒃𝒂𝒍𝒂𝒏𝒄𝒆
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aGrid 1

energy

aGrid 2

energy
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Asynchronous
Local Balancing of Energy

aGrids (asynchronous subgrids):
� Isolated and locally stable
�Shift from global matching of 

production & consumption to local aggregation
�Enabling flexible transfer of energy (not power)



energy router
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� Isolated and locally stable
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�Enabling flexible transfer of energy (not power)
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Synchronous 
communication
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Store-and-Forward Energy (SAFEr) Grid

aGrid 1 aGrid 2 aGrid 3

Local Balancing of Energy

Global Streaming of Energy

Smart Power
Applications & Pricing

C
oo

rd
in

at
io

n 
&

 
C

om
m

un
ic

at
io

n

Internet Architecture
(scalable, flexible and robust)

Transport Layer

LAN 1 LAN 2 LAN 3

IP IP IP IP

TCPTCP

ApplicationsApps Apps

Asynchronous
Local Balancing of Energy
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Synchronous 
communication
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Energy Router:
� Reuse of existing grid (replacing transformers)
� Autonomous subgrids à blackout protection
� Controlled flow of energy in each direction
� Leveraging local aggregation and cooperation 
� Coordination (also of buffered energy) provides

great flexibility and emergency power

Asynchronous
Local Balancing of Energy
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Streaming Layer
� Global and dedicated streaming of energy

�High flexibility in strategies (tbr)
� Ensures stable and safe energy supply

�Leveraging Internet stability solutions
�Much less grid capacity required

(temporal decoupling, routing of energy, 
aggregation of energy flows) 

� Theory of grid stability (tbr)

Asynchronous
Local Balancing of Energy
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Stream B:
1 MWh 

at 1 MW

Stream A: 
2 MWh 

at 500kW 
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Application Layer:
� Establish innovation ecosystem
� Volatile production à elastic consumption

� Provide new classes of services
� Leverage and foster elasticity

� Decentralized grid-wide coordination
� Current is grid is far from being “smart”

� Provide incentives, e.g. energy flat rate

Asynchronous
Local Balancing of Energy
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Smart Power Applications:  
Decentralized Coordination

& Ecosystem



The Pathway towards 
a SAFEr Grid

17v1 of SAFEr Grid capability: grid forming PV with battery

Example: 83% of consumption fed by local PV
(50% directly, 33% PV via battery)
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The Pathway towards 
a SAFEr Grid

Energy router

Energy router



Energy router

Rember, 
how the Internet began in 1969…

First packet router (UCLA) and topology, 29. October 1969

Energy router

Maybe the next sentential 
invention/innovation…? 



SAFEr Grid vs Internet?
� Yes, for almost all concepts, devices, procedures, control approaches there is room for an 

equivalent in an asynchronous energy grid
� LAN ↔ aGrid, router ↔ smart transformer, applications ↔ usage plans, 

eyeball networks ↔ DSO, Tier 1 ↔ TSO, and many more
� Even for NAT there is a counterpart
� Many more to be developed for an asynchronous grid

� Equivalent to congestion control ↔ how to organize energy streams in a fair share
� How to globally organize the routing and streaming of energy (in flows, not in packets)

� The Internet is perfect role model how to design a versatile, flexible and robust infrastructure
� And, we hope to prove that we can also switch to flat rate pricing models

� But, there are also severe differences …



SAFEr Grid vs Internet?
� Differences between the Internet and asynchronous energy grid

1. Energy ≠ information
• This undermines the analogy's charm.
• But, it simplifies things a lot (we can aggregate a lot, instead of queueing stuff up) 

2. Discretized energy exchange is not necessary (implication from (1))
• Makes things again much simpler (keep it simple and stupid)

3. The core may not be stateless, but will (likely) not harm sclability
• Subject to our current research

4. Overprovisioning vs. quality of service
• There will be QoS in SAFEr Grid
• Customers demand it

5. There is still far more regulatory (mis)steering in the grid than on the internet



Many thanks for your attention !

� Please contact us to be invited to 
our SAFEr Grid stakeholder workshops


