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Edge Intelligence Edge analytics for predictive

for energy efficiency maintenance
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Edge devices
for worker safety

Demand Response
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Edge computing
for smart grids
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Smart Meters Thermostats Solar panels inverters

SMART ENERGY COMPONENTS
EDGE infrastructure layer
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Electric Vehicles
Charging systems and
V2G

Battery storage
control systems



Leveraging loT and Edge Computing

Leveraging loT and
o anaey weermesaer  Edge Computing
Infrastructures to foster
Energy Flexibilities
through next energy
sectorial integration
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Convergence of Technologies

Scalable: Self-X

Neural
Topologies

Senses

loT and Edge Computing Granularity
loT Edge and X-Continuum Paradigm
Intelligent Connectivity
Energy-Efficient loT Edge Systems
Heterogeneous loT Edge Mesh
loT Digital Twins

loT Swarm Systems

Internet of Things Senses

Decentralized and Distributed loT Edge Systems
Al for loT Edge Systems

OS and Autonomous Orchestration

Dynamic Programming Tools

Heterogenous Edge loT Systems Integration
Edge loT Cross-Sectorial Open Platforms

Edge loT Verification, Validation and Testing
Edge loT Trustworthiness and Dependability

Continuous
Federated
Learning

Intelligence
irtualization
Decentralized

Distributed

IntelligentloT/lloT
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Edge
loT

Pre-normative and standardisation
Convergence of Infrastructure
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loT and Edge Computing Granulari

Applications
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Scalability, adaptability, transparency, dependability, trustworthiness.
Over-the-air updates/upgrades.
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Real-time
Processes

Micro Edge Deep Edge Meta Edge Far Edge

loT Edge

Multi-access edge

computing (MEC) Fog processing and
infrastructure. Edge platforms. Edge servers
computing servers into

micro data  centres

clusters.

Far edge data centers
that are extending the
edge/fog with hyperlocal
capacity, compute, and
connectivity.

Edge loT  industrial Micro and clustered
processing units (PLCs, servers (e.g., high-end
RTUs), network units CPUs, GPUs, FGPAs,
(intelligent routers, etc.), on premises edge
switches, gateways etc.). computing, local edge.

Cloud Infrastructure. Local,
regional and national data
centres. Federation of clouds
and data centres.

Sensor/actuators
processing

Resource constrained loT
edge devices.
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loT and Edge Computing Granularity

Embedded Applications Latency Sensitive Applications Data Centres — Data Warehouses
Embedded - Distributed laaS, Saa$, PaaS — Cloud Services
Micro Edge Deep Edge Meta Edge MEC Fog Far Edge Cloud

. Meta Edge: Servers and clustered servers (e.g., - Micro-edge latency below 1 ms, range from mm
h-end CPUs, GPUs, FGPAs), on premises 5 15m.
% computlng servers, local edge servers,
h|g performance embedded edge computing. Deep-edge latency below 2-5 ms, range up to

 Deep Edge: loT gateways and processing units, 1km.

network computin units and intelligent . 3

controllers (e.g., PLCS F%I'Us, DCS). h/lr:ta edge latency below 10 ms, range up to 50
» Micro Edge: loT devices including sensing and '

actuating, connectivity, intelligent processmg » MEC latency 10-5 ms, range up to 75 km.

(e.g., CPUs, GPUs, TPUs). Resource and . Foglatency 10-20 ms, range up to 100 km.

energy-constralned loT and edge processing units.
= Far-edge latency 20-50ms, range up to 200 km.

= Cloud and data centres latency 50-100 ms, range
up to 1000 km.
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loT and Edge Computing use cases P

Open non-sensitive data

o Evolvement of 10T platforms: (carbon footprint)

A Prosumers data protection

Data exchange across key actors:

Prosumers and Energy Communities Energy System Infrastructure Planners
- investments decision - long-term cross-sector plan
Energy system infrastructure operators and Cities
service providers > Energy supply and - Deployment of Energy and Mobility
DER contracts infrastructures
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loT and Edge Computing use cases

Control Room Architecture for Future Grids

Larger volume of data

Overcome fraditional SCADA systems
Inertia reduction

Ingredients:

Observability:
location and time .
(granularity close management Intelligence

DER Artificial

to real time)

Cybersecurity




Large scale flexibility

Challenges and Alignment on Flexibility regulatory framework:

Definition of Sub-metering loT Data: frusted
independent aggregator model, exchange and protection of |oT
particularly for smaller cases at sensors and edge computing

residential level data

Regulatory harmonization for Incentives: Considering flexibility
flexibility across EU countries during grid planning stages




Virtual Power Plant (VPP) role

R VPP Optimization [
<Optimization Goals, Heuristics, Global Constraints Satisfaction> - -~~~
P ' Forecasted ]
| : o Data i Y
VPP Modeling o = . Execution . |
<Energy Assets, Energy Flow, P Energy Forecasting | <Assets or Portfoljo |
Local Constraints, ..> Real Time i <Time Series Data, | Optimization,
. Energy Data | Weather, Social, ...> | Actuation, .> i |
“ :\‘ A A A ‘ : :
: . Energy Data : i
- P P © Streams RS -
‘ : ; Data Link R

Energy Link

™

y ) Energy Link_~» (-\ Wind Energy
" Other Renewable Producers
" p ~— e\ Energy Sources
; ‘ [ — Solar Energy
Flexible Assets (= @ Producers
Energy Link ‘ Batteries Diesel Generators

Electric Vehicles
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BDANRG

Big Data for Next Generation Energy

Analytics resources marketplace

©
I—I/I_l\ﬁl_l Cascade Funding

Smart Grid Big Data Analytics
Alliance (SGBDAA)

Replication
E);ttzrgaelt:f(f:g.mV\a/ienatherLegacy Energy Interoperable Platform 00z
Goographical) - f : _C]I_' BD4NRG ANALYTICS
E/E)aarér)d Party Services geaé:rﬁ%‘l,gggadnaﬁg Data Management Modeling ao
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Cross-entity Service Provider  Service Provider A Chain
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BD4NRG
Data Hubs
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Data Service
Providers & Open
Data Sources

data sharing
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Analytics, Analytic

BD4NRG GOVERNANCE

BD4NRG PROCESSING

BD4NRG Data-driven Reference Architecture

BDVA SRA (v4.0), COSMAG, FIWARE Smart Energy Reference Architecture, IDSA Data

Sovereigntyand loT/edge AIOTI Conceptual Architectures

Resources Marketplace
Application Libraries of ML
Models, Mlaas

027
= . 00

Q%0

0000 BD4NRG

5

MARKETPLACE

e LARGE SCALE

? Data/Al Models / Edge O

TSO, DSOs,
Aggregators, Local
Energy
Communities,
Suppliers, ESCOs,
DERs Operators,
Power Market
Operators

PILOTS

BD-4-NET

BD-4-DER

BD-4-ENEF
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1.Energy-oriented Digital Twin for Buildings
2. Forecasts of power generation for renewable energy plants on plant level

3. Predictive Fault Monitoring
4. Optimal scheduling of maintenance operations
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