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▪ Issue 2: 
Monitoring & Maintenance 
needs flexible wireless
solutions
→ eg. Drones

Several tens of thousands of individually moving 
mirrors (heliostats), each with small but critical 
communication requirements, over an area of a 
few square kilometers

Mobile monitoring and maintenance 
systems with partly very high data rates

▪ Issue 1: 
Wiring of Heliostat field is
expensive and elaborate
→ ~ 7% of total investment
costs [6]

▪ Issue 3: 
High communication
requirements in designated
areas Photo: Brightsource Energy / Graphic: DLR
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1980 1990 2000 2010 2020

Voice Calling SMS Internet data intensive 
apps

Internet of
Things

1G 2G 3G 4G 5G

SMS

2.4 Kbps 64 Kbps 2 Mbps 100-1000 Mbps 1-10 Gbps

[7]
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▪ Ultra-reliable and low latency communication
(uRLLC)

▪ Enhanced Mobile Broadband (eMBB)

▪ Massive Machine Type Communication (mMTC)

eMBB

uRLLCmMTC

Virtual Reality

Real-Time 
Communication

AR UHD
Streaming

Big Data
Smart Home

Smart City
Autonomous

Car

Robotics

Manufacturing

LogisticsSmart Grid▪ Mixed requirement profiles

[4]
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Background

▪ 5G campus network and new network operation models
▪ Geo-localized networks adapted for special requirements of the domain

▪ Can be completely isolated or based on public infrastructure
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gNB (public)

gNB (private)

Slice

In-House operation

Hybrid – Small Cell

Hybrid – Shared RAN

Public 5G frequency 3.5 GHz

Own core network

Own radio network

Local 5G frequency 3.7 GHz & 26 GHz

[5]
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Solar power plants with up to 100,000 heliostats in geographical small area

Are reliable 5G Campus networks for energy efficient, wireless heliostats economically feasible?

Deployment of a 5G radio network for holistic solar power plant communication

Expensive and 
elaborate wiring for energy and data

Monitoring & Maintenance needs for flexible 
wireless solutions In
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Which 5G solutions can fullfill demands of solar 
power plants?

Which frequency range can be technically realized
and is available in all target areas?
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Control Heliostatenfeld
S04

S07

S05

S06

S08

Heliostat 
[n]

Sensor & 
camera [n]

Calibration
camera [n]

Mobile 
Maintenance 

Operator

Drone [n]

Control Center 
CSP

Ground Control 
Station Backup with
Telemetric Display

Heliostat 
Control System

Station Image 
Analytics 
Mavlink

Application A Application B

Application A: Highly 
scaled number of 
participants with 
transmission of small 
amounts of data, cost 
effective, low power 
(heliostats, sensor)

Application B: Small 
number of participants 
with high data volumes, 
low latency & reliability 
(e.g. drone)

→ mMTC

→ eMBB, uRLLC

S03
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Heliostat field

Heliostat 
[n]

Sensor [n]

Calibration
camera [n]

Mobile 
Maintenance 

Operator

Drone [n]

11 Heliostats

1 Weather station

1 Calibration Cam

1 Tablet

1 Drone
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Drone
Heliostat 
(onboard)

Tablet
Heliostat 
(plug-in)

Calibration
Cam

Weather
Station

Support of campus networks
currently limited!

Device that directly supports 5G & 
campus network 

5G Modem that can be integrated
on board

5G Router that can be plugged into
device in exchange for ethernet

Most effort because of hardware
re-design

Higher Hardware-Costs & Protection
with outdoor case neccessary
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Mid- & Back-Haul
Front-Haul 1

Front-Haul 2

5G 
Core

Baseband
Unit Router Internet

Other 
Netzworks

Radio Unit 1

Radio Unit 2

Antenna 1

Antenna 2

Network Participants
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360°
Antenna

Radio 
Unit

Front-Haul 1

Directional
Antenna

Radio Unit

Front-Haul 2 Mid & Back-Haul
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Summary

▪ Wireless heliostats allow to safe costs and effort for cabling & allow more flexibility
for innovative use cases like drones

▪ 5G technology has a higher data rate, can support different requirement profiles and
allows the use of campus networks

▪ Solar power plants are typically location in designated areas have a heterogeneous
requirement profile for data communication

▪ A 5G campus network is currently demonstrated & evaluated at solar tower Jülich →
technical and economical evaluation is still ongoing
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can help improve the Design and Operation of Concentrating Solar Power Technologies”
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for monitoring and automation in 
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Data 
consumers

Data 
sources …

Process Control 
System

Heliostats Drones camera systems environment
sensors

Human 
users

Dashboards & 
Visualization

Other 
subsystems

Remote 
Control

Intelligent 
algorithms

…

→ System infrastructure
Data 

consumption Control and 
regulation
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Field

Solar Tower

Heliostats

Drones

camera systems

environment
sensors

Human 
users

Dashboards & 
Visualization

Other 
subsystems

Company network /
internet

Intelligent 
algorithms

…

Process
Control 
System

▪ Actual situation
▪ Series of distributed subsystems

▪ Partly connected data silos

▪ Airgapped high-security environment

▪ Challenges
▪ Heterogeneous systems and interfaces

▪ Performance, stability and security

▪ Huge amount of data

▪ ~ 5.5 TB to process per day

▪ ~ 10 TB to store per year

▪ Complexity of the overall system

▪ …
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▪ Data Platform as a centralized 
infrastructure for interconnection & 
data management

▪ Collect & provide data from all sources 
and allow their control and regulation 
of system components

▪ Break data silos and provide features 
for data-based applications and human 
users

▪ Provide robust, secure, performant, 
flexible and scalable system 
infrastructure

Process
Control 
System

Heliostats

Drones

camera
systems

environment
sensors

Human 
users

Other 
subsystems

Intelligent 
algorithms

Data Platform

Data 
consumption

Control & 
Regulation

Data 
consumption

Control & 
Regulation

Data 
Management

Interconnection

Support
Features
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Data 
sources

Data 
Management

Data
usage

Data 
consumer

Visualization, Alerts & 
Dashboards

Semantic
interpretation of data

Data consolidation

Flexible interfaces to
data sources

Different interfaces
for data access

Comprehensive IT 
security protection

Stream / batch
processing

Big Data Processing 
& Storage

Scalable
Deployment

Monitoring of system
health & Self-Healing

CSP data
platform

PCSHeliostatsDrones
camera
systems

environment
sensors

Human 
users

Other 
subsystems

Intelligent 
algorithms

Closed-
Loop-Control

Error 
search

Now-
casting

Online 
Monitoring

Automatic
O&M

Real-time-
simulation

Heliostat 
calibration

System 
control

…
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▪ Reference Architectures for (I)IoT-
Platforms

▪ Consumes data at device layers and 
provides it to application layer

▪ Core functionality for data 
management

▪ Management and security services that 
provide functions for all layers

Connection to devices

Connection to applications

Core functionality

Se
cu

rity

M
an

age
m

e
n

t
[1]

camera
systems

environment
sensors Drones

Closed-Loop-
Control

Nowcasting Real-time-
simulation
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Management SecurityApplication

Core

Device

IoT
Broker

Docker

Python / 
Postman

Mongo DB

context

Grafana

Time series 
database

IoT-Agent 
Weather Station

Identity Provider

Policy Execution 
Point (PEP)

Visualization, 
Alerting & 

Dashboards

Standard-based 
central IoT-Broker

Historic Data as 
Time-Series-Data

Centralized 
security for 

authentication 
& 

authorization

REST-API acess
for (intelligent) 

services

Flexible 
containerized 
deployment

semantically 
enriched linked 

data models

Weather Station 
as first integrated 

data source

[3]

Powered by:
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Summary

▪ The amount of data and the need for processing methods is growing

▪ Solar power plants have high requirements on technical infrastructure like 
huge amount of subsystems and data, high degree of heterogeneity, sensitive 
control processes, low latency requirements…

▪ A qualitative system infrastructure for data management and 
interconnection of system components is important as a basis for condition 
monitoring and automatization

▪ A data platform can be used as a middleware for interconnection and data 
management of the system and its components
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