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I. Structural Change of the Energy System & Challenges
… substantial shifts in energy supply and demand.
2011 Fukushima
• Turning point: Adoption of new Energy Strategies in EU / EEA / CH
• Structural changes in the energy systems in EU / EEA / CH
Consequences
• New power producers: Replacing nuclear power, fossil power
production by renewable energy sources (big and small producers of
electricity)
• Lack of capacity markets (capacity providers): Balancing
stochastic energy supply
• Prosumers: Consumers become electricity suppliers
• Growth in E-mobility / EV: Structural change in private / public
transport
Challenges:
• Further fostering those new elements (e.g. energy efficiency, EV)
• Integrating those new elements in the energy system (e.g.
prosumers)
• Managing and increasingly complex system (e.g. stochastic energy
supply, EV, prosumers)

II. New Players in the Energy System (I)
… fostering and integrating them into the system.
New Players
• Prosumers: Private & commercial customer participating in the
energy market
• Energy efficiency: Service providers (beyond energy-contracting)
• E-mobility / EV: Providers of EV-solutions (beyond selling cars)
• Capacity markets: Providers of flexibility in the power markets

Why are they here?
• A lot of the new players are the result of public-policies
• i.e. funding schemes (e.g. renewables)
• i.e. public investments (e.g. investment in EV-infrastructure)
We want to foster them (e.g. renewable power, energy efficiency,
EV) & we also need to integrate them into the energy system…
What is the problem?
• Lack of profitable business models
• Obstacles to the integration into the electricity system
• Managing growth that results from subsidizing activities in the
energy system

II. New Players in the Energy System (II)
… lack of incentives for investments.

Some challenges…
•

Profitable capacity markets beyond mandatory “combined heat
and power (CHP)

•

Profitable energy efficiency solutions beyond (large) energycontracting or subsidized refurbishment of residential areas

•

Profitable and innovative business solutions for e-mobilityinfrastructure beyond just selling subsidized electric cars; e.g.
using e-mobility to store electricity, new value-propositions
concerning car-sharing, shopping, tourism (innovation: driving and
supporting the environment)

•

Profitable and innovative business solutions for prosumers
beyond subsidizing photovoltaic: e.g. creating virtual power plants

III. The Solution…. Smart Grids
…a recurring Topic since 2007.
Looking at the literature of the past 20 years, there seems to exist an “unspoken”
consensus within the energy industry that smart grids are treated as the solution
to all or most challenges described on the previous slide, especially the
obstacles to investments.
Smart grid as a “concept” refers to a range of:
•
technical features; and
•
functions;
•
that promote energy network efficiency and flexibility;
•
it uses information and communications technology to monitor
and actively control generation and demand in (near) realtime, which provides a more reliable and cost effective
system for transporting electricity from generators to homes,
businesses and industry.
Where are we today?
• Smart grid requirements and technologies are still at an early stage of
development and standardization.
This is expected to change due to the revolutionary forces of 5G technology.

IV. What is 5G and why is it special?
…from 2G, 3G, 4G to 5G network(s).
5G technology promises a range of new and enhanced capabilities.

2G, 3G, and 4G networks
•
•

Device: Designed to handle Handset-to-handset voice and data
communications
Performance: Designed for devices and applications smartphone
cameras and screens:
• Higher resolutions
• Higher data rates for video streaming

5G networks: Divided into 3 primary network “slices”. Each has different
primary function.
Underlying network architecture
• Device: Designed to handle a massive amount and various devices
• Performance: Designed for devices and applications that require
very fast and reliable communications with minimal latency (lag)
• High-data rates

IV. What is 5G and why is it special?
…5G: Three network “slices” with different function. (I)
Network slicing: 5G networks are divided into 3 primary network
“slices” (each has a different primary function)

Slice 1: Enhanced mobile broadband (eMBB)
•

Likely to be rolled out first

•

Use aspects of existing 4G LTE architecture

•

Higher download speeds for smartphones and other devices
(up to 10x faster)

IV. What is 5G and why is it special?
…5G: Three network “slices” with different function. (II)
Network slicing: 5G networks are divided into 3 primary network
“slices” (each has a different primary function)

Slice 2: Ultra-reliable low-latency communications (uRLLC)
•

Designed for applications e.g. autonomous vehicles

•

Little or no gaps in communication for mission-critical applications
(e.g. road obstacle sensing and command and control)

•

Challenge: Requires dense coverage of areas
• Huge investments in communications capacity near to roads
and buildings
• New antenna designs and smaller equipment

IV. What is 5G and why is it special?
…5G: Three network “slices” with different function. (III)
Network slicing: 5G networks are divided into 3 primary network “slices” (each
has a different primary function).

Slice 3: Massive machine-to-machine communications (mMTC)
•

Internet of Things (IoT)

•

Designed to handle billions of new sensors and “edge” devices

•

Devices will communicate among themselves and with other parts of the network

Chipmaker

Motherboard / Gateway to Cloud

Network / Cloud / IoT

IV. What is 5G and why is it special?
…Security as the key challenge.
Equipment integrators: Integrators platforms and services will play a much bigger
role of operating a network than in previous generations of mobile technology
Example Xperanti
IoT-network
operator in
Malaysia.

Global data networks

Larger exposure to cyber-security risks: Unsecure or compromised devices to be
used for malicious activity such as botnet-driven denial of service attacks
National security risks: Global data networks puts companies, industries, cities, and
entire countries at risk

V. The Role of 5G for Smart Grids
…big expectations. (I)
5G PPP
• The 5G Infrastructure Public Private Partnership (5G PPP)
• Founded in 2013

Joint initiative
• European Commission (EU)
• European ICT industry (ICT manufacturers,
telecommunications operators, service providers,
SMEs and researcher Institutions)
Goal of the initiative
• Enable European industry to compete on global markets
• Support new innovation opportunities in the area of 5G
• Support solutions, architectures, technologies and
standards
• Support new markets such as smart cities, e-health,
intelligent transport, education, entertainment & media,
smart grids
• Contributing to EU digital single market

V. The Role of 5G for Smart Grids
…big expectations. (II)

V. The Role of 5G for Smart Grids
…big expectations. (III)
A lot of expectations: 5G impacts on…

EU’s biggest expectations: 5G’s positive impact on the energy sector
•

Smart grids as the primary use case for 5G

•

European Commission describes smart grids as “energy networks that
can automatically monitor energy flows and adjust to changes in energy
supply and demand”.

VI. 5G’s Impact on Smart Grids: A Simplistic Approach… (I)
…lack of concepts, simple assumptions.
What is missing…
• A lack of concepts when it comes to role of 5G for
smart grids
• Literature on smart grids has yet to develop a clear and
detailed analysis of 5G’s role in delivering smart grids.
Issue over simplistic assumptions
• Automatic proliferation of multi-function, high-quality
sensors in smart grid infrastructure
• Creating massive IoT networks
• Little discussion of the underlying enabling
technologies
What do we know at the moment?
• We are in an early stage of development.
• In many countries smart meters rely on 2G networks.
What can we know?
What could be the requirements for smart grids.
• Technical requirement
• Regulatory requirements
• Investment requirements

VI. 5G’s Impact on Smart Grids: A Simplistic Approach… (II)
…some of the requirements.
Technical perspective
• Small sensors need to be deployed for smart grid solutions
• Smart meters are necessary to collecting data: Necessary for
network management, demand shifting, distributed generation
(renewables), charging stations for EV, etc.
• Connected devices have to be deployed and available
• Adequate communications technology must be available
Regulation perspective
• Streamlining approval processes for installations of small cells
• Standardization
• Appropriate regulatory frameworks for business to invest
• Price controls to support innovation
• Data encryption standards for the protection of grids and privacy
Investment perspective
• Equipment and installation costs has to be paid by somebody (e.g.
energy retailers)
• Huge up-front investments in necessary technology (e.g. sensors,
networks and fiber)
• Long investment horizons to monetize on efficiency gains (e.g.
economics of efficiency solutions)

VI. 5G’s Impact on Smart Grids: A Simplistic Approach… (III)
…confusion with other overlapping technologies.
Some of the topics discussed under the “umbrella of 5G” are technologies
that overlap with 5G:
• IoT
• Cloud Computing & big data analytics
• Augmented Reality / Virtual Reality

VII. Smart grids’ potential socio-economic impacts
…some of the benefits.
Various benefits for consumers and the wider economy…
• Efficiency gains
• Reduce household energy consumption
• Prosumer: Consumer participation and engagement
• Energy security / system reliability and resilience
• Overall welfare gains for the economy
• Reduced public energy consumption (e.g. auto-dimming street lights,
optimized heating and cooling of public buildings)

…if we don’t know the future, what can we learn from the past of 4G and
which insights can we use to anticipate what will come in the future?
Use cases show:
• Solutions that required interaction between different sensor networks and
centralized data analytics required large-scale rollout of fiber infrastructure.
This may not be feasible for most cities.
• More accurate geolocation for particular use cases may be essential to
wider deployment of smart public infrastructure.
• Integration of 5G with other access technologies to form a continues
network and together to provide IoT.

VIII. Learning from 4G: Identifying the future key players
…a closer look at the evolution of 4G. (I)
•
•
•

Period: 2012-2020
Global standards 3G and 4G: China was sidelined in the standards-setting process. US and
Europe dominating.
Prior to 4G: Wireless communication with mobile phones limited to voice calling, text messages and
eventually, low-quality video.

Segment

Details
Origin: Builders of networks, each successive generation (e.g., 3G, 4G,
5G).

Wireless telecoms
companies
Later: Moved into digital content and streaming services to gain new
revenue sources from consumers, and increasingly, emphasize their
software capabilities for their enterprise business
Communications
equipment
providers
Mobile phones &
smart devices

Suppliers of network infrastructure hardware and direct recipients of
wireless telecom capital expenditures
Portal for consumers to access social media, internet browsing, and
real-time video streaming
…indicator of the upcoming era of the Internet of Things (IoT)

Winners of 4G…
**

*

**

VIII. Learning from 4G: Identifying the future key players
…a closer look at the evolution of 4G. (II)
Segment

Semiconductors
producers /
Chipmaker

Details
Creators and builders of the computing chips that enable the
connectivity of devices and mobile phones.
Past: Crucial for mobile graphic processing units (GPUs)
• Social media,
• Mobile gaming
• Video calling
Future: Key technology for supporting emerging applications…
• Augmented and virtual reality (AR/VR)
• Robotics (Industry 4.0)
• etc.

Winners of 4G…

****
They understood and
used 4G’s capabilities…
…and created new and
revolutionizing
technologies for
hardware and services

Deemed highly relevant for IoT.
Social media /
Application
providers

Producer and provider of end-user applications and websites
that enable social networking and content sharing.
Note
• Social media moved from desktop to mobile.
• Social media put the term smart in “smartphone”

***

VIII. Learning from 4G: Identifying the future key players
…a closer look at the potential evolution of 5G. (I)
•
•
•
•

Period: 2020Global standards 4G: China heavily involved in the standards process for 5G growing ambitions,
capabilities, and global influence. US and Europe competing with China.
Prior to 5G: 4G (i.e. supplemented by eMBB, uRLLC, mMTC)
Note: Geopolitics of 5G standards
• Determine not just how 5G networks are built, but also how money flows between
participants in the 5G ecosystem
• Determine the companies whose technology becomes the industry standard for 5G will receive
royalty payments from other ecosystem participants
Winners of 4G…

Wireless telecoms
companies

Forecasts: Winners of 5G…

**
5G will be largely “cloud native”: Network primary functions will be
software-based (not hardware based) using software defined
network and network function virtualization.

Communications
equipment
providers

*

Artificial intelligence: AI will be necessary to allocate applications to
proper network resource, i.e. mange network complexity.
Infrastructure equipment manufacturers will design and deploy
operating and management systems that use AI, both separately and
in collaboration with wireless telecoms companies.

VIII. Learning from 4G: Identifying the future key players
…a closer look at the potential evolution of 5G. (II)
Winners of 4G…
Mobile phones &
smart devices

Semiconductors
producers /
Chipmaker

**

****

Forecasts: Winners of 5G…
Providing portals for “use cases”:
• Leisure: Access enhanced mobile broadband (eMBB)
• Mission critical services: Ultra-reliable low-latency
communications (uRLLC)
• IoT: Massive machine-to-machine communications (mMTC)
Likely they will understand and used 5G’s capabilities…
…and created new and revolutionizing technologies for hardware
and services in the area of:
• Sensors
• Augmented and virtual reality (AR/VR)
• Robotics (Industry 4.0)
• etc.
New connected devices and applications will make up the IoT.

Social media /
Application
providers

***

Examples
• Integrators platforms and services
• Providers of autonomous vehicles (AVs)
• Industrial IoT solutions providers
• Providers of smart home devices
• Providers IoT based robotics solutions
…they will be the edges of the “smart grid”
visible to the “end-users”, i.e. us.

DATA

IX. Mind the Data (Laws)…
…access to data will become a key success factor.
Application providers will use what chipmaker create…
• Sensors
• Augmented and virtual reality (AR/VR)
• Robotics (Industry 4.0)
• etc.
…. this means:
• Application providers will collect and process a massive
amounts of data.
• They will either process or collect data to create profitable
business models (e.g. for AI or machine learning based
solutions, marketing driven solutions, etc.).
…this means also:
• Successful application providers will have to comply with
a growing set of “data protection laws”, such as:
• The EU General Data Protection Regulation (GDPR)
• The California Consumer Privacy Act (CCPA)
• China’s Cybersecurity Law
• Etc.

X. My Final Thoughts
… some preliminary conclusions & “think outside the box”.
Key players for the future development of smart grids
•

Semiconductor producers
• Likely act as "innovators” for 5G based smart grid technology
• They will provide sensors and necessary technology innovations

•

Application providers
• Likely to act as “innovators” for 5G based applications
• They will provide business models that will run on “smart grids”

My advice, we have to avoid thinking…
• …electricity supply / energy services in the “old way”
• …using cars in in the “old way”
• …using the power grid infrastructure in the “old way”
Think about how 4G has fundamentally transformed
how & why we use our (smart)phones!

Thank you.
Q&A

