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Executive Summary
This document is the Deliverable “D6.4 Market Analysis and Exploitation Plans” (version 1) of the
European project “NRG-5- Enabling Smart Energy as a Service via 5G Mobile Network Advances”.
The NRG-5 Project is based on the concept of short iterative cycles of work, with highly parallel
streams of activities brought together by a mutual focus on developing 5G technologies driven by a
set of Smart Energy defined use cases and a well-defined time to market context. NRG-5 has a clear
vision of going well beyond the state of the art in 5G SDN/NFV architectures, advancing the core
components of the ETSI NFV architecture and introducing new ones.
According to the 5G PPP Architecture Working Group, 5G networks aim to natively meet the
requirements of three groups of use cases:
•
•
•

Massive broadband (xMBB) that delivers gigabytes of bandwidth on demand;
Massive machine-type communication (mMTC) that connects billions of terminals;
Critical machine-type communication (uMTC) that allows immediate feedback with high
reliability and enables for example remote control over robots and autonomous driving.

Targeting the Smart Energy vertical domain, NRG-5 defines use cases covering all three groups of
MTC communications and aims to examine how already defined 5G radio features could be used in
Energy use cases and define Network Functions Virtualization (NFV) concepts as contributions to
5G studies which would optimise the performance for 5G network in the upper layers, to support the
use case requirements.
This deliverable is intended to be mainly an analysis of the current market trend in the energy and
5G domain with a main focus on some specific target market covered by the use cases developed
into the NRG-5, an early presentation of the potential exploitable outcomes and first consortium
partner exploitation plans. This early analysis is the first layer for planning a strategy for the future
adoption of NRG-5 services, assuring the impact of project results, according to a sustainable
business model. The document provides in addition of the market analysis, the positioning of the
NRG-5 system and an overview of the potential value chain as well as potential involved
stakeholders. The value proposition of NRG5 results have been described also in an illustrative way,
following the Value Proposition Canvas approach, putting in relation the potential product/services
as exploitable outcomes of the project with their potential customers and owns needs.
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1 Introduction
1.1 Purpose of the Document
NRG-5 aims to provide a new 5G-oriented framework, decentralized, secure and resilient. The NRG5 framework must be highly available and must be able to model and virtualize multi-homed
hardware contained (smart energy) devices, static or moving. It must also be able to manage edge
computing resources and virtualised elastic services on communication and energy utilities
infrastructures.
Under this framework, the vision of NRG-5 is to extensively apply the concept of Network Function
Virtualization (NFV) in the Energy vertical; NRG-5 considers smart energy services as complex VNF
Forwarding Graphs (VNF-FG), where energy management functions are dynamically
connected/disconnected to facilitate effective energy management, based on operational needs,
business priorities and policy rules, enabling high availability via self-healing/energy re-routing
functions.
The main objective of Task 6.2 “Exploitation & Sustainability plans” is to conduct a continuous
analysis of the market in terms of technology and market trends that are relevant to the work carried
out in the NRG-5 project. Consequently, this task will carry out market analysis and trends in the
field of smart energy and 5G, taking into account social, economic, political and technological
contexts. This analysis, following for reasons of completeness various methodologies, will contribute
to the definition of the final business model and financial sustainability plans. Inside this task, the
partners will elaborate a strategy of exploitation of the project results, in accordance with the
development of their business plans.
In this context, the main objective of the present deliverable is to analyse the impact of the project
results and to plan strategies for the future adoption of NRG-5 services, according to a sustainable
business model. In more details, the report aims at:
•

•
•

Providing an exhaustive Market Analysis with the presentation of the most recent market
trends, the positioning of the NRG-5 system, a first overview of the potential value chain and
potential involved stakeholders as well as an introduction to the potential customers for the
NRG-5 results.
Describing NRG-5 main outcomes and potential value proposition.
Providing the Individual Exploitation Plans of each partner.

1.2 Structure of the Document
The current document is the first version of NRG-5 Market analysis & exploitation plans and is
intended to focus on the initial analysis of the potential exploitation of NRG-5 outcomes. The report
defines the preliminary plans in terms of market analysis and exploitable assets, as well as individual
partner exploitation opportunities.
The structure of the document is as follows:
•
•

The Section 2 provides the Market Analysis; in this chapter, after the market overview and
the definition of the various market trends, the positioning of the NRG-5 system and the value
chain are framed, with a particular focus on all potential stakeholders.
The Section 3 provides a description of the main project outcomes and outlines the
project’s value proposition, explaining the value of the potential supply of the NRG-5 system.
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•

The Section 4 provides the Early Individual Exploitation plan of each partner, first providing
an overview of the background organisation of each project actor, then a description of the
individual exploitable results, as well as a general view of the exploitation strategy.

© The NRG-5 consortium partners, 2017

13

H2020-ICT-762013: NRG-5
D6.2: Report on marketing & promotional tools

2 Market Analysis
2.1 Market Overview
This paragraph provides an overview for each of the NRG-5 project results relevant markets: 5G,
Energy, Blockchain and NFV market. This analysis follows the Political, Economic, Socio-Cultural
and Technological (PEST) methodology and consequently the relevant aspects are taken in account
and analysed.

2.1.1 5G Market Trends and Expectations
5G is promoted by the European Union (EU) through numerous actions, as it is largely considered
as a new technology capable of developing virtuous and homogeneous economic processes
throughout Europe. In fact, numerous forecasts suggest that 5G will cause a real revolution in the
field of mobile networks and the services that depend on them.
5G technology has the potential to meet multiple needs, such as high data speed and low latency;
5G technology are much more flexible: this will lead to a scenario according to which operators will
be able to configure networks in a different way, offering different services that will therefore be able
to meet the needs of a larger and very varied number of users. The introduction of software defined
networking (SDN) in combination with NFV will also catalyse in favour of a more efficient approach
in terms of capital and operational expenditure, enabling innovation at a lower cost but in a faster
and more risk-reducing way.
The 5G mobile communications system has the ambition of responding to widest range of service
and applications categorized under enhanced mobile broadband (eMBB), massive machine-type
communications (mMTC) and ultra-reliable and low-latency communications (URLLC). The 5G
markets have to respond to the requirements of these services and application.

2.1.1.1 Political
Rules and regulation will play a key role in the development and deployment of 5G. Some key
decisions have already been made at European level, by the European Commission (EC) and other
EU bodies. These regulations will include providing sufficient amounts of spectrum available in the
appropriate bands and defining the license conditions for the operators. The “5G for Europe: An
Action Plan” (5G Action Plan) [1] outlines the plan for meeting the goal of providing uninterrupted
5G coverage to all urban areas by 2025. The EC action plan has identified the 700 MHz (under 1
GHz) and the 3.6 GHz (between 1 GHz and 6 GHz) bands for early 5G deployment. The Radio
Spectrum Policy Group (RSPG), in the “Strategic Roadmap Towards 5G for Europe” [2] suggests
that the 3.6 GHz band is most suitable for the immediate introduction of 5G, while the 700 MHz band
is recommended for nationwide and indoor coverage. These two bands, together with the 26 GHz
(above 6 GHz) band, have been selected as the main bands to facilitate the launch of 5G in Europe.
Other possible bands, for further exploration and potential availability for 5G use, include the 800
MHz, 900 MHz, 1.5 GHz, 1.8 GHz, 2.6 GHz, 32 GHz and 42 GHz bands.
Many regulation bodies, including the RSPG and the European Conference of Postal and
Telecommunications Administrations (CEPT) have highlighted the importance of taking into account
international developments in order to be able to facilitate interoperability on an international level.
In addition to regulations and considerations from different groups at European level, a number of
regulators on a national level have launched calls for consultations and discussions to ease and
assist the progress of 5G deployment.

© The NRG-5 consortium partners, 2017

14

H2020-ICT-762013: NRG-5
D6.2: Report on marketing & promotional tools
For example, the UK regulator Ofcom has already scheduled the auction for the frequencies within
the range 3.4-3.6 GHz to take place in 2018, and they have announced that they will auction the 700
MHz and the 3.6-3.8 GHz bands in 2019. Furthermore, they have studied the possibility of making
other bands available to stakeholders depending on the potential demand, interest and deployment
opportunities.
The Austrian regulator RTR has confirmed that they will auction the 3.6 GHz band in 2018. Spectrum
in the 3.4-3.6 GHz range will be available from end of 2019, while the 3.6-3.8 GHz range will be
available in 2020. The 700 MHz and the 1.5 GHz bands are set to be auctioned together in 2020.
The Netherlands’ Ministry of Economic Affairs and Climate Policy is preparing for a national
frequency auction of 4G/5G mobile spectrum in the 700 MHz, 1400 MHz and 2100 MHz bands in
autumn 2019.
Other national regulators, including BNetzA (Germany) [3], ComReg (Ireland) [4] [5], Arcep (France)
[188] and MINETAD (Spain) [189], have all started public consultation to identify demand for 5G
spectrum and are soon expected to allocate the 5G frequency bands.
In Italy, the auction of bands is ongoing now, with five cities (Milano, L’Aquila, Prato, Matera and
Bari) chosen as experimentation sites [192]. Furthermore, Turin and Rome have started to plan and
deploy 5G for specific services, Matera is also supported financially by MISE, while San Marino is
the first fully 5G Country in Europe.
The EU is boosting 5G as a new technology to develop and deploy fully compatible and
homogeneously all over Europe, as this is the only way to compete with the rest of the world.

2.1.1.2 Economic
The introduction of 5G will lead to a step-change in mobile networks, their capabilities and the
services they provide. Although in the short-to-medium term, the initial driver for 5G deployment may
be the enhanced mobile broadband, the users’ willingness to pay for 5G services might be limited
due to the available alternative technologies, such as 4G, which could lead to limited incremental
revenues for 5G. The incremental revenues from 5G could mostly derive from applications and use
cases for which 5G will provide capabilities that cannot be readily or cost effectively met by substitute
technologies that are present today. By offering new network management possibilities that enable
support of multiple virtual networks with different characteristics over one single physical network,
5G will be able to catalyse the provisioning of new services which, in the longer run, will be crucial
for the incremental revenues.
The increased flexibility that 5G will provide, will allow network operators to configure virtual (slices
of) networks in different ways and configurations, so that they can offer differentiated solutions that
will meet the demands of the users. With 5G, Mobile Network Operators (MNOs) will be able to
provide differentiated services for a number of different verticals simultaneously. In addition to
technological advances, the introduction of SDN and NFV will also allow a more cost-efficient
approach to adapting networks rapidly to meet new demands/requirements. Service innovation will
become faster, less costly, and less risky. For this reason, the emergence of 5G will lead to significant
changes within the value chain for mobile data connectivity, as it will support modified the traditional
business models of the already established MNOs, and it will open new opportunities for
intermediaries of various types (Figure 1).
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Figure 1: Value chain with service differentiation under 5G

2.1.1.3 Social
With each new generation of mobile networks, the hunger of the users for greater speed, lower
latency and higher bandwidth increases, and the new generation systems always try to keep up with
the users’ demands. The mobile data traffic is experiencing an ever-growing increase on a global
level, and this trend is expected to keep rising (Figure 2).

Figure 2: Global mobile traffic Source: [6]

Today the mobile broadband is mostly driven by video and browsing. According to Cisco [7], mobile
video has represented more than half of the global mobile data traffic since 2012, and it is expected
to account for more than 77% of the total traffic by 2021. It will grow at compound annual growth rate
(CAGR) of 54% between 2016 and 2021, which is higher than the overall average mobile traffic
CAGR of 47%.

Figure 3: Mobile broadband traffic, with forecast

(Figures in parentheses refer to 2016 and 2021 traffic share. Source: [8])
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The 4G systems managed to address this exponential traffic growth up to a point by improving the
packet data performance, increasing data speeds, reducing latency and adding additional capacity.
5G promises greater data speeds of up to 1Gbps to the user, with lower latency of less than 1ms,
higher reliability and overall better coverage. 5G will be the facilitator for existing applications and an
enabler for new ones, some of which even cannot be anticipated yet. Besides the enhanced mobile
broadband, 5G will have to support different types of machine-type communications, which include
applications related to smart homes, vehicle telemetry, consumer electronics, health monitoring, etc.
In general, there can be defined three main application segments:
•
•
•

Enhanced Mobile Broadband (eMBB),also called Extreme Mobile Broadband (xMBB)
Ultra-Reliable Machine Type Communications (mMTC), also called Ultra-Reliable and Low
Latency Communications (URLLC)
Massive Machine Type Communications (mMTC)

All of these types of communications, separate or combined, are expected to meet the expectations
of the end users and enable most of the use cases that are anticipated today or in the near future
(Figure 4).

Figure 4: Potential 5G use cases

(Source: I.Tomic, M.Popovic, 5G: Expectations and technology evolution)

2.1.1.4 Technological
To effectively satisfy the potential 5G use cases, 5G must combine a number of new technical
capabilities and technologies. Therefore, 5G is far more than a faster radio access technology; it
involves fundamental changes in network architectures. The 5G network will not be like the cellular
networks as we know them, but will rather be a mix of radio interfaces, mesh and dedicated networks,
working all together [9]. From the radio interface prospective, 5G will leverage on LTE for the lower
frequencies, and a new radio-access technology for the higher frequencies. This tight interworking
between LTE and the new radio technology will play a very important role in the initial deployment
of 5G that will make the transition smooth for Telcos and the users.
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Figure 5: Technical capabilities of IMT-2020

Source: [10]
Figure 5 shows the technical capabilities of 5G under IMT-2020. It is important to emphasize that in
general there are trade-offs between these parameters and not all of them can achieve their
maximum theoretical values simultaneously. The trade-off will depend on the differentiated service
that is supposed to support a particular use case.
Many applications that were at first attributed to 5G are actually enabled by evolving LTE, which has
yet to reach its full market potential. Nevertheless, for certain use cases, the limitations of 4G are
decisive, and 5G is simply a necessity for them. Table 1 shows the main key technologies that
overcome some of the 4G challenges and enable 5G.
Technology

Pros

Cons

Millimeter waves

New unused spectrum between
30-300 GHz, increase capacity
and speed

High absorption, low reach
High interference, backhaul,
large number of cells required

Small cells

Cost effective capacity and
coverage, travel through
obstacles, less power usage

Causes interference, large
number of antennas required

Massive MIMO

High efficiency, throughput,
inexpensive, reduced latency,
fine spatial focusing

Expensive, complicated, high
power requirement

Beamforming

Coherent and focused data
stream with reduced
interference

Full duplex

Transmit and receive data at
same time and frequency,
doubles network capacity

Interference, reciprocity issue

Table 1: Key technologies to enable 5G
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These new technologies introduced in 5G solve some of the challenges that are inherent to 4G, but
at the same time set new ones, which will require new additional technologies to solve them.
5G is seen as a single network that serves multiple demands (high data speeds, low latency, and
device density). Stakeholders have identified key enablers that will facilitate the new services
efficiently and rapidly. These key enablers include NFV, SDN, mobile edge computing and network
slicing, some of which will be addressed more into detail in the following sections.

2.1.2 NFV Market Trends vs 5G
5G is the new standard for next generation mobile networks. It builds on network architectures that
are flexible, scalable, agile and highly programmable. A key enabler for the development of 5G
networks is the concept of NFV [11]. It allows for the transformation of network functions from vendorspecific hardware appliances to flexible software-only applications that run on top of commercial off
the shelf (COTS) hardware. NFV provides the flexibility and economic benefits required for delivering
5G, promising much reduced CAPEX and OPEX costs for industry and service providers.
“Commercial 5G and IoT drive NFV and SDN adoption time lines. To deliver on the promise of 5G
and the Internet of Things (IoT), network architectures will need to be programmable, flexible and
automated, driving operators to invest in software-mediated solutions.” [12].
Key requirements for 5G technologies for the energy sector is the ability to provide extensive reach,
ubiquitous coverage, low latency, and the potential to handle large amounts of data from very many
resources. 5G architectures need to be flexible, allowing for changes to be made easily in support
of future network requirements. NFV supports the required flexibility.
The political, social, economic and technology aspects of NFV for 5G are extensive, and discussed
below.

2.1.2.1 Political Context
Globally, NFV has been recognized as a key driver for 5G development, acknowledging its potential
for delivering enhanced flexibility and cost reduction for network transformation. As such, it has been
adopted in Europe and worldwide by 5G standards, governmental and industry bodies.
The specification of NFV is developed by the standardization body ETSI [13]. Its Industry
Specification Group for NFV (ISG NFV) is ensuring that ETSI NFV specifications meet (global)
industry requirements.
Key 5G standardization and governmental/industry bodies that have embraced NFV include 3GPP
and 5GPPP. The 3rd Generation Partnership Project (3GPP) [14] unites a number of standardization
organizations working together to produce reports and specifications for mobile communication
technologies including 5G. ETSI is a member of 3GPP. The 5G Public Private Partnership (5GPPP)
[15] is a joint initiative between the European Commission and the European ICT industry. It aims to
deliver solutions, standards, architecture and technologies for next generation communication
infrastructures, including its (5GPPP) 5G Architecture. NRG-5 is contributing to 5GPPP.
Another key organization carrying out work towards 5G specifications and developments, is the Next
Generation Mobile Networks Alliance (NGMN) [16]. It brings together mobile operators, telco
vendors, software companies and other industry players, and research institutes. Its vision is for an
integrated communications experience supported by an affordable mobile broadband service for end
users. It too recognizes the significant benefits of NFV/SDN for 5G – its widely respected 5G White
Paper presents a 5G vision based on a 5G architecture that it calls ‘a native SDN/NFV architecture’
[17].
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2.1.2.2 Economic Context
The economic aspects of the NFV market for 5G (and other) developments are described in a
number of recent analysts’ reports. Overall, there appears to exist an increasingly strong appetite for
NFV as a basic component for 5G, with strong forecasts for solid global revenue opportunities.
Market drivers are reduction in CAPEX and OPEX costs derived from NFV (and SDN) applications
for 5G, and the potential for developing new revenue streams from much more flexible 5G services.
As with any new technology adaption however, there will be resistance associated with initial costs.
The transformation to 5G is not instantaneous, but rather a longer term process, where new digital
(NFV) based components will need to be deployed alongside existing hardware-based
communications infrastructures. Operators cannot afford to interrupt mission critical systems, and
there may be reluctance and risks to move quickly [18].
A forecast for the European NFV market for 2018-2022 provided by IDC analysts [19] estimates the
value of NFV combined with SDN for the digital transformation of communication services providers.
It estimates the value of European NFV revenue in 2018 to be $2.9bn, growing to $6.2bn by 2022.
It predicts that all segments of NFV will grow at double-digit rates but in a context of CAPEX intensity
decline. It identifies the main drivers of NFV adoption as network agility and time to market,
innovation, network programmability, better capital and operating expenditure efficiency, breaking
the vendor lock-in model, and leveraging open source developer communities. "NFV will play a
pivotal role in CSPs' digital transformation journey, and the NFV market will increase 23% between
2017 and 2022", said Bruno Teyton, senior research director, IDC EMEA. "But the transition from a
hardware-centric to a software-centric model will last a few years. CSPs need to transform their
organizations and mind sets, while technology vendors must decrease total costs, reduce
complexity, and deliver better business outcomes." The development of 5G networks is expected to
play a strong role in NFV deployments from 2019 onwards.
Forecasts for the EMEA NFV market for 2016-2020 are provided in a separate 2017 IDC study [20]
which also contains 2014-2015 EMEA NFV market size data. For the EMEA countries it identified
NFV revenue to be $1.729M, forecasting this to increase to $4.236M by 2020. It presents revenue
forecasts for 2016-2020 across three major NFV segments: the NFV infrastructures (NFVI), virtual
network functions (VNF) and NFV management and orchestration (MANO). For 2016-2017, it
identified that NFV was still at an early stage of adoption, with 2016 marking a progression from
proof of concepts to production-ready solutions. It expected the pace of revenue increase in the NFV
market to pick up very fast. The VNF component of revenue was identified at 52.2%, and expected
to increase to 60.7% by 2020.
Recent forecasts for the global combined NFV/SDN market have been provided by e.g. Ovum
analysts in January 2018 [21]. They expect the market for global NFV/SDN to grow from $9.6bn in
2017 at a CAGR of 28% to reach $34bn in 2022, as such a sizeable opportunity for CSP vendors.
Ovum reports on the acceleration of the global NFV revenue growth. It identifies how the main drivers
of NFV continue to be the promise of reductions to CAPEX and OPEX, but above all their ability to
deliver innovative services. Specifically it identifies new revenue streams to come from the
transformation to 5G networks. Ovum identifies market constraints to include the skills shortage for
individuals with the knowledge to manage software-based networks, technological issues to be
overcome around integrating NFV into existing physical networks, and the management complexities
associated with the expanding multivendor environment. Ovum’s forecast for global revenues in the
NFV/SDN market for 2012-22 looks very healthy. It argues how CSP NFV/SDN initiatives are moving
from incubation to industrialization, as operators pursue new revenue streams and cost savings
through automation and faster time to market. It does, however, argue that the full promise of rapid
service creation and delivery revenues resulting from the widespread NFV/SDN integration will not
be realized until 5G is up and running after 2020. Note that the figures provided by Ovum include
the combination of NFV/SDN, rather than NFV by itself as per the IDC forecasts.
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2.1.2.3 Social Context
The social impact of the adoption of NFV for 5G network developments is limited. The real social
impact stems from the deployment of 5G. While NFV proves to be the accelerator for 5G
deployments, its inherent ability to increase the levels of programmability of 5G networks will make
these networks much more flexible, and adaptive to new social and user requirements.

2.1.2.4 Technological Context
NFV is a recently developed technology. ABI Research analysts [22] describes how in 2015 and
2016 the market experienced some early success with NFV, with early adopters carrying out proof
of concept testing and demonstrating NFV-integrated systems seeking to understand the impact of
NFV in technical, operational and cultural domains. Despite some early successes ABI Research
identified mostly reconsiderations and failures with NFV. The uptake of NFV was slower than
anticipated. Technical expertise however is now starting to mature and the market is evolving, but
there remain challenges for standardization and multi-vendor involvement.
“NFV is a recent technology, and it entered a new phase in 2017 and 2018. After several years of
proofs of concepts (POCs) a few opportunistic deployments in selected domains, many CSPs
decided to deploy a larger set of VNFs, and they focus on NFV operations” [23].
“Software-defined networking (SDN) and network functions virtualization (NFV) are the technologies
driving next generation network transformation; but the factors impacting faster SDN/NFV adoption
are the same ones slowing the road to 5G. While there are many technical challenges, it comes
down to the fact that this is a paradigm shift. Running a hybrid networking environment can be
challenging; communications service providers (CSPs) simply can’t afford to interrupt mission critical
services inadvertently while upgrading their networks. Also, investing in network transformation
takes buy-in internally and developing a business case for the CFO is challenging when the return
on investment is difficult to prove – as is often the case in new technology adoption. Nevertheless,
CSPs can’t ignore that 5G is on the not-so-distant horizon, so network transformation this year is
more critical than ever” [18].

POLITICAL

•
•
•

ECONOMIC

Strong support for NFV for 5G by
standards, industry, and government
bodies
ETSI standard evolving for NFV, adopted
and contributed to worldwide
3GPP, 5GPPP, NGMN adopting NFV for
5G

•
•

SOCIAL
•

Great potential for CAPEX and OPEX
savings from application of NFV in 5G
developments key market driver
Global NFV/SDN market forecasts growth
from $9.6bn in 2017 to $34bn in 2022 2
OVUM NFV1]

TECHNOLOGICAL

NFV provides greater flexibility for 5G
network developments – making new 5G
deployments more flexible, and adaptive to
new social and user requirements.

•
•
•

NFV technology moving from PoC (20162017) to deployment of larger sets of VNFs in
2018
By 2019 30% of enterprises to use vCPE and
VNF based applications
Deployment of NFV from 2019 onwards key
to development of 5G networks
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•
•

5G provide faster, more flexible network
technologies
NFV creating logical and virtual networks
separate from underlying hardware – speed
of build

Table 2: NFV Market vs 5G: PEST Analysis
Source: [24] [25] [26] [27] [28] [29]

2.1.3 Energy Market Trends vs 5G
2.1.3.1 Political Context
From a political point of view, the recent international conflicts and the choices of different countries
(in particular the member states of OPEC and OAPEC) have changed the international scenario of
energy supply of raw materials. In particular, political instability created a high volatility of fuel prices
that were reflected in a higher cost related to energy production.
Over the years, the technologies have advanced and the costs of oil extraction have decreased. The
increase of US production meant that the USA no longer needed to buy oil from other countries to
meet their domestic needs, thus triggering a downward mechanism and an imbalance between world
demand and supply.

Figure 6: Changes in dollars per barrel 2006-2018

This chart shows the changes in dollars per barrel since 2006 and as you can see from 2016 the
producers have decided to act to bring the quotations back to acceptable levels and have imposed
the price to be respected, raising the prices of the crude oil and raising the related supply costs.
This has had serious consequences on importing countries such as Italy, which has seen prices of
kilowatt-hours energy gradually rising significantly since 2017, when the wholesale price of electricity
has also increased due to the closure of nuclear power plants in France.
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Figure 7: Prices of kilowatt-hours of energy in Italy 2004-2018

As a result of rising oil, more and more nations have decided to invest in the renewable energy
sector. In particular, in the last decade, the Italian Energy Authority (ARERA) has promoted the
development and the application of innovative technologies aiming at an active management of
electricity distribution grids, though, also, the control of RES generators. As a direct consequence,
several pilot projects on distribution grids have been developed, allowing ARERA to adopt specific
measures (e.g. Deliberation 646/2015/R/eel) aiming at disseminating large scale innovative
functionalities related to MV distribution grids with high RES penetration rates.
In this context, the 5G networks in smart grid is necessary to provide to the aggregators and system
operators (TSOs and DSOs) new slicing applications tailored to optimize network operation and
manage load flexibility.
In particular, these new services re-shaped on the light of 5G will allow:
•
•

•
•

Aggregated portfolio management and flexibility prediction by trading off individual flexibility
prosumer-owned resources (including flexible loads, storage and EVs)
Prosumer-level Flexibility Optimized Management through trading off individual
comfort/wellness against flexible real time tariffs deployed in near real time via next
generation smart meters
Automated near Real time Demand Response for DER optimal flexibility provisioning to
power network operators (TSOs/DSOs)
EV fleets optimal recharging for Demand Response management to DSO

2.1.3.2 Economic Context
Recent innovations in energy sector are deeply influencing business and economic pillars of energy
industry. These innovations are mainly represented by: market liberalization (new producers and
new retailers) and infrastructures digitalization and automation (smart metering and data
management, etc.).
Many national markets are facing the challenge to integrate a growing number of small prosumers,
while encouraging storage and demand response at the same time. This combination requires a new
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market design featured by a mix of short-term market and long-term prices, with RES participating
in balancing (in this case no more subsidies are foreseen for RES). Meanwhile RES subsidies are
still pushing the market in the most of the European Countries, achieving grid parity [30].
Electricity markets have moved forward to liberalization since last decade, but some issues still need
to be solved, e.g. in terms of cross-border trading, customer protection and insufficient retail market
competition. According to the European Parliament [31], a more physically integrated internal energy
market could deliver annual efficiency gains of at least €250 billion.
With the absence of ubiquitous, mass-scale energy storage systems, the electric energy that is
consumed needs to be produced in real-time and for this reason grid operators target at balancing
demand and supply for each kind of market participant that will now responsible in case of
imbalances. Any imbalance, or difference between consumption and production, incurs costs and
can even result in national grid failures in the case of large discrepancies. New trends yield to a
novel approach called “balance responsibility”, where an electricity supplier must deliver as much
electricity as its customers consume. This aspect was addressed as another market distortion that
originates the aforementioned imbalances over the grid, affecting both the supply and the flexibility
in intraday and balancing markets. Since RES breakthrough, Demand Response is one of the most
promising mechanisms to balance power fluctuation on the grid.
This interest has signaled several regulatory changes in last years and further implementation
planned in next future. In particular countries where traditionally DR was never considered, like
Estonia, Spain and Italy there is now a growing attention towards the potential of DR, but are still
missing any kind of legislation. The European countries that currently provide the most favorable
framework for DR implementation are Great Britain, Belgium, Switzerland, France, Finland, and
Ireland. Nevertheless, there are still market design and regulatory issues that exist in these wellperforming countries.

Figure 8: Situation of implementation of DR in Europe

The new services introduced by 5G technologies involve individual flexibility owner resources that
thanks to the NORM interfaces became IoT devices. Demand response program, coupled with smart
data engineering and analytics that involve a great number of these IoT objects at the edge of the
network, exploits the 5G IoT with the availability of a connectivity technology which is at once truly
ubiquitous, reliable, scalable, and cost-efficient, significantly upgrades the insights available to
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utilities, enabling more operationally valuable DR and additional value-add services to the end
customer.
In this scenario, NRG-5 will use low cost phasor measurement units (PMUs) coupled with next
generation secure virtual smart meters to provide scalable and reliable, finer grained information to
enable improved smart grid self-recovery via power re-routing scenario. PMUs can provide up to 120
frequency samples per seconds which will allow a real time, improved state network estimation within
the order of tens of milliseconds, thus greatly contributing to improve the near real time observability
of the grid.

2.1.3.3 Social Context
In recent years there was a transition from a passive or “blind” end user, to an active and conscious
customer among some more progressive segments of society. These customers are more conscious
about energy generation, transmission, consumption and trading and can participate in the market
through different options. Smart metering is increasing their awareness of consumption, which
directly affects their behavior, as described over a decade. On the other side, scepticism towards
new technologies is still present and constitutes an important barrier to innovations, as always.
These barriers may be reduced by stimulating public awareness for smart energy solutions and
communicating their advantages, such as:
•
•
•
•

Smart Grids contribute to stabilizing the power grid at a lower cost compared to storage
options.
For implementing Demand Response solutions, no new facilities must be planned, authorized
or built.
Intelligent controlling on generation and demand side also avoids bottlenecks at local level,
to the extent that costly extension and retrofitting of the distribution grid could be avoided in
some cases.
Throughout the whole life cycle, Smart Grids also cause less CO2 emissions compared to
electrical storage options or grid extensions, let alone new gas-fired reserve plants.

The liberal market is overall characterized by a lack of transparency for final users, causing a general
lack of confidence towards retailers or operators, concerning billing accuracy and fear for extra costs.
Besides that, the majority of consumers are not concerned with electricity supply (generally, the
quality of grid power supply is still high and power outages do not currently significantly affect
consumers), but rather focus on the running costs. For this reason, technologies and solutions are
quickly changing people’s perceptions and uses of energy, where they not only care about cost
saving, but reducing environmental footprint through sustainable solutions.
Privacy and data security are also a major concern for customers, who may be worried about smart
technologies affecting their data privacy. This area has been significantly improved over the past
several years, with the emergence of successful privacy policies that protect consumers against
unwanted third-party sharing of their energy usage and data. In this scenario, privacy, resiliency, and
high availability are mandatory for 5G success and adoption both in general, and specifically by (e.i.
Smart Energy) verticals.

2.1.3.4 Technological Context
The Smart Grid is expected to revolutionize existing electrical grid by allowing a bidirectional flow of
information to improve efficiency, reliability, economics and sustainability of the generation,
transmission, and distribution of electrical power. However, issues associated with communication
and management must be addressed before full benefits of the Smart Grid can be achieved.
Furthermore, how to maximize the use of network resources and available power, how to ensure
reliability and security, and how to provide self-healing capability need to be considered in the design
of Smart Grid.
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In many European countries, research and development in the Smart Grids area are constantly
increasing aiming to support the transition to a secure, efficient and sustainable electricity grid of the
future. In this context, the European national activities are in different stages of development, ranging
from fundamental research (proof of concept) projects in some countries, to the built up of large
scale demonstration on pilot sites or finally starting with the implementation and roll-out of smart
technologies and solutions. Regardless of the different development stages, national Smart Grid
stakeholders share the common goal with the European Technology Platform (ETP) on Smart Grids:
to advance the development and to facilitate the way to a smarter grid. One of the goals is to replace
at least 80% of electricity meters with smart meters by 2020. The smart meters will allow new
technologies to enter the energy market and new research perspectives on many scientific fields,
especially on Smart Grids, artificial intelligence and data mining.
Regarding the impact of 5G, the following image shows the evolution of smart grids in a scenario
strongly conditioned by the presence of 5G technologies.

Figure 9: Smart Grids- 5G Evolution

Source: [32]
A new generation of near real-time Smart Meters, namely 5G-NORMs, are being developed during
the NRG-5 project; they will be a generic 5G terminal (interfacing an off-the-shelf smart meter) able
to operate as electricity meter, phasor measurement units or any other 5G terminal, enabling the
massive and lock-in free integration of end-users’ infrastructure request in more stringent capacity
and privacy (Massive IoT application).
As hinted before, an essential feature of a Smart Grid is the use of information and communication
technology to gather and act on information in an automated fashion to improve the efficiency,
reliability, economics, and sustainability of the production, transmission, and distribution of electricity.
Thanks to dedicated NFV advances, NRG-5 is implementing (liaising with the H2020 SUCCESS
project) secure and trusted data storage, enabled by blockchain and physical unclonable functions
technologies. In this way it will focus on reliability and traceability, while keeping the sender's private
by design. Indeed, the NRG-5 blockchain distributed database will not be globally visible, but rather
be managed according to a policy specified by the owner of the data. In addition, NRG-5 will be
creating techniques such as:
•

Ad-hoc peer-to-peer mix networks
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•
•

Advanced cryptography, such as attribute-based encryption and (succinct) zero-knowledge
proofs
Measurement studies that will serve to test and validate the adopted privacy-enhancing
technologies

2.1.4 Blockchain Market Trends vs Energy
Blockchain is a technology for peer-to-peer transaction platforms that uses replicated storage
resources to record all transactional data. Blockchain enables a transparent, unfalsifiable, and
secure way to archive information permanently and to exchange such information between actors
not necessarily trusting each other. Indeed, its applications leverage on the following pillars:
1) Distributed consensus. Governance is shared among the different participants that decide
whether to validate the transactions. Moreover, participants can at any time audit the blockchain
to access the evidence of the consensus;
2) Distributed register. The list of transactions is replicated across all nodes, making the system
resistant to fraud. Any participant cannot change the transaction history a posteriori;
3) Asymmetric cryptography. Data Transactions are digitally signed with a private key, which allows
traceability and verifiability.
Originally developed to avoid centralized structures and third party intermediators in the financial
sector (banks, exchanges, trading platforms), blockchain concepts can be applied to multiple sectors
outside its original scope. For instance, in the energy context, blockchain may strengthen the market
role of individual energy consumers and producers, enabling the emergence of a new category of
prosumers, i.e. households that do not only consume but also produce energy, permitting them to
buy and sell energy directly, without the need for third party intermediators.

2.1.4.1 Political Factors
The energy market is highly regulated in the EU with unbundling as the primary regulatory tool to
increase competition and prevent excessive prices for consumers. Unbundling imposes the
obligation to separate distribution network and supply activities in order to 1) ensure the neutrality of
the entities operating the network, and 2) promote competition by limiting the monopoly position of
incumbent businesses operating across all parts of the supply chain. Also, EU consumers have the
right to switch their gas or electricity supplier without extra charge within a short timeframe (less than
three weeks).
Blockchain empowers consumers to better control and manage their own electricity data, contracts
and consumption. With network operator data (regulated business) and supplier data (competitive
activity) being separated directly at customer level, blockchain technology has the potential to be an
efficient measure for the unbundling requirements, which may result in increased competition and
more efficient prices for end customers. While the current legal and regulatory framework for
consumers and prosumers in the energy sector is clearly defined, in the medium to long term, this
framework could probably have to be adjusted to reflect the requirements of decentralized
transaction models [33].
In this case, a key enabler is that the fundamental physical data (e.g. metered electricity
consumption) can be provided in a tamper-proof way. Meter operators’ tasks of certifying, approving
and regularly inspecting the measurement equipment used would therefore be activities of utmost
importance.
One major benefit of a blockchain-based transaction model is that all electricity delivered to the
networks can be clearly attributed to individual customers in shorter time units (up to few minutes).
All electricity produced and consumed can be evaluated at variable prices. The physical electricity
as such would continue to flow to the end user directly from the closest generator. A simplified,
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blockchains-based clearing process would also lead to less balancing energy being charged to
market participants.

2.1.4.2 Economic Factors
Electricity sector is undergoing change at unprecedented pace, shifting from a completely centralized
model towards a distributed model with the share of Distributed Energy Generation (DEG) at 25%
or more by 2025. This poses several challenges but also creates opportunities, with also great
changes required by regulations and policy makers to accompany the transition.
Several trends concur to this global transition, among others Decarbonisation, Digitalisation, and
Decentralisation (the shift from one-to-many to a many-to-many distribution model). A common
denominator for all those trends is the growing importance of distributed energy resources. Improved
efficiency and falling technology costs are expected to further accelerate this transition in the shortterm [34].
If current trends hold, researchers suggest that the amount of power generated by residential and
commercial customers in Europe and North America will rise by more than 60% within the next five
years, reaching a record amount of approximately 400 terawatt hours per year [35]. While that
represents but a small portion of the entire power universe (the United States alone generates 10
times that amount of electricity), this amount is steadily growing. By 2020, customers in Europe will
generate 55 US$ billion worth of electricity, up from about 43 US$ billion today.
DEG is also expected to reach 573.7 US$ billion by 2025 according to a report by Grand View
Research, Inc., registering a CAGR of 15.0% during the forecast period [36]. This is driven by the
reduction in needs for building a transmission capacity that reduces the line cost. In addition, low
prices of DEG compared to conventional energy generation are anticipated to provide a fillip to the
market.

2.1.4.3 Social Factors
Blockchain as a technology has the opportunity to transform in a fundamental way how current
economy transactions work, offering new perspectives in terms of decentralization and sharing. Also,
blockchain-based, capital-intensive, decentralized solutions open up a long-term domain for new
entrants, with opportunities for new business models.
The blockchain technology is often described and perceived as being able to reinforce the autonomy
of the self-consumers. In a context of latent mistrust towards trusted third parties and existing
institutions, e.g., central governments and large corporations, including energy producers. The idea
is not only to become less dependent on energy suppliers, but also to be able to share and exchange
electricity with other consumers without the need for intermediaries.
Blockchain technology could also meet a growing demand for visibility, by giving consumers easy
access to relevant and reliable information that enables them to make decisions regarding supplier
choice, pricing and consumption management [37]. Finally, the rise of decentralized networks offers
local authorities the opportunity to reclaim part of their electricity supply management, even the
definition of their energy policy.

2.1.4.4 Technological Factors
The energy sector, considered in a broad sense, involves multiple processes or transactions
requiring guarantees or certification. It is therefore an excellent target for experimenting blockchain
based applications.
In principle, it may be possible to simplify today’s multi-tiered system, in which power producers,
transmission system operators, distribution system operators and suppliers transact on various
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levels, by directly linking producers with consumers. The so-called “prosumers” not only consume
energy but also dispose of generation capacity in the form of solar systems, small-scale wind
turbines or combined heat and power (CHP) plants. Blockchain technology could enable them to sell
automatically the energy they generate directly to their neighbours without the need for an
intermediator. Blockchain technology makes it possible for energy networks to be controlled through
smart contracts. Smart contracts would signal to the system when to initiate what transactions whilst
recording them in a tamper-proof manner. For example, whenever more energy is generated than
needed, smart contracts could be used to ensure that this excess energy is delivered into storage
automatically. In this way, blockchain technology could directly control network flows and storage
facilities. Smart contracts could also be used to manage balancing activities and virtual power plants.
Moreover, decentralised storage of all transaction data on a blockchain would make it possible to
keep a secured record of all energy flows and business activities. Both flows of energy and
transactions, which would in part be initiated by smart contracts, could be documented in a tamperproof way if recorded on a blockchain. The combination of smart contracts controlling the system
and distributed ledgers securely documenting all activities would also have a direct impact on
network and storage operations. It should be noted that the use of the blockchain in the energy field
coincides with the considerable development of smart-grids and micro-grids, marked by the arrival
of many decentralized players (production facilities operators). renewable energy, erasure operators,
aggregators), but also concepts such as "Transactive Energy" according to which each prosumer
must be able to sell or buy his electricity directly to his neighbour who also consumes 'actor.
As of today several projects and technological have been demonstrated [33]. The first mediated
blockchain experiments with contracts date back to 2016 [38]. A solar energy exchange experiment
between a few homes in Brooklyn, (LO3 Energy's Brooklyn micro grid project) [39], and a proposal
for electric vehicle charge payment technology in Germany (RWE and Slock.it, BlockCharge
transaction system using Ethereum). Since 2016 Vattenfall launched the startup Power-Peers in the
Netherlands, where its users can share their self-generated energy with other participants [40].
“Oneup: POWR” developed a similar prototype for a smart contract based energy transactions and
supply system and tested it using the energy data of ten households [41]. Any energy not consumed
by a household itself is delivered to its neighbours and billed using a blockchain system.
It is possible to categorize the usage of blockchain for energy-related applications in three main
categories [42]:
•

•

•

The uses associated with first level are related to the recording of data using a blockchain as a
register (ledger). Blockchain records evidence of exchanges between users or counts
production. Also, it is possible to develop cryptocurrencies associated to the financing and
promotion of means of production or storage.
The second level exploits smart contracts, allowing for more complex transactions between the
parties. The use of smart contracts makes it possible to carry out accounting operations
(regularization, invoicing) on the basis of a count of energy flows. It also makes it possible to
optimize multi-stakeholders transaction systems with a high level of trust. In the field of energy,
the objective could be to optimize one or more criteria: self-consumed part, energy cost, origin
of energy, stability of exchanges between micro grid and network, etc. The data on which the
algorithms will calculate and / or learn are secure, auditable, and immutable; just like the results
of these algorithms.
The third level corresponds to the DAO (Decentralized Autonomous Organizations). Here a
blockchain plays a regulatory role for an organization and / or community. The community can
include both people and machines. The governance rules are translated into contracts and
scripts executed on the blockchain. Governance is therefore automatically managed by
transparent and immutable rules in the blockchain, which also has self-adaptive capabilities.

© The NRG-5 consortium partners, 2017

29

H2020-ICT-762013: NRG-5
D6.2: Report on marketing & promotional tools
POLITICAL

ECONOMIC
•

•

Unbundling requires accurate metering at
several interconnection points for charging
and balancing: facilitated and simplified by
blockchain

•
•

SOCIAL
•
•
•

DEG development driven reduced costs for
interconnection and in general by low
generation prices.
DEG expected to reach 573.7 US$ billion by
2025
Blockchain enable transactive energy in DEG
TECHNOLOGICAL

Propose a decentralized model and sharing
economy
Brings autonomy of the self-consumers,
reduce the need for centralized players
Enable customer access to reliable
information about consumption and pricing

•
•
•

Simplify today’s multi-tiered system
Smart contracts to automatically manage the
electrical network
Secured record of energy flows and
transactions, recorded on a tamper-proof
blockchain

Table 3: Blockchain Market Trends vs Energy: PEST Analysis

2.2 Potential Target Market and NRG-5 Positioning
This part provides an overview of the potential target market for the project results, taking in account
the use case scenarios developed in the WP1 and presented in the D1.1 “Use Case scenarios
analysis and 5G requirements” as well as the potential project outcomes presented in the chapter 3.

2.2.1 E-vehicles & e-mobility
2.2.1.1 Market Trends vs 5G
Over the past three years, stocks of electric vehicles have tripled worldwide, exceeding 3 million.

Figure 10: Electric car stock, 2013-2017
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The nation with the highest concentration of electric vehicles is China, which hosts about 40% of
electric vehicles worldwide; the United States and Europe each house 25% of electric vehicles in the
world, respectively [43].
Sales of electric vehicles are destined to increase; hereafter we explain how 5G technology can help
on this. With the advent of renewable energy, instability phenomena have arisen in the electric
network due to reverse power flows; to remedy this, the energy generated should be consumed
instantaneously and locally. A method to solve this problem are Demand Response campaigns;
electric vehicles have proved to be excellent for providing flexibility to the electricity grid, which is
why it is expected that the link between electric mobility and renewable generation will become
increasingly strong, creating future scenarios in which users who use electric vehicles will aggregate
under a fleet operator and will recharge at a discounted price the excess energy from the distributed
generation plants. The 5G technology will enable these scenarios, allowing an immediate massive
exchange of information between the operator of the electric network and the operator of the fleet of
electric vehicles. The 5G technology can therefore give added value to electric mobility and its
market, making vehicle charging less expensive and greener. Finally, since electric vehicles are
more and more digital, it is not difficult to expect that they will soon be self-driving, a characteristic
that has 5G technology as a fundamental requirement.

2.2.1.2 Political
The European Commission in November 2017 proposed an update of the CO2 emissions standards
for new cars. The proposed target is a reduction of 15% in CO2 emissions per kilometer (km) for new
vehicles in 2025 and a 30% reduction in 2030. The proposed regulation includes an emission limit
of 95 gCO2/km and car manufacturers that do not respect the established limits will have to pay a
fine of € 95 multiplied per g/km of overruns for each car sold.
Given that the current level of emissions for a combustion vehicle is close to 150 gCO2 / km, the
implication of this regulatory proposal is that vehicles with low emissions and zero emissions will be
needed to achieve the overall objective. This is also reflected in the inclusion of a system of
incentives to stimulate the adoption of zero emission vehicles. In Germany, for example, the
government has allocated 600 million euros to alleviate the initial expenditure for those switching to
electricity by 4000 euros. The Spanish government has launched a fund of 20 million euro to be
allocated to those who buy cars with alternative power, and 15 million for recharging infrastructures.
In Norway you are entitled to exemption from all taxes applied to traditional cars (CO2 tax, car tax,
VAT and tax on weight) [44]; moreover, you are entitled to exemption from motorway tolls, you are
entitled to reserved seats in the car parks, you have the right to move on the bus lanes and you can
enjoy a charging network that has more than 9 thousand stations, of which 1,474 are charging fast.

2.2.1.3 Economic
In 2017, global sales of electric cars exceeded 1 million units (1.1 million). China has the world's
largest electric car market and about 580,000 electric cars were sold in 2017, an increase of 72%
over the previous year. China accounts for half of the global electric car market. Norway is the
absolute leader in terms of market share, with 39% of sales of new electric cars, a value six times
higher than Sweden, which holds the third largest market share in the world (6%) after Iceland (IEA,
2018b). The strongest sales growth in 2017 was in Germany and Japan, where sales more than
doubled compared to 2016 sales levels.
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Figure 11: Global annual sales of electric vehicles, 2013-2017

The most expensive electricity is sold in Germany and Denmark at 0.3048 €/kWh and 0.3010 €/kWh,
while the luckiest European customers are those of Hungary, Lithuania and Bulgaria, which pay
0.1134 respectively, 0.1107 and 0.0983 €/kWh. Moving just outside the union are then the border
cases of Kosovo and Ukraine in which the price of electricity drops to 0.0654 and 0.0383 €/kWh.
With this data, it is easy to calculate the cost of a full electric for the Nissan Leaf, the best-selling
electric car in the world that now has a 40 kWh capacity battery. With this full it is possible to travel
378 km, at least according to the NEDC cycle approval. So we see that in Germany we spend 12.19
euros for a full Leaf (3.3 €/100 km), in Italy we go down to 8.32 euros (2.24 €/100 km) and in Ukraine
we get to the a minimum of 1.53 euros (0.41 €/100km) for the same top-up. Considering the liters of
fuel needed to travel 100 km and considering the cost of fuel, the cost savings compared to traditional
vehicles, therefore, goes from 60% (in Germany) to 95% (in Ukraine). Below is the ranking of how
much each European citizen spends to recharge the Leaf at home, country by country.
Country

Electricity cost (€/kW)

Nissan Leaf full charge cost (€)

Germany

0,3048

12,19

Denmark

0,3010

12,04

Belgium

0,2877

11,51

Ireland

0,2355

9,42

Portugal

0,2230

8,92

Spain

0,2177

8,71

Italy

0,2080

8,32

Average UE

0,2048

8,19

Sweden

0,1993

7,97

Austria

0,1978

7,91
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UK

0,1856

7,42

Ciprus

0,1826

7,30

France

0,1756

7,02

Greek

0,1620

6,48

Luxembourg

0,1618

6,47

Slovenia

0,1613

6,45

Norway

0,1605

6,42

Finland

0,1599

6,39

Latvia

0,1582

6,33

Netherlands

0,1556

6,22

Iceland

0,1518

6,07

Czech Republic

0,1488

5,95

Poland

0,1451

5,80

Slovakia

0,1442

5,77

Malta

0,1364

5,45

Estonia

0,1319

5,27

Romania

0,1289

5,15

Croatia

0,1236

4,94

Hungary

0,1134

4,53

Lithuania

0,1107

4,43

Moldova

0,1013

4,05

Montenegro

0,1003

4,01

Bulgaria

0,0983

3,93

Turkey

0,0959

3,83

Albania

0,0856

3,42

Macedonia

0,0811

3,24

Serbia

0,0695

2,78

Kosovo

0,0654

2,61
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Ukraine

0,0383

1,53

Table 4: Ranking of European spent to recharge the Leaf at home
Source: [45]

2.2.1.4 Social
By switching to electric mobility, cities will look less polluted and people will be able to breathe
healthier air. Furthermore, there will be a reduction in health costs related to smog diseases, a
reduction in the greenhouse effect, a reduction in the phenomenon of climate change, whose
contribution from the fuel transport sector is about 30% [46], a reduction in noise with welfare of
citizens who live near the roads and the advantage of being able to move in areas with limited traffic.

2.2.1.5 Technological
The technological challenge of electric mobility lies in the batteries in which electricity is stored. In
recent years it has gone from NiMH batteries (1.2 V), to Li-Ion batteries (3.6V) up to advanced LiIon batteries (> 3.6V), increasing the energy density by about 50%, increasing battery life and
reducing the cost by about 30%. At the moment research is proceeding on two fronts: on the one
hand it is invested to try to improve the batteries keeping the price unchanged, on the other side it is
invested to try to reduce the cost of the supercapacitors keeping the performances unchanged.
The results of these research will certainly have a strong impact on the cost of electric vehicles, on
their autonomy and, therefore, on their attractive power towards citizens.

2.2.1.6 Existing vendors and alternative solutions
Currently the main companies producing electric vehicles are: BMW, Citroen, Renault, Volkswagen,
Nissan and Tesla. The best-selling cars in recent years have been the Renault Zoe and the Nissan
Leaf.

2.2.2 Energy demand response market trends vs 5G
The Federal Energy Regulatory Commission defines demand response as: “Changes in electric
usage by end-use customers from their normal consumption patterns in response to changes in the
price of electricity over time, or to incentive payments designed to induce lower electricity use at
times of high wholesale market prices or when system reliability is jeopardized.” [47].
Demand response offers consumers an opportunity to play a significant role in the operation of the
electricity grid by reducing or shifting their electricity consumption during peak periods in response
to time-based rates or other forms of financial incentives. Demand response programmes are used
by some electrical system planners and operators as resource options to balance supply and
demand. Such schemes can reduce the cost of electricity in wholesale markets and, in turn, lead to
lower sales rates. Methods for engaging customers in demand response efforts include offering timebased tariffs such as usage time price, critical peak prices, variable peak prices, real-time prices and
critical peak discounts. It also includes direct load control programs that provide the ability for power
companies to turn air conditioners and water heaters on and off during peak demand periods in
exchange for a financial incentive and reduction in electricity bills.
According to a study by Grand View Research, Inc. [48] the global smart demand response market
is expected to reach USD 24.71 billion by 2022.
The electricity industry sees demand response programmes as an increasingly valuable resource
option whose capabilities and potential impacts are being expanded by grid modernisation efforts.
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For example, sensors may perceive peak load problems and use automatic switching to divert or
reduce power at strategic points, eliminating the possibility of overload and consequent power failure.
Intelligent customer systems, such as home screens or home networks, can make it easier for
consumers to change their behaviour and reduce peak period consumption from energy
consumption and cost information. These programmes also have the potential to help electricity
suppliers save money by reducing peak demand and delaying the implementation of new power
plants and power delivery systems, especially those reserved for use during peak hours.
The residential segment could grow to a CAGR above the global average, which is a direct
consequence of the financial incentives and discounts offered to domestic customers to convince
them to participate at several direct load control programs. The participation of intelligent buildings
in DR programs for the protection of electricity grids for the duration of peak energy demand should
reduce loads in high-cost periods, thus reducing bills. In fact, an optimal way to reduce loads during
high-cost periods (thereby reducing bills) is the participation of smart buildings in DR programs for
the protection of electricity grids.

2.2.2.1 Market trends vs 5G
The growing development of 5G technologies should have a favorable impact on DR market.
Demand response plays an important role in the operation of the electricity grid, reducing electricity
consumption at peak times. The introduction of 5G technologies should pave the way for modern
and innovative energy infrastructure providers. Smart grids, combined with measurement systems,
provide real-time consumption information to customers and suppliers in a more efficient way.

2.2.2.2 Existing vendors and alternative solutions
The following table shows some of the world's top vendors in DR software and platforms:

Eaton

Eaton offers software, hardware and service to provide the complete portfolio of demand
response alternatives for energy consumers ranging from residential, commercial to large
industrial clients.
Eaton's Yukon Demand Response Management (DRMS) software offers Demand
Management capabilities on a robust enterprise software platform. The Yukon software
platform also includes optional modules that support measurement and verification,
Advanced Metering Infrastructure (AMI), Automation, as well as open standards and
interfaces to ensure seamless integration with future enterprise software applications.
The DRMS supports multiple communication options for bidirectional load control switches
and intelligent thermostat solutions [49].

Honeywell

Honeywell’s Automated Demand Response (Auto DR) solution allows customers to predetermine customized load shed strategies during a peak period, and directly connects the
utility to the home or facility for automated delivery of the shed.
Honeywell’s demand response solution is powered by the Akuacom software architecture,
an industry leading Auto DR platform, which offers utilities:
•
•
•

Seamless delivery – Single, integrated platform for all customers with a proven,
user-friendly signaling engine enabled to fit virtually any DR program needs
Scalability – Software as a Service (SaaS) technology model efficiently deploys
utility DR programs
Security – Secure, cloud-based communications create a direct path to a utility
and are in line with the leading industry standards
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•
Schneider
Electric

Transparency – Two-way messaging broadcasts price and signals directly from a
utility to various load control devices

Schneider Electric’s 2010 strategic partnership with French Curtailment Service Provider
(CSP) Energy Pool has consolidated Schneider’s diversified demand response activities
covering consulting, technology solutions, managed and operations services. Through
Energy Pool, Schneider is the largest CSP in Europe and is now active in the fledgling DR
markets in South Korea and Japan.
Ideally positioned to help balance supply and demand, Schneider has an extensive portfolio
of products for building automation control systems, with SCADA capabilities, the
StruxureWare software suite for buildings, and a web service for transferring data. For
utilities, Schneider Electric has its Advanced Distribution Management System and its
recent update of Energy Profiler Online [51].

Siemens

Siemens Demand Response Management System (DRMS) is a proven software platform
that allows utilities, retailers, and aggregators to manage all aspects of their demand
response (DR) programs through a single, unified, open-standards-based system. Siemens
DRMS solves the challenge of creating a cohesive and comprehensive solution by:
•
•
•

Enel X

Ensuring DR capacity is scaled in a cost effective manner; automating the manual
processes that are typically used to execute DR events and settlement;
fully integrating with both field and back office utility systems to leverage
investments in Smart Grid technology;
intelligently targeting “surgical” planned load curtailments at localized grid
environments where localized grid stress is present [52].

Enel X provides programs that offer payments to large energy users that agree to reduce
their demand at times when the grid is under duress. These programs help to keep the
lights on and energy prices low in your community, and provide your organization regular
payments for participating.
Enel X provides access to:
•
•
•
•

More DR programs worldwide than any other provider
Experts to develop a plan to maximize your DR earnings and minimize impact on
your operations
No-cost, no-risk agreements to protect your organization from penalties and other
potential costs to participate
Financing to install or upgrade backup generators or distributed energy resources
to enhance your participation at no upfront cost [50].

Johnson Controls
Johnson Controls Offers a Building Energy Demand Response Program to enable facilities
to be paid for curtailing usage during periods of peak demand or high electricity prices.
Johnson Controls collaborates with building owners and operators to identify strategies to
drop kilowatts, provides facilities teams with the information to succeed, and manages
transactions and settlements with the grid [53].

Table 5: DR Main Vendors
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2.2.3 Distributed Energy Resources Market Trends vs 5G
2.2.3.1 Market trends vs 5G
DER are all energy resources that are connected to the grid at the distribution level. This includes
many types of resources and technologies; many types of DER are dispatching, such as energy
conservation, demand response, or natural gas turbines, and these resources can play an increasing
role in balancing variable resources on the grid.
DERs may include the following categories:
•
•
•

Natural gas, used in generators, turbines and micro-turbines;
Hydrogen, used in fuel cells;
Combined heat and power, known as CHP, which uses waste heat from the generation to
provide on-site heat.

Other technologies of particular interest are solar and wind, large-scale battery storage and
microgrids, which are often some combination of natural gas, hydrogen, CHP, solar, wind and battery
storage [54].
By 2026, Europe is expected to have installed 119.9 GW of DER and generate $58.6 billion at a
compound annual growth rate of 17% [55].
Consumer demand for DER is growing exponentially. While customers need reliable, high quality
and reasonably priced services, the market is often characterized by a wide range of challenges
including sudden power outages, planned power outages, cost increases, etc…DERs are a solution
to these problems, due to their cost effectiveness and increasing availability; in fact, in recent times
many customers, both industrial and commercial, both government and residential, are starting their
own process of electricity production and even storage [56].
Distributed Energy Resources have the potential to provide consumers with a range of benefits. In
fact, consumers who install DER units can reduce the price they pay for electricity or can achieve
better reliability results. DERs can also help to reduce the cost of upgrading the power supply system,
helping to reduce the overall cost of supply to consumers.
Utilities, other service providers, renewable developers, technology providers, power customers and
others can increasingly benefit from DERs for the following reasons:
Utilities, other service providers, renewable developers, technology providers, power customers and
others can increasingly benefit from DERs for the following reasons:
•
•
•
•

Increased reliability and resilience at the grid level and through more flexible resource
allocation;
Reducing costs in terms of technology and improved communication and control
technologies;
Reduction of carbon emissions and consequently a cleaner energy portfolio for utilities
Access to new revenue streams for utilities and other providers, including customers who
provide energy or services to the grid.

5G has great potential for cost savings by energy companies. 5G technologies can make the way to
operate and distribute resources to customers more efficient, by connecting plant and devices to
data processing facilities, and to each other, as part of the burgeoning Internet of Things (IoT). Tasks
such as metering, monitoring and automation can benefit greatly from IoT connectivity.
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2.2.3.2 Existing vendors and alternative solutions
Distributed energy includes a range of technologies including fuel cells, micro-turbines, reciprocating
engines, load reduction and other energy management technologies. DER also includes electronic
power interfaces, as well as communication and control devices for the efficient transmission and
operation of individual generating units, multiple system packages and aggregated power blocks.
The primary fuel for many distributed generation systems is natural gas, but hydrogen could play an
important role in the future. Renewable energy technologies, such as solar electricity, biomass and
wind turbines, are also popular.
In order to ensure reliability, distributed generation resources should be interconnected to the same
transmission network as the central stations. The integration of several resources into a single grid
involves several technical and economic issues. Technical problems arise with regard to energy
quality, stability, reliability and protection. Every distributed generation resource has its own
integration problems. Photovoltaic solar and wind power both have intermittent and unpredictable
generation, so they create many stability problems for voltage and frequency. In addition, without
any form of energy storage during periods of high solar generation, companies must rapidly increase
generation around sunset to compensate for the loss of solar power generation. Storage can solve
these problems if it can be implemented.

2.2.4 Energy Infrastructure Maintenance, Drones vs 5G
2.2.4.1 Market Trends vs 5G
Energy plants are critical structures whose maintenance is a crucial task. These installations contain
several components which require exhaustive supervision as a possible malfunction on them could
result in significant, cascading issues affecting a multitude of other domains and stakeholders (such
as water facilities, transportation, communications etc). For instance, gas pipelines are conduits
which demand an intensive inspection, as they drive dangerous materials. Another related example
is power lines, since their proper operation is crucial for every industrial sector. The supervision and
problem mitigation on this type of structure is, therefore, prioritized.
For these surveillance tasks, drone technology has supposed a revolution in the market of preventive
maintenance of critical infrastructures. The reduction of costs, such as human resources required
for operational purposes, industrial accident reductions and other type of resources have made
drones the perfect solution for this duty.
As an example of drone application in power sector, can be mentioned the use of drones to perform
dangerous tasks at great heights, such as repairs or trimming problematic vegetation. A bird’s-eye
view of plants can form the basis for planning changes in the mentioned plant as well as its
surrounding soil. Growing developments in geomatics technologies, GPS and radar allow drones to
generate precise reports of its location, together with a consistent representation of the structures.
Another important field is the use of high resolution imagery for element inspection. Constructions
such as wind turbines or power lines suppose a high human risk for manual inspections. Drones
have eliminated this risk along with saving money for the companies.
For these reasons, the use of drones in critical structure's maintenance have been one of the most
important application of this technology.
5G connectivity will enable a worldwide boom in drone use, for research and business. For instance:
•

Drones will help spread the internet to areas that lack reliable connectivity (e.g. Aquila
[57], Facebook’s internet-delivering drone).
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•
•
•

Governments and disaster-relief organizations will also use 5G-connected drones to aid
in emergency efforts (e.g. after Hurricane Katrina in 2005, drones were used for search,
reconnaissance and mapping).
Spatial delivery (e.g. Amazon and UPS are testing drone technology for delivery
purposes).
Leisure: Cameras attached to drones could become the new way people watch sports or
shoot movies, and 5G’s expanded bandwidth will support uninterrupted transmission of
live 4K or even 360-degree video.

Existing vendors and alternative solutions
The following list presents existing vendors offering drone surveillance most of them mainly based
on basic monitoring or the application of well-known state of the art Computer Vision strategies:
Aptonomy

Aptonomy [58] offers aerial protection services based on drones and artificial
intelligence. This startup provides autonomous drones along with programmed
automatic patrols, motion recognition and object tracking. One of their partners is
NVIDIA, leading company in graphical computation and one of the most important in
deep learning research.

Dronevolt

Dronevolt [59] is multinational company which provides overall solutions for the
professional industries. Within their extensive product portfolio we can find services
such as: power lines and solar panels inspection, aerial thermal imaging, emergency
support, land inspection for energy and agricultural sectors. Along with those services,
the company provides its own drones. This corporation offers consultant services for
business related to Unmanned Aerial Vehicles (UAV) such as pilot training, custom
drone designing and many more.

Precisionhawk

Precisionhawk [60] provides different type of services related to UAV in order to give
companies a complete platform for data extraction and analysis. They have recently
acquired two startups related to energy asset inspections: HAZON and InspecTools.
With that acquisition, Precisionhawk have cutting-edge technologies along with
operational services for corporation related to the energy sector. Among their services
we can find the hardware supply, as well as the drone sensors installation for multiple
purposes: multi spectral analysis, thermal imagery acquisition, high resolution video.
Along with that, the firm offers software for executing automatic drone inspections and
real time drone monitoring. This wide range of products has positioned them among the
top companies of UAV services.

Spectair

Spectair [61] is a polish firm which offer several services related to unmanned vehicles.
The portfolio of drone services includes: Energy system inspection: solar panels, power
plants and electrical lines, structure analyses, monitoring of construction sites, and
environmental and vegetation analyses.

The number of companies selling alternative solutions to basic monitoring using drones is still limited.
However, from a research point of view drone technology is leading to a platform of application for
different technologies, not only video-based.
For instance, in [62] a drone-based gas sensing along with autonomous control systems is
presented. Fusion of thermal image and gas sensors is proposed in order to inspect map pipelines.
This system provides an excellent solution for risk prevention at inspection tasks.
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Another example of new technologies is detailed in [63]. In this paper, a system based on deep
learning and more concretely in Convolutional Neural Network (CNN) is applied on drone aerial
imagery with the purpose of infrastructure detection and monitoring. Thanks to the application of
Artificial Intelligence (AI), the drone is able to control the flight plan as well as to monitor the state of
crucial power structure such as electrical lines.
Checking that the indoor structures are supervised efficiently is another important part of the
operation to ensure the correct performance in energy plant. In [64] an indoor guidance system for
unmanned aerial vehicles in power industry applications is proposed. The objective is to develop an
indoor navigation system, specifically for industrial applications which require custom sensing
technologies to aid in pilot navigation. Flight duration, number of collisions, and distance from target
were recorded and used to quantify performance. Using the navigation system, subjects were able
to reduce their flight duration on average by 19.7% during an obstructed line of sight, illustrating the
increased ability and confidence in piloting the drone using the navigation system.

2.2.5 Energy Smart Metering Market Trends vs 5G
2.2.5.1 Market Trends vs 5G
Smart metering is an integrated system through which intelligent devices express the best
measurement technology, allowing the maximisation of performance and the achievement of energy
efficiency, gaining tangible benefits for end users. Europe is moving towards strategies that focus
on consumer needs. Users will be able to become more aware of consumption and adopt,
consequently, appropriate saving policies, also using specialized forms of payment such as prepaid
cards. Sellers, through a more detailed and frequent analysis of consumption data, will be able to
develop new commercial offers tailored to users' needs and improve billing procedures. Smart
metering has the potential to improve the planning of national energy needs at a global level.
The global smart meters market is fundamental sector of smart grid software; it is valued at USD
12.79 Billion in 2017, and is expected to grow at a CAGR of 9.34% from 2017 to 2022 [65].
This growth can be attributed to the rising investments in smart grid projects and increasing
upgradation of transmission & distribution infrastructure, government policies, and energy
conservation.
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Figure 12: Smart Meters Market, by Region, 2022 (USD Billion)

Source: [65]
The penetration for smart meters, providing more comprehensive features of meter data collections
were 18% at the end of 2011. According to Berg, by 2017 the rate is expected to increase to 56%,
driven by major implementations in Spain, France and the UK, combined with nationwide
implementations in several smaller countries. The installed base of smart electricity meters is
expected to grow with a compound annual growth rate of 20.5% between 2011 and 2017, reaching
154.7 million units at the end of the period [66] [67].
For power companies, 5G's flexible, multi-spectrum, multifunction architecture will provide a platform
that supports critical latency-sensitive applications and low-power, low-cost applications, such as
ubiquitous detection across the distribution network. It will enable intelligent management and
employ edge and cloud computing technologies for distributed automation and intelligent control.
Virtualization of network functions will enable carriers to provide greater security, signal priority and
quality of service (QoS) to utilities, reducing public network problems.

2.2.5.2 Existing vendors and alternative solutions
Demand for electricity is constantly growing as industrialization and urbanization unfold. Energy
generation and distribution have changed over the years and, with technological advances, the rise
of smart meters has had a significant impact on energy distribution and consumption. Around the
world, utilities are working towards efficient, reliable and safe energy management methods.
Therefore, smart grid projects have grown considerably and are attracting growing investment
worldwide. For example, in the UK, the Office of Gas and Electricity Markets (Ofgem) has announced
funding of $56.3 million in smart grid pilot projects to increase reliability in the operation of gas and
electricity networks [68]. Smart meters offer users a number of benefits, including detailed feedback
on energy use and the ability to adjust habits to increase cost efficiency. Many government agencies
support the development of smart meters in order to achieve a positive impact on the environment.
Therefore, smart meters are starting to be implemented on a large scale, causing an exponential
growth of this market.
The growth and success of players depends on a number of factors including market conditions,
government support, changing consumer habits and industry development. Major vendors focus on
strengthening their presence in key countries of interest, through partnerships and collaborations, in
order to increase the customer base. The following table lists the main market players.
Itron Inc.

Itron Inc. [69] is a market leader in smart meters and invests heavily in research and
development to develop and deliver high quality products to its customers. The
company specializes in advanced metering, smart grids, home networks, smart
metering, gas meters, meter data management and thermal energy metering and
control.
Itron has an extensive product portfolio and is mainly focused on sectors such as Gas,
Water, Electricity, Thermal Energy, Internet of Things and Smart Cities. The company
operates worldwide, particularly in the United States, the EU, Asia and the Pacific
region.

EDMI

EDMI [70] is one of the world's leading providers of intelligent energy solutions, with
an established presence in regions such as the United States, Asia Pacific and the EU.
The company's specific focus is the design, development and manufacture of high-end
smart meters for the utility industry. The company specializes in providing intelligent
metering solutions, electrical meters, gas meters. EDMI's product range includes high
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quality measurement products, advanced infrastructure and energy management
systems.

Xylem Inc.

Xylem Inc. [71] is ranked 5th in the global market for smart meters. The company is
one of the world's leading suppliers of water technologies, enabling customers to
efficiently transport, treat, test and use water. Their expertise in the sector covers public
services, residential and commercial construction services and for industrial and
agricultural contexts. The company operates in over 150 countries including the United
States, India, Canada, the United Kingdom and many others. It offers smart metering
and communication technologies that enable customers to use their distribution
networks more effectively in a sector of critical resources such as water, electricity and
natural gas.

Honeywell
International Inc.

Honeywell International Inc. [72], founded in 1906 and based in New Jersey, USA,
offers diversified software products that enable end users to improve the safety and
energy efficiency of homes, buildings, factories, vehicles and aircrafts. The company
is active in the aerospace, home and construction technology segments; it is a leading
global provider of products and services such as control and displays for heating,
cooling, indoor air quality, ventilation, humidification, lighting and home automation; it
also offers advanced software applications for home and building control and
optimization. The offer also includes products, services and solutions for the
measurement, regulation and control of gas and electricity, measurement and
communication systems for water services and industries.

Landis + Gyr.

Landis + Gyr [73] offers measurement solutions in the electricity, gas, hot/cold water
sectors, all over the world. The offering includes commercial and industrial, residential
and prepaid electricity meters. Recently, Landis + Gyr has operated in more than 30
countries on five continents in the Americas, Asia Pacific, Europe, the Middle East and
Africa.

Table 6: Smart Meters Leading Players

2.2.6 NRG-5 Positioning
NRG-5 project aims to contribute to the 5G PPP/5G Initiative research and development activities,
with concepts, requirements, innovative open-source prototypes, state of the art laboratory
experiments, heterogeneous real-life trials and recommendations towards the realization of a Smart
Energy as a Service use case that will stress 5G current results and co-develop a new 5G
communication infrastructure focusing mainly in the areas of security, privacy, trust and high
availability, expressed as:
•
•
•
•

Contribute to the 5G-PPP Infrastructure: Highlighting the limitations of current network
infrastructures and the need for a decentralized, trusted, scalable and lock-in free plug ‘n’
play mechanism.
Software stack for 5G prototypes and traceable VNFs: Demonstrating mMTC, uMTC and
xMBB communications, end-to-end security and MCM to enable secure, scalable and energy
efficient communications.
Micro-Cloud Extended Mobile Edge Computing: xMEC open source software stack,
facilitating automated analytics-based deployment of MTC-related and utility-centric VNFs.
Extended 5G Etsi-Mano Framework: integrating analytics in the orchestration and
management processes addressing smart energy applications’ VNF optimal sizing and
chaining.
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•
•

State of the art 5G Validation Mechanism: State of the art 5G laboratories, real life trials
demonstrators (both electricity and gas) and smart energy proof-of-concept applications
validating the 5G results via energy use cases.
Scalability, Resilience and High Availability: Recommendations to address short, medium
and long term requirements along with business models to handle CI-SLAs.

Taking that in account those main project outcomes, NRG-5 can be positioned in the intersection of
the follow market, as showed in the Figure 13: 5G, Energy, NFV and Blockchain markets, with a
particular focus on some main potential target energy market like: the E-vehicles, Energy demand
response, Distributed energy resources, Energy infrastructure maintenance, and Energy smart
metering, taking also in consideration the main use cases.

Figure 13: NRG-5 Project results positioning

2.3 Stakeholders Value Chain and potential customers
2.3.1 Potential Stakeholders
This section identifies and describes the project results potential customers. In the next paragraphs
these customers are overviewed taking in account their needs, challenges or problems to be faced
and how the 5G solutions can impact their business.

2.3.1.1 Distribution System Operators
Electric power distribution is a crucial step in the whole electricity value chain, as it links the
transmission grid with final customers. The distribution network receives power at High Voltage (HV)
from the transmission grid at the HV/MV (primary) substations, where the HV is stepped down to MV
and, in the secondary substation, to the voltage level suitable for the daily applications. Traditionally,
the entity responsible for operating, maintaining and developing the power distribution network, is
the DSO.
Due to the fact that electric distribution is usually considered non-competitive (regulated) if compared
to its generation, and electricity production by prosumers and generators in alternative and
competing networks is not sustainable, the DSO is undergoing to a deep reshaping. In fact, due to
the high penetration of the DG embedded to LV and MV network, the DSO has to figure out different
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critical situations like congestions, re-routing and reverse power flow. That needs lead to a necessary
rethinking of the passive approach typical of the DSO, which implies resolving issues at the planning
stage, going towards a re-active and pro-active behaviours. While a re-active system operator solves
the problems caused by DG units at the operation stage by restricting both load and generation, the
pro-active DSO interacts with all market players with respect to planning, access and connection
and operational timeframes, ensuring optimal and adequate performances in real-time. With a proactive approach the DSO can use the DG units and also specific loads as flexibility suppliers, and
buy ancillary services to solve system constraints [74].
End users, both prosumers and consumers, are at the centre of this transformation, taking advantage
of new scenarios enabled by smart metering systems, telecommunication networks and ICT
services.
Nowadays the situation of the Smart Metering systems in Europe is quite different, as described for
each country as follows.
•

In France, the smart meter Linky is deployed predominantly; it complies with the French
standard NF EN 50470 of February 2007 relating to electricity metering equipment. The
communication between this Smart Meter and the central system is established using the
GPRS Edge that is an extension of GSM with retroactive compatibility.

•

In Romania, Demand Response and Virtual Power Plants lacks specific standards and
regulations at the moment. The communication systems between station and sub-station
remote use SCADA/ADMS and SCADA/DMS platforms that are partially interoperable based
on CIM (Common Information Model) with TSO SCADA/EMS.

•

In Spain, the current standards for smart grids are based on smart meters. In order to define
a non-proprietary open communication standard for the different actors of the electrical
distribution grid, PRIME (PowerRline Intelligent Metering Evolution) standard was created. It
is mostly used for Low Voltage and Medium Voltage and it uses PLC (Power Line
Communication) for narrowband data transmission. Since it is based on open standards, it
adapts to the international open standard for communication and data exchange DLMS
(Device Language Message Specification).

•

In Cyprus, the Regulator (CERA) has taken a decision (No. 05/2017) to give specific
instructions to the DSO of Cyprus for deploying a suitable MDMS (Meter and Data
Management System) capable of hosting the full rollout of smart meters in the country,
issuing an open tender for purchasing and installing a suitable MDMS system through public
tenders. The above decision will follow the rollout of smart meters without any further
restrictions, paving the way for the evolution of smart grids in Cyprus based on a
communication platform that will be planned with a corresponding framework.

•

In Great Britain, the governments committed the rollout of 2G based Smart Meters. It is in
progress in all residential buildings and in the majority of the small businesses and will be
fulfilled around 2020.

•

Italy and Sweden were the first European countries to embark on nationwide deployments
of smart meters in the last decade.
As the systems deployed in both countries reach their end-of-life, the DSOs are making
preparations for a second wave of rollouts. In Italy, Enel’s distribution arm e-distribuzione is
leading the way with plans to install 13 million second generation meters by 2019 and
another 28 million in the following decade. Sweden faces a more complex situation with
some remaining uncertainty around regulations and a greater diversity of DSOs. Over the
past years, some of the earliest moving municipal DSOs from the first wave began
upgrading their systems.
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•

In Portugal, there isn't a governmental commitment for a roll-out of Smart Meters. Indeed, is
the responsibility of the DSO in MV, HV and LV to plan and develop their respective networks
in order to guarantee the satisfaction of the power requirements of the entities connected to
their distribution network. Anyway, DSO entities targets rapid expansion of Smart Meter for
60% coverage of utilities by 2020.

•

In Germany, the German government does not know when smart meters will be launched
across the country, because the technical capabilities for the technology's roll-out are still
lacking. At least three different companies have to offer the product before the responsible
federal office can authorize the launch.

•

In Greece in February 2013, by virtue of Ministerial Decision D5/EL/A/F33/2067/2013
‘Replacement of final electricity consumption metering systems’ (OG B 297/13.02.2013)
(Decision) the large scale replacement of conventional meters with smart metering systems
was approved. In addition, HEDNO(Hellenic Electricity Distribution Network Operator) gives
specifications for Meter Data Management System so that it incorporates an Advanced
Metering Infrastructure (AMI) that includes SCADA – Distribution Management System,
Outage Management System (OMS) and Voltage/ VAR Configuration System
(VVC).Communication technologies as PRIME, METERS AND MORE, G3 PLC, OSGP and
CX1 are under the process of evaluation / acceptance by CENELEC(European Committee
for Electro-technical Standardization) develops European standards and common standards.

•

Hungary has established a subsidiary of the national TSO with the task of managing a
national pilot project over the next years.

•

Bulgaria does not plan a mandatory rollout, but the country’s DSOs are gradually deploying
smart meters to selected customers.
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Figure 14: Smart Electricity Metering Roll-out situation

At European level, EDSO (European Distribution System Operators' Association for Smart Grids )
gathers leading European distribution system operators (DSOs) for electricity, is cooperating to
ensure the reliability of Europe’s electricity supply for consumers and enabling their active
participation in energy system, providing an interface between Europe’s DSOs and the European
institutions and promoting the development and largescale testing of smart grid models and
technologies in real-life situations. The Figure 15 [75] depicts the situation in 2016, reporting names
and locations of the main European DSOs and associations which cover more than 350 million
customers and 7 million kilometers of distribution lines.
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Figure 15: List of DSOs in Europe

According to the data published by ARERA, in Italy, the dominant national player is e-distribuzione
(Enel group) delivering 85% of the total electricity delivered in 2016. Unareti (A2A group), Areti (Acea
Group) and Ireti (Iren group) follow in the ranking with 4.2%, 3.7% and 1.3% respectively . The other
operators delivered less than 1% of the national distributed energy in 2016. As to the share of
electricity delivered to different consumer categories, it is worth noting that less than 1/4 of the total
electricity in Italy was delivered to householders.
Italian DSO

Domestic customers

Electricity
delivered(GWh)
e-distribuzione
49,294
Unareti
1,711
Areti
2,765
Ireti
827
Edyna
349
Inrete Distribuzione Energia
387
Set Distribuzione
377
Megareti
254
Servizi a Rete
112
Deval
136
AcegasApsAmga
227
ASM Terni
99
Other Operators
813
Total
57,351

Meetering
points (x1000)
25,117
922
1,309
552
170
199
247
130
54
107
131
52
448
29,440

Commercial customers
Electricity
delivered (GWh)
175,607
9,306
7,036
2,692
2,099
1,793
1,653
1,405
1,020
722
571
341
2758
207,002

Metering
points (x1000)
6,316
208
316
136
63
62
63
37
18
27
32
14
129
7,420

Total customers
Electricity
delivered (GWh)
224,901
11,016
9,801
3,520
2,449
2,180
2,030
11,658
1,132
858
797
440
3570
264,353
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31,433
1,130
1,625
689
233
261
310
167
72
134
163
66
578
36,860
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Table 7: Electricity delivered by Italian DSOs in 2016 per different consumer categories

Source: ARERA
To use DG and loads as flexible components and run Demand-Response strategies, the DSO needs
to operate in a power distribution network characterized by a growing number of devices both
connected and unconnected to the grid and a huge amount of real time electrical measurements
which are fundamental for grid operations to control in real time grid stability and forecast energy
forecasting. To do that, ICT system architectures, connecting both grid actors and their dataintensive activities and a reliable low-latency telecommunication network (5G), must be integrated
in the LV/MV grid to reach the trans-active energy control transition.
5G is envisioned to be an important ingredient for this transition via the introduction of low-cost
connections which guarantee a real time monitoring and support a more accurate forecasting of
energy needs. In so doing, the demand side management will be further enhanced to support load
balancing, helping reducing electricity peaks and consequently energy costs. The low-latency, full
coverage and availability, high bandwidth and connectivity of the 5G network are expected to
contribute significantly to the DSO business model, since the failure to deliver a single message
within its guaranteed delivery time can have a severe impact on the whole demand side management
process in terms of security and stability of the power distribution network.
To meet this challenge, NRG-5 has selected three 5G applications, identified as crucial for improving
grid stability and security:
•
•
•
•

•

Smart Grid applications, such as supervisory monitoring (cyber monitoring and
physical/aerial surveillance), fault localization, isolation/self-healing and energy re-routing,
requiring more stringent latency, highest availability and security (Mission Critical)
Advanced metering applications enabling the massive and lock-in free integration of endusers’ infrastructure requesting more stringent capacity and privacy (Massive IoT application)
A combination of the previous points such as smart Electric Vehicle charging, where 5G
technology should be able to incorporate and address both latency and capacity
requirements, which are expected to be more stringent in the future.
Besides, the implementation, testing and validation of the 5G real time smart meters (i.e. 5GNORM) in NRG-5, will help the DSOs to understand how the real time activities can be
supported in the smart grid. The NRG-5 extensions developed over the project will facilitate
distributed, scalable and trusted plug ‘n’ play functionality of hardware constrained devices
(in order to allow for easy, real time, automated devices identification.
The VNFs for the IT protection are clearly in line with the DSO needs in terms of privacy and
security. vBCP(Virtual Blockchain Processing) is an example: it works closely with
vAAA(Virtualized Authentication, Authorization, Accounting), vMME (Virtual Mobility
Management Entity) and vMCM (Virtualized Machine-Cloud-Machine communications). It
aims at providing an easy-to-use and universal API gateway allowing multiple applications to
benefit from the security, immutability and transparency properties of Blockchain technology,
without dealing with Blockchain-specific development. In this respect, the vBCP aims at
democratizing the Blockchain development, allowing even resource-constrained devices or
legacy applications to be part of a Blockchain-enabled (distributed) application. The vBCP
will allow applications to integrate with various Blockchain technologies, handling the relevant
infrastructures not as distributed ledger technology instantiations but, rather, as a commodity
database system exposing RESTful services with hardened security, reliability and
immutability characteristics.

The next figure shows a general overview of vBCP mediation services:
Acting as a persistence-layer mediation service/API, the vBCP will play a key role in the overall NRG5 information flows management, practically enabling the authentication, authorization and
accounting (AAA) operations. At the same time, interoperability will be achieved with the devices so
that they are able to push information (e.g. monitoring data coming from the NORM measurements)
© The NRG-5 consortium partners, 2017

48

H2020-ICT-762013: NRG-5
D6.2: Report on marketing & promotional tools
to the blockchains. Finally, it will operate as the basis for implementing the lock-in free application
paradigm allowing prosumers and utilities to transparently communicate and dynamically adapt their
memoranda of collaboration.

2.3.1.2 Energy Aggregators
Electricity systems are currently facing significant changes as a result of the deployment of
information and communication technologies (ICTs), power electronics, and distributed energy
resources (e.g., solar PV, small wind farms, electric vehicles, energy storage, and demand
response). Distributed energy sources (DERs), unlike “traditional” centralized generating units, are
characterized by their small capacities, and their connection to low and medium voltage electricity
distribution grids. Many industry stakeholders claim that DER aggregators create economic value by
enabling DERs to provide these services at scale. Consequently, in an energy market where
flexibility and demand response are becoming increasingly important for balancing demand and
supply, the energy Aggregator is a new actor is emerging in the energy market.
The aggregator can be defined as “a company who acts as an intermediary between electricity endusers and DER owners and the power system participants who wish to serve these end-users or
exploit the services provided by these DERs” [76]. In fact the aggregator is a company which helps
electricity consumers to take part in DR activities.
The role of aggregator could be taken over by a number of different actors. It could be for example
the same entity as the supplier/ BRP, in theory also the DSO or the TSO, although with a significantly
different role. An aggregator could also be independent. To stimulate competition and innovation it
is important that not only established market participants can assume the role of aggregators. Both
the regulated and unregulated parts of the power market are potentially of interest to an aggregator
and a particular aggregator could theoretically operate simultaneously on both regulated and deregulated sections of the power market. Concrete examples of regulated activities are electricity
distribution (DSO) and flexibility provision/procurement, whereas unregulated activities mainly
relates to the wholesale market. Depending on the service, different challenges may arise.
The role of aggregators is still debated by regulators and policy makers in both Europe and the
United States, but it is expected they will play a relevant role in the energy market. 5G technology
will be very important for that market stakeholder considering that needs to manage a huge amount
of DERs and customers by means of technology systems which gather data from smart meters and
sensor mainly in real time, in order to be elaborated for managing energy flexibility and demand
response campaigns.

2.3.1.3 Energy Generators
Generators are the first entities in the power chain, generating power either in ‘traditional’ ways (e.g.
in nuclear power stations, combined-cycle gas turbine facilities or combined heat and power plants)
or using renewable energy sources (like wind or solar farms and thermal or hydroelectric power
stations). The energy produced by these generators is then injected into the (high-voltage)
transmission system or directly into (medium or low-voltage) distribution systems before being
delivered to the end users (industry, institutions, SMEs, residential customers, and so on). These
actors mainly have the role to turn raw energy resources into electricity. The major share of the
produced energy is at high-scale power plants, either reliant on fossil fuels or nuclear energy. The
infrastructure used for this power generation is owned by a relatively small group of companies [77]
[78].
Energy generators are expected to play an important role in the near future. The transmission system
will not be able to function without a considerable contribution of these resources to provide flexibility
to the electricity system and to ensure sufficient frequency quality. In 2017, total conventional
generation increased slightly again and has now returned to 2015 levels [79]. The increase in power
demand and one-off decline in hydro were the main reasons that overall conventional power
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production rose again. More importantly, 2017 saw the increase in fossil fuel capacity production
(hard coal, lignite, gas, oil) for the third time consecutive year.

2.3.1.4 Transmission System Operators
European Transmission System Operators (TSOs) are entities that operate independently of other
electricity market players and are responsible for the transmission of electricity on the main highvoltage electricity networks. Transmission system operators provide access to the network to
electricity market operators such as generators, traders, suppliers, distributors and directly
connected customers on the basis of transparent and non-discriminatory rules. In order to ensure
security of supply, they also ensure the safe operation and maintenance of the system. In order to
ensure a fruitful impact and productive results in this changing landscape, cooperation and dialogue
between actors appears more essential than ever. This is especially true between the leaders of
system operators, with approximately 2,600 DSOs in Europe and 40 TSOs [80].
The European electricity transmission grid contains more than 300,000 km of power lines, including
355 cross-border lines and for this reason, cooperation between TSOs is essential.
TSOs are responsible for providing the electricity grid infrastructure used to transmit electricity;
transmission can be defined as the transfer of high-voltage electricity using a power grid covering
long distances. Transmission networks are long-distance electricity networks. TSOs are responsible
for the reliable and efficient operation of high and extra-high voltage transmission systems. The
electricity market also extends beyond country borders and interconnections between European
transmission systems allow cross-border energy exchanges. European TSOs are represented in the
European Network of Transmission System Operators for Electricity (ENTSO-E), an international
association which is the reference body of the European Commission. ENTSO-E prepares network
development plans and participates in the development of rules for the operation of the network. In
addition, the transmission system operator is responsible for the supply/demand relationship relating
to electricity in a given area. Nowadays, the transmission system is designed to supply electricity
from central production sites to a huge number of customers [81]. Each TSO is responsible for the
operational security of its area and, in particular, must:
•
•
•
•

Design and implement network operational tools relevant to their control area in relation to
real-time operation and operational planning;
Develop and provide tools and solutions for the prevention and treatment of disorders;
Use services provided by third parties, through procurement when applicable, such as
redispatching or countertrading, congestion management services, operating reserves and
other ancillary services;
Comply with the incidents classification scale adopted by ENTSO for Electricity;

Each TSO must identify potential improvements to the network operational tools, taking into account
the annual reports prepared by the ENTSO for Electricity based on the accident classification scale.
Any improvements identified shall be implemented subsequently by the TSO.
The main European TSOs in Europe are about 20 [82].
The evolution of 5G technologies and standards have the potential to become facilitators of the
transformation and evolution of power grids in a direction of mitigation of outages and development
of renewable energy. The 5G, supporting communication, low latency, information security, has the
potential to be reliable and efficient. In addition, 5G technologies with their extremely wide bandwidth,
wide seamless coverage and roaming meet the diverse requirements of future smart grids and
ensure the resilience of smart networks with high reliability and high bandwidth. It is also expected
to improve the level of data transmission and its granularity; this will allow the development of new
services and business models in the power grid domain [83].
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2.3.1.5 E-vehicles managers
The EV manager is an operator who owns a portfolio of electric vehicles which can be made available
to individuals or companies. It generally provides a range of customer services and a platform for
interacting with users. The services mainly provided are: location of the nearest charging station,
status of charging stations, payments via App, credit card or prepaid cards, back office, energy cost
management, EV charging optimized management and flexible EV charging for optimizing the power
network local management (Dynamic Demand Response as a Service). The electric cars are digital
and the vehicle status data are continuously collected to be shown in real time on the platform; 5G
technology will be crucial for EV managers when the fleets become numerous and the amount of
data massive. Considering especially the Demand Response service provided by the fleet operator,
5G technology becomes crucial in helping the integration of renewable energy, which is mainly
intermittent and produced at times when consumption is lower, resulting in reverse power flows in
the electrical grid which cause problems of stability and security, such that sometimes the production
from the renewable generation plant must be interrupted. The electric vehicle for the electricity grid
is a load equal to ten residential houses, making it ideal for Demand Response campaigns performed
to consume excess energy produced by distributed generation plants, thus obtaining not only a
benefit for the electricity grid, but also a recharge of the vehicle with energy from renewable sources,
further reducing the environmental impact of electric mobility. This requires real-time monitoring of
all generation plants and of all energy-consuming loads, so that the response could be reactive when
flexibility is required by the operator that manage the electricity service distribution. Moreover, in
view of a free energy market, this scenario opens the way for dynamic trades between prosumers
and owners of electric vehicles, which can join a fleet operator with a potential reduction also of the
cost of recharging the electric vehicle, thus making electric mobility even more accessible for the
end customer.

2.3.1.6 Telcos
The emergence of 5G will drastically change the telecom landscape, and have the potentiality to
change the market structure opening the way to new business models, stakeholders and value-chain
(i.e. it configures itself more as a revolution than an evolution). The new concepts and technologies
that will be introduced will overcome many of the limitations of all the other networks. Some of these
new technologies include SDN, NFV, network slicing, edge computing etc.
Role of Telco in energy vertical market:
a) 5G network provider
b) Edge computing (XMEC provider)
c) Network slicing provider (including all or some of VNFs catalogue, Network Services
catalogue, VNFM and NFVO)
In general Telcos play the role of neutral host.
The Neutral host is another concept that is revealed in 5G and it presents a possible solution for the
deployment of parallel access networks that provide better coverage through the use of a high
number of small cells.
The neutral host model enables a single physical network to support a number of virtual networks
and heterogeneous systems and functions with different performance characteristics in a variety of
different locations as required by the service demand. It represents an infrastructure that provides a
set of resources that allow the hosted clients to run continuous services. The infrastructure acts as
a shared platform to multiple hosted clients, meaning it is not bound to any specific provider, hence
the term ‘neutral’.
In detail, the neutral host is expected to provide the required resources for the hosted clients,
including permanent physical equipment infrastructure, spectrum, antennas and RAN edge node.
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The use of such resources is subject to a commercial agreement between the client, and the neutral
host. The neutral host may operate in both licensed and unlicensed spectrum, as well as in both
shared and dedicated spectrum.
Ideally, the QoS that the users will experience using the neutral host’s resources should be identical
to the one when using their client’s own dedicated resources. In this way, the neutral host can be
seen as a viable alternative to conventional dedicated infrastructure, with the substantial advantages
of not requiring replicated ownership of physical resources (e.g. replicated small cell full coverage).
The neutral host can be considered as both a business approach and a technology standard, which
the TELCOs can adopt in order to be able to efficiently support their value proposition, which includes
5G connectivity, multi tenancy, network slicing, edge computing (i.e. ETSI MEC), as well as the
management and orchestration of resources following the data-centre principles, they are already
familiar with for so long. 3GPP, as a collaboration between groups of telecommunications standards
associations, has already started defining the specifications of the neutral host, as well as exploring
the benefits of its deployment [84] [85] [86].
There are several possible different technical solutions to providing a neutral host [87].
1. Roaming – provides a neutral host solution via inter-carrier roaming agreements
2. Multi Operator Core Network (MOCN) – solution standardized by 3GPP; several operators
with different core networks share common RAN nodes
3. Cloud RAN neutral host – example: leveraging the new Small Cell Forum Network
Functional Application Programming Interface (NFAPI)
4. Neutral Host in unlicensed spectrum using WiFi – multiple proposed solutions, some are
already in use, others are in various stages of development
5. MulteFire self-contained Neutral Host network – proposed by MulteFire Alliance
Some of these solutions are already developed and deployed in various real-life scenarios, by many
different vendors and small cell related companies. Neutral Host Small Cell Ecosystems Vendors,
including Nokia (Alcatel-Lucent), Cisco, SpiderCloud, Ericsson, Huawei play the role of providers of
infrastructure, while other companies, such as ClearSky Technologies, Cloudberry Mobile,
Towerstream, Virgin Media and Zayo take up the role of service operators [88].
An example can be found in the Small Cell Forum publication [89]. Whatever the implementation,
the neutral host infrastructure could be in the hands of either a third party created on purpose or
specifically an existing Telco (i.e. with already a position in the market), which can contingently
empower its edge resources and make them open-access. As telcos have the already deployed
cellular infrastructure and the need to evolve its models to make business and be competitive in the
future market, the latter seems a natural and interesting solution for it. Indeed, the main value
proposition of a telecom operator is the telecom infrastructures it owns that can be also shared
between different telecom operators. This means that the potential customer of a telecom operator
could be other telecom operators that needs to employ local network infrastructures or in general
network resources, in order to reach their end users.
To better understand the needs and benefits of a neutral host model with open access to resources
at the edge of the network and the impact on the market (i.e. new ways of making business), we
should think to the future scenario of the digital era.
Billions of machines (e.g. industry and utility related) and users, via their respective end devices
(e.g., wearables, smart home appliances as smart metres, connected cars as auto-driving enabled
or belonging to a enterprise fleet, smart phones, laptops will be characterized by high data rates at
the network edge (1 –10 Gb/s) and ultra-low end-to-end latency (~1 ms). These ambitious
requirements are expected to be at least partially satisfied by exploiting next-generation of radio
access technologies (e.g. 5G system), faster network hardware, network softwarization (for flexible
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design, scalability and reliability, to name a few) and densification of the edge networks. However,
to overcome the inherent defect of centralized data processing in cloud computing, edge computing
has been proposed with the aim of offloading computation tasks to local edge servers.
Telcos can play a number of potential roles in the future energy sector, building both on their natural
role as a network provider but also as a provider of an industrial Internet of Things platform provider
in support of open Smart Grid ecosystems, where connectivity is the key.
Figure 16 presents the multitude of potential roles that could be carried out by telcos, either on their
own or via partnerships formed to specifically address the energy sector or as part of more general
offerings. The roles are briefly described below.

Figure 16: Potential Roles for Telcos in the Future Energy Sector

1. 5G connectivity. This is the traditional role for telcos and a continuation of that played with
earlier generations of mobile networks. The potential of 5G to provide connectivity to a
much greater number of devices and the requirement of the future energy sector to support
this will drive growth in this part of the market.
2. Grid edge communications. Telcos can provide infrastructure to enable processing to be
carried out at the edge of the network rather than on the device (since devices are often
fairly simple) or in the cloud (where centralisation introduces complexity or latency becomes
an issue). 5G networks will developed with this capability in mind. Telcos will either offer a
network slice including edge processing capability or component services with storage and
compute capabilities.
3. A supporting cloud infrastructure. As demand for remote monitoring and control increases
there will be a need for increased data processing and storage in the cloud in addition to
that at the edge. Here telcos can adapt and enhance their existing services providing
connectivity between devices in the network and data centres and applications hosted in
the cloud
4. Flexible networking. Coupled with the cloud infrastructure telcos will be able to offer a more
flexible approach to networking where existing services are enhanced with e.g. SDN/NFV,
low latency QoS networking and mobile device management
5. End to end security. The rise of distributed energy sources and decentralized generation
across the network further increases the risk of attacks. In a smart grid system, it is data
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availability and integrity that has the highest priority. With more information being
transmitted through smart grids, data confidentiality must also be protected, as the data
may contain personal information. Assets will require specific security functions and
solutions. Services such as key management, gateway security, cloud security and strong
authentication will be required. Many telcos already offer services in this space and their
expertise is likely to be required in this emerging, critical area. Telcos are thus well placed
to provide end to end security solutions.
6. Asset management. With the requirement for many more connected devices in smart
energy also comes the need for efficient asset management services. These will provide
the capability to automatically discover devices and create and maintain a catalogue of
assets and their associated status. Many telcos already provide basic asset management
functions for existing generations of mobile connected devices. These will need to be
enhanced to cope with the increased complexity and range of devices.
7. IoT Platform. Telcos are beginning to offer IoT Platform services both as part of end-to-end
IoT service offerings and in more open environments such as smart cities. BT’s IoT Data
Hub is one such example. These typically provide multiple layers of support including an
information exchange capability as well as application enablement. Several factors require
further exploration including interoperability, data monetisation and clarification of business
models. Having said this, some sort of platform is a strong requirement to enable energy
trading and collaboration between multiple industrial players. Telcos have the opportunity to
act as a trusted 3rd party in such scenarios.
8. Analytics. Typically provided on top of the platform (although there is also a case to provide
support near the devices at the network edge), analytics capabilities will be required to
process data streams from devices, creating actionable insights. It is envisaged that telcos
would typically partner with specialist analytics providers to deliver these services, close to
the data on the platform.
9. End to end management. This typically refers to management of equipment, software and
security including e.g. upgrades and repairs to field-force IT. Service providers would
provide a service level agreement to the customer and coordinate the delivery of the
management programme, typically with local and / or specialist partners.
10. Mobile apps. Applications for end users to allow them to manage their energy usage will
make use of data supplied by the IoT platform (typically via an application back-end). These
could also be integrated with smart home capabilities allowing home appliances to be
managed. There is an opportunity for telcos to provide some or all of the elements of app
infrastructure.
11. Innovation. This opportunity includes providing novel services in addition to those above
which emerge from this rapidly changing sector. One example would be blockchain
supported energy trading with smart contracts.
The customers for the telcos playing the above roles in the market will consist of the major existing
players in the current market as they seek to evolve to the address the new requirements. These
include distribution network operators who will need additional support from telcos to deliver the
necessary enhancements to their network in terms of instrumentation, metering and control;
transmission and generation customers who have similar needs to enhance their infrastructure; and
retail market players who need to offer enhanced services to their retail customers such as smart
metering and smart home services. There additional opportunities to support players such as smart
meter programme players who will need to evolve to provide the next generation of smart meters
and finally market disruptors are expected to emerge in areas such as local generation and supply
and in the retail market so there are opportunities for telcos here to seize upon these opportunities
either by themselves or in partnership with others.
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2.3.1.7 Meter Manufacturers
The market for the production of Smart Meters, like the Smart Grid industry, is developing more and
more at a very fast pace; large companies such as Siemens, Schneider Electric, ABB and others
are completely monopolizing the market and acquiring small companies [90].
The most dynamic market is that of smart meters, which go beyond simple automatically reading
and offer additional features including real-time readings, power failure notification and power quality
monitoring. They allow price setting agencies to introduce different consumer prices based on the
time of day and season. The communication is a fundamental technological requirement for smart
meters. Each meter must be able to communicate the information collected reliably, securely and
rapidly.
In addition to the medium used for communication, the network used is also essential. For this
reason, the 5G technology can promote scenarios in which utilities can lower costs and improve
security, through smart metering, surveillance and preventive maintenance.
Manufacturers of smart meters, traditionally present in the water and gas metering sector, have
recently found a massive growth area in the field of smart meters for electricity. As many electricity
grids are almost 100 years old, smart and newly developed meters are increasingly needed to
properly interface with modern and advanced network infrastructures such as 5G.
The following table shows some of the world's leading manufacturers of meters and smart meters:

Holley Metering

Holley Group is one of the top 300 private companies in China. Based in the historic
city of Hangzhou. Holley Technology is a complete solutions provider of energy
metering products and system solutions for utility companies worldwide [91].

ADD Grup

ADD Grup, based in Chișinău, Moldova, develops and manufactures intelligent
metering solutions.
The company's main product is the ADDAX IMS system for electricity metering, multiutility metering and street lighting management. The system offers a suite of
interconnected hardware and software tools, including electrical meters,
communication endpoints, network infrastructures and data management applications
[92].

Itron

Itron is the world's leading supplier of intelligent metering systems, data collection and
utility software, with a huge market share in the United States. Itron is one of the world's
largest independent smart grid companies with 8,000 utility customers and has used its
experience in manufacturing gas and water meters to win large contracts in the smart
electricity meter market as well. The company sells end-to-end smart grids and smart
distribution solutions to power, gas and water companies worldwide [93].

Delixi

Delixi Electric Co., Ltd. manufactures low-voltage electrical products. Its products
include small-scale and miniature circuit breakers, molded case circuit breakers, air
circuit breakers, electrical leakage protection devices, contactors, relays, electric motor
and surge protection devices, residual current devices, switch disconnectors,
distribution boxes, fuses, and control devices. The company also offers motor control
and protection devices, such as thermal overload relays and definite purpose
contactors; industrial control components, which include cable connectors, industrial
plugs and sockets, copper terminal block series, din-rails, and control signals; and
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power energy management supplies that include meters, current transformers,
capacitors, and voltage stabilizers. It serves customers in China and internationally [94].

Camille Bauer
Metrawatt

Camille Bauer Metrawatt has a long experience in the development of tools for the
control and monitoring of power systems that must operate accurately in any external
condition. Its products include: Power System Monitoring and Position Sensors [95].

CARLO
GAVAZZI

Carlo Gavazzi is a multinational group active in the development, production and
marketing of electronic components. The product range includes sensors, electrical
protection relays, timers, energy management, power system monitoring.
Carlo Gavazzi's products are marketed across Europe, the Americas and Asia-Pacific
through a network of 22 own sales companies and through more than 60 independent
national distributors [96].

Landis+Gyr

With an installed base of over 300 million electricity meters, Landis+Gyr is amongst the
top 5 smart meter manufacturers. Based in Zug, Switzerland, it introduced electronic
meters in 1981. Through the late 90’s the company saw a series of different investors
and owners, including Elektrowatt, KKR and Siemens. In 2004 Bayard Capital of
Australia purchased the company with a vision of building the premier energy
management company in the world that would combine positive environmental
outcomes with the company’s culture [97].

Schneider
Electric

Schneider Electric is one of the world's largest suppliers of electrical and energy
equipment, providing energy-efficient solutions for the residential market, buildings,
industry, infrastructure and data centers. The company is not yet a market leader in
smart meters, but is well positioned in this developing sector [98].

Table 8: Meter Manufacturers main vendors

The market is very fragmented with the presence of many well diversified international, regional and
local sellers and competition between these operators is intense. With the increasing market
presence of global players, their large infrastructure and support for R&D, it has become extremely
difficult for regional players to compete in terms of reliability, technology and price.

2.3.1.8 ICT operators
As a direct consequence of the growing demand for energy, and of the absolute need to reduce
climate impacts, a new convergence of scientific, industrial and political interests on how the ICT
technologies can enable a process of structural transformation of each phase of the energy cycle,
from generation to storage, transport, distribution, sales and, above all, intelligent energy
consumption. This combination of ICT and Energy is commonly identified with the term Smart Grid,
or even Internet of Energy, to emphasize the expectation of a paradigm shift, a structural and
technological revolution towards a capillary network that carries energy, information and control,
composed of highly distributed and cooperating devices and systems. The smart grid market is
expected to grow from $20.83 billion in 2017 to $50.65 billion by 2022, with a compound annual
growth rate (CAGR) of 19.4% [99]. The driving forces behind this market are increased demand for
energy integration and government policies to promote renewable energy.
In the smart grid market, the main software drivers for development are as follows:
•
•

Advanced Metering Infrastructure (AMI)
Intelligent network management
© The NRG-5 consortium partners, 2017

56

H2020-ICT-762013: NRG-5
D6.2: Report on marketing & promotional tools
•
•
•

Smart grid communication
Management of network resources
Invoicing and customer information system

The smart grid communication software segment is expected to grow very rapidly over the next few
years, as smart grid communication enables hardware and software to work together to form a mesh
network, enabling a network of utilities with intelligent functions such as power management, realtime control, self-repair, and overall greater reliability and security. This new technological scenario
will help operators in their decision-making processes and in better programming of the storage and
distribution of the utility.
In recent times, many technology players engaged in the profusion of software for the energy
industry have adopted various competitive strategies, including new product development,
partnerships and acquisitions. In fact, for these players, continuous technological innovation is a key
element in maintaining their competitive position in the market and promoting customer satisfaction.
The energy market scenario is constantly evolving; the challenges and opportunities arise from the
constant growth of distributed energy resources, changes in consumer behaviour, emerging
technologies such as the diffusion of electric vehicles and smart meters, and finally, the massive
evolution of digitisation in all energy sectors. Therefore, one of the main critical factors for the
success of the energy system is the integration of information and communication through an
efficient infrastructure based on the power of the Internet. In view of the achievement of these
objectives, the main needs are:
•
•
•

Real-time access
Continuous updating of information
Correct transmission of data in real time

In this sense, 5G technology represents an important tool for simplifying, standardizing and making
efficient energy information. In fact, 5G can provide cost-effective wireless solutions, compared to
purely fiber-based communication systems, by decentralizing energy networks with higher resilience
than LTE. Consumers also benefit from an efficient and 5G-enabled infrastructure, as this is a
necessary condition for observing actual energy consumption across multiple devices, enabling
power reduction and cost management. In particular, in a similar scenario, it is becoming increasingly
feasible to measure and manage consumption, called Smart Metering.
Knowledge of consumption profiles in real time allows those who manage energy networks to create
mechanisms of greater dynamism, flexibility, decentralization and interactivity in the management of
the networks themselves, and also allows those who use energy a greater awareness of what is
being consumed. This type of evolutionary scenario has as its fundamental presupposition the ability
to make the most of the energy used.
Consumption related to the various users, such as electricity, gas, water, heat, both users and
operators of energy networks, are available in real time, so the new generation meters must be able
to transmit this information remotely. 5G technologies will make this possible.
“In the years to come, utility business will be driven by four forces: digitalization, decentralization,
decarbonization and democratization” [100].
According to Gartner [101] a confluence of socioeconomic drivers and technology innovation is
forcing utilities to transform into digital enterprises. Traditional energy markets are changing and
evolving in response to decentralisation and prosumers, in line with an increase in market players
with distributed energy resources.
Market demand for smart grids is driven by government policies and regional initiatives to introduce
smart meters, increased demand for integration of renewable energy sources, grid availability and
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response to efficient disruptions. As the deployment of smart grid solutions between smart cities
increases, the smart grid market is expected to achieve more traction during the next period. The
smart grid software segment is expected to form a very large part of the energy market. The smart
grid software includes: advanced metering infrastructure, intelligent network management, smart
grid communication, network resource management, sub-station automation, and customer billing
and information [102]. Huge revenue losses caused by power loss, power theft and power outages
have increased the need to manage and control power generation, distribution and transmission
processes.
The following table lists some of the main global players in the ICT sector applied to smart grids.
Tendril

Tendril has produced an energy services management platform that helps energy
providers and smart grid users better understand their needs and usages. This unique
platform employs a "ranking" so that the different uses of the user can be compared.
Tendril's goal is to create a system that delivers the right message and energy to the
right customer. This technology is helping to push the overall utility of the smart grid, in
fact providing users with more options not only helps save money, but helps to
understand how the smart grid is different from traditional grids.

Schneider
Electric

Schneider Electric has developed a prosumer solution that aims to create a stable
network with fewer price fluctuations. The main functionality of this tool is to be able to
control the intelligent network directly from the customer's premises, be it a domestic or
business client. This software is significantly improving the way that utility customers
interact with the smart grid. Just like the progress made by Tendril, these changes will
improve the way end users feel the new technology in a positive way and help
perpetuate acceptance and adoption.

OnPower

OnPower takes an innovative approach to thermostat management systems and their
interaction with smart grids.
The installation of the intelligent thermostat offers the customer the possibility to adjust
the use according to his needs.

Silver Springs
Networks

Silver Springs has developed a smart grid platform, Gen4 Communications Module,
which has introduced several innovations in the world of energy-based smart grids. The
platform's high data transmission rates and allows you to automatically adapt as
needed.

S&C

S&C has developed a new system that is revolutionizing the world of smart grids.
PureWave UPS provides a share of energy that operates with a carbon footprint that is
much lower than other UPS systems on the market. The PureWave UPS System offers
60 seconds of power should the smart grid fail. This UPS system helps provide minimal,
or even no, downtime for markets that employ this solution.

Itron

Itron develops solutions to implement efficient charging stations for electric vehicles.
The electric vehicle market is growing and there is a growing demand for smart grids.
Itron's main objective is to offer fast charging solutions to owners of electric vehicles.
Innovative stations, with Wi-Fi enabled, provide a multitude of analytical information
and have easy and secure access. Energy efficiency is at the top of the implementation
requirements of these stations. In general, Itron aims to provide easier interaction with
consumers and lower cost.
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Siemens

Siemens is implementing a strategy of success in the smart grid market, through the
design and development of smart grid management tools, such as:
•
•
•

Phasor Data Processer (PDP)
Dynamic Security Assessment (DSA)
Protection Security Assessment (PSA)

These tools can be used individually or together with others; their function is to manage
smart grids securely and securely, improve operational efficiency and, in general,
provide better service. Siemens currently holds 526 intelligent grid patents, focusing on
monitoring and security.
Siemens' offering is focused on both households and businesses, but has recently
shifted its focus to transport too.

Cisco

Cisco has created a multifaceted approach to the overall operations of smart grids; it is
adopting a phased implementation strategy, aimed at completely transforming the
market for electrical utilities in a fairly long time frame. The real innovation lies in the
GridBlocks architecture. The main objective is to make smart grid technology
accessible in different parts of the world.

IBM

IBM is making a significant contribution to the development of smart grid solutions.
Recently, it has implemented some intelligent network solutions, taking into account
three important perspectives: people, security and data. Currently, as a result of this
innovative approach, IBM is one of the leading players in the field of smart grid
technology. The main commitment is to promote security, search for abuses, analyze
information looking for models that could be suspect. IBM therefore pursues the
objective of creating a series of secure and manageable smart networks around the
world.

ABB

ABB's main goal is to create smart cities by adopting smart grid technologies, focusing
on monitoring energy consumption in order to optimize its use. ABB's offering is
targeted at both domestic and corporate users and is internationally recognized through
the implementation of solutions and patents that enable smart grids in many cities
around the world. This global operation is helping to implement a variety of smart grid
technologies for people located in many different cities.

Table 9: Main global players in the ICT sector applied to Smart Grids

The world of energy and its markets are changing rapidly with rapidly evolving and emerging 5G, AI
and IoT technology. As a whole, they are transforming the energy industry into fundamental ways,
enabling energy and mineral harvesting optimization, predictive and automated maintenance, high
volume and low latency data delivery, and smarter grid management for better allocation of energy
resources to countries, cities, producers, and consumers.
After many years of working on standards and technology, 5G is now moving into its commercial
phase. 2018 will be the year of the first 5G network deployments and the large-scale deployment of
IoT. This change will require the joint effort of many industry players and regulators to align with
standards and technology. And already several realities are engaging and collaborating.
All previous technologies have been fundamentally developed with an end-user orientation. 5G will
be able to bring benefits to both end consumers and different industries and will open up new
business models in all sectors [103].
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5G's flexible, multi-spectrum, multi-function architecture will provide platforms that support sensitive
applications, such as ubiquitous sensing throughout the power distribution grid. It is expected that
5G communications technology, through the deployment of ubiquitous mobile broadband and
artificial intelligence will bring enormous changes and generate convergence between industry and
society. Through this type of communication, the IoT and the Internet of energy can become a reality,
offering benefits to both utilities and ICT operators involved in designing and developing tools and
facilities for energy and smart grids.

2.3.1.9 Final Customers/ Prosumers
Consumers today increasingly need to actively manage their energy consumption, not least through
more transparent bills, frequent checks and participation in demand and the market.
More informative, transparent and frequent billing fees and participation in demand response
markets give consumers the power to actively manage their energy consumption. The creation of a
market for innovative energy services where investment in efficient appliances and smart
consumption and production pays off should be at the heart of EU Member States and private
services in preparing or facilitating the implementation of smart metering systems. The definition of
Prosumer, a combination of the words producer and consumer, represents all the recipients of
services that are not limited to the passive role of consumer but actively participate in the different
phases of the production process. In the energy sector, Prosumers play a leading role as they can
themselves become producers of electricity. Over the next few years, the role and diffusion of
Prosumers in the energy market are destined to grow substantially [104].
According to Delft [105] by 2050, with a regulatory framework to support renewables, half of the
European population could produce electricity and contribute to grid balancing by managing their
energy demand flexibly, both individually and collectively.
The Delft Report explains how domestic production could meet 19% of EU electricity demand in
2030, rising to 45% in 2050. A significant contribution to achieving the EU's 2030 renewable energy
targets. This is a fundamental step towards a 100% renewable energy system.

Figure 17: The power of citizen energy in 2050

Source: [106]
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2.3.2 Stakeholders value chain
In conclusion, from the previews stakeholder analysis, it is possible to say that the 5G value chain
for energy domain is quite complex, considering it includes different typology of actors that are able
to cover different operational stages. The figure below gives an overview about that operational stage
and how the different stakeholders can be positioned for providing services or products.

Figure 18: 5G Energy domain value chain
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3 NRG-5 Main Outcomes
Proposition

&

Potential

Value

3.1 NRG-5 Overview
The purpose of NRG-5 is not to create a new 5G architecture from scratch, but taking into account
and work on relevant existing 5G related architecture design concepts, to contribute to existing
efforts, focusing and contributing mainly on the 5G-PPP Architectural Working Group approach and
extending it in order to take into account the Energy (Electricity and Gas) concepts and the derived
applications’ requirements.
NRG-5 pursues a modular architecture orchestrated by an SDN/NFV framework according to the
5GPPP architectural model. We introduce new components in the NRG-5 architecture to meet
additional requirements of the energy domain, as illustrated in the NRG-5 use cases. Figure 16
shows the high level architecture schema of NRG-5.

Figure 19: NRG-5 high-level architecture

In Figure 19, at the lower level we consider the smart energy (electricity & gas) layer, composed of
varying energy infrastructure assets. These assets have different characteristics, covering both
functional requirements (mainly in respect to delay) and non-functional requirements (mainly in
reliability and security).
Over the energy layer, we consider the telecommunications network layer, compiled of cellular and
mini-cells, IoT and satellite communications. This is the existing 5G and New Radio
telecommunications layer, which is considered beyond NRG-5.
The NRG-5 framework is positioned over the energy and telecommunications layers. Following the
5G-PPP Architecture proposal, the NRG-5 architecture is considered as a number of VNFs offering
IaaS, Self* functions and smart energy specific VNFs. The position and sizing of the VNFs together
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with fundamental infrastructure functions (e.g. network slicing offered by other 5G projects) enable
the NRG-5 Smart Energy deployment.
At the higher layer, NRG-5 introduces mechanisms for extended Mobile Edge Computing (xMEC)
offloading, elastic VNF sizing and chaining, M2M/MCM communications and trusted/scalable Plug
‘n’ Play. These activities are coordinated and supervised by a Critical Infrastructures Service Level
Agreement mechanism, which is a monitoring and enforcement entity, such as Open Source MANO
(OSM). As proof of concept, NRG-5 considers many novel utility functions offered following the “X
as a Service” approach, separated by an Open Northbound API (NBI).
Taking into account the various 5G architectural proposals, the NRG-5 project proposes a generic
5G Architectural framework as shown in Figure 20 and described in more detail in the D1.2.

Figure 20: 5G Architectural framework and NRG-5 main focus

As shown in Figure 20, NRG-5 mainly puts emphasis on the Radio Access Network, enabling IoT
devices to be detected and self-organized, at the xMEC introducing a number of VNFs, which may
be instantiated at any xMEC node, a domain specific MANO and at the application layer. In more
details to achieve the Smart Energy as a Service functionality, NRG-5 builds the final design on
exiting work from standard and other H2020 projects adding new and innovative elements i.e.:
• Consider new methods for IoT handling, including devices discovery, identification and
optimization of data routing for small and very small devices
• Define an extended MEC software stack for fast and optimal deployment of generic and utilitycentric VNFs.
• Build on Machine-Cloud-Machine (MCM) communications, which enable significant
scalability and resilience
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• Realize an extended 5G ETSI-MANO framework, integrating analytics in the OSS layer to
address smart energy applications requirements and optimal positioning and sizing of the utility
specific VNFs.

3.2 NRG-5 Main Tangible Outcomes
The NRG-5 framework is, as already said, positioned over the energy and telecommunications
layers. NRG-5 mainly focuses on the VNF and the application layer. A number of VNFs offering Self*
functions and smart energy specific VNFs are defined. The position and sizing of the VNFs together
with fundamental infrastructure functions (e.g. network slicing offered by other 5G projects) enable
the NRG-5 Smart Energy deployment.
At the higher later, NRG-5 introduces mechanisms for extended Mobile Edge Computing (xMEC)
offloading, elastic VNF sizing and chaining, M2M/MCM communications and trusted/scalable Plug
‘n’ play. All these activities are coordinated and supervised by a Critical Infrastructures Service Level
Agreement mechanism, which is a monitoring and enforcement entity, such as Open Source MANO
(OSM)
Considering that, the main tangible project outcomes are listed here below:
Related to the NRG-5 xMEC node

Outcomes

Brief Description

Main
proprietary
and partners
involved
SU

License or
Possible License

vTSD (virtual
Terminals SelfDiscovery)

This VNF, is the entry point for user
equipment that connects to the 5G networks
joining a mesh of connected user equipment.
It sets up the required services to properly
rely the connection for those devices.

vSON (virtual SelfOrganizing
Networks)

This VNF takes care of the topology
management for mesh networks of user
equipments. It implements the core
functionalities of a controller for Software
Defined Wireless Sensor Network

SU

Under License for
Commercial
Application

vMCM (virtual
Machine-CloudMachine)

vMCM provides a means for device data to
be stored and updated either through digital
twins at the network edge, or via a data hub
in the cloud. It supports access by multiple
users such as applications or other VNFs
overcoming scalability and latency issues.

BT

Combines
proprietary and
open source
software. Possible
service provision.
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vMME (virtual
Mobility
Management
Entity)

It is an extension to the standard LTE MME,
which provides for idle mobile devices
paging and tagging including GPS location
(e.g. safeguarding the location of EVs,
mobile terminals or drones)

TEISTE

Apache License

vBCP (virtual
Blockchain
Processing)

It offers an easy-to-use and universal API
gateway allowing multiple applications to
benefit from the security, immutability and
transparency properties of the Blockchain
technology

POPs

Under License for
Commercial
Application.

vAAA (virtual
Authentication,
Authorization,
Accounting)

It is a VNF similar to the AMF (Access &
POPs
Mobility Management Function), which
provides services related to the
administration of the field devices at the level
of AAA.

Apache License

vMPA (virtual
Media Processing
& Analysis)

It performs near-real-time video stream
processing and analysis so that e.g. results
of the drone-transmit video data are
managed in real time

VIS

TBD

vDFC (virtual
Drone Flight
Control

It performs real time autonomous remote
control of drones

VIS

TBD

vPMU (virtual
Phasor
Measurement Unit)

It monitors the state of the grid by measuring
voltage levels and frequency values of
selected locations of the grid

CRE

TBD

vESR (virtual
Electricity
Substation &
Rerouting)

It enables control of the local substation and
electricity rerouting activities.

RWTH

TBD

vRES (virtual
Renewable Energy
Sources)

It provides low-latency flexibility services to
the grid operator that can be used in DR
campaigning to keep the grid balanced

TEISTE

Apache License
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vDES (virtual
Distributed Energy
Storage)

This VNF provides flexibility services to the
grid operator which enable the issue of
demand response (DR) campaigning.
Specifically it provies for aggregated pergeographical area information about Energy
Storage Points as long as control interfaces
to manage the storage points.

SU

Under License for
Commercial
Application

NRG-5 Domain Specific MANO
Outcomes

Brief description

NRG5
MANO

The application logic triggering the VNF orchestration for
the provision of energy 5G services.
The Interfaces that support the real-time orchestration and
lifecycle management of both physical and software
resources that sit on top of the infrastructure respect to the
application logic requirements. These are interfaces with
the MANO framework that enable the service
orchestration.

Main
proprietary and
partners
involved
ENG

License or
Possible
License
Open
Source

Related to NRG-5 smart meter node

Outcomes
5G-NORM–
Blockchain Handling
& Repository

Main proprietary
and partners
involved

Brief description
NRG-5 vBCP/vAAA client integrated
inside the NORM, allowing for pushing
data to the blockchain.

POPs

License or
Possible
License
Apache
License

Related to NRG-5 drone node

Outcomes

Brief description

Main proprietary and partners
involved

License

NRG5 Drone Remote Control

Integrated in vDFC

VIS

TBD

NRG5 Drone GPS/Flight
Control

Open hardware +
vDFC

VIS

TBD
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3.2.1 NRG-5 Intangible Outcomes
The main focus of the project is the 5G inside utilities domain, mainly gas and energy. According the
Use Cases described in NRG-5 D1.1, the main covered topics are the follow:
•

Enhanced Mobile Broadband (eMBB),also called Extreme Mobile Broadband (xMBB)
• Ultra-Reliable Machine Type Communications (mMTC), also called Ultra-Reliable and Low
Latency Communications (URLLC), and
• Massive Machine Type Communications (mMTC).
In those domains the project aims to acquire and share competences, know-how and skills.
The partners involved in the NRG-5 project are going to acquire knowledge also about security
issues related the 5G in energy domain, Blockchain adoption for access control in energy market,
Mobile Edge Cloud orchestration for critical services, trusted lock-in free plug’n’play capability, multitenancy and network slicing as is described in more detail in the individual exploitation plans
available in the paragraph 4.

3.3 NRG-5 Potential Value Proposition
The overall objective of NRG-5 is to guarantee optimal communications of the energy grid, deploying,
operating and managing existing and new 5G communications techniques and energy
infrastructures (in the context of the Smart Energy-as-a-Service) easier, safer, more secure and
resilient from an operational and financial point of view.
The traditional electricity business model in Europe is still subscription-based, ensuring stability for
both suppliers and customers: stable income for utilities; stable supply for customers at predictable
and affordable prices. But the huge wave of DERs such as renewable resources, batteries and the
new and ongoing deregulation process are leading toward the new innovative business models in
the utility sector that has occurred with new service provision and the search for cost efficiencies.
In this respect, NRG-5, leveraging the 5G features, aims at validating the extremely demanding 5G
Smart Energy vertical use case, which requires openness, resilience, security and high availability
of the whole intertwined infrastructure.
For this reason, NRG-5 stresses 5G current results co-developing a new 5G communication
infrastructure in terms of security, privacy, trust and high availability investigating on:
• Security deploying and operating a huge number of end- points, avoiding lock-in strategies,
• Resilience of infrastructure via Predictive Maintenance and self- healing via assets’
virtualization and timely energy re-routing,
• Highly Availability via smart grid stabilization. These challenges are also framed by the
urgent need for protection against (combined) cyber and physical security threats and attacks,
to avoid cascading effects to a great number of other critical infrastructures and services.
The project aims at validating those infrastructure features in three specific use cases in the Energy
domain. These are:
Use Case 1: Realizing decentralized, trusted lock-in free Plug & Play vision
Use Case 2: Enabling aerial Predictive Maintenance for utility infrastructures
Use Case 3: Enabling resilience and high availability via Dispatchable Demand Response
(DDR)
On the basis of the mentioned use case, it is possible to identify three main business scenarios that
include the project already described outcomes:
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1. Blockchain based Plug’ n’ Play 5G enabled Smart Meters
According to the Smart Grid paradigm and the previous market analysis, customers will play an
active role in energy flexibility, being equipped with components for decentralized energy generation
and local energy storage, included e-vehicles. In such a framework, smart metering devices are
quickly proliferating in number and need to exhibit a far more complex profile than today, offering
services beyond traditional 15 minutes reporting, including support for real-time measurements,
service discovery, infrastructure automation and AAA. However, for security, cost and operational
rationality reasons, implementing the above features at full scale at smart meters level is, usually,
impractical, also due to the high numbers of devices that need to access the network; smart metering
should be kept at low cost, hence resource constrained. In turn, the currently employed smart meters’
authentication solutions and centralized key management repositories create an informal customers’
lock-in.
The use case shows the need for efficient mMTC communications. NRG-5 is researching and
realizing the “plug & play vision” in metering resources, by means of a novel and scalable xMEC
paradigm. Beyond edge computing acceleration, NRG-5 extensions are going to offer a group of
VNFs to facilitate distributed, scalable and trusted plug ‘n’ play functionality of hardware constrained
devices.
Specifically, NRG-5 is building a plug’n’play smart meter that uses smart contracts/blockchains
technology to offer smart energy as a service over 5G networks overcoming vendors lock in
strategies. The Smart Meter is backed by a number of VNFs offering terminal self-discovery (vTSD)
and network self-organization (vSON) functionalities, along with AAA (vAAA) and blockchains
(vBCP) support.
2. Predictive Maintenance using Drones
Predictive Maintenance of distributed generation plants, energy transmission and distribution
networks, like electricity cables and isolators, and gas/LNG tanks, pumps and pipelines, is an activity
of utmost importance in achieving highest power network reliability. Especially in case of electrical
isolators and the transmission lines along the electricity grid or the natural gas storage tanks, pumps
or pipelines is critical with high accompanying cost. Recently, the Energy industry started to adopt
manually driven UAVs/Drones to perform visual inspections, but, again, special flight control
certification has been necessary and the time required for such operations is, still, hindering wide
adoption; using manually driven drones, an electricity transmission network may need to be
traversed three or four times as each electricity transmission network has at least one power line for
each electrical phase and a safety lightning protection cable, often with fibre optics inside, for
communication purposes.
NRG-5 aims at building a predictive maintenance application based on intelligent drone’s flight. The
drones are (semi-) autonomously fly over electricity grid or natural gas storage tanks and identify
areas that need special attention. The application is backed by a number of VNFs offering Media
Processing & Analysis (vMPA) and virtual Drones Flight Control (vDFC) at the edge cloud
3. Enabling resilience and high availability via Dispatchable Demand Response
Energy cannot be easily stored at large scale, so utilities have traditionally matched demand and
supply by shaping demand through Demand Response campaigns, inserting (very expensive)
peaking plants to cover peak demand, or importing power from other utilities. The introduction of evehicles (EVs) will be able to bring very severe stability risks tothe Utilities due to the mobility patterns
of the EVs that introduce uncertainty in the grid management. As the penetration of EV rises above
10% the risk will further increase, demanding that solutions be researched and tested and to be
ready for deployment before the volume of EVs becomes too large, and the cost of retro-fitting
solutions become prohibitive. In the same context, low cost, Phasor Measurement Unit (PMU),
enabling precise state measurements to be made across an entire gird, support fast monitoring of
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distribution feeders, with data refresh of 10 to 50 times per second. However, such update
frequencies open up vast new possibility for the fine-grained network control needed to manage the
complex future grid, but also permitting potentially devastating attacks though manipulation and data
mirages. Last but not least the increasing proliferation of EVs has been paving the way for the
massive deployment of smart EV chargers, which will offer near real time communicating and
interfacing with EV driver, with EV battery management system and with DSO, with a view to
determine what appropriate scheduling of EVs may provide flexibility benefits to DSO (Vehicle to
Grid service).
The stability and resilience of the energy grid in the presence of high share of RES, greatly depends
on the fast response. Given that, ultralow (below 5ms) response from the energy operation centre is
of vital importance.
NRG-5 is based on 5G communications characteristics (mainly Low Latency and high reliability) to
offer a Dispatchable Demand Response service. The service introduces and models Phasor
Measurement Units (vPMU) electricity substations (vSUB), Renewable energy sources (vRES),
distributed energy storage (vDES) as VNFs to offer the services though the 5G network.
The NRG-5 value proposition is introduced in this paragraphs, in an illustrative way, taking into
consideration different customer segments (better analysed in the paragraph 2.3) and following the
Value Proposition Canvas approach proposed by Osterwalder [107]. This approach considers two
aspects:
•

•

Value Map in order to describe how intends to create value for customer. The Value (Proposition)
Map describes the features of a specific value proposition in a structured and detailed way. It
breaks the value proposition down into products and services (a list of all the Products and
Services a value proposition is built around), pain relievers (describe how your products and
services alleviate customer pains), and gain creators (describe how products and services
create customer gains).
Customer Profile in order to clarify customer understanding. The Customer (Segment) Profile
describes a specific customer segment in the business model in a structured and detailed way.
It breaks the customer down into its jobs (describe what customers are trying to get done in their
work and in their lives, as expressed in their own words), pains (describe bad outcomes, risks,
and obstacles related to customer jobs), and gains (describe the outcomes customers want to
achieve or the concrete benefits they are seeking).

The perfect Fit is achieved when the value map meets the customer profile, that means when the
products and services offered, produce pain relievers and gain creators that match one or more of
the jobs, pains, and gains that are important to the customers [108].
The value proposition model for NRG-5 outcomes is showed in the following Figure 21.
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Figure 21: NRG-5 Potential Value proposition canvas

From the customer side, there are all the player that have to manage smart energy grid, network or
slicing services. They currently without 5G and related technologies need long time to market for
introducing new services. This brings to increase their internal cost. On the other hand duo to the
increased of services provided by web the security problem are increased as well. Consequently
they ask for solutions that support them to reduce CAPEX and OPEX, improving the cost efficiency
on one hand and on the other they need to improve the network security.
Taking in account that NRG-5 is working, to provide in terms of value proposition:
•
•
•
•
•

a number of VNFs offering IaaS,
a set of Self* functions and smart energy specific VNFs, and
at the higher later, NRG-5 introduces mechanisms for xMEC offloading, elastic VNF sizing
and chaining, M2M/MCM communications and trusted/scalable Plug ‘n’ play,
Security Blockchain approach for 5G in Energy domain
A Security Blockchain approach for 5G in Energy domain.

Consequently those bring value both in terms of network management and optimisation and
security approach. This value proposition will enable the customers to reduce dependency from
hardware-based appliances, reduce the time to market thanks the elastic deployment of VNFs as
well as improve security approaches.
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4 Early Exploitation Intention
4.1 Engineering Ingegneria Informatica SPA
Organization Background
Engineering Ingegneria Informatica (ENG) was founded in 1980 and it is currently Italy’s largest
systems integration group and leader among the top 10 IT groups in Europe, with 50 branch offices
in Italy and abroad and an established presence in Belgium, Norway, Republic of Serbia, Latin
America and USA. Since 1987, the company's ability to innovate has increased thanks to the creation
of the Central Department of Research and Development, in which about 250 researchers,
distributed in 6 laboratories, operate. Engineering provides a complete offering of IT services and
consultancy to different market areas, including Security and Defence. The group invested about 10
million euro in the renovation of applicative products about security for bank systems, sanitary,
media, cultural heritage and utilities environments.
Engineering incorporates a specific division dedicated to the Telco & Utilities market. Its expertise
has been gained in over 30 years of experience in the sector and can count on the know- how of
950 professionals. They are completely dedicated to providing solutions to more than 150 customers
and have developed a level of market know-how that has made Engineering the main reference in
Italy. In particular, the Energy & Utilities division provides IT and business solutions to customers
operating in the utilities sectors: water, gas, electricity, heating and waste. The experience matured
over the years is based on a vast knowledge of specific industrial processes.
Engineering's main offering to the services market includes:
•
•
•
•
•

Billing and Back-end for gas and electricity sales
Operation Management for gas and electricity distribution
Business Intelligence Systems
Real Time Meter Data Management for Enhanced Analytics
Drones Integration and Management to support WorkForce Automation

NRG-5 exploitable results
Consequently, the main approach to the exploitation of this project result will be the integration of
the services and the NRG-5 technology platform in order to expand its commercial offering to
utilities.

#

Project exploitable result

Responsible
partner(s)

Result type

Time to market
(months after
end of project)

1

VNFs and MANO Framework
specific solution

ENG

Knowhow and
Software

12 months

2

Blockchain for handling the
new open energy market

ENG

Knowhow and
Software

24 months

Table 10: ENG Exploitable Results

Exploitation strategies
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ENG will exploit the work done in NRG-5 adding some draft artefact in ENG suite. Some of the
software implemented during the project fit to the offering expansion plan of KNOWAGE SUITE and
Net@Suite. In this respect, ENG will address the following main activities :
•
•

to build a blockchain mechanism for handling a private energy market among prosumers
having 5G smart meters.
to act on the VNFs and MANO framework to inject innovation solution in the hearth of its
customers

4.2 THALES SIX GTS FRANCE
Organization Background
Thales is one of the world’s leading providers of mission-critical systems for security, defense and
aerospace. With over 68,000 employees in 50 countries, Thales annual revenue is over €12 billion
with over 18% devoted to R&D and 25,000 researchers working on cutting-edge technologies.
Leveraging a global presence and spanning the entire value chain, from prime contracting to
equipment, Thales plays a pivotal role in making the world a safer place. As a key player in security
markets, Thales role is to protect people, countries, critical infrastructure and data. To do that, Thales
works closely with its customers - governments, cities, essential operators, companies and major
national and international organizations - to address their specific concerns and develop solutions
that meet the needs of their stakeholders.
Thales SIX GTS France revenues exceed 1 billion Euros with 6.900 employees, addressing every
activity related to telecommunications: wireless communications, IP networks, satellite
communication, network administration and security. Thales has a long experience in very large
Information systems and secure infrastructures for systems and networks, including Internet and
Intranets. Thales also develops a full range of telecommunication and cloud platforms and
components, a range of high performance security products and has a deep skill in secure
telecommunications and information systems for public and governmental organizations, emergency
services.
Thales holds around 25% on Critical Infrastructure Protection system market worldwide. Thales
offerings in relation to NRG-5 and Critical Information Systems rely on two technological pillars:
•

•

Cloud technologies. Thales has a network of 3,900 IT professionals and 13 Service Centers
throughout France dedicated to delivering comprehensive solutions to exacting customers who
want to outsource the design, development and/or operation of all or some of their information
systems. High value-added results-based SLA shape the framework for Thales's customer
commitments, which are anchored in integrity, security, availability, resilience and service
continuity.
Resilient network technologies. The many interconnections needed to exchange information can
lead to greater vulnerability to intentional threats (cyber-attacks, for example) and accidents such
as natural catastrophes. Thales’s Nexium solution consists of designing and deploying complex
communications architectures that guarantee availability under all circumstances, even in crisis
situations, to achieve network resilience, i.e., the capacity of networks to withstand shocks and
guarantee high-level end-to-end transmissions that are efficient, dependable, secure and
interoperable.

NRG-5 exploitable results
In the scope of NRG-5, Thales is deeply involved in WP2, WP3, and WP4 where the main technical
blocks are developed and integrated. Among other expected benefits, the following two results,
coming directly from the work performed in NRG-5, are in the roadmap for inclusion in future Thales
products and services.
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#

Project exploitable result

Responsible
partner(s)

Result type

Time to market
(months after
end of project)

1

Blockchain for access control
in energy market

Thales

Know-how, software

6 months

2

Mobile Edge Cloud
orchestration for critical
services

Thales

Know-how, software

12 months

Table 11: TSGF Exploitable Results

Exploitation strategies
Thales plans to exploit the work performed in NRG-5, first of all by gaining insight in the delivery of
critical communication services backed by completely virtualized and decentralized (when possible)
5G network architecture in the context of critical infrastructures.
Indeed, in the near future 5G networks are expected to represent the basic architecture for the any
mission-critical system requiring extreme resiliency together with performance (exactly as the energy
sector does). For this reason, NRG-5 is the ideal playground to develop, test and validate Thales’
future solutions based on fully virtualized technologies.
The exploitation plan for integrating the outcomes from NRG-5 into the critical communications
solutions that Thales tailors to the needs of its customers (such as utilities or rail operators) will
require a technology transfer between Thales R&D teams to the Business Line (BL). The testbed
results will be shown to the BL in order to officially open the technology transfer phase (starting TRL
3). This phase will last at least 3 months. After the production of the demonstrator, the R&D outcomes
will be integrated into a first prototype, in order to reach TRL 7-8. This phase will last approximately
6 months. Eventually, the last phase will envision test, validation, and bug fixing in order to reach the
TRL 9. This will require at least 4 months, thus by the end of 2020 the final product will be ready.
For the integration of the Blockchain technology, Thales intends embedding its underlying distributed
ledger technology and smart-contracts in several products as a trusted data repository. This intent
is also magnified by the recent acquisition of Gemalto, a world leader in digital security. One example
is the integration of Blockchain technology in Hardware Security Modules (HSMs) that are used to
secure and verify digital signatures in bank applications. Another possibility is to apply the Blockchain
to the supply chain market, where a distributed ledger may provide anti-tamper and transparency
capabilities. Currently, several Proof-of-Concepts (PoCs) have been developed and tangible results
in terms of time-to-market are expected by the end of 2019.

4.3 SingularLogic S.A.
Organization Background
SingularLogic is the No 1 Greek Software Vendor and one of the largest Integrated IT Solutions
Group in Greece. Its activities include the development and distribution of business software
products, cloud and mobile applications, the study, design and implementation of integrated IT
solutions and services for both the private and the public sector, outsourcing services, as well as the
distribution and support of well-established international IT products.
SingularLogic, member of Marfin Investment Group, with highly skilled personnel, specialized know
how, large product portfolio, large customer install base with 40.000 SME clients and 700 large
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enterprises, dynamic distribution network consisting of 400 business partners nationwide and
significant implementations of 400 large and complex IT projects for the private and public sector is
the reliable and credible partner that guarantees the investment of its customers.
In addition, SingularLogic operates in various South East Europe countries through direct
subsidiaries in Bulgaria, Romania and Cyprus, having set the foundations for substantial
development in the region.
Comprehending new technologies and utilizing them in a creative manner is the key for developing
innovative applications and effective IT services. Each year at Singular Logic, we invest a significant
part of our turnover into R&D and into the development of new, pioneer methodologies and state-ofthe-art technological tools. The European Projects Department of SingularLogic works on the design
and implementation of innovative applications and platforms targeting different business sectors as
well as on the engineering and management of business services. The activities of the department
span over three main research directions:
E-accessibility, health and independent living: The main focus is the development of innovative ICT
platforms and services supporting e-accessibility, health and independent living. The unit addresses
societal challenges, such as active ageing and e-Inclusion supporting older adults and disabled
persons through the use of innovative information and communication technologies (ICT). The
technological solutions offered are based on intelligent ambient technology using sensors to monitor
biological parameters and living conditions, on personalized mobile/portable healthcare solutions for
disease management as well as on innovative platforms and middleware integrating robotics, haptic
interfaces and/or virtual reality technologies providing end-to-end personalized solutions for
independent living, patient training and rehabilitation. Our work focuses on the integration of modules
and components for developing innovative ICT platforms and highly personalized services such as
cognitive training, fall management, reinforcement of social interaction and self-management, telecare, Assistance on Demand and many other.
Future Internet Enterprises: The main focus is the deployment of Future Internet technologies
(Internet of Services, Internet of Things) supporting all processes in supply chain environments such
as sourcing, manufacturing, logistics, etc. Research focuses on integration/ federation of different
heterogeneous information sources (services, sensor platforms, social media) with analytics
capabilities, aiming at creating a holistic and dynamic monitoring environment for enterprises.
Smart Cities: Research focuses mainly on deployment of ICT technologies with data analytics
capabilities in smart cities environments such as Smart Energy and Mobility. Smart Energy projects
focuses on energy efficiency in data centers, demand-response applications and platforms as well
as energy efficiency in buildings. Smart Mobility focuses on developing the necessary infrastructure
allowing data aggregation, processing and personalized solutions to ensure efficient mobility in urban
environments.
Platforms and Services: The main focus is the management of IT services during their whole
lifecycle. Part of the research focuses on the development of innovating platforms for future service
ecosystems that rely on dynamic IT infrastructures, such as Cloud Computing. Main research
objectives in this research unit focus on platform management services, cloud security, extensibility
of services, rapid development of new services, resource and performance management.
NRG-5 exploitable results
SILO is active in WP1, WP3, WP5 and WP6, WP3 and WP5 being of particular interest under a
purely technical and exploitation perspective. The core exploitable results are highlighted in the
following table. In short, exploitable result #1 refers to the actual implementation of the dynamic
MAPE-K optimization concept under a cloud-native, micro-services oriented approach; based on the
monitoring values derived from the cloud management or NFV platform metering services, the
software components developed by SILO are able to dynamically decide over the scaling of the
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supported services (VNFs in the context of NRG-5). We expect that this framework may be used in
the core SILO cloud offerings to ensure scalability and high QoS achievements in demanding
applications. Regarding exploitable result #2 and in conjunction to the exploitable result #1, the live
VNF migration strategy refers to enabling the re-deployment of a service (VNF in the context of NRG5) in an environment that better suits its operational and business requirements and KPIs.
Complementing the service elasticity, the service re-deployment may result in an increase in the
availability and integrity of the SILO business services, particularly in demanding (from a
computational, communications or security perspective) cases.
Responsible
partner(s)

Result type

Time to market
(months after
end of project)

#

Project exploitable result

1

Optimal, dynamic services
resource allocation

SILO

Know-how
Software Components

18

2

Live VNF migration strategies

SILO

Know-how

24

Software Components
Table 12: SILO Exploitable Results

Exploitation strategies
SLG will exploit in its cloud computing and operations division. Our division is responsible for
operating our solutions on the cloud with a sophisticated data centre. The main activities are:
•
•

To provide our enterprise solutions as a service (ERP, other products in our portfolio)
To act as outsourcing partners by being responsible for the IT operations of large enterprises.
Currently, SILO acts as outsourcing partner for Hygeia Hospital (the largest private hospital
in Greece) and Vivartia (the largest food industry in Greece).

4.4 ENGIE S.A.
Organization Background
ENGIE is committed to responsible growth of its businesses (power, natural gas and energy
services) in response to the central challenges of the energy transition towards a low-carbon
economy: providing access to sustainably generated energy, combating climate change, reducing
its effect and making responsible use of natural resources. The Group is developing highperformance, innovative solutions for personal customers, urban authorities and companies by
applying its expertise in four key sectors: renewables, energy efficiency, liquefied natural gas and
digital technologies.
ENGIE is committed to successfully addressing the energy challenges of coming decades by
producing energy that emits no CO2. The environment, universal access to energy and the quest for
innovation are all key commitments for the Group.
Storengy, an ENGIE subsidiary, is Europe’s leading provider of natural gas storage services. It
designs, builds and operates storage facilities and offers its customers innovative products based
on the extensive know-how it has acquired through 60 years’ experience with different markets and
regulatory environments.
Storengy owes its current position to its expertise in subsurface sciences, combined with high-level
skills as varied as market analysis, drilling techniques, underground reservoir engineering, surface
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facility operation, industrial safety management and sale of storage capacity. Underground natural
gas storage is vital for keeping the gas chain flexible.

ENGIE will perform tests using video cameras on drones for predictive maintenance.
#

Project exploitable result

1

Use of drones for maintenance
activities

Responsible
partner(s)

Result type

ENGIE

Video images analysis

Time to market
(months after
end of project)

Table 13: ENGIE Exploitable Results

Exploitation strategies
The main goal is the possibility to access or bring images of dangerous/difficult location on a short
period of time during predictive maintenance or emergency situation.
ENGIE facilities covers a main site and several wellheads located all around. The drones equipped
with video images will optimize the time for predictive maintenance. The different scenarios:
automatic, manual and remote drone flight control will allow high effective maintenance in terms of
cost and people security during emergency situation for instance.

4.5 Romgaz S.A
Organization Background
Romgaz is the largest natural gas producer and the main supplier in Romania.
It is a joint stock company whose majority shareholder is the Romanian State owning a 70% stake.
The company is listed on Bucharest Stock Exchange and GDRs are transacted on London Stock
Exchange.
The company has a vast experience in the field of gas exploration and production and a history that
began in 1909 with the discovery of the first commercial gas reservoir in the Transylvanian Basin by
drilling well Sarmasel.
Romgaz undertakes geologic research in order to discover new gas reserves, produces methane by
exploiting the reservoirs included in the company portfolio, stores natural gas in the underground
deposits, interventions, workover and special operations on wells technological transport.
In 2013, Romgaz extended its scope of work by taking over the Iernut thermoelectric power station,
anthus it became also electric power supplier.
Natural gas production
•

Romgaz natural gas production activities are performed by the two production branches with
the headquarters in Medias and Tg. Mures, operating together over 140 commercial fields,
located in Transylvania, Moldova, Oltenia and Muntenia.

•

These fields produce through 3240 wells and complex surface facilities including gathering
pipes, gas heaters, impurity separators, compressors, dehydration stations and gas metering
panels.
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NRG-5 exploitable results
Romgaz is involved in WP1.1 and WP 1.2, and, as part of its contribution to the second innovation
brought by NRG-5, Romgaz will perform a set of tests related to predictive maintenance by a drone
equipped with a gas leak detection dedicated thermal imaging camera as well as a FULL HD camera,
to demonstrate the usefulness of drones in predictive maintenance for different assets such as drying
stations, compressor stations, gathering pipelines upstream the fiscal metering panel.
#

Project exploitable result

1

Test of drones equipped with
thermal imaging camera

Responsible
partner(s)

Result type

Time to market
(months after
end of project)

RGZ

Report

-

Table 14: RGZ Exploitable Results

Exploitation strategies
As regards predictive maintenance by drones, our strategy is to demonstrate their utility and
effectiveness in terms of incident prevention, security enhancement, reduced intervention time and
cost reduction, by running several tests to cover the challenging predictive maintenance environment
a large gas production company is facing in terms of remote locations, difficult and restricted access,
large number of assets, and especially of pipelines running over long distances, over different
landforms, below the ground, where ownership of land , in many cases, is not held by the company
(see table below).
Installation/
Pipelines/
Equipment/ Access ways

Challenges
maintenance

in

predictive

Wells/ wellhead

Large number of wells (over 3000)
located in remote areas, without
personnel;

How drones could support
predictive maintenance
•
•

online visual inspection
visual inspection (macro)
and snapshot

Various landforms, especially hilly;
wooded area in many cases
Heaters

Spread over large areas; difficult
access; large number

Gathering pipelines

Pipelines running over large
distances (total length of approx.
4000 km), below the ground,
where ownership of land, in many
cases, is not held by the company,
therefore restricted access);
hilly areas;

•
•
•
•
•
•

visual inspection (macro)
and snapshot
leak detection
thermal inspection
leak detection
cathodic protection failure
monitoring and detection
visual inspection in terms
of integrity and safety in
operation (technical
maintenance rules require
monthly visual technical
inspections*)

wooded area
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Primary separation
Booster compressors

Well
Technological
panel

clusters/
metering

Compressor stations
Deep separation , including
liquid hydrocarbon, if the
case may be

•

(due to supervision by
permanent personnel)

Located near the wells, usually in
remote areas, without personnel

•

environment control and
safety (visual inspection)

•
•

online visual inspection
visual inspection (macro)
and snapshot

•

(due to supervision by
permanent personnel)

•

visual inspection (macro)
and snapshot

•

(due to supervision by
permanent personnel)

•

•

(due to supervision by
permanent personnel)

•

•
•
•

Redundant environment
control and safety (visual
inspection)
environment control and
security (visual inspection)
visual inspection (macro)
and snapshot
leak detection
thermal inspection
temperature recording

•
•

visual inspection
leakage detection

•

visual inspection

Processing station for
delivery
purposes:
dehydration stations, Low
Temperature Separation
Fiscal metering

Isolated areas, vulnerable to
intrusion (prone to theft are solar
panels, MPPT regulators and
batteries)

Access ways

Isolated; previous to entering the
ways it is necessary to ensure the
way is clear, especially for
oversized load transportation

•

Table 15: RGZ Exploitation Strategies

Dissemination and communication strategies
Romgaz, as part of its contribution in WP 6.2 and WP 6.3 intends to organize next year in Sibiu,
Romania a workshop together with the consortium partners to provide a platform for information and
discussions on NRG-5 results.
Romgaz will continue to publish NRG-5 related scientific papers and communications in Romanian
professional magazines such as Monitorul de Petrol si Gaze (The Romanian Journal of Oil and Gas).

4.6 ASM Terni S.P.A.
Organization Background
ASM Terni S.p.A. is a company fully owned by the local municipality (City of Terni). The activity of
the company is related to public services in the City of Terni area as: production and distribution of
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electric energy; management of public street light; environmental health; drinkable water distribution
and water treatment plant; gas distribution. ASM is the owner of the power distribution grid from the
HV-MV and MV-LV substation to the end consumers, all of them are equipped with a smart meter.
ASM directly owns and operates the power distribution grid and distributes electricity from the HVMV
and MV-LV substation to the end consumers (65.000 SM). The ASM distribution network acquires
electricity at HV through 3 primary substations and distributes electricity to the end users through 60
MV lines (with 10 and 20KV) and 700 secondary substations. The peak power is about 70 MW and
the power distribution network is 587 km MV and 1762 km LV. An increasing share of RES
(photovoltaic farms, and biomass above all) is connected to the network. Moreover in some of the
secondary substations ASM Terni has been experimenting new smart meters with the capability of
a shorter sample time in data collection (data collected each five minutes) and there are plans for
replacement of the traditional smart meters with the new ones in at least three other secondary
substations. Moreover both secondary substations and RES generators are equipped with real time
power automation devices (compliant to the IEC61850 protocol), allowing the real time gathering of
the following data: power, reactive power, frequency, voltage, current at least.
NRG-5 exploitable results
ASM Terni will be part of the Italian pilot providing monitoring and management demand response
service, exploiting the forecasts related to energy generation (based on weather predictions and
RES availability) and AMI as a Service that provide the installation of the new smart meters that will
make possible to evaluate the decentralized, trusted lock-in free plug’n’play capability, as compared
to actual smart meters installed in the grid for a near real time monitoring power network optimized
operation.
Responsible
partner(s)

Result type

Time to market
(months after
end of project)

Improving Demand Response
services

ASM

Know-how, software

12 months

Improving trusted lock-in free
plug’n’play capability

ASM

Know-how, software

12 months

#

Project exploitable result

1
2

Table 16: ASM Terni Exploitable Results

Exploitation strategies
ASM will use the involvement in the NRG-5 project to increase its contribution to the European
projects in which it participates, such as WiseGRID (http://www.wisegrid.eu/), SOFIE
(http://www.sofie-iot.eu/), eDREAM (http://edream-h2020.eu/), DEFENDER (http://defenderproject.eu/), SUCCESS (https://www.success-energy.eu/), inteGRIDy (http://www.integridy.eu/) and
those to which it will participate. In addition, ASM will use NRG-5 technologies for optimize his
services and Smart Meters, enabling new strategies for a near real-time monitoring of Electric
distribution and a more effective Demand Response.

4.7 British Telecom
Organization Background
BT is one of the world’s leading communications services companies, serving the needs of
customers in the UK and across 180 countries worldwide. Our main activities are the provision of
fixed-line services, broadband, mobile and TV products and services as well as managed networked
IT services.
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In the year ended 31 March 2016 (the 2015/2016 financial year) BT Group revenue was £18.9 billion
with £11 billion of this derived from next generation products and services, primarily ICT and
managed networks, broadband, TV, and convergent mobility solutions. UK operations accounted for
78% of revenues and here BT is the largest communications services provider, with around 9.4
million voice lines, around 8.1 million retail broadband customers, a TV base of 1.5 million customers
and a mobile 4G customer base of 15.1 million. We also provide network services to other licensed
operators.
BT’s main research and development centre is in Adastral Park in Suffolk, UK, and is home to over
3,700 of BT's top scientists, engineers and business people. Our employees include many who are
world leaders in their specialist fields, working at the forefront of new technologies and standards
development in areas such as broadband applications and services, IP and data networks, IT,
mobility and converged services, network design and management, and business applications and
services. We provide research, development and consulting services for BT, developing innovative
technological ideas and solutions that translate into practical and marketable solutions for the
business. Our research labs played a leading role in the development of global communications
standards and we inherit from them a science and engineering base acknowledged widely as second
to none.
BT invested £470 million in research and development in 2015/2016 to support our drive for
innovation. Our global development centres, located in the UK, US and Asia, help us draw together
key and complementary skills and resources with the objective of increasing agility, efficiency and
delivery of innovation to the market.
BT is an active participant in European collaborative research and development and has participated
in all the past EU Framework Programmes, primarily in the ICT area.
NRG-5 exploitable results
BT‘s main exploitation item will be the incorporation of digital twins into its IoT architecture, using
Smart Energy as the vertical use case demonstration.
With requirements still in development in this market space, BT is exploring opportunities and
mitigating risk costs by an incremental approach: each of the IoT initiatives we are involved in is
aimed to resolve one or more specific technical challenges, the solution then being tested on
previously deployed platforms followed by uplifting to add the new capability. Deploying a fully
rounded solution has greater cost implications as each aspect of the platform must be fully capable
of supporting the needs of the customers involved – from data creators to data consumers. BT is still
exploring what would be the total cost of providing a complete ecosystem solution and the BT NRG
Hub/Edge will provide valuable data and insights.
BT’s primary potential opportunity is to act a trusted information broker, by providing a Data Hub and
Edge Processing platform – building on BT’s existing data broker capability and brand reputation.
Utilising BT’s core strength by providing connectivity to the Data Hub is of additional interest, yet not
a primary focus in this project. We expect at later stages of Data Hub commercialisation that BT will
utilise its core expertise in managed services and systems integration, and even deploy application
solutions on customer request, all of these opening additional revenue opportunities. The main
deliverable which relates to this is D2.3 from WP2 on “5G trusted, scalable lock-in free plug'n'play”.
BT key efforts are within WP2 around NFV for Machine Cloud Machine (MCM). BT’s focus here is
concerned primarily with representing physical nodes and resources within the energy domain as
virtual nodes (digital twins) in the cloud. This virtual representation allows any application that needs
data about physical components to query the digital twin rather than connect to the component itself.
As a result network usage will be reduced, while benefits are achieved from reduced energy
consumption and extended battery lifetime of resource constrained physical devices such as smart
meters. Representing nodes virtually also supports interoperability.
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The use of virtual nodes goes beyond a 1:1 mapping to physical nodes and can also offer i)
interpolation of the values from one or more physical nodes to virtual nodes with no physical
equivalent and ii) new data being inferred from a combination of two or more existing parameters
(e.g. the presence of ice might be determined from the values of temperature and humidity sensors)
and iii) virtual nodes can exploit semantic representation and the consequent link to ontologies to
offer more expressive queries.

Responsible
partner(s)

Result type

Digital twin capability at
network edge

BT

Expertise, software.

2

Edge computing and virtual
network function management
and orchestration for industrial
IoT

BT

Expertise

3

Data platform and brokerage
for industrial IoT and smart
energy

BT

Expertise, software

#

Project exploitable result

1

Time to market
(months after
end of project)
12 months

12 months

6 months

Table 17: BT Exploitable Results

Exploitation strategies
British Telecom (BT) is a major network operator and BT’s ultimate interest in exploiting the output
of NRG-5 is in achieving a step change in the operational procedures associated with the
development, deployment, and life-cycle management of network functionality and the services
supported by the network functionality. NFV automation gives the opportunity for BT to achieve both
OPEX saving as well as the ability to create new services in a shorter timeframe. BT has been
engaged with NFV from its inception and was one of the companies which established the concept
and founded the ETSI ISG. Since that time BT has been active in the development of NFV within the
ETSI NFV ISG as well as other fora. In addition, BT is actively developing a number of NFV use
cases including those based on 5G. BT will evaluate the viability of an ecosystem approach to
lowering the barriers that disrupt the market for IoT solutions. The route to market will be similar to
an existing successful down-streaming of BT research into a product called the IoT Information
Exchange, aimed at the logistics sector. This will be enhanced to provide services for players in the
smart energy domain, allowing them to better manage assets and infrastructure in real-time and
unlocking the value contained in the data that is collected.
BT is using its data hub as a starting point for exploitation of the NRG-5 results, representing virtual
nodes as data feeds and using Hypercat as a means for discovery. Further areas of development it
seeks to exploit include supporting actuation messages via the data hub (e.g. to discover then
actuate an isolation switch).

4.8 Wind Tre S.P.A.
Organization Background
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Wind Tre is the leading operator in the Italian mobile market, with 32 million customers and a market
share above 37% for the mobile access. Wind Tre is achieving significant efficiencies and important
investments in digital infrastructures.
Some details on investments and deployment on consolidated but latest technologies, as LTE and
LTE-A.
The new scale and financial strength allow Wind Tre to provide innovative services of greater quality
and higher network speed, in line with the growing demand for connectivity and with the expectations
of families and businesses consumption. In the Consumer segment, “Wind” and “3” are the brands
that characterize Wind Tre products and services. “3” and “Wind” brands mainly target, respectively,
customers with a strong digital attitude and households. “Wind Tre Business” is the new brand
targeting companies and Public Administration. It provides innovative offers with a huge range of
fixed-line and mobile telephony integrated solutions, services supported by LTE and Fiber
connectivity, latest-generation Data Center and partnerships with ICT market leaders and startups.
Some examples of new services developed and offers with LTE, LTE-A, both to consumer and
business segments, to specify if provided before competitors or with some value-added more than
competitors, e.g. of higher quality, available at lower costs, with larger bundle, wider coverage. Some
lessons learned?
This is to show background that should provide evidence for the ability to exploit new assets. For the
same reason, to mention key partners, key technology or knowledge providers by whom have built
and offer peculiar services on LTE, LTE-A, e.g. addressing some verticals or challenging connectivity
requirements. To show the innovation capability of WI3
NRG-5 exploitable results
The target of NRG-5 project is to deliver a novel 5G-PPP framework to model and virtualize
infrastructures and services in the energy context; according to this, Wind Tre is exploring in NRG5 how to evolve the business opportunities according to the new requirements coming from the
Energy Vertical.
5G technology deployment to support the project use-cases provides first inputs for 5G network
design and application to the energy domain. Guidelines and best-practice will be learnt and
experimented on field.
Mobile edge computing with extensions, network function virtualization and flexible
management+orchestration of resources are still pretty new achievements to empower the traditional
cellular systems. Lessons-learned and investigated potentiality will pave the way for the
implementation in WI3’s 5G infrastructure.
The participation in NRG-5 allows Wind Tre to analyse the sustainability of new solutions from
technical and economic perspective so as to have a complete vision of all opportunities. In NRG-5
Wind Tre is evaluating a
new vision for the energy context based on the Network Slicing & Edge Computing as a service
model and indeed, is progressively fully embracing with this new vision of this market.
Of course, the achievements applied to the energy domain can be the basis for the support of
additional verticals or given services in different domains. Network slicing (built on the mentioned
project assets) can address the needs of different market segments or customers within the same
segments with the needed flexibility on the underlying infrastructure and with the efficiency to ensure
a sustainable business model.

© The NRG-5 consortium partners, 2017

82

H2020-ICT-762013: NRG-5
D6.2: Report on marketing & promotional tools
Concerning the table below, a row for each exploitable result should be created, according to the list
below:
Time to
market
(months
after end of
project)

Project exploitable
result

Responsible
partner(s)

1

5G connectivity with KPIs
specification, monitoring
and guarantee

WI3

know-how/competences/bestpractises/lessons-learned, functional
and performance evaluations,
deliverables and reports, hw+sw
prototypes developed or
configuration only

At least after
12 Month

2

Multi tenancy

WI3

know-how/competences/bestpractises/lessons-learned,
deliverables and reports, sw
configuration

At least after
12 Month

3

Network slicing (with
flexibility and fast
deployment)

WI3

know-how/competences/bestpractises/lessons-learned,
deliverables and reports, sw
configuration

At least after
12 Month

4

Edge computing

WI3

know-how/competences/bestpractises/lessons-learned, functional
and performance evaluations, ,
deliverables and reports, hw+sw
installation, configuration, operation
and maintenance (management)

At least after
12 Month

5

VNFM and NFVO with
possible catalogue of
network functions and
services basically
available

WI3

deliverables and reports, sw
development, deployment,
installation and chaining

At least after
12 Month

#

Result type

Table 18: WIND TRE Exploitable Results

Exploitation strategies
Wind Tre is also very involved in the 5G evolution: it is an open process requiring collaboration and
co-operation among different “actors” to create an ecosystem able to introduce and push the
innovative technology solution. The 5G technology is significantly more complex and requires an
approach like that to improve the value because of its introduction. According to this approach, 5G
for example will accelerate the IoT to reach the excellence in different markets: a particular focus is
on the technologies and solutions to enable the «next generation services» for IoT and in particular
in the Energy Vertical and also in the automotive context.
In general Wind Tre is exploring how to evolve from the Traditional Telco approach (that intercepts
a very low value in the Value Chain) to the new one based on “disruptive” technologies (as 5G,
Artificial Intelligence, etc) and partnership with the players in the Verticals as the Energy one.
In this vertical Wind Tre could play different roles as provider of 5G network, Edge computing
components (XMEC) and Network slicing (including all or some of VNFs catalogue, Network
Services catalogue, VNFM and NFVO). According to the 5G capabilities and the possible roles,
Wind Tre should exploit new models to deal with the creation of new SLAs categories to rule the
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interactions between the different actors cooperating for the service creation in the different
deployment context. In this analysis the company in general analyses different aspects from the
tradional telco approach, where telco offers only the connectivity to the more innovative to cope with
very complex solutions with channels synergies, where Telco defines products, sales channel,
customer services.
As in other vertical markets, Wind Tre is exploring for the Energy vertical market how deploy end-toend services upon the offered physical infrastructure cooperating with the different involved actors
in the new ecosystem. Just to offer an idea, an important incremental market is expected for energy
efficiency and security enhancement system coping with the process efficiency for the different type
of utilities (gas, energy, water). Another point is to use the results get for energy vertical market in
other markets (in particular considering sensors and drones services).
Wind Tre is going to exploit the assets reported in the previous table from a multi-dimensional
prospective. All the dimensions of R&D, experimentation by project pilots/testbeds, new business
models, partnerships, business on new market segments, innovation on already addressed market
segment as well as the streamlining and innovation internal to the company are to be followed (to
improve the company competitiveness in a more and more challanging market).
Wind Tre is involved in a process that requires new skills in the technological area and in the
business one to design and deploy networks and services cooperating with the different actors of
the innovative scenario. The process and life-cycle of conceiving, designing and deploying new
services leveraging on the evolutionary concept of network softwarization is the opportunity to
operate a deep innovation in the company processes, building new skills and likely reducing costs
and time-to-market. Jointly, competences and services can be leftt to partners in order to optimize
the provisioning of new and traditional Telco services. Market segments as of the e-mobility or evehicle based on a big-data platform possibly harnessed with AI facility that well-integrated with an
edge computing infrastructure (e.g. for ITSs, fleet management, DRR for batteries ), home
automation with branded equipment, surveillance systems, a variety of applications in the context
of smart city and others, are all possible options where the bacground and assets built in NRG-5
can be leveraged and extended (i.e. R&D, project pilots are a preliminary step). It is already the
case for other Telcos, but a multi-tenant Xmec with advanced orchestration and management for
eefficient and automated network slicing certainly makes the difference with respect to current
solutions.
NRG-5 allows the company to analyse a new telco paradigm to cooperate and create a new
ecosystem, as requested in the modern and fully innovative 5G networks. Wind Tre will take into
account the output of the NRG-5 project; in particular it is important to explore deeper the new 5G
ecosystem proposed in the project to explore new business, correlated to the new suggested
models, as described in the three use cases. The ability to manage and offer an open access edge
computing platform both to a third party service provider in a given vertical and even to another
Telco clearly represent the approaching to a new business model that should monetize the NRG5 achievements further
As said, Wind Tre has the possibility to also and perhaps quicly exploit the project outcomes as
far as concerned the user requirements and architectural solutions in the case of foreseen 5G
networks in the Energy Vertical context and to explore how to improve the end-user experience
when new services are available in this context.
The Energy vertical market needs this new approach to change his model to offer the expected
services that become more and more “customer-centric”. For Wind Tre it is very profitable to exploit
the fundamental elements proposed by the architectural solution suggested by NRG-5 to deliver
innovative applications and to understand the value for the 5G-related applications, in-line with the
network softwarization concepts.
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in the end, for Wind Tre there is the opportunity to improve the current position in existing markets
expanding the new ones to consolidate and improve own leadership in the Italian market.

4.9 Hispasat S.A.
Organization Background
Hispasat is a Spanish satellite operator that has become a reference worldwide in terms of traditional
and broadband communication services. With 11 commercial satellites in orbit, Hispasat is able to
give connectivity to America, Europe and part of Africa. Hispasat also operates 2 satellites for
governmental and military services (Spainsat and Xstar-Eur) through Hisdesat. Hispasat provide
significantly services to its clients in areas such as television, Internet and telecommunication
networks, situating Hispasat as the satellite operator leader in the Spanish and Portuguese speaking
countries.
Hispasat also has its own broadband platform permitting access to all types of multimedia services
and applications in an integrated manner: high-speed Internet access, telephony, VoIP, distribution
of multimedia and audiovisual contents, video-conference, e-learning, distance medicine, IP video
channels, business TV, etc. Beyond broadcasting, Hispasat offers advanced applications such as:
•
•
•

Command Control Communications: between the unmanned system’s remote pilot (which
can be from another airplane or a control centre) and the UAV for its long-distance piloting.
“Sense & avoid” detection of objects that are near to avoid collisions.
Real time transmission of data gathered by the unmanned missions (UAV´s carry sensors
and detection equipment onboard).

Also telemetry and remote measurement and reporting of information of interest to the system
designer or operator, via satellite is in Hispasat product portfolio. Hispasat operates a large number
of VSAT networks which allow configurations for the telecontrol and safety of specific facilities, in
general with low transmission needs (SCADA networks).The most common ones include:
•
•
•

Fluid transport infrastructure control (pipelines).
Water quality and flow control systems for river and water basins.
Air quality and atmospheric pollution control systems.

Regarding facilities, Hispasat counts with three control centers located in Arganda del Rey (Madrid),
Maspalomas (Gran Canaria) and Rio de Janeiro (Brazil) which supervise the satellite fleet and
provide support to customers 24/7. From the very beginning Hispasat S.A. staff is participating in
major national and international Committees for technical and operational recommendations on the
use of satellites. It is a formal member of the European Telecommunication Standardization Institute
(ETSI). Moreover, Hispasat is from the very beginning a member of the Digital Video Broadcasting
Project, and has participated in the definition of technical solutions for the implementation of satellite
digital TV and interactive services.
Hispasat is also very active in projects related to security, emergencies and social responsibility. As
an example, the MEDNET FP7 project developed a telemedicine infrastructure and services in South
America. INTOGENER ESA project will demonstrate the operational capabilities of a water flow
monitoring and prediction system based on the combination of different satellites technologies.
PROMETEO and IGNIS Spanish projects study and implement a new architecture integrating
different networks to improve communications in disasters such as forest fires.

NRG-5 exploitable results
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Hispasat is involved in WP4 and WP5 where satellite connectivity will be tested. Those test will be
useful in order to obtain the transmission requirements for this type of scenarios.

Responsible
partner(s)

Result type

Time to market
(months after
end of project)

Test Solutions on
Drones/UAVs

HIS

Know-how

12

Role in Multi-RAT systems

HIS

Know-how

12

#

Project exploitable result

1
2

Table 19: Hispasat S.A. Exploitable Results

Exploitation strategies
Within NRG-5, HISPASAT will gain very important knowledge of different communication scenarios
and will help to define new business opportunities in the area of multi-RAT multi-homed systems.
NRG-5 project is in line with the communications and network evolution research lines of the
company and is a very good opportunity to define and test solutions on drones/UAVs and
telemetering that can be further applied to a large number of scenarios where access to terrestrial
infrastructure is complex or remote monitoring at very large distances is required.
5G network architecture will be a facilitator to increase the amount the drone systems use cases.
Once again, satellite will be the suitable complement in order to provide a more reliable and secure
drone systems deployments with a global coverage.
With the acquired knowledge in the use case of predictive maintenance in the utilities sector Hispasat
will intend to develop an integration of multiples access technologies through the introduction of
satellite access. For such a purpose, Hispasat will foster the development of a flat panel antenna
(FPA) as a critical success factor. In this context our aim is to contribute to the multilink technology
for path dynamic selection based on QoS policies (link quality, bandwidth, etc.). In this sense, the
goal is to take advantage of the transmission resources in heterogeneous networks through a full
integration of multi radio access technologies.

4.10 Power Operations Limited
Organization Background
Power Operations (POPS) is an innovative startup with an orientation towards secure and privacypreserving, software-driven energy efficiency in the domains of smart grids and data centres.
Constantly evolving to adapt to the needs of modern service provisioning, POPS employs state of
the art technologies and algorithms to offer energy efficiency and optimal asset management
solutions to Utilities and service providers. The result of such activities are the i) POPS platform
which offers predictive energy efficiency analytics services to Utilities and ii) the DC-POP platform
which aims at securely and transparently federating data centres towards reducing the overall energy
footprint and decrease CAPEX and OPEX for data centre operators.
NRG-5 exploitable results
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Result type

Time to market
(months after end
of project)

#

Project exploitable result

Responsible
partner(s)

1

vBCP/vAAA

POPs

Software Module

12

2

5G-NORM– Blockchain Handling
& Repository

POPs

Software Module

12

Table 20: POPs Exploitable Results

Exploitation strategies
POPS has been investing on research in the area of blockchains since 2016, vBCP/vAAA
representing an excellent example of the results of these activities. With the cyber security market
exhibiting constant increase as to its estimated capacity, expected to rise up to 198 billion USD by
2022 according to a Allied Market Research study [109], the combination of vAAA and vBCP as
exploitable assets of NRG-5 may offer to POPs a chance to enter an area (security in 5G contexts)
that is currently considered relatively open.
The time plan of POPs towards exploiting the two VNFs and their client code (integrated with NORM)
includes the prototype development finalisation, the quest for partnerships to accelerate the product
uptake, the integration with existing well-known services and the beta testing. A draft Gantt chart
overviewing the envisaged exploitation schedule is summarised in the following table:

Description

2018 2019 2019 2019 2019 2020 2020 2020 2020 2021 2022
Q4
Q1
Q2
Q3
Q4
Q1
Q2
Q3
Q4
Q1
Q2

Prototype Development Finalization

Quest for partnerships

Integration with well-known services

Beta testing

Market Rollout

Table 21: POPs Exploitation Gantt

4.11 Visiona Ingenieria De Proyectos SI
Organization Background
VISIONA Ingeniería de Proyectos is a cutting-edge Information Technology SME with solid
experience on designing, developing and deploying ICT systems and projects on the client side,
working together and for them. VISIONA works with all the value chain of audio-visual technologies,
from production and postproduction systems, coding, transmission, etc. to those designed for the
final user, and data transmission and processing for traffic and transport networks. VISIONA is
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specialized in groundbreaking media technologies throughout along the value chain, from content
production to end-user applications. These include broadcast solutions, video processing, media
analytics, deep learning, coding, mobile live streaming and hyper-personalization. Furthermore,
VISIONA has solid experience in the design, development and of advanced technological solutions
in multidisciplinary ICT domains, keeping always a common goal in mind: apply innovative solutions
to identified needs by means of the integration of new ways of sensing, advanced processing and
communications in the cloud. VISIONA was created in 2006 as a spinoff, and grown every year to
become a highly innovative SME in Europe. VISIONA was awarded with the Innovative SME
Certification in September 2016. VISIONA offers innovative solutions, through improvements in the
technology and productive processes, transforming these improvements into quantitative results for
any business. Furthermore, the great experience of our board of directors and qualified workers,
assures the results of the solutions, services and products offered.
Our core team composed of Senior and Junior researchers (most of them Informatics and
Telecommunica-tions engineers) has gained an excellent experience on video processing,
multimedia, system design and app development in collaboration with national and international
companies. VISIONA is always in search of new talents, not only in the technical field. With this
vision, we incorporate great UX designer to make everything smooth on our systems.
Communicators from press sector that help us with the marketing and sales part of the company.
VISIONA headquarters are based in Madrid, Spain. We also count on the necessary equipment and
material to allow the testing and developing new mechanisms in the areas of Network Function
Virtualization and Cloud Networking to drive the research and to ensure interoperability solutions.
NRG-5 exploitable results
#

Project exploitable result

Responsible
partner(s)

Result type

Time to market
(months after
end of project)

1

vMPA (virtualized Media
Processing Analysis) and
vDFC (virtualized Drone Flight
Control) functions

VISIONA

Software

Q4 2019

2

drone communications link
unit

VISIONA

Hardware

Q4 2019

Table 22: VIS Exploitable Results

Exploitation strategies
Dissemination and communication activities
VISIONA will ensure the participation in target events such as: Secudrone
(http://www.aptie.es/secudrone/) or EUCNC 2019 (https://www.eucnc.eu/), among other. Basically in
technical conferences in the field of telecommunications, focusing on communication networks and
systems, and services and applications in general. It targets to bring together researchers from all
over the world to present their latest research results, being one of the main venues for showcasing,
demonstrating and trialling the results of NRG-5.
Strategic Partnerships
Since 2017 Visiona has signed strategic partnerships with distributors such as Limecraft (radical
innovator in the area of Media Asset Management, MAM, solutions; i.e. cloud-based platform for
storage, online sharing and review and editing of audiovisual material) or ADTS (Air Drone
Technology Systems, for drone construction). VISIONA has been also in contact with the company
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Precision Hawk which has offered to offer VISIONA’s drone-based related services in their
marketplace for its exploitation by third parties.
VISIONA also collaborates with R&D research centres and Universities (Universidad Politécnica de
Madrid and Universidad Autónoma de Madrid) used to develop innovative multimedia solutions and
electronic systems, respectively, for more than 10 years.
IPR strategy, Brand Protection & Laws
VISIONA will consider the possibility to request the services of a specialised attorney consultancy
that will aid in the definition of:
•
•
•

The international Protection strategy and internal measures (Confidential Contracts)
The Brand & Marketing Product registration internationally
Assessing of the compliance of Laws in the different countries where the product will be
internationalized

Business Experts Consultancy
VISIONA will also consider the possibility to request the services one or more specialised
consultancy that will aid in accomplishment of the following tasks:
•
•
•

Market analysis of different countries
Business Model Overview
Financial Projections

4.12 Optimum S.A
Organization Background
OPTIMUM is a leading SME in the area of Supply Chain IT Systems and has done so for over 20
years. Success stories can be seen in Greece, across Europe, as well as in North America.
OPTIMUM and the fully owned subsidiary VELTION/Optimum has successfully completed more than
300 automation/IT projects in the area of Supply Chain Automation.
The engine that drives OPTIMUM’s success has been the development of a Supply Chain
Management software platform known as aberon. This solutions package incorporates optimization
algorithms, barcode technologies, Voice Recognition, as well as RFID. Wireless networks and
wireless portable terminals combined with warehouse automations and other cutting-edge
technologies. The complete aberon family of solutions includes a) warehouse management, b)
warehouse automation, c) sales forecasting and inventory management. As aberon support
services, OPTIMUM offers deployment planning and installation of aberon, as well as personnel
training.
NRG-5 exploitable results
OPT participates in WP2, WP4 and WP6. In the context of WP2 where the core development work
of OPT takes place, OPT participates in the design and development of the vMME and vBCP/vAAA
VNFs. The latter is of great importance for OPT since it enables blockchains as an attractive
candidate for securely storing critical information that should not be subject to any kind of tampering.
In the framework of WP4, OPT participates in the definition of the integration guidelines, the
validation and verification of the NRG-5 approach in the lab as well as in the integration of the NFV
platform in the cloud management platform and the NRG-5 context, in general. Since OPT has
moved the service provisioning of the aberon platform to a cloud-based model, edge computing
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presents an interesting paradigm on how to make some time-consuming, computationally intensive
operations more distributed by offloading them to edge computing nodes.
Responsible
partner(s)

Result type

Time to market
(months after
end of project)

#

Project exploitable result

1

Blockchains as trusted, lock-in
free data storage

POPS, OPT

Technology Know-how
Software Components

24

2

Edge computing deployments

RWTH

Laboratory validation
Technology know-how

24

Table 23: OPT Exploitable Results

Exploitation strategies
OPT aims at establishing a close collaboration with POPs so that blockchains-based data storage
techniques (vBCP/vAAA) gets tested in a closed beta environment. If the beta testing phase
indicates that the vBCP/vAAA satisfies the business requirements of aberon (particularly in terms of
stability and service latency since storage in the vBCP/vAAA context takes place every 15-17
seconds, depending when using Ethereum as blockchains enabler), a small-scale integration in a
staging site (emulating production as well as possible) will be pursued, to test the performance of
the solution in situations as close as in real business. If this second test is proved to be successful,
then the vBCP/vAAA will be considered for commercial adoption, depending on the pricing model
that will be agreed between OPT and POPs.
Regarding the exploitable outcome #2, OPT will first make an evaluation of its internal architecture
to identify the parts of it that could, indeed, clearly benefit from the transition to the edge (e.g. pricing
forecasting). This evaluation will be followed by a requirements and feasibility analysis in order to
understand the KPIs that would benefit from such a business move and what would the relative cost
be in terms of change of business processes. If this analysis indicates a clearly positive balance in
favour of adopting the edge computing paradigm, the process followed for the operational evaluation
of the first exploitable outcome will be employed.

4.13 Emotion s.r.l
Organization Background
Emotion is an expert Italian company specialized in the sector of electric mobility. Over the years, it
has acquired technical skills developing innovative, consolidated and reliable solutions, with the aim
of achieving eco-friendly mobility in the cities and reducing environmental impact. Emotion strategy
is focused on research, development and technical growth, with a focus on acquisitions aimed at
increasing efficiency and global footprint within strategic energy and automation businesses.
Improve performance in terms of productivity, reliability and efficiency, pursue innovation with a
strong commitment to research and development, act responsibly in terms of environmental
protection, social responsibility and ethics.
Emotion offers personalized design through customized solutions, technical-design assistance to
optimize costs and solutions, information and advice to organize and manage a charge station, aftersales service like complete maintenance or direct management of all recharge points. Emotion main
solution is “SpotLink e-mobility” which includes smart chargers (EVSEs - 25/50 kW) able to manage
up to 32A of power (mono phase and tri-phase modalities), leverages on the most common
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communication protocols among EV chargers, e-vehicles and management platforms and an emobility platform offering services to:
•
•
•

EV drivers: closest charger localization, as well as current charger state (busy/occupied,
out-of-service), and seamless micro-payment via App, credit cards or pre-payment
coupons;
EV fleets/car sharing operators: back-office, energy cost management and EV charging
optimized management;
Electricity network operators (i.e. DSOs): flexible EV charging for optimizing the power
network local management.

Emotion is now developing an integrated E-Car-sharing service to cover all the Umbria Region
territory. Each e-car will be provided with a multi-functional navigation system which will allow users
to communicate with the service provider in case of having any problem. The service will be open
not only for residents but also for tourists willing to visit the Umbria Region in a free and ecologic
way.
NRG-5 exploitable results
Emotion will be part of the Italian pilot providing monitoring and management services for electric
vehicles and charging stations. Collaboration with the other partners of the NRG-5 project for the
development of the DRaaS (Demand Response as a Service) and the implementation of a
monitoring and management service for electric vehicles and charging stations using 5G technology
will allow Emotion to refine their skills and enrich their knowledge, being able to take advantage of
this learning after the end of the project.
Responsible
partner(s)

Result type

Time to market
(months after
end of project)

Improving Emotion platform of
car sharing

EMOT

Know-how

6 months

Improving Emotion services
exploiting 5G technology

EMOT

Know-how

12 months

#

Project exploitable result

1
2

Table 24: EMOT Exploitable Results

Exploitation strategies
Emotion will use the involvement in the NRG-5 project to improve the ability of its employees and
increase its contribution to the European projects in which it participates, such as WiseGRID
(http://www.wisegrid.eu/), SOFIE (http://www.sofie-iot.eu/), eDREAM (http://edream-h2020.eu/), and
those to which it will participate. In addition, the acquired knowledge will be exploited to increase its
business, offering to the market products and services enhanced during the project, with the aim of
giving strength to electric mobility, for a cleaner mobility, allowing an increasingly massive
deployment of electric vehicles and charging stations and an increasingly intense use of renewable
photovoltaic energy that is mainly produced at lunchtime, when consumption is lower and when the
vehicle could be parked in charge.

4.14 Rheinisch-Westfälische Technische Hochschule Aachen
Organization Background
RWTH Aachen University is a leading technical university in Germany and Europe with over 40,000
students and more than 500 professors. The E.ON Energy Research Center, a public private
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partnership between E.ON SE and RWTH Aachen University funded in 2006, fosters innovative
energy research with a strong link with industry in an interdisciplinary approach, with five institutes
from four different faculties.
Within this research center, the Institute for Automation of Complex Power Systems focuses on
research for the automation, modernisation and restructuring of electrical energy distribution
systems. This research area deals with solutions for monitoring, maintaining and developing complex
power systems. Both the simulation of dynamic processes in complex network systems as well as
development of a stable and secure communication infrastructure are areas of expertise of the
scientists working at ACS. The Institute is developing the science and technology for the transition
to the next generation energy grid based on network distributed control systems, agent-based
control, distributed observer and measurements, complex system theory and control under
uncertainty.
The key scientific research areas of the institute ACS are the following:
•
•
•
•
•
•

Future power grids as cyber-physical Infrastructures
Electrical power distribution and utilization in buildings, neighborhoods and urban energy
systems
ICT solutions for advanced energy services
Distributed monitoring and control of electrical power grids
Advanced simulation methods based on High Performance Computing
Real time simulation and Hardware in the Loop testing

NRG-5 exploitable results
As an academic partner, RWTH is planning to undertake traditional exploitation activities of
universities: teaching activity as well as scientific publications in peer-reviewed magazines and
journals.
Furthermore, dissemination will be performed by RWTH researchers both in the regular teaching
activity and in industry oriented teaching activity with the support of the RWTH International Academy
that promotes continuous education courses.
A direct link to industry is established by RWTH leading the Forschungscampus (Research Campus)
project “Flexible Electrical Networks" which is funded by the German ministry for Education and
Research. This project, scheduled to last 15 years, is bringing a large number of companies
operating in the electrical energy sector to Aachen.
RWTH is mainly involved in the activities related to WP4, where RWTH is WP leader, and in the
design and implementation of some energy domain specific VNF. In particular, RWTH is in charge
of the development of the vESR (virtual Energy Substation and Rerouting) and vPMU (virtual Phasor
Measurement Unit).
Additionally, the lab integration of the components will be carried out, in the scope of WP4, also in
RWTH premises. For this reason an integrated test environment, including Real-Time Digital
Simulators for grids and open stack servers for cloud development, has been set up.
Such activities can, on one hand, be exploited as catalyst for new research activities, that can be
conveyed into Master thesis, PhD thesis and into high impact research publications.
On the other hand, the setup built for the integration and testing phase will represent an important
asset for RWTH, around which new research activities can be carried out and future project
proposals can be conceived.
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#

Project exploitable result

Responsible
partner(s)

Result type

Time to market
(months after
end of project)

1

vESR concept: software
implementation of substation
automation algorithms as
Virtual Network Function

RWTH

Know-how acquisition
Software components

Scientific papers
will be conceived
and submitted
during the
duration of the
project

vPMU concept: software
implementation of grid
monitoring functionalities as
Virtual Network Function, in
combination with Low Cost
PMUs

RWTH and CRE

Laboratory setup for
components integration

RWTH

2

3

Research papers

Know-how acquisition
Hardware components
integration
Software components
Research papers

Testing facility for
multi-domain
simulations and
laboratory integration

The integration of
hardware and
software will be
carried out during
the project, as
well as the
design of
software
components.
Scientific
publications will
be
submitted
trough
the
duration of the
project
and
beyond
The setup will be
completed during
the execution of
the project, but
will represent an
important asset
for the university
in future research
activities and
projects

Table 25: RWTH Exploitable Results

Exploitation strategies
NRG-5 will positively influence the activities of RWTH, foraging a profitable scientific production, with
high impact publications in conferences and journals, and fostering the birth on new lines of research.
The research activities started with NRG-5 will be, indeed, further investigated in other research
projects as well as channelled into PhD thesis and, possibly, into the teaching activities of RWTH.
Additionally, NRG-5 initiates the implementation of new grid monitoring and automation concepts
with the deployment of the vESR and vPMU functionalities.
On the long term, the experience acquired in NRG-5 will be exploited in new projects and in future
project proposals. The liason with other ongoing projects, like SOGNO and SUCCESS, is already a
reality and further developments are expected to come. Such activities are an essential part of the
exploitation plans for these components conceived in the NRG-5 project.
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4.15 Jožef Stefan Institute
Organization Background
Jozef Stefan Institute (JSI) is the central research institution for natural sciences and technology in
Slovenia. It consists of over 500 researchers within 28 departments working in the areas of
information and communication technologies, physics, chemistry and biology. The Department of
Communication Systems consists of approx. 30 researchers and is conducting research,
development and design of next generation networks and wireless access systems. In the recent
years, the research on wireless sensor networks became prominent within the group and the results
materialized in custom sensor hardware solution used for indoor and outdoor deployments. This
hardware is also used for sensing natural phenomena, energy consumption and channel propagation
in difficult environments.
In particular, in the FP Sunseed project, we have developed a Power Monitoring and Control (PMC)
unit depicted in the Figure 22. Additionally, we have developed a data analytics and visualization
platform that is able to process the streams of data coming from the devices and the results can be
visualized for the purpose of monitoring and decision making [110]. These units have been deployed
in several locations for piloting and evaluation and the deployment uses LTE cellular technology for
communication.

Figure 22: Power Monitoring and Control (PMC) unit

Besides doing basic and applied research and thus training MSc and PhD students, JSI is also active
in collaboration with industry and achieving technology transfer. As a result of several Energy and
ICT projects we are running, we have a strong collaboration in several pilots, tests and prototypes
with local industry including Iskra EMECO, Adria Mobil, Comsensus, etc.
NRG-5 exploitable results
JSI is involved in WPs 3 and 6 where we further develop our analytics techniques to monitor SLAs
for critical infrastructure. We are improving our automatic event/anomaly detection algorithms to
discover communication and energy events/anomalies that could lead to breaking SLAs. The new
techniques will be incorporated in trials, including the NORM deployments in ASM Terni and will
support the AMI as a service (AMIaaS).
The research from these tasks will be carried out by PhD and MSc students and published in journals
and conferences. The prototypes and trials as well as results will be disseminated to our network of
companies for possible uptake.
Please, use this table to sum up this section.
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#

Project exploitable result

Responsible
partner(s)

Result type

Time to market
(months after
end of project)

1

Improved automatic
event/anomaly detection
system for communication and
energy networks

JSI

Software
Report
Research paper
Service
Know-how

Will be used in
the project trials.

2

Hiring a new MSc or PhD
student

JSI

An MSc student
A PhD student
…

Possible
completing the
MSc during the
duration of the
project.

3

Scientific publications

JSI, others

Journals, conferences,
book

0-12

Table 26: JSI Exploitable Results

Exploitation strategies
Regarding Item 1 from the table, our strategy is to develop new tools or improve existing ones so
that they perform better on a specific tasks. The tools are then unsed to train students, showcase
ideas, run evaluations for scientific publications and ultimately released as open source for the
community to use and benefit from them. Our code resulting from several projects is available on
GitHub (https://github.com/sensorlab/). In some cases, the tools and prototypes we develop are
taken and further used by industry.
In terms of items 2 and 3 from the table above, we train students and, as they progress in their
studies, they publish their results in scientific and journal publications.We also disseminate our
results at various events, most recently we organized the EuCNC conference in Ljubljana, Slovenia
and we showcased NRG-5 at our booth. Our publications follow an open access model as requested
by the Commission and are available on various platforms.

4.16 TEI of Sterea Ellada/Electrical Engineering Dept.
Organisation background
The Technological Educational Institute (TEI) of Sterea Ellada (TEISTE) was established in June
2013, following merger of the TEI of Chalkida and the TEI of Lamia, which were founded in 1983
and 1994, respectively. TEISTE is the only higher education institution in the region of Sterea Ellada
and has premises in five cities. It has currently 140 faculty members and more than 150
administrative and technical staff. The Institute consists of four schools, namely the School of
Technological Applications, the School of Management and Finance, the School of Health Sciences
and the School of Agriculture Technology. The School of Technological Applications encompasses
the departments of Electrical Engineering, Computer Engineering, Electronic Engineering,
Automation Engineering, Mechanical Engineering and Aircraft Technology Engineering.
Apart from the educational tasks, TEISTE activities include research with significant part of these
activities focused on informatics, data communications and sensing technologies. The former TEI of
Chalkida that is part of the new institute has been involved in a number of EU and national projects
(among them, the most recent European FP7 projects include VITRO, AWISSENET, COCAE and
DeBugIt). In this regard, the technical expertise gained from the participation in these projects,
together with the developed experience on project administration (technical coordination of FP7-ICT© The NRG-5 consortium partners, 2017
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VITRO and FP7-ICΤ-AWISSENET and project coordination of FP7 Collaborative project COCAE),
will be exploited in NRG-5.
In NRG-5, TEISTE will participate through the Computer Networks & Simulation Laboratory of the
department of Electrical Engineering. The Laboratory is actively involved in cutting-edge research in
the areas of mobile, wireless and sensor communications, embedded systems, performance
modelling and optimization, robotics navigation and control, computer network architectures and
future networking paradigms, network traffic management, and service architectures for Internet of
Things.
NRG-5 exploitable results
Being an educational institution, the main areas of interest for TEISTE revolve around the research
work performed in the context of WP2 and, at a second level, the integration conducted under the
framework of WP4. In WP2, TEISTE is developing a virtualized extension of the classical, monolithic
Mobility Management Entity (MME) services, packaged as a VNF, named vMME. The VNF is
expected to significantly increase the granularity of the UE discovery and positioning, leading to
increased quality of service and experience, also enabling the emergence of services dependent on
accurate UE positioning, e.g. like the virtual (automated) drone flight control VNF of NRG-5. In the
framework of WP4, TEISTE is active in the activities related to integration guidelines as well as the
integration of the 5G-NORM, continuous integration and continuous deployment know-how
constituting the core exploitable outcome.
#

Project exploitable result

1

vMME VNF: virtualization of
the classical, monolithic MME
service

2

CI/CD and microservices
design patterns

Responsible
partner(s)
TEISTE

Result type
•
•

RWTH, POPS,
TEISTE

Know-how
acquisition
Enrichment of the
study programme

•
•

Research papers
Software
Components

•

Know-how
acquisition

•

Enrichment of the
study programme

Time to market
(months after
end of project)
Scientific papers
in peer-reviewed
journals and
conferences as
well as
integration in the
study programme
achieved during
the project
duration.
Integration in the
study programme
achieved during
the project
duration.

Table 27: TEISTE Exploitable Results

Exploitation strategies
Exploitation of the possibilities unlocked by the activities performed in the context of WP2 will be
pursued in the form of scientific publications in international peer-reviewed magazines, journals and
conferences. Further, teaching sessions introducing the students into the context of emerging 5G
technologies will be performed. With respect to the activities of TEISTE in WP4 related to integration
guidelines and integration of the 5G-NORM, TEISTE is expecting to introduce the notion of
microservices, microservices design patterns as well as continuous integration and continuous
development in the institution’s study programme.
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4.17 Sorbonne University
Organization background
Sorbonne University (SU) is a multidisciplinary, research-intensive and world-class academic
institution. It was created on January 1st 2018 as the merge of two firstclass research intensive
universities, UPMC (University Pierre and Marie Curie) and Paris-Sorbonne. Sorbonne University’s
is now organized with three faculties: humanities, medicine and science each with the wide-ranging
autonomy necessary to conduct its ambitious programs in both research and education. SU counts
53,500 students, 3,400 professorresearchers and 3,600 administrative and technical staff members.
Its computer science laboratory, LIP6, is internationally recognized as a leading research institute.
LIP6 is a joint research unit of both SU and CNRS (CNRS is a third party linked to SU). The LIP6
Networks and Performance Analysis (NPA) group focuses on the Internet of the future, with the
vision of an autonomous, reliable, highperformance, and secure pervasive network. LIP6 is involved
in many activities related to DTNs, community-based wireless networks, Publish-Subscribe
research, Internet governance and regulation, monitoring and large-scale testbed projects such as
OpenLab (IP FP7 project), which SU-LIP6 was coordinating. The NPA group develops a modern
approach of research in networking, through basic research and transfer activities, in strong
cooperation with worldwide academic partners and industrial leaders. Transfer is measurable though
our contributions to standardization bodies (e.g. IETF: MLDv2 or RTP XR), the creation of start-ups
(like Qosmos) as well as numerous industrial contracts. The group activity is supported by permanent
researchers, Post-Doc, international visitors, engineers and about 40 PhD students. Therefore, the
NPA group has established a critical mass of about 60 faculties/engineers/PhDs.
NRG-5 exploitable results
#

Project exploitable result

Responsible
partner(s)

Result type

Time to market
(months after
end of project)

1

5G edge network and
virtualization research. (WP2,
WP4)

Sorbonne
Université

Research paper
Know-how
Student Training

---

vTSD (virtual Terminals SelfDiscovery)

Sorbonne
Université

SW

TBD

vSON (virtual Self-Organizing
Networks)

Sorbonne
Université

SW

TBD

vDES (virtual Distributed
Energy Storage)

Sorbonne
Université

SW

TBD

Table 28: SU Exploitable Results

Exploitation strategies
Since we are a university, we are not developing any product to be put on the market. We aim to
foster innovation through the research, enabling new technologies and improving the existing ones.
In this direction, we train students to be the researchers and the engineers of the future. We consider
NRG-5 as an opportunity to join the European effort in the research for the future 5G network joining
relevant events and conferences, contributing with know-how together with the publication of related
research papers.
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4.18 Centro Romania Energy
Organisation background
Romanian Energy Center (CRE) was launched in 2011 in Bucharest and Brussels as a non-profit
professional NGO that brings together state-owned and private companies operating on the
Romanian energy market in areas such as electricity, oil and gas, coal, hydro, nuclear, renewables,
designing and energy services and related legal services.
CRE works on supporting and equally representing the interests of its members:
•

•

•

To represent the interests of the companies and organizations operating in the Romanian
energy sector (covering all the relevant areas such as electricity, gas, oil, water, nuclear,
coal, renewables and R&D) to-wards with the national and European institutions, as well
as other relevant international institutions and energy organizations.
To inform and provide advisory services mostly on energy-related topics and particularly
on issues such as electricity, gas, oil, water, coal, nuclear, renewable energy by putting
to use its experience and knowledge about European markets, financial solutions,
management and consultancy on the development of energy strategies.
To organize events meant to enhance the cooperation and the integration of projects
developed by the institutions of the Romanian energy sector into the framework designed
by the European institutions.

The main objective of CRE is to promote the active participation of Romanian state-owned and
private en-ergy companies in European partnerships, in European co-financed projects and, more
importantly, in the European decision-making process. CRE advocates for the interests of the
Romanian energy sector.
As a professional non-profit association CRE has the following objectives:
•

•
•
•
•
•

To promote the active participation of Romanian state-owned and private energy
companies in European partnerships, in European co-financed projects and, more
importantly, in the European decision-making process. CRE advocates for the interests
of the Romanian energy sector.
To collect, analyze and distribute information concerning the energy sector;
To support its members in the development of research papers on energy issues;
To host and facilitate the contact and communication between its members and
international institutions and organizations.
To analyze the strategic, political, technical, social, legislative and institutional aspects
that are linked, ei-ther directly or indirectly, to the energy sector and facilitate the access
of its members to this information.
To ensure a business-friendly environment and boost competitiveness for the Romanian
energy sector, whilst developing the dialogue and cooperation between its member
companies and relevant national and European authorities and institutions active on
energy policy.

CRE is firmly promoting national, regional and international cooperation by identifying social and
innovative issues, generating innovative ideas and shaping them into European Projects in
cooperation with famous grid operators, design and research institutes, technology providers, or
other. CRE, is involved directly or indirectly through national institutions of member states, to
promote sustainable development at all levels.
NRG-5 exploitable results
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CRE is involved in WPs 1 (Use Case Analysis & NRG-5 software network architecture), 3 (VNF
automated deployment), 4 (Integration & Laboratory evaluation), 5 (Proof-of concept Trial
Demonstrators) and 6 (Impact Creation) as defined in the NRG-5 Project. The main role of CRE
within are related tasks 4.2 5G-NORM Integration & Validation and 5.5 Assessment and Replication
Guidelines.
CRE, as a non-governmental association, expects that the outcome of NRG-5 project, beside the
new technical solutions on the market, will bring also materialize in the form of knowledge
improvement, papers and articles directed to members of the association and national and European
relevant institutions. Moreover, for some of CRE’s members, NRG-5 is valuable in providing new
smart energy services via 5G support, useful in improving client services and experiences.
Representing the Romanian energy sector, results from NRG-5 spread beyond direct individual
benefits of involved parties. We trust that NRG-5 results will improve the overall energy sector by
supplying new and innovative services for energy companies (revenues and market share increase,
cost effectiveness and increased competitiveness), telecom companies and the final consumer
(quality of services and life).
NRG-5 will provide 5G initiative security, resilience and high availability. NRG-5 should produce
business innovations in 5G communications and energy networks through CI-SLAs. NRG-5 will
research and realize a kind of “plug & play vision” also in metering resources by realizing a novel
and scalable xMEC paradigm. Beyond edge computing acceleration, NRG-5 extensions will also
offer a group of VNFs to facilitate distributed, scalable and trusted “plug ‘n’ play functionality” of
hardware constrained devices.
Time to
market
(months
after end of
project)

#

Project
exploitable
result

Responsible
partner(s)

1

Virtualisation

CRE

Solutions to simulate various infrastructure
components. Apply for a “plug & play
vision”.

During
project

the

2

Security options

CRE

Leverage of unbundled smart meter
architecture and introducing a scalable
cloud-based stack, optional multi-RAT
access interface and enriched security and
trust features.
Provide a next generation smart meter as
5G device prototype. PUF encryption will be
combined
with
Blockchains
for
decentralized trust & identity management,
supporting end-users privacy by design.

During
project
after

the
and

3

Networking

CRE

Together with its members, for CRE
networking includes liaison with relevant
organisations and participation in various
events (fairs, conferences, round tables)
and clusters

During
the
project
and
after if subject
is in line with
the project

4

Capacity building

CRE

Participation in NRG-5 project increases
association’s knowledge over the project’s
topics which ultimately allows for future
applications in operations or within other
projects funded by the European
Commission.

During
project
after

Result type
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5

Education and
trainings

CRE

Sessions to allow interested parties to
know project’s results, products and
services.
Sessions to allow interested parties to
know about modern security within
metering and extended communication
facilities.

During
the
project
and
after if subject
is in line with
the project

6

Employment of
specialised
personnel in
R&D&I activities

CRE

Participation in NRG-5 project increases
association’s team, adding highly skilled
workforce.

During
project
after

the
and

7

Testing and
development of
NORM (Next
Generation Open
Real Time Smart
Meter)
functionalities

CRE

This is a hardware component initially
developed in SUCCESS project, that is on
its way within a “go to market process”.
Using and testing NORM in a 5G context
is another step in the process of
consolidating and marketing this product.

During
project
after

the
and

8

5G based Smart
Energy
applications

CRE

CRE will be in position to share these
results with its members (as described at
the above Organization Background
chapter) as potential users of the 5G
based software solutions and Smart
Energy applications.

During
project
after

the
and

Table 29: CRE Exploitable Results

Exploitation strategies
Companies are trying to take the best use of information to improve their business capabilities.
However, modern telecom solutions together with cyberprotection are main concerns. NRG-5 will
provide a framework that will allow for easy, real-time, automated devices identification so that
network auto-configuration can be achieved automatically. Thease can be real cases for CRE
members use within their portfolio development.
CRE is aiming to diseminate the Project results to companies, such as CRE members, as useful
about the processes in energy and how they consider possible to get insights from data generated
and processed in energy businesses.
The participation in this project will help CRE to widen its contacts with companies involved in the
evolution of energy business in an enhanced cyber-security environment.
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5 Conclusions
The main objective of the task 6.2 is to continuously monitor technology and market trends that are
relevant for the work conducted in the NRG-5 project.
The document presented a comprehensive market analysis describing the latest market trends and
the positioning of the NRG-5 system. The results obtained in this initial market analysis and
exploitation plan will constitute the basis for further studies and analysis, and then updated according
to market evolvement during the life of the project.
As demonstrated in this deliverable, there is a profitable and sustainable model derived from the
NRG5 project results. Each partner was able to identify expected results, innovative outcomes and
assets and the way for their exploitation. Since the project is at the midway stage, the main objective
will be to increase the involvement of partners in the search for effective solutions to define the final
business model. The second version of this report (D6.7- M29) will include an even more detailed
description of the exploitable assets and, consequently, an analysis of the potential forms of joint
exploitation to be agreed between the partners. Each partner will be increasingly involved in
identifying the optimal results expected and their commercial exploitation plan, in order to contribute
to the achievement of a sustainable business model.
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