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DRIVERS:

We are in a complete energy transition        
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Sted, datoFremtiden er elektrisk 3

TWh

The possibilities for electrification are accelerating…

Bilde: Equinor
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Wind and solar power is winning

Generation mix EU11
Capacity mix EU11
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Need for more flexibility
• More demand response and storage is necessary in 2040
• Difficult to achieve more than 50% solar and wind share without this flexibility

• Replaces thermal plants
• Much more efficient integration of solar and wind power

German price with and without flexibilityFlexibility EU11

2040 Base case
2040 without flexibilityStorage (discharge)

Demand shedding

Demand increase

Storage (charge)

Upregulation

Downregulation



Åpen informasjon / Public information

And intermittent RES will dominate the Nordic area

Dispatchable sources:
Large hydro, nuclear, coal, 
gas and bio

Intermittent sources:
Run-of-river hydro, wind 
and solar

Generation

Demand
Generation

Demand
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That gives some fundamental challenges..

Thermal

Large hydro

Wind and solar
Run-of-river

Demand14 GW export 
16 GW curtailment

11 GW import 
2 GW load shedding

High intermittent generation week Low intermittent generation week

Monday Tuesday Wednesday Thursday   Friday     Saturday   Sunday Monday Tuesday Wednesday Thursday   Friday     Saturday   Sunday
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Solutions for a changing Nordic power system
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Cooperation on three levels

1. Nordic energy policy on political high-level

2. Common system solutions by broad cooperation

3. Dedicated solutions by technical cooperation
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The TSOs are working on four types of solutions

Market development

Balancing of the power system

Grid development

ICT solutionsict
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Rapid development requires coordination and efficiency

Digitalisation Technology 
development Cost efficiency
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• Enhance Cross functional solutions 
• Market
• Operation
• Planning
• Digitalization /ICT

• Ambitious Flagship projects are also needed 
in regions and between them

• According to 'pipeline' principle
The 'inventors', the 'users' and the 
'commercialisers' in one project

• Significant innovations
• Large resource investments

Co-operation is essential for R&D –
get the Wins together!
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Norwegian level

The future is electric 13

Co-operation is essential for R&D
prioritize, share scarce resources, inspire and harmonize

Nordic level European level International level

Nordic R&D Group



http://www.statnett.no/Samfunnsoppdrag/Forskning-og-utvikling/
http://www.statnett.no/en/Sustainability/Research-and-Development-/

The future is electric!

http://www.statnett.no/Samfunnsoppdrag/Forskning-og-utvikling/
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The European perspective

ANTONIO  ILICETO  [ co-chairman ETIP SNET & chairman WG1 ]

Etip Snet platform and synergies 
with TSO innovation efforts

Stattnett’s R&D Conference 
Oslo,  April 3rd 2019 



 About ETIP SNET

 Recent achievements & current activities

 ETIP SNET Vision 2050 & European funded R&D programs

 Roadmap & Implementation Plans

 Integrated and sustainable energy system

 Synergies with TSO innovation efforts

Outline
ETIP SNET = European Technology and 
Innovation Platform for Smart Networks 

for Energy Transition
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Main objective is to address the innovation 
challenges in energy system and market
evolution necessary for achieving climate

protection and renewables integration with
affordability and security of supply

Beyond smart 
electricity grids →

whole energy 
system

2017 →

From a fragmented EU advisory approach
to an integrated platform

3



 Integrated approach among all stakeholders of the energy value chain

 Pull together RD&I efforts and search of synergies on 3 dimensions:

 Geographical footprint: European and national/regional level

 Actors: Research centers <-> Utilities <-> Industrial sector

 Public/private innovation:  public-funded projects and private initiatives 

 Enhance knowledge-sharing activities to foster RD&I results to deployment 

phase

 Identify innovation barriers, notably related to regulation and financing

 Prepare consolidated stakeholder views on Research and Innovation as 

authoritative input to European Energy Policy initiatives

ETIP SNET Missions
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 Set-out a vision for RD&I for Smart Networks for Energy Transition and 
engage stakeholders in this vision

 Prepare and update the Strategic Research and Innovation Roadmap

 Monitor the outcomes and applications of RD&I projects

 Organise regularly multi-disciplinary workshops on projects’ results

 Provide input to SET Plan action 4 (addressing technical challenges raised 
by system transformation)

 Collect structured and shared information (state-of-the-art and 
perspective) on specific innovation topics in the form of White Papers 

ETIP SNET  workstreams
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ETIP SNET’s Stakeholders
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ETIP SNET’s Organisation
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Recent achievements & 

current activities
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White Papers: expressing shared sector’s views 

Holistic Architectures: 
this White Paper sets out the holistic 
architecture vision that should 
inform future demonstration projects 
that would enable large-scale rollout 
of the new control paradigms

Digitalisation:
The objective is to address the use 
and impact of the Information and
Communication technologies as a 
pervasive tool along the entire value 
chain of the power generation, 
transportation and use, and mainly 
on enabling customer participation

9



2018 editions:

Knowledge sharing
through Regional Workshops

• Zagreb: 13 projects presented, 65 registrations
• Helsinki: 11 projects presented, 53 registrations
• Brussels: 11 projects presented, 121 registrations
• Madrid: 12 projects presented, 103 registrations

• For 2019, organization of 2 workshops between 
September and November

• All TSOs are asked to contribute with relevant projects, 
just finished or in final stage

• Addressing both European projects and national ones
• Focus on the results of the projects: collect main 

recommendations and needs for Roadmap and IP
• Focus on topics for Horizon Europe and the next period 

of work
10



Monitoring Report

The objective of the monitoring 
activity is two-fold: 

1. To analyse and to disseminate 
results from RD&I projects 
towards the energy community

2. To measure the coverage 
degree of each RD&I item of the 
roadmap and decide which topic 
deserve to be maintained or can 
be removed (“gap analysis”)

11



Advocacy and public awareness

Communication & advocacy activities

• ETIP Mission promotion for Horizon Europe

• Advise EC on Horizon Europe funding priorities

• Release of “Enegy stories” for improving public awareness 
and social acceptance of infrastructures

12



Cooperation with hubs of technological 
excellence

Cooperation with JRC  (Joint Research Center of the EC):

§ Establishing a structured cooperation on topics of common interest
§ Proposal for topics: 

- Interoperability and energy system integration aspects
- respective contributions in the RD&I value chain for "battery related energy system integration"

Collaborations with CIGRE

Collaborations with CIRED

13



Own stand hosted at CIGRE –
last Paris session

➢ A MoU has been signed between Cigre and 
Etip Snet, with double-folded aim: 

➢ promote knowledge and technical stance 
of ETIP SNET

➢ gather state-of-the-art infomration on 
worldwide (extra-European) R&D efforts 
and results

14



Activities with CIRED 
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CIRED general session 2018 

and 2019 (Madrid, 3-4 June 

2019):

• Each year, technical 

papers submitted and 

presented in the general 

session

• A specific round table on 

Etip Snet Vision and 

Roadmap, with 

benchmarks towards 

international experiences 

has been organised and 

will be lead by Etip Snet



• CONSIDERS 33 INITIATIVES:

• EUROPE:
• 3 ETIPs
• 5 EERA
• 1 EIP
• 4 ERANets
• 3 SET PLAN IWGs
• 4 PPPs
• 1 JU

• GLOBAL
• 4 CEM
• 6 IEA TCPs
• 2 MISSION INNOVATION

16

International  Outreach



Vision 2050

& European R&D funded 

Programs
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Vision 2050
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• Released through major event in Brussels in June 2018

• In this document, the ETIP SNET stakeholders present 

their vision of a longer time horizon (2050) with a 

particular focus on low-carbon energy systems’ 

integration needs for all involved users



1. 
Variety of generation sources in size, both centralised and 
decentralised, fully or largely circular

19
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Framework of Roadmap and other deliverables
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ETIP SNET deliverables and scope
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Horizon Europe - Missions 
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ETIP SNET Mission promotion: a task force 
with active members has been set-up
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Partnerships will represent an enhanced 
channel for R&I joint actions 

24



R&D Roadmap and 

Implementation Plan
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Updating Roadmap and Implementation plan

Topic 
Detail 
RD&I 
Need

s
20-23

Not so detailed
2024-2030

Topic 
Detail 
RD&I 
Need

s
22-25

Not so detailed
2026-2030

Im
pl

em
en

ta
tio

n
Pl

an
IP 2020-2023

IP 2022-2025

etc

The ETIP SNET 
Implementation Plan (IP) aims 
at listing the short-term priorities 
for R&I in ETIP SNET’s vision 
and defined in the ETIP SNET 
Roadmap 2020 – 2030, within 
the 2020 – 2023 horizon 
(details) and 2024-2030 (non-
detailed).
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Structuring the RD&I Roadmap 2020-2030
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1- Energy grids infrastructure: Assets and technologies
▪ Electric physical infrastructure (assets & technologies, maintenance)
▪ Non-electric physical infrastructure (conversion, storage,…)
▪ Digital infrastructures 

2- Security and flexible operation
▪ Grids operation & System operation: measurements, observability,
▪ Monitoring, control, reliability, resilience, flexibility (storage, DSR, 

non electric systems), quality of service

3- Market design and system economics
▪ Efficiency
▪ Energy system economics
▪ Market design
▪ Business models
▪ Energy system governance

4- The future of energy system
▪ Environment and end users
▪ System design, grid planning, scenario setting
▪ Sector coupling and interface
▪ Energy end-user needs and applications
▪ Sustainability & environmental impact reduction
▪ (circular economy, green economy)

5 – Digital enablers
▪ Data access and acquisition
▪ Data processing
▪ Integration of SW & platforms, interoperability and standard needs
▪ Automation
▪ Critical infrastructure protection (CIP) and cybersecurity

Integrated 

cyber-physical energy system

1. Energy grids 
infrastructure:

Assets and 
technologies

2. Security and 
Flexible 

operation

3. Market 
design and 

system 
economics

4. The future 
of energy 
system;  

environment 
and end user

5. Digital 
enablers

Processes and regulation are 
overarching aspects to all the 
building blocks

Entso-E comments to ETIP SNET Roadmap structure
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Integrated and sustainable 
energy system
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The 3 goals of European energy policy

21



Leveraging on de-carbonisation
to reach a sustainable economy

➢A low-carbon, secure, reliable, 
resilient, accessible, cost-efficient, 
and market-based pan-European 
integrated energy system …

➢ supplying all of society and paving 
the way for a fully carbon neutral 
circular economy  …

➢ while maintaining and extending 
global industrial leadership in energy 
systems during the energy transition

31



Regulation needs to follow the 
technological transition

32

➢Most of today’s energy network infrastructures 
(electricity, gas, heating and cooling, liquid 
fuels) will still be in operation in 2050

➢However, they will be used in different ways

➢Capacity expansion, transaction policies, and 
tariffs for infrastructure uses will need to be 
redesigned and adapted to the enhanced 
features of the fully integrated energy systems 
and markets



Synergies with TSO 
innovation efforts

33



Efficient system, but with sharp variability

➢ The future energy system will use overall less 
energy than today, due to energy efficiency 
(industry and buildings)

➢Still, daily and seasonal differences between 
energy demand and especially wind and solar 
availability will require a very flexible system

➢Cost-reflective market price signals should lead 
to lower demand in response to high prices 
during low wind and sunshine

➢Grid/system operators shall ensure a safe energy 
balance, managing the nomination of both energy 
sources and system services through smart 
algorithms optimizing the overall techno-
economic performances 34



Converting & storing energy are the key to success

➢Power conversion and flexible energy storage 
shall play a key role in energy systems

➢ A high level of integration will be achieved 
through the deployment of:

➢ power conversion units enabling the 
coupling among all energy carriers

➢ installation of storage units for each 
energy carrier

➢ This ensures also a higher security of supply

35

With injections in daily or seasonal energy storage such as 

pumped hydro, batteries, hot water reservoir thermal storage, or 

Power-to-Gas (PtG) conversion, whenever the value of energy in 

storage is higher than the value from additional energy use



Electricity network shall remain the 
backbone of the wider energy system

➢ The electrification of Europe’s energy systems 
will be the backbone of its societies and markets

➢ This will require the incremental coupling of 
electricity and gas networks, via the production 
of carbon-neutral synthetic gases (methane), to 
ensure long-term security of supply (seasonal 
storage)

➢A low-carbon European economy will also include 
the coupling of:

➢ electricity and heating and cooling systems,

➢ electricity and liquid fuels, supplemented with 
biofuels, for heavy-duty vehicles, maritime 
transport and aviation

36
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Strategic role for wider economic
competitiveness

37

➢European decision-makers must consider the 
strategic nature of low-carbon energy 
systems; indeed all emerging and developed 
economies will proceed to decarbonisation

➢ Therefore strong support is advisable to 
European industries, enhancing 
competitiveness at all levels

➢Support to R&D efforts and Innovation 
initiatives, at all TRL stages, is paramount

➢ TSO engagement in steering platforms having 
high stance towards the decision makers (like 
Etip Snet) is a strategic move



Thanks for your attention

More information: 

etip-snet.eu 

info@etip-snet.eu  

@etipsnet

linkedin.com/groups/8208338
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RD&I European perspective   

3 April  2019 , Oslo 

Guido Guida , Chair RDIC ENTSO-E 
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RDIC:  mandate,  knowledge hubs ,  European presence 

and cooperation 

❑ Research Plans

Mandated tasks by regulation 

❑ Knowledge hubs 

Cross committees cooperation
Future of the power system  

European presence 

❑ ETIP SNET - vision 

❑ EC funded R&I projects  

1 2 3
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Mapping of transmission 
technologies – TYNDP 2018

Cooperation with ESA
Using satellite technology to optimise the power 

grid - ESA & ENTSO-E to start a cooperation

Power System Modernization 
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Security and system stability 

Area 1

ac
dc

ac
dc                                                       Area 2

ac
dc

ac
dc

ac
dc

ac
dc

ac
dc

ac
dc

→Accommodate  more Power Electronics 
and what do we do to maintain the same 

levels of security of supply?

System Operation vision 2030 
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Flexibility and digital technologies 
Blockchain 
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Digitalization Report 

100 projects surveyed 
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Cross Committee Cooperation and success of EC funded projects 

Umbrella
System Operation /RSCs

iTesla

GarpurSystem Operation Vision 
2030/low inertia

Promotion

Eu

sysflex

Market and flexibility 

Migrate

Future

Flow

Cross

bow

TDX 
Assist 

Flexi

transtore

Smartn
et

Osmose

System Development 

TSO/DSO 

InterrfaceDigital and TSOs/DSOs/customer 

TRL 5-6

TRL 7-8

TRL 5-6

TRL 7-8

TRL 7-8

TRL 7-8

TRL 7-8

TRL 7-8 TRL 5-6
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Multi sided actors and collaborative projects 
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ETIP Smart Network for Energy Transition 



Last but not least: Horizon Europe 
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WG1: Assets and 
Technologies 

WG2: Security and 
operations of tomorrow   

WG3: Flexibility and 
economics 

WG5: 
Digital &
Communication  

WG4: 
Future of 
Energy System

T1: Assset Management
T2: New tech and materials
T3: Ecodesign and lifecycle 
Assets
T4:Digital assets

T1: Grid Observability
T2: Grid controlability
T3: Expert systems and tools
T4: Reliability and resilience
T5: Enhanced ancillary services 
for system stability
T6: Flexible grid use

T1: Storage and flexibility
T2: Demand side flexibility
T3: Generation flexibility
T4: Market design and business
models

T1: Optimal grid design
T2: Stakeholders, end users and environmental effects
T3: System of systems
T4: Scenarios
T5: Integration with non electrical network

T1: Data access and acquisition
T2: Data processing
T3: Integration of SW & Platforms, interoperability and 
standard needs
T4: Automation
T5: Critical information and Infrastructure protection
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• Innogrid 2019: Dissemination or R&I results

• Business Network for innovation (CGM, etc…)

• Cooperation with Innovation platforms: ETIPSNET 
(Vision 2050,  IP, Monitoring, Roamap))

• Cooperation with international reference groups: 
CIGRE, EPRI

• ESA cooperation

• Cooperation with other EU Associations: EDSO, 
Eurelectric, Smarten, emobility

Innovation within ENTSO-E 

and TSOs: Innovation hubs
External presence  

• Coordination with European 
Commission: Comments on EC work 
program, inputs to Horizon Europe

• Participation in H2020 projects: 
INTERRFACE, Intensys4EU, TDX assist

• Coordination of projects & letters of 
support

• Relation with ACER: Incentives for 
innovation

Coordination at EU level

• Inputs cross committee: System 

Operation 2030, TYNDP, Market 2030

• Position Papers: Digital Grid 2030 Vision

• Reports: Technology Mapping, 

Monitoring 

• Surveys and TSOs mapping: flexibility, e-

mobility, blockchain, R&I project

• Knowledge sharing (10 workshops over 

1 year) : Blockchain, Flexibility, 

Electromobility, HVDC/ HVAC, Grid 

Forming, Open source models, 

Digitalization, Data access, Use of 

probabilistic approaches, iTesla , 

Umbrella , Garpur projects

• Tool for technologies mapping (website)

• Innovation management



Ecosystem 

of energy

transition
players driven by 

business
perspective

Bridge between 

ENTSO-E and 

start-ups, citizen 

initiatives, opinion 

leaders, institutions, 

energy businesses

Over

130 members : 
Tesla, GE, Utrecht 

University, ESA, 

Ampacimon

Webinars and 

luncheons : 
Storage, Dynamic 

Line Rating, 

Artificial 

Intelligence, 

Common grid 

model and energy 

data 

architecture...

Join today #InnovationENTSO-E
www.entsoe.eu/research-and-innovation/business-coalition/

BUSINESS NETWORK INNOVATION



Thank you  



Research,
development and
innovation at Fingrid

Jussi Matilainen

Statnett's R&D Conference

2-3 April 2019



WHY?



Role of R&D is increasing
Main goals for R&D
• Controlled and market-based

transition to clean energy system
• Cost-efficiency and quality
• Benefits for customers and the

whole society
Main areas of R&D
• markets for flexibility

• digitalization of asset
management

• maintaining system security in a
power system with RES and DER

3.4.2019Jussi Matilainen3
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R&D at Fingrid

Realised costs Innovation incentive

Forecast~ 50-60 projects
~ 2/3 outsourced



What?

3.4.2019Jussi Matilainen4



Examples of ongoing projects

Digitalization of asset management
Why:
1. Securing grid quality: Better understanding of the assets condition, possibility to foresee

development of defects.
2. Improving grid availability: Reducing the amount of outages for asset monitoring.
3. Improving cost effectiviness: Maintenance work will be allocated on need basis, based on

the sensor data. 3.4.2019Jussi Matilainen5



The logic

Sensors:
_vibration
_current
_temperature
_humidity
_water leakage
_etc

DATA:
messaging
storage
processing

Service provider

Something is wrong



Ongoing sensor projects
1. Monitoring of acoustic emission + other sensors
Full-range of operational characteristics with developed IoT-unit.

2. Monitoring of control buildings
Temperature/humidity/water leakage detection.

3. Monitoring of insulators
MEMS-sensors for acoustic emission analysis.

4. Temperature monitoring of primary components
Sensor-based solution and wireless NB-IoT heat camera.

5. SF6-monitoring
WIKA sensors implemented on IoT telemetry gateways.

6. 400 kV GIS monitoring in Länsisalmi substation
400 kV breaker monitoring by ABB MSM units on ABB Ability
platform

3.4.2019Jussi Matilainen7



Disconnector AE04Q2
Operating time 10 s - normal
Current integral 20 As – normal
Motor sound spectrum - normal
Gear sound spectrum – deviates
Drive temperature 10 C - normal

Circuit breaker AE04Q0
Open time 20 ms - normal
Close time 40 ms – normal
Charging time 15 s – deviates
Trip1-coil curve – normal
Close-coil curve -normal
Charging motor sound spectrum - deviates
Damper sound spectrum – normal
Drive temperature 10 C - normal

Current transformer AE04T11
Temperature 55 C - deviates

W2 post insulator
Acoustic emission - deviates

Reactor
Phase L1 vibration - deviates

Control building
Temperature 26 C – deviates
Relative humidity 40% - normal
Water leakage – no leakages

Disconnector AE08Q1
Contact temperature 90C - deviates

Transformer
Tap changer opertaion time 10 s – normal
Tap changer sound spectrum – normal
Tap chneger gear sound spectrum – normal
Transformer shielding pool water level – normal
Transformer shielding pool tightness – no leakages

Substation gate
Gate operation time – normal
Gate motor current integral - normal

Fence
Fence broken - alarm

Current transformer AE06T12
Oil level - deviates

3.4.2019Jussi Matilainen8

• Acoustic emission+ other sensors
• Cloud platform
• Data processing
• Machine learning

• Detect/predict failures
• Avoid visits to the

remote locations

Future:
EDGE-computing
Advanced ML



Examples of ongoing projects

Building a smart energy system
Smart Grid Group Proposals by Ministry of Employment and the Economy

Why:
1. Increasing the system flexibility: Rules, roles and technologies to enable and incentivize

new flexibility sources to the market
2. Lowering the cost of flexibility: Utilization of existing and new distributed flexibility resources

(prosumers&storages) instead of investing on traditional (more expensive) flexibility sources
3.4.2019Jussi Matilainen9



Building blocks of smart and customer-centric
electricity system

3.4.2019Jussi Matilainen10

Clarification of roles
and rules in the

electricity markets

Enabling market-
driven incentives

Creation of
sufficient technical

preconditions

Increasing
cooperation across
sectoral boundaries



Electricity storages as a competitive business

• Maximum benefit when storages can be utilized to
different needs (balancing, congestion management,
voltage control, ...)
Ø ownership and operations shall be mainly market-based

action (not network business)

• Electricity storages should not be taxed as storing is
not consumption
Ø Electric battery can be as an non-taxed storage since 1st

April 2019

3.4.2019Jussi Matilainen11



Enabling different energy communities

3.4.2019Jussi Matilainen 12

Within one property
Crossing property
border (direct line) Distributed

• E.g. solar panel on top of a block of
flats

• Problem: self-produced energy flows
only in the building network but
through DSO metersà distribution
fee and taxes

• Proposal: electricity that doesn't flow
in DSO grid should not be charged

• Computational separation of self-
production in IT systems

• E.g. neighboring property has better
conditions for PV

• Problem: building distribution lines
crossing property borders is DSO
business

• Proposal: allowing to build a direct
line from the production unit to
consumption crossing border

• E.g. energy produced in summer
cottage PV is consumed in permanent
house

• Netting energy between different
consumption points is allowed but
generally not offeredà datahub
facilitates

• Distribution fees and taxes should be
paid normally as the energy flows
physically through the D/T grid



Regulation to promote use of flexibility in grid management

• Currently DSOs are investing heavily in traditional network
• security of supply requirements
• regulatory framework

• Proposal: Investments and flexibility shall be equal options in
network business

• Distributed flexibility can be used to various needsè gains
more income sources (value stacking)

• Proposal: TSO-DSO cooperation to coordinate the use of
flexibility and enable easy value stacking to the customers

3.4.2019Jussi Matilainen13



2nd generation smart meters to support DR and
real-time electricity markets

• Smart meters are DSOs' responsibility
• DSO can have an interface for smart meter –based

control but cannot act as a flexibility service provider
• 2nd generation smart meters provide more data in

more real-time
• Load control capability will be included in the meters

(alternative: load control is only market-based service)
• Significant amount of customers with easy load

control

• Standardized control interface for flexibility services
• Other technologies can offer more comprehensive

flexibility services

3.4.2019Jussi Matilainen14

2nd generation roll-out schedule



Examples of ongoing projects

Battery energy storage for multiservices
Why (TSO perspective):
1. Maintaining system security by having new balancing resources: Learning the capability

and requirements of BESS for ancillary services
2. Reducing balancing costs by promoting new technologies: Encouraging markets to offer

BESS solutions

3.4.2019Jussi Matilainen15



The battery energy storage system project
• First and the largest grid-scale, multifunctional use battery storage

pilot in the Nordics
• paved the way for upcoming (market-based) applications
• 5/2016 – 6/2019
• 1,2 MW/0,6 MWh (lithium-ion titanium oxide)
• 30% investment subsidy
• located in Helsinki, connected to a 10 kV MV grid of the local DSO

• Energy retailer and producer (Helen) owns the BESS
• TSO (Fingrid) and DSO (Helen Electricity Network) to utilise its

services
• Goal: to study and test the capabilities of BESS and to develop new

business models based on energy storing

• After the pilot, the BESS will be in a commercial use as part of
Helen’s infrastructure

3.4.2019Jussi Matilainen16



Use cases for multifunctional applications
Tested cases
• frequency control (FCR-N)
• voltage and reactive power regulation (maintaining the grid voltage)

• active power balancing (metro train load, solar power plant)
• peak shaving (office loads)
Potential cases
• frequency control for disturbances (FCR-D, inertia?)

• power oscillation damping

• as a black start for reserve power plant

• grid congestion management, to postpone investments

• back up power for critical loads
3.4.2019Jussi Matilainen17



Conclusions
• BESS is excellent for fast and accurate power regulation
• The availability of the battery system in the frequency

markets can be considerably improved with state of charge
optimization

• Profitability of BESS increases when several functions can
be applied

Ømethods for optimization and rules for prioritization are
required

• BESS improves the power quality at the customer’s
premises or on the network side
• tested by moderating a quickly altering metro train load

3.4.2019Jussi Matilainen18



How?



Coordination and cooperation increase the
impact of R&D
Top-down for long term R&D

• in line with corporate strategy and selected focus areas
• select & steer projects, follow the portfolio

Bottom up for shorter term R&D
• needs from the business

Cooperation: 1+1 > 2
• Use the best expertise: Start-ups, universities, technology providers, stakeholders...
• Synergies: TSOs, DSOs, other energy sectors (National, Nordic, European)
• Other benefits: new thinking, commitment, business opportunities, brand, competence building, lean

organisation

Open data & open innovation: R&D with best competence and external resources
• Fingrid's open data plattform: 30 Million requests in 2 years

3.4.2019Jussi Matilainen20



Fingrid Oyj
Läkkisepäntie 21
FI-00620 Helsinki
P.O.Box 530
FI-00101 Helsinki, Finland
Tel. +358 30 395 5000
Fax. +358 30 395 5196

Thank you!



Research and Development at Svenska kraftnät

Statnett R&D conference

April 3, 2019

Göran Ericsson
Robert Eriksson
Johan Nissen



The purpose of R&D:

• Increased reliability

• Increased efficiency

• Minimal environmental impact

Budget 30-40 MSEK/year



Future
Power SystemNew Technology

Substations

Overhead lines

Cables

System Challenges 

Power Quality

OperationsAsset management

Environment
Society

Operation and 
Planning

Network Data
Models

Analysis Tools

Supervisory Control 
And Data Acquisition

PMU

Electricity Market

Cyber Security

Competence

PhD- and
post-doc projects

Master Theses



Some examples …

Ongoing and recently finished projects



Portfolio New Technology



Dynamic Line Rating 

Measure critical data on a power line in order to 
optimize power flow

Part 1: possibility to implement at Svenska kraftnät?

Part 2: Pilot study, establish DLR on a few spans.



Dynamic Line Rating

Continuously measure:
• Conductor temperature
• Current
• Vibrations
• Air temperature
• Clearance (LiDaR)

Installation on 220 kV power line in 
Stockholm county, September 2018.



Improving life conditions for wild bees

• 1/3 of the worlds crop production depends on pollinating insects.

• The value of pollinating insects in Sweden is estimated to 260-466 mnkr.

• Worldwide the value of pollinating insects exceeds 150 billions €
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For what reason do Svenska kraftnät care about bees?

> Passability – a big issue when planning new overhead lines is permission.

> To demonstrate that an overhead line also means something positive.

> Improve the reputation of Svenska kraftnät.
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The project

> Identify sandy areas.

> Remove the vegetation cover and make some areas easy accessible for wild bees.

> Check how it works!

> Corporation with a county government and Swedish University of Agricultural Sciences.



Balancing the power system

> System services – FCR, FRR, … 
(active power)



Frequency stability - Fast balancing

Frequency
stability

Inertia

ImbalanceReserves

Power system response



Need for faster balancing reserves

Yesterday Tomorrow



New balancing services – R&D projects

> Load flexibility > Wind power



DSO Vattenfall Eldistribution (WP-leader)

DSO E.ON Energidistribution

TSO Svenska Kraftnät

The Swedish
demonstration



Todays challenges in Sweden



Customers are moving faster than ever:

> Significant increase in requests for capacity as industry 
and transportation sector strive to become fossil-free 

> Rapid urbanisation

> Shorter planning horizon and high uncertainty 

> Challenges in the national grid because of higher demand 
from load and less capacity with windpower in the North 
and 

And society can`t keep up:

> TSO has constraints

> Regulatory demand for high security of power supply

> Reduced power generation in larger cities 

> Increased lead-time for new and renewed power lines 

18

Data centers
15-200 MW/ 
installation

Bus 
charging 
3-6 MW/ 

installation 

Battery 
industry
300 MW/

piece

Fast 
chargers

0,4-1,5 MW/ 
installation

Greenhouse
hydrogen
industry

5-20 MW / 
installation

Charging at 
home and at 

work 
2-10 kW/ 

installation

Todays challenges in Sweden
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Competence

> MSc projects

> PhD theses

> Industry PhD

> Affiliated / adjunct professors - KTH



Challenges

• Personnel – how to find adequate and sufficient number

• “We will travel 300 km, but the sight is only 30 meters” – how to 
navigate?

• Funding arena – any changes?



Thanks! Questions?

Göran, Robert and Johan – are here!



Åpen informasjon / Public information

R&D ACTIVITIES AT LANDSNET

Overview of on-going research on TSO-level in 
Iceland

Magni Þór Pálsson, Program Manager R&D

Statnett’s R&D Conference, Oslo 2019



Why R&D?

• Establishing international contacts
• Acquire new knowledge
• Contribute our knowledge
• Develop new methods for

• System operation
• System planning
• System asset management
• etc



Levels of R&D

International 
R&D projects

• (GARPUR)
• MIGRATE
• ICEBOX

Nordic 
R&D projects

• SPARC (SC)
• NEWEPS (TRG)
• Verification of motion

detection technique

National 
R&D projects

• Bird collision
• Environmental impact

on transmission
structures

• Environmental cost of 
OHLs

• Impact of 
undergrounding on
system

• POLG





Impact of undergrounding

• Purpose is to assess some 
area specific “quota” for UGCs

• Systematic approach
• Short-circuit capacity
• Open-end voltage
• Voltage step
• Compensation
• Resonances
• Harmonics
• Under-excitation of gens



Impact of undergrounding



Bird collision



Bird collision – video surveillance



Avalanche monitoring



PowerOnLineGenerator







Smart-Grid projects at Landsnet



https://iwais2019.is/

http://www.epcc-workshop.net/



Åpen informasjon / Public information

PRESENTATION OF ONGOING R&D IN 
ENERGINET (INCLUDING NORTH SEA HUB)

2019-04-03Ongoing R&D in Energinet (including North Sea Hub) 1

Statnett's R&D Conference 2019

Anders Bavnhøj Hansen, abh@energinet.dk
Chief Engineer
Energinet, Electricity System Operator



Åpen informasjon / Public information

DISPOSITION

2019-04-03Ongoing R&D in Energinet (including North Sea Hub) 2

3: Interaction between
Distributed and central ressources

ENTSO-E/G  
TYNDP18  scenarios 1: International Energy Scenarios

2: System Perspectives at TSO level

4: R&I Targets and focus areas

2019-04-03

Development of cost-
effective AC/DC principles for 
grid connection of RE
(incl. HVDC multiterminal)

Demonstration of new 
offshore grid connection
concepts – possibly in 
interaction with gas.

Full scale of new offshore 
grid connection concepts –
possibly in interaction with 
gas

Power-to-gas strategy

Extensive use of operations 
support tools for optimum 
utilisation of electricity
infrastructure

Demonstration of 
operations support tools for 
optimum utilisation of 
electricity infrastructure

Demonstration of market
models for distributed
energy ressources (DER) in 
collaboration with (DSO’s)

Optimisation of Energy-only
as market model for 
generation adequacy

Digital substation strategy

AI data strategy.

System adequacy full
marketed (incl. Grid)

Ready for system operation 
without spinning plants in 
the region

Supply of ancillary services 
required from converter-
based generation/demand

Strategy for market-based
solutions for procurement of 
ancillary services required to 
maintain power system 
stability

Electricity markets underpin 
efficient operation of the 
electricity system

• Market and physics closely integrated
• Maximum use of physical capacity

System stability

Establishing crosswise data solutions and data culture incl. AI for data management 



Åpen informasjon / Public information

INTERNATIONAL SCENARIOS FROM ENTSO-E/G

Content of the 3 European TYNDP 2018-scenarios

GCA-scenario (Global Climate Action)

• "On track" with EU current climate targets

• Strong international, green cooperation

• Moderate oil price –high CO2-price (IEA 450 PPM)

DG-scenario (Distributed Generation)

• "On track" with EU current climate targets

• Wide spread local distributed solutions 
(solar/batteries)

• High oil price (IEA New Policy) – high CO2-price

ST-scenario (Sustainable Transition)

• “Not on track" with EU climate targets 

• Low oil and natural gas prices 

• Moderate CO2-price(IEA Low Oil price scenario)

12% 15% 17% 17% 19% 22%3%
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10%
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Wind and solar share of cons.  NorthSea (DE, UK, NL, DK)

Wind and solar – share of consumption (EU)

Solar

Offshore wind

Onshore wind

Solar

Offshore wind

Onshore wind

2019-04-03Ongoing R&D in Energinet (including North Sea Hub) 3



Åpen informasjon / Public information

…MUCH MORE WIND IN THE NORTH SEA  
OFFSHORE  WIND IS ESSENTIAL AND INCREASES SIGNIFICANTLY  ACROSS SCENARIOS

70 – 150 GW by 2040

7-15 times current installed capacity

North sea wind power hub (NSWPH)
2018-11-06 4



Åpen informasjon / Public information

THE NSWPH VISION AND PARTNERS

2018-11-06North sea wind power hub (NSWPH) 5

Water depth (m)

1. Planning regional integration of large 
scale wind across the North Sea area

2. Exploring a first and concrete hub- and 
spoke concept combining grid
integration of wind power and 
interconnectors between countries



Åpen informasjon / Public information

6

Grid Connection Systems (GCS) 

 
 

 

 

 
 

˗ AC radial

˗ DC radial

˗ Hub & Spoke



Åpen informasjon / Public information

EXAMPLE OF LAYOUT.. 

North sea wind power hub (NSWPH) 2018-11-06 7



Åpen informasjon / Public information

8

NORTH SEA USER FUNCTIONS AND SPATIAL PLANNING RISKS



Åpen informasjon / Public information

EXAMPLE LAYOUT OF A HUB CONCEPT

Ongoing R&D in Energinet (including North Sea Hub)

9



Åpen informasjon / Public information

SOLUTIONS FOR EFFICIENT INTEGRATION OF +50 PCT. WIND/SOLAR

2019-04-03Ongoing R&D in Energinet (including North Sea Hub) 10

Over distance: Power Grid Expansion

1. (Further) integration with Nordic hydro

2. Integration between Western and 
Eastern Europe

Over time: Power-to-Power Storage

3. Eg. Battery, CAES, Fly Wheels, Pumped 
Hydro

4. Power-to-Heat and Thermal 
Storage

5. Power for Transport

6. Power for high value Products 
(Electrolysis / PtG / PtX)

Conversion of power for other
purposes - electrification

Power-integration – Power as 
final energy service

Norway

PtX

PtH

PtH

PtX



Åpen informasjon / Public information

2018-11-06North sea wind power hub (NSWPH) 11

H2
Biofuel

catalysis

PtG
(electrolysis)

Biogas 
plant

CO2

Heat
DH

Bio-
fuel

Gas storage
cavern

Offshore PtG
(supplement to grid)

H2 
pipeline

PTG/PTX ANALYSED AS  A POTENTIAL SUPPLEMENT TO GRID
Salt cavern Tesla Wall

Volume 1 cavern:
1.000.000 m3 → 240 GWh

(6.1 ktons H2)
~ 24.000.000 Tesla power 

walls of 10 KWh !

Gas 
Grid

Example with onshore refining
hydrogen to RE-fuels etc.

PtG
(electrolysis)

Electricity



Åpen informasjon / Public information

SECTOR COUPLING

2019-04-03Ongoing R&D in Energinet (including North Sea Hub) 12

• Biogas + SNG (CO2+PtG) 
ressource > 90 PJ

• KV+Proces ca. 40 PJ
• På sigt kan GtL blive 

relevant 

DH-demand for 5-15 GW 
PtG/PtX

34 35

2
83

7

4

12

8

0

10

20

30

40

50

60

70

80

2025 GCA35

Pot. PtG ved fuld DK
biogasudnyttelse

Pot. PtG/PtX ved biomasse
import

PtG/PtX ved flis (DK pot.)
på store anlæg

El til transport

El til varme

Klassisk forbrug

TWh

CO2 from biogas

Electricity from 
RE

Heat to DH

PtX highvalue products

Electricity consumption
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GCA 2035 – SIMULATED ANNUAL ENERGY FLOW

Ongoing R&D in Energinet (including North Sea Hub)
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District heating and block heating

Wind-
power

Natural 
Gas

Fossil 
Oil

Coal

Power System

Liquid fuels fossil/RE (Gasoline, Diesel, Methanol, DME etc.)

Thermal
Gasification

Anaerob
Gasification

Eksport 
electricity

El-proces
light, it, cool.

Process-
heat

Building 
heating

Road 
transport

Railway
Transport

Maritime

Aviation

Gas 
Storage

Heat Pump

Boiler

EV/PHEV

ICE/FC

Fuel
Storage

Import
electricity

Gas-systemer (metan/syntesegas/H2)

Power-to-
Gas

Large 
Heat Pumps

Gas
CHP

Solar (PV)

HT-Heat P

Bio, waste 
etc.

Bio
CHP/boiler

Gas-
katalysis etc.

Methanisation

• Consumption
doubled towards
2050 – Electrication:

• Heating

• Transport

• PtG/PtX

• Data centers

• Wind/solar covers 
(annually) more than
80% of production
after 2035
and 95% in 2050

• A very high need for 
use of flexibility to 
balance system, 
ancillery services and 
enhanced use of grid



Åpen informasjon / Public information

SMARTGRID MANDATORY TO HANDLE GRID EDGE

2019-04-03 14

Towards 2030 a typical house could have PV-solar, EV-charger and a battery storage

-120

-80

-40

0

40

80

120

Power flow in a 2030 feeder (DSO)

Import fra net

Max consumption without SmartGrid (overload)

Max PV export without SmartGrid (overload)

Existing Grid 
capacity

0,4 kVThe analysis:
Analysis of a typical 0,4 kV feeder in single 
house area in 2030 with EV and heatpump

Analysis results:
• Investment in up to 12 kW solar and 10-

25 kWh battery

• Offgrid is not economical feasible
(more than 150 ”Teslawalls” is needed!)

• Without SmartGrid a very high need for 
grid reinforcement is found

• With SmartGrid the electrification is 
efficiently handled without very high
reinforcement

Grid used for export of PV at summer

Power (kW)

Power flow feeder

SmartGrid solutions and TSO/DSO market integration mandatory to handle DER’s
Ongoing R&D in Energinet (including North Sea Hub)

http://www.google.dk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjTo5fI1PnRAhUGGZoKHb5rBkMQjRwIBw&url=http://kuafu.dk/produkter/solcelle-anlaeg/&psig=AFQjCNHbqZxEusN5PkiIxoIx8E63wgl3xw&ust=1486408267304929
http://www.google.dk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjTo5fI1PnRAhUGGZoKHb5rBkMQjRwIBw&url=http://kuafu.dk/produkter/solcelle-anlaeg/&psig=AFQjCNHbqZxEusN5PkiIxoIx8E63wgl3xw&ust=1486408267304929
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http://www.google.dk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjTo5fI1PnRAhUGGZoKHb5rBkMQjRwIBw&url=http://kuafu.dk/produkter/solcelle-anlaeg/&psig=AFQjCNHbqZxEusN5PkiIxoIx8E63wgl3xw&ust=1486408267304929
http://www.google.dk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjTo5fI1PnRAhUGGZoKHb5rBkMQjRwIBw&url=http://kuafu.dk/produkter/solcelle-anlaeg/&psig=AFQjCNHbqZxEusN5PkiIxoIx8E63wgl3xw&ust=1486408267304929
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R&I ROADMAP – ELECTRICITY

2019-04-03Ongoing R&D in Energinet (including North Sea Hub) 15

Development of cost-
effective AC/DC principles for 
grid connection of RE
(incl. HVDC multiterminal)

Demonstration of new 
offshore grid connection
concepts – possibly in 
interaction with gas.

Full scale of new offshore 
grid connection concepts –
possibly in interaction with 
gas

Power-to-gas strategy

Extensive use of operations 
support tools for optimum 
utilisation of electricity
infrastructure

Demonstration of 
operations support tools for 
optimum utilisation of 
electricity infrastructure

Demonstration of market
models for distributed
energy ressources (DER) in 
collaboration with (DSO’s)

Optimisation of Energy-only
as market model for 
generation adequacy

Digital substation strategy

AI data strategy.

System adequacy full
marketed (incl. Grid)

Ready for system operation 
without spinning plants in 
the region

Supply of ancillary services 
required from converter-
based generation/demand

Strategy for market-based
solutions for procurement of 
ancillary services required to 
maintain power system 
stability

Electricity markets underpin 
efficient operation of the 
electricity system

• Market and physics closely integrated
• Maximum use of physical capacity

System stability

Establishing crosswise data solutions and data culture incl. AI for data management 



Åpen informasjon / Public information

SUMMING UP
1. A need for large amounts of offshore wind to realise fossil independency towards 2050 (DK 

target)

2. North Sea Area is a huge RE power-ressource, essential for EU transition towards low carbon
energy in 2040/2050

3. North Sea Windpower Hub (NSWPH) Hub-and-spoke concepts analysed
– significant perspectives identified in the concept for windressources >100 km from shore

4. Sectorcoupling (power, RE-gas, RE-fuels and districtheat) is essential for integration of 
wind/solar efficient in the energy system

5. TSO/DSO cooperation on SmartGrid solutions to handle distributed ressources (PV, EV, 
batteries) essential to manage future high power-capacity at grid-edge

6. A significant need for R&I in power and gas system solutions including system-concepts
(PtG), market solutions and systemoperation to realise the full potential using the power and 
gas-grid. 

7. More use of digital technology (AI and big-data) mandatory to handle the more complex
energy system in an optimal operation

2019-04-03Ongoing R&D in Energinet (including North Sea Hub) 16



Thanks for your attention

http://www.energinet.dk/sys35


The future is electric

Wow, it’s been a blast

Inspired
Innovative

Developing

Researching

Sustainable Future

Sollutions

Informative

Smart

Electric Added Value
Safe



New Statnett R&D programs
Prof.dr.techn.ir Sonja Berlijn MBA
SVP R&D Statnett

Stanett's R&D conference - Oslo, 3rd of April 2019
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The future is electric

Highlights



Åpen informasjon / Public information

Location, dateThe future is electric 4

R&D Challenges – they are plenty



Åpen informasjon / Public information

• Bold
• Ambitious
• Mission Driven
• Mega Cool

The future is electric

More BAMM R&D?



Åpen informasjon / Public information

R&D vision 2020–2023 

Stimulate and encourage innovation in 
the realization of a fully electrified Norway

Statnett’s R&D efforts will lead to increased 
know-how, innovation and added value
in a safe, secure and sustainable power system



Åpen informasjon / Public information

The future is electric

New programs

Data driven decision support in real time

Digital, safe and 
cost-effective infrastructure

Co-operation in the future energy system

Continuous knowledge generation



Åpen informasjon / Public information

The future is electric

Data driven 
decision support

in real time

Know-how and innovations
• Security of supply

• Prevent possible outages
• Detect possible failures
• Reduce outage time

With focus on
• Digitalisation (real time and automised)
• Secure and Cyber Secure
• Human – Machine Interface



Åpen informasjon / Public information

The future is electric

Digital, safe and 
cost-effective 
infrastructure

Know-How and Innovations
• Cost reduction through

• Extend life time
• Retrofit technologies and methods

• Optimal System utilization

With focus on
• HSE
• Infrastructure
• Cost effectiveness
• Digital possibilities



Åpen informasjon / Public information

The future is electric

Co-operation in the 
future Energy System

Know-how and solutions
• Sustainable Energy System

• Flexible resources
• Flexible Capacity
• Planning

With focus on
• Value creation for Norway
• Cost efficiency



Åpen informasjon / Public information

The future is electric

Continuous 
knowledge 
generation

Build new strategic know-how 
• Needed for the future power system

• Universities
• Research institutes
• Industry and TSOs and DSOs

With focus on
• Value creation for Norway
• Know-How



Åpen informasjon / Public information

Do you have a project proposal?

The future is electric

• Send your project proposal to fou@statnett.no
• https://www.statnett.no/en/about-statnett/research-and-

development/do-you-have-a-project-proposal-/

mailto:fou@statnett.no


Åpen informasjon / Public information

Have a safe trip home

Location, dateThe future is electric 13

Thank you all for participating and 
making the conference a success!
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