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Vannkraft: 6 utvalgte case

Miljødesign-håndboka

Case 2

Redusert sannsynlighet for 

havari i nye Francis 

vannkraftturbiner

Case 1

SHOP: Korttidsplan-legging 

av vannkraft-produksjon

Case 6

Oppgradering av 

sandfang i vann-

krafttuneller

Case 5

Feildeteksjon og 

prediksjon av levetid

Case 4

Økt kunnskap om stabilitet av 

plastring på fyllingsdammer

Case 3

 7 mrd. kr realisert gevinst for kraftbransjen

 Nærmere 25 mrd. kr i fremtidig potensial

Økt verdi av kraft:

6,8 mrd kr (realisert)

12 mrd kr (potensial)

Nåverdi av investeringer i 

miljødesign i SKK:

0,2 mrd kr (ett vassdrag)

1,5 mrd kr (Norge) pga. 

økt kapasitet og høyere 

oppnådd gj.snittlig

kraftpris 

4,7 mrd kr (Norge) 

Reduserte reinveste-

ringskostnader og 

redusert prod.tap

Reduserte havarikostnad:

2 mrd kr (eksist. turbiner) 

>5 mrd kr (nye turbiner) 

Ikke kvantifiserbart











Vannkraft er ryggraden i det norske
kraftsystemet



Hydropower in Norway: 
A valuable system and natural preconditions

• Over 1600 power plants 

• Installed capacity of ~32 000 MW 

• Annual generation: ~135 TWh, covering 96% of consumption

• Total storage capacity of >87 TWh (62 000 mill m3)
• ~70% annual domestic production and 50% of European capacity

• Over 800 water reservoirs 

• Close to 3500 dam constructions

• More than 4000 km of water tunnels

• High precipitation, low  evaporation, solid rock
• typically 1 000-2 000 mm/year

• Altitudes: 40% of land areas above 600 masl.



The Blåsjø reservoir = 7.8 TWh (multi-annual storage)

• Norway has 50% of the
European hydro storage
capacity.

• Equally, 50% of the
renewable electric
generation share in Europe 
is from hydropower. 

• Globally, hydropower
delivers ~65% of renewable
electricity production.



Hydropower back on the renewable agenda

2016 2015 2018



HYDROPOWER CAPABILITIES:

FLEXIBILITY
→ Energy storage
→ Availability and supply
→ System resilience
→ Water management
→ Climate adaptation



HydroCen
shall enable the hydropower sector to meet complex 

challenges and exploit new opportunities



NTNU 
is host for HydroCen

Main research partners: 
SINTEF Energy

Norwegian Inst. for Nature Research (NINA) 

43 partners

8 years

400 mill. NOK



User-partners from industry and governmentResearch partners
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Upscaling of the hydropower project portfolio

Last updated: January 2018

HydroCen
-directly financed:

• 19 projects
• 18 PhD, 2 Post doc.
• >65 scientists
• ~60 Master students
• 400 mill. NOK

Hydropower, 
-associated projects
(NFR, H2020, Norad, 
other)

• 29 projects
• 21 PhD, 1 Post doc.
• >300 mill. NOK





Cross-disciplinary approach

BOUNDARY CONDITIONS

CORE TECHNOLOGY
RESERVOIR, INTAKE

WATERWAYS, TUNNELS
GENERATOR

TURBINE

MARKET & SERVICES

WATERCOURSE

SOCIETY OG POLITICSENVIRONMENT



Foto: Elkem ASA
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1. HYDROPOWER 
STRUCTURES

1.1 Tunnels, penstocks and surge chambers Bjørn Nilsen, NTNU

1.2 Dam and dam safety Fjola Sigtryggsdottir, NTNU

1.3 Sediment handling Nils Ruther, NTNU

1.4 Fish-friendly hydropower intakes Leif Lia, NTNU

Work Package Manager: Leif Lia



Foto: Helge Hansen/BKKFoto: Rainpower Foto: E-CO

2. TURBINE AND  
GENERATOR

2.1 Variable speed, turbine and generator Arne Nysveen, NTNU

2.2 Turbine fatigue Torbjørn Nielsen, NTNU

2.3 Pump turbines (Boosterpump) Pål-Tore Storli, NTNU

2.4 Turbine and generator lifetime Thomas Welte, SINTEF Energi

2.5 Flexible hydropower unit Kjetil Uhlen, NTNU

2.6 New design of guide vanes Pål-Tore Storli, NTNU

Work Package Manager: Arne Nysveen



3. MARKET & 
SERVICES

Work Package Manager: Birger Mo

3.1 Future market and prices Birger Mo, SINTEF

3.2 Operational cost, remaining lifetime and reliability Arnt Ove Eggen, SINTEF

3.3 Optimal design of the future hydropower system Birger Mo, SINTEF

3.4 Environmental restrictions and uncertainties for revenues Arild Helseth, SINTEF

3.5 Water resource management
Tor Haakon Bakken, 
NTNU



Illustrasjon: Ulrich Pulg, UNI MiljøVideostills CEDREN Foto: Halldor Kolbeins

4. ENVIRONMENTAL 
DESIGN

4.1 Social acceptance Audun Ruud, NINA

4.2 Two-way fish migration Ana da Silva, NINA

4.3 Environmental Design Atle Harby, SINTEF Energi

Work Package Manager: Torbjørn Forseth



Some examples of global 
activities in HydroCen



New Joint Programme Hydropower

JP Hydropower:
>25 partners
>14 countries



ANNEX IX Phase II – Valuing Hydropower Services
Utilization of Hydropower Flexibility Capability in Evolving Energy Systems 

• HydroCen is Operating Agent:
• Atle Harby
• Linn Emelie Schäffer

• Kick-off December 2018, work ongoing.

Framework/scope

• The role of hydropower in producing 
significant amount of firm renewable energy 
and storage to support IRES/VRE, and 
providing flexible energy and balancing 
services to support electricity systems –
collectively termed ‘hydro balancing’. 

• In addition, it will investigate hydropower’s 
potential role for water management and 
climate change mitigation. 

TASK 1 – Energy and Grid Services
TASK 2 – Climate Change Adaptation Services:
TASK 3 – Hydropower Balancing and Flexibility Roadmap

LEAD: Norway (NVE  HydroCen)
DURATION: 2018-2020
ACTIVE PARTNERS p.t.: Norway, USA, Australia/Tasmania, 
Japan, China, EU, and more.



Horizon 2020: HydroFlex

• Objective: To enable hydropower to 
operate with very high flexibility in 
order to utilize the full power and 
storage capability. 
• Identification of key bottlenecks of 

hydropower units that restrict operating 
range and limit flexibility.

• Cross-disciplinary approach: 
• mechanical, electrical, 

• environmental and socio-economic

• H2020 RIA project: 2018-2021
• Led by NTNU
• 16 partners
• 5 European Countries
• 6 mill. Euros
• 4 years
https://www.h2020hydroflex.eu/

https://www.h2020hydroflex.eu/


India – Norway Collaboration



Kathmandu University 
1990
• Established Master programs within 

hydropower electrical and mechanical 
engineering 

• Key personnel at KU has received PhD.-degrees 
from NTNU and returned to KU.

• Now, KU offers master and Ph.D.-education 

• Collaboration on research projects together 
with NTNU and many other universities. 

• The Turbine Testing Lab at KU is jointly managed 
by KU and NTNU

• This enables joint scientific publications, 
student exchanges and annual scientific 
conference in Nepal. 

• The first spinoffs for new businesses within 
hydropower technology have been established 
in Nepal from KU







COMMON CHALLENGES WITH ENERGY STORAGE, GRID/SYSTEM RESILIENCE 
AND PEAKING DEMANDS



«Look to Norway»

• Norge er foregangsland for utvikling av vannkraft
• Utdanning og kompetanse

• Forskning

• Teknologiutvikling

• Forvaltning

• Miljødesign

Samtidig ser vi nye utfordringer fremover.



Source: US Dept. of Energy 

How to act on the new role in the system?



New Research Challenges

Upgrade, expansion & new 
technologies

Integrated Systems and 
Market design

Licence to operate and
relicensing 

Water management 
regulation

430 hydropower 
licenses to be 

revised before 
2020. Loss of 
production?

From energy to 
capacity and 

frequency? Pump 
storage and new 

technology 
development?

How to balance 
hydropower 
production 
against EU 
environmental 
targets

Competition 
from new 
technologies 
and new 
demands. How 
to compete and 
optimize for new 
markets and 
energy systems?



Norge er fortsatt en vannkraftnasjon



www.hydrocen.no 
Twitter: @FMEHydroCen
Facebook: @HydroCenFME
LinkedIn: HydroCen
Flickr: HydroCen

Office:
The Waterpower Laboratory, NTNU
Alfred Getz vei 4, Gløshaugen
Trondheim
Norway



HydroCen Projects
Period

WP
1

WP
3

WP
4

WP
2

1.1 Tunnels, penstocks and surge chambers 2017 – 2022 Bjørn Nilsen, NTNU

1.2 Dam and dam safety 2017 – 2021 Fjola Sigtryggsdottir, NTNU

1.3 Sediment handling 2018 – 2021 Nils Ruther, NTNU

1.4 Fish-friendly hydropower intakes 2018 – 2021 Leif Lia, NTNU

2.1 Variable speed, turbine and generator 2016 – 2024 Arne Nysveen, NTNU

2.2 Turbine fatigue 2017 – 2020 Torbjørn Nielsen, NTNU

2.3 Pump turbines (Boosterpump) 2017 – 2020 Pål-Tore Storli, NTNU

2.4 Turbine and generator lifetime 2017 – 2021 Thomas Welte, SINTEF Energi

2.5 Flexible hydropower unit 2018 – 2021 Kjetil Uhlen, NTNU

2.6 New design of guide vanes 2017 – 2020 Pål-Tore Storli, NTNU

3.1 Future market and prices 2016 – 2019 Birger Mo, SINTEF Energi

3.2 Operational cost, remaining lifetime and reliability 2016 – 2020 Arnt Ove Eggen, SINTEF Energi

3.3 Optimal design of the future hydropower system 2017 – 2023 Birger Mo, SINTEF Energi

3.4 Environmental restrictions and uncertainties for revenues 2018 – 2023 Arild Helseth, SINTEF Energi

3.5 Water resource management 2016 – 2023 Tor Haakon Bakken, SINTEF Energi

4.1 Social acceptance 2018 – 2021 Audun Ruud, NINA

4.2 Two-way fish migration 2018 – 2020 Ana da Silva, NINA

4.3 Environmental Design 2016 – 2024 Atle Harby, SINTEF Energi

Project Manager

WP5 5.x AlternaFuture 2019 – 2019 Kaspar Vereide, NTNU



Overview, international collaboration

• New Joint Program on hydropower in EERA
• Led by Norway, NTNU-HydroCen

• HydroFlex, H2020 project
• Led by Norway, NTNU

• Hydropower-Europe, H2020 project
• Norwegian participation coordinated through HydroCen  NNCOLD

• New Annex IX, IEA Hydro
• HydroCen responsible for project execution, on behalf of NVE, Norway

• Addendum on hydropower to existing MoU between OED Norway and US Dept. of Energy
• HydroCen responsible for the collaboration on behalf of Norway

• MoU signed with Hydro Tasmania
• Common intent for Hydro Tasmania to join as full member in HydroCen

• MoU signed with IIT Roorkee, India
• New project initiated: FranSed

• MoU signed with NHPC Limited (utility) in India



Int. aktør Rammeverk HydroCen rolle Aktivitet, prosjekt Land

EERA 

European Energy 
Research Alliance

EU SET-plan, H2020/HE, 
europeisk posisjonering

Programkoordinator Etablering av nytt Joint Program Hydro 14 europeiske land

27 FoU-partnere

EU H2020 H2020 utlysning Prosjektleder (koordinator) ‘HydroFlex’

RIA-prosjekt

5 land

16 partnere
EURCOLD

og NNCOLD

H2020/HE, europeisk 
posisjonering

Prosjektdeltaker: koordinerer 
norsk deltakelse på vegne av 
NNCOLD

HYDROPOWER-EUROPE2030

H2020 CSA-prosjekt

4 europeiske land

8 europeiske 
organisasjoner

IEA Hydro Internasjonal posisjonering Operating Agent for Annex IX Annex IX, Phase II Australia, USA, Japan, 
Kina, EU, Norge (m.fl.)

US Department of 
Energy, DoE

IEA Hydro, nasjonale 
strategier

Samarbeidspartner -Etablering av vannkraftsamarbeid 
under eksisterende MoU mellom UD 
DoE og OED i Norge

-Samarbeid i IEA Hydro Annex IX.

USA

Hydro Tasmania Avtale: Memorandum of 
Understanding

Samarbeidspartner, med 
Intensjon om å inkludere 
HydroTasmania som partner i 
HydroCen

Etablering av vannkraftsamarbeid under 
eksisterende MoU mellom UD DoE og 
OED i Norge

Australia, Tasmania

IIT Roorkee Avtale: Memorandum of
Understanding

Prosjektledelse FransSed, EnergizeNepal, HydroCen 
prosjekt 1.3

India

NHPC Limited, 
hydropower utility, India

Avtale: Memorandum of
Understanding

Samarbeidspartner -Etablering av vannkraftsamarbeid med 
idustriaktør.

India

Kathmandu University Partner i HydroCen Prosjektledelse WP 2, EnergizeNepal, FranSed Nepal

Himalayan University 
Consortium, HUC

Partner i konsortiet Medlem Medlemskap Himalaya-regionen



Hydropower generates
almost 2/3 of all global 
renewable electricity

Source: REN21 2017



Handbook on Environmental design of hydropower in salmon rivers

Implemented in several cases:

• In some cases Norwegian Environment Agency 
demands use of the methodology

• Some hydropower companies have implemented it, 
with substantial economic benefit

• The handbook exists in Norwegian, English and 
Chinese

• Concept expected to be transferable to other species 
and ecosystems

• HydroCen continues the work on expanding the 
concept

www.cedren.no

http://www.cedren.no/


HydroBalance

Part of the CEDREN portfolio, led by SINTEF Energy

• Duration: 2013 - 2017

• Budget: 25 million NOK 

• R&D partners: SINTEF, NINA, NTNU

”Roadmap for large-scale balancing 
and energy storage from Norwegian 
hydropower”

Key questions:

• What are hydropower capacity needs 
and future operations?

• What are the effects on pricing and 
markets?

• Will investments in new pumped 
storage be profitable?

www.cedren.no

http://www.cedren.no/

