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Value creation/revenue/budget
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2014-2017
- 15 projects, 200 MNOK
- Associated projects, 120 MNOK

R&D funding from the
hydropower industry

2017-2024:

- HydroCen 400 MNOK
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2020:
HydroCen Labs:
55 MNOK
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New JP Hydropower
v 29 members
v" 13 countries

— 35 New projects: >300 MNOK
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KEY FACTS

Hyd rOCen 400 mill. NOK

NORWEGIAN RESEARCH CENTRE i
FOR HYDROPOWER TECHNOLOGY 8 years (2017-2024)

HydroCen is a research centre for &) eI
environmentally friendly energy.
Our main objective is to enable
hydropower to meet complex
challenges and exploit new

opportunities through innovative >100 Scientists &
technological solutions.

21 active projects

>35 associated projects

personell

27 PhD & Post doc.

>400 MSc. students
IEA Hyd I’ODOWGI’ >3000 m? laboratories




INNOVATION MANAGER
Jonas Bergmann-Paulsen

INNOVATION FORUM

EXECUTIVE DIRECTOR

Liv Randi Hultgreen

SCIENTIFIC COMMITTEE

Prof. Markus Aufleger
Hydraulic engineering
University of Innsbruck

Prof. Thomas Staubli
Mechanical engineering
Hochschule Luzern

Prof. Juan Ignacio Pérez-Diaz
Power systems and -scheduling
Technical University of Madrid

Sr. Researcher Dr. Niels Jepsen

Line E. Sundt-Hansen

WP 1 WP 2 WP 3 WP 4
HYDROPOWER TURBINE AND MARKET AND ENVIRONMENTAL
STRUCTURES GENERATOR SERVICES DESIGN
Prof. Leif Lia Prof. Arne Nysveen Dr. Birger Mo Dr. Torbjgrn Forseth

Aquatic ecology
Technical University of Denmark

CENTRE COMMUNICATIONS  FINANCE
COORDINATOR OFFICER OFFICER
Ida Antonsen Juliet Landrg Birk Fiveltun

MORE THAN 100 SCIENTISTS, PHD, POST DOC AND TECHNICAL PERSONNEL

MORE THAN 100 INDUSTRIAL MEMBERS
PARTICIPATING IN TECHNICAL COMMITTEES & PROJECTS
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Projects in HydroCen

1.1 Hydropower tunnels, penstocks and surge chambers

Bjorn Nilsen

WP1 1.2 Dam Construction and dam safety Fjola Sigtryggsdottir
Hydropower Structures - - -
Leif Lia 1.3 Sediment handling Nils Ruther

1.4 Fish-friendly hydropower intakes Leif Lia

2.1 Variable speed operation Arne Nysveen

2.2 Fatigue loads on turbines Torbjgrn Nielsen
WP2

Turbine and Generator
Arne Nysveen

2.3 Pump turbines in existing Power plants

Pal-Tore Storli

2.4 Turbine and generator lifetime

Maren Istad

2.5 Flexible Hydropower Unit

Kjetil Uhlen

2.6 New design of guide vanes

Pal-Tore Storli

3.1 Future market structures and prices Birger Mo

3.2 Remaining useful life, failure probability Arnt Ove Eggen
\ICIIaP?ket and Services 3.3 Optimal hydro design in the future power system Birger Mo

3.4 Environmental constraints and uncertainties — impact on revenues Arild Helseth

3.5 Water resources assessment Lennart Schonfelder
WP4 4.1 Market opportunities for profitable environmental design operation Audun Ruud
Environmental Design 4.2 Ecological connectivity for fish in regulated rivers Torbjgrn Forseth
Torbjgrn Forseth 4.3 Environmental design for multiple interest under future flexible hydro power Atle Harby

Nye prosjekter

AlternaFuture

Kaspar Vereide

ValuFlex

Michael Belsnes

Digitalization

Hans Ivar Skjelbred

<




Timeline for 20 HydroCen Projects

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026

WP 1.1 Tunnels, penstocks, surge chambers
WP 1.2 Dam construction and dam safety

WP 1.3 Sediment handling

WP 1.4 Fish friendly hydropower intakes

WP 2.1 Variable Speed Operation

WP 2.2 Fatigue loads on turbines

WP 2.3 Pump turbines in existing power plants
WP 2.4 Turbine and Generator Lifetime

WP 2.6 New Design of Guide Vanes

WP 2.5 Flexible hydropower unit

WP 3.1 Future markets and prices

WP 3.2 Remaining useful life, failure probability
WP 3.5 Water resources assessment tool

WP 3.3 Optimal hydro design in future power systems

WP 3.4 Environmental constraints and uncertainties —impact on revenues

WP 4.3 Environmental design

WP 4.2 Two-way Fish Migration

WP 4.1 Implementing and founding environmental design solutions (EDS)
Interdisciplinary project_ AlternaFuture ]

Interdisciplinary project_ Francis Turbine for Sediment Laden Waters (FranSed)

@ HydroCen



Timeline for 39 Associated Projects

Large-scale balancing and energy storage from Norwegian hydro power (HydroBalance)

A robust flood estimation framework for Norway (FlomQ)

Francis-99

Miljgdesign Mandalselva

Plastring pa nedstrgms skraning av fyllingsdammer (PlaF)

Reversible pumpeturbiner

Levetidsberegning for Francis

Optimal utilization of hydropower asset lifetime by monitoring of technical condition and risk (MonitorX)
Day-Ahead Bidding with Multiple Short-Term Markets (MultiSharm)

Safe and efficient two-way migration for salmonids and European eel past hydropower structures (SafePASS)
Sustainable design and operation of hydro power plants exposed to high sediment yield (SediPASS)
overtopping av fyllingsdam fra skredgenererte bglger i magasin (Skred i magasin)

Stable Dams

Sustainable governance of river basins with Hydropower production (SusWater)

Fish friendly Innovative Technologies for hydropower (FIThydro)

High Head Francis Turbines (HiFrancis)

Development of Recommended Practice and Toolkit for accurate load prediction on high head Francis turbines (HiFrancis...

Hydrogenerator Stator Winding Insulation Assessment (HydroStator)

Linking physical wall roughness of unlined tunnels to hydraulic resistance (TunnelRoughness)

Fleksibel Sandfang (FlexS)

IBM

Pricing Balancing Services in the Future Nordic Power Market (PRIBAS)

Partnership on Sustainable Hydropower in Canada and Norway (HYCANOR)

Increasing the value of Hydropower through increased Flexibility (HydroFlex)

Augmenting grid stability through Low-head Pumped Hydro Energy Utilization & Storage

A new technological solution for preventing environmental effects of air supersaturation downstream hydropower plants
Intelligent dispatching and optimal operation of cascade hydropower plants based on spatiotemporal big data
samlet innvirkning pa kraftsystem

Rock anchoring for stabilization of infrastructures with focuses on the arching effect and rock-grout bond
Storage and Risk Value Analysis

Elvemuslingens miljgkrav

EnergizeNepal

Hydromorphological processes (HyMo)

JP hydropower/ EERA

Evaluating sediment Delivery Impacts on Reservoirs in changing climaTe and society aCROSS scales and sectors (DIRT-X)
HydroCen Labs

HYPOS - Hydropower Suite

Lift and transport of sediments in oscillating flows in hydropower water conduits (LiTRo)
Miljgdesignhandbok for grret i magasin

2012

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

T

2024
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HydroCen Labs
National research infrastructure

* The project is divided in 3 phases (budget; NOK 197 millions)

* Phase 1 (budget; NOK 55 millions)
* Waterpower Laboratory
e Hydraulic Laboratory
* Geology Laboratory
* SmartGrid Laboratory
* Generator Laboratory

 Material test Laboratory




HydroCen Labs

Waterpower Laboratory

* Upgrading and maintenance of existing pipe system and turbine test rigs
e Virtual connection between the Waterpower Laboratory and the SmartGrid Lab

Material test Laboratory
* New test rig for fatigue in materials

Generator Laboratory
* Generator multi-stress test rig

Geology Laboratory

e Test rig for investigating tunnel containment and stability

Hydraulic Laboratory
* Miniflume
* Multipurpose flume
* Infrastructure for model construction and new instrumentation
* Field laboratory (Sagelva)

;)J HydroCen g'n




Master students 2014-2019

Electrical engineering
Mechanical engineering
Civil engineering

Geology engineering

29
27
26
25
18
17 17
16 16
14
13 13
12
11
9
8 8
7
I I | |
2

Spring 2018 Spring 2019

5
>
80
£
o
]
O

Spring 2014 Spring 2015 Spring 2016 Spring 2017
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PhD & Post docs in HydroCen

2016

Igor lliev

Erlend Engevik
Mostafa Valavi
Helene Dagsvik
Kristian Sagmo

Ola Haugen Havrevoll
Bibek Neupane

Lena Selen

Andreas Kleiven
Ganesh Ravindra
Henki @degaard
Celine Faudot

Livia Pitorac

Hakon Sundt
Raghbendra Tiwari
Tor Inge Reigstad
Shohreh Monshizadeh
Bjgrn Solemslie
Halvor Kjeeras
Nirmal Acharya
Hossein Ehya
Diwash Lal Maskey
Geir Helge Kiplesund
Phd nr 3 ELK
Post.doc.2 Elkraft
Phd nr 6 ELK

2.1.4 Post.doc.1 EPT

2017 2018 2019 2020 2021

e e e

T ——

2022

2023

2024

. phD

PhD RSO

‘;)J HydroCen g'n



Scientific publications

178 publications 2017-2019 3

Level | Type # Points
0 Publications, 35 0
reports
. 20
0 Presentations, 73 0 . 19 .
lectures, etc. 15 16
Scientific 11
! Publication 62 62 8 I II
5 5
Scientific 3 3
, | Sctentifi B a
Publication 8 23 L] ]

2016 2017 2018 2019

Level 0_Others ™ Level 0_ Publications ®Levell m Level2
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Norges smarteste oppussingsprosjekt

Det er gijennomf@rt en hypotesestudie som
underbygger at vi gjennom bedre utnyttelse
av det eksisterende norske
vannkraftsystemet kan sannsynliggjore gkt
forn}ibar energiproduksjon tilsvarende
vindkraftpotensialet i Norge. Gjennom et
debattinnlegg i Aftenposten presenterte
Leif saken. Dette ble raskt et faktabasert
innspill til den pagaende debatten om
utbygging av vindkraft, og fgrte til en rekke
oppfplgende medierunder for Lia. HydroCen
er stolte av at vare forskere fremmer klare
buddskap basert pa den kunnskapen vi sitter
med.

Les innlegget her: https://bit.ly/2Yngz6a

KTV

Leif Lia

professor, NTNU/HydroCen W%
- ¥

NRK TV innslag:
https://tv.nrk.no/serie/kveldsnytt/201906

/NNFA23062519/avspiller

W‘ HydroCen g'h


https://bit.ly/2Ynqz6a
https://tv.nrk.no/serie/kveldsnytt/201906/NNFA23062519/avspiller

DACTR 13 &Y ivorocny
WUR ‘ - VI {UNES, yors ®» COMMENTS

This year HydroCen had been featured in several
media outlets, ranging from national tv, newspa-
pers to local websites, and technical magazines. Gtunﬂl
In total HydroCen research has been mentioned
in 67 articles or broadcasts in the media.

ROCEN o, KOMMENTAR 0 REDIGERI?
JER 12,2018

utekammer ble forst utviklet i Norge og anses interna:

inlitef. Her kammer tre forsiag som kan ciare det. frist

1

I

|

Newsletter:
Public newsletter, 4 publications, 204

subscribers and an opening ratio of 30-50%

Blog:

50 blog pieces with information and
news from Hydrocen in 2018, more
than 5000 visitors and 11 000 views.

Vannposten:
Weekly newsletter for researchers. 30
publications and 150 recipients.

Website:

Information and contact details for all
projects and researchers in HydroCen.
Publications and innovations are also

accessible from www.hydrocen.com

Twitter:
147 tweets, 10 000 views per
month and 387 followers.

Facebook:
348 followers and an average
post reach of about 3000

LinkedIn:
171 and increased activity



Innovation in HydroCen

* Taken care of by the role of research e e puoh EEF
* Focus on identifying results with innovation
potential
e Usefull

e Prioritize results that can contribute to value
creation and / or societal benefit

* The projects has to be anchored in UN’s
sustainability goals

e Utilized

e Ensure early anchoring in the HydroCen’s
partners

* Ensure access to funds throughout the S
innovation process
P EIERES s B

Ve vy
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HydroCen’s innovations

Product /
service

Process /
method

Output

Knowledge

VarSpeed Turbin og generator
OMG Vane ledeskovler

Kontroll og styring til fleksibel generatordrift

Predikere tilstand og restlevetid generator og turbin
Forenklet maling bergspenning for redusert risiko

Enklere miljgkartlegging med satellitt/drone/laser

Predikere utmatting turbin med numerisk modell

Tunnel Rougness - Hvordan ruhet i tunnel pavirker falltap

Technology Readiness Level, (TRL)
5 6 7-9

SHOP/ProdRisk (ma finne case)

HiFrancis toolkit for ANSYS

HiFrancis KPN

Design Iuftputekammer Miljgdesignhandboka for laks

Plastring av fyllingsdammer Forbedre hydrologimodeller

HydroPEAK: Risikovurdering variabel vannfgring for miljg

Smartere sandfang Miljg-DNA for gkt kunnskapsniva

Miljgdesignhdndboka innlandsfisk

til pumpekraft

Fiskeleding nedvandring

HydroBalance - Multimarked modellering

IB Salmon: simulere
laksebestand under
ulike miljgforhold

HydroCen



Innovation

Description

OMG Vane

Serated edge on foils to remove/reduce problems induced by vortex shedding

Rotor Fault Detection in
Hydro generators

The idea is to detect turn-to-turn rotor faults in hydro generators in early stages and
provide warnings. The fault is detected using harmonic analysis of terminal signals (i.e.
stator voltage and/or stator current).

LeakReg

An innovation that reduces leakage water from Francis turbines and provides the
opportunity to control the axial forces on the rotor in the unit with Francisturbin.

Floating fish guidance bar-
rack

Design based on hydrodynamic behavioral barrier to avoid fish and migrating smolt to
enter hydropower intakes.

Booster pump

A booster pump for retrofitting of pump capacity in existing power plants

Downhole rock stress
estimation

Use of straddle packers equipped with AE (Acoustic Emission) sensors as a fast and
inexpensive method for carrying out rock stress measurements in connection with
placement of cone

Image based monitoring for
erosion in hydro power
turbines

Use of camera in combination with position sensor and image recognition algorithm for
error detection

Fish Friendly Tunnels

Hydropower plant reduce the quality of natural fish habitatsa s they remove most of
the water from the natural river. To compensate,it is possible to adapt the tunnels in
the hydropower plant to become new habitats instead.

Hydraulic design of Francis
turbines for variable speed
operation

An optimization algorithm for design of Francis turbine runners specifically constructed
to improve the variable speed operation (VSO) performance.
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EERA

iropean Energy Research Alliance

Hydrupnwer

The EERA Joint
Programme on

Hydropower

Advancing research on and
implementation of innovative hydropower

solutions for a climate-neutral Europe

I




Joint Programme Hydropower in EERA

4i RU
BIOENERGY CARBON CAPTURE CONCENTRATED
AND STORAGE SOLAR POWER (CSP)
ECONOMIC ENERGY EFFICIENCY ENERGY STORAGE ENERGY SYSTEMS
ENVIRONMENTAL IN INDUSTRIAL INTEGRATION
AND SOCIAL IMPACTS PROCESSES
(JPE3S)
FUEL CELLS AND GEOTHERMAL - NUCLEAR MATERIALS
—— HYDRO
SMART CITIES SMART GRIDS LNE
£3
T Q?

>29 Partners
>14 Countries

OCEAN ENERGY PHOTOVOLTAIC
SOLAR ENERGY

WIND ENERGY SHALE GAS
(DISCONTINUED)

EERA’s mission is to catalyse European energy research for a climate-neutral society by 2050



@ About JP Hydropower
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<° Hydropower’s role in the energy system

Sustainable, reliable and secure energy supply
Enabler for other renewables
 Safety of supply

System resilience

* Energy Storage

High flexibility

Stability

Water management
 Climate adaptation

Tjgrhom Power Plant, Norway
Source: Sira-Kvina Kraftselskap



|lEA Hydropower

Vision: “"Through the facilitation of worldwide recognition
of hydropower as a well-established and socially desirable
energy technology, advance the development of new
hydropower and the modernization of existing
hydropower”

Mission: "To encourage through awareness, knowledge,
and support the sustainable use of water resources for the
developoment and management of hydropower."

HydroCen is asked to host the secretariat for IEA Hydro
from March 2021

Australia

Brazil

China

European Union
Finland

Japan

Norway
Switzerland
United States

HydroCen E“

I35 » TEREE
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4th — 6th February 2020, Trondheim




Cooperation between US DoE, US National Labs

and HydroCen

Hyvdropower Optimization

* |[EA Annex IX

e Valuing Hydropower
Flexibility in Evolving
Electricity Markets

* Flood control and drought
management

* Price formation in future
energy market

* Comparison and co-
development of power
system models

Technological Challenges

Digitalization roadmap

Hydrofleet dispatch
variability

Realtime monitoring
control on generators

System Fatigue/Wear
Modeling

Environmental Conditions

eDNA

Fish Passage and fish
monitoring technology

Fish tags

FIThydro wiki and Decision
Support Tools

Hydropower flexibility
impacts on ecosystems
(Hydropeaking impacts)

% U.S. DEPARTMENT OF

W‘ HydroCen g'h



Suksesshistorie WP1

Doktorgradsarbeid i WP1 har avdekket at den nederste delen
av fyllingsdammer (bilde) kan fa seg en knekk nar tyngden fra
steinfyllinga blir for stor, for eksempel hvis den flommer over.

Na bygger vi en modell i laboratoriet, og dataene fra
doktorgradsarbeidet skal brukes til a utvikle bedre design loé
damkroner (toppen av demningen). Forskning som rocker!

Bade kraftverk og tunneler i Norge er dimensjonert og bygget
for andre tider, med stabil produksjon og stabilt forbruk. Na
setter nye kjgremgnster og en ny energimiks helt andre krav
til tunneler og kraftverk.

| HydroCen undersgker vi na bade hvor mye eksisterende
tunneler og kraftverk taler, samtidig som vi utvikler nye
l@sninger for utforming. Spesielt ser vi pa ombygging av
eksisterende kraftverk til pumpekraftverk.

HydroCen g'n



Suksesshistorie WP2

Vihar designet og utviklet en ny
type turbin som kan «skifte gir».

Tradisjonelle turbiner er laget
for a produsere strgm jevnt og
trutt, men denne kan kjgre i
ulike hastigheter og starte og
stoppe mye raskere enn i dag.

En sann type strgmproduksjon
fra vannkraft betyr at vi kan
legge til rette for mer stregm fra
vind og sol i kraftsystemet.

Samtidig er det utviklet verktgy
for design av generatoren som
kobles til en slik turbin.

Vi har utviklet metoder som
finner feil inni generatorer.

e Siden 90-tallet har vannkrafta

drevet med sakalt effektkj@ring
(at man starter og stopper
stremproduksjon avhengig av
etterspgrselen i markedet). Det
forer til mer slitasje pa
komponenter inni generatoren
som er vanskelig a8 oppdage og
forer til store kostnader hvis
man ma ta ut generatoren for
reparasjon.

Na har vi utviklet en
testmetode som kan finne flere
typer feil pa et tidlig stadium
ved bruk av billige og smarte
sensorer.

HydroCen E'n



Suksesshistorie WP3

Vi utvikler datamodeller som kan forutsi
markedet og prisene i framtidas
energisystem.

* EU har et mal om mer gr@gnn energi og vi
har blant annet utviklet to scenarioer for
det Europeiske kraftsystemet i 2030 og
sett pa variasjon i strgmpriser i Nord-
Europa 2030.

e Viser at det blir mer variasjon i
stromprisene i et lav-utslippssystem enn i
dag der mye strgm er produsert med
kullkraft. Nar det blir gkt variasjon i
stremprisene, vil ogsa verdien av fleksibel
vannkraft stige, saerlig hos produsenter i
Segr-Norge.

HydroCen g'n



Suksesshistorie WP4

* Beaerekraft og miljg ma veere baerebjelken i
grgnn energiproduksjon, og vannkraft
pavirker bade elver, fisk, naerin%, friluftsliv og
arter pa land. Vi har utviklet miljgdesign; en
metode som bade bedrer vannmiljg og
samtidig tar hensyn til kraftproduksjon.

* Miljg-DNA er en ny hgyteknologisk genetisk
metode, der forskerne kan ta vannprgver og
finne DNA fra alle artene som lever der! Det
er et unikt nytt verktgy som utvikles videre i
HydroCen.

e | HydroCen har vi brukt avanserte malinger og
datamodeller for a utvikle ledegjerder som
skal fore laksesmolt forbi kraftverksinntaket
og unnga at de gar gjennom turbinen og blir
sushil Disse testes na i stor skala i
Mandalselva, og hvis det er en suksess vil de
kunne brukes i kraftverk i hele verden for a
unnga store tap av fisk i elver med kraftverk!

HydroCen E'n



AlternaFuture - ekstrem ombygging av vannkraft

Prosjektet utvikler ny tverrfaglig
metodikk, «Kortstokkmetoden», og
benytter Mandalsvassdraget som case.
Forestill deg at vi skulle bygd opp hele
vannkraftsystemet pa nytt, eller at vi ikke
hadde noen begrensninger pa hva vi
kunne gjort. Vil vi da kunne lagd et
system som bade var bedre for naturen
og som produserte mer kraft? Det er
ogsa et mal i seg selv a styrke det
tverrfaglige samarbeidet innen
vannkraftforskningen, og gke den
helhetlige tilneermingen rundt vannkraft
i dette prosjektet.

HydroCen E'n



AlternaFuture — project in the Mandal river

* Characteristics T —
* 140 km long river £ 7 $ 49 | AN A s
* Maximum elevation 1160 m, outlet to the sea “*"1&”7”»2 - : \”\), i
* 6 existing hydropower plants I e L N r 2
* Total installed capacity = 384 MW y Aa v ’ O i\ W Wy N

;, "/ 7 AUST-AGDER

Annual production=1,7 TWh

F. s, ) -’ Y
P 0% Y [ VESTAGDER

* Design criteria
 Minimum triple the installed capacity, including
pumped storage
* A positive impact on the environmental condition of L Sy
the river basin T T
* Existing environment protection shall be respected o’ A

* Water use and the interests of the local municipalities , Fo
. - Mand NP 5 '_‘;""
shall be considered e Swmerdr o
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AlternaFuture — Some Findings

e Extreme upgrading

* Environmentally friendly extreme upgrading is found to
be possible for all three scenarios

* Not profitable in the current market

 New and interesting hydropower projects can still be
found in existing schemes

* The concept of flood power plants is found especially
interesting in Mandal

* Flood Power Plants
 Combined flood bypass tunnel and hydropower plant

* Fish friendly pumping intakes
* |dentifies as a challenge without a current solution
e But solutions were discussed at user meeting seminar
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How can we introduce more cooperation
between Sweden and Norway ?
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