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The 17 goals defined by UN
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.. together with education and innovation
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The European Green Deal: a roadmap for actions

Key topics for
power sector

Topicsto |

L L L L L S

Mobilising research |
d fostering innovatiolll

L}

n
- ——

f-------- Transforming the
I__ _monitor ,I Increasing the EU’s Climate EU's . fora A zero pollution ambition
. ambition for 2030 and 2050 sustainable future for a toxic-free environment
\

Preserving and restoring

ecosystems and biodiversity

Supplying clean, affordable
and secure energy

Mobilising industry From ‘Farm to Fork': a fair,
for a clean and circular economy healthy and environmentally
friendly food system

Building and renovatingin an

. Accelerating the shift to
energy and resource efficient way sustainable and smart mobility

Financing the transition Leave no one behind

(Just Transition)

TheEU asa A European
global leader Climate Pact
Source: European Commission; Communication "The European
VATTENFALL Green Deal”— 11.12.2019; COM(2019) 640 final



Electricity generation, World 1990-2017
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*) Biofuels and waste **) Geothermal, solar PV, solar thermal and tide

IEA. All rights reserved.
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Electricity generation, World 1990-2017
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Need for transition

Thermal based ‘ renewable energy system

Production and consumption in the Nordic grid

_ , A +13,5 GW in 6 hours
Production type @3 Wind Consumption of selected areas = Residual load of selected areas
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Electricity generation from Wind in Sweden
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Requirements for transition

Avalilable power/capacity/flexibility:
« Stabilization of the grid frequency and voltage
* Energy storage
« Sustainable, reliable and secure energy supply

VATTENFALL



Nordic power system

Installed capacity in MW

(2017)
| . Nordic

Nuclear 11 400
Hydro 51 100
Wind 15 200
Heat 25 800
Solar 900

Electricity generation in TWh

(2017)
| Nordic

Nuclear 84
Hydro 221
Wind 39
Heat 53
Solar 1

VATTENFALL

Potential additional hydropower

generation in TWh
- | Nouic

Norway 30
Sweden (and Finland) 15

Storage capacity in Nordic

reservoirs in TWh (2019)
| Noudic

Norway 86
Sweden and Finland 34



Swedish hydropower characteristics

Majority of large-scale hydropower
developed in the 1950-1970s.

Situated in long-stretching rivers in
primarily Northern Sweden.

Annual average generation 65 TWh,
40-45 % of Sweden’s demand.

The major flexible generation resource in
the Nordic synchronous system on all time
scales.

No new builds to expect — major remaining
rivers are protected by environmental
laws.

Differences to Continental hydropower

Large reservoirs in the mountains, run-of-river closer to the coast.
Long cascades of plants to reach the coast, typically 10-35 plants.
Lower heads than Norwegian and Alpine plants.

Property rights along rivers yield perpetual generation permits with
conditions. Dictates water management.

Snow in the winter yields runoff mainly in the spring flood, stored in
reservoirs.

Deregulated market for electrical energy (Nordpool), no subsidies for
hydro.

Storage in Swedish reservoirs: 34 TWh (120 TWh in SE, NO, and FI).

Very few pumped-storage powerplants, no significant volumes.

Potential ~15 TWh additional generation.
Oversupply (energy) in the Nordic market.

Less hydropeaking in Sweden — naturally damped in the river
stretches.

Less/no dissolved oxygen issues.

Fewer concrete dams — more earth-filled dams.

Few rivers used for navigation and irrigation.

Less sedimentation issues.

VATTENFALL

down soyth

About 2000
hydropower plants
95 % of the
generation in

150 plants.

Up to 500 m3/s.
Typically 4-5000
full-load hours.
Several
starts/stops per
day for the most
flexible units.




Norweigan hydropower characteristics

More than 1600 power plants
’ . * Installed capacity of ~32 300 MW
« Mean annual generation of ~135 TWh
* More than 800 water reservoirs
* Close to 3500 dam constructions
* More than 5000 km of water tunnels

Size Number Total Annual
Power generation
[MW] [-] [MW] [GWh/ar]
Mini hydro 0-1 571 184 790
Small hydro 1-10 715 2.518 9.910
Large hydro 10 -100 257 9.545 42.250
Large hydro > 100 83 20.010 82120

VATTENFALL




~50% of European renewable
electricity comes from hydropower

Nordics and Alps have huge
potential for increased flexibility in
its hydropower systems

Nordics have majority of storage,
and large potential for expansion of
power

Alps have majority of installed
capacity/power

Hydropower has a unique
position as system
enabler for Europe



Flexibility

1750 MW
* Hydropo
Nordic sy
1500 MW
e Large
*  Suppl
: Balan 1250 MW
winter,
+ Balan
export
1000 MW : H
+ Cascade : - T
combine 204 :
hydro fle
duration.| 750 mw €3294
*  Flexib - 1
*  Flexib
transn  so0 Mw 1 €3294
+ TH '
+ Changin
250 MW
challengg -
€34.68
0 MW .
22. Mars 23. Mars 26, Mars J0.mars [B0WEEN price areas and
: ntinental Europe.
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Research and development — Nordic perspective

New Markets

Dam Safety and Infrastructures

 Critical flows, spillways, ice loads, green concrete

« Condition monitoring, identification/localization/
repair of damages, life time expansion

» Climate impact, runoff forecasts, snow mapping

More wind, less nuclear

Demand response

Changing prerequisites in the market
and the financial and technical
consequences for Nordic hydropower
Battery in combination with hydro

Units and Turbines

Environment
* Rotor dynamics, vibrations, transients,
* Understanding measures in main streams and tributaries, modelling, life time expansion
fish migration tests, modelling « ODC, wear & tear
+ Balance between environmental measures and important «  New technology preferably proven during
ﬂeX|b|e fOSSI|-fI’ee prOdUCtiOI‘l several years of operation

* Implementation of new environmental law coordinated with
WFD, Habitat directive, Eel regulation and transition to
fossil free power production

* Social acceptance and license to operate VATTENFALL &
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Nordic perspective - collaboration

Dam safety
models

HydroCen

The Porjus R&D units
- 2x10 MW

VATTENFALL

Fish test
facility
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VATTENFALL



Production and consumption in the Mordic grid
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* New, intermittent electricity production
» Balancing, storage, regulation
* Changed and new markets
» Power/capacity, frequency and energy
* Industrial vs. end user (large-small)
* International development
* Blockchain, microgrids (emerging tech)
* Changes in consumption and demand

KNOWN CHA_"—'—ENGES « Electrification of transport, smart-grids
Nordics » Clean energy-intensive industries
. Lifetime >50 years * Local production and distribution (prosumers)
* Investment cycles 20-100 years » Climate change and environmental issues
* Ageing work force « Multipurpose, water management, security

* Low energy prices

* Production overflow
 Water Framework Directive
« Dam safety restrictions

* New competence needs
* Digitalization, big data, automation




Environmental adaptation —
company funded

+ Sweden now starts to implement new environmental legislation
reviewing permits for all hydropower coordinated with the EU
Water Framework Directive, the Habitat Directive and the Eel
regulation.

* A 20-year effort to modernize environmental conditions in
permits and corresponding mitigation measures in powerplants
and dams.

* To be funded and executed by the industry through the
Vattenkraftens Miljofond AB.

* Aresult from the Energy Agreement in the Swedish parliament.

» Research and development needed to support and understand
the measures.
* Fish ways
» Environmental flows by changed production patterns and bypass
flows.

* To improve environmental conditions while maintaining enough
flexible capacity in the system including managing increased wind
and solar power.

Fish ladder at the Stornorrfors powerplant in the Ume river.
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Hydropower system in Norway

Sira-Kvina
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Kuira-vassdrags.

Vannveisystemet med HRV og LRV




Hydropower system in Norway

1200
1noo
— 1000 \
é =~ longavetn
g s Derlevatn /HRV = z; /
@ Gauksteléna Eivindséna L?XJRSDQAOL /
o ™ N \ { \ ) ‘ pumpekroftstasion 4
S { 4 4 x 160 MW /
0N 60 [ Y
: NP
8 500 Louvostelvatn z ; —
g - i
S
N 300
o Kvildolséna
I
100 Luftputekammer
0
KVILLDAL
keaftstasion
4 x 310 MW

Source: Statkraft

Ulla-Farre

. BLASJO
: V. Koldovatnet Keinglevosn 3105 mill m
Pidkevatn 5 HRV = 1055
T Skorpevadhel LRV = 930
Brottelidna
‘ 4 - ’ B Blafiellvatn sp', vatn
Stovedalsvatnet Fosséna Hoyverstiorn
Ulladolséna < P \Forredna P, - - Brokadalen
g7 Grunnavotn Holavatn B Bjerndalsvatn P -
Sandsovatnet \ - - B =
ZELST=S0) / s = g Vassbottvatn
HJORTELAND
STOLSDAL
pumpe 3 x 2,2 MW mpe 2 x 3,0 MW
mksloiion 17 MW
Suldolsvatnet
44 mill m?
__HRV=685

Suldalslagen

~——

Sand

HYLEN
kraftstasjon
2 x 80 MW

VATTENFALL



Hydro Power Plant

Tjgrhom Power Plant, Norway:
«  Power: 2 x 60 MW

¢ Head: 158 m.

*  Flow rate: 2 x42 m3/s

¢ Francis turbines

Source: Sira-Kvina Kraftselskap
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Pump-turbine power plant

Duge Power Plant, Norway:
*  Power: 2 x100 MW
*  Head: 215 m.

* Flow rate in turbine mode: 2 x5
* Flow rate in pump mode: 2 x 42 m3/s

Source. Sira-Kvina Kraftselskap VATTENFALL &



