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Intro

SINTEF

Decarbonising the EU’s energy system is crucial to reach our
2030 climate objectives and for Europe to become carbon
neutral by 2050

EUROPEAN




' NORWAY

HydroConnect

Impacts of connecting Norwegian hydropower
to continental Europe and the UK

1. How can Norwegian hydropower contribute to the

decarbonisation of the European power system?

2. What are the consequences on the Norwegian
power system of delivering balancing services to

Europe?
Project Leader: SINTEF Energi
3. What are the implications of participating in Partners: NTNU, Fraunhofer IEE (Tyskland), University of Trento (ltalia), Agder
several markets on operations and income of Energi, BKK, EnergiNorge, Hydro Energi, Lyse Produksjon og Sira-Kvina

hydropower plants? kraftselskap

Project period: 2021-2024
What will be the impacts of future hydropower

_ _ - _ Type: Knowledge-building Project for Industry
operations on environmental conditions in

reservoirs?




Why is it important to study these effects?

SINTEF

o
N @
A variation in the thermal cycle of the A stable ice cover ensures a safe lake crossing for
lake can alter its physicochemical animals and humans.

processes, and biological activity both
at the lake and downstream.
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Sira-Kvina system
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Sira-Kvina system
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Focus of todays presentation
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Hydromorphological impacts on the
littoral zone

water level

fluctuations
Dewatering
indices

Effects on water temperature

Stratification

Ice cover




WL [masl]

Water level variation

Medium-term
optimization

scheduling model

2030 prices

Roskreppfjorden - Water level - 1981-2009

@yarvatn - Water level - 1981-2009

1985

1990 1995

2000

2005
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Hymo classification

No

Parameter Near-natural Slightly modified
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Change in
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Upstream
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sediment
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Water level
changes
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Total volume
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of emptying
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Water level
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water level
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along the
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elver og innsjger

Forfattere:
Atle Harby, Tor Haakon Bakken (redaktgrer), Bendik Torp.
Hansen, Markus Lindholm, Jon Museth, Hkon Sundt

M Rapportnummer:

2023:00315 - Apen

Oppdragsgiver:
Miljgdirektoratet

Riparian zone
changes
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Moderately Extensively
madified modified
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upstream upstream
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distance to natural
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distance to natural

upstream barrier upstream barrier
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natural volume natural volume
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starting date starting date
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by starting date by starting date
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[measured as % of (measured as % of
shoreline) shoreline)
10-40 % spawning 30-90% spawning
substrate lost substrate lost

HYMO classification

Severely
modified

Easy classifications for
lakes and reservoirs

17 hydromorphological
parameters

Daily detailed-level

Anna Pinneli, 2023



Hymo classification
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Dewatered littoral zone (Hymo)
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Dewatering indices (new)

Roskreppfjorden traditional - historicaé Roskreppfjorden pumping - historical
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Dewatering indices (new)

@yarvatn traditional - historical
ﬁyarvatn pumpmg - historical
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Dewatering indices

@yarvatn traditional - historical
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Hydropower Optimization model- way forward  4saic(wnim)

Environmental constraints

State-dependentlevel constraint on maximum discharge

dnk =0 if vpEs VT

Uk = V™ fort € [tyt)]

Minimum Environmental Flow

bpr = Qp'™"

Ramping constraints

+A” < vh,k — vh,k—lg A+

*Schaffer, Linn Emelie, Arild Helseth, and Magnus Korpas. "A stochastic dynamic programming model for hydropower scheduling with state-dependent maximum
discharge constraints." Renewable Energy (2022)



Ramping constraints- way forward...

SINTEF @yarvatn - Water level - 1981-2009
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Focus of todays presentation
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@ Effects on water temperature
Stratification

6 Ice cover




The model: CE-QUAL-W?2 .
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Results
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Results ROSSKREPPFIORDEN - 2000
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Results
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Ice thickness [m]

Model calibration — ice cover
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Ice thickness [m]

Ice thickness [m]
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Ice cover- wayv forward...
y
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Conclusions |
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The smaller the reservoir, the bigger the impacts along the
littoral zone

High differences in WL variation for traditional and
pumping mode, especially in @yarvatn

The dewatered zone impacted is lower with pumping than
with traditional, especially in @yarvatn

Ramping constraints on WL variations can help in

reducing impacts on the regulation zone, needs more

l investigation

Anna Pinneli, 2023




Conclusions Il
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The area closest to the inlet/outlet is the most altered

In Rosskreppjorden there is a weaker and more
discontinuous stratification

In @yarvatn there are more frequent water level
fluctuations

In @yarvatn the ice period is shorter with lower ice
thickness close to the outlet due to hydropower
operations

=
<
O

Gaia Donini,2022
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