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Hymo supporting the Norwegian fish index



Restore connectivity……ca 460 000 culverts in  
Norway…. 

• How many are significant 
barriers  (temporal/absolute)?

• What is the upstream 
restoration potential (and for 
which fish species)?

• Restore fish migration + climate 
adaptation

• Type of restoration measure 
normally without  impact on 
the transport (= never? a 
reason for HMWBs…although 
costly measure)

Culvert that allows fish/fauna passage.
Photo: Morten André Bergan.

Source: amber.international



From «GEP core group»(2013) → ATG HYMO (2016 – 
2018) → CIS guidance no 37 (steps for GEP)



Ambitious international examples 





Site specific impacts 
– effects and 
mitigation needs to 
restore ecological 
functionalities 
(=GEP)

Fesability study of relevant restoration or mitigation measure
→Dam removal = «complete restoration»
→Restoring ecological functionality (> 90 % passability of relevant fish by BAT fish-pass 

solutions) 



Emerging good mitigation measures

• European measure library hierarchy 
relevant to mitigate water storage due 
to HP, water supply impacts

• Eflows and best approximation to 
ecological continuum

• Emerging good practice evolve 

over time 



Site dependent mitigation need 
based on characteristics
• Type of intakes/storage (storage vs Run-of-River HP)

• Upstream impacts (littoral zone in lake reservoirs)
• Potential for hydropeaking
• Sediment continuity
• Thermal stress

• Diversion HP or Turbine in the dam
• By-pass Eflows
• By-pass valve
• Fish continuity

• HP outlet (tailrace into long rivers, lake reservoirs or 
the sea)

• Stranding/flushing?
• Supersaturation

• Impacted habitats and ecological communities
• Natural vs artificial barriers
• HP dam/outlet on anadrome reach 



Kraftverksutløp i Norge

Totalt antall kartlagt
All str. >10 MW 1.1-10 MW <1 MW

Kraftverksutløp til N % K % KS % M %
Elv (> 0,5 km) 785 51 % 157 47 % 339 50 % 289 56 %
«liten  innsjø» 17 1 % 6 2 % 9 1 % 2 0 %
Innsjø/magasin 370 24 % 113 34 % 159 23 % 98 19 %
Fjord/sjø 359 23 % 56 17 % 174 26 % 129 25 %

Total 1531 332 681 518
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Small scale vs large scale HP development in Norway

• VP 1-4 = 
Permanent 
Protected Water 
Courses

• El-serticate: 
«Green feed-in 
tarif to boost 
more renewable 
in Norway & 
Sweden

• HP < 1 MW only 
have CLF (and no 
other license 
requirements)

Source: Halleraker et al (in review) Development of hydropower impacts, water management and Eflow policies in Norway 



Ecological (functioning) flows vs. Environmental flows
is not the same as the historical lowest minmum flow target (Gflows)

Flow requirements of aquatic ecosystems

• WFD provisions acknowledge the critical role of water 
quantity and dynamics in supporting the quality of 
aquatic ecosystems and the achievement of 
environmental objectives.



Alta – the Norwegian case in CIS Guidance no 35 

• The most controvesial HP projects in Norway

• Good example BUT untypical 



Eflow & minimum flow in rivers 
impacted by hydropower

Types of flow requirements
A - Alminnelig lavvanføring .

B - Kun deler av året (vanligvis sommer)

C - Baseflow (one level)

D - To nivå (typisk Q95 S_W)

E - Multi-level (> to nivå) 

F - Spesial bestemmelser

Source: Halleraker et al (in review) Development of hydropower impacts, 
water management and Eflow policies in Norway 



Revision of HP licenses & Adverse Effects on HP

National assessment of costs/benefits in 2013.

→ Priority exercise

→ Highest priority 1.1 – 1.7 TWh

Estimated production loss so far is less then 30 % of the 
original Q95 estimate (NVE 49:2013).

Climate inflow: Available water for HP production, increased 
by 7% since 1960s. (latest hydrological 30-years series)

A national estimate on “power loss” from all the total 
minimum flow requirement (incl all revision cases by 2023), 
in the range of less than 1.5 % 
→ so, Norway would have produced (in average) ca 1.8 

TWh more if we removed all flow requirements.

Reservoir filling restrictions “ a no go measures” due to Sign 
Adv Effect upon HP use

License revised

Awaiting ministry approval

Case being handled 

Claim filed

Source: NVE, august 2024



Ecosystem adapted & mitigated hydropower 
operations (ecopeaking)



Need to mitigate episodic (short term) and 
long lasting impacts (if significant)

➢Harmful hydropeaking

Acknowledge «new impacts» and 
innovative solutions, e.g.

• Supersaturation 

• Thermopeaking/ extreme 
temperatures

• HP turbine flow shut down

***********************

• Sediment management to avoid 
habitat degradation



Pulg et al. (2024). Assessing the potential of gas supersaturation. SCTOT 948

https://doi.org/https:/doi.org/10.1007/s10750-021-04709-410.1016/j.scitotenv.2024.174645




Status of HP mitigation measures



Monitoring of 
GEP => ecological 
functionality (and 
if needed adapt 
GEP-measures)

• Adaptiv management (or revisiting) 
is in practise a key → in particular 
if you do not have so much 
experience with type of measure

• “GEP is hard to understand for 
“normal people”



Sustainable hydropower – EU taxonomy
General requirements:  do no significant harm to the good status or the good 

ecological potential of water bodies.

Checklist for hydropower: 

➢ Comply with the WFD – aim for GES or GEP.

➢ All technically feasible and ecologically relevant mitigation measures:

✓ Ensure downstream and upstream fish migration.

✓ Ensure minimum ecological flow, incl hydropeaking mitigation.

✓ Protect or enhance habitats.

➢ Monitoring of the ecological efficiency.

European Commission – FAQ:

‘A water body which would remain under the ‘lowered’ objective under Article 

4(5) of WFD without putting in place the necessary measures (ecologically and 

technically relevant) towards good potential, does not fulfil the DNSH criteria’.



To wrap ut
• Many ecological efficient mitigation 

measures without adverse effect on 
HP

• NO needs to scale up/intensify 
implementation of several types of 
MM

• Risk assessment
• Episodic supersaturation
• Harmful hydropeaking
• Safe fish migration

• Monitoring of GEP (ecological 
functionality)
→also helpful to understand the 

concept for «normal people»
→ A requirement to fulfil HMWBs 

principles

• Free-flowing-river 
strategy/methodology

• Restoring and assessing the 
lateral connectivity

• Adverse effect on agriculture

• Road culverts – in numbers a 
massif challenge…. 

• EUs taxonomy easier to 
catch?



Strategic HP related governance

Scotland

- Flow restoration (limited to % of renewable energy production –
moving target)

- PP principle in place

Sweden

• National mitigation strategy includes

• Best available mitigation standards

• Flow restoration threshold (SAE*) of 1.5 TWh (2.3 %)

• National HP fund of to finance mitigation measures – ca 900 
mill € (next 20 yrs)

Norway

- Partly PP principle (for HP with modern license)

- Flow restoration threshold - limited to 1.7 TWh (< 1.2 %)

- Several special HP related management plans established (next 
slide)

The alps
Danube basin (ICPDR)

• Sustainable HP guiding principles (2013)

Austria

- PP principles in place

- Ministry fund of 180 mill Euro (2009 – 2015) to boost HP measure (up to 30% of 
costs)

- Mitigation measures (in forskrift)

- Evident based feasibility studies required

Switzerland

• Green label HP (Ôkostrom) been available since early 2004
• Detailed (legal) mitigation thresholds 
• HP mitigation fee  - electricity bill (2012-2030) to finance 

hypeak, sediment measures - ca 1.07 billion €  



Recommended reading for sustainble and ecosystem based 
hydropower development
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