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Hydrokinetic turbines transform the water’s energy into mech-

anical energy, just like wind turbines transform the wind’s energy. 

That energy is then converted into electricity.

There are three main types of hydrokinetic turbines:

 [ Vertical-axis hydrokinetic turbines

 [ Horizontal-axis hydrokinetic turbines

 [ Oscillating-foil hydrokinetic turbines

 CURRENT STATE OF KNOWLEDGE– 

The main countries developing this form of power are the United 

Kingdom, Ireland, France, Spain, China, Japan, South Korea, 

Canada and the U.S. The United Kingdom leads the way because 

it is able to harness substantial tide and wave energy in its waters. 

The European Marine Energy Centre, in Scotland, is very active in 

hydrokinetic R&D. In the United States, Alaska accounts for over 

50% of the country’s theoretical potential, making it the ideal 

state for demonstration and commercialization projects. Since 

2011, a number of hydraulic turbine manufacturers have played 

an active role in developing hydrokinetic turbines. However, 

some of them (such as Siemens) were active in the field for only 

a short time.

 HYDROKINETIC POTENTIAL–

The United Kingdom is one of the countries with the greatest 

theoretical potential, which is why many demonstration projects 

are carried out there. Although the country has also been home 

to a number of commercial projects since 2016, the industry is 

still in its infancy. Other countries with significant potential for 

hydrokinetic energy, regardless of the type, are the following:

 [ Canada, particularly in Baie d’Ungava (Ungava Bay), in 

Québec, and the Bay of Fundy, in Nova Scotia

 [ the United States, mainly in Alaska

 [ Argentina

 [ Russia, in the Kislaya Guba fjord

 [ France, in the Rance river region

 [ Australia

 [ New Zealand

 [ India

 [ South Korea, at Sihwa Lake

Cover: Model of a horizontal-axis 
hydrokinetic turbine

Opposite: Installation of the RER 
Hydro turbine in the Fleuve 
Saint-Laurent (St. Lawrence River) 
near the Old Port of Montréal.

THE ENERGY OF WATER

WHAT IS HYDROKINETIC 

POWER?

HYDROKINETIC POWER 

IS THE ELECTRICITY 

GENERATED BY 

HARNESSING THE 

KINETIC ENERGY OF 

TIDES AND OCEAN OR 

RIVER CURRENTS USING 

A TURBINE.
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The global potential for tidal hydrokinetic power could be as 

much as 17,500 TWh/year (Stelzenmuller and Aliseda, 2014).1 The 

tidal form offers the greatest potential worldwide.

Canada’s hydrokinetic potential is estimated to be 42,000 MW 

for tidal currents and 15,000 MW for river currents. For Québec in 

particular, those potentials are roughly 4,288 MW (38 TWh/year) 

and 1,000 MW, respectively. Hydro-Québec has tested several 

hydrokinetic turbines in the Fleuve Saint-Laurent (St. Lawrence 

River).

 OUTPUT AND COSTS

The cost per kilowatthour of electricity generation at a generat-

ing station operating at least 10 hydrokinetic turbines installed in 

a string is US$0.25 for ocean currents, US$0.41 for tidal currents 

and US$0.80 for river currents (Neary et al., 2014).

1. The potential output is calculated on the basis of the manufacturing, 
installation, operating and maintenance costs, as well as the annual generation 
potential. The $/kWh value is the minimum value for achieving the breakeven 
point.

 ADVANTAGES AND DISADVANTAGES

Cross-flow turbines are generally less efficient than axial-flow 

turbines. However, they generate electricity regardless of the 

direction of water flow, a significant advantage when harnessing 

tidal currents (Laws and Ebbs, 2016).

Most R&D focuses on tidal currents rather than river and 

ocean currents. The reasons are simple and come down to 

operating costs and the quantity of energy available to be har-

nessed. For example, even though ocean turbines can produce 

large amounts of power, the generating costs per kilowatthour 

remain very high as a result of prohibitive installation and oper-

ating costs. For river currents, few sites have flow rates that are 

relatively consistent throughout the year and sufficient to gen-

erate electricity at an affordable cost (Laws and Ebbs, 2016).

In the pre-commercialization stage, initial demonstration tests 

generally involve a single turbine. Some projects seek to har-

ness all the kinetic energy of a given flow using several turbines 

positioned in a string. Although essential from an environmental 

standpoint, the countless studies of sediment transport and the 

The RER Hydro turbine had a planned 

capacity of 100 kW.
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surrounding areas’ flora and fauna delay project implementa-

tion. Moreover, it often takes considerable time, even years, to 

obtain the operating permits. For comparison purposes, hydro-

kinetic technologies are currently at the stage where wind power 

was about 15 years ago.

For hydrokinetic turbines harnessing tidal currents, 76% are 

horizontal-axis models, 12% are vertical-axis models, and 12% 

are other types (oscillating foil, Venturi, etc.). Three quarters of 

all R&D investments go to horizontal-axis turbines (auteur, date) .

As a rule, floating hydrokinetic turbines are easier to install 

and maintain than those sitting on the river bed or ocean floor 

(Laws and Ebbs, 2016).

 SUSTAINABILITY  

Since there are very few hydrokinetic turbines in operation at 

this time worldwide, information on sustainability issues is still 

incomplete. Here are the main potential impacts:

 [ Modifications to currents, wake effect and noise masking

 [ Modifications to sedimentary dynamics that may affect the 

estuary regime

 [ Modifications to substrates and the transportation and de-

posit of sediments: variable, depending on the type of anchor 

and underwater cables

 [ Habitat modification, including benthic organism habitat

 [ Modification of vegetation and possible impact on aquatic 

fauna

 [ Interference with the circulation and migration of certain 

aquatic species, particularly as a result of magnetic fields 

generated by electrical cables

 [ Risk of animal injury or death in the event of contact with 

moving machinery

 [ Noise pollution during construction and operation

 [ Possible conflicts with shipping, fishing, recreational boating, 

etc.

 [ Zero greenhouse gas and atmospheric contaminant emis-

sions during operation

 [ Small environmental impact over the facility’s life cycle
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Types of hydrokinetic turbines

Hydrokinetic turbines transform the water’s energy into mechanical energy, just like wind turbines transform the wind’s energy. That 

energy is then converted into electricity. There are three main types of hydrokinetic turbines.

Vertical-axis hydrokinetic 
turbines

These turbines work very much like ver-

tical-axis wind turbines. The force of the 

water turns the turbine, driving a gener-

ator that produces electricity. The entire 

assembly is attached to an anchored 

floating platform.

Horizontal-axis hydrokinetic 
turbines

These turbines work like horizontal-axis 

wind turbines. They can be fixed to the 

riverbed or seabed, to an anchored plat-

form or to a rigid tower that sticks out of 

the water. Models that are fixed to the 

riverbed or seabed are the most com-

mon; although access is harder, they are 

more unobtrusive visually. At this time, 

they are the main hydrokinetic turbines 

in development around the world.

Oscillating-foil hydrokinetic 
turbines

These turbines imitate the movement of 

a fish’s fins. A blade is attached to an arm 

that is moved up and down by the water. 

That movement drives a generator, which 

produces electricity.

A SUSTAINABLE RESSOURCE
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Canada’s hydrokinetic potential

TIDAL CURRENT POTENTIAL BY PROVINCE  
AND TERRITORY

PROVINCE OR TERRITORY TIDAL CURRENT POTENTIAL 
(MW)

NUMBER OF SITES MEAN POWER  
(MW)

Northwest Territories 35 4 9

British Columbia 4,015 89 45

Québec 4,288 16 268

Nunavut 30,567 34 899

New Brunswick 636 14 45

Prince Edward Island 33 4 8

Nova Scotia 2,122 15 141

Newfoundland and Labrador 544 15 36

Total 42,240 191 221
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An ideal site

The Minas Passage in the Bay of Fundy is an ideal site for gener-

ating hydrokinetic power. The Fundy Ocean Research Centre for 

Energy (FORCE) operates a research centre there with the aim 

of installing Canada’s first hydrokinetic turbines. For the project, 

EPRI has estimated a long-term gross generating cost of 3.9¢ 

to 4.6¢/kWh. However, it has since been shown that this figure 

greatly underestimates installation, operating and maintenance 

costs for the marine environment.

Hydrokinetic potential of tidal and river currents in the Baie d’Ungava region

This map shows the assessment of the hydrokinetic potential in the Baie 
d’Ungava region. The site with the best potential—greater than 5,384 MW—is 
located at the tip of the bay north of Kangiqsualujjuaq. Kuujjuaq’s potential 
is assessed at 2.90 MW and Kangiqsualujjuaq’s potential is 0.76 MW. Finally, 
Kangirsuk’s potential is assessed at 0.62 MW and Tasiujaq’s potential is 0.36 
MW.

Climate change and air quality

In hydrokinetic power, greenhouse gas and air contaminant 

emissions are produced solely during infrastructure manufac-

turing and installation. During the operations phase, hydro kinetic 

turbines do not generate any emissions.

HYDROKINETIC POTENTIAL OF TIDAL AND RIVER CURRENTS  
IN THE BAIE D’UNGAVA REGION

Sources: CANMET-CHC and HQD

Tidal currents

• At least eight high-
potential sites with a total 
theoretical potential of 
approximately 4,200 MW.

• Four sites located less 
than 15 km from Hydro-
Québec’s diesel power 
plants.

• Hydraulic capacity 
(>4,200 MW) greatly 
exceeds current demand 
(<10 MW).

River currents

• Most villages served by 
Hydro-Québec are located 
near major waterways.

• The hydrokinetic potential 
for river currents has yet to 
be confirmed but should 
exceed the region’s power 
needs.

• It may be possible to 
harness tidal currents in 
many rivers.
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Life cycle assessment

There are very few studies on the life cycle of hydrokinetic tur-

bines. The main environmental impacts of hydrokinetic power, 

including greenhouse gas emissions, are thought to be similar to 

those of hydroelectric and large onshore wind power develop-

ments. The materials used, along with manufacturing and trans-

portation, are the most important factors in the analysis of this 

energy source’s life cycle.

Ecosystems and biodiversity

Little is known about the environmental impacts of installing 

hydrokinetic turbines due to the lack of environmental monitor-

ing for a sufficient number of projects. Here are some potential 

impacts:

 [ The turbines’ creation of turbulence zones could prevent the 

deposit of sediment and even the development of aquatic 

flora. Ultimately, this could lead to the formation of dead 

zones or disturb relatively sedentary bottom-dwelling or-

ganisms (benthos). It could also lead to a greater number of 

nutrients remaining in suspension, stimulating the growth of 

plankton, which is fed on by certain fish species to the detri-

ment of others.

 [ Capturing the energy of the current could lead to a decrease 

in the amount of energy needed to churn up nutrients and 

slow the residual current used by migratory species for trav-

eling.

 [ During installation of anchors and foundations, the riverbed 

or seabed may be disturbed, resulting in a churning-up of 

material. The temporary impact would be slight if more-

sensitive zones are avoided. Depending on the site, the 

benthic community would take from two to ten years to return 

to its initial state after work is completed.

 [ Fish, marine mammals and diving birds could collide with tur-

bines. However, the risk of collision should be very low, be-

cause small and mid-sized fish would be repelled by the tur-

bulence caused by the moving blades. Larger animals, which 

already tend to avoid boats and propellers, may have the 

same reflex when it comes to turbines. Some turbine models 

have blades that turn very slowly, minimizing risks consider-

ably. However, the risk of collision for larger animals, although 

slight, may increase with rotor size.

 [ Maintenance products used to prevent the growth of algae 

and other organisms on the turbines could affect aquatic 

flora and fauna. An oil or chemical spill could pose a threat 

to the environment, but only to a limited extent, given the small 

amounts used.

 [ Depending on the materials used in the foundations, hydro-

kinetic turbines may have a reef effect, meaning that they 

could bring about a local increase in aquatic fauna popula-

tions and biomass and thereby encourage the establishment 

of coral.

 [ Because of their different frequencies, turbine operation nois-

es and the sounds emitted by cetaceans would not interfere 

with one another. Moreover, when foundation piles are driven, 

marine mammals and fish would avoid the site and maintain a 

distance of up to 20 km. The impact of this noise on reproduc-

tion remains a concern, however, because certain fish species 

may take underwater channels while work is in progress. In 

some cases, noise could create a barrier effect for fauna.
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 [ The electromagnetic fields generated by electric cables and 

connections may interfere with the electromagnetic fields 

used by fish such as sharks to locate their prey and navigate 

when migrating.

 [ The area marked off for a hydrokinetic turbine could serve 

as a reserve (a protected area similar to a nature reserve) 

for aquatic fauna, which may be beneficial for fish. However, 

it is not clear that smaller hydrokinetic facilities would have 

such an effect.

Health and quality of life

Being submerged, hydrokinetic turbines do not produce any 

audible noise at the surface. As a result, there is no anticipated 

impact on human health or quality of life.

Land use

As a rule, hydrokinetic facilities are largely unseen. Depending 

on the site, however, maintenance needs could require installing 

structures that stand above the waterline, creating a visual im-

pact that, while minimal, would nevertheless be unsightly. Other 

infrastructure located on solid ground, such as transformer sub-

stations and electrical system connections, may have a more 

pronounced visual impact on the landscape.

Moreover, hydrokinetic complexes could affect activities 

such as the following:

 [ Fishing – A prohibition on fishing near hydrokinetic turbines 

could intensify the reserve effect, leading to an increase 

in fish populations around the site. However, there is little 

documentation on this hypothesis at this time.

 [ Water sports (sailing, diving, etc.) and coastal tourism

 [ Commercial and military navigation and recreational boating

 [ Archaeological work (heritage preservation) and off-limit 

zones (float plane base, dredging zones, etc.)

 [ Communications (submarine cables, microwave links)

 [ Aquaculture (shellfish culture, fish farming and algoculture)

Regional economy

Local economic benefits may be considerable if the turbine 

owner and installer, as well as the material used, hail from the 

host community. In addition, the infrastructure should be easy to 

maintain in the community, with local resources often available.

Social acceptability

A number of steps could enhance the social acceptability of 

hydrokinetic generating projects:

 [ Reducing the number of conflicts between users (see Land 

use)

 [ Working with users like professional fish harvesters to pin-

point the location of turbines and electric cables, among 

other things

A RENEWABLE ENERGY OPTION HYDROKINETIC POWER

9



REFERENCES
1. Clean Current. Environment. (Online.) No date. www.cleancurrent.com/

environment. Site accessed on November 10, 2014.

2. Douglas, C.A., G.P. Harrison and J.-P. Chick. 2008. Life Cycle Assessment 
of the Seagen Marine Current Turbine. Proceedings of the Institution of 
Mechanical Engineers, Part M: Journal of Engineering for the Maritime 
Environment, vol. 222 (1). (Online.) http://pim.sagepub.com/content/222/1/1.
full.pdf. Document accessed on November 10, 2014.

3. Electric Power Research Institute. North America Tidal In-Stream 
Energy Conversion Technology Feasibility Study. (Online.) 2006. http://
oceanenergy.epri.com/attachments/streamenergy/reports/008_Summary_
Tidal_Report_06-10-06.pdf. Document accessed on November 10, 2014.

4. Electric Power Research Institute. Ocean Energy Web Page. (Online.) 
No date. http://oceanenergy.epri.com/. Site viewed on November 10, 2014.

5. FORCE. Imagine the Power of the Highest Tides in the World – Imagine 
the Technology to Harness It. (Online.) No date. http://fundyforce.ca/. Site 
accessed on November 10, 2014.

6. France Énergies Marines. Guide d’évaluation des impacts 
environnementaux pour les technologies hydroliennes en mer. (Online.) 
2013. http://archimer.ifremer.fr/doc/00179/29025/27456.pdf. Document 
accessed on November 10, 2014.

7. Intergovernmental Panel on Climate Change (IPCC). Renewable 
Energy Sources and Climate Change Mitigation. Special Report of the 
Intergovernmental Panel on Climate Change. (Online.) 2021. https://
www.ipcc.ch/report/renewable-energy-sources-and-climate-change-
mitigation/. Site accessed on January 21, 2021.

8. Agence de la transition écologique (ADEME), public institution under 
the supervision of the Ministry of Ecological Transition and the Ministry 
of Higher Education, Research and Innovation. Énergies marines 
renouvelables – Étude méthodologique des impacts environnementaux 
et socio-économiques. in French only. (Online.) 2012. https://www.ademe.
fr/sites/default/files/assets/documents/20140404_Etude-NRJmarines.pdf. 
Document accessed on January 21, 2021

9. Ministère de l’Écologie, du Développement durable et de l’Énergie, Ministère 
de l’Économie et des Finances, and Ministère du Redressement productif. 
Rapport de la mission d’étude sur les énergies marines renouvelables. 
(Online.) 2013. https://www.vie-publique.fr/sites/default/files/rapport/
pdf/134000275.pdf. Document accessed on November 10, 2014.

10. Ocean Energy Systems. Ocean Energy Waves, Tidal & Currents, Salinity, 
Thermal. (Online.) No date. http://www.ocean-energy-systems.org/oes_
reports/annex_i_reports/. Site accessed on November 10, 2014.

11. Si-Ocean. Accelerating the Deployment of Ocean Energy in Europe. 
(Online.) No date. http://www.si-ocean.eu/en/Technology-Assessment/
Strategic-Technology-Agenda/. Site accessed on November 10, 2014. 

12. Government of Canada. What is marine renewable energy? (Online.) 
2021. https://www.nrcan.gc.ca/energy/energy-sources-distribution/
renewables/marine-energy/what-marine-renewable-energy/7371?_
ga=2.220317016.1767358233.1611236686-1102010791.1609862342. Site 
accessed on January 21, 2021

13. U.S. Department of Commerce, National Oceanic and Atmospheric 
Administration, National Marine Fisheries Service. Environmental Effects 
of Tidal Energy Development – Proceedings of a Scientific Workshop. 
(Online.) 2011. http://depts.washington.edu/nnmrec/workshop/docs.
html#report. Document accessed on November 10, 2014.

14. JENNE, D. S., Y.-H. YU, and V. NEARY. 2015. ”Levelized Cost of Energy 
Analysis of Marine and Hydrokinetic Reference Models.” (Online.) In 
3rd Marine Energy Technology Symposium, April 27-29, Washington, D.C. 
https://www.nrel.gov/docs/fy15osti/64013.pdf. Document accessed on 
December 3, 2020.

15. LABONTE, A., et al. 2013. “Standardized Constant Performance 
Reporting for Marine and Hydrokinetic Technologies.” (Online.) In 
Proceedings of the 1st Marine Energy Technology Symposium, April 10-11, 
Washington, D.C. https://www.researchgate.net/publication/299410672_
STANDARDIZED_COST_AND_PERFORMANCE_REPORTING_FOR_MARINE_
AND_HYDROKINETIC_TECHNOLOGIES. Document accessed on December 
3, 2020.

16. LAWS, N. D., and B.P. EBBS. 2016. “Hydrokinetic Energy Conversion: 
Technology, Research, and Outlook.” (Online.) Renewable and Sustainable 
Energy Reviews, no. 57, pp. 1,245–1,259. https://www.sciencedirect.com/
science/article/pii/S1364032115015725. Document accessed on December 
3, 2020.

17. NEARY, V. S., et al. 2014. “Methodology for Design and Economic Analysis of 
Marine Energy Conversion (MEC) Technologies.” (Online.) https://energy.
sandia.gov/wp-content/gallery/uploads/SAND2014-9040-RMP-REPORT.pdf. 
Document accessed on December 3, 2020.

18. STELZENMULLER, N., and A. ALISEDA. 2014. Marine Hydrokinetic Turbine 
Array Performance and Wake Characteristics. Technical  Report. DOEEERE 
– Wind and Water Power Program.

A RENEWABLE ENERGY OPTION HYDROKINETIC POWER

10

© Hydro-Québec

Reproduction authorized 
with acknowledgement of source

February 2021

2020G916A-2

http://www.cleancurrent.com/environment
http://pim.sagepub.com/content/222/1/1.full.pdf
http://pim.sagepub.com/content/222/1/1.full.pdf
http://oceanenergy.epri.com/attachments/streamenergy/reports/008_Summary_Tidal_Report_06-10-06.pdf
http://oceanenergy.epri.com/attachments/streamenergy/reports/008_Summary_Tidal_Report_06-10-06.pdf
http://oceanenergy.epri.com/
http://fundyforce.ca/
http://fundyforce.ca/
http://archimer.ifremer.fr/doc/00179/29025/27456.pdf
http://archimer.ifremer.fr/doc/00179/29025/27456.pdf
https://www.ipcc.ch/report/renewable-energy-sources-and-climate-change-mitigation/
https://www.ipcc.ch/report/renewable-energy-sources-and-climate-change-mitigation/
https://www.ipcc.ch/report/renewable-energy-sources-and-climate-change-mitigation/
https://www.ademe.fr/sites/default/files/assets/documents/20140404_Etude-NRJmarines.pdf
https://www.ademe.fr/sites/default/files/assets/documents/20140404_Etude-NRJmarines.pdf
https://www.ademe.fr/sites/default/files/assets/documents/20140404_Etude-NRJmarines.pdf
https://www.vie-publique.fr/sites/default/files/rapport/pdf/134000275.pdf
http://www.ocean-energy-systems.org/oes_reports/annex_i_reports/
http://www.ocean-energy-systems.org/oes_reports/annex_i_reports/
http://www.si-ocean.eu/en/Technology-Assessment/Strategic-Technology-Agenda/
https://www.nrcan.gc.ca/energy/energy-sources-distribution/renewables/marine-energy/what-marine-renewable-energy/7371?_ga=2.220317016.1767358233.1611236686-1102010791.1609862342
http://depts.washington.edu/nnmrec/workshop/docs.html#report
http://depts.washington.edu/nnmrec/workshop/docs.html#report
https://www.nrel.gov/docs/fy15osti/64013.pdf
https://www.nrel.gov/docs/fy15osti/64013.pdf
https://www.researchgate.net/publication/299410672_STANDARDIZED_COST_AND_PERFORMANCE_REPORTING_FOR_MARINE_AND_HYDROKINETIC_TECHNOLOGIES
https://www.researchgate.net/publication/299410672_STANDARDIZED_COST_AND_PERFORMANCE_REPORTING_FOR_MARINE_AND_HYDROKINETIC_TECHNOLOGIES
https://www.sciencedirect.com/science/article/pii/S1364032115015725
https://www.sciencedirect.com/science/article/pii/S1364032115015725
https://energy.sandia.gov/wp-content/gallery/uploads/SAND2014-9040-RMP-REPORT.pdf
https://energy.sandia.gov/wp-content/gallery/uploads/SAND2014-9040-RMP-REPORT.pdf

	page suivante 12: 
	page suivante 28: 
	page suivante 29: 
	page précédente 11: 
	Page 2: 
	Page 3: 
	Page 4: 
	Page 5: 
	Page 6: 
	Page 7: 
	Page 8: 
	Page 9: 
	Page 10: 

	page suivante 11: 
	Page 2: 
	Page 3: 
	Page 4: 
	Page 5: 
	Page 6: 
	Page 7: 
	Page 8: 
	Page 9: 
	Page 10: 



