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Alteration of Surface Water Properties 

Figure 4. Time series of various surface water proper1es from 2000 to 2500 
for varying levels of OTEC power genera1on

OTEC power generation involves the
artificial upwelling of large volumes of deep
water to the ocean surface. Deeper waters
tend to be cooler, saltier, and have higher
nutrient concentrations relative to surface
waters. This results in major alteration of
the surface water properties in areas of
OTEC power generation. Additionally, the
cooling of surface water in areas
undergoing OTEC power generation will
affect the rates of diffusive gas exchange at
the air-sea interface. This will further alter
surface water properties.

The changes of some key properties
for the levels of OTEC power generation
outlined previously are shown in Figure 4.
Any level of OTEC power generation
causes an appreciable change to surface
water properties, but the magnitude of
change is amplified at higher OTEC power
generation rates.

Surface Water Cooling
During OTEC power generation cool deep-waters are transported to the ocean surface.

This causes a decrease in surface water temperatures in areas that undergo OTEC power
generation. The cooling is centered in the tropics, specifically the West Pacific Warm Pool
where the majority of the OTEC plants are situated (Fig. 2). Surface water temperatures
decrease by up to 4ºC by 2500 in the 10TW scenario relative to the no OTEC scenario. It is
important to note that while temperatures are decreased relative to a “no intervention” scenario,
absolute surface water temperatures rise due to the overwhelming global warming signal. The
relative change in ocean temperatures in 2500 for each OTEC scenario is shown in Figure 3.

Figure 3. Change in temperature of the uppermost 1000m of the water column for a 3TW, 7TW, and 10TW OTEC scenario in 2500 rela1ve to the
same year in a scenario without OTEC. 

Changes to Large-scale Circulation
Disruption of the Atlantic Meridional Overturing Circulation (AMOC) is of key concern. The

AMOC plays a pivotal role in the regulation of Earth’s climatic conditions. Previous literature5

has projected that implementation of OTEC technology would lead to a strengthening of the
overturning circulation, with the magnitude of the increase magnified as OTEC power generation
rates increase. The same trend was observed in the three OTEC scenarios where there were
consistently greater meridional overturning streamfunction values relative to the no-intervention

Figure 5. Maximum meridional overturning streamfunc1on in Sverdrup from 2000 to 2500 
for a 3TW (blue), 7 TW (orange), 10 TW (yellow), and no OTEC (purple) scenarios . 

warming scenario (Fig. 5). While
the scenario without OTEC
experiences a decrease in the
strength of the overturning
circulation of nearly 1.2 Sv by
2500, the 10TW scenario sees
relatively constant values over
the modelled period.

1. Devault, D., & Péné-Anne2e, A. (2017). Analysis of the environmental issues concerning the deployment of an OTEC power plant in MarJnique. 
Environmental Science And PolluJon Research, 24(33), 25582-25601. h2ps://doi.org/10.1007/s11356-017-8749-3DV

2. Faizal, M., & Ahmed, M. (2013). Experimental studies on a closed cycle demonstraJon OTEC plant working on small temperature differences. Renewable 
Energy, 51, 234-240. h2ps://doi.org/10.1016/j.renene.2012.09.041

3. IPCC, 2018: Global warming of 1.5°C. An IPCC Special Report on the impacts of global warming of 1.5°C above pre-industrial levels and related global 
greenhouse gas emission pathways, in the context of strengthening the global response to the threat of climate change, sustainable development, and 
efforts to eradicate poverty [V. Masson-Delmo2e, P. Zhai, H. O. Pörtner, D. Roberts, J. Skea, P.R. Shukla, A. Pirani, W. Moufouma-Okia, C. Péan, R. Pidcock, S. 
Connors, J. B. R. Ma2hews, Y. Chen, X. Zhou, M. I. Gomis, E. Lonnoy, T. Maycock, M. Tignor, T. Waterfield (eds.)]. In Press.

4. Nihous, G. (2005). An Order-of-Magnitude EsJmate of Ocean Thermal Energy Conversion Resources. Journal Of Energy Resources Technology, 127(4), 328-
333. h2ps://doi.org/10.1115/1.1949624

5. Rajagopalan, K., & Nihous, G. (2013A). An Assessment of Global Ocean Thermal Energy Conversion Resources with a High-ResoluJon Ocean General 
CirculaJon Model. Journal Of Energy Resources Technology, 135(4). h2ps://doi.org/10.1115/1.4023868

6. Rau, G., & Baird, J. (2018). NegaJve-CO2-emissions ocean thermal energy conversion. Renewable And Sustainable Energy Reviews, 95, 265-272. 
h2ps://doi.org/10.1016/j.rser.2018.07.02

References

I would like to thank my supervisors, Prof. Michael Eby and Dr. Andrew Weaver, whose guidance and support have been essential. I would also
like to thank both Sophia Olim and Nathalia Gurgacz, the other members of our research group, for their collaboration and friendship. Finally, I
would like to acknowledge the lək̓ʷəŋən peoples on whose traditional territory the University of Victoria stands and the Songhees, Esquimalt and
W̱SÁNEĆ peoples whose historical relationships with the land and ocean continue to this day. This research was supported by the Jamie Cassels
Undergraduate Research Awards, University of Victoria. This project resulted in part from research supported by the Natural Sciences and
Engineering Research Council of Canada.

Acknowledgements 

Effect on the Atmosphere

Figure 7. Change in surface air temperature for a 3TW, 7TW, and 10TW OTEC scenario in 2500 rela1ve to the same year in a scenario without OTEC. 

leading to an associated atmospheric cooling (Fig. 6 and 7). The change in surface air
temperatures in each OTEC scenario relative to the scenario without OTEC is shown in Figure 7.
This differencing isolates the temperature signal from OTEC deployment from that of global
warming. It is clear that the greater level of power generation intensifies the magnitude of cooling.
The largest cooling occurs in the 10TW scenario with values greater than 6.4ºC.

Conclusion
OTEC provides a unique opportunity for relatively clean, continuous energy to be produced.

While our modelled scenarios indicate it is possible for our oceans to produce a vast amount of
power (up to 10 TW) via OTEC implementation, the process is not without significant
environmental concerns. In addition to the major alteration of sea surface properties, disrupting
the thermal structure of the ocean may affect rates of ice sheet destabilization, the severity of
monsoons, and El Niño Southern Oscillation patterns. The severity of these environmental
concerns scales with the level of power generation; The greatest disruptions to Earth systems
occurred in the 10 TW scenario while the 3 TW scenario experienced relatively minor
ramifications. OTEC presents many potential benefits, such as atmospheric and oceanic cooling
and strengthening of the overturning circulation, which oppose trends caused by climate
change. The effect on ocean systems cannot be understated and must be considered in any
further analysis of the feasibility of implementing OTEC technology.

Implementation of OTEC technology
at any power level results in a decrease
in atmospheric carbon dioxide
concentrations (Fig. 6). The decline is
driven primarily by the emissions
reductions associated with OTEC
sourced energy replacing higher
emission forms of energy. Greater levels
of OTEC power generation results in
incrementally lower carbon dioxide
emissions (Fig. 6).

OTEC-driven cooling of the surface
waters increases heat uptake by the
ocean leading

Figure 6. Chances in surface air temperature, CO2 concentra1on, and CO2
emissions from 2000 to 2500 for varying levels of OTEC power genera1on 

Background
Ocean Thermal Energy Conversion

(OTEC) is a form of marine renewable energy
that harnesses the thermal gradient between
warmer surface water and cooler deep waters
to power a heat engine and produce
electricity.6 OTEC plants typically pump cool
waters from around 1000m depth and warm
water from the top 20m of the water column.
To generate power efficiently, OTEC requires
temperature gradients upwards of 18ºC
between the warm-water uptake in the
surface waters and the cold-water uptake.4

OTEC has capacity to produce immense amounts of continuously available, renewable
energy, although currently the technology has only been implemented in small-scale, pilot plants.
Some have proposed widespread implementation of OTEC technology to contribute to the world’s
energy needs. Prior to widespread implementation of OTEC technology, the biological, physical,
and chemical implications of such a deployment must be quantified. In my research I use the UVic
Earth Systems Model (ESCM) to assess the magnitude and significance of these impacts.

The UVic ESCM version 2.9 was used to generate 3 modelled scenarios which employed
OTEC at varying energy demands. The UVic ESCM is coupled and global in coverage. The
model has a zonal and meridional spherical grid resolution of 3.6º and 1.8º, respectively. The
model comprises an energy-moisture balance atmospheric model, a dynamic-thermodynamic
sea-ice model, and a primitive equation oceanic general circulation model.

The model determines potential plant locations based on the temperature gradient in each
grid cell. The greatest temperature gradients are most efficient and therefore plant placement in
grid cells with high-temperature gradients are prioritized. If the temperature gradient in a cell is
depleted below the 18ºC threshold, plants are decommissioned and relocated.

This study primarily focused on 4 modelled runs. All runs used emissions diagnosed from
the "high CO2" RCP 8.5 scenario.3 The first modelled scenario which underwent global warming
without any OTEC power generation is used as a “no intervention” scenario to which the runs
with OTEC power generation are compared. Three scenarios were modelled at varying OTEC
power demands: 3TW, 7TW, and 10TW. These levels of power generation are similar to the 2019
global energy consumption from electricity, oil and natural gas, and the total energy consumption
excluding electricity, respectively. In the modelled runs with OTEC power generation, deployment
of OTEC plants began in 2030 and reached peak power generation in 2100. Power generation
remains constant until the end of the modelled period in 2500.

Locations with a sufficient temperature gradient to support OTEC implementation are largely 
constrained to deep warm seas in the tropics, especially the Caribbean, the Red Sea, and much 
of the Indo-Pacific Ocean.1,2

Figure 1. Simplified Schematic diagram of OTEC system. 

Figure 2. OTEC Plant density at peak power generation in 2100 for 3TW, 7TW, and 10TW modelled scenario
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