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Abbreviations

ED Electrodialysis

EDR Electrodialysis Reversal

EIA Environmental Impact Assessment

ERD Energy Recovery Device

ME Microfiltration

NF Nanofiltration

owe Oscillating Water Column

OWSC Oscillating Wave Surge Converter

PID Proportional-integral-derivative controller

RO Reverse Osmosis

SEA Strategic Environmental Assessment

IDS Total Dissolved Solids concentration

UF Ultrafiltration

WEC Wave Energy Converter
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Oceans have a huge energy potential which could be utilized when combating the 
climate change. Several ocean energy technologies exist; this master’s thesis is focused 
on wave energy. The wave energy sector is still on the pre-commercial stage and 
requires more research and development, but in future waves may become a potential 
renewable energy source. Compared with wind energy for instance, wave energy has 
higher energy density, better predictability and smaller visual impact. The growth of 
wave energy is affected - in addition to technical factors - by political and economic 
support.

Wave energy schemes concentrate usually on electricity production. Nevertheless, 
electricity is not the only option: wave power can also be used for instance in seawater 
desalination. Fresh water and electricity are needed everywhere in the world and 
especially remote areas and developing countries would benefit from wave energy. 
Even though desalination techniques are well-developed and have defined market 
niches, wave-powered desalination has been relatively little researched and only a 
couple of plants have been fully designed and installed.

This master’s thesis aims to study the utilization of wave energy for both fresh water 
and electricity production. Chapter 2 provides a review concerning the ocean waves and 
physical principles of wave energy. The review includes also the technological aspects 
and information of different wave energy converters and discusses the future of ocean 
energy.

A wave energy desalination and electricity production system called the AaltoRO 
project is studied in Chapter 3. The idea is to install a wave energy converter in the sea. 
The converter oscillates and transfers mechanical energy forward by hydraulic 
cylinders. The process can produce fresh water, electricity or both. Several process 
alternatives and the utilization of the end products are modeled. Every stage of the 
process is discussed more accurately: First, the interaction between waves and wave 
energy converters is analytically approached. Second, the hydraulics connected to the 
converters is studied. The principles of reverse osmosis are discussed and its utilization 
with the wave power plant is modeled. The reject flowing from the reverse osmosis 
membranes is very saline but high-pressure water, and therefore the suitability of 
different energy recovery devices for the reject is studied. Finally, five different process 
alternatives are modeled as a whole from the converter to the end products so that they 
can be easily compared. In addition, a small survey is made of the utilization and prices 
of fresh water and electricity produced in a wave energy plant.

Chapter 4 presents other wave energy techniques and desalination projects. Salter’s 
Duck is an offshore converter while WaveRoller and Oyster are designed for shallower 
water. The Duck was invented in 1974. It could provide good efficiency but has not









inshore the power loss can be several watts per crest length meter. The power density of 
waves might decrease from 50 kW/m to 20 kW/m or less depending the seabed 
roughness and the distance travelled from deep water into the shore. Nonetheless, also 
the storm waves lose their energy and are therefore less likely to harm shoreline 
devices, including wave energy converters. [Boyle 2004]

Waves lose energy also by other means when they run up the beach: they form breaking 
waves. These waves are turbulent and energy dissipating and can damage the structures. 
Therefore, choosing a suitable location and design for a wave energy converter is 
crucial. The converter has to persist also the worst wave loadings. [Boyle 2004] Figure 
7 presents the sea state not allowed to destroy the wave energy converter.
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The shallower the water, the lower is the wave velocity. This phenomenon leads to the 
refraction or change of direction of waves, so that a wave crest approaching shallow 
water at an angle gradually refracts to a position roughly parallel with the shore. 
Knowledge of the depth contours of a certain area enables us to identify the sites where 
the waves will be concentrated. These sites could obviously be the most cost-effective 
for wave energy converters. [Boyle 2004] The refraction effect around a shoreline with 
headlands is shown in Figure 8.
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2.2.2 Economics of wave energy technology
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2.2.3 Wave energy for electricity grids of different sizes
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2.2.4 The power capture of wave energy converters at different water��

depths
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