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List of abbreviations

 CC  Total capital cost (net present value) [$]
 O&M  Total operating and maintenance cost [$]
 q  Number of WEC devices in a wave power plant [-]
 D   Cost of a single WEC device 
 Cm  Cost of mooring system 
 Ct  Cost of transmission 
 R  Total revenues [$]
 n  Year index [-]
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1. Introduction 
 This thesis addresses the Positional Analysis of a  
3 MW wave power plant in Mexico using the wave 
energy converter devices. According to Söderbaum, 
Positional Analysis (PA) “aims at an illumination of 
the many sides of a decision situation rather than 
limiting the attention to one specific theory or 
method”. “Positional Analysis study includes 
different viewpoints and desires in an effort to be as 
many-sided as possible” (1982). The aim of the 
study is to present and analyse different aspects 
involved in the implementation of a 3 MW Wave 
Power Park. The intent is to have an overview on 
the implications of each perspective.
 Since 2002 the Swedish Centre for Renewable 
Electric Energy at the division of electricity at 
Uppsala University started developing wave power. 
There are several concepts in the world that are 
taking a step forward offshore full scale tasting. 
Others are advancing into a commercial stage. The 
present study focus on the Wave Energy Converter 
(WEC) based on a direct-driven linear generation 
placed on the seafloor developed by Uppsala 
University.  The thesis also stems the importance of 
including renewables in energy supply particularly 
the wave power.
 The first person to provide an insight in our 
planet’s climate was Joseph Fourier, mainly known 
for his work in mathematics.  He noticed that from 
the total solar energy coming into the earth around 
30 percent is reflected back out into space. The 
other 70 percent warms up the planet. Fourier also 
found out that the atmosphere was critically 
important for the climate. The atmosphere captures 
heat radiation and keeps the earth warm. In 1824, 
Fourier published his work were he discovered the 
‘greenhouse effect’ without knowing that today we 
would call it by this name. Years later, a physicist 
took a further step on Fourier’s work. John Tydall 
(1820-1893) discovered that the atmosphere keeps 
heat radiation through water vapor and carbon 
dioxide. Tydall investigated how these gases were 
acting like a blanket necessary to keep life in earth. 
The secret of this blanket is that it allows incoming 
radiation,  then it keeps some of the outgoing 
radiation,  therefore, heat is trapped. Thanks to these 
gases, the blanket maintains an adequate 
temperature of 15 degrees Celsius; otherwise it 
would be far below zero. The concept known as 
greenhouse effect is what maintains life on Earth. 
 The problem arises when the amount of gas 
increases. Having more CO2 in the atmosphere is 
like adding another layer to the natural blanket.  An 
increment of CO2 emissions is caused by burning 
fossil fuels as coal, oil,  and natural gas. Nowadays 
the amount of CO2 in the world is 385 ppm (parts 
per million),  35% higher than before the industrial 
revolution. Given this increment the actual 

temperature has risen 0.7 degrees Celsius since the 
beginning of the twentieth century. As a matter of 
fact, the ten warmest years have occurred since 
1997, glaciers are melting and sea levels are rising 
(Azar 2009).
 Understanding the dynamics of the world is crucial 
to contribute to the search of a proper energy 
producing technology which includes an 
economical, renewable and sustainable solution. So 
far this search has been focused on solar, biomass 
and wind power.  The energy from the ocean, 
especially from waves, has been considered 
difficult and uneconomical. However, if technical 
and economical solutions exist in the near future, 
wave power would have a huge impact on the 
electricity production in the world. 
 In theory the potential of the sea is around 1.8 
Terawatts (World Energy Insight report 2012). Only 
1 Tw is equivalent to 700 major nuclear power 
plants. The purpose of this thesis is to know more 
about the economic potential of wave power, its 
possible implementation in Mexico and the benefits 
of it.  The thesis also gives a presentation of the 
wave power technology. 

2. The wave power technology
 Wave power technologies are used to absorb  
energy from ocean waves and convert it into 
electricity. Ocean waves are produced mostly under 
the influence of wind. The sun and moon, 
atmospheric pressure changes and earthquakes also 
affects wave’s motion. One advantage of wave 
power is its predictability. Waves are more 
predictable and have less variability than wind and 
even if wind stops blowing, waves keep moving for 
some time. Wave power also is one of the least 
disturbing technologies, which provides clean and 
renewable energy. Moreover, it reduces the 
dependence on imported energy supplies and 
secures national energy production; consequently it 
reduces the risk of depending on future fossil-fuel 
price volatility; and it is favorable for the local jobs 
increase and economic development. 
 Wave power is at a very early stage of 
development, where wind power was twenty years 
ago. Different concepts have been pursued. 
However, there is no consensus on which one is the 
best. It takes time for emerging industries to 
develop at a mature stage. ‘Full-scale-in-ocean’ 
testing is needed to find the most suitable design 
and find ways to bring down cost (Boehlert et al.
2007). Even though wave power is a younger 
research area, compared to wind and solar power, it 
can have an impact on the electricity production of 
the world if economical and technical solutions are 
put in place (Leijon et al. 2003). Sea states can be 
predicted accurately more than forty-eight hours in 
advance, using computational models, hence it is 
easy to monitor and control (Boehlert et al. 2007). 
This makes wave power a reliable source. The 
major difficulty for engineers is to develop a 
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solution that matches the generator potential with 
different ocean climates (Seabased website). 
Matching these two variables would maximize the 
benefits of using the devices.  If the generator is 
build up according to the wave’s potential, it could 
transform in a more efficient way the energy from 
the waves because no extra resources will be 
wasted. Another limitation is the difficulty to work 
offshore when maintenance is needed, to deal with 
corrosion of metal parts that might be replaced,  or 
any other technical problems. However, wave 
power is a free resource and its potential is 
enormous. Furthermore, it is expected that 
continuous research in the area will achieve a 
commercial and competitive device in the near 
future.

2.1. The wave energy converter 
 The Wave Energy Coverter (WEC) technology 
developed by the Swedish Centre for Renewable 
Electric Energy at the division of electricity, which 
is part of Uppsala University, works with wave’s 
movement and converts it into electricity. Uppsala 
University carried out a project in Lysekil based on 
the concept of a point absorbing buoy. The device, 
usually referred as Wave Energy Converter (WEC), 
uses a buoy on the surface of the ocean connected 
to a linear generator placed on the ocean seabed. 
The buoy moves vertically following the movement 
of the waves and it is connected through a line to a 
special linear generator.  There are different parts 
that shape the WEC. The buoy floating on the 
surface; the translator,  which is full of magnets; and 
the stator which contains coil windings and is 
located outside the translator (Fig. 1). 

Fig. 1. Shows a description  of the wave energy converter  
parts. Sketch made by Rafael Waters. 

  The buoy is connected with a line to the linear 
generator (Leijon et al. 2006). The translator 
consists of a piston that is connected to a spring 
system. The piston is equipped with very strong 
neodymium-iron-boron (Nd-Fe-B) magnets that 

induce electrical currents in the stator’s windings. 
Therefore, the translator captures the buoy 
movement and turns it into energy towards the 
stator (Uppsala University website). 
  The energy produced by the generators is highly 
irregular altering current (AC), the electric current 
needs to be rectified into direct current (DC). 
Furthermore, the energy is taken into land by 
subsea cables, then connected to the power grid and 
converted into electric current through a DC/AC 
converter (Leijon et al. 2006). However, the linear 
converters or linear generators make the WEC a 
very efficient machine and provides a high capacity 
factor. The system has been verified by putting in 
place an installation of a full-scale wave power unit 
off the Swedish west coast. The generator has been 
successfully running for eight months and ten more 
generators will be connected in a marine substation 
for future research (Leijon et al. 2009). 

2.1.1. The linear generator
 The linear generator is not a new concept. The 
electric generator was invented in 1831 by Michael 
Faraday.  However, thanks to Edison’s work in 
power stations, fifty years later, the first devices 
that generated commercial electricity were 
designed.  The patent was granted to Wheatstone, 
with a pioneer design of a linear induction motor.  It 
was not until 2002 when the Lysekil wave power 
project was initiated by Uppsala University that the 
first WEC prototype was launched on the Swedish 
west coast in March 2006. 
 An advantage of this concept is that the linear 
generator used in the WEC is designed to have a 
high power output even at low motion waves. In 
fact, large waves are the ones that dictate the cost of 
the equipment, while small and medium waves 
determine the income. Therefore, if a robust 
generator is designed then the cost of the system 
will increase without necessarily resulting in a 
higher income (Leijon et al. 2006). Moreover, one 
of its limitations is that the generator might get 
affected with the ocean peak loads. For this reason 
the entire design was thought to reduce the impact 
of large waves on the equipment.  The whole 
generator is situated in the seabed protected from 
the harsh surface conditions. While the buoy, a 
cheap component that can be easily replaced, is the 
only component situated on the surface. 

2.2. The wave power park
 The interconnected generators provide the benefits 
of consistent power. The units can be disconnected 
and lifted when maintenance is required. Moreover, 
to put in place the generators, the foundations are 
attached to the seabed using a concrete gravity 
foundation. There is no need for excavations or any 
form of blasting on the seabed. The equipment 
weight is around 20 tons, mostly because of the 
foundation. Usually, the linear generator uses a 
stroke of 2 m length to provide 10 kW power. In 
Sweden, small units are suitable due to small waves 
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but bigger units can reach 100 kW or higher 
depending on the local wave climate. Keep in mind 
that bigger stations are not related to more benefits. 
The important thing is to match the physical input 
(wave power) with the technical design (Leijon et 
al. 2006). 
  A wave power park is necessary to provide reliable 
energy production.  Furthermore, wave power parks 
are modular, i.e.  package of ten units can be 
deployed or can be extended to a hundred units 
depending on the power plant requirements.  There 
is no specific number of devices for a wave power 
park, it can consist of hundreds even thousands of 
generators placed together. Each unit is spaced 
about 20 m from each other and situated in rows 
against the prevalent wave direction. The rows are 
separated within about 50 m and the total area will 
allocate to 1000 units around 1 km². According to 
the Lysekil project several generators can be 
combined into groups and sited 20 to 100 m 
beneath the surface (Fig. 2). Moreover, the total 
expected time for the project is held in three phases; 
construction,  production and decommissioning. 
After the decommissioning the units can be 
retrieved for recycling.  

Fig. 2. Graphical illustration of a wave power park. By 
Karl Åstrand and  the Division of Electricity, Uppsala 
University.

2.2.1. Maintenance 
  Fouling is a biological and technical problem for 
the generator,  the situation is well known by boat 
owners. Usually, the objects located at sea are 
quickly muddy with algae, mussels and barnacles. 
For this reason, it is expected that the buoys and the 
upper part of the rope will be fouled due to their 
closeness to ocean surface and sun exposure. The 
part which is located in the seabed is not a problem 
because fouling is dependent on sunlight. Regular 
maintenance is probably needed to remove the 
algae, mussels, etc., from the upper part of the 
device.  
 Environmental limitations should also be 
considered to know if it is possible to use anti-
fouling substances (Leijon et al. 2006). Finding the 
appropriate solution for cleaning procedures is a 
step towards the achievement of less maintenance 
costs and therefore, cheaper energy prices. Other 

challenges include disturbances on ship traffic and 
fishing, irregularity of the waves,  overloads at rush 
conditions, slow vertical wave motion and 
installation issues. 

2.2.2. Implications 
 The implication of using wave power is related 
with its reliability and availability.  There are back 
up plans for the thermoelectric, and in the same 
way the grid can handle wind, solar or wave powers 
forecast variations. Hourly simulations show that 
largely renewable grids can deliver higher reliable 
power,  when they are forecasted, integrated and 
diversified by type and location. Now days Portugal 
has 45% renewable power, four German states 43% 
to 52% in 2010, and Denmark 36%, and this is how 
all the world can shift to renewable energy.     

 “Only puny secrets need protection.  Big 
discoveries are protected by public incredulity”. 
Marshall McLunan

2.3. Other WEC technologies
 There are other similar technologies that also 
capture the mechanical energy from waves. 
However, they vary in design and efficiency. Some 
of the WEC manufacturers with generating capacity 
installed or under construction (Dunnett and 
Wallance 2008) are described below: 

• The AquaBuOy, has a point absorber and its 
surface area is very small compared to the rest of 
the device and the wavelength of the ocean 
waves. Developed by Finaviera Renewables, in 
Canada This technology is similar to the device 
described in this paper. 

• The Pelamis, has a long snake shape. It is an 
attenuator and is placed parallel to the direction 
of waves. Developed in Scotland by Ocean 
Power Company. 

• The WaveDragon, is an overtopping device and it 
is place perpendicular to the waves.  The aim is to 
absorb large proportion of the energy coming 
from waves. Developed by WaveDragon Aps. in 
Denmark.

2.4. Physical factors of the WECs
 To understand the factors that make this 
technology an attractive concept, we need to first 
understand the difference between power and 
energy. Usually, reports focus on rated power (the 
installed capacity) rather than electric energy 
output.  Rated power is ‘an ambiguous value’ it does 
not provide a clue about the amount of energy 
produced. Usually, the investment cost is 
determined by the generator’s rated power P[kW] 
while, it is the energy produced W[kWh] the one 
that determines the revenue. The relation between 
the rated power and the energy produced is called 
the degree of utilization (DU). The DU is relevant 
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to design devices according to the potential of the 
electric energy output. The DU and the power 
density are the two most important characteristics 
of an energy source when it comes to electricity 
generation (Leijon et al. 2010). Because the energy 
produced gets affected directly by the power 
density. Renewable energy technologies (RETs) are 
capable to convert the natural motion and variation 
into energy. However, there is a disadvantage 
because RETs are intermittent and therefore, 
difficult to control causing instability in the system.     
On the other hand, fossil-fuel power plants, nuclear 
or hydropower plants, are easy to control by the 
input of fuel. These are also known as the non-
intermittent sources. The problem with intermittent 
sources is that the more the source varies the more 
difficult it is to maintain the grid stable. Stability is 
important because it means that energy is provided 
to the grid when power is needed. The intermittency 
of sources produces some peaks that might be 
reached a few hours per day if the power rating is 
set too high.  This can cause an uneconomically and 
unsustainable situation because the investment may 
be as valueless as building small units i.e. lower 
power rating generators (Leijon et al. 2008). To 
compare different energy sources performance, the 
degree of utilization is a useful tool.
  
2.4.1. The degree of utilization 
 The degree of utilization is calculated by 
comparing electric energy delivered to the grid with 
the installed power within a year. An important 
consideration of energy conversion is that the utility 
pays for the installed power P (kW) in yearly 
produced energy W (kWh). The degree of 
utilization is given by the following equation:

DU =            W          x 100%
(P x Hy)

 There are different degrees of utilization according 
to different energy sources (Fig.  3). The green color 
on the graph shows the potential for tidal and wave 
power. The graph is supported by research done in 
Pakistan and US on other resource assessment 
cases. In addition, these cases show an availability 
factor of around 18% to 25% for wind power and 
32% for offshore wind (Leijon et al. 2010). In this 
graph, it can be noted that solar power has the 
lowest degree of utilization among the other power 
sources. This is due to the fact that sun power is 
available only during the day, and it is dependent on 
the latitude. For example in Sweden the sun only 
shines 1000 hours out of 8766 hours a year, its 
degree of utilization is only 10% to 12%. Wind 
power is as well dependent on the speed and 
quantity of wind but it has a much higher degree of 
utilization compared to solar. 

Fig. 3. Degree of utilization in % among different  energy 
sources (hours/year).

  Wave power has a similar degree of utilization as 
offshore wind power. However, wave power could 
reach a higher degree of utilization due to its wave 
energy production potential. The reason behind the 
incremental power of each resource is caused by the 
sun. The sun is the one moving the wind, and the 
wind moves the sea waves, so the energy is 
incrementing its intensity step by step. Turning to 
wave power, the high degree of utilization is due to 
the fact that the energy passes from the sun into the 
wind. Therefore, the waves accumulate the wind 
energy and travel without energy loss. On the other 
hand nuclear and fossil fuels remain with the major 
degrees of utilization due to its high fuel power 
density. Hydropower also has a considerable high 
degree of utilization up to 60%. The high value is 
caused by its controllability giving almost a 
‘constantly running power source’. 
 In brief, a different perspective of the effect of the 
degree of utilization is needed for the proper 
diffusion of new technologies. The amount of 
energy produced should be included when 
analyzing renewable energy technologies. This will 
help to determine its economic potential (Leijon et 
al. 2010). Therefore, renewable energy will become 
an attractive investment. 

2.4.2. Wave power density 
 One of the first things to consider when choosing a 
wave power deployment site is the wave density of 
the location. Wave density is a significant factor for 
the economic viability of the wave power 
technology. It is important to consider it due to the 
impact that it has on the degree of utilization 
discussed before. 
 In 2004 there was a wave measurement buoy 
installed at a research site in Islandsberg that 
provides data about the wave height and length. It 
shows measurements that can be seen as a ‘mean 
wave height’. This is called the ‘significant wave 
height’. The data provides an insight of the 
potential (energy carried out) of the waves at the 
site, and wave behavior. The Lysekil project was 
conducted with an annual average power density of 
5 kW/m, one of the lowest power densities in the 
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world. The distance from shore to the test site was 2 
km (Leijon et al. 2008). In addition, the type of 
substrate, which is a flat sandy seabed, was 
considered. The devices were located 25 m depth, 
also important for the maintenance so the divers can 
check on the generators easily. For full scale 
commercial wave power plants, the units will be 
located further offshore and deeper.
 Other measurements, done by the U.S. Ocean 
Wave Energy Resources, shows relevant data from 
different sites around the world. The data suggests 
that in the North and South hemispheres, the wave 
power density is higher than closer to the Equator 
(Hagerman 2004). Considering this, a favorable 
location for a wave power park in Mexico is further 
north at the Pacific Ocean in Baja California State, 
were the wave power density goes from 13 to 15 
kW/m. The benefits of choosing this site, are also 
supported by measurements showing that the West 
coast of North America has more wave energy than 
the East coast (Vining 2009). The proper location 
was chosen also by the facilities around the harbor. 
The closeness to the main grid facilitates the access 
and reduces costs. 

 “The physics of renewable energy sources 
and economy influenced the perspective of 
policymakers, and could help or have an effect on 
the diffusion of innovations into society.” (Leijon et 
al. 2010).

  In conclusion, it is better to focus on the percent 
delivered by renewable energies rather than on the 
capacity. Renewable energy policies goals usually 
are set as percentages of actual generation instead 
of installed capacity. Therefore, it is important to 
include the degree of utilization in the analysis to 
know the actual output of wave power. Hence, DU 
will provide a picture of the real contribution of 
wave power into the renewable energy production 
and this could provide a proper estimation of the 
economic impact.

3. Current energy situation  
  The assumed wave power park project would be 
located in Baja California State along the Pacific 
coast in Mexico. An outlook of the current energy 
situation in the country gives a better understanding 
of the implications of such a project. We start with a 
focus on the world’s installed capacity towards the 
particular situation of Mexico. 
  The world’s installed capacity is given mostly by 
the thermoelectric plants, except for France,  where 
the nuclear reactors are the main source of energy. 
Countries like China, India,  Russia, France, Japan, 
Finland,  South Korea, just to mention a few, are 
also building more reactors to avoid CO2 emissions 
and provide energy security. Other countries are 
betting on clean renewable sources. For example, 
Canada, Brazil and Norway obtain their energy 
mainly from the hydroelectric. Europe, the US and 
China have developed wind power on a large scale 

(238 GW of installed capacity) to meet the energy 
supply challenge. The use of photovoltaic panels 
also is increasing rapidly, reaching 67 GW of 
installed capacity in the world (SENER 2010). In 
2007, the largest corporation on the Norwegian 
stock exchange was a solar cell company named 
Renewable Energy Corporation. Moreover, one of 
the largest publicly traded Danish corporations is 
Vestas,  a wind power company. It is difficult to 
predict the future of these companies but their high 
valuations cannot be misunderstood, they are 
betting on renewable sources together with some 
countries for the energy transition (Azar 2009).

3.1. Energy in Mexico 
 Mexico has an enormous potential for generating 
energy from renewable sources.  Mainly because of 
its large territory and its geographic location which 
is characterized by lots of sunny days, rainfall all 
year round and areas with high wind potential. 
Moreover, Mexico’s geography is bordered by 
coastlines, it has the Pacific Ocean to the West and 
the Gulf of Mexico to the East. However, in Mexico 
the total electricity net generation depends more 
than 70% on fossil fuels (Odón de Buen 2002; EIA 
web site). In Mexico, the energy is produced mainly 
with natural gas. In 2005 around 35 Mtoe of natural 
gas were produced in the country and due to lack of 
domestic pipeline infrastructure, around 9.0 Mtoe 
were imported from US to supply the north-western 
part of Mexico. Coal was also imported but in less 
quantity, around 1.2 Mtoe (APEC 2006). In 
addition, Mexico is one of the top three sources of 
U.S. oil imports and has one of the world’s largest 
oil companies, PEMEX (Petróleos Mexicanos), a 
state owned company. 
 The national energy strategy defined by the 
Ministry of Energy (SENER) in 2010, stated three 
pillars for the energetic sector path which included: 
energy security; economic and productive 
efficiency, and environmental sustainability 
(SENER 2010). To accomplish these goals the 
country wants to pass from 4% installed capacity 
for renewable to 8% without including big 
hydroelectric sources which already constitutes 
18%. Moreover, the SENER proposal is to allocate 
around $55 to $70 million USD to promote public 
and private investment in projects that generates 
electricity using competitive technologies; and use 
another $37 million USD to promote other 
technologies less mature (CRE 2009). 
 

5



It seems that the country is on track towards an 
energy transition.  According to Bloomberg New 
Energy Finance and the Multilateral Investment 
Fund: Climatescope 2012, Mexico is prepared to 
include more renewable energy technologies.  The 
country is ranked in the sixth position in Latin 
America. The ranking measures different 
parameters like:

i) Enabling Framework, Clean Energy Investment 
& Climate Financing.

ii)Low-Carbon Business & Clean Energy Value 
Chain.

iii)Greenhouse Gas Management Activities. 

  In the last category Mexico is ranked in the first 
place. However, its score was hurt “by its small 
share of renewable installed capacity and the 
relatively low growth rate of clean energy 
installations”. Nevertheless, it is the second country 
(after Brazil) with the highest investment in clean 
technologies with $5.8 bn from 2006 to 2011.
 Even so, there are some limitations to enter in the 
energy sector due to its inflexible structure. The 
state subsidies the residential and agricultural 
electricity, making it affordable for end-users. This 
results in difficulties for private investors to 
compete with subsidized prices. Still, new players 
have gotten into the market, trying to succeed in an 
era of low cost renewable generation. 
 The Federal Electricity Commission (CFE) is 
responsible of selling about 59% of Mexico’s 
electricity. Around a third pays high subsidized 
tariff. As mentioned, the problem with this low 
rates is the difficulty for private investors to enter 
into the market. Consequently, gas generation has 
had a boom due to its competitive form of 
generation. However, other sectors as commercial 
and industrial electricity consumers paid 
unsubsidized rates. For these groups other options 
have become an alternative as photovoltaics (PV) 
which represents a viable option on a price basis. 
Other advantage for renewables in Mexico is the 
highest electrification rate that the country has 
among Latin-America.  This could boost cost-
effective innovative projects in the electricity 
sector.

3.1.1. Clean energy investment and 
climate financing 
 Mexico has received more than $81 million USD 
from GEF (Global Environment Facility),  the 
World Bank, and UNDP (United Nations 
Development Programme, 2012) to develop 
renewable energy projects. Finance institutions play 
a key role in funding Mexico’s low-carbon sector. 
Nacional Financiera (NAFIN), a developing 
banking institution, is also a major local investment 
player.
  In addition, the Energy Transition and Sustainable 
Use of Energy law was enacted in 2008. A fund was 
created with this law to support clean energy 

projects and energy efficiency. Another important 
initiative was the Sustainable Energy Fund, which 
was an initiative carried by the Ministry of Energy 
(SENER) and the National Council of Science and 
Technology (CONACYT). The aim of this initiative 
was to promote technology and scientific 
innovation in Mexico’s renewable market. Funds 
for this initiative come from a 0.13% tariff taken 
from the annual value of all oil and natural gas 
extracted by Pemex. 
 There are very good examples of projects that have 
managed good funding and therefore, had been 
successfully implemented. For instance, the one 
carried by Comexhidro, an energy company, which 
developed “Las Trojes” a small hydro project (8 
MW). Then “El Gallo” was built, a hydroelectric 
plant with a 30 MW capacity. An environmental 
financing component trough carbon bonds within 
the frame of the UN Frame Convention on Climate 
Change was included for the first time in Mexico. 
Regarding wind power,  “La Ventosa” project in 
Oaxaca is being developed with a power capacity of 
150 MW by Fuerza Eolica del Istmo in alliance 
with Cemento Cruz Azúl (both Mexican and private 
companies) have been developing this project under 
a self-supplying scheme. This project was benefited 
by the economic incentives offered by the Clean 
Development Mechanism, helped by the carbon 
bonds trade. Another example is Bioenergía de 
Nuevo León S.A. a company which developed a 7 
MW capacity project from biogas generated by a 
landfill site. This project was funded partly by the 
GEF and the World Bank (SENER 2004). 
 It can be noted that the transition to a greener 
economy is not only a national concern. 
Government and private companies play an 
important role on funding clean energy 
technologies and must work together on boost the 
use of sustainable energy. The participation of 
finance institutions also makes it possible to fund 
these projects and contribute to develop sustainable 
energy infrastructure for the country. 

3.1.2. Legal framework 
  The legal framework that defines the industrial 
organization of the energy sector and the basis for 
its regulations are legally established in the 
Mexican Constitution in the articles 25, 27 and 28. 
The last modification to the article 27 was in 2008, 
enacting the LAERFTE law (Law on Renewable 
Energy Development and Energy Transition 
Financing). This law allows different schemes to 
generate electricity from particulars or any other 
and not only from CFE. Moreover, the CRE 
(Energy Regulatory Commission) and the LSPEE 
law (Ley del Servicio Público de Energía Eléctrica) 
were created to provide support and regulation to 
the energy sector. The Mexican Constitution 
stipulates that the generation, transmission and 
distribution of electric energy destined to public 
service are reserved to the state by CFE (Federal 
Energy Commission) the stated-owned electricity 
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monopoly. However, in the Art. 36 of LSPEE, it is 
stated that there are different options for the 
generation of electric energy from particular 
investors. Through the Secretariat of Energy and 
CRE’s act, the commission (CRE) can regulate 
some energy generation activities and grant permits 
and licenses to generate electricity. 
 The permits are for private self-supply generation, 
Independent Power Production (IPP) and 
Cogeneration (CRE web site). Different options are 
available depending on the relationship between 
suppliers and consumers. The IPP option allows for 
the sell of the generated electricity but only to CFE 
on the agreed terms. The Self-supply generation 
option exists with the purpose to allow the 
companies to generate electricity for its own 
consumption. 
  The limitation with the current energy situation in 
Mexico is that there is no electricity market. 
Consequently, in any case the distributor is allowed 
to sell the energy to a third party.  The article 36b, 
also stipulates that the surplus electricity production 
should be sold to the CFE (Ley del Servicio Público 
de Energía Eléctrica, 2012 and SENER, 2010). 
Therefore, an interconnection contract between 
CFE and the company is needed and CFE will 
provide support in the following (CRE 2009): 

• Backup 
• Transmission & Distribution 
• Buy and sell of energy surplus

3.2. Current efforts - From local 
to worldwide context 
 Baja California State, in recent years, has emerged 
as an important pole of economic development and 
power generation. This was caused by the industrial 
boom, the population growth and the opportunity to 
supply energy to the neighboring state of 
Ca l i forn ia , USA. The major e lec t r ic i ty 
infrastructure projects in Baja California are the 
electric power plants,  as the geothermal Cerro 
Prieto power plant, Thermoelectric ll & III plant in 
Mexicali and Thermoelectric plant in Rosarito.  
Recently new power plants were installed in the 
state, which have opened the possibility to develop 
various energy sources. 
  Regardless to renewable energy, the state of Baja 
California has a large area of opportunity to 
develop this kind of energies.  Wind energy is 
economically and environmentally competitive 
w h e n i t i s c o m b i n e d w i t h p o w e r g r i d 
improvements. The wind energy plant in the 
“Rumorosa” (the highest point in the state) consists 
of five wind turbines with a capacity of 10 MW. 
This plant is the first phase of the developed plans 
in the state of Baja California. Additionally to wind 
power, there are the necessary conditions to 
develop projects involving solar and thermal 
energy. Similarly,  it is planned to installed solar 
farms in the state to generate electricity for local 
consumption and self-generation. To meet the 

increasing electricity demand in Baja California, 
industrial, commercial and residential new 
investment projects are being made like the 
hydroelectric power plant, with an estimated rated 
capacity of 20 MW (Bautista 2010).
 The most recent effort in Mexico involving wave 
power electric energy production was held by a 
Mexican company called Marersa. The technology 
is different from what Uppsala University has 
developed. The elicitation that Marersa won was 
called “Central piloto de generación undimotriz” of 
3 MW en Rosarito, B.C. The City of Rosarito is 
located approximately 20 km southwest from 
Tijuana, B.C. The Federal Electricity Commission 
gave Marersa around $5.4 million U.S. to built the 
system and it is expected to be finish by march 
2013 (Rosagel 2012). 

 “The project is tiny, is a small pilot, but 
CFE does not want to discard any of the 
technologies and we want to learn from all of 
them” said Francisco Javier Varela Solís, manager 
of modernization projects at the commission.  

 Wave power is a developing renewable energy 
source that could potentially compete with wind 
and solar power. Although it has had a “bit of a 
shaky start”. In Portugal in 2008, there was a wave 
power plant developed, but the project was 
suspended due to financial reasons. Another 
unsuccessful trial was done by a Canadian company 
that sank off in the Oregon coast during the same 
year. However,  wave power is a promising concept 
and some countries are already betting on it. Spain, 
Scotland, Western Australia and off the coast of 
Cornwall, England and USA are some of them, a 
part of Sweden (Alternative Energy, 2010). 
Recently USA succeed, after many years of 
research Wave Power was giving current to the grid 
for the first time. This historic moment elevates the 
U.S. to the world stage” said Chris Sauer, the CEO 
of Ocean Renewable Power Company (Ferris, 
2012). Also China seems very interested in wave 
power. SDE, an Israeli company set an agreement 
with China to sell them a 150 kW wave power plant 
for a total sum of $1.2 million U.S. Another 
example involving wave power is the one 
developed by Siemens. The German company has 
operated the “World’s first oscillating water column 
power plant on the island of Islay, Scotland since 
2000”.The project provides electricity to 50 
households. Now they are looking for a suitable 
location for a wave power plant in Germany’s 
North Sea coast. The plant is planned to have a 
rated output of around 250 kilowatts (Rohling 
2007). Siemens is very optimistic about the 
potential of waves and their vision is to have 10,000 
to 100,000 wave power plants operating around the 
world. Nevertheless, the most efficient and least 
costly technology needs to be further developed. 
The first steps are already taken, however, it is a 
matter of time before the best prototype is achieved. 
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4. Sustainable energy benefits
 What is sustainable energy? The UN defines 
‘Sustainable Energy’ as the energy which 
production and consumption supports long-term 
human development. Understanding the term 
development as the search for a solid and 
continuous growth. Which according to the World 
Energy Council, is the “search of an adequate mode 
for civilization in the XXI century” (2012).  
Moreover, renewable energy includes resources that 
are continually replenished by natural forces like 
the sun, wind, water and the earth’s heat.  The use of 
these sources supports the idea of sustainable 
development. 
  The UN “Sustainable Energy for All” initiative 
includes three objectives. The first one is to ensure 
universal energy access,  the second one is to double 
the rate of improvement in energy efficiency and 
the last refers to double the share of renewable 
energy (2012). Having access to sustainable and 
renewable energy can contribute to the sustainable 
future of the developing world. Moreover, 
including actions to integrate renewable energy will 
not only help transform people’s lives by raising 
living standards, it will also:   

• Provide a solution to climate change by providing 
clean energy

• Represent energy security by diversification of 
energy sources and reduces energy foreign 
dependence.

• Generate an economic development and 
promote innovation. 

• Provide ecological and social benefits

4.1. Clean energy
 Renewable energy is not completely free of 
emissions.  Production, installation, maintenance 
and disposal carry contaminants. However, life-
cycle assessments of these technologies have shown 
that emissions (carbon dioxide, nitrogen oxides, 
sulphur oxides, and solid waste) are very low in 
comparison with the use of fossil-fuels-based 
systems (Hammar 2011). The use of fossil-fuels and 
non-renewable sources to generate electricity 
involves issues as: air,  visual and noise pollution; 
land and water use; radioactivity associated with 
nuclear power and waste; catastrophic failures, 
habitat loose and contamination.  In my 
understanding, it is difficult to predict the effects of 
these changes in the planet. Nevertheless, we need 
to understand that keeping the ecosystem in balance 
is needed to keep the life on earth,  as we know it 
today. 
 On the other hand, clean and renewable energy 
advantages include: only natural acidification; 
protects the ozone layer; safe radiation environment 
and decrease of sea rising levels rate. In addition, 
renewable sources as wave power can contribute to 
generate health benefits, through the reduction of 
local pollutants and reducing explosion risk.  For 

instance, in 2010, 34 mmtons (million metric tons) 
of carbon dioxide emissions (CO2e) were generated 
from the consumption of coal in Mexico. With this 
numbers, it can be assumed that if coal 
consumption is replaced with wave power, about 
816 mmtons of CO2e would be avoided during the 
life-time of the project. The equivalent of having 
two years of clean air in the country without CO2e.
 According to the UN framework Convention on 
Climate Change, Mexico is not subject to limit its 
greenhouse gas emissions. However, it is possible 
that as a member of OECD and NAFTA, the 
country might accept certain emission constraints 
under a future “son-of-Kyoto” protocol (Document 
of The World Bank 2006). Moreover, alternative 
sources like using wave power to generate 
electricity, could contribute to mitigate the climate 
change and therefore, guarantee environmental 
sustainability, one of Mexico’s Millennium 
Development Goals.

4.2. Energy security
 Energy security implies national security,  also 
reduced import bills and decreased variability in 
energy costs.  Just recently, India was affected by 
the biggest power shortage in history. It was almost 
completely paralyzed leaving 600 million people 
without electricity. Affecting every day activities as 
traffic lights,  flights cancelled, etc.  The exact cause 
of the failure was unknown (Aviv 2012).   For this 
reason initiatives to include energy security should 
become a priority to prevent future problems like 
this one. 
  How renewable energy could reduce import bills? 
Mexico is the seventh largest oil producer in the 
world. Mexico with an average production of          
3 million barrels per day is a net importer of refined 
petroleum products. The “Cantarell” oil field was 
once one of the largest oil fields in the world. 
However, according to the Energy Information 
Administration (EIA) report, oil production has 
declined dramatically from 63% in 2004 to 22% in 
2010. From United States perspective this has 
important implications for future energy supplies. 
Mexico’s falling oil production and the increment 
on domestic demand have led the Unites States into 
reducing exports (EIA 2011). This could lead 
Mexico to look for other ways of producing energy 
in an efficient way instead of importing refined 
petroleum products. Gasoline was 60% of the total 
product imports. Mexico has six refineries inside 
the country, and has 50% of the 334,000 bbl/d Deer 
Park refinery in Texas. In March 2011, Pemex 
started to build a new refinery with a reported cost 
of nearly $10 billion. This new refinery is the first 
one built in the last thirty years. There is no doubt 
that now Mexico is looking for another strategy to 
make it affordable for the country to be more     
self-dependent. 
 Natural Gas is another story, its consumption is 
rising due to greater use of the fuel in power 
generation. The amount of consumption and 
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production almost is the same. In 2010, Mexico 
produced 2.1 Tcf of natural gas, and it consumed 
2.2.  Tcf. Even though, the production has grown, 
imports are as well needed via pipeline from the 
United States and liquefied natural gas (LNG). In 
2010, Mexico imported 342 Bcf natural gas from 
US and LNG from Nigeria. Natural gas is used 
mostly by the electricity sector and its consumption 
is incrementing from 29% in 2004 to 48% in 2009.           
Coal consumption is also rising, reaching 364 
trillion Btu in 2010 (EIA 2011). 
 Back to the question, of how renewable could 
reduce import bills, the answer is simple. When 
electricity is produced from locally available 
sources, dependence on expensive and complicated 
fuel imports is reduced. Using a variety of energy 
sources, power systems become less susceptible to 
unpredictable situations such as droughts 
(hydropower), increased oil prices (diesel 
generators), or energy related conflicts (energy 
import). 
 
4.3. Economic development and 
Innovation 
 The transformation, from existing energy systems 
into renewable, represents a huge challenge.  
However, it brings a good opportunity to create new 
business and if they are managed well may also 
create new economic growth. According to the 
UNEP, worldwide, in 2010 the investments in 
renewable energy reached $211 billion dollars. In 
the case of wind power, Mexico,  will built two new 
wind power plants and will represent an economic 
income of 14 billion pesos and the creation of a 
thousand 500 direct jobs for its construction. The 
numbers could be the same for wave power. 
However, the technical aspects have still been 
debated, but once the technology is ready, the 
opportunity is going to be there for the skillful 
entrepreneurs that can take a step forward in this 
change by embracing new renewable technologies 
benefits. 
 There are two factors which are the “drivers behind 
change”. One factor is the ‘peak oil’. Recent 
research indicates that we are getting to the global 
peak in oil production. Economic growth gets 
affected due to its correlation with increases in 
energy consumption. In my opinion, the peak oil 
might affect the economy, but the massive use of oil 
is the real problem because contributes to the rising 
of sea levels. These consequences lead us to the 
second factor,  which is the climate change. Climate 
change is another aspect that is altering living 
conditions and with that, economic conditions are 
altered as well. However, the impact on climate 
change in the economy is still unclear rather than 
the economic impacts caused from peak oil. It is 
important to be ready, to have a continuous 
economic growth. New energy system is needed as 
well as transformation of existing utilities by 
including the use of renewable energy sources. 
Other driver factors are: energy sources 

diversification to ensure energy security and 
decrease risks, market incentives, government 
actions, modernization of the countries, a need to 
change towards a more organized system, etc. 
  Another benefit of using renewables is innovation. 
Innovation is not always easy, but is almost 
impossible where there is not a ground structure of 
political, financial and institutional systems 
(Larsson 2009). Flexibility is needed as well to 
leave room for innovation. Government plays an 
important role, it is the key to a successful 
transformation. Governments need to manage 
change in their countries and collaborate with the 
industry. In order to support the new businesses 
around renewable energy technologies industry.  

 “Innovation is the core of America’s 
economic strength and future prosperity.  New ideas 
and technological advances fundamentally shape 
our quality of life.  They are the key to fostering 
sustained economic growth, creating jobs in new 
industries and continuing America’s global 
leadership”. (American Energy Innovation 
Council, 2011). 

4.4. Ecologically and social 
benefits 
 During the summer in 2005 research at the wave 
power project - Lysekil was conducted focusing on 
the issue of fouling by mussels, barnacles and 
algae; and still there is a continued research to 
gather information about seabed fauna inventorying 
and about the effect that the small and large wave 
power plants have on the local environment. As 
well an information meeting was held to inform the 
permanent and summer residents on Gullholmen 
(the measuring station) to discuss about the 
concerns that can arise with the ongoing project. 
 A convenient location should also analyzed 
because “Big-scale-eco-friendly energy production 
requires the use of large areas in a way that limits 
other activities”. In this sense, the most suitable 
location for Wave Power Park is offshore, where it 
cannot ruin the view from the coast. Wave energy 
offers a way to minimize Not-In-My-Backyard 
issues. Commercial shipping is not possible in the 
area. A positioning light can be place at the buoys 
to localize the buoy during the night to make it 
visible for boats.  Small leisure boats will probably 
be able to navigate near the wave power park for 
leisure fishing activities.  However, commercial 
finishing with trawl nets and dragnets is not 
possible. Therefore fishing interests should be 
discussed and weighed carefully to evaluate the 
pros and cons against energy generation. In the 
other hand is expected that the wave power areas 
could become ‘marine nature reserves’. This would 
have positive effects in favor of fishing in the 
surrounding areas. These concerns help to 
understand the grade of acceptance among the 
inhabitant and the relevant matters that need to be 
considered. 
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 One of the most important social benefits, of 
renewable energy is the safe way of generating 
electricity. Coal mining workers die every year, the 
explosion of oil facilities is a main concern,  while 
nuclear power has become safer, but the risk is 
latent. The following pictures show the necessary 
facilities to generate electricity from different 
sources. They also illustrate some of the 
environmental and social implications of using 
energy from each one:

Oil               Natural Gas Production 

Solar                Wind Power In-land 

Wind Power Off-Shore      Wave Power 

Fig. 4. Different source of energy views and the impact 
on its surrounding and the human beings. 

   “Energy powers human progress. From job 
generation to economic competitiveness, from 
strengthening security to empowering women, 
energy is the great integrator: it cuts across all 
sectors and lies at the heart of all countries’ core 
interests.  Now more than ever, the world needs to 
ensure that the benefits of modern energy are 
available to all and that energy is provided as 
cleanly and efficiently as possible.”  (UN 
Sustainable Energy for all Initiative 2012)
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5. Economic analysis
  The life-cycle cost (LCC) methodology is used to 
provide an overlook of the cost of implementing a 
Wave Power Park in Mexico. The proposed location 
is 2 km offshore from Rosarito, in Baja California 
State, located at the northwest of Mexico (Fig. 5). 
The chosen site has a wave power density of around 
13 to 15 kW/m resulting in a degree of utilization 
(DU) of 38%, also known as the net effective 
capacity factor for the plant. This analysis implies 
the use of Uppsala University WECs described in 
the previous sections.

Fig. 5.  Google map of Rosarito, Baja California, Mexico. 
The potential wave power park location would be 2 km 
offshore from Rosarito at the Pacific Ocean.

5.1. Economic analysis methods
 The economics of a 3 MW wave power plant was 
investigated using two indicators: the 24-year LCC, 
and the required price of electricity for a 10-year 
simple payback period. The LCC is the net-present 
value (NPV) of the total cost of the wave power 
park minus all revenues over a 24 year period. The 
LCC equations are shown in Table 2. The simple 
payback period calculates the years that it takes to 
the accumulative revenues to be equal as the capital 
expenditures, without considering the discount rate. 
The methodology used was adapted from Dunnett  
analysis (2009).
 The only cost considered are the cost of the 
devices, the mooring system, the transmission cost, 
the salvage value,  and the operating and 
maintenance costs (O&M). The cost of the devices 
includes the expected O&M cost and is given by 
the manufacturer in current Euros of installed 
capacity (M. Leijon, unpublished observations). 
The wave power park would be formed by multiple 
units. It is assumed that only one high voltage line 
is needed to link the wave park to the grid. 

 The wave power park consists of 60 generators, 
with an average power of 50 kW per generator,  that 
would correspond to 3 MW with an expected 
production of 10 GWh per year. The initial cost of 
each device chosen for this report is €250,000 
Euros (M. Leijon, unpublished observations). The 
overall capital cost is €15,299,623 found by Eq.(2), 
summarized in Table 3. The capital cost 
corresponds to the initial investment and is 
considered to be the only negative net cash flow of 
the project.  There is no other negative cash flow 
because a 92% of availability is set which includes 
a margin of 8% for the unexpected expenses (M. 
Leijon, unpublished observations). Moreover, the 
calculations of the overall revenues Eq.(3) uses the 
present worth factor (PWFn) of a cash flow in the n 
years of the plant’s life. This factor accounts for the 
opportunity cost,  meaning that future revenues are 
worth less than current revenues. This is due to the 
fact that current revenues can be reinvested and 
multiply in value. The PWF is calculated in years 
because revenues and operating cost depend on 
electricity output. This factor includes the cash flow 
of a project during a given time-period and brings 
them to a present date cash flow through the use of 
economic components detail in Eq.(4) (Renmer and 
Nieto 1995). 

Table 2. LCC equations
Life-cycle cost (1) LCC= CC+O&M-R

Capital cost (2) CC= q * [D+ Cm + Ct]

Revenues (3) R=∑n=1 *(Pelec*Kn*PWFn) 

Present worth factor (4) PWFn= 1/[(1+i)∧(12 x n-1)]

Simple payback 
period

(5) PP=CC/(Pelec)∧K

Degree of Utilization (6) DU= [W/(P x Hy)] * 100%

 
 The interest rate (i) used was 8.5%1. The after-tax 
discount rate is 5.5% 2  which corresponds to the 
weighted average cost of capital (WACC) value. 
Therefore, the WACC was applied in Eq.(4) to 
determine the PWF for the year of operation n (with 
the first year n=1). The interest rate is sometimes 
referred to as the discount rate (Renmer and Nieto 
1995). This is due since the discount rate is an 
interest rate used to bring future expected revenues 
(during the lifetime of the project) to present value.
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Table 3. Lists  the capital  cost and operating cost of the 
Wave Power Park.

DATA Uppsala University WEC 
Rating (kW) 50

Units 60
Total Capital cost €15,299,623

O&M cost per kWh Included 
Transmission cost* €231,007

Mooring System cost** €68,616
Capital Cost per Euros/

kWh*** €1.5

*Transmission cost: Assuming a 2 km distance to shore, the cost 
of subsea cables is $115,000 USD/km plus overland 
transmission lines at $73,000 USD/km assuming 1 km from 
shore to Hwy. Giving a total of $303,000 USD converted into 
Euros using the exchange rate of 1 USD=.7624 (Sept, 2012) 
**Mooring system: Is assumed to be $20/m at a 25 m depth 
assuming three mooring lines per device. Giving a total of 
$90,000 USD converted into Euros using the exchange rate of 1 
USD=.7624 (Sept, 2012) 
***Capital cost per kWh: The capital cost divided by 10,158,000 
kWh/year.

  The transmission and mooring system cost were 
calculated according to the data provided in 
Dunnett and Wallace’s economic analysis (Dunnett 
and Wallace 2009). The distance from the Wave 
Power Park to shore assumed was 2 km and 1 km 
from shore to highway. For the mooring system, it 
is supposed that the devices are 25 m depth and 
three mooring lines are needed per generator. 
Moreover, the degree of utilization and availability 
factors are included in the analysis. The degree of 
utilization found by Eq.(6) was calculated with the  
installed power of 3 MW, the electricity output of 
3386 hours per year, which corresponds to the 
possible number of full loading hours and the total 
hours in a year of 8766.

5.1.1. Net Present Value and Internal 
Rate of Return 
 The net present value (NPV) represents the 
difference between the present value of cash 
inflows and the present value of cash outflows. It is 
the value of a specific stream of future cash flows 
presented in today’s currency. The NPV is used to 
determine whether a project is worth doing or not. 
It is calculated by comparing the initial cost of a 
project to the total value of future revenues that the 
project creates. Projects with a positive NVP should 
be carried out,  while negative outcome should be 
rejected (Renmer and Nieto 1995). Moreover, the 
Internal Rate of Return (IRR) represents the return 
on investments i.e. addresses the profitability of a 
project. It is a measure which calculates the interest 
rate for which the present value of a project equals 
zero. This is called internal because implies an 
internal factor as the WACC. The criteria states that 
if the IRR is higher than the WACC, the project is 
accepted and if the IRR is lower than the WACC it 
is rejected (Renmer and Nieto 1995). 

5.1.2. Discount rate 
  Once the incoming cash flow is calculated, the 
discount rate is applied into this revenue so that a 
comparison can be made against an alternative. The 
discount rate values suggested for marine energy 
projects in the UK are between 8% and 15% with 
the higher rate applying to less developed 
technologies.  For example, Dunnet and Wallance 
use an 8% in their analysis for a wave farm in 
Canada, whereas a 7.5% discount rate is assumed 
on wind energy cost assessment (Krohn et al. 
2009). However, each specific business has its own 
discount rate and it represents the investor’s overall 
cost of capital according to the project-specific 
risks. For the purpose of this analysis different 
discount rates are used to analyze the effect on the 
net present value. 

5.1.3. Economic strategy 
 The Merchant Power Plant (MPP) i.e. the Wave 
Power Park distributor would operate under the 
scheme of private self-supply, in collaboration with 
the municipality of Rosarito, B.C. The Mexican 
Constitution Article 115 states that the municipality 
is responsible for supplying the public lighting. 
Therefore, is suggested that the energy produced 
would be used for the public lighting service in 
Rosarito. This would be an advantage for the MPP, 
since the street lighting rate is one of the most 
expensive energy tariffs in Mexico. However,  to 
become an attractive option for the municipality, 
the device’s target electrical output should match 
the electricity price, i.e. the electricity price should 
be the same tariff as the one the Municipality is 
paying now. As a result, this strategy would ensure 
the consumption of the total energy produced. 
Moreover, the project’s income is derived by the 
electricity payments over the project’s lifetime    
(24 years). The Municipality also gets benefits by 
having a fixed price, while savings are expected in 
the future. Other advantages include buying clean 
energy, decreasing CO2 emissions, more jobs and 
innovation recognition. 

5.1.4. Electricity price 
 The electricity price is set by the Federal 
Electricity Commission (CFE). Moreover, CFE is 
responsible for supplying the electric energy, which 
implies that they are totally in charge of the 
transmission nets and distribution (CFE web site). 
The categories for street lighting according to CFE 
rates are 5 and 5A. Category 5A applies for Baja 
California State. The other categories correspond to 
biggest cities in Mexico as Mexico City, 
Guadalajara and Monterrey. The tariff used in B.C. 
corresponds to $2.003 mexican pesos.  This value is 
on the order of €0.119 Euros equivalent to $0.156 
USD3.  The following results of the evaluation do 
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not include subsidies. Subsidies can be decisive in 
the initial phase and trough the project but since 
“Subsidies could be far larger than the integrated 
income from selling to the receiving grid,” they 
were not considered (Leijon 2002).

For the proposed Wave Power Park the following 
assumptions were considered: 
• 24 year plant life
• All costs are in real Euros, 2012 as a reference 

year 
• Commercial plant starts working in year 1, while 

plant construction start in year 0
• The rate of inflation is the same for all cost

Utility assumptions include: 
• Capital structure of 100% debt and 0% equity 
• Cost of debt before taxes 8.5%
• Income tax rate 35%
• The weighted cost of money (WACC4) or after-

tax discount rate is 5.53%
• Depreciation simple of 10 years with a disposal 

value of $2,250,000 (15% of the equipment cost) 

Table 4. 3 MW Wave Power Park DATA summary: 

Capital Cost €15 million Euros

Operating Cost Included

Transmission Cost €231,007 Euros

Mooring System €68,616 Euros

Total Cost €15.3 million Euros

Price 0.119 Euro/kWh

Total Power 10 GWh/year

Total Revenues €1.2 million Per year 

Disposal Value €2.2 million Euros

5.2. Economic analysis results
 Results showed that while the energy production is 
favorable, the profitability of the Wave Power Park 
is very sensitive to changes in different economic 
criteria as, the discount rate, the electricity price, 
and the payback period. It is expected that a 
nominal 10 GWh Wave Power Park would light 
12,500 street light lamps of 100 watts giving 8 
hours of light each one. The proposed Wave Power 
Park shows a DU of 38% which is favorable 
compared to other renewable technologies. For 
example, the WaveDragon WECs can reach a DU 
of 32.1%, being the one with highest annual 
capacity factor among other WEC technologies 
(Dunnet and Wallance 2009). Whereas, the degree 

of utilization of onshore wind farm in the south of 
Sicily, is 18% and 27% for an offshore wind power 
farm located outside Denmark (Leijon et al. 2010). 
 Another important factor is the availability. For this 
wave power park the availability factor was 
assumed to be 92%. This factor is defined to take 
into account maintenance and breakdowns. It 
ensures that the annual production or availability of 
the wave power park will be around 92% capacity 
at any specific time. Managing a percentage is 
important to address risk. Previous energy studies 
using the Pelamis WEC allocate 85% (Dalton 
2010). While other studies as the one developed by 
Dunnett and Wallace allocate a 100% availability of 
the devices, no downtime and no repairs were 
considered. The high degree of utilization and the 
availability of Uppsala University WEC provides 
favorable energy outcome.
  As mentioned before, the results suggested that the 
market electricity price is still far from making 
wave power profitable. In fact, the project is not 
economically feasible with the proposed electricity 
price. Even though a low discount rate of 6% was 
used, results showed a negative NPV. 
 There are different perspectives in a project’s 
evaluation. Considering the project’s operational 
cash flow perspective (summary in Table 5) the 
NPV was negative, with the previous utility 
assumptions and the electricity price of €0.119 per 
kWh. Moreover, the IRR of the project is 5.2%, 
which is lower than the WACC 5.53%. This means 
that the firm’s cost of capital is higher than the 
expected project’s internal rate of return. Usually,  if 
the NPV is positive and the IRR is higher than the 
WACC the project is accepted.  As a result, the 
economic strategy of selling the energy to the 
municipality is not favorable for the project’s 
rentability. Even the electricity rate for public 
lightning is high, it is not enough to cover the large 
initial cost of the devices.  However, the electricity 
price is considerably low compared to the rates 
used of similar technologies. For example, 
AquaBuOY or WaveDragon technologies are 
attractive devices due to their price, which is 
equivalent to €0.153 per kWh5 and can be lower to 
€0.117 per kWh depending on the specific power 
density of the locations. These numbers represent a 
price for which it might be economically feasible to 
build a Wave Power Park. The electricity price of 
other technologies such as solar PV can reach $0.42 
kWh dollars, or in the case of wind power $0.11 
kWh dollars,  equivalent to €0.32 per kWh and 
€0.08 per kWh respectively. 
 The criteria of LCC method is related with the 
negative values (Renmer and Nieto 1995).  i.e. “a 
negative LCC means that the plant is operating with 
a profit”. In this case, the resulting LCC for the 
wave power park to be economically viable needs 
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to be 2.0 Eurocents/kWh higher than the market 
price. Using a higher electricity price equal to 
€0.139 per kWh, turns the NPV positive and gives a 
higher IRR of 6.4%. This IRR is now higher, 
meaning economically viable compared to the 
WACC of 5.33%. These values corresponds to the 
second scenario summarized in Table 5. 

Table 5. Lists the different  results in NPV, IRR and 
payback period according to the discount rate and 
electricity price.

Scenarios 1st 2nd 3rd

Electricity 
price in Euro/

kWh
0.119 0.139 0.157

IRR 5.2% 6.40% 7.40%
Payback 
period 12 10.7 10

Discounted 
rate NPV 

4.50% $962,078 $2,821,909 $4,598,601

5.50% -$488,837 $1,237,870 $2,810,568

6.00% -$1,136,459 $528,798 $2,012,086

8.00% -$3,302,254 -$1,858,640 -$666,480

  A third scenario was also analyzed to compare the 
economic assessment results of this technology 
with other WECs analyzed by Dunnett and Wallace 
(2009). Even thought the assumptions are not the 
same, it provides an insight of the value of the 
WEC technologies in the market. Dunnett and 
Wallace in their analysis calculated the price of 
electricity for a 10 year simple payback period, 
under the assumption of 100% availability and an 
8% discount rate of other WEC technologies. If we 
want to compare the wave power park results 
shown in this paper under similar assumption6, the 
electricity price should be around €0.157 per kWh. 
The difference makes it difficult to do a fair 
comparison. For example, the analysis proposed in 
this paper was for a nominal 10 GWh while 
Dunnett and Wallace analysis was based on a 
nominal 25 GWh. Dunnett and Wallace analysis 
present a rate of €0.153/kWh against €0.157/kWh 
of the UU wave power park project. Nevertheless, it 
is expected that there would be a cost reduction due 
to a large scale wave power park.
 Considering the differences and similitudes of both 
analysis it can be presumed that the wave power 
park project proposed in this thesis would remain 
competitive against other WEC technologies.  
However, the conditions for both technologies 
might be difficult to be accepted by the investors. 
Subsidies should be applicable for the capital cost 
and/or the electricity price. Otherwise,  efficiency 

can be improved without incrementing the capital 
cost. Moreover,  all the capital and operating costs 
are estimated by the manufacturer.  The average 
output energy (hours) and the degree of utilization 
were assumed too,  because there is no commercial 
experience yet in offshore wave power. Therefore, 
this adds uncertainty to the results.

6. Discussion 
 It is important to understand that keeping burning 
fossil fuels increments the amount of CO2 in the 
atmosphere. This is related to the increment in the 
actual temperature, the sea level rising and the ten 
warmest years since 1997, without considering all 
the damage that extracting the coal, oil and natural 
gas produces to the ecosystems and living things. 
This is why we should keep looking for better 
solutions to provide clean energy to the 
communities. 
 The Wave Power technology, developed by 
Uppsala University, uses a linear generator. The 
WECs design is unique. It has a high power output 
even at low motion waves. In consequence it 
provides a high degree of utilization of 38% , which 
is higher than sun and wind degrees of utilization. 
The DU gives a better understanding of the actual 
output of wave power. It provides a picture of the 
real contribution of wave energy production and 
this could provide a proper estimation of the 
economic impact. There,  the importance of 
including the DU in the analysis of renewable 
energy production. Moreover, waves predictability 
is one of its advantages. Waves motion is more 
predictable and less variable than wind. This makes 
wave power a reliable source, because even if wind 
stops blowing, waves keep moving.  In addition is 
one of the least disturbing technologies compared 
to other clean and renewable energy.  Off course 
wave power is at an early stage of development. It 
is where wind power was twenty years ago and it 
has its own limitations. Working off-shore might be 
difficult and the engineers need to develop a 
solution to match the generator potential with 
different wave power density,  i.e.  different ocean 
climates. However, in my opinion is a matter of 
trials i.e. ‘Full-scale-in-ocean’ and time for the 
Wave Energy Converters to start capturing the free 
and enormous ocean potential and become the 
state-of-the-art technology with an impact on the 
electricity production.  
  In addition, wave power in Mexico is suitable due 
to its wave power density of 13 kW/m. Which is 
higher than the wave power density were the 
Lysekil project was carried out. Countries as 
Canada, Brazil,  Norway, Denmark are betting on 
clean renewable sources,  while others are building 
more nuclear reactors to avoid CO2 emissions. 
Wave Power not only provides clean energy, it also 
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represents energy security for the country, generates 
economic development, supports innovation and 
brings benefits to the society. In the case of Mexico 
more than 70% of the total electricity generation 
depend on fossil fuels mainly with natural gas. 
However, due to the lack of domestic pipeline 
infrastructure around 9.0 Mtoe was imported from 
US to supply only the north-western part. This is 
not a favorable scenario for the country. Mexico 
wants to have more energy security and wants to 
pass from 4% installed capacity for renewables to 
8%. This strategy which include: energy security, 
economic and productive efficiency and 
environmental sustainability was defined by the 
Ministry of Energy in 2010. To accomplish this 
goal the SENER allocate around $55 to $70 million 
USD to promote new technologies with an impact 
on the generation of electricity. Other $37 million 
USD will be used to promote less developed 
technologies. Mexico could make use of this 
initiative to allocate the funds and impulse wave 
power projects.  Moreover, in 2008 the Law was 
modified, together with the creation of the Energy 
Regulatory Commission (CRE) promote the 
efficient development of power generation.  Also 
they grant and revoke permits for power generation. 
Clearly the country has the interest, money and a 
strong legal framework to implement and promote 
renewable energy projects. 
  Mexico has the second highest investment in clean 
technologies among Latin-America. This rank 
could increase with more renewable installed 
capacity and more clean energy installations. An 
important limitation for this kind of projects, is that 
the energy sector in Mexico has an inflexible 
structure. The state subsidies the residential and 
agricultural electricity and there is no electricity 
market.  These make it difficult for private investors 
to enter to the ‘market’ and compete with 
subsidized prices. A solution could be to focus on 
other sectors as commercial and industrial 
electricity which pay unsubsidized rates. On the 
other hand Mexico has the highest electrification 
rate among Latin-America. This could provide a 
benefit for innovative projects in the electricity 
sector.  
  The CFE, a stated-owned electricity monopoly, is 
the one in charge of the generation, transmission, 
distribution of electric energy to public service. 
However, with the new law a permit can be asked 
to generate electricity under the self supply scheme. 
The proposed suggestion was to use the generated 
electricity from the wave power park for the public 
lighting through a contract with the municipality. 
This would ensure the consumption of the 
generated electricity at a high rate. While CFE 
provides the support in the transmission and 
distribution, backups and buys and sells of energy 
surplus. This could bring extra income and less 
uncertainty. Mexico is not afraid of trying with new 
technologies,  just recently CFE financed a Mexican 
company with around $5 million US dollars, to 

develop a tiny pilot project, related to harvest 
energy from the ocean. 
 Uppsala University is not alone in its effort on 
developing wave power technology. USA succeed 
for the first time during September, 2012 in 
providing current to the electrical grid with power 
from the ocean. China is not far behind. The second 
biggest economy, has bought wave power devices 
for 1.2 million US Dollars in total to an Israeli 
company. The 150 kW plant will be allocated in the 
province of Guangzhou. The Germans as well have 
their own prototype. The project developed by 
Siemens, a German company, provides electricity to 
50 households and the company is planning to have 
a wave power plant with rated output of 250 kW. 

7. Conclusion 
  There are different project evaluation techniques. 
For the economic analysis the Net Present Value  
was used including the life cycle costing criteria. 
The NPV was used due to its popularity among 
97% of the companies,  according to a survey 
carried out in the 90’s. The LCC method was also 
considered due to its importance for government 
projects.  Moreover, a Positional Analysis focuses 
on being as many sides as possible when evaluating 
a project. The difference between the methods 
strives that LCC considered all the costs in its 
calculations. Including more than one method in the 
analysis provides an insight on different criteria 
(Renmer and Nieto 1995). It gives a better 
understanding on the benefits and possible 
limitations. In this case the LCC methodology apart 
of analyzing the NVP evaluation, allows a 
comparison between the wave power park WECs 
and other technologies. However,  results showed 
that from the viability project’s perspective i.e. 
without considering loan payments, the project is 
economically viable if the electricity price is equal 
to €0.139/kWh and the expected IRR is higher than 
6%. Moreover, the analysis did not considered costs 
as: supervision,  general and administrative 
expenses, safety and ecological considerations, 
government rules, uncertainties and risks. Nor other 
incomes like carbon credits or tax incentives. Only 
the service reliability is covered considering the 
availability percentage of 92%. However, a further 
analysis needs to be done to address uncertainties 
and risks more specifically. A sensitivity analysis is 
suggested to identify the factors on which to focus 
managerial attention during implementation. 
Moreover, future research might include policies 
and financing strategies that could help for a 
successful implementation of a wave power park in 
Mexico and the rest of the world.  
 The emphasis on the use of sustainable energy 
specifically wave power is not only because of its 
social benefits. It is a matter of conscience. In the 
case of analyzing the implementation of Wave 
Power in Mexico,  it cannot be simplified only to 
monetary terms. Most of the costs can be translated 
into Euros, but there are some very important 
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benefits that cannot be quantified. A positional 
analysis provides an outlook of all the different 
aspects that need to be considered when a new 
project is proposed. The interconnection between 
the parts that cannot be analyzed in isolation is 
crucial. The benefits weighted against the 
implications considering the context would make 
this project a proper solution. This thesis gives an 
insight of applying wave power in Mexico.
  In conclusion, wave power in the future will have 
more participation on the world’s total mix and will 
prove that they can be exploited in countries that 
have good potential. To make sure that the 
technology reaches its potential, it needs to be 
closer to grid parity without subsidy,  and solve the 
intermittency and storage issues. This could be 
possible with a better understanding of the current 
energy market situation, a strong legal framework 
that supports the implementation of renewable 
energies, and of course by a clear policy direction.
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