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a b s t r a c t

This paper presents the first estimate of offshore wind power potential for the central coast of Chile. For
this purpose, wind speed data from in-situ stations and ERA-Interim reanalysis were used to simulate
wind fields at regional level by means of the Weather Research and Forecasting (WRF) model. Wind field
simulations were performed at different heights (20, 30, 40 and 140 m.a.s.l.) and a spatial resolution of
3 � 3 km for the period from February 1, 2006 to January 31, 2007, which comprised the entire series of
in-situ data available. The results show an RMSE and r2 of 2.2 m s�1 and 0.55 respectively for the three
heights simulated as compared to in-situ data. Based on the simulated wind data, the wind power for the
study area was estimated at ~1000 W m�2 at a height of 140 m.a.s.l. For a typical wind turbine of 8 MW
generator, the estimated capacity factor exceeds 40%, with an average annual generation of ~30 GWh.
Offshore wind power in Chile is an emerging renewable energy source that is as yet still under-
developed, these estimates help to fill in some of the gaps in our knowledge about Chile's true renew-
able energy potential.

© 2016 Elsevier Ltd. All rights reserved.
1. Introduction

New sources of power generation that reduce greenhouse gas
emissions, such as renewable energy, have seen significant growth
worldwide. As a part of this, wind power appears to be one of the
most commonly used renewable power sources nowadays [1], with
exponential growth in its installed capacity worldwide and a
growth rate of 33 GW year�1 for the period 2004e2014 [2]. This
growth, mainly in installed capacity at global level, has been driven
by not only onshore wind energy, but by offshore wind power as
well.

The business of offshore wind energy has been also growing
significantly since the early 2000 generating more power than
onshore (i.e. capacity factor over 40%), with greater power from
each generator and a decrease in the investment costs of wind
power projects [3e6]. At the same time, trends point toward
developing wind farms with greater power and area compared to
those existing today, as well as installations in deeper waters on
floating and semi-submersible structures [6e9].

The quantification of offshore wind power is a necessary first
step in any power generation project. To do this, in-situ measure-
ments are required, though not always available and often insuffi-
cient for the successful development of wind projects. For this
reason, the lack of in-situmeasurements of the ocean surface forces
us to look to different usable sources of information about wind
fields on the sea surface [10]. These sources of information can
come from remote sensing (i.e. QuickSCAT, WindSat, Ers, ASCAT,
ASAR) [11e13], from simulated data using prediction models (Nu-
merical Weather Prediction), analysis/reanalysis (i.e. GFL, ERA-
Interim) [14,15] or a combination, such as in-situ, satellite and
modeling [16e18]. This combined use of different data sources and
modeling has been widely employed in areas where there is an
extensive network of in-situ data, resulting in the use of mesoscale
forecasting models such as today's most commonly used Weather
Research and Forecasting Model (WRF) [16,19e24]. Such method-
ologies (i.e. in-situ data, models and reanalysis) might aid devel-
oping countries prospecting for wind power and other future
renewable sources to meet their energy needs, now and in the
future.

One such country is Chile, which has over 4000 km of coastline
and the second largest installed wind power capacity in South
America (e.g. 833 MW) in 2014, as well as newly passed energy
legislation (Law 20 698/2013) aiming for electricity consumption
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from renewable sources to reach 20% by 2020. This scenario has led
to several studies quantifying Chile's onshore wind potential
[25e27]. Offshore wind power, however, has not yet been widely
analyzed. In fact the only work that has focused on estimating
offshore wind potential was published byMattar and Villar-Poblete
[28] using data from QuikSCAT and ERA-Interim reanalysis. Due to
the spatial resolution of the two data sets though, wind power
potential was estimated at a low spatial resolution, thus creating an
alternative for improving the estimation of this potential for Chile's
coastline. Hence, the aim of this study was to estimate the offshore
wind power potential with improved spatial resolution off the
coast of south-central Chile using wind data simulated by the WRF
model. The structure of this paper is detailed as follows. Section 2
defines the study area and in-situ wind measurements. Section 3
presents the modeling system, section 4 shows the method, sec-
tion 5 provides the study results and sections 6 and 7 provide a
discussion and final conclusion for this paper, respectively.
2. Study area and in-situ data

The study area is located in south-central Chile (Fig. 1),
encompassing the coast of the southern section of the Maule Re-
gion, to a distance of 100 km from the coastline. The study area
located on the earth's surface is made up of a flat inland area and
mountainous coast. The winds in this area are influenced by the
presence of the Southeast Pacific anti-cyclone, which mainly pro-
duces winds originating in the south [29]. Within the study area
can be found the Faro Carranza Station (FCS) (S 35�32032.300 W
72�35020.900), which was installed by the National Energy Com-
mission between January 29, 2006 and June 8, 2007 [30]. This
station is located in a barren area (sandy) located at 30 m from the
Fig. 1. Study area (red square) located in the Maule region (blue line), Chile. The FCS is ind
references to colour in this figure legend, the reader is referred to the web version of this
sea coast line. This coastal area has shown potential for high wind
[25,26] though studies in this area have focused on the estimation
of onshore wind power, so its offshore wind power is unknown and
its power could far exceed estimates for onshore.

For this paper, FCS data were used for the assessment of wind
simulations using the WRF. The FCS data consist of wind speed and
direction measurements recorded each 10 min at heights of 20, 30
and 40 m and 20 m respectively, were used for the entire period
that the station recorded data, which it did continuously for one
year.
3. WRF modeling system

For this paper, version 3.6 of the WRF model was used [31]. A
configuration of three nested domains at spatial resolutions of 27, 9
and 3 km (Fig. 2) was used and information was exchanged be-
tween each domain during the simulations using a two way nested
run. The physical configuration used in the simulation was defined
as the default configuration detailed as follows: WSM3 for micro-
physics, RRTM for longwave radiation, Dudhia on shortwave radi-
ation, YSU for boundary layer, MonineObukhov for surface layer
and Noah- LSM for land use. Previous WRF simulation were carried
out in Chile including some minor modification from the default
configuration using in the microphysic parametrization without
any previous sensitivity analysis since the lack of in-situ data
[27,32]. The information used to configure the initial state of the
atmosphere and boundary conditions were obtained in the WRF
model through ERA-Interim reanalysis [33] for the simulation
period 1 February 2006e31 January 2007, which matches the data
measured by the FCS. Global ERA-Interim data are available for
1979 to the present, at a time resolution of 6 h and spatial
icated by a star. Grey colors indicate the relief of the zone. (For interpretation of the
article.)
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Fig. 2. Simulation domains used in this study. The color red corresponds to the outermost domain, black is the medium domain and blue corresponds to the innermost domain. (For
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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resolution of 0.75� � 0.75� (latitudeelongitude). In terms of its
vertical configuration, this study used 37 atmospheric levels
ranging from 1000 to 1 hPa. For previous work, ERA-interim data
have been used in studies on wind energy, providing robust and
reliable results for this type of application in offshore wind energy
[21,22,34,35]. The model's output data for the study area were
generated at 3 km spatial resolution every 1 h for the period be-
tween 1 February 1 2006 and 31 January 2007 at 33 vertical levels,
ensuring that the first 3 levels were less than 100 m above ground.
4. Methods

4.1. Estimating the profile of the wind speed module through WRF

Using the gridlines and the non-staggered horizontal compo-
nents U and V of the wind speed simulated by the WRF at the first
five vertical levels provided by the model (5, 24, 50, 110 and 222 m
approx.), the wind speed magnitude was calculated for each of
those levels (1).

vz ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
U2
z þ V2

z

q
; z ¼� 5; � 24; � 50; � 110 y � 222m (1)

This wind speed module at the first five levels was interpolated
at the next vertical levels 20, 30, 40 and 140 m by means of a spline
interpolation in order to compare the magnitudes of the speeds
recorded at the FCS (vobsZFCS ) and the simulations performed with
WRF for the FCS location (vWRFZFCS

). This was done for the three
vertical levels measured at the station (ZFCS ¼ 20, 30y 40 m). It was
assumed a normal distribution of the simulated and observed data
and a statistical significance level equal to 95%. This comparison
was performed using the coefficient of determination (r2) (2), the
bias (3) derived from the residuals between observed and simu-
lated and the Root Mean Square Error (RMSE) (4) at annual,
seasonal andmonthly level, for ZFCS. These equations are detailed as
follows.

r2ZFCS ¼
SvobsZFCS vWRFZFCS

SvobsZFCS
SvWRFZFCS

2

(2)

BIASZFCS ¼
1
N

XN
i¼1

vobsZFCS
� vWRFZFCS

(3)

RMSEZFCS ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1
N

XN
i¼1

�
vobsZFCS

� vWRFZFCS

�2vuut (4)

Where N is the number of pair of data between observed and
estimated.
4.2. Estimation of wind power potential

The wind power was calculated using the probability distribu-
tion for wind speeds estimated at a height of 140 m (vz140), which
was calculated using theWeibull distribution function. TheWeibull
function (5) is defined by the shape parameters (k) and the scale
parameter (c), which were calculated using the method of least
square [36]. This was performed for each pixel of the study area.

f ðvz140Þ ¼
k
c

�
vz140
c

�k�1

exp

"
�
�
vz140
c

�k
#

(5)

Once the distribution function of the wind speed was known,
the wind power (6) was calculated with the following equation:
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Fig. 3. Power curve for the turbine V164 (adapted from Vestas1).

Fig. 4. Time series for speeds simulated by WRF and those recorded at the Faro Carranza station at 20, 30 and 40 m.
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P
A
¼ 1

2
r

Z∞
0

v3z140f ðvz140Þdvz140 (6)

Where r is the air density, which for this studywas considered to be
constant, equal to 1.225 kg m�3.

4.3. Capacity factor and energy production

In order to estimate offshore wind energy potential, the energy
that could be generated in this area by a V164-8.0 (V164) wind
turbine was estimated. This wind turbine has a rated power (Pn) of
8 MW, making it one of the more powerful wind turbines available
on the market today. The power curve of the wind turbine is shown
in Fig. 3, where it can seen that its rates of cut in wind speed, rated
wind speed and cut out wind speed are 4, 12 and 25 m s�1

respectively.
1 http://nozebra.ipapercms.dk/Vestas/Communication/Productbrochure/
OffshoreProductBrochure/OffshoreProductBrochure.
The annual average power produced by the wind turbine (7)
was estimated. Estimated wind speeds at 140 m elevation were
used, this being the height of the wind turbine's operation. The
annual average power produced by the wind turbine is based on
the likelihood of occurrence (f ðvz140Þ) and wind turbine power
pðvz140Þ at each of the simulated speeds:

P* ¼
Z∞
0

pðvz140Þf ðvz140Þdvz140 (7)

Then, from the annual average power, the energy generation for
the period simulated was estimated (T ¼ 8760 h) (8).

E ¼ P��T (8)
The Hours at Full Capacity (HFC) was also estimated since this
metric is often the most important to wind energy operators, since
it translates the relation between the wind farm installation and
exploration cost and net production.

HFC ¼ E
Pn

(9)

The efficiency of the wind turbine (11) was estimated by using
the energy generation, wind power, area covered by the rotor tur-
bine (10) and T.

AV164�8:0 ¼ p*r2V164�8:0; rV164�8:0 ¼ 80 m (10)

Efficiency ¼ E
P
A*AV164�8:0*T

(11)

Finally, the capacity factor (CF) was calculated from the rela-
tionship between the energy generated and the maximum amount
of energy that could be produced over an average year (Pn * T):

http://nozebra.ipapercms.dk/Vestas/Communication/Productbrochure/OffshoreProductBrochure/OffshoreProductBrochure
http://nozebra.ipapercms.dk/Vestas/Communication/Productbrochure/OffshoreProductBrochure/OffshoreProductBrochure


Fig. 5. Density graphs of the simulated speed vs recorded speed at the FCS for the 12 months simulated at a height of 20 m. Blue and red represent values with lower and higher
frequency, respectively. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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CF ¼ E
Pn*T

(12)

All variables listed above were assumed for each pixel by
considering there to be onewind turbine per spatial unit (3� 3 km)
for the entire study area.
5. Results

5.1. Assessment of the wind speed and direction simulated at FCS

The time series for wind speeds simulated by WRF for the FCS
location and in-situ records for the entire simulation period at 20,



Table 1
RMSE and r2 values by season at heights of 20, 30 and 40 m.

Period RMSE [m s�1] r2

20 m 30 m 40 m 20 m 30 m 40 m

Seasonal Summer 1.8 1.9 2.0 0.65 0.57 0.57
Autumn 2.0 2.2 2.2 0.54 0.55 0.56
Winter 2.5 2.7 2.8 0.58 0.59 0.61
Spring 2.0 2.2 2.2 0.38 0.39 0.40
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30 and 40 m can be found in Fig. 4. The speeds simulated by WRF
follow the speed patterns recorded in the FCS, with an average
coefficient of determination of 0.54, which does not vary greatly
with altitude. The same can be said for RMSE, which is equal to
2.1 m s�1, 2.3 m s�1 and 2.3 m s�1 at 20, 30 and 40 m, respectively.
For the period from April to August, the maximum recorded wind
speed values (between 15 and 25 m s�1) coincide with those
simulated by WRF. However, certain values may tend to be
underestimated due to the existence of local phenomena, about
which WRF might need additional information in order for it to be
represented. From a monthly perspective, Fig. 5 shows the density
of the speeds simulated by WRF for the FCS location and the speed
recorded at the station at 20 m. In average, the wind speed simu-
lated at 20 m by using WRF present an underestimation in com-
parison to FCS data. The RMSE grouped by month varies between
1.8 m s�1 recorded in the months of February, March, November
and January, while the month with the highest RMSE, July, is close
to 2.6 m s�1. Regarding the coefficient of determination, this range
from 0.25 for themonth of September to 0.64 for themonth of June,
while in July and December the coefficient of determination also
reaches values of around 0.6. The situation for July (maximum
RMSE) may be related to certain outliers measured in-situ that the
modeling cannot deliver, thus recording differences in the simu-
lated wind speed of around 15 m s�1. In general, every month has
large amplitude for the simulated and measured wind values,
ranging between 0 and 25 m s�1. However, for the month of
September, it can be observed that most of the values fall below
10 m s�1, which might influence the linear correlation between the
WRF simulated values and the FCS measured data. At heights of 30
and 40 m, results were similar to those found at 20 m, except that
Fig. 6. Simulated and observed wind d
higher magnitudes of RMSE and r2 were recorded, though not
statistically significant (p < 0.05).

Table 1 shows the RMSE and r2 values by season at 20, 30 and
40 m obtained for FCS location. For the seasonal series, which
considers summer (December, January and February), autumn
(March, April and May), winter (June, July and August) and spring
(September, October and November), it was observed that in most
cases, the value of both statistics (RMSE and r2) increases with
height, though not significantly (p > 0.05). For the seasonal series,
summer was the season that recorded the lowest RMSE, which
varies between 1.8 and 2 m s�1 and increases according to height,
with r2 of 0.65 and 0.57 at 20 and 40 m respectively. Winter on the
other hand had the highest RMSE, reaching values of 2.5 and
2.8 m s�1 at 20 and 40 m respectively, and r2 of 0.58 and 0.61 at 20
and 40 m respectively. The fall and spring seasons showed similar
RMSE values 2.0 and 2.2 m s�1 at 20 and 40 m. However, the r2

values during spring were the lowest, coming in at 0.38 at 20m and
0.40 at 40 m, while for autumn these values ranged from 0.54 to
0.56 at 20 and 40 m respectively. The RMSE values are similar at
different heights for every season except summer at 20 m.

The simulated and measured wind directions are showed Fig. 6
where the South and SW direction are similar in frequency and
magnitude. Moreover, similar patterns are also shown in NE di-
rection founded similar frequency and wind speed magnitude.
Despite the good results, in average, of the simulated andmeasured
wind direction, certain discrepancies appears in the SE direction
where WRF simulates wind speed where the frequency is slightly
higher than 7%, although FCS did not present any frequency or even
speed magnitude in such direction.
5.2. Wind fields simulations

The mean monthly wind field simulation for the study area at
20 m can be found in Fig. 7. This shows that the wind speeds are
greater over the sea as compared to those over land, with major
differences for the months of March, April, November and January.
In general, the months with higher simulated wind speeds were
March, April, November and January, which reached values of
around 10 m s�1 for the offshore zone, while in May, June and July,
irection at Faro Carranza Station.



Fig. 7. Mean monthly wind fields [m s�1] for the simulated period within the study area at 20 m.

Fig. 8. Frequency distribution (in percentage) of the wind speed (m s�1) simulated by
WRF and measured FCS.
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the lowest wind speeds were simulated, reaching mean values of
5 m s�1. Within the onshore area, the wind speed of least magni-
tude can be found in the southeeast (2 m s�1 in January) which
matches with the flat inland area, while the northeast shows the
highest values (6 m s�1 in March, April, November and December)
where the coastal mountain range is located. The winds within the
offshore area increase the further away from the coast they are,
though this gradient is accentuated north of 35�S, where values on
the order of 3 m s�1 are shown near the coast during the month of
May and 10 m s�1 for the months of March, April and November
roughly 100 km from the coast. South of 35�S, wind speed values
are higher, ranging from 6 to 10 m s�1 for May and March respec-
tively. In terms of wind direction, most of months present the same
pattern (southenorth), although different results were obtained
during May which presents an opposite direction (northesouth)
and the months of June and July, where the wind direction came
from the west. There is important to denote that these months
coincidewith theminimum ranges of simulatedwind speed off and
onshore. The onshore wind field direction presented in this work
differs from the published in Morales et al. [26] for the months of

https://www.researchgate.net/publication/235006999_Mesoscale_Wind_Speed_Simulation_Using_CALMET_Model_and_Reanalysis_Information_An_application_to_Wind_Potential?el=1_x_8&enrichId=rgreq-f3a06a23cef466ce1e1fb05e99a273c3-XXX&enrichSource=Y292ZXJQYWdlOzI5OTM0MzMyNjtBUzozNTk3OTU4NzA3MTU5MDRAMTQ2Mjc5MzQyODk4NQ==


Fig. 9. Average annual speed [m s�1] and wind power [W m�2] estimated at height of 140 m, along with HFC, annual generated energy [GWh], efficiency [%] and capacity factor [%]
for the V164.
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winter because of that work used a different data set and meth-
odology such as wind speed components from NCEP NCAR rean-
alysis at 2.5 � 2.5�, mathematic interpolation based method
derived from kriging which could impact the spatial variations of
wind speed in addition of the higher spatial resolution in the
simulation of CALMET model (1 � 1 km).

5.3. Offshore wind power potential

The comparison between wind speed distribution frequency is
presented in Fig. 8. Both distribution show similar patterns
presenting the highest wind speed occurrence at 4 m s�1. However,
the wind speed frequency simulated byWRF tend to be higher than
FCS between 5 and 8m s�1 in contrast to the range between 1 and 3
where the WRF simulated a distribution frequency lower than FCS.
For the lowest frequencies (wind speed higher than 9 m s�1) there
is no statistical difference between WRF and FCS (p < 0.05).

Fig. 9 shows the average annual wind speed and wind power at
140 m within the study area, along with estimations in energy
production, HFC, efficiency and capacity factor for the V164. It can
be seen that for much of the offshore area, there are average annual
speeds of around 7 m s�1. The simulated wind power for the study



Table 2
RMSE and r2 obtained in studies using WRF to simulate wind speeds in wind energy applications.

RMSE [m s�1] r2 WRF four dimensional data assimilation Period of simulation Author

2.07e2.62 e No 5 years Dvorak et al. [16]
3.09e3.72 e Yes 1 month Carvalho et al. [39]
1.7e3.7 0.79e0.90 Yes 1 year Carvalho et al. [34,21]
1.85e2.53 0.70e0.88 Yes 1 year Carvalho et al. [20,22]
1.56e3.42 e No 4 days Mu~noz-Esparza et al. [40]

e 0.61e0.77 No 2 days and 1 month Giannakopoulou and Nhili [35]

e 0.76e0.83 No 4 years Pe~na et al. [41]
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area ranges between 745 and 1240 W m�2, with values of
900Wm�2 to the north of 35 �S, and values of around 1200Wm�2

to the south of 35 �S. The simulated capacity factor is practically
about 40% across the entire offshore area, reaching values of around
50% at 50 km from the coast for the area located south of 35�S. The
HFC simulated for V164 range between 3191 and 4716 located at
northern and southern 35�S, respectively. As for estimated power
generation, this comes to about 29 GWh, and close to 37 GWh for
the offshore area adjacent to the FCS. Lastly, the efficiency simu-
lated for V164, the lower values were estimated in the coast near
the FCS and the maximum values of efficiency are close to 35 �S.

6. Discussion

The RMSE and r2 obtained for the comparison between WRF
and FCS did not show any direct relationship which can be attrib-
uted to seasonal or spatial patterns. Nevertheless, it seems that the
proximity of FCS to the coast line (~30 m) can present some local
influences in the wind speed that WRF could not simulate at
3 � 3 km. However, the RMSE is mostly attributed to the standard
deviation than the bias derived from the residuals between
observed and simulated wind speed at FCS. For instance, the period
between AprileOctober the RMSE is higher than 2 m s�1. The r2

might changes with the linear dispersion of the maximum and
minimum values of wind speed which is higher during June and
July.

Thewind simulation values obtained from theWRFwere similar
in both RMSE and r2 when compared to similar studies (Table 2). In
fact, it is possible to see that the speeds obtained in the simulations
have relatively similar errors to those in studies of these charac-
teristics, as far as RMSE. As for the r2 values obtained in this study,
these are of lower magnitude than those obtained in other studies.
While it is true that the RMSE found in this study are within the
range found in other studies, the r2 values are lower than in other
studies perhaps as a result of different factors, such as local over-
estimation of certain wind speed values or the impact of in-situ
data in the WRF simulation. For example, in some studies in
which WRF overestimated wind speeds [37,38], the configuration
that was used might have been what brought about this result. To
analyze such possible effects on the simulated wind fields in the
study area, various analyses onwind data sensitivity that takes into
account different physical settings, such as those by Refs. [20,35,39]
might provide important information for developing further
studies seeking to estimate wind potential through WRF modeling.

The capacity factor obtained in the study area for the V164 wind
turbine is around 40% inside the entire offshore area and reaches
values of around 50% at a distance over 50 km from the coast. These
capacity factors are similar to those found at larger wind farm fa-
cilities in operation today (i.e Anholt 1, Avedøre Holme, Horns Rev I,
Horns Rev II, Nysted (Rødsand) II, Rønland I, Samsø),2 which have
2 http://energynumbers.info/capacity-factors-at-danish-offshore-wind-farms.
average annual values for energy generation and installed capacity
of around 599.8 GWh and 1,46.7 MW. This demonstrates the ad-
vantages that the study area holds for the implementation of
offshore wind energy and gives a first approximation of the amount
of energy that might be generated in this area.

As for the estimated amount of energy generated for the study
area, this is about 30 GWh. Energy production in Chile is currently
at 1210.6 GWh, so the energy generated by a V164 wind turbine
would represent 2.4% of the output of wind farms in Chile. How-
ever, this is a preliminary estimate and an estimate of future costs
arising from the generation and delivery of consumable electricity
is needed in order to assess the actual economic feasibility of
generating offshore wind power in Chile in the future.

Based on the results presented in this work, WRF underestimate
the wind speed values at comparing to FCS. Additional information
from in-situ measurements, sea buoys or wind speed fuel derived
from remote sensing such as SAR or ASCAT improve the simulation.
Moreover, a sensitivity analysis related to the physical based model
of WRF is also necessary to improve the simulations and to
contribute to better understanding in the offshore wind potential.
7. Conclusion

In this study, wind fields were simulated using the WRF model
for the central coastal area of Chile, which recorded average RMSE
and r2 values of 2.2 m s�1 and 0.55 respectively when compared to
in-situ data measured at 20, 30 and 40 m. Despite underestimating
the wind speed magnitude, possibly as a result of micro-scale ef-
fects, the WRF model showed its great potential in this type of
exploratory studies on offshore wind power for areas where there
is no large network of in-situ measurements. For this area of study,
wind power was estimated to be high, ranging between 745 and
1240 W m�2 over the sea. The energy generation produced by a
8 MW wind turbine and over a pixel of 3 � 3 km was 30 GWh for
the year that was simulated, with capacity factors of around 40%.
This demonstrates the high potential that Chile's south-central area
has for implementing offshore wind energy. Finally, this work
contributes further relevant information on how new sources of
renewable energy can be best used in developing countries, thus
enabling the promotion of the kinds of renewable energy tech-
nologies that have had the greatest impact on the past decade
worldwide.
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