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Executive summary  

The report presents an overall estimation of the solar energy potential from its theoretical or 

maximum potential to the economic potential which is the most important for the deployment 

of solar energy systems because all restricting environmental and financial constraints are 

taken into consideration. 

The most suitable sites for the deployment of solar energy systems were selected and analysis 

with the aid of Geographic Information Systems data inputted on ARCGIS software. The 

selected sites were designed with different solar panels technology and inverters for optimum 

energy yield results with the aid of PVSOL software.  The technology with the highest energy 

yield and performance ratio was selected and the calculated hourly and minutely generation of 

these potential sites was obtained from PVSOL software.  

Our results were also collated and represented with pie charts, graphs, tables, bar chats from 

Microsoft Excel for easy comprehension of the readers. 

The results would present a mechanism of supplying electricity generation through solar 

energy technology with the aim of reducing or eliminating the percentage share of fossil fuel in 

the current electricity mix alongside with contemporary renewable energy systems - wind 

technology, biotechnology and hydro on the two Columbian Islands- Acandi and Capurgana. 

Furthermore, the results would also serve as a framework for developing renewable energy 

policy that would foster an increase of clean and green energy which would be beneficial to the 

Islands environments and also gradually reduce the dependence on fossil fuels. 
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Chapter 2: Site Selection  

Meteorology  

Capurgana  

A comprehensive meteorological data was provided from Meteoblue from 1989-2017 and the 

average of the 28 years data was analysed and calculated on Excel. The following 

meteorological conditions was considered for effective site section in Capurgana.  

● Precipitation 

The precipitation information depicts the amount of precipitation received in a year; this 

information would determine how often we need to maintain our solar panels in terms of 

cleaning. More rainfall received in month June – August and September to October would 

require less  cleaning maintenance while January to march would require more cleaning 

because of the less precipitation in these period of the year. (Semper Solaris, 2019) (Hassan, 

2019) 

 

Figure Error! No text of specified style in document.-1: Average Monthly Precipitation in Capurgana 

 

● Wind Speed 

For effective aeration and cooling of solar panels, the wind speed resources and potential were 

also taken into account. 
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Figure Error! No text of specified style in document.-2: Average Monthly Wind Speed in Capurgana 

The above chart shows the  average monthly wind speed for the period of  years with a 

maximum of 4.8m/s recorded in February  and minimum of 2.4m/s in June which would affect 

the performance of the  solar cells (Tanima Bhattacharya, 2014)  

● Air Temperature 

Based on a recent study, the effect of air temperature on the performance of photovoltaics 

module was conducted with the Portable Statistica 8 software to determine the resulting impact 

on the efficiency of photovoltaics. The results from the software depicts a direct 

proportionality between the air temperature and module efficiency. (Tanima Bhattacharya, 

2014) 
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Figure Error! No text of specified style in document.-3: Average Monthly Temperature in Capurgana 

In Capurgana the average monthly temperature is quite constant from 26.1 C to 26.7 C (in the 

figure above) and these results pose little or no threats to the efficiency of the solar modules 

when deployed in this area. 

Table Error! No text of specified style in document.-1: Monthly Mean of the Windspeed, Air Temperature 

and Precipitation in Capurgana 

Monthly Mean for the Metrological 

Parameters from 1987-2017 Wind Speed 

Air 

Temperatu

re 

Precipitatio

n 

MONTH (m/s) (C) (mm day-1)  

JAN 4,47189189 26,1164865 1,635405405 

FEB 4,72324324 26,2937838 1,406486486 

MAR 4,67378378 26,4872973 2,134054054 

APR 3,99 26,6962162 5,144054054 

MAY 2,74756757 26,7194595 8,146486486 

JUN 2,38 26,6789189 8,203243243 

JUL 2,3927027 26,532973 8,226756757 

AUG 2,4 26,4567568 7,612162162 

SEP 2,43540541 26,26 7,961621622 

OCT 2,7027027 26,1364865 7,935135135 
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NOV 2,87216216 26,1954054 7,574864865 

DEC 3,6672973 26,2210811 4,836216216 

 

The table above contains the average monthly meteorological values considered for the 

analysis of the sites in Capurgana. 

Acandi  

Weather data includes any facts or numbers about the state of the atmosphere, including 

temperature, wind speed, rain or snow and cloud coverage . Knowing the weather data of the 

site where the solar planet will be installed matters ; for example cloud coverage affect the 

instantaneous power output of the solar while the precipitation rate will help cleaning the solar 

collector naturally and wind helps cooling down the solar collectors. 

In Acandi different weather data from different sites like Meteoblue ,weather sparks and Nasa  

have been analysed  for better assessing and to avoid depending on only one data source . 

• Average Precipitation : 

There was different between the average precipitation rate between the two sources Nasa  

and Metoblue the max precipitation rate for all the months from 1985-2018 from Nasa was 

17.42 mm while the max precipitation from metoblue 23.7 mm , this is due to the fact that 

data from Nasa is average monthly data while the data from metoblue is hourly which 

make it more precise to rely on .since the generation of solar is taken as hourly generation 

due to the intermittent nature of the solar. the data from Metoblue have been analyzed by 

taking the average precipitation rate from each month for the whole years . 
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Figure Error! No text of specified style in document.-4: difference in average precipitation rate between two different data 
sources (metoblue and Nasa) 

 

According to (weather spark, n.d.) the wetter season lasts 8.3 months, from April 

10 to December 20, with a greater than 36% chance of a given day being a wet day. The 

chance of a wet day peaks at 57% on May 23.The drier season lasts 3.7 months, 

from December 20 to April 10. The smallest chance of a wet day is 14% on January 23. 

• Average wind speed  

The average hourly wind speed in Acandí experiences mild seasonal variation over the 

course of the year , the data of the wind in both sources were recorded at 10 m  , but again 

there’s difference in the values from the two both sources , they  data have the same shape 

but different values as mentioned earlier data from metablue is the best to rely on because 

it’s measures the hourly data unlike data from Nasa . 
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Figure Error! No text of specified style in document.-5 difference in average wind speed at 10 m rate between two different 
data sources (metoblue and Nasa) 

• Average Temperature   

The climate in Acandí is warm, oppressive, and overcast. Over the course of the year 

,Average temperature according to metoblue data is 25.8  which is perfect for the modules 

since the Standard testing temp conditions 25°c. 

                        

Figure Error! No text of specified style in document.-6 difference in average temperature rate between two different data 
sources (metoblue and Nasa) 

• Cloud coverage  

The average percentage of the sky covered by clouds experiences significant seasonal variation 

over the course of the year. The data from nasa was only available for one year , so the below 

average cloud coverage is the data from metoblue  
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Figure Error! No text of specified style in document.-7Average cloud coverage in Acandi
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Elevation  

The elevation for Capurganá and Acandí was done using ARCGIS. In order to preform that 

the ASTR map for the elevation was downloaded from Global data explorer, as shown in 

figure 2.2-1.  

 

Figure Error! No text of specified style in document.-8: Source1 Global data explorer 

The methodology for analyzing the elevation of the two towns was done on ARCGIS as 

follows:  

-Projection: To start with, the map was projected to the proper geographical system which is 

South America Equidistant conic “SAD_1969_Equidistant_Conic” using the Project raster 

tool. 

-Classify: In order to be able to analyze the different elevations, the classify tool was used. 

The map was classified into six classes including the zero level. Figure 2.2-2 shows the 

output of the classify method. Acandí and Capurganá are marked on the map using the 

longitude and latitude. As seen from figure 2.2-2, the two towns are surrounded by very 

different elevations ranging from 200m to 4678m. Especially the town of Capurganá which is 

in the middle of elevations ranging to 1000m. This makes the town accessibility very difficult 
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taking into consideration the current situation of no roads and current transportation inside of 

the town using horses and bicycles    

 

 

Figure Error! No text of specified style in document.-9: illustration of different elevations in Acandí and Capurganá 

 

Slope:  following that the slope method was used to identify the slopes of the different 

regions in the Acandí and Capurganá. This is needed in order to identify the areas of highest 

and lowest slopes and thus be able to use this data as one of the main parameters for site 

selection. The output of this method is shown in Figure 2.2-3. The green color on the map 

presents the areas of the lowest slopes and thus can be considered for the PV installation. 
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Figure Error! No text of specified style in document.-10:Slope map 

Criteria for site selection  

Capurgana  

Capurgana was basicly a beatiful beach spot on the northern  Colombian shore lines near 

border with Panama, then it became tourism centre of the region and then the community also 

grew up.  The condition is similar to hidden village with no access road (googlemap.com) 

and to reach the area there are only two option which are by plane or by boat, so this would 

be consideration for site selection of PV area.  This town is car free and transportation inside 

the town are using horses.  So the first criteria for Capurgana PV site is either it is near the 

beach or the airport in order to have easy transportation access. 

The Capurgana town is divided in to two blocks as we can see in the picture below 
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Figure Error! No text of specified style in document.-11: Hotels area Capurgana 

 

The first block are hotels and resorts that are placed in the north of airport until the shore line 

at the beach.  There are more than 20 Hotels exist and we assumed this block is the major 

load centre of capurgana because the hotels have so many appliances such Air conditioner, 

freezer and huge lighting demand and others.  That is why the goverment placed back up 

diesel 1,25 MW here to ensure the tourism business is going well.  Considering this condition 

we cannot  place the solar PV power plant in this area where the tourism activity could be 

disturbed. 



University Flensburg 

Energy & Environmental Management  

in developing Countries (M. Eng.) 

Renewable Energy systems module  

 

Figure Error! No text of specified style in document.-12: household area capurgana 

 

The second block is the house hold of Capurgana that lies in the south west of the airport.  

This area is also a load centre of Capurgana but we assumed the demand here is very less 

than the hotels block.  So the third criteria is near load centre, it means we should fine a 

location between the hotels and households to place PV power plant. 

The fourth criteria is free from population so we would not have any issue with relocation of 

people.  The last criteria is that the location should have minimum shadow effect and also 

low elevation so that we can harvest optimum energy from the choosen location.  
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Site selection Methodology  

Capurgana (Sarah) 

In order to identify the most suitable sites for the PV installation, ARCGIS was used. It is 

important to identify the areas with lower population density, lowest slopes and high solar 

resource. The methodology for achieving this output is as follows: 

-Population mapping:  the map of the world population used is shown in figure 2.4-1 

(Möller, 2019) the population of Acandí municipality was extracted from this map using the 

extract method and the result is shown in figure 2.4-2. As shown in figure 2.4-2 there are no 

extremely populated dense areas around Capurganá 

 

Figure Error! No text of specified style in document.-13:World population map 
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Figure Error! No text of specified style in document.-14: Acandí municipality Population map  

Following that the CON method was used to identify the locations where the population is 

less than 3. This criterion was used to identify the empty locations where the PV installation 

will be applicable. The output of this method is shown in Figure 2.4-3  

 

Figure Error! No text of specified style in document.-15:Capurganá filtered areas 
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-Solar resource identification: following that the Global horizontal irradiance map for 

Colombia was downloaded from global solar Atlas (The World Bank group, 2016). Then 

Acandi municipality was extracted using the extract by mask method. Figure 2.4-4 shows the 

output of this method.  As illustrated on the map the areas closer to the sea have the highest 

GHI values.  

 

Figure Error! No text of specified style in document.-16: GHI of Acandi Municipality 

Following that the con method was used to determine the locations where the GHI is equal to 

or higher the 1715 KWH/m2/year. This the GHI value of Capurganá stated on global solar 

atlas (The World Bank group, 2016). The result of this method can be shown in figure 2.4-5  
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Figure Error! No text of specified style in document.-17:CON GHI of Capurganá equal or greater than 1715KWH/m2/year 

-Slope less than 45 degrees: The con method was used to identify the areas of slopes with 

less than or equal 45 degrees. As stated by IRENA the maximum slope suited for PV 

installation is 45 degrees (IRENA, 2014 ). Thus, this criteria was used to identify locations 

with slopes less than or equal to 45 degrees. Figure 2.4-6 shows the output of this method  

 

Figure Error! No text of specified style in document.-18:areas with slope less than 45 degrees 
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-Combine: The combine method was used to combine the three conditions used to filter the 

areas. The result of this method is shown in figure 2.4-7. The green colour on the map 

presents the areas where three conditions are met. Table 2.4-1 illustrates the binary output of 

the combine method. 

Table Error! No text of specified style in document.--Error! No text of specified style in document.-2:Binary output of the 
combine method 

 

 

Figure Error! No text of specified style in document.-19: Result of the combine of the three conditions 

Based on the results shown in table 2.4-1 and figure 2.4-7, three sites were selected in the 

green region of the map above where all the criteria were met as shown in Figure 2.4-8. The 

areas of these sites were also measured using ARCGIS and the coordinates were defined as 

per table 2.4-2.  

OBJECTID * Value Count Slope_less_45 con_GHI con_pop

1 1 958 1 1 1

2 2 780 1 1 0

3 3 1379 1 0 1

4 4 501 1 0 0

5 5 19 0 0 1

6 6 4 0 0 0

-77 21.114, 8 37.548
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Figure Error! No text of specified style in document.-20:Site selected based on the three criteria defined 

Table 2.4-2 shows all the details related to the sites in terms of the area measured on ARCGIS and 

the coordinates with a total area of the three sites equal to 240,270 meter squared. 

Table Error! No text of specified style in document.-3: Site selected based on the three criteria defined 

Site selection Based on ARCGIS  

   Area Value  units  coordinates  

Site1 area                59,149.61  m^2 -77.3498 8.6393 

Site 2 area                 83,869.80  m^2 -77.3519 8.6258 

Site 3 area                97,251.54  m^2 -77.3575 8.6223  

Total area sites 1,2, and 3            240,270.95  m^2   

Acandi (Precious) 

Based on the Land Use Map (Figure 2.3.2-1) obtained from Global Forest Watch, the 

environmental designations such as protected area, military zones, forests and other restricted 

land use were taken into account and excluded to determine the available suitable land areas 
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for the deployment of solar systems technology. After, excluding the restricted area, the 

following sites were selected on ArcGIS.  

 

Figure Error! No text of specified style in document.-21: Site Selection based on Land Use Map only 

Furthermore, to ascertain the quality of the site selected, more parameters were defined on 

ARCGIS to define the most eligible sites. The following parameters and thresholds were 

defined; 

o Solar Irradiation 

The solar resources data (GHI) of Acandi was extracted from the Global Horizontal 

Irradiance of Columbia downloaded from Global Solar Atlas to determine the amount of 

Solar Energy received on the available land. 

 

The polygons on 

the map represents 

the site selected. 
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Figure Error! No text of specified style in document.-22: GHI on the selected sites in Acandi 

 

A threshold of 1730kWh/m2/year was defined to eliminate areas with lower solar radiation. 

The resulting map is represented in the figure below. 

 

the GHI value ranges 

from 1647(yellow) to 

1855kWh/m2/year(oran

ge) on the selected sites  
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Figure Error! No text of specified style in document.-23: GHI with Conditional Thresholds 

o Population density 

The population density of Acandi was extracted from the World population density map 

(Möller, 2019) with the tool ‘extract by Mask’ on ArcGIS. 
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Figure Error! No text of specified style in document.-24: Population Density map of Acandi 

A threshold of 5 people/km2 was defined to eliminate areas with higher population density 

to secure enough land space. The result is represented in the figure below. 
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Figure Error! No text of specified style in document.-25: Population Density with defined Threshold 

 

o Slope Areas 

The slope or terrain of Acandi was extracted from the Columbian Elevation Map 

downloaded from Global Data Explorer with the tool ‘extract by Mask’ on ArcGIS. 
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Figure Error! No text of specified style in document.-26: Slope map of Acandi 

A threshold of 45 degrees was defined to eliminate areas with high slopes which is quite 

important to reduce the costs of construction and land preparation during the deployment of 

solar technology (IRENA, 2014 ). The resulting map from ARCGIS is represented in the 

figure below. 
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Figure Error! No text of specified style in document.-27: Slope map with conditional Threshold 

 

For optimum selection, the thresholds values were combined on ARCGIS using the tool 

“Combine” to have the aggregated results of the three selection criteria. 

 



University Flensburg 

Energy & Environmental Management  

in developing Countries (M. Eng.) 

Renewable Energy systems module  

 

Figure 2.4- 21:Potential Sites selected based on all the Threshold criteria 

 

The figure above portrays the selected areas in green colour which represents all the area that 

fulfil the threshold conditions while the other colours- blue, red and ash depicts the areas that 

do met one , two or none of the selection criteria. 

Finally, site 1,2,4 was selected due to their high solar energy resources and   close proximity 

to Acandi which determine the proximity to transport infrastructure and grid connection  

Table 2.4-3: Potential Suitiable Sites avaliable for  Solar Energy deployment  in Acandi 

Sites Location Area GHI 

S/N Longitude Latitude m2 kWh/m2/year 

1 77,2881 8,511 63.838,09  1773 

2 -77,2928 8,5172 56.925,132  1752,0 

3 -77,2911 8,5148 86.980,74  1741 

4 -77,2929 8,5258 116.860,31  1761 

5 -77,3012 8,5188 236.493,11  1732 

6 -77,3026 8,5282 374.286,14  1740 

7 -77,306 8,543 215.763,95  1757 

Site 1 

 Site 2 

 Site 4 
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8 -77,296 8,5088 332.648,83  1741 

Sum of sites 1,2,4 = 237.623,57 m2 

 

The table above contains the detailed information of the selected sites for example the 

longitude and latitude, area (which was all estimated from ARCGIS “identify tool”) and also 

sum of available area suitable for the deployment of solar energy systems. 
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Chapter 6: Policy analysis  
Policy is one of the most important thing in renewable industries.  The development of a 

technology at the first stage normally have limitation on economical constraint, which 

through the time that will be reduce and become affordable  to implement.  But policy is like 

an effective supplement to make the development faster and even make the cost of 

technology lower. 

For Solar PV technology currently is already developed with affordable prices.  But what 

makes people not using the solar PV for their electricity demand? It is because now they have 

existing supply of electricity with a certain tariff and people do not want to make initial 

invesment that could cost a lot but the return is not pay it back.  Solar PV only work when the 

sun is shining it means if customer wants to have stand alone system it should have a storage 

system that will make the investment more costly.  In a grid connected system policy could 

make the technology economically interesting to be implemented. 

In Acandi and Capurgana the grid connection is already exist and the current electricity tariff 

is quite high actualy arround 0.37 USD/KWh.  But since the policy that implemented is not 

supporting the renewables then nothing will happen. The high tariff of electricity is subsidied 

by the goverment so nobody will try to make innovation. 

Some poilicies for solar PV implementation that could be used are : 

•  Net Metering 

Net metering is a billing mechanism that credits solar energy system owners for the 

electricity they add to the grid.  The customer who has a solar PV system on their roof 

may generate more electricity then they use durng daylight hours, and if they are net 

metered the electricity meter will run backwards to provide a credit against what 

electricity is consumed at night.  Cutomers are only billed for their “net” energy use 

(www.seia.org). 

•  Feed in tariff  

Feed in tariff policy is a mechanism that guaranteed a payment for a certaint tariff to 

an electricity supplier, in this case is the solar PV owner for example.  The difference 

from net metering policy is now the supplier of electricity could make more money if 
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they would like to.  This policy also could involve investors to put their investment in 

some grid system if the rate is interesting. 

•  Time Based Tariff 

For a system with solar PV generation the demand side management is really 

important.  It is because normally load is low during the day and then it will rise and 

peaking during the night. On the other hand the generation from solar PV is peaking 

during the daylight and off during the night.  So in this situation the system could 

offer a cheaper tariff for day hours and higher tariff for the night hours.  This might 

shift the load and make supply-demand balance better. 

 

Figure 6-1 net metering(source:www.hellopower.com) 

Implementation Policies in Acandi 

Acandi and Capurgana is a unique municipallity,  they have tourism as ecnomy driver and 

hotel industry is dominating the load demand.  This condition is very interesting for policy 

makers to implement special regulation for renewable development especially solar PV.  The 

goverment could aim the policies for the hotel industry at first.  Because they are profit 

oriented and more managable than the households and also they have more financial abillity 

to make new investment for example.  The policies that could be implemented in Acandi are: 

•  No subsidies for Hotels 
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The hotel is a bussines entity which has abillity to make profit so as long as they have 

good profit they have abillity so pay electricity bills and they will think and manage 

how to have cheaper electricity bill while the subsidy is no longer applied 

• Net Metering for Hotels 

With the subsidy now is gone, the normal tariff could reduce the hotels profit.  But 

they have sufficient roof top area to install solar PV system for net metering purpose.  

So if there is a policy applied for net metering the hotel management will install the 

solar PV system.  They can reduce the high electricity bill during the night with the 

over production of the day and satisfy their day demand with their own solar PV that 

is cheaper than non subsidies tariff from goverment. 

• Time Based Tariff 

Hotels as business has to make efficiency to reduce their cost.  So if there any 

incentive for cheaper electricity tariff in the certain time during the day they will be 

try to maximize it.  For example they can shift all power intensive activities in to day 

time, and also minimize the night consumption.  And also with the low energy 

appliances that now available on the market the hotels could use/install them. 

Those all policies implementation should be well orginized and calculated, so all stake 

holeders could receive the benefits. 
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Chapter 8: Recommendation and Suggestions  
Based on our analysis and finding, it was important to make some recommendation to ensure 

alleviation of energy poverty and increase electrification access in the rural and urban 

municipalities of Acandi through the outcome of our results. These suggestions can be 

summarized as follows. 

• Renewable energy system laws and policies should be enacted to promote the increase 

of renewables share in the electricity mix of the island 

• Feed-In- Tariffs should be encouraged because it would serve a good incentive for 

stakeholders and private investors and also decrease the cost the governments incur on paying 

electricity subsidies. Feed-In-Tarif has been proven to be very effective in increasing RES 

share in countries. For example, Germany increased to 12.5% renewable energy mix in 2007 

(Weis, 2008). 

•  The government should support investors willing to take part in the renewable energy 

projects by facilitating infrastructure development of transport and road networks for 

enhanced project progress. 

• The indigenes or residents of Acandi should be carried along in the projects to 

promote their RES awareness which is also beneficial for the technology and site 

maintenance. Their participation in the projects would help decrease the costs for operations 

and maintenance. 

• Careful handling of the Thin film solar panels recommended for the projects because 

of the fragility of the modules. 

• The land acquisition procedures   should be clarified from the governmental agency in 

charge of land act to avoid crises of land disputes with the locals.   

The above listed recommendations would foster the speedy reality of our objective to 

substitute fossil fuel electricity with solar electricity. 
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