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Abstract– Honduras is a country that is undergoing a transition 

to renewable energies, steering away from fossil fuels. However, the 

electricity loss in the transmission and distribution lines has slowed 

down this transition. The exponential increase in the electricity tariff 

due to the accretion of fossil fuel cost, and the restrictions imposed 

during 2020 due to the COVID-19 pandemic have affected 

economically the small and medium restaurants in the touristic zone 

in Lake Yojoa, Honduras. The implementation of a floating 

photovoltaic microgrid-type system can diminish the economic 

impact endured by the restaurants by implementing a new monomial 

tariff for electricity, and attract more tourist to the area, activating 

the economy and promoting the transition to renewable energies at 

the same time. In this study, the feasibility of the technical, economic, 

social, and environmental aspects of the project were evaluated; 

utilizing real measurements obtained from a reference restaurant 

and utilized for all the 67 restaurants in the area. In the economic 

aspect, a new monomial tariff was obtained, utilizing the national 

grid’s electricity tariff and the floating photovoltaic project’s 

electricity tariff, and furthermore the values of the levelized cost of 

electricity (LCOE), internal rate of return (IRR), return on 

investment (ROI), and recovery period of the project for both 

scenarios: with and without financing, being the financed scenario 

superior to the other. Environmentally the results obtained showed a 

decrease in CO2 emissions and socially the project had an 87% 

acceptance rate with the restaurants. This investigation can be used 

by the central government as a basis for future floating photovoltaic 

projects that help with the decentralization of energy generation and 

to mitigate the electric power loss in the transmission lines. 

Keywords-- floating photovoltaic project, microgrid, monomial 

tariff, decentralization, energy generation, Lake Yojoa 

 

I.  INTRODUCTION  

Honduras has been one of the countries affected 

economically by the economic paralysis resulting from the 

SARS-COV19 pandemic and the two hurricanes that impacted 

the country at the end of 2020 (Eta and Iota), leaving the nation 

devastated [1]. Once the pandemic restrictions eased, an upturn 

in the country's economic recovery began to be seen in 2021, 

but at the same time, according to Carranza [2] consumers have 

felt a direct impact on their pockets due to the constant increases 

in fuel prices during this year. The impact of fuels on the 

national economy, after all this year 2021 has had an 

irreversible upward trend (refer to chapter two, section 2.1), can 

be seen in the prices of products and services consumed by 

Hondurans. This has affected all economic markets nationwide, 

including electricity generation. According to Mejía [3], he 

indicates that the government has been absorbing the increase 

in energy tariffs since the second quarter of 2022, but if this 

measure is not continued, charges will suffer substantial 

increases, and if a subsidy is not given again in 2023, the real 

cost will have to be passed on to the subscriber, who will have 

to pay a substantial increase.  

The implementation of floating photovoltaic projects has 

been used in various sectors around the world, having its 

different scope depending on whether you have a more 

environmental approach or a more technical approach, such as 

optimization of photovoltaic power generation or decentralized 

power generation. For example, Farrar et al. [4] implements the 

use of a floating photovoltaic system helps to decrease water 

evaporation, Khan et al. [5] implements the use of a floating 

photovoltaic project inside a large lake to provide power to a 

mosque, Choi [6] compares conventional and floating 

photovoltaic projects, finding as a result 11% more power 

generation in photovoltaic projects, and Makhija et al. [7] 

compares the use of different photovoltaic power generation 

systems for electrification of rural areas in India, finding that 

generation with a floating photovoltaic system has the lowest 

energy cost and net present value. The implementation of 

floating photovoltaic projects and other different methods of 

sustainable innovation in different rural or semirural locations 

around the work have led to possible increases in tourism. For 

example, Calderón-Vargas et al. [8] demonstrates an increase 

equivalent to 34.9% above the minimum wage for every family 

with sustainable lodging for tourist using solar panels in 

Cocachimba, Peru, Aranibar, E. y Patiño, A. [9] denotes a 

historic impact on the development of Lake Titicaca product of 

sustainable tourism, denoting tourism as the main point of the 

economic improvement in that location, and Chen et al. [10] 

concluded that the introduction of eco-homes in rural regions 

increases the Tourism Development Potential (TDP), thus, 

increasing the income all-around in those locations.  

This research, unlike the previous ones, focuses on 

implementing a floating photovoltaic microgrid project with a 

monomial tariff, which can be lower than the national 

interconnected system (SIN) tariff to the 67 restaurants of Lake 

Yojoa, being this a project for self-consumption of the 

restaurants, without disconnection from the national 

interconnected system, possibly helping the restaurants 

economically and with possible positive environmental 

impacts, as well as an increase in tourism activity as a result of 

sustainable development. This is done using an electrical grid 

analyzer, which is connected to a reference restaurant, which is 
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used to replicate its data obtained in the 67 restaurants and, thus, 

determine its feasibility. 

II. CONTEXT 

Honduras is the Central American country with the most 

installed capacity in solar photovoltaic power, starting with just 

4 MW of installed capacity in 2014 [11] and reaching 510.8 

MW of installed capacity by May 2022 [12] Honduras has 

several large lagoons and reservoirs, with Lake Yojoa being the 

largest and most extensive freshwater lake in the national 

territory [13]. On the shores of Lake Yojoa there are restaurants 

that take advantage of the natural attractiveness of the lake to 

entice customers, which has made Lake Yojoa an appealing 

touristic zone. All these restaurants consume electricity from 

the National Interconnected System (SIN), in which the cost of 

electricity has increased drastically due to the rise in the cost of 

generating electricity from fossil fuels, and which for the 

moment has been partially subsidized by the government. 

something that is not sustainable in the long term. 

Figure 1. Comparative graph between projected and real average 

marginal costs in 2022. 

Source: [14] 

Figure 2. Evolution of the average electricity tariff. 

Source: [15] 

 

This continued rise in electricity generation has yielded the 

following tariff structure for the second half of 2022: 

 
TABLE 1 

TARIFF STRUCTURE FOR RESIDENTIAL SERVICE USERS ON THE THIRD AND 

FOURTH QUARTER OF 2022 

 Source: Own elaboration based on [16] 

 

 
TABLE 2 

COMPARISON BETWEEN AVERAGE ELECTRICITY TARIFF ADJUSTMENTS (3RD 

AND 4TH QUARTER 2022) 

Service 

Average Tariff 

[HNL/kWh] 
Increase 

3rd Q 4th Q [HNL/kWh] [%] 

Residential* 5.74 6.50 0.76 13.16% 

Low Voltage 5.80 6.60 0.80 13.79% 

Medium 

Voltage 
4.59 5.28 0.69 15.00% 

High Voltage 4.16 4.82 0.66 15.93% 
 Source: Own elaboration based on [16] 

 

A. Definition 

 The main problem lies in the possible negative economic 

impact that restaurants could suffer when the central 

government stops subsidizing the increases in the electricity 

tariff. These tariff increases would cause an increment in their 

operating and maintenance costs, resulting in a subsequent rise 

in their selling prices, which is likely to cause a decrease in 

clientele and, thus, diminishing the income of these restaurants. 

B. Justification 

 The increase in the tariff is already a nationwide issue. The 

National Electric Energy Company is already suffering serious 

economic damage with 38% technical and non-technical losses 

in its power transmission and distribution network and the 

central government with the absorption of the tariff increase. 

There will come a time when this increment will inevitably be 

passed on to the commercial sector of the country, further 

damaging the national economy. It is reasonable to say that, 

economically, the private commercial sector has suffered 

economic blows as a result of the pandemic and two hurricanes 

at the end of 2020 [17] combined with inflation, it would result 

in an additional economic burden for the small and medium 

business owner who have their restaurant in the region. 

III. METHODOLOGY 

This research has a mixed approach, with a longitudinal 

design and a descriptive scope. The type of study employed is 

non-experimental. This research focuses on the roadside 

restaurants in the southeastern part of Lake Yojoa, between the 

municipalities of Santa Cruz de Yojoa and Taulabé. 

Electricity Service Tariff [HNL/kWh] 

Residential 

July – 

September 

2022 

October – 

December 2022 

First 50 kWh/month 4.4147 5.0400 

Following kWh/mes 5.7447 6.5583 
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Figure 3. Lake Yojoa georeferenced map. 

 Source: Own elaboration 

 

Figure 4. Lake Yojoa georeferenced map. 

Source: Own elaboration with images from Google Maps 

 

This research employs the use of an electrical network 

analyzer to measure the real electricity consumption of a 

restaurant. This restaurant is used as reference for the other 66 

restaurants. The connection of the electrical analyzer for one 

week is essential for the creation of a synthetic load profile. This 

typical week of electricity consumption is replicated to the other 

weeks of the year, which is then scaled to the monthly 

electricity consumption of the last 12 months of the reference 

restaurant, creating a synthetic annual electricity consumption 

profile. The synthetic load profile is used to be replicated to the 

other 66 restaurants, having a total synthetic annual energy 

consumption data, which is used for the dimensioning of the 

project by the SAM software. 

 
TABLE 3 

SYSTEM ADVISOR MODEL MAIN INPUT PARAMETERS 

Input Parameters 

Type Characteristics 

Location and Resource 

• The area location and 

weather data of the 

zone is uploaded. 

Module 

• A reference PV module 

is chosen to make a 

preliminary 

dimensioning of the 

system. 

Inverter 

• A reference inverter is 

chosen to make a 

preliminary 

dimensioning of the 

system. 

Shading 

• Possible shadings that 

can affect energy 

generation are denoted. 

Source: Own elaboration 

 

Utilizing the results obtained from the SAM software 

simulation, the photovoltaic technology to be used in the project 

is determined by utilizing a sensitivity analysis of different 

dimensioning scenarios. Using Helioscope, the project is 

dimensioned to determine the distance from the project to the 

customers and to measure the area to be utilized by the flotation 

equipment and photovoltaic modules. 

Once the project has been dimensioned, an economic study 

is carried out to determine the funding alternatives for the 

floating photovoltaic system. Subsequently, the possible 

environmental impacts resulting from the installation, operation 

and maintenance of the floating photovoltaic project are 

assessed. Furthermore, utilizing PV Syst, the CO2 emissions 

produced by the project are calculated. 

Once the results of the technological, economic, and 

environmental studies are obtained, the social assessment 

process is carried out to determine the social approval of the 

project by the owners of the restaurants and the public. 

IV. RESULTS 

A. Average Electricity Consumption 

 Using the information from the electrical network analyzer 

that was imported into SAM, the average hourly energy demand 

data was obtained, which was then scaled to the total of the 67 

restaurants, obtaining the electrical energy demand curve and 

how this will be covered by the energy generation of the various 

project proposals provided by SAM. The total yearly electricity 

consumption of the sample group resulted in 3,363.40 

MWh/year. 
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TABLE 4 

SENSITIVITY ANALYSIS BASED OF SAM SIMULATIONS 

Scenario 
Total electricity 

generated (kWh) 

Total electricity 

injected (kWh) 

900 kWp 1,291,973.87 49,361.07 

1,050 kWp 1,507,302.87 132,906.73 

1,200 kWp 1,722,631.85 255,799.69 
 Source: Own elaboration 

 

 The 1,050 kWp scenario was chosen as a guide for the 

project dimensioning, since it has a higher coverage percentage 

differential and a lower grid injection ratio than the 1,200 kWp 

scenario. 
 

TABLE 5 

COMPARISON BETWEEN COVERAGE AND INJECTION BETWEEN SCENARIOS 

Scenario 

Coverage relative 

to previous 

scenario (%) 

Injection relative 

to previous 

scenario (%) 

1,050 kWp 3.91% 5.00% 

1,200 kWp 2.75% 6.03% 
 Source: Own elaboration 

 

B. Technological Study 

The type of photovoltaic module selected was the CS7L-

600MS, since the module is bifacial and can take advantage of 

the solar radiation reflected by the surface of the water of Lake 

Yojoa. The inverter selected was the 110KTL SUN2000 due to 

its reliability and performance in Honduras. The flotation and 

anchoring equipment selected was the Hydrelio Air due to its 

capacity to support photovoltaic modules of up to 700W. The 

transformer chosen for the project is a 1500 KVA Pad-Mounted 

step-up transformer that boosts the voltage from 480 V to 34.5 

kV.  

The project is located 200 meters away from the restaurants 

and is divided into two (2) floating and anchoring positions of 

4,000 m2 each, leaving 175 meters between the two floating 

structures of the solar project. 

 

Figure 5. Dimensioning of the floating photovoltaic arrays 
 Source: Own elaboration 

 

Each of the flotation structures is equipped with 4 inverters 

in the center, thus having a correct distribution of the strings 

and ensuring that the arrangement is as orderly as possible. 

Figure 6. Distribution of PV modules and inverters on floatation equipment 

 Source: Own elaboration 

 

C. Economic Study 

The floating photovoltaic system provides the restaurants 

with the electrical energy produced by the project and the 

electrical energy from the SIN that enters through the 

bidirectional meter. Low, medium, and high voltage consumers 

are charged the electricity subsidy granted by the government 

to customers who consume less than 150 kWh per month. In the 

fourth quarter of 2022, the cross-subsidy represents an increase 

of 8.413% of the tariff for each kWh consumed. The exchange 

rate of the lempira to the US dollar was taken as L. 24.7993 per 

US dollar. 

Since the project has more than one (1) MW of installed 

power capacity, it is assumed that the project falls within the 

type C classification of autoproducers. Since the project is 

classified as type C, the medium voltage tariff will be used to 

charge for the electricity consumed that the project's 

bidirectional meter reflects [18]. 

 
TABLE 6 

COMPARISON BETWEEN TARIFF AND CROSS-SUBSIDIZED TARIFF 

Low Voltage Tariff ($/kWh) 
Medium Voltage Tariff 

($/kWh) 

Without 

Cross-

Subsidy 

With Cross-

Subsidy 

Without 

Cross-

Subsidy 

With Cross-

Subsidy 

$ 0.2641 $ 0.2863 $ 0.1803 $ 0.1954 
Source: Own elaboration 
 

The sensitivity analysis yielded that a 40.86% of the 

generated photovoltaic electricity would be self-consumed, 

while the rest of the consumed electricity would be supplied 

by the national grid. The electricity tariff of the photovoltaic 

project was assumed to be $ 0.27/kWh. 
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TABLE 7 
TOTAL YEARLY ELECTRICITY CONSUMPTION COST PER SOURCE 

Source of 

Electricity 

Annual 

Consumption 

(kWh) 

Tariff 

($/kWh) 

Electricity 

Consumption 

Cost ($) 

Floating 

PV Project 

1,374,396.14 $ 0.27 $ 371,086.96 

SIN 1,989,004.02 $ 0.1954 $ 388,717.15 

Total Electricity Consumption Cost $ 759,804.11 
Source: Own elaboration 
 

Utilizing the total electricity consumption cost for the year, 

the monomial tariff for the restaurants was calculated, as shown 

in Table 9. 

 
TABLE 8 

MONOMIAL TARIFF CALCULATION 

Annual 

Consumption 

(kWh) 

Total Cost ($) 
Monomial Tariff 

($/kWh) 

3,363,400.16 $ 759,804.11 $ 0.2259 
Source: Own elaboration 

 

Taking an annual growth rate of 1.5% of the SIN electricity 

tariffs, the annual degradation of the photovoltaic modules, the 

total energy produced during the 30-year life of the project and 

the total cost of electricity consumed by the restaurants, the total 

cost of both scenarios, with and without the project, was 

compared. 

 
TABLE 9 

COMPARISON BETWEEN TOTAL COST OF ELECTRICITY WITH AND WITHOUT 

THE FPV PROJECT 

Total Cost of 

Consumed 

Electricity without 

the Project ($) 

Total Cost of 

Consumed 

Electricity with 

the Project ($) 

Total Cost 

Differential (%) 

$ 36,149,944.92 $ 25,691,709.48 28.93 % 
Source: Own elaboration 

 

The cost of the flotation equipment was estimated based on 

studies done by the National Renewable Energy Laboratory or 

NREL in the United States, since flotation equipment cost data 

is limited. This is estimated to be $0.40/Wdc including import 

and installation costs; a value of $0.15/Wdc was assumed as the 

import and installation cost for Honduras [19] The importation 

cost of the PV modules was provided by the supplier of the 

modules [20]. The total investment of the project results in a 

total of US$1,144,360.00. 

 
TABLE 10 

TOTAL EQUIPMENT AND INSTALLATION COST 

Equipment Quantity Cost ($) Import ($) 
Total Cost 

($) 

PV Module 1,750 $ 0.30/W $ 36.00* $ 378,000 

Inverter 8 $ 9,545 N/A $ 76,360 

Transformer 1 $ 25,000 N/A $ 25,000 

Floating  

and 

Installation 

N/A $ 0.40/W $ 0.15/W $ 577,500 

Cables 3,500m $ 25/m N/A $ 87,500 

Total Cost $ 1,144,360 

Source: Own elaboration  
 

Two scenarios were evaluated: with external financing and one 

without any financing. These studies yielded the following 

results: 

 
TABLE 11 

RESULTS OF STUDY WITHOUT EXTERNAL FINANCING 

Output Parameters 

Recuperation time (years) 4 years 

Net Present Value ($) $ 1,685,222.46 

Internal Rate of Return (%) 25.71% 

Return on Investment (%) 14.41% 

LCOE ($/kWh) $ 0.0521 
Source: Own elaboration 
 

TABLE 12 

RESULTS OF STUDY WITH EXTERNAL FINANCING 

Output Parameters 

Recuperation time (years) 8 years 

Net Present Value ($) $ 1,777,044.93 

Internal Rate of Return (%) 64.63% 

Return on Investment (%) 17.19% 

LCOE ($/kWh) $ 0.0543 
Source: Own elaboration 

 

D.  Environmental Study 

Using PV Syst software, a CO2 emissions simulation 

report was generated for the floating photovoltaic system 

during its lifetime. It showed that the installation of the project 

could offset up to 13,762.2 tons of CO2 emissions over the 30-

year lifespan of the project. 

The potential environmental impacts that may be caused by 

floating photovoltaic projects have not been sufficiently 

studied, having almost negligible reference data. However, 

even with this limitation, possible environmental impacts found 

in different floating photovoltaic projects with similar 

conditions were highlighted. 

The following were considered as potentially the most 

significant positive environmental impacts: 

 

• Possible drop in water temperature and consequently, 

diminishing the evaporation of Lake Yojoa. 

• Possible reduction of aquatic flora under the project, 

providing a possible low-current zone, enabling a possible 

natural habitat for aquatic fauna. 

 

The following were considered as potentially the most 

significant negative environmental impacts: 
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• Possible contamination due to corrosion of the anchoring 

and flotation system. 

• Possible water contamination due to chemicals used during 

operation and maintenance of the floating photovoltaic systems. 

Although contaminating impacts are unlikely, these must 

be studied further to be properly mitigated [21] [22]. 

 

E. Social Study 

 The social approval of the project was estimated utilizing a 

series of surveys, using the results obtained from the 

technological, economic, and environmental studies from this 

investigation. The approval rating of the project between the 67 

restaurant owners yielded an 87% positive approval rating, as 

shown in Figure 7: 

 
Figure 7. FPV project approval by business owners. 

 Source: Own elaboration 

 

To estimate the project´s touristic attractiveness, a two-part 

survey was conducted. The first part involved the frequency 

rate in which travelers would visit Lake Yojoa and the motive 

for their visit, and the second part would measure the same 

scenarios if the floating solar system were to be implemented 

near the restaurants. The survey employed a total of 330 natural 

Honduran residents, yielding the following results: 

 

Figure 8. Visiting frequency by the public in Lake Yojoa prior to the FPV. 

 Source: Own elaboration 

Figure 9. Reason of visit by the public in Lake Yojoa prior to the FPV. 
 Source: Own elaboration 

 

 Once finished with the survey, the feasibility results of the 

project were presented to each person being surveyed and, 

thereafter, they were asked to answer the survey once again, 

yielding the following results: 

 
Figure 10. Visiting frequency by the public in Lake Yojoa after FPV. 

 Source: Own elaboration 

 
 Figure 11. Reason of visit by the public in Lake Yojoa after FPV. 

 Source: Own elaboration 

 

With the implementation of the floating photovoltaic project, 

the overall frequency of outside visitors to the area is 
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increased, especially the frequency of tourist visits, which 

increases by 20%. 

IV. CONCLUSIONS 

 This research was based on the execution of four studies: 

technological, economic, social, and environmental, to 

demonstrate the feasibility of a floating photovoltaic microgrid 

project to cover the electricity consumption of 67 restaurants at 

a lower rate compared to the SIN, economically and 

touristically benefiting the area of Lake Yojoa, Honduras. 

Based on the results obtained, the following conclusions were 

obtained: 

• The annual synthetic electricity demand of the area is 

3,363.40 MWh/year. This electricity demand can be 

supplied up to 40.85% by the floating photovoltaic 

project, injecting a maximum of 8.82% of the 

electricity produced to the national grid. 

• There was a high acceptance of the floating solar 

photovoltaic project, with 87% of the members of the 

restaurants in Lake Yojoa, Honduras in favor of the 

project. 

• The best photovoltaic technology to use is bifacial 

monocrystalline, since it can capture the reflected 

irradiation from the water, resulting in higher power 

production. 

• The project's monomial tariff reduces the total cost of 

the energy consumed by 28.93% over the lifespan of 

the project, saving $10,458,235.44. 

• The best flotation and anchoring technology to use is 

Hydrelio Air made from high density polyethylene 

with a parabolic anchor, thereby avoiding the 

installation of concrete piles and minimizing the 

environmental impact of the project. 

• The area to be utilized by the floating solar 

photovoltaic project has a total of 8 thousand m², being 

sectioned into two equal parts for its better 

appreciation and operation. 

• The environmental impacts of the project could not be 

precisely quantified because there is not enough 

information on other similar projects; however, it is 

possible to deduce a reduction in evaporation and 

water temperature because of the flotation systems. 

• The two economic scenarios evaluated are both 

feasible, with the scenario with external financing 

demonstrating a better return on investment. 

 

A limitation presented during the research was the 

impossibility of obtaining the real electricity demand of the 

node of the 67 restaurants, since it was only possible to obtain 

a monthly average consumption by means of surveys to the 

restaurants. Only 1 restaurant with the closest to average 

electricity consumption was taken for measurement, 

replication, and consumption scaling. With data from ENEE or 

from the distribution company in the area, it would be possible 

to obtain the actual electricity consumption and thus obtain a 

more accurate techno-economic dimensioning. 

Even with this limitation, this research can be used for the 

decision-making process for future floating photovoltaic 

projects in the different watersheds of Honduras and can be 

used as an example of a decentralized energy generation 

system, which can help the transition of the national energy 

matrix from fossil fuels to a completely renewable energy-

based energy matrix. 

This type of research can be applied on a small scale, as 

well as to a specific community in a city or on a large scale, as 

well as with different cities or entire municipalities within a 

department and not just limited to 67 restaurants. 
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