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Abstract: Energy exclusion in the Amazon imposes barriers to the socioeconomic development of 

riverine communities, affecting the açaí value chain. Photovoltaic solar energy is a promising 

solution, however its insertion in isolated communities with a focus on strengthening the açaí chain 

is still a challenge. This research aims to use photovoltaic solar energy as an integration mechanism 

for productive activities and a better quality of life for riverside families in the Brazilian Amazon. The 

study was conducted in the Ilha das Cinzas Community, in Gurupá/PA, starting with a rapid 

participatory diagnosis to understand the characteristics of the families. Strategic planning using the 

SWOT methodology was used to define action plans to enhance the insertion of solar technology. A 

new photovoltaic system configuration adaptable to the energy demands of families, capable of 

meeting both daily and motor loads was developed. In addition, the action plans included training 

residents and the sharing of experiences with other communities, ensuring greater success in 

technology transfer. The study demonstrates that the socioeconomic development of riverine 

communities can be achieved through the insertion of new technologies adapted to their reality, 

accompanied by the participation and training of the actors involved. 

Keywords: strategic planning; adaptable configuration; technology transfer 

 

1. Introduction 

1.1. Electricity and Socio-Economic Development 

Electricity is indispensable for the development of modern communities. The conduct of basic 

day-to-day activities such as education, health, entertainment, transportation, food, and leisure, are 

always related to this resource [1]. In addition, more complex activities such as those developed in 

the industrial sector depend on the availability of electricity on a large scale. 

“Clean and Affordable Energy” is one of the Sustainable Development Goals (SDGs) established 

by the United Nations (UN) to be achieved by the year 2030 [2]. This SDG is strongly linked to other 

objectives, which can be achieved more effectively with access to electricity, such as: “Zero Hunger 
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and Sustainable Agriculture” (SDG 2); “Drinking Water and Sanitation” (SDG 6) and “Sustainable 

Cities and Communities” (SDG 11). 

However, despite the development potential provided by electricity, almost 1 million people in 

the area covered by the Brazilian legal Amazon do not have access to electricity, even though there 

is a legal basis for the universalization of this resource [3]. This situation is one of the barriers that 

hinders the development of several value chains in the region, such as açaí (Euterpe oleracea Mart.) – 

consequently affecting Amazonian extractive communities [4]. 

According to the Recommendations for Systemic Impacts on the Açaí Value Chain [5], the world 

market for the fruit moves about BRL 720 million per year, where in Brazil alone it is estimated that 

the annual production value is BRL 6 billion. In the Amazon region, this industry plays a crucial role 

in generating income and promoting food security, involving more than 300,000 people, including 

150,000 families. 

The state of Pará, the world’s largest producer of fruit and pulp, produces approximately 53% 

of the quantity sold worldwide: in 2019 it handled about BRL 3.7 billion. In addition, açaí pulp is 

consumed daily by riverside families (those who live on the banks of rivers), and this food is one of 

the responsible for the low rates of food insecurity in certain communities, such as Ilha das Cinzas 

[6]. 

Commonly, energy supply in riverside communities is done by isolated systems of fuel 

generators. However, it is a source of electricity that involves several problems, such as pollution and 

emission of Greenhouse Gases (GHG). In addition, recurring maintenance, dependence on the fluvial 

transport of fuel and water pollution by the spillage of oil and fuel, are recurring examples. 

1.2. Photovoltaic Solar Energy Technologies on the Amazon 

In this scenario, photovoltaic solar energy is highlighted. It is a renewable source of great 

potential in the Brazilian territory and has received several tax incentives over the years [7,8], which 

has enabled a heated market with well-developed technologies. According to the Brazilian Solar Atlas 

[9], the average daily irradiation in the horizontal plane over a year can vary from 4.1 kWhm-2 to 6.5 

kWhm-2 in the country (4 to 5 kWhm-2 in the Amazon region) – average values that exceed those of 

Germany, one of the leaders in the generation of electricity from solar source. 

One of the most relevant benefits for the generation of electricity from solar sources was the 

Light For All (LPT 1 ) program, which enabled the installation of photovoltaic (PV) systems in 

communities with favorable characteristics for this type of generation [10]. In addition, from 

Normative Resolution (NR) No. 493/2012, of the National Electric Energy Agency (ANEEL2), later 

replaced by NR No. 1000/2021 and No. 1059/2023, procedures and conditions of supply were 

established through Isolated Microsystems for Generation and Distribution of Electric Energy 

(MIGDI3) or Individual Systems for Generation of Electric Energy with Intermittent Source (SIGFI4). 

For communities far from urban centers, Isolated Photovoltaic Systems (IPS) have characteristics 

consistent with reality, and may assume different configurations. The most common is the Domestic 

Photovoltaic System (DPS), used to meet everyday demands: televisions, lighting, refrigerators, 

appliances, pulpers (popularly called “mixers”) of açaí, motor pumps, etc. 

An important component in DPS is the voltage inverter, responsible for converting direct current 

power to alternating current. It is an element sensitive to overloads, a frequent cause of damage. Some 

systems serve loads with single-phase motors driven with a direct start, causing a momentary peak 

power that results in a voltage drop much higher than the limits established in standards – which 

causes operational disturbances in command and protection equipment [11]. 

 
1 Luz Para Todos 

2 Agência Nacional de Energia Elétrica 

3 Microsistemas Isolados para Geração e Distirbuição de Energia Elétrica 

4 Sistemas Individual para Geração de Energia Elétrica com Fontes Intermitentes 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 9 January 2025 doi:10.20944/preprints202501.0712.v1

https://doi.org/10.20944/preprints202501.0712.v1


 3 of 19 

 

Domestic systems have dimensions and economic feasibility studies known in the Amazon 

region: in the riverside housing of Manacapuru, a comparative study was carried out between a DPS 

and a diesel generator [12]. Other studies showed similar results of economic viability for DPS sized 

in different Amazonian locations: Santarém and Ilha das Onças, both locations in the state of Pará 

[13]. Recently, research has proposed the development of modular photovoltaic solar energy kits, 

with the capacity to be expanded according to demand [14]. 

Another IPS configuration is the Direct Coupling Photovoltaic System (DCPS), specifically 

developed to operate with motors. In this scheme, the Variable Speed Driver (VSD) is an example of 

power conditioning equipment that can be used. By default, the VSDs requires high input voltage 

values, which requires the open circuit voltage of the Photovoltaic Array (PVA) modules to be within 

the limits of the VSD. This configuration does not include an energy accumulator, so the rotation 

speed of the machine varies with the availability of solar incidence. The machine is started gradually, 

avoiding current surges. In addition, VSDs are found in a wide range of power for different prices 

and with national manufacture and maintenance. 

In recent decades, many works have been developed aimed at the application of VSDs in 

photovoltaic pumping systems, an application of DCPSs: one of the researches presents the 

appropriate procedures for connecting a PVA to VSDs to operate induction motors and submersible 

centrifugal motor pumps [15]. Another performs tests with commercial VSDs to drive centrifugal 

motor pumps for water pumping purposes followed by technical and economic analysis [16]. More 

recently, research makes the comparative simulation of two DCPSs with parallel VSDs, where in one 

system each VSD has an PVA and in the other system both VSD are energized by a single PVA [17]. 

There are works that focus on the use of DCPSs in rural applications, evaluating the sharing of 

a DCPS used for pumping water and additionally a cassava grater [18]; or the development of a 

technology aimed at the use of the açaí pulper from the energy provided by a DCPS (photovoltaic 

pulper) [19]. 

Many of these technologies that use photovoltaic solar energy are classified as social 

technologies, as they are developed in interaction with the community in search of solutions closer 

to existing social problems [20] – adapted to the reality of families, places, customs, culture, etc. Such 

technologies, unlike conventional ones, allow a more inclusive and sustainable solution, although not 

as efficient. 

Considering the context of energy exclusion in riverine communities in the Brazilian Amazon, 

the capacity for change that access to electricity allows, the solar potential for electricity generation 

in the region and the different configurations and technologies of photovoltaic solar energy, this 

research proposes the insertion of solar energy technologies in a riverine community as an integration 

mechanism between existing electrical demands, productive activities in the açaí value chain and 

present social technologies. 

The hypothesis of this research is that a system with versatile and flexible topology, which 

considers the weaknesses and welfare needs of the community, can contribute to the development of 

the community by strengthening the açaí value chain and integrating the demands of families. 

2. Materials and Methods 

The study area selected was Ilha das Cinzas, a riverside community located in the estuary of the 

Amazon River, territory of Marajó) (Error! Reference source not found.). The community is 

characterized by its dependence on the açaí value chain and faces significant challenges related to 

energy exclusion and socioeconomic development. 

To obtain information about the community, a Participatory Rapid Diagnosis (PRD) was 

performed [21,22] throughout 2021 and partially in 2023. It is a tool that allows the author to contact 

and participate in the problem situation and the agents involved. To perform the PRD, information 
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from a form prepared and applied by the Association of Agroextractivist Workers of Ilha das Cinzas 

(ATAIC5) was used. It addressed several aspects of the daily lives of families in the community: 

• General aspects of the family; 

• Availability of electricity; 

• Source of electricity used (if available); 

• Number of daily hours of electricity available; 

• Use of electricity for income generation; 

• Water treatment; 

• Sanitary sewage. 

In addition to the form, data were collected from community research and field observations, 

vital for comparisons with the results obtained by the other two forms of data collection. 

 

Figure 1. Geographical location of Ilha das Cinzas. 

To analyze the information obtained from the PRD, a SWOT analysis (Strengths, Weaknesses, 

Opportunities and Threats) was carried out, a tool that at first is used only in business and industrial 

environments, nowadays it is often used as a strategic mechanism for the elaboration of action plans 

in different situations, such as in isolated communities [23–25]. 

This research was carried out in two stages: in the first, internal and external factors were 

highlighted according to the information obtained in the PRD. These factors were scored from 1 to 5 

according to their: “importance” (𝐹𝐼𝑚𝑝𝑜𝑟𝑡𝑎𝑛𝑐𝑒), “intensity” (𝐹𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦) and “trend” (𝐹𝑇𝑟𝑒𝑛𝑑). In the case 

of external factors, the “trend” factor is replaced by “urgency” (𝐹𝑈𝑟𝑔𝑒𝑛𝑐𝑦). The final score (𝑃𝐹𝑖𝑛𝑎𝑙) of 

the factor is given by multiplying these elements (1): 
𝑃𝐹𝑖𝑛𝑎𝑙 = 𝐹𝐼𝑚𝑝𝑜𝑟𝑡𝑎𝑛𝑐𝑒 𝑥 𝐹𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦 𝑥 𝐹𝑇𝑟𝑒𝑛𝑑 (1) 

In the second stage, the five factors of each quantity of the SWOT matrix were separated and 

placed in an electronic questionnaire format via Google Forms. Members of ATAIC, members of 

partner institutions of the association and residents who actively participate in the organization of 

the community, but who are not part of the administration of ATAIC, were chosen. Each of these 

 
5 Associação dos Trabalhadores Agroextrativistas da Ilha das Cinzas 
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people scored the pre-established factors for calculating an average and obtaining the final SWOT 

matrix. 

In possession of this matrix, the factors were crossed in order to define the best strategy to be 

adopted: offensive, defensive, reinforcement or confrontation. From the crossings, it was possible to 

carry out a grouping with the objective of using the same action plan aimed at different crossings of 

factors. The action plans focused on four main problem situations, highlighted in the later section. 

3. Results 

3.1. Participatory Rapid Diagnosis 

Ilha das Cinzas is one of the first locations in the state to have an Agroextractivist Settlement 

Project – created as a “way to recognize the importance of riverside dwellers for the protection of 

local biodiversity”, as well as the maintenance of ways of life and socioeconomic and cultural 

reproduction [6]. It is a community, as observed in Error! Reference source not found., where the 

only possible means of transport is fluvial. Like several communities in the region, it has as one of 

the great challenges the logistics for the acquisition of daily resources and essential services such as 

health, education and electricity. 

The PRD was carried out with the application of 68 forms per family during 2021. It was ratified 

that açaí is part of its source of income, with other complementary sources of income - except 20 

families that did not fill in the field for this answer. Of the 48 responding families, 19 (39.58%) depend 

exclusively on açaí extraction, a similar result found in the research by [26]. As for access to electricity, 

Error! Reference source not found. summarizes the information obtained. 

 

Figure 2. Number of households with access to electricity. 

It was possible to identify scenarios in which the same photovoltaic system or the same generator 

was used to serve more than one family. Similarly, some families have both a photovoltaic system 

and a generator. Of the 44 families that had generators to have access to electricity, 31 depended 

exclusively on this energy source. Similarly, of the 28 families that used solar energy, 15 depended 

exclusively on this form of electricity generation. Consequently, 13 families had the two sources of 

electricity generation highlighted. 

Commonly, children build houses near their parents’ homes in order to share energy. This 

situation is a potential problem, not only in Ilha das Cinzas, but in other communities as well, since 

this increase in demand is not foreseen and, in the case of photovoltaic systems, generates an overload 

in the inverter, which is one of the main causes of burns and failures of this equipment, as it is not 

common for protective devices to be present in the installation. 

An important issue raised in the form was the use or not of electricity in some productive activity 

developed by the family. Of the 52 families who answered the question “Does the family use any 

form of solar energy or diesel generator engine in any production process that generates income for 

the family?”, 44 pointed out that they did not use it. This situation reflects how the energy exclusion 
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of the community is a barrier to the economic development of families, who invest in their own 

electricity generation systems to first meet their daily demands and improve their quality of life. 

The form also provided information on the main energy demands that were desired to be met 

with the purchase of an PV system (highlighted in Error! Reference source not found.). The main 

demand is for lighting, followed by food refrigeration, leisure activities and use of the açaí pulper 

and communication. These are loads common to all residents and should be considered when sizing 

any type of power generation. 

Of the 68 families, 47 indicated that they had at least one açaí pulper in their home and 36 had a 

freezer, two essential loads for the açaí value chain. This demand for energy, directly linked to the 

self-consumption and food sovereignty of families, is directed to the well-being of people in the 

communities, as income generation occurs from the commercialization of açaí fruits and not from the 

pulp. 

 

Figure 3. Appliances in homes. 

Another recurring demand in homes is for water pumps (40 families had them). Because they 

are stilt houses, the residences are relatively far from the river, so motor pumps are used to collect 

water from the river to a reservoir near the residence. However, water treatment is a problem in many 

families. It was identified that 33 of the 68 families apply the combination of chlorine and 

hypochlorite to treat water used in household tasks and some even for consumption. The problem in 

this matter is in the dosage of the product, since during field trips many families reported not having 

a measurement parameter for the use of chlorine and/or hypochlorite mixed with water. 

Another characteristic of the community that must be carefully observed is the destination of 

the sewage of the residence. The responses to the forms showed that 47.04% (32) of the families dump 

the sanitary sewage directly into the floodplain near the toilets. This, added to the movements of the 

tide and the incorrect treatment of water can result in various health problems for families. 

In some residences of Ilha das Cinzas (more precisely six) there were already biodigester septic 

tanks installed as an Alternative Sanitary Sewage System (ASSS). This structure is of interest to the 

work presented here because its final product is a liquid resulting from the anaerobic decomposition 

of human waste [27] that can be used as a biofertilizer in plantations near the ASSS. 

3.2. SWOT Analysis 

The final SWOT matrix, after performing the steps presented in the methodology, can be seen in 

Error! Reference source not found.. Here it is important to highlight how in addition to the 

“Strength”, all other factors have undergone changes in the general order, which ratifies how both 

the DRP and the SWOT analysis should be carried out in the most participatory way possible within 

a given methodology, as it is the active agents of the community that can highlight the problem 

situation with greater clarity. 
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Table 1. Five factors with the highest scores for each element of the SWOT analysis. 

Top 5 – Internal Factors 

Strengths Weaknesses 

1 – There is a well-organized and qualified 

Workers’ Association to access external 

resources; 

1 – Pests and diseases in açaí plantations and 

shrimp; 

2 – Participation in projects with national 

and international financing; 
2 – Deficiency in the educational system; 

3 – The goals of universal access to electricity 

and sanitation in communities are being 

anticipated; 

3 – Predatory practices (garbage burning, 

overfishing, “açaização”, etc.); 

4 – Availability of training courses for 

families; 
4 – Difficulty in training new leaders; 

5 – Uses the açaí value chain as the main 

source of income. 
5 – Rationing of electricity. 

Top 5 – External Factors 

Opportunities Opportunities 

1 – Açaí market on the rise; 1 – Açaí market on the rise; 

2 – Heating of the market focused on 

bioeconomy and environmental services; 

2 – Heating of the market focused on bioeconomy 

and environmental services; 

3 – Science and Technology Institutions 

(STIs) operating in the region; 

3 – Science and Technology Institutions (STIs) 

operating in the region; 

4 – National/international notices for 

universal access to electricity and basic 

sanitation; 

4 – National/international notices for universal 

access to electricity and basic sanitation; 

5 – Heated photovoltaic solar energy market. 5 – Heated photovoltaic solar energy market. 

One factor mentioned by the agents was the potential of the community in the development of 

new value chains, especially in the face of Weakness 1 of Error! Reference source not found.Error! 

Reference source not found., since a dependence on the açaí value chain can put families in a 

vulnerable situation in the face of an eventual crisis in this production. 

The next stage of the SWOT analysis was the crossing between the factors to define the type of 

strategy that would be elaborated and later the action plans, as observed in Error! Reference source 

not found.. It was observed that, after the crossings, the same action plan could be implemented for 

different crossings, even if for different types of strategies. 

Action Plan 1 (AP1) sought to develop other links in the açaí value chain within the Ilha das 

Cinzas community. With the açaí market on the rise (O1) and the heated solar energy sector (O5), it 

is important to increase community forces (a well-organized workers’ association – S1, the familiarity 

of families with this value chain – S5) to take advantage of opportunities. 
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Table 2. Result of the crossing of the main factors. They were grouped according to their relationship with each 

of the four action plans prepared. 

Strengths and 

Weaknesses 

Facto

r 

Opportunitie

s and Threats 
Factor 

Type of  

Strategy 
Action Plan 

(W5) Rationing of 

electricity. 
W

ea
k

n
es

s (O5) Heated 

photovoltaic 

solar energy 

market. O
p

p
o

rt
u

n
it

y
 

Reinforce

ment 

strategy 
(1) 

Use photovoltaic solar energy 

as an energy source to 

strengthen other links in the 

açaí value chain within the 

community. Technologies that 

enable the use of different 

types of loads for different 

applications. 

(S5) Uses the 

 açaí value chain as 

the main source of 

income. 

S
tr

en
g

th
 

(O1) Açaí 

market on the 

rise. 

O
p

p
o

rt
u

n
it

y
 

Offensive 

strategy 

(S5) Uses the 

 açaí value chain as 

the main source of 

income. 

S
tr

en
g

th
 (O5) Heated 

photovoltaic 

solar energy 

market. O
p

p
o

rt
u

n
it

y
 

Offensive 

strategy 

(W1) Pests and 

diseases in açaí trees 

and shrimp. W
ea

k
n

es
s (O5) Heated 

photovoltaic 

solar energy 

market. O
p

p
o

rt
u

n
it

y
 

Reinforce

ment 

strategy 

(2) 

Use photovoltaic solar energy 

as an energy source for the 

development of 

complementary value chains. 

Develop a versatile 

technology capable of meeting 

the demands of the açaí chair 

and loads from other value 

chains. 

(W1) Pests and 

diseases in açaí trees 

and shrimp. W
ea

k
n

es
s 

(T1) Climate 

crises 

(increased 

 

temperature, 

reduced 

rainfall, 

thunderstorm

s, cyclones, 

etc.) 

T
h

re
at

 Strategy  

for 

defense 

(W1) Pests and 

diseases in açaí trees 

and shrimp. W
ea

k
n

es
s (O1) Açaí 

market on the 

rise. 

O
p

p
o

rt
u

n
it

y
 

Reinforce

ment 

strategy 

(S4) Availability of 

training courses for 

families. S
tr

en
g

th
 

(O3) STIs 

operating in 

the region. 

O
p

p
o

rt
u

n
it

y
 

Offensive 

strategy 

(3) 

Provide training courses for 

families in the community in 

renewable technologies. 
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(W2) Weaknesses in 

the education system. 

W
ea

k
n

es
s (O3) STIs 

operating in 

the region. 

O
p

p
o

rt
u

n
it

y
 

Reinforce

ment 

strategy 

Courses should approach 

theory in a didactic and 

accessible way and use 

practices to fix knowledge. 

(W4) Difficulty in 

training new leaders 
W

ea
k

n
es

s 

(T5) Lack of 

well-

organized 

communities 

in the region. 

T
h

re
at

 Strategy  

for 

defense 
(4) 

Share ATAIC’s experiences 

with Ilha das Cinzas agents 

and leaders from other 

communities to understand 

the process. Hold 

conversation circles, events 

with ATAIC partners, 

lectures, among other ways to 

socialize knowledge. 

(W4) Difficulty in 

training new leaders 

W
ea

k
n

es
s 

(O3) STIs 

operating in 

the region. 

O
p

p
o

rt
u

n
it

y
 

Reinforce

ment 

strategy 

(S1) There is a well-

organized 

 Workers’ 

Association that is 

able to access external 

resources. 

S
tr

en
g

th
 

(T5) Lack of 

well-

organized 

communities 

in the region. 

T
h

re
at

 Confront

ation 

strategy 

Most families in the community are part of the açaí production link. For the development of 

other links (processing and sale in mixers) it is necessary to confront weaknesses such as energy 

rationing (W5). The heated market for solar photovoltaic energy (O5) is one of the opportunities that 

can be taken advantage of; as is the presence of Ts in the region (O3). 

The development of a technology capable of strengthening the açaí value chain using 

photovoltaic solar energy technologies through partnerships with these STIs is one way. However, 

the technology should not focus only on productive activity - it should be able to meet the daily 

demands of families and meet loads from the productive activity: açaí pulper, pulp refrigeration, açaí 

irrigation, pumping and water treatment, existing social technologies such as bio digesting tanks, 

among others that may be necessary. 

Action Plan 2 (AP2) is complementary to AP1. As previously stated, most families in the 

community use the açaí value chain as their main source of income. Relying exclusively on a single 

source of income, in the scenario of climate crises as a threat (T1) and pests and diseases in acai trees 

(W1) can be dangerous. 

Thus, the development of a technology that uses solar photovoltaic energy (O5), not only to 

strengthen the açaí value chain, but also to allow the development of other complementary 

productive activities is of great importance. 

Objectively, photovoltaic solar energy technology must be versatile and capable of integrating 

different demands: the daily lives of families, the açaí value chain and other productive activities that 

can be developed by families. 

Action Plan 3 (AP3) focused on family training activities – mainly young people seeking possible 

new professions since the local educational system is deficient (W2). 

As much as an advanced technology is developed and implemented in the community, without 

the participation and communication with families, the implanted technology tends to become 

“distant” and, consequently, “strange” if it does not have technical monitoring. The transfer of 

technology to isolated communities without the training of its members is bound to fail, as it is a 

process that involves both the technical and social aspects. 
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To this end, during the stages of implementation of PV system in the community, the residents 

of the families always followed the process and often participated in an auxiliary way in the 

installation of the components. In addition, with the help of the partner STIs (O3), a theoretical and 

practical mini course was given, open to the public (without age, sex, or gender restrictions) on basic 

concepts of electricity and components of photovoltaic systems. 

Finally, Action Plan 4 (AP4) focused mainly on sharing experiences and knowledge acquired not 

only by ATAIC, but by all partner agents. As there is a lack of well-organized communities (T5) such 

as Ilha das Cinzas in the region and the community itself finds it difficult to train new leaders (W4), 

it was essential to organize an event that could bring together key agents to share information on the 

successes and adversities of the project. 

In view of the factors chosen and the intersections between them, the business spreadsheet used 

in the SWOT analysis reported that the favorability index, that is, how favorable is the situation of 

the riverside community of Ilha das Cinzas, is 51%, which corresponds to the concept “Favorable”: 

considering the correct SWOT analysis, it is necessary to maintain what is being done in the 

community and add actions to improve strengths and take advantage of opportunities, added to 

measures to contain possible weaknesses and threats. Thus, it is possible to infer that the community 

is in a favorable situation. 

3.3. Mixed Configuration Photovoltaic System 

Based on AP1 and AP2 from Error! Reference source not found., it was possible to define that 

photovoltaic solar energy technology should be developed to integrate diverse types of loads into 

different applications. The system needed to be flexible, allowing changes in its configuration and 

adapted to the reality of families. 

To meet domestic loads, the most indicated PV system is the DPS. For productive activities that 

use driving loads, an appropriate topology is DCPS with VSD. However, acquiring photovoltaic 

modules for the two systems separately would make the project more expensive. Therefore, a new 

topology was developed, where the same PVA was used to energize either the DPS or the DCPS. For 

this new way of connecting two subsystems to the same array, the name of Mixed Configuration PV 

system (MCPS) was given. 

According to the Brazilian Solar Energy Atlas, the region near Ilha das Cinzas has global daily 

irradiation in the horizontal plane in the range between 4,750 kWhm-2 and 5 kWhm-2 [9]. 

For the sizing of the DPS PV array, an estimate of daily consumption per family was considered, 

considering the household appliances most mentioned in the form (Error! Reference source not 

found.). The estimated total daily consumption was 3,59 kWh. Considering this demand (L) and the 

Peak Sun Hours (PSH) parameter equal to 4,875 hours, the peak power (2) of the PVA can be obtained 

to meet a certain family. 

P𝐴𝐹𝑉(𝑊𝑃) =
𝐿 (𝑊ℎ)

𝑃𝑆𝐻 (ℎ)𝑥𝑅𝐹1𝑥𝑅𝐹2
=

3590 𝑊ℎ

4,875 ℎ 𝑥 0,75 𝑥 0,9
= 1.090,98 𝑊𝑃 = 1,09 𝑘𝑊𝑃 (2) 

Where 𝑅𝐹1 and 𝑅𝐹2 are power reduction factors related to losses due to external effects and 

electrical losses. Therefore, an installed peak power of at least 1,09 kWP is required to meet the daily 

energy demand of 3,59 kWh. 

For the DCPS PV array, motor loads of up to 1.5 HP (approximately 1.104 kW) were considered. 

On average, three-phase induction motors have an efficiency (𝜂) of approximately 85%. Therefore, 

the peak power of the PVA to meet this demand is (3): 

𝑃𝑃𝑉𝐴(𝑊𝑃) = 𝑃𝑖𝑛 𝑥 85% + 𝑃𝑖𝑛 = 1,104 𝑘𝑊 𝑥 85% + 1,104% = 2,04 𝑘𝑊 (3) 

For the design of the following systems, the technical data of the 72-cell polycrystalline module 

model MS320 from the manufacturer MinaSol were considered. Its data (Error! Reference source not 

found.) under standard irradiance and temperature conditions (1000 W/m² and 25°C, respectively) 

were used in simulations for operating conditions closer to the Amazonian reality: module 

temperature equal to 60°C and irradiance equal to 1200 Wm-2. 
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Table 3. Standard technical specifications (1000 Wm-2, 25 °C, 1ms-1, 1 AM) of the photovoltaic module MS320 

from the manufacturer MinaSol. Source: [28]. 

Technical Specifications (STC) 

Nominal Power 320 W 

Maximum System Voltage 1000 V 

Maximum Power Voltage (VMP) 37,1 V 

Maximum Power Current (IMP) 8,63 A 

Open Circuit Voltage (VOC) 45,7 V 

Short Circuit Current (ISC) 9,04 A 

Operating Temperature -40 ºC a 80 ºC 

Thus, for the DPS it would be necessary (4): 

𝑃𝑉 𝑀𝑜𝑑𝑢𝑙𝑒𝑠 =
𝑃𝑃𝑉𝐴(𝑊𝑃)

𝑃𝑀𝑆320(𝑊𝑃)
=

1,09 𝑘𝑊𝑃

320 𝑊𝑃
= 3,4 ≅ 3 𝑚𝑜𝑑𝑢𝑙𝑒𝑠 (4) 

For the DCPS it was necessary (5): 

𝑃𝑉 𝑚𝑜𝑑𝑢𝑙𝑒𝑠 =
𝑃𝐺𝐹𝑉(𝑊𝑃)

𝑃𝑀ó𝑑𝑢𝑙𝑜(𝑊𝑃)
=

2,04 𝑘𝑊𝑃

320 𝑊𝑃
= 6,37 ≅ 6 𝑚𝑜𝑑𝑢𝑙𝑒𝑠 (5) 

Therefore, to use the same set of panels to serve two subsystems that require different energy 

levels, the largest quantity required as a reference was used: 6 photovoltaic modules. As will be 

observed in the following text, the DPS and DCPS configurations operate with different arrays of 

modules, so a switching system that would allow the PVA to be used to energize the DPS and to 

energize the DCPS was necessary. 

The switching system, detailed below, is based on the use of 3-position switches: position 0 being 

null, where there is no circulation of electric current; positions 1 and 2 correspond to DPS and DCPS, 

respectively. 

3.3.1. Domestic Photovoltaic System 

As the number of modules was defined in six, for the DPS they were associated in order to 

respect the voltage and current limits of the controller. The system uses the TRIRON4210N controller 

from the manufacturer EPEVER, which has an input voltage limit of 90 VDC to 100 VDC. 

Thus, as the modules have an open circuit voltage equal to 45,7 V (Error! Reference source not 

found.), the maximum number of modules in series is two. As there are six modules, the remaining 

four modules assume the association of two pairs in series and finally the three pairs in parallel 

(diagram on the left in Error! Reference source not found.Error! Reference source not found.). 
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Figure 4. Association of three parallel connections of two modules in series from AFV to SFD; Crearray 

simulation of curve I - V from AFV to SFD under conditions closer to Amazon reality. 

Simulations of the characteristic curves of the AFVs were performed in different configurations 

according to the needs of each subsystem. The simulations were carried out in the Crearray software 

[29], where it was possible to compare the curves I – V under standard test conditions and in 

conditions closer to the Amazonian reality (graph on the right Error! Reference source not found.). 

 

Figure 5. DPS used when changing the positions of the switches to 1. 

In the DPS it is possible to use loads in Alternating Current (AC) and Direct Current (DC). The 

AC bus works from a power inverter connected to the energy accumulator (lead-acid battery bank). 

The DC bus works from a charge controller output at 24 V. 

The use of a DC circuit is advantageous because, even in the event of a failure or eventual 

burning of the voltage inverter, the system will not be idle. In the pilot system, presented in a work 

by [30], the DC bus energizes a 72L freezer and a lighting circuit with LED lamps. To use this 

subsystem, switching must be performed by turning the switches (detailed below) to position 1, as 

noted in Error! Reference source not found.. 
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After installing the system, it was observed that the charge controller has a limitation on the 

power used. As it has a nominal charge and discharge current limit of 40 A, connected to a 24 V 

energy accumulator, the maximum power that the controller is capable of managing is 960 W - only 

half of the installed power of the PVA. 

To make better use of the power generated by the PVA, it would be necessary: either to change 

the voltage of the energy accumulator to 48 V (four batteries in series); or to replace the charge 

controller with one with a greater capacity. 

3.3.2. Direct Coupling Photovoltaic System 

The DCPS consists of the direct connection of the PVA to the VSD that drives the desired driving 

load. The VSP model IVS100 of the manufacturer INTEGRALTEC was used. This model supports 

220 V three-phase machines up to 1,5 HP. 

As mentioned, VSD commonly operate with high voltage values. The model used in this work 

is one of them. Among the options available in the product instruction manual, there is the 

configuration of six 330 WP photovoltaic modules in series [31] (top diagram on Error! Reference 

source not found.). For the configuration of this subsystem, the simulation of the necessary PVA was 

also performed, as observed in the lower graph of Error! Reference source not found.. 

 

Figure 6. Connection of the six modules in series that make up the DCPS PV array; I x V curve of the PVA used 

in the DCPS. 

From the values defined for the PVA, it is necessary to configure the VSD through the six on-off 

switches (DIP switches). They are configured according to the power of the arrangement, the machine 

to be used, the reconnection time in cases of undervoltage, among other parameters. A work by [30] 

presents the table with the settings used. To use the DCPS subsystem, it is necessary to switch the 

switches to position 2, as shown in Error! Reference source not found.. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 9 January 2025 doi:10.20944/preprints202501.0712.v1

https://doi.org/10.20944/preprints202501.0712.v1


 14 of 19 

 

 

Figure 7. Direct coupling system used when changing the position of the switches to position 2. 

3.3.3. Switching System 

As for both DPS and DCPS, two modules are used in series, the PVA has three pairs of two 

modules in series, and it is necessary to extend the six terminals to the switchboard where the 

switches are fixed. In this framework there is: a positive and a negative, both resulting from the serial 

connection of every two modules and then fixed in a connection bar (Error! Reference source not 

found.). 

  

Figure 8. Modules connected to the fixed bar; Switches fixed to a switchboard for better organization and safety 

of conductors and system users. 

To perform the switching between the DPS and DCPS subsystems, two three-pole switches of 

the model K356-40 from the manufacturer Metaltex were used. The six resulting terminals of the PVA 

fixed to the connection bar are connected to the switches – as they are tripolar, each switch connected 

to three terminals. The remaining serial and parallel associations are performed at their outputs, 

located at the top. The terminals resulting from these associations are then fixed in a connection bar 

from where the load controller and the VSD, related to the DPS and DCPS, respectively, will be 

connected. 

For the DPS, the two transfer switches are switched to position 1. As the serial connections have 

already been made and the resulting terminals have been connected to the switches, the next step 
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was to perform the connections in parallel - that is, interconnect all the positive and negative 

terminals resulting in two resulting conductors: one positive and one negative that is connected to 

the DPS (Error! Reference source not found.). 

 

Figure 9. Parallel association of the terminals resulting from the PVA to assume the necessary configuration for 

the DPS. 

The series associations are made by connecting the poles 7 and 11 of the first switch and the 

poles 7 and 3 of the second (Error! Reference source not found.). After the serial associations are 

made, the resulting positive (pole 3 of the first switch) and negative (pole 11 of the second switch) 

terminals are then fixed to the connection bar from where they are connected to the DCPS variable 

speed-drive. 

 

Figure 10. Series association of modules for connection to the DCPS VSD. 

Finally, the integrator system that has an PVA with a mixed configuration according to the need 

of the subsystem is summarized in Error! Reference source not found.. 

The switches receive six terminals from three associations of two pairs of photovoltaic modules. 

Once the remaining associations have been carried out, as detailed above, it is possible to use the 

switches to switch between the systems as required. By placing them in positions 1, the PVA assumes 

the association of three connections of two modules in series and energizes the DPS, thus charging 

the battery bank. In position 2, the two switches connect the PVA terminals in the association of the 

six modules in series, thus energizing the DCPS that activates a three-phase induction motor for the 

development of some productive activity. 

3.4. Training and Socialization of Knowledge and Experiences 

As defined in AP3, the importance of training community families – especially young people – 

was highlighted. Throughout the process of implementing PV systems in the community, there were 

residents actively participating in the project. Even in situations where they would not be the ones 

benefiting from the installation of the system, they showed interest and participation in learning not 

only the principles of operation of the system components but also the practical execution of the 

installation. 
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Figure 11. Photovoltaic system with three-pole switches of 40 A capable of serving different loads with 

photovoltaic arrangements of different configurations. 

In addition to monitoring the installation of systems, the community participated in a training 

held at the ATAIC headquarters with a focus on presenting basic concepts of electricity, the 

components that make up a photovoltaic system and practical installation activities so that everyone 

could follow the step by step. 

The training, added to the residents who actively followed the installation of photovoltaic 

systems, made it possible for at least the basic concepts of photovoltaic systems to be fixed. 

Precautions such as: heating of the battery bank conductors, audible and/or luminous warnings of 

the charge controller and inverter, were some of the indicators passed on to the participants of the 

training. 

AP4, which focused on sharing experiences and information from the project, with the objective 

of increasing the interest of young people and forming new leaders within the Ilha das Cinzas 

community and leaders from nearby communities, was executed by holding an event in early 2022 

where it was possible to bring together all ATAIC partners and community leaders interested in the 

community organization. The event entitled “The social value of energy in building participatory, 

inclusive and sustainable communities”. 

From the socialization of ATAIC’s experiences, other communities were able to reorganize 

themselves in similar ways. For example, through this event, the Association of Women 

Agroextractivist Producers of the Mouth of the Mazagão Velho River (AMPAFOZ6) was able to 

participate in the selection process for financing projects of the Honnold Foundation and be one of 

the few communities contemplated for the implementation of photovoltaic systems. 

4. Conclusions 

Based on the PRD and SWOT analysis, four action plans were elaborated: (1) and (2) 

development of a photovoltaic system capable of assuming different configurations according to the 

daily demands of the açaí value chain and other complementary economic activities; (3) training of 

community residents; and (4) socialization of the experiences obtained during the execution of the 

project with leaders of other communities and ATAIC partner agents. 

One of the main contributions of the project was the development of the photovoltaic system 

with versatile and flexible topology, which, being aligned with the weaknesses and needs of the 

 
6 Associação das Mulheres Produtoras Agroextrativistas da Foz do Rio Mazagão Velho 
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community, could contribute to the improvement of the açaí value chain, in addition to enabling the 

integration of social technologies – which help in the development and autonomy of riverside 

communities. 

The photovoltaic system of mixed configuration has the capacity to meet domestic loads in DC 

and AC in the daily life of the family through the DPS. Faced with the constant demand for motor 

loads (removal of açaí pulp, pumping water into the reservoir, irrigation of crops with biofertilizer, 

crushing of seeds and nuts), the resident has the possibility to use the other configuration, DCPS, 

switching the keys to the second position, thus energizing the electric motor. The final system enables 

several applications, not only in the açaí value chain, but in other productive activities and social 

technologies, whether with motor or domestic loads. 

In addition to the application of switches to the photovoltaic systems developed here, this 

research highlights as another contribution the need for participation between the researcher and the 

community of the study area. The developed system went through three stages of improvements - 

all coming from responses from the community itself, either to make the system cheaper, practical 

and/or intuitive for those who would handle it: the riverside inhabitants. 

In addition, community participation in the installation process was vital, as it enabled 

familiarization with this type of renewable technology, being aligned with AP3. This action plan 

sought to train families regarding the photovoltaic energy technology introduced in the community. 

Within the period of execution of this research, the action plan achieved its objective by making the 

installed systems more familiar to residents. 

Finally, AP4 was executed with the holding of the workshop “The social value of energy in 

building participatory, inclusive and sustainable communities”. The event was attended by leaders 

from different riverine and land communities interested in organizing themselves in a similar way to 

ATAIC and Ilha das Cinzas to access national and international resources aimed at socioeconomic 

development with the help of renewable technologies. 

The path taken indicates that the most promising means for the development of value chains in 

riverine communities is from the insertion of new technologies in the production process 

accompanied by the participation and training of the actors involved in this chain, because without 

this integration the transfer of technology tends to fail. Economic development is intricately linked 

to the social development of families, since after the installation of the system it is necessary that 

families are trained to handle the technology and understand its functioning and limitations. 
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