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ABSTRACT
This study seeks to pinpoint and define variables that exert the most significant influence on the 
economic feasibility of operating equipment and wind farms in Northeast Brazil. It aims to identify 
key performance factors crucial for the economic analysis, including technologies, equipment size, 
and productive efficiency. Brazil boasts one of the world's cleanest energy matrices, primarily 
relying on hydro power. Through cash flow analysis, the study enables the calculation of break-even 
points for various scrutinized variables such as equipment load factor, wind turbine investment, and 
effective hours available for wind generation. Despite the economic viability of wind generation 
projects in Northeast Brazil under the examined conditions, their profitability remains relatively low 
over a 15-year period.
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1.  INTRODUCTION 

The increasing utilization of water resources has led to a shift in energy production to regions 

distant from major industrial and urban centers. This has resulted in elevated costs associated with 

energy generation, transportation, and distribution. In this context, wind energy generation emerges as a 

significant alternative, complementing traditional sources like hydro and thermoelectricity. In recent years, 

there has been a substantial surge in energy generation from alternative sources such as wind and solar 

energy (Araujo et al., 2021; Assali et al., 2019; Ogbonnaya et al., 2019; Pali & Vadhera, 2018).

Presently, wind power in Brazil is sufficient to supply approximately 20 million homes. In 

2015, over 100 wind farms commenced operations in Brazil, attracting investments totaling around 

5.2 billion USD and generating 41 thousand jobs. Brazil is currently the fourth country globally in 

terms of wind energy growth (Empresa de Pesquisa Energética, 2018).

Among all energy generation modalities, wind energy exhibited the highest growth in 2017 

compared to other sources. According to the Brazilian Ministry of Energy, in 2017, wind energy 



Revista Ciências Exatas | V.29, N°2, 2023 |  Taubaté/SP - Brasil  | ISSN: 1516-28932

accounted for 8.3% of Brazil’s energy matrix, ranking the country 8th globally in installed capacity. 

An additional 213 wind farms are expected to be in operation by 2023, positioning Brazil as one of the 

six largest producers of this energy type globally. To support the decision to invest in expanding wind 

power generation in Brazil, a comprehensive study was proposed, considering technical and economic 

feasibility aspects to inform this decision (Empresa de Pesquisa Energética, 2018).

Brazil boasts one of the cleanest energy matrices globally, primarily based on hydroelectric 

power. The country represents a highly promising market for wind energy in Latin America, with 

an estimated wind potential of 300 GW (some analysts even consider a potential of 500 GW). 

Energy demand is projected to increase by 2 GW annually until 2020. Wind conditions in Brazil are 

characterized as strong and stable, with a primary focus on onshore wind energy due to lower costs 

and land availability. Specialists do not foresee a promising future for offshore wind energy in Brazil 

within the next 10 to 20 years. Despite currently contributing 8.3% to the country’s energy production, 

wind energy is still far from the 70% produced by hydroelectric plants but closely rivals the 9.3% from 

biomass plants, securing its position as the second-highest contributor in the national energy ranking 

(Associação Brasileira de Energia Eólica, 2018; Empresa de Pesquisa Energética, 2018).

This research aims to identify and define variables that strongly impact the economic viability of operating 

equipment and wind farms in Northeast Brazil. Key performance factors for economic analysis, including 

technologies, equipment size, and productive efficiency, will be identified. The study specifically focuses on 

wind turbines with an installed capacity above 1MW, capable of generating power at more competitive costs. 

The research is limited to Northeast Brazil, particularly the federal State of Ceara, due to its wind potential in the 

coastal region and extensive surveys and studies conducted by local governmental planning institutions and the 

State University of Ceara (UFC).

2. LITERATURE BACKGROUND

Wind energy stands out as the most economically competitive renewable energy source, 

thereby enhancing business management and bolstering the competitiveness of organizations. Onshore 

wind energy, in particular, proves to be more cost-effective than other renewable energy alternatives, 

competing favorably with conventional power generation sources like coal and gas (Barbosa et al., 

2020; Joos & Staffell, 2018; Son & Ma, 2017). 
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When accounting for pollution costs and subsidies, not factored into Levelized Cost of Energy 

(LCOE) estimates, onshore wind emerges as the most economical generation source in Europe. 

Additionally, offshore wind is steadily progressing towards cost reduction, with anticipated costs 

of €100/MWh by 2020 and further reductions to €85 to €79/MWh by 2025, a forecast already 

surpassed in some European countries where wind generation costs currently stand at around €50 

Euros/MWh (Global Wind Energy Council, 2018).

In 2017, Brazil secured the eighth position globally in the accumulated capacity of wind 

generation, surpassing Canada. With projections aiming for an installed capacity of 19.4 MW in 

2023, Brazil demonstrates a commitment to increasing its share of wind energy in the national 

energy matrix. Notably, the three largest wind energy producers in Brazil are located in Northeast 

Brazil, specifically in the states of Rio Grande do Norte, Bahia, and Ceara (Associação Brasileira de 

Energia Eólica, 2018; Empresa de Pesquisa Energética, 2018).

While feasibility studies often delve into details such as siting, permits, grid interconnection, 

and energy output concerning meteorological conditions, there is a notable lack of feasibility 

analysis models for small wind projects. Cost calculations for energy production per kWh in the first 

year of operation play a pivotal role in assessing the economic viability of wind energy projects. 

Traditional evaluation methods, including Net Present Value (NPV), Benefit-cost ratio (B-C), Internal 

Rate of Return (IRR), and Pay-back period, are employed to gauge the feasibility of such projects 

(Khambalkar et al., 2007; Son & Ma, 2017; Wang et al., 2018).

This wind energy conversion project scrutinizes three key costs — installed capital cost, specific 

capital cost, and life cycle cost of energy — to evaluate the production cost of the generated energy. 

With a discount rate of 7.5 percent, the Benefit-Cost (B-C) ratio stands at 3.51, and the Internal Rate of 

Return (IRR) at 21.82% (Khambalkar et al., 2007; Shoaib et al., 2019; Yang et al., 2018).

For offshore wind turbine (OWT) farms, an economic cost evaluation focused on the 

economic feasibility of energy production. A developed model assesses the economic cost of OWTs 

at different project phases, highlighting the impact of cost drivers. Over 50% of the OWT project 

cost is attributed to capital expenditure, with the remaining less than 50% arising from operating 

expenditures (Abdullahi et al., 2022; Ren et al., 2021; Wu et al., 2019).



Revista Ciências Exatas | V.29, N°2, 2023 |  Taubaté/SP - Brasil  | ISSN: 1516-28934

In Southeast Asia, wind conditions are generally less favorable compared to other regions. 

However, some economies in this area consider offshore wind energy as a long-term solution to 

decarbonize the electricity sector and diversify electricity sources. A life-cycle analysis, as part of a 

cost-benefit analysis, was employed to evaluate offshore wind energy in the Southeast Asian context. 

Findings suggested that, at the time of the research, offshore wind energy costs remained relatively 

high in this Asian region (Bonou et al., 2016; Crawford, 2009; Nian et al., 2019).

3. RESEARCH METHOD

This research is characterized as applied research, specifically aiming to generate knowledge for 

practical application and directed towards solving specific problems. It falls under the category of qualitative 

research, which entails the interpretation of phenomena, and where the attribution of meanings doesn’t 

necessarily involve the use of statistical methods and techniques (Cardoso et al., 2022; Kothari & Garg, 

2019; Reis et al., 2021). It is a type of research where the researcher analyzes data and processes, focusing 

on the process and its meaning (Kothari & Garg, 2019; Sales et al., 2022; Silva et al., 2021).

The field research for data collection followed an extensive bibliographic research covering topics 

such as wind energy economics, wind energy costs, operation and maintenance costs of wind turbines, 

economic feasibility studies on wind generation, the Brazilian wind energy market, and the Brazilian 

renewable energy market.

The development of the Discounted Cash Flow (DCF) and the use of indicators such as Net Present 

Value, Internal Rate of Return, and Pay-back were complemented with a sensitivity analysis of the main 

variables impacting the economic viability of wind investments in Brazil and Portugal. The Cash Flow 

analysis allowed for the calculation of the break-even for various analyzed variables, including equipment 

load factor, wind turbine investment, and effective hours available for wind generation. The economic 

viability analysis of wind power equipment in this study considered income tax legislation and accounting 

legal depreciation as practiced in Brazil.

Regarding Brazilian legislation, the depreciation of wind generators, its depreciation rate, and 

depreciation period are still under study. For this reason, a depreciation period of 10 years, equivalent to 

that of hydraulic turbines (code 8410 of the Brazilian Federal Revenue Service), was adopted in this study. 

Although wind equipment has a considered useful life of 20 years, with residual value and expenses for 
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disposal, these aspects were not considered in the Cash Flow simulation due to calculation difficulties and 

their relatively minor impact on cash flow (Empresa de Pesquisa Energética, 2018).

Data for Cash Flow development under economic analysis conditions in Northeast Brazil, including 

investment in wind generators acquisition, civil engineering costs in infrastructures (foundations, access 

roads, electrical connections, etc.), wind generator load factors, wind conditions, Brazilian IRS taxes, tariffs, 

among others, were sourced from various places. Information related to wind conditions in the State of 

Ceara, Brazil, including speeds and distributions, were obtained from the State Secretariat of Infrastructure 

of The State of Ceará (2019).

For the calculation of project returns and viability, the regulatory and legal framework must be 

analyzed in accordance with the specific conditions of the region and the country. The development of wind 

energy projects depends on country-specific conditions based on the policy framework set by national or 

regional governments. The financial feasibility of any proposed wind energy project selling electricity to 

the grid hinges on the available framework conditions for support. Inadequate or non-existent framework 

conditions often present crucial barriers to exploiting the available wind energy potential.

4. RESULT AND DISCUSSIONS

The economic evaluation utilized traditional Cash Flows, employing parameters from 

established deterministic models of economic viability, including Net Present Value (NPV), Internal 

Rate of Return (IRR), and Pay-back, along with a sensitivity analysis of the variables. The monetary 

reference was the US Dollar, with amounts in Brazilian Real converted at the prevailing exchange rate 

on the date of generation.

To assess the economic viability of wind power projects in Northeast Brazil, three cash flows 

were developed, each considering technical and tax aspects:

Cash Flow 1: According to Brazilian technical and tax parameters, with a 20-year life span and 

a 20-year straight-line depreciation period.

Cash Flow 2: According to Brazilian technical and tax parameters, with a 20-year life span and 

a 10-year straight-line depreciation period.

Cash Flow 3: According to Brazilian technical and tax parameters, with a 5-year straight-line 

depreciation period.
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These three cash flows highlight the main distinctions in project lifecycle and equipment 

depreciation, providing insights into the economic feasibility analysis of wind projects in Northeast 

Brazil. Despite variations in the cost of wind turbines and civil works in Brazilian projects, international 

values were adopted due to a lack of detailed data and precise budgets.

4.1 PROJECTS AND FINANCING CONDITIONS  

Projects financed by the Brazilian BNDES (National Bank for Economic and Social Development) 

incorporate a basic rate for long-term projects called TJLP (Long-term Interest Rate), currently at 

6.5% yearly. The final interest rate for direct operations comprises the financial cost and the BNDES 

rate. For indirect operations, it also includes the Financial Agent Rate:

Calculation example:

Financial cost = 6% p.a.

BNDES rate = 1.3% p.a.

Agent rate = 3% p.a.

Resulting interest rate = 10.6% p.a.

Financing rates, as per the Sectorial Chamber of Renewable Energies of the Federation of 

Industries of the State of Ceara (FIEC), follow similar rules to BNDES, varying based on project rating, 

payment capacity, location, and default factor. A risk rate is added, considering transaction conditions 

and the economic situation of the loan borrower. With a BNDES interest rate of 6% p.a. and a BNDES 

rate factor of 1.3% p.a., the wind project financing rate is 7.3% p.a.

The amortization period is determined based on the enterprise’s capacity to pay, with a 

maximum limit of 24 years. For Banco do Nordeste do Brasil (BNB), they adhere to the conditions 

of the Constitutional Financing Fund of the Northeast (FNE) for Infrastructure, with an interest rate 

IPCA + 1.2765% a.a. The total funding period is up to 20 years, requiring real guarantees such as 

mortgage, pledge, fiduciary property, receivables, etc.

In the Brazilian case, an individual investor rate of 27% was adopted. Revenues generated 

by the wind farms, based on 8,760 annual hours and a 50% load factor in Northeast Brazil, were 

considered. An average tariff of 31 USD/MWh was used, with an anticipated increase in wind power 

tariffs expected to enhance the economic attractiveness of wind power generation in Brazil.
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The economic feasibility focused on stand-alone machine/equipment for wind generation, 

considering a 3 MW wind turbine with an estimated investment of $1.5 million as a reference for 

the northeast of Brazil. Infrastructure costs were set at 25% of total costs, with a total investment of 

$2.2 million for the implementation of a wind generator.

Equipment maintenance costs were considered at 1.5% of equipment acquisition costs per 

year for the first 10 years and 2.0% from the eleventh to the twentieth year. The chosen scenario for 

economic analysis in Brazil was Cash Flow 2, which considered a 10-year depreciation and a 20-year 

lifespan for wind equipment.

4.2 CASH FLOW FOR WIND ENERGY GENERATION

We applied the following parameters to the standard Cash Flow analysis, considering the economic 

feasibility of wind energy based on Brazilian financing conditions for projects in Northeast Brazil:

Investment interest rate (annually): 7.3% p.a.

Operation and maintenance costs: 1.5% p.a. for the initial 10 years and 2.0% p.a. for the 

subsequent 10 years.

Annual revenue generated during the assessed period: $407.34 USD.

Tariff: $31 USD/MWh.

Wind equipment investment: $2.28 million USD.

Total investment, inclusive of civil works: $3.04 million USD.

Equipment depreciation: 10 years.

Load factor: 50%.

IRS rate: 27%.

Considering the above Cash Flow parameters for a 3 MW wind power generator, with an 

estimated investment of $2.28 million USD and infrastructure expenditures of $760,000 USD (total 

investment of $3.04 million USD), this investment demonstrated economic feasibility with the 

following indicators: NPV equal to $457,390 USD and an IRR of 9.22%. Additionally, in the analysis of 

the investment cash flow, various variables were examined, including interest rate, load factor, wind 

turbine investment, and wind generation tariff, as detailed in Tables 1 to 4.
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Table 1 | Changes in NPV resulting from changes in the Investment Rate

Investment Rate [%] 4,0 6,0 8,0 10,0 12,0 14,0 16,0

NPV [1000 USD] 1.543,7 832,3 595, 7 -158,5 - 508,4 - 792,2 - 1.025,1

Table 1 illustrates a decline in the project’s NPV as the investment rate increases. Through 

linear interpolation between 8% and 10% of the investment rate, the economic equilibrium point 

for this project is identified at 9.578%. In other words, at this investment rate, the NPV reaches zero, 

marking the point at which the project becomes economically unfeasible.

Table 2 | Changes in NPV as a result of variations in the Load Factor

Load Factor [%] 20 25 30 35 40 45 50

NPV [1000 USD] -2,131.1 -1,221.0 - 885.3 -549.6 -213.9 121.7 457.4

Taking into account the same project parameters mentioned earlier, Table 2 depicts how 

the project’s NPV and IRR fluctuate in response to changes in the Load Factor. With the established 

variables of the standard cash flow, the break-even point for this variable occurs at a load factor 

of 43.18%. In these circumstances, a wind project in Brazil becomes economically viable for ‘load 

factors’ exceeding 43.18%.

Table 3 | NPV and IRR variation due to variation in Turbine Investment’ 

Wind Turbine 
Investment [USD/MW] 400 500 600 700 761 800

NPV [1000 USD] 1.832,8 1.451,8 1.070,8 689,8 457,4 308,8

IRR [%] 19,78% 15,62% 12,65% 10,38% 9,22% 8,55%

Table 4 | NPV and IRR variation due to change in Tariff 

Tariff [USD/MW] 25 30 31 40 50 60

NPV [1000 USD] -192,30 349,10 457,40 1.431,90   2.514,80 3.597,60 

IRR [%] 6,40% 8,78% 9,22% 12,91% 16,64% 20,13%

Break-even points for the variables Turbine Investment’ (Table 3) and Tariff (Table 4) were 

also computed, yielding the following results: Wind Turbine Investment equals 881.11 [USD/kW]. 

In terms of sensitivity analysis for these variables, which gauges the major or minor impact on the 
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NPV value of the assessed cash flows, Figure 1 indicates that the variable with the most significant 

positive correlation with NPV is the Load Factor, followed, in descending order, by the variables 

Turbine Investment’ (negatively correlated), Tariff (positively correlated), and Interest Rate with 

negative correlation.

Figure 1 | Variables sensitivity analysis

Table 5 presents the break-even points for the variables Interest rate, Load Factor, Turbine 

investment, and Tariff. For Interest rate and Tariff, the break-even levels for wind projects in Brazil 

are lower compared to similar projects in Portugal. Conversely, for the Load factor’ and Turbine 

Investment variables, the situation is the opposite.

Table 5 | Economic break-even of the variables Interest rate, Load Factor, Turbine Investment and Tariff

Interest rate [%] Load Factor [%] Turbine Investment 
[USD/kW] Tariff [USD/MW]

9.22 43.18 881.11 26.73
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CONCLUSION

This study aimed to assess the economic viability of wind power generation in Northeast Brazil 

and identify the key variables influencing the feasibility of operating wind equipment and farms. 

Factors such as wind conditions, technology, equipment size, and load factor were examined 

using data from surveys conducted by the Ceara State Secretariat of Infrastructure (SEINFRA) and other 

sources, including technical reports from ABEEOLICA, EPE (Brazilian Ministry of Mines and Energy), and 

financing information from the Federation of Industries of the State of Ceara.

The analysis employed deterministic models for investment projects, incorporating Cash Flow 

projections and indicators like Net Present Value (NPV), Internal Rate of Return (IRR), and Pay-back. 

A sensitivity analysis explored the impact of variables on the economic viability of wind investments 

in Northeast Brazil. The break-even points for variables such as equipment load factor, wind turbine 

investment, and effective hours for wind generation were calculated through cash flow analysis.

While the study found wind generation projects in Northeast Brazil to be economically viable, 

the profitability remains modest with a 15-year payback and a 9.22% annual return rate, considering a 

financing cost of 7.3% p.a. (BNDES interest rates for larger wind projects) and various risks such as tariff 

fluctuations, wind equipment price risks due to exchange rate variations, and uncontrollable variables 

like wind intensity and duration.

For the standard flow considered (Cash Flow 2) for generation in Northeast Brazil, the internal 

rate of return and NPV were 9.21% annually (financing BNDES rate 7.3%) and $454,136.80 USD (20-

year project lifespan), respectively. 

Sensitivity analysis revealed that, among the variables, the Load factor had the highest impact 

on NPV, positively correlated, followed by Turbine Investment’ (negatively correlated), Tariff (positively 

correlated), and Interest rate with a negative correlation.

Simulations of the depreciation impact on wind projects in Northeast Brazil indicated that 

extending depreciation to a 20-year horizon resulted in an NPV of $457,395.63 and IRR of 9.22%. 

Alternatively, applying a 5-year accelerated average depreciation for assets increased NPV to 

$848,030.30 and IRR to 10.72% p.a.
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The study additionally suggests that improving the profitability of wind generation projects in 

the northeast region of Brazil could be achieved through government initiatives, such as reducing taxes 

on wind equipment and IRS rates, shortening the depreciation period for related assets, and offering 

lower interest rates for financing wind projects.

REFERENCES

Abdullahi, A., Bhattacharya, S., Li, C., Xiao, Y., & Wang, Y. (2022). Long term effect of operating loads on large mo-
nopile-supported offshore wind turbines in sand. Ocean Engineering, 245, 110404. https://doi.org/10.1016/j.ocea-
neng.2021.110404

Araujo, M. J. F. de, Araújo, M. V. F. de, Araujo Jr, A. H. de, Barros, J. G. M. de, Almeida, M. da G. de, Fonseca, B. B. da, 
Reis, J. S. D. M., Barbosa, L. C. F. M., Santos, G., & Sampaio, N. A. D. S. (2021). Pollution Credit Certificates Theory: An 
Analysis on the Quality of Solid Waste Management in Brazil. Quality Innovation Prosperity, 25(3), 1–17. https://doi.
org/10.12776/qip.v25i3.1574

Assali, A., Khatib, T., & Najjar, A. (2019). Renewable energy awareness among future generation of Palestine. Renewable 
Energy, 136, 254–263. https://doi.org/10.1016/j.renene.2019.01.007

Associação Brasileira de Energia Eólica. (2018). Energia Eólica Os bons ventos do Brasil InfoVento no 9. In ABEEOLICA. 
https://abeeolica.org.br/wp-content/uploads/2019/03/Infovento_PT.pdf

Barbosa, L. C. F. M., Mathias, M. A. S., Santos, G. M., & De Oliveira, O. J. (2020). How the Knowledge of the Major Rese-
archers Is Forging the Business Strategy Paths: Trends and Forecasts from the State of the Art. Quality Innovation Pros-
perity, 24(3), 1. https://doi.org/10.12776/qip.v24i3.1404

Bonou, A., Laurent, A., & Olsen, S. I. (2016). Life cycle assessment of onshore and offshore wind energy-from theory to 
application. Applied Energy, 180, 327–337. https://doi.org/10.1016/j.apenergy.2016.07.058

Chen, J., Liu, W., Jiang, D., Zhang, J., Ren, S., Li, L., Li, X., & Shi, X. (2017). Preliminary investigation on the feasibility of a 
clean CAES system coupled with wind and solar energy in China. Energy, 127, 462–478. https://doi.org/10.1016/j.ener-
gy.2017.03.088

Crawford, R. H. (2009). Life cycle energy and greenhouse emissions analysis of wind turbines and the effect of size on 
energy yield. Renewable and Sustainable Energy Reviews, 13(9), 2653–2660. https://doi.org/10.1016/j.rser.2009.07.008

Empresa de Pesquisa Energética. (2018). Participação De Empreendimentos Eólicos Nos Leilões De Energia No Brasil. 
In EPE. https://www.epe.gov.br/sites-pt/publicacoes-dados-abertos/publicacoes/PublicacoesArquivos/publicacao-251/
topico-394/NT_EPE-DEE-NT-041_2018-r0.pdf

Horvat, A., Plavsic, T., & Kuzle, I. (2011). Experience of integrating wind energy in the power system in Adriatic wind con-
ditions. IET Conference on Renewable Power Generation (RPG 2011), 211–211. https://doi.org/10.1049/cp.2011.0182

Joos, M., & Staffell, I. (2018). Short-term integration costs of variable renewable energy: Wind curtailment and ba-
lancing in Britain and Germany. Renewable and Sustainable Energy Reviews, 86, 45–65. https://doi.org/10.1016/j.
rser.2018.01.009

Khambalkar, V., Dahatonde, S. B., Kale, M. U., & Karale, D. S. (2007). Wind Energy Cost and Feasibility of a 2 MW Wind 
Power Project. International Energy Journal, 8, 285–290.

Kothari, C. R., & Garg, G. (2019). Research methodology methods and techniques. In New Age International (4o). New 
Age International.



Revista Ciências Exatas | V.29, N°2, 2023 |  Taubaté/SP - Brasil  | ISSN: 1516-289312

Matayoshi, H., Howlader, A. M., Datta, M., & Senjyu, T. (2018). Control strategy of PMSG based wind energy conver-
sion system under strong wind conditions. Energy for Sustainable Development, 45, 211–218. https://doi.org/10.1016/j.
esd.2018.07.001

Nian, V., Liu, Y., & Zhong, S. (2019). Life cycle cost-benefit analysis of offshore wind energy under the climatic condi-
tions in Southeast Asia – Setting the bottom-line for deployment. Applied Energy, 233–234, 1003–1014. https://doi.
org/10.1016/j.apenergy.2018.10.042

Ogbonnaya, C., Abeykoon, C., Damo, U. M., & Turan, A. (2019). The current and emerging renewable energy techno-
logies for power generation in Nigeria: A review. Thermal Science and Engineering Progress, 13, 100390. https://doi.
org/10.1016/j.tsep.2019.100390

Pali, B. S., & Vadhera, S. (2018). A novel pumped hydro-energy storage scheme with wind energy for power generation at 
constant voltage in rural areas. Renewable Energy, 127, 802–810. https://doi.org/10.1016/j.renene.2018.05.028

Qolipour, M., Mostafaeipour, A., & Tousi, O. M. (2017). Techno-economic feasibility of a photovoltaic-wind power plant 
construction for electric and hydrogen production: A case study. Renewable and Sustainable Energy Reviews, 78, 113–
123. https://doi.org/10.1016/j.rser.2017.04.088

Reis, J. S. da M., Espuny, M., Nunhes, T. V., Sampaio, N. A. de S., Isaksson, R., Campos, F. C. de, & Oliveira, O. J. de. (2021). 
Striding towards Sustainability: A Framework to Overcome Challenges and Explore Opportunities through Industry 4.0. 
Sustainability, 13(9), 5232. https://doi.org/10.3390/su13095232

Ren, Z., Verma, A. S., Li, Y., Teuwen, J. J. E., & Jiang, Z. (2021). Offshore wind turbine operations and maintenance: A state-
-of-the-art review. Renewable and Sustainable Energy Reviews, 144, 110886. https://doi.org/10.1016/j.rser.2021.110886

Sales, J. P. de, Reis, J. S. da M., Barros, J. G. M. de, Fonseca, B. B. da, Junior, A. H. de A., Almeida, M. da G. D. de, Barbosa, 
L. C. F. M., Santos, G., & Sampaio, N. A. de S. (2022). Quality Management in The Contours of Continuous Product Impro-
vement. International Journal for Quality Research, 16(3). https://doi.org/10.24874/IJQR16.03-02

Shoaib, M., Siddiqui, I., Rehman, S., Khan, S., & Alhems, L. M. (2019). Assessment of wind energy potential using wind 
energy conversion system. Journal of Cleaner Production, 216, 346–360. https://doi.org/10.1016/j.jclepro.2019.01.128

Silva, H. de O. G. da, Costa, M. C. M., Aguilera, M. V. C., Almeida, M. da G. D. de, Fonseca, B. B. da, Reis, J. S. da M., 
Barbosa, L. C. F. M., Santos, G., & Sampaio, N. A. de S. (2021). Improved vehicle painting process using Statistical Pro-
cess Control Tools in an Automobile industry. International Journal for Quality Research, 15(4), 1251–1268. https://doi.
org/10.24874/IJQR15.04-14

Son, J.-Y., & Ma, K. (2017). Wind Energy Systems. Proceedings of the IEEE, 105(11), 2116–2131. https://doi.org/10.1109/
JPROC.2017.2695485

State Secretariat Of Infrastructure Of The State Of Ceará. (2019). Wind and Solar Atlas of the State of Ceara. In SEINFRA.

Wang, X., Zeng, X., Yang, X., & Li, J. (2018). Feasibility study of offshore wind turbines with hybrid monopile foundation 
based on centrifuge modeling. Applied Energy, 209, 127–139. https://doi.org/10.1016/j.apenergy.2017.10.107

Wu, X., Hu, Y., Li, Y., Yang, J., Duan, L., Wang, T., Adcock, T., Jiang, Z., Gao, Z., Lin, Z., Borthwick, A., & Liao, S. (2019). Fou-
ndations of offshore wind turbines: A review. Renewable and Sustainable Energy Reviews, 104, 379–393. https://doi.
org/10.1016/j.rser.2019.01.012

Yang, B., Yu, T., Shu, H., Dong, J., & Jiang, L. (2018). Robust sliding-mode control of wind energy conversion systems for op-
timal power extraction via nonlinear perturbation observers. Applied Energy, 210, 711–723. https://doi.org/10.1016/j.
apenergy.2017.08.027


