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RESUMO

Os sistemas agroflorestais tém se consolidado como uma abordagem inovadora para a producao agricola sustentavel, integrando de
forma harmoniosa cultivos alimentares, espécies arboreas e criagio animal. Na regiao do Caparaé - ES, localizada no sul do Espirito
Santo, estes sistemas adquirem especial relevancia por conciliar a produgio agricola com a conservagao dos remanescentes de Mata
Atlantica, bioma prioritario para preservacdo. O presente estudo teve como objetivo principal avaliar a viabilidade economica da
producido agroecoldgica integrada em sistemas agroflorestais com cultivo de café em sete propriedades rurais participantes do
programa Reflorestar, adotando uma abordagem metodolégica que combinou técnicas qualitativas, incluindo entrevistas
semiestruturadas com técnicos e produtores, com analises quantitativas baseadas em indicadores financeiros como Valor Presente
Liquido (VPL), Taxa Interna de Retorno (TIR) e Relacio Beneficio/Custo (B/C). Os dados foram coletados durante o petiodo de
2019 a 2024. Os principais resultados revelaram que, apés um periodo inicial de investimento (2-4 anos), todos os SAFs atingiram
patamares de rentabilidade robustos e sustentaveis no médio e longo prazo (horizonte de 30 anos). A viabilidade financeira foi
consolidada a partir do 4° ao 6° ano, com indicadores finais notaveis: a TIR estabilizou-se em patamares entre 20,10% e 102,17%, o
VPL variou de R$ 22.044,18 a R$ 175.140,49, ¢ a relagio B/C manteve-se entre 1,15 e 3,04, superando amplamente os retornos de
sistemas convencionais. A diversificacio da producio (café, banana, palmito, frutas nativas) mostrou-se decisiva para a resiliéncia
econ6mica, amortecendo custos iniciais e garantindo multiplas fontes de renda. Entrevistas com produtores destacaram a importancia
da escolha de variedades de café mais rusticas (como Arara) para reduzir custos, bem como desafios logfsticos na comercializagiao de
frutos pereciveis e na necessidade de manejo adequado de espécies consorciadas, como a banana. Os Sistemas Agroflorestais com
café arabica sio economicamente vidveis e representam uma alternativa superior aos modelos convencionais na regidao do Caparad,
conciliando alta rentabilidade financeira com beneficios ambientais e sociais. A plena potencializagdo deste modelo depende de um
planejamento técnico rigoroso na selegio de espécies, acesso continuo a assisténcia técnica especializada e do fortalecimento de canais
de comercializacdo para os produtos diversificados, recomendando-se sua adogdo e ampliagio como estratégia de desenvolvimento
rural sustentavel.

Keywords: cafeicultura sustentavel; sistemas integrados; analise financeira; conservagio ambiental; desenvolvimento rural.

ABSTRACT

Agroforestry systems have established themselves as an innovative approach to sustainable agricultural production, harmoniously
integrating food crops, tree species, and livestock. In the Caparaé region of Espirito Santo, located in southern Espirito Santo, these
systems acquire special relevance by reconciling agricultural production with the conservation of remnants of the Atlantic Forest, a
priority biome for preservation. This study aimed to evaluate the economic viability of integrated agroecological production in
agroforestry systems with coffee cultivation on seven rural properties participating in the Reflorestar program, adopting a
methodological approach that combined qualitative techniques, including semi-structured interviews with technicians and producers,
with quantitative analyses based on financial indicators such as Net Present Value (NPV), Internal Rate of Return (IRR), and Benefit-
Cost Ratio (B/C). Data wete collected during the petiod from 2019 to 2024. The main results revealed that, after an initial investment
period (2-4 years), all Agroforestry Systems (AFS) reached robust and sustainable profitability levels in the medium and long term

| V| |
Submission: 07/10/2025 go Accepted: 02/12/2025 Publication:18/03/2026

v.15,n.1, 2026 « p. 1-28. « DOI http://dx.doi.org/10.21664/2238-8869.2026v15i1.8364

© 2021 by the authors. This journal offers immediate open access to its content, following the principle that making scientific knowledge freely
available to the public provides greater global democratization of knowledge. This manuscript is distributed under the terms of the Creative @ @
Commons Attribution-NonCommercial 4.0 International License (https://creativecommons.org/licenses/by-nc/4.0/legalcode), which allows the

reproduction and sharing of the licensed material, in whole or in part, for non-commercial purposes only; and the production, reproduction, and
sharing of adapted material for non-commercial purposes only.



http://periodicos.unievangelica.edu.br/fronteiras/
mailto:rodrigoleodias@gmail.com
mailto:fernando.ufrrj.agro@gmail.com
mailto:copenna@ifes.edu.br
mailto:mauricios.novaes@ifes.edu.br

Economic Feasibility of Agroforestry Systems with Arabica Coffee in the Caparad Capixaba Microregion, Southern Espirito

75 Santo
2 ‘&% Rodrigo Leonardo de Paula Dias Mendonga, Luiz Fernando de Sousa Antunes, César Otaviano Penna Junior, Mauricio
Novaes Souza

(30-year horizon). Financial viability was consolidated from the 4th to the 6th year, with notable final indicators: the IRR stabilized
at levels between 20.10% and 102.17%, the NPV ranged from R$ 22,044.18 to R$ 175,140.49, and the B/C ratio remained between
1.15 and 3.04, far exceeding the returns of conventional systems. Production diversification (coffee, bananas, palm heart, native fruits)
proved decisive for economic resilience, offsetting initial costs and ensuring multiple income streams. Interviews with producers
highlighted the importance of choosing more robust coffee varieties (such as Arara) to reduce costs, as well as logistical challenges in
marketing perishable fruits and the need for adequate management of consorted species, such as bananas. Agroforestry Systems with
arabica coffee are economically viable and represent a superior alternative to conventional models in the Caparaé region, combining
high financial profitability with environmental and social benefits. The full potential of this model depends on rigorous technical
planning in species selection, continuous access to specialized technical assistance, and the strengthening of commercialization
channels for diversified products, recommending its adoption and expansion as a strategy for sustainable rural development.

Keywords: sustainable coffee farming; integrated systems; financial analysis; environmental conservation; rural development.

Introduction

Climate change poses a critical and growing threat to global production of Coffea arabica L., the world's
most economically important coffee species (Craparo et al. 2015; Ovalle-Rivera et al. 2015). The increase in
average and minimum temperatures, combined with changes in precipitation patterns and greater pressure from
pests and diseases, has resulted in substantial declines in productivity and a progressive reduction in areas
climatically suitable for cultivation (Tavares et al. 2018; Lorengone et al. 2023). This adverse situation
jeopardizes the socioeconomic sustainability of millions of predominantly vulnerable smallholders and may
exacerbate negative environmental impacts, such as deforestation resulting from agricultural expansion into
new areas (Cassamo et al. 2023; Lorengone et al. 2023). In this context, the identification and implementation
of effective and sustainable adaptation strategies are imperative for the resilience of the coffee sector (Merga
and Alemayehu 2019; Wagner et al. 2021; Cassamo et al. 2023).

Agroforestry systems (AFS) emerge as an innovative and sustainable alternative for agricultural production,
integrating trees, crops, and animals in the same space. This approach not only diversifies production but also
optimizes the use of natural resources, such as water and soil nutrients, promoting greater production efficiency
(Gomes et al. 2020; Lacerda et al. 2020). In addition to economic benefits, SAFs play a crucial role in
environmental conservation, contributing to soil protection, nutrient cycling, and carbon sequestration, making
them a viable strategy for adapting to climate change (Camargo et al. 2019).

Several studies conducted over the last decade have revealed the importance of traditional shade-grown
coffee for the maintenance and protection of biodiversity. However, there is only biological exploration and
no interdisciplinary exploration of the multiple values and benefits of these agroforestry systems (Toledo and
Moguel 2012). This gap justifies the need for research that integrates economic, environmental, and social
analyses, especially in regions such as Caparaé Capixaba, where family farming and the preservation of the
Atlantic Forest are central themes.

In this context, this research seeks to assess the economic viability of integrated and sustainable
agroecological production in the Caparad region of Espirito Santo, in southern Espirito Santo. The study is
based on the premise that agroecological systems (SAFs) can offer competitive financial returns, in addition to
environmental and social advantages, such as income diversification and improved soil quality (SENAR 2017;
Cerda et al. 2020; Zaro et al. 2020).

Thus, the overall objective of this study is to analyze the difference in economic returns from SAFs with
coffee cultivation on seven family farms. As specific objectives, a detailed survey of data from the Reflorestar
program in the region was conducted to assess the financial viability of the proposed arrangements.

Materials and Methods

Study area and data collection

The study followed a qualitative approach phase and a quantitative phase in the implementation of projects
carried out by MV Gestio Integrada' (MVGI), offices in Alegre (ES) and Castelo (ES), since 2010, coordinated
by the Alegre (ES) office, with funding and payments from the REFLORESTAR — BANDES program.

! Founded in 2018, MV Gestao Integrada is a consulting firm specializing in Payment for Environmental Services
(PES) projects for the recovery of degraded areas. It is the main regional executor of the Reflorestar Program (one
of the largest PES programs in Brazil) and representative of the Atlantic Forest Restoration Pact. Its activities include
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In the qualitative phase, data was collected through semi-structured interviews with technicians and
managers from MV Gestao Integrada, Alegre (ES) office. Observation was used as a collection tool, conducted
from the implementation of the project until 2023.

The work was based on the analysis of information collected by MVGI, organized by the master's student
together with producers who implemented SAFs starting in 2020. This data collection involved seven
producers, in addition to the analysis of technical and economic data from their respective properties. The
survey took place between August 15, 2024, and October 15, 2024. The agricultural production of the
properties under their specific production arrangements was considered, with Arabica coffee being the central
economic target crop. Table 1 presents all the information on the areas evaluated in this research. Table 2, in
turn, presents the detailed characteristics of each property in relation to the municipality and the distribution
of its areas in relation to the crops grown.

raising awareness among rural producers, planning, implementing, and monitoring projects, with more than 1,200
families served and 3,330 hectares under management (MV Gestao Integrada 2023) .
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Table1 . Informative table of coffee production associated with the SAF of the properties evaluated in this study.

System / Spatial . . Area occupied by Number of plants per | Geographic
Property arrangement Species Plot area Spacing (m) plant (m?) No. of plants per plot ha coordinates
4 rows of coffee + 1 row of | Arabica coffee; Coffee: _2'5X1 -om; . Coffee: 3.75m?; Coffee: 53 plants; Coffee: 1,333 plants;
. Banana: 2.5x4.0 m; Banana, pupunha Banana, peach palm,
bananas + 1 row of Banana; Pupunha ! Banana, pupunha palm, . . . 24K225910 /
T . 400m Pupunha 2.5x4.0m; . L palm, and native and native species:
pupunha palm + 1 row of | palm and native . ; and native species: L 7701656
! . . Native species 2 species: 5 plants of 125 plants of each
native species species 10m . -
2.5x4.0m each species species.
. . Coffee: 3x1m; Coffee: 80 plants; Coffee: 2,000 plants;
4 rows of coffee + 1 row of | Arabica coffee; ; . a2
. Banana: 3x4.0 m; Coffee: 3m?; Banana, Banana, pupunha Banana, peach palm,
banana + 1 row of Banana; Pupunha ’ . . Co 24K212047 /
T2 . . 400m Pupunha 3x4.0m; pupunha palm, and palm, and native and native species:
pupunha + 1 row of native | palm and native . . . S ) D 7702845
) . Native species native species: 12m species: 5 plants of 125 plants of each
species species . -
3x4.0m each species species.
. Coffee: 3x1m; Coffee: 2000 plants;
+ . . ’ . 2. . . . ’
4 rows of coffee + 2 rows | Arabica coffee; . Banana: 3x4.0 m: Coffee.l3m ; Ba_nar.ma Coffee: 80 plants; Banana 250 plants and | 24K225029 /
T3 of banana + 1 row of Banana and native | 400m . . and native species: Banana 10 plants and . X
! . . Native species 2 . native species 125 7696590
native species species 12m native plants 5 plants
3x4.0m plants.
4 rows of coffee + 2 rows Arabica coffee; Coffee: 3x1m; Coffee: 3m? Pupunha Coffee: 80 plants; Coffee: 2,000 plants;
Pupunha palm Pupunha: 3x4.0 m; - oM, FUp . Pupunha 10 plants Pupunha 250 plants 24K212002/
T4 of pupunha palm + 1 row . 400m . . and native species: . . ) ;
. . hearts and native Native species 2 and native species 5 | and native species 125 | 7702801
of native species . 12m
species 3x4.0m plants plants.
3 rows of coffee + 1 row of | Arabica coffee; Coffee: .3x1m, . . 5. Coffee: 60 plants; Coffee: 1,500 plants;
. Banana: 3x4.0m; Coffee: 3m?; Banana, Banana, peach palm,
bananas + 1 row of Banana; Pupunha . Banana, peach palm, . Co 24K212732 /
T5 . : 400m- Pupunha palm: pupunha palm, and ; . and native species:
pupunha + 1 row of native | palm and native . . . . . 2 and native species: 5 7706961
. . 3x4.0m; Native trees: | native species: 12m . 125 plants of each
species species plants of each species -
3x4.0m species.
. ) Coffee: 3x1m; Coffee: 60 plants; Coffee: 1,500 plants;
3 rows of coffee + 1 row of | Arabica coffee; : . . 5.
. Banana: 3x4.0 m; Coffee: 3m?; Banana, Banana, pupunha Banana, peach palm,
banana + 1 row of Banana; Pupunha ! . ) . 24K213071/
T6 . . 400m Pupunha 3x4.0m; pupunha palm, and palm, and native and native species:
pupunha + 1 row of native | palm and native ) . . . 2 T 7706455
) . Native species native species: 12m species: 5 plants of 125 plants of each
species species . -
3x4.0m each species species.
Coffee planted in total
area; pupunha palm . Coffee: 3x1.5m; Coffee: 2,222 plants;
planted between coffee Arabica coffee, Pupunha: 1.5x3m; Coffee: 4.5m; Pupunha: Coffee: 16 Plant_s, Pupunha: 417 plants; 24K210138/
T7 peach palm, and 400m . ! Pupunha 3; Native . .o
rows and every 2 rows of . : Native species 4.5m . Native species: 150 7710721
. : native species species: 3
coffee, native species randomly plants
planted randomly

Source: Prepared by the authors (2025)
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Table 2. General characterization of rural properties studied in the state of Espirito Santo, Brazil

Total Municipal
P 1ti ies (A in h
roperty Area (ha) Cultivated Species (Areas in ha) ity
T1 (Figure Coffee Ar?ra ((,Toﬁ‘eu ‘umbzca) (0.5 ha); Banana €0.125 ha); Uvaia Guacui -
1 10.5047 (Eugenia pyriformis); Avocado (Persea americana); Mango ES
(Mangifera indica)
. Catucai Amarelo 785/15 coffee (Coffea arabica) (0.6 ha); Banana ,
12 (Figure 19.0516 (0.125 ha); Uvaia (Eugenia pyriformis) (0.125 ha); Avocado Guagui -
2) : P ES
(Persea americana); Mango (Mangifera indica)
. Coffee 785/15 (Coffea arabica) (0.6 ha); Banana (0.3 ha); Uvaia ,
3 (gl)gure 2.2268 (Eugenia pyriformis) (0.125 ha); Avocado (Persea americana) Gu;(ém i
(0.125 ha); Mango (Mangifera indica) (0.125 ha)
T4 (Figure 16.3911 Catucai 785/15 coffee (Coffea arabica) (0.6 ha); Banana (0.125 ha); Alegre -
4) ' Uvaia (Eugenia pyriformis); Jussara palm (Euterpe edulis) ES
T5 (Figure 25175 Arara coffee (Coffea arabica) (0.45 ha); Banana (0.125 ha); Guagui -
5) ' Jussara palm heart (Euterpe edulis) ES
T6 (Figure 10.457 Catucai 785/15 coffee (Coffea arabica) (0.45 ha); Banana (0.6 ha); Guagui -
6) ) Uvaia (Eugenia pyriformis); Jussara palm heart (Euterpe edulis) ES
. Yellow Catucai Coffee 785/15 (Coffea arabica) (0.6 ha); Banana
7 1 -
T (F71)gure 16.3911 (0.3 ha); Uvaia (Eugenia pyriformis); Avocado (Persea americana); A eEgSre
Mango (Mangifera indica)

Source: Prepared by the authors (2025).
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Parceiro:
Caroline Gravel

QMY
~ Gestdo

Integrada

Figure 1. Famlly-owned property caIIed Sitio Gravel 2 (T1) Located 12 km from the center of the city of Guagm ES, Bra2|l Source: prepared by the authors
(2025).
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Figure2. F|Ibaed propey (2Iocatd 17 km from the centr of the city of Guagui, S, Brazil. Sou;ce. prered by the authors (2025).
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Parceiro:
Ralph Carvalho
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Figure 3. Family-based property (T3) located 10 km from the center of the city of Guagui, ES, Brazil. Source: prepared by the authors (2025).
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Figure 4. Family-based property (T4) located 20 km from the center of the city of Alegre, ES, Brazil. Source: prepared by the authors (2025).
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km from the center of the city of Guagui, ES, Brazil. Source: prepared by the authors (2025).

-
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o Gravel (T5), located 19

it i s’
Figure 5. Family-based property Siti
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Figure 6. Famlly-based property S|t|o Sao Romao (T6) located 12 km from the center of the city of Guagw ES, Brazil. Source prepared by the authors
(2025).
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(2025).

In the quantitative phase, data was calculated in a cash flow from the producer for the application of capital
investment techniques, as described below. The data was entered into Excel spreadsheets to calculate revenues,
variable costs and expenses, fixed costs and expenses, taxes, and depreciation, thus obtaining the producet's
free cash flow.

Methods for analyzing capital investment

To analyze investment in the areas studied, a ten-year period was considered, according to Richetti, Motta,
and Padovan (2011), who define this interval to examine the economic feasibility of sustainable agricultural
production and forestry. The economic feasibility analysis was carried out over the last five years, since some
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farmers accessed the REFLORESTAR project between 2019 and 2024. The fixed investment value for the
implementation of PES (Payment for Environmental Services) areas was allocated in full in years 1 and 2.
Regarding the feasibility assessment, the producet's free cash flow was initially calculated. The investment
techniques used in this study are presented in Table 3.

Table 3. Economic indicators used in the research.

Indicator (Acronym) Definition Formula
C FC
Internal Rate of Return (IRR) Rate that sets the Net Present Value to zero. TIR = Z (1+7tr)f
Modified Internal Rate of Return | Rate considering capitalization of inflows and VF entradas %
(MIRR) discounting of outflows. TIRM = (m) -
n
i i FC
Net Present Value (NPV) Difference between present values of inflows VPL = Z t
and outflows. a4+t

Benefit/Cost Ratio (B/C) Ratio between updated benefits and costs. BC = (W)
VP custos
n
Equivalent Uniform Annual Value - _ Z i(1+0"
(EUAV) Annualization of NPV. VAUE = VPL X 2, —(1 T
. Receitas — Despesas
Return on Investment (ROI) Return on investment. ROI = ( )
Despesas
n
Revenues (R) Sum of monetary inflows. Receitas = Z R;
t=1
n
Expenses (E) Sum of monetary outflows. Despesas = Z D,
t=1

CF: Cash flow; i: Discount rate; n: Analysis horizon; r: Internal rate of return that zeroes the NPV; R: Revenues; D: Expenses; FVinfiows : Future value of inflows;
PVoutiows : Present value of outflows. Source: prepared by the authors (2025).

According to Ferraz et al. (2024), for the economic feasibility analysis of SAFs, the venture is considered
feasible if the IRR exceeds the Minimum Attractiveness Rate (MAR). To estimate income generation from
agroforestry products, production data obtained from the literature and market research at the time of the
analysis were used, adapted to the planting density of each SAF evaluated in the study.

Results and Discussion

Reports from producers

The producer of the T1 property reported that the Arara coffee variety stands out for its high resistance
to disease and superior productivity, reducing the need for intensive cultural practices and, consequently,
production costs, although it still requires the application of inputs to the soil for a good yield. Bananas are well
accepted in the local market, with a large part of the production destined for the PNAE and PAA programs.
Uvaia faces marketing difficulties due to its extreme perishability, requiring freezing and specific storage.
Mangoes and avocados are sold in the local market based on CEASA-ES prices.

According to the report from the producer on property 2, the Catucai coffee variety requires more
intensive cultivation, increasing production costs and negatively impacting economic returns when compared
to more resistant varieties. Bananas remain well accepted in the market and are sold in small markets and points
of sale in the city. Uvaia fruits are intended exclusively for subsistence and family consumption. Mangoes and
avocados are absorbed by the local market at prices guided by CEASA-ES.
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The producer on property T3 indicated that the 785/15 coffee variety requires intensive management and
the application of specific techniques, which increases production costs and results in lower economic returns.
The BRS Ana (Terra) variety of banana is well accepted in the local market, but the producer warned of an
unforeseen problem in the project: the need to replant every four years due to the weakening of the clumps,
which adds costs and labor not initially budgeted.

Producers on the T4 property reported that the Catucal 785/15 vatiety requires specific management
techniques and its yield can be affected by intercropping in the Agroforestry System (SAF). However, they
value the quality of life provided by the system, prioritizing it over maximizing coffee production. Bananas are
well accepted in the local market, with direct sales and commercial agreements. The jussara palm heart crop
has satisfactory production, with a commercial agreement established with a local business and adequate
management.

The producer of property T5, similar to T1, highlighted the benefits of the Arara variety, such as high
disease resistance and lower input requirements, reducing costs and providing better economic returns. Bananas
are mainly marketed through the PNAE and PAA programs. Jussara palm hearts show satisfactory
performance, with a sales agreement with a local retailer and adequate management to optimize results.

Producers on property T5, with a history of conventional coffee, negatively evaluate the agroforestry
arrangement, stating that the Catucai 785/15 variety does not produce well in consortium. They reported
problems with banana cultivation, specifically the 'da terra' variety, citing excessive height growth, weakening
of the clumps, and the need for frequent replanting, factors that make it unsuitable for long-term arrangements.
The commercialization of jussara palm hearts, on the other hand, is done through local agreements, and its
production is considered satisfactory.

The producer on property T7 reported that the Catucai Amarelo 785/15 variety requires intensive
cultivation and the application of inputs, increasing production costs compared to more rustic varieties.
Bananas sell well on the market, with a marketing channel focused on the PNAE and PAA programs. Uvaia
faces logistical barriers to marketing due to its rapid ripening and need for refrigerated storage. Mangoes and
avocados are sold on the local market based on CEASA-ES prices.

Financial analysis of investments in different properties

The financial feasibility assessment of the agroforestry venture, projected over a 30-year horizon, reveals a
classic medium- to long-term investment profile, marked by an initial phase of significant capital absorption
followed by a consolidation of positive and stable returns. The first two years are characterized by an intense
investment cycle, with the Modified Internal Rate of Return (MIRR) reaching -100% and -72.22%, respectively
(Figure 8-B), reflecting the high financial risk inherent in the system implementation phase. This period is
corroborated by a deeply negative Net Present Value (INPV) (-R$38,479.54 in Year 1 and -R$35,979.43 in Year
2) (Figure 8-C) and a Return on Investment (ROI) of -75.92% and -54.67% (Figure 8-F), showing that
implementation costs substantially exceed incipient revenues. The Benefit/Cost (B/C) ratio of 0.24 and 0.45
(Figure 8-D) confirms that the benefits generated cover less than half of the operating and investment costs, a
scenario expected for this stage.

The financial turnaround occurs decisively between the fourth and fifth years. In Year 4, the IRR reaches
a positive value of 7.17% (Figure 8-A), and the B/C ratio approaches unity (0.98) (Figure 8-D), signaling the
point of financial equilibrium. In Year 5, economic viability is consolidated: the IRR jumps to 18.58% (Figure
8-A), the NPV becomes positive (R$14,153.04) (Figure 8-C), and the B/C ratio exceeds the critical threshold
(1.14) (Figure 8-D), demonstrating that the project has started to generate net value. The positive ROI of
13.69% (Figure 8-F) confirms that the invested capital has begun to be recovered with gains.

From the sixth year onwards, the project reaches operational maturity and financial stability, with all
indicators remaining constant and positive until the end of the analysis horizon. The IRR stabilizes at 25.94%
(Figure 8-A), indicating a robust and attractive rate of return. The NPV consolidates at R$31,893.71 (Figure 8-
C), and the Uniform Annual Equivalent Value (VAUE) shows a slight decline (from R$7,109.74 to R$3,104.42)
(Figure 8-E) due to the extension of the analysis period, but always remaining positive, which attests to the
profitability of the investment over time. The B/C ratio remains at 1.28 (Figure 8-D), indicating that for each
real invested, R$1.28 in benefits is returned. The ROI stabilizes at 27.99% (Figure 8-F), denoting consistent
efficiency in generating profit on invested capital.
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The analysis of revenues and expenses corroborates this successful trajectory. Revenues show significant
growth until the sixth year (from R$12,201.83 to R$145,828.47) (Figure 8-G), stabilizing at this high level.
Notably, from Year 5 onwards, revenues consistently exceed expenses, which stabilize at R$113,934.75 (Figure
8-H), resulting in a positive and growing net operating cash flow. This dynamic demonstrates efficient
operational management, with adequate cost control and production scalability. Despite the substantial initial
outlay and the development period characteristic of agroforestry systems, the project demonstrates the ability
to generate solid, sustainable, and attractive financial returns in the medium and long term, validating the
investment strategy and the effectiveness of the management model adopted.

The assessment of the financial performance of the agroforestry system on Property T2 reveals a trajectory
of remarkable recovery and economic robustness. Initially, the characteristic pattern of implementation
investments is observed. The first year shows a Modified Internal Rate of Return (MIRR) of -100% (Figure 9-
B) and a Return on Investment (ROI) of -78.34% (Figure 9-F), reflecting the high capital expenditure. This
scenario is confirmed by a Net Present Value (NPV) of -R$46,456.41 (Figure 9-C) and a Benefit/Cost (B/C)
ratio of 0.22 (Figure 9-D), indicating that the costs far outweigh the initial benefits.

However, the transition to profitability occurs rapidly and vigorously. In the third year, the Internal Rate
of Return (IRR) is still negative (-2.09%) (Figure 9-A), but the MIRR shows a significant recovery to -1.02%
(Figure 9-B), signaling the imminence of the break-even point. The consolidation of economic viability
materializes decisively in the fourth year, with the IRR reaching 17.46% (Figure 9-A) and the NPV becoming
positive (R$12,147.29) (Figure 9-C). The B/C ratio, exceeding unity (1.10) (Figure 9-D), and the positive ROI
(10.28%) (Figure 9-F) corroborate that the project began to generate net value and an adequate return on
investment.
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Figure 8. Economic and financial feasibility analysis for Property T1, municipality of Guagui, Espirito Santo, Brazil, over a 30-year horizon: (A) Internal Rate
of Return (IRR); (B) Modified Internal Rate of Return (MIRR); (C) Net Present Value - NPV (R$); (D) Benefit/Cost Ratio (B/C); (E) Uniform Annual Equivalent
Value - VAUE (R$); (F) Return on Investment - ROl (%); (G) Total Revenue (R$); (H) Total Expenses (R$). Source: prepared by the authors (2025).

Operational maturity is achieved in the sixth year, with indicators stabilizing at exceptional levels. The IRR
stabilizes at 37.04% (Figure 9-A), a remarkably high value, demonstrating an extremely attractive rate of return.
The NPV reaches R$70,531.42 (Figure 9-C), and the Uniform Annual Equivalent Value (VAUE) begins its
stable trajectory at R$15,722.85 (Figure 9-E). The B/C ratio remains at 1.47 (Figure 9-D), indicating high
efficiency in converting costs into benefits, while the ROI consolidates at 46.82% (Figure 9-F), evidencing
exceptional and sustained profitability.

Cash flow analysis reveals the basis for this superior performance. Revenues show exponential growth
through the sixth year, jumping from R$12,844.04 to R$221,187.34 (Figure 9-G). From that point on, they
stabilize at a level significantly higher than expenses, which stand at R$150,655.91 (Figure 9-H). This dynamic
results in a substantial and consistent net operating margin, underscoring the venture's productive efficiency
and excellent cost management. The combination of an accelerated recovery, robust profitability indicators,
and the generation of substantial net cash flow positions the T2 property venture as a model of high economic
performance within the study universe.
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Figure 9. Economic and financial feasibility analysis for Property T2, municipality of Guagui, Espirito Santo, Brazil, over a 30-year horizon: (A) Internal Rate
of Return (IRR); (B) Modified Internal Rate of Return (MIRR); (C) Net Present Value - NPV (R$); (D) Benefit/Cost Ratio (B/C); (E) Uniform Annual Equivalent
Value - VAUE (R$); (F) Return on Investment - ROI (%); (G) Total Revenue (R$); (H) Total Expenses (R$). Source: prepared by the authors (2025).

The economic and financial analysis of agricultural property T3 over 30 years initially shows high capital
investments, reflected in negative IRR and MIRR of —97.30% in the first year (Figure 10-A), which indicate
the intense application of resources in the implementation phase and high initial financial risk. The NPV ()
(Figure 10-B) and VAUE (Figure 10-C) follow a similar pattern, negative in the first years (—17,907.55 and
—19,519.23, respectively), highlighting the impact of the initial outlay on the project's liquidity.
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Figure 10. Economic and financial feasibility analysis for Property T3, municipality of Guagui, Espirito Santo, Brazil, over a 30-year horizon: (A) Internal Rate
of Return (IRR); (B) Modified Internal Rate of Return (MIRR); (C) Net Present Value - NPV (R$); (D) Benefit/Cost Ratio (B/C); (E) Uniform Annual Equivalent
Value - VAUE (R$); (F) Return on Investment - ROI (%); (G) Total Revenue (R$); (H) Total Expenses (R$). Source: prepared by the authors (2025).

The B/C ratio (Figure 10-D) starts at 0.38, confirming that costs exceed benefits in the initial phase, while
the ROI (Figure 10-E) is —62.40%, characterizing a negative return on invested capital. From the third year
onwards, there is a rapid financial recovery, with positive IRR and MIRR (42.12% and 38.33%, respectively),
positive NPV (19,508.69) and accumulated EVAL of 7,707.00, while the B/C ratio exceeds unity (1.40) and the
ROI becomes positive (40.42%), indicating that the project begins to generate economic value and an adequate
return on investment. This growth stabilizes from the sixth year onward, wh , IRR and MIRR reach 77.82%
and 48.11%, NPV and VAUE reach 104,810.20 and 23,364.27, the B/C ratio reaches 2.42, and ROI reaches
142.16%, demonstrating high economic efficiency and financial sustainability. Revenues (Figure 10-F) increase
progressively, from 10,788.99 in the first year to 178,538.76 from the sixth year onwards, while expenses (Figure
10-G) remain significantly lower, at 73,728.57, indicating efficient operational management and cost control.

The integration of these indicators shows that, despite the high initial investment, the T3 property project
has consistent economic and financial viability, high returns, and continuous value generation, highlighting the
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importance of financial planning, strategic resource management, and continuous performance monitoring to
maximize the efficiency and sustainability of agricultural enterprises.

The evaluation of the financial performance of the agroforestry system implemented on Property T4
reveals an exemplary case of economic viability, characterized by extremely rapid recovery. Unlike the other
cases presented, this property has a unique return curve, with the Internal Rate of Return (IRR) already
calculable in the first year, registering -60.97% (Figure 11-A), a value equal to the Modified Internal Rate of
Return (MIRR) (Figure 11-B). This data, associated with a Return on Investment (ROI) of -38.91% (Figure 11-
F) — the least negative among all properties in the initial year — and a Benefit/Cost (B/C) ratio of 0.61 (Figure
11-D), suggests a distinct investment profile, with a potentially shorter or more intensive initial investment
cycle.

The financial turnaround occurs early and vigorously in the second year. The IRR jumps to 16.26% (Figure
11-A) and the Net Present Value (NPV) becomes decisively positive (R$4,145.92) (Figure 11-C), while the B/C
ratio reaches 1.10 (Figure 11-D), marking the break-even point. This is the fastest payback observed in the
study, indicating unparalleled efficiency in cash flow generation.

From the third year onwards, the project reaches and maintains extraordinary levels of profitability. The
IRR reaches 72.38% (Figure 11-A), evolving to a peak of 101.65% from the sixth year onwards (Figure 11-A),
an absolutely exceptional return indicator. The NPV shows exponential growth, stabilizing at R$175,140.49
(Figure 11-C), the highest absolute value reported. The B/C ratio reaches 3.04 (Figure 11-D), meaning that for
every real invested, R$3.04 in benefits are returned, demonstrating superlative economic efficiency. The ROI,
in turn, stabilizes at 204.41% (Figure 11-F), corroborating sustained and vastly superior profitability.

The cash flow analysis reveals the basis for this unparalleled performance. Revenues show meteoric
growth, climbing from R$17,941.75 to R$260,820.88 (Figure 11-G). Notably, from the second year onwards,
revenues not only exceed expenses but also represent a very wide operating margin, with expenses stabilizing
at R$85,680.39 (Figure 11-H) against revenues three times higher. This dynamic highlights an operational model
of extremely high efficiency, low cost, and robust production scalability. The combination of an extremely
accelerated return on capital, profitability indicators that reach levels rarely seen in agricultural enterprises, and
the generation of a robust and growing cash flow positions the T4 property as a model of economic excellence
and productive efficiency.

The assessment of the financial performance of the agroforestry system at Property 5 shows a solid and
consistent investment profile, characterized by an initial maturation period followed by stabilization at
profitable levels, reflecting a typical trajectory of successful agricultural enterprises (Figure 12). The initial
implementation phase shows the expected negative indicators, but less severe than on other properties. The
first year is marked by a Modified Internal Rate of Return (MIRR) of -100% (Figure 12-B) and a Return on
Investment (ROI) of -74.04% (Figure 12-F), accompanied by a Net Present Value (NPV) of -R$43,518.70
(Figure 12-C) and a Benefit/Cost (B/C) ratio of 0.26 (Figure 12-D), indicative of the conventional cycle of
initial investments.
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Figure 11. Economic and financial feasibility analysis for Property T4, municipality of Alegre, Espirito Santo, Brazil, over a 30-year horizon: (A) Internal Rate
of Return (IRR); (B) Modified Internal Rate of Return (MIRR); (C) Net Present Value - NPV (R$); (D) Benefit/Cost Ratio (B/C); (E) Uniform Annual Equivalent
Value - VAUE (R$); (F) Return on Investment - ROI (%); (G) Total Revenue (R$); (H) Total Expenses (R$). Source: prepared by the authors (2025).

The transition to profitability follows a gradual trajectory. In the second year, the Internal Rate of Return
(IRR) reaches -64.61% (Figure 12-A), evolving to -6.87% in the third year (Figure 12-A), rapidly approaching
the break-even point. The financial turnaround is decisively consolidated in the fourth year, when the IRR
reaches 9.98% (Figure 12-A), the NPV becomes positive (R$1,192.51) (Figure 12-C), and the B/C ratio exceeds
unity (1.01) (Figure 12-D), marking the moment when the project begins to generate net economic value.
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Figure 12. Economic and financial feasibility analysis for Property T5, municipality of Guagui, Espirito Santo, Brazil, over a 30-year horizon: (A) Internal Rate
of Return (IRR); (B) Modified Internal Rate of Return (MIRR); (C) Net Present Value - NPV (R$); (D) Benefit/Cost Ratio (B/C); (E) Uniform Annual Equivalent
Value - VAUE (R$); (F) Return on Investment - ROI (%); (G) Total Revenue (R$); (H) Total Expenses (R$). Source: prepared by the authors (2025).

Operational maturity is achieved in the sixth year, with indicators stabilizing at consistently positive levels.
The IRR stabilizes at 30.25% (Figure 12-A), demonstrating a robust and attractive rate of return. The NPV
consolidates at R$45,746.33 (Figure 12-C), while the Uniform Annual Equivalent Value (VAUE) begins its
stable trajectory at R$10,197.76 (Figure 12-E). The B/C ratio remains at 1.31 (Figure 12-D), indicating an
efficient conversion of costs into benefits, and the ROI stabilizes at 30.99% (Figure 12-F), reflecting sustained
and adequate profitability.

Cash flow analysis reveals the basis for this consistent performance. Revenues show steady growth through
the sixth year, rising from R$15,258.72 to R$193,373.76 (Figure 12-G). From this point on, they stabilize at a
level significantly higher than expenses, which stand at R$147,627.43 (Figure 12-H) (), resulting in a positive
and stable net operating margin, demonstrating efficient cost control and sustainable income generation
capacity.
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The results show that the production system at Property 5 has proven economic and financial viability,
with a gradual and consistent return profile. The combination of solid profitability indicators, stable cash flow,
and positive operating margins positions this venture as a moderate success story, representing a reliable model
for medium-term agroforestry investment.

The assessment of the financial performance of the agroforestry system on Property T6 reveals an
investment profile characterized by a longer maturation period, followed by stabilization at moderately
profitable levels, reflecting a conservative but consistent long-term return trajectory. The initial implementation
phase shows indicators compatible with long-term investments. The first two years show a Modified Internal
Rate of Return (MIRR) of -100% (Figure 13-B), with a Net Present Value (NPV) of -R$43,235.88 and -
R$43,265.27, respectively (Figure 13-C), and a Return on Investment (ROI) of -73.91% and -54.79% (Figure
13-F). The Benefit/Cost (B/C) ratio of 0.26 and 0.45 (Figure 13-D) confirms the expected initial imbalance
between investments and returns.

The transition to profitability occurs gradually between the fourth and fifth years. In the fourth year, the
Internal Rate of Return (IRR) reaches 2.59% (Figure 13-A), approaching the break-even point, while the B/C
ratio reaches 0.93 (Figure 13-D). The financial turnaround is consolidated in the fifth year, when the IRR
reaches 12.23% (Figure 13-A), the NPV becomes positive (R$5,023.68) (Figure 13-C), and the B/C ratio
exceeds unity (1.04) (Figure 13-D), marking the beginning of net economic value generation.

Operational maturity is achieved from the sixth year onwards, with indicators stabilizing at moderate but
consistent levels. The IRR stabilizes at 20.10% (Figure 13-A), demonstrating an acceptable rate of return. The
NPV consolidates at R$22,044.18 (Figure 13-C), while the Equivalent Uniform Annual Value (VAUE) begins
its stable trajectory at R$4,914.08 (Figure 13-E). The B/C ratio remains at 1.15 (Figure 13-D), indicating a
positive margin between benefits and costs, and the ROI stabilizes at 14.99% (Figure 13-F), reflecting moderate
but sustainable profitability.

The cash flow analysis reveals steady revenue growth through the sixth year, evolving from R$15,258.72
to R$169,150.75 (Figure 13-G). From this point on, revenues stabilize at a level consistently higher than
expenses, which stand at R$147,106.56 (Figure 13-H), resulting in a positive net operating margin, albeit more
modest than on other properties, demonstrating adequate cost control and the ability to generate stable income.

The results show that the production system at Property 6 has proven economic and financial viability,
with a more conservative return profile. The combination of moderate profitability indicators, stable cash flow,
and positive operating margins positions this venture as a case of sustainable economic viability, representing
a model of agroforestry investment with a gradual but secure return.

The assessment of the financial performance of the agroforestry system implemented on Property T7
reveals an exemplary case of economic success, characterized by extremely rapid recovery and exceptional
profitability indicators, positioning it as one of the most profitable ventures in the study. Unlike most properties,
this production unit has a unique return curve from the first year, with an Internal Rate of Return (IRR) of -
00.42% (Figure 14-A) and a Modified Internal Rate of Return (MIRR) at the same level (Figure 14-B). This
initial outlook, combined with a Return on Investment (ROI) of -40.77% (Figure 14-F) — significantly less
negative th n other properties — and a Benefit/Cost (B/C) ratio of 0.59 (Figure 14-D), suggests a distinct
investment profile with lower initial capital requirements.
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Figure 13. Economic and financial feasibility analysis for Property T6, municipality of Guagui, Espirito Santo, Brazil, over a 30-year horizon: (A) Internal Rate
of Return (IRR); (B) Modified Internal Rate of Return (MIRR); (C) Net Present Value - NPV (R$); (D) Benefit/Cost Ratio (B/C); (E) Uniform Annual Equivalent
Value - VAUE (R$); (F) Return on Investment - ROI (%); (G) Total Revenue (R$); (H) Total Expenses (R$). Source: prepared by the authors (2025).

The financial turnaround occurs eatly and vigorously in the second year. The IRR jumps to 16.98% (Figure
14-A) and the Net Present Value (NPV) becomes positively significant (R$2,295.05) (Figure 14-C), while the
B/C ratio reaches 1.06 (Figure 14-D), surpassing the break-even point early on. This accelerated recovery
represents the fastest payback observed among comparable properties.

From the third year onwards, the project reaches extraordinary levels of profitability. The IRR reaches
73.02% (Figure 14-A), evolving to a peak of 102.17% from the sixth year onwards (Figure 14-A), representing
an exceptional return indicator (). The NPV shows exponential growth, stabilizing at R$135,087.99 (Figure 14-
C). The B/C ratio reaches 2.84 (Figure 14-D), indicating that for every real invested, R$2.84 in benefits are
returned, demonstrating superlative economic efficiency. The ROIL, in turn, stabilizes at 183.55% (Figure 14-
F), corroborating sustained and vastly superior profitability.
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Figure 14. Economic and financial feasibility analysis for Property T7, municipality of Alegre, Espirito Santo, Brazil, over a 30-year horizon: (A) Internal Rate
of Return (IRR); (B) Modified Internal Rate of Return (MIRR); (C) Net Present Value - NPV (R$); (D) Benefit/Cost Ratio (B/C); (E) Uniform Annual Equivalent
Value - VAUE (R$); (F) Return on Investment - ROI (%); (G) Total Revenue (R$); (H) Total Expenses (R$). Source: prepared by the authors (2025).

Cash flow analysis reveals the basis for this exceptional performance. Revenues show meteoric growth,
climbing from R$16,954.13 to R$208,684.14 (Figure 14-G). Notably, from the second year onwards, revenues
not only exceed expenses but also establish a very wide operating margin, with expenses stabilizing at
R$73,596.15 (Figure 14-H) against revenues approximately three- times higher. This dynamic highlights a highly
efficient operating model, with strict cost control and robust production capacity.

In summary, the results attest that Property 7 is a case of financial excellence within the scope of the
agroforestry systems studied. The combination of accelerated return on capital, profitability indicators that
reach exceptional levels, and the generation of robust cash flow positions this venture as a benchmark for
economic success, serving as a reference for the other cases in the study.

The economic feasibility of SAFs with Arabica coffee is often assessed using indicators such as Net Present
Value (NPV), Benefit-Cost Ratio (BCR), and Family Labor Remuneration (FLR) (Oliveira et al. 2010;
Rahmawaty et al. 2024). Positive values in these indicators demonstrate the attractiveness of the investment
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(Oliveira et al. 2010). An agroforestry system in Acre that combines rubber trees, Catuai coffee (Coffea arabica),
bananas, and flemingia demonstrated financial viability with a NPV of R$ 4,558.20 for an 18-year period, a
BCR of 1.33 (indicating a return of R$ 1.33 for every R$ 1.00 invested), and an RMOF of R$ 43.50, significantly
higher than the opportunity cost of labor in the region (R§ 25.00) (Oliveira et al. 2010). Other studies
corroborate this perspective, such as the analysis of Arabica coffee intercropping with bananas and native trees
in Minas Gerais, which also revealed economic viability (Alves et al. 2015).

Crop diversification within SAFs is a central pillar for stability and increased income. Components such as
fruit trees (banana, avocado, peach palm) and timber species (rubber, teak, cedar) provide additional products,
cushioning implementation costs with short-cycle crops in the early years and ensuring a more regular cash
flow over time (Oliveira et al. 2010; Silva et al. 2022). This strategy not only optimizes land use, allowing for
higher production per area and better labor returns, but also offers security in periods of low coffee prices,
contributing to environmental stability and food sovereignty for family farmers (Hernandez 2021).

The quality of coffee produced in SAFs is a determining factor for their profitability. The moderate shade
provided by the trees creates an ideal microclimate, positively influencing the maturation of the beans and
resulting in a higher quality beverage with a smoother flavor, which allows for reaching niche markets and
higher prices (Silva et al. 2022). In addition, obtaining certifications such as Raznforest Alliance and Regenagrti,
which attest to good management and sustainability practices, adds value to the product and reinforces market
recognition, strengthening the position of producers and encouraging the continuity of these activities (Teixeira
2024).

Despite the obvious benefits, the implementation of SAFs with Arabica coffee presents challenges. The
long period required for the development of tree species can delay the initial financial return (Teixeira 2024).
In addition, SAF management requires higher management demands and specialized technical assistance, with
additional costs related to pruning and organic fertilization in some arrangements, which can be a limiting factor
for family farming (Siqueira et al. 2020; Hernandez 2021). The agronomic productivity of coffee in SAFs may,
in some cases, be lower than in monocultures if management is not propetly optimized, highlighting the need
for prior agronomic and economic planning, with careful selection of compatible species (Oliveira et al. 2010).
Therefore, technical and governmental incentives, combined with continuous research and the dissemination
of knowledge, are crucial for the full realization of the potential of SAFs in Arabica coffee farming (Oliveira et
al. 2010; Hernandez 2021).

Conclusions

The integrated analysis of the results of this dissertation categorically demonstrates the economic and
financial viability of Agroforestry Systems (SAFs) with Arabica coffee in the Caparad Capixaba region,
consolidating them as a superior and sustainable alternative to conventional monoculture models.

The financial indicators calculated for a 30-year horizon reveal a consistent pattern: after an initial
investment period (2-4 years), characterized by negative NPV and IRR — common in medium- and long-term
agricultural investments — all SAFs studied achieved robust and sustainable levels of profitability. The financial
turnaround, marked by positive NPV and a Benefit/Cost (B/C) ratio greater than 1, occurred remarkably
quickly on some properties (T4 and T7 achieved payback in the second year), stabilizing from the sixth year
onwards.

In addition to profitability, SAFs demonstrated fundamental strategic advantages:

1. Economic resilience: diversification of production (coffee, bananas,
palm hearts, native fruits) created multiple sources of income,
cushioning price fluctuations for any of the products and ensuring a
more stable cash flow, as reported by producers and confirmed by
revenue analysis.

2. Environmental sustainability and quality of life: qualitative research
has shown that producers value the improvement in quality of life and
consistency with the conservation of the Atlantic Forest, intangible
aspects that, added to the tangible benefits of soil and microclimate
improvement, add immeasurable value to the model.
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3. Compliance with public policies: the success of properties linked to
the Reflorestar program, with marketing channels via PNAE and
PAA, demonstrates that SAFs are an effective model for reconciling
environmental incentive policies with income generation for family
farming.

However, the study also identified critical challenges for optimizing SAFs. The choice of coffee varieties
proved crucial; more rustic varieties such as Arara provided better economic returns due to lower input
requirements, while varieties such as Catucai 785/15, requiring intensive management, increased production
costs. Similarly, the selection of intercropped species must consider marketing logistics, as in the case of uvaia,
which is extremely perishable, and long-term agronomic viability, such as the need for frequent replanting of
some banana varieties.

Finally, SAFs represent an economically viable, environmentally regenerative, and socially just model for
coffee farming in Caparad Espirito-Santense. Their full potential depends on rigorous technical planning in the
choice of species (vegetables and coffee trees), access to continuous specialized technical assistance, and the
strengthening of marketing channels for diversified products. This study thus provides a solid basis for decision-
making by producers and policymakers, guiding the transition to agri-food systems that are truly resilient to
climate change.
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