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ABSTRACT – Governmental programs aiming at the implementation of small scale agroin-

dustrial firms have been generally characterized by high enterprise failure rates. This work 

argues that in order to promote economic sustainability, project evaluation must take into 

account not only traditional profitability, uncertainty and risk indicators, but also aspects 

related to the dynamics of raw material procurement, processing and product distribution. A 

system dynamics approach is proposed as a complement or alternative to traditional agroin-

dustrial project analysis. The approach is illustrated by the development of a prototype simu-

lation model for a small scale cheese processing plant. The model was applied to evaluate 

alternative scenarios for cheese plant operations. Results suggest that the proposed approach 

could be an important addition to the set of tools used for project evaluation. 
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AANNÁÁLLIISSEE  DDAA  SSUUSSTTEENNTTAABBIILLIIDDAADDEE  EECCOONNÔÔMMIICCAA  DDEE  

AAGGRROOIINNDDÚÚSSTTRRIIAASS  DDEE  PPEEQQUUEENNOO  PPOORRTTEE::  UUMMAA  AABBOORRDDAA--

GGEEMM  DDAA  DDIINNÂÂMMIICCAA  DDEE  SSIISSTTEEMMAASS  
 

 
RESUMO – Programas governamentais visando a implantação e desenvolvimento de agro-

indústrias de pequeno porte tem sido caracterizadas por uma alta taxa de insucesso. Este tra-

balho discute que, visando promover a sustentabilidade econômica, a avaliação do projeto 

deve levar em consideração não apenas os indicadores tradicionais de riscos, incertezas e 

lucratividade, mas também os aspectos relacionados à dinâmica da aquisição de material-
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prima, do processamento e da distribuição de produtos. A abordagem de Dinâmica de Siste-

mas é proposta neste artigo como complementar ou alternativa à tradicional técnica de análise 

de projetos agroindustriais. Esta proposta é apresentada por meio da modelagem e simulação 

de um protótipo de simulação de uma planta de processamento de queijo de pequena escala. 

O simulador foi aplicado para avaliar cenários alternativos para as operações da planta. Os 

resultados sugerem que esta abordagem pode ser uma importante contribuição para o conjun-

to de ferramentas utilizadas para análise de projetos. 
 

Palavras-chave: avaliação de projetos, agroindústria, dinâmica de sistemas. 

 
 

1  INTRODUCTION 

Aiming to foster socio-economic 

development in rural areas, a number of 

programs encouraging the implementation 

of small-scale agroindustrial enterprises 

have been designed and established in Bra-

zil. Typically, such enterprises have less 

than 20 employees and utilize simple, non-

capital intensive processes to aggregate val-

ue to agricultural raw materials. Despite the 

financial incentives and support services 

provided, the economic sustainability of the 

promoted investments has been rather dis-

couraging - the failure rate of new small-

scale agroindustrial enterprises has been 

extremely high (VIEIRA, 1998). Overall, 

approximately 50% of the new industrial 

enterprises in Brazil fail before completing 

their third year, according to SEBRAE-

SP/FIPE (1998, 1999). Ferraz and Silva 

(2003) found for the smallest agroindustrial 

firms in the country that only 24% survive 

after the first five years of activity. 

Evidence revised by Lourenzani e 

Silva (2003) shows the development and 

sustainability of an agroindustrial project 

depends, to a large extent, on a more sophis-

ticated entrepreneurial conception than the 

one that prevails in the current promotion 

programs. In other words, there is a need for 

a better capacity to evaluate and analyze 

opportunities, risks and uncertainties in-

volved thereof. As such, it is here argued 

that the effectiveness of small scale agroin-

dustrial development programs and the suc-

cess of the new enterprises they promote 

may plausibly be enhanced through a more 

sophisticated design of business programs 

and plans, so that the variables that may 

pose a threat to sustainability are duly identi-

fied and evaluated systemically.  

Typically, project analysis is per-

formed through a set of methods, supported 

by basic economic principles, which are 

applied in order to evaluate and compare 

alternative investment opportunities (AZE-

VEDO-FILHO, 1995). Several such me-

thods are described in the literature, ranging 

from the simple perception of the decision 

maker about the prospects of his business to 

the application of sophisticated mathemati-

cal models. Most have, as a preliminary 

phase, the estimation of costs and revenues 

which will occur over time. A financial 

timetable of the project and its respective 

cash flow are then generated with basis on 

these estimates, with the latter being the 

main input to the analysis process.  



Lourenzani e Silva 

 

Revista Brasileira de Agroinformática, v. 9, n. 1, p. 28-40,  2009 

30 

The computation of financial indica-

tors
3 
associated to the economic performance 

of a project allows expressing directly, 

through numerical values, its financial feasi-

bility, thus simplifying an otherwise com-

plex analysis situation. These indicators will 

allow the investor to consider evaluation 

aspects which a simple cash flow monitoring 

would not reveal. 

Brown (1995) states that the metho-

dology utilized for the financial analysis of 

agroindustrial projects is similar to that ap-

plied to any other enterprise - the criteria 

validating the investments and the decision-

making process are the same. However, both 

Brown (1995) and Austin (1992) point out 

that the agroindustrial activity displays sig-

nificant particular characteristics that affect 

the structure and financial performance of 

that type of enterprise, and consequently, 

their viability. These comprise long produc-

tion cycles, seasonal markets, short harvest 

and processing periods, perishable raw ma-

terials and qualitative variability of inputs.  

Considering that traditional project 

analysts make use of deterministic assump-

tions about technical and economic aspects 

in a quite generalized way, the validation of 

their results, particularly in the case of an 

agroindustrial project, can be questioned. 

Assumptions on raw material yields and 

supply regularity, labor usage, input costs 

and market prices, among others, are typi-

                                                 
3
 A financial indicator of an investment project 

performance is a figure calculated with basis 

on its cash flow in order to measure a particu-

lar dimension of the quality of the investment 

(AZEVEDO-FILHO, 1995). Typical indicators 

are the internal rate of return, net present value 

and payback period. 

cally deterministic and, although useful for 

evaluations under practical conditions, they 

can be a strong simplification for most types 

of agroindustries. Moreover, since there is 

tendency for an analyst to work with opti-

mistic assumptions, project analysis fre-

quently overestimates the economic perfor-

mance of the investment project (AZEVE-

DO-FILHO, 1995). 

In order to minimize these problems, 

some methods consider uncertainties and 

risks in project analysis, characterizing the 

so-called sensitivity and risk analyses 

(HARDAKER et al., 1997.) However, as-

pects related to the interdependence of fac-

tors characterizing the enterprise, along with 

the time delays that exist between an action 

and its reaction, are not taken into account in 

these approaches. Traditional analysis also 

fails to consider feedback effects inherent to 

agroindustrial systems. 

To evaluate the major sources of un-

certainties associated to agroindustrial en-

terprises, Lourenzani and Silva (2003) car-

ried out sensitivity analyses on 15 small 

scale projects. The study clearly showed that 

financial results have a strong dependence 

on a small set of assumptions raised in the 

definition of revenues and costs. It was ob-

served that results are directly influenced by 

variables associated with the definition of 

product demand and raw material supply, 

normally not considered in the traditional 

evaluations. Another important factor, mar-

ket insertion, influences the latter two va-

riables. Based on these considerations, it 

was suggested that the feasibility study of an 

agroindustrial project should not only have a 

strictly financial approach but also take into 
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account the systemic relations inherent to its 

structure and mode of operation. 

Systems analysis (SENGE, 1990) 

implies that a project feasibility study must 

focus not only on financial evaluation as-

pects, but also on an operational and mana-

gerial assessment of the enterprise and of its 

insertion in an institutional and competitive 

environment. Following this “system think-

ing” principle, the understanding of a pros-

pective business is reached through the 

analysis of the interactions among its com-

ponents, i.e., of the system as a whole, as 

depicted in Figure 1.  

 

 

Figure 1. Systems view of the components of an agroindustrial enterprise. 

 

In the diagram, the double arrows 

suggest the importance of feedbacks among 

the system components. While the human 

mind is perfectly capable of visualizing the 

“loops” shown in Figure 1, it is much harder 

to mentally evaluate the results of changes in 

any particular element within such a com-

plex structure (MORECROFT; ACKERE, 

sd ). The Systems Dynamics methodology 

allows this sort of evaluation of dynamic 

implications in non-linear systems, by de-

signing, processing and interpreting simula-

tion models. (RICHARDSON, 1991). 

Within this context, the main objec-

tive of this work is to propose a System Dy-

namics approach as a viable complement to 

traditional agroindustrial project analysis.  

The approach is exemplified by a case study 

involving the development and use of a pro-

totype simulation model of a small scale 

cheese processing plant project. 

 

2  SYSTEM DYNAMICS 

The proposal of system dynamics 

(SD) is to conceive, model and simulate 

systems characterized by interdependence of 

components, feedback loops and delays be-

tween causes and effects. The basic structure 

of a SD model is constituted by two compo-

Financial 

Operational Marketing 

Flow of goods and capital 

Information flow 
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nents, namely stocks and flows, which are 

organized in the form of cause-effect rela-

tionships that can be subject to time delays. 

Stocks represent variables that accumulate 

through time. Their level at one given point 

in time stems from the difference between 

input and output flows. Examples of stocks 

are the production volume of a company, the 

number of animals in a herd or the balance 

of a bank account at any given instant. The 

flows, on the other hand, derive from deci-

sions or policies that interfere in a system. 

They are described in the form of algebraic 

equations. Examples of flows are sales 

growth rates, birth rates of a population or 

periodical taxes charged to a savings ac-

count. Feedback structures are present when 

a stock level depends of its value at previous 

points in time (BRAGA et al., 2004). 

By modeling a system through a re-

presentation of stocks, flows and policy or 

decision related variables, one can simulate 

its behavior through time by solving a sys-

tem of differential equations. Through the 

utilization of symbolic graphical resources, 

the modeling and simulation of dynamic 

systems have been greatly simplified by the 

availability of specialized software (PO-

WERSIM, 1996). With such software tools, 

it is possible to represent, with relative ease, 

the overall system structure, including its 

elements, causal interactions, response 

times, feedback loops and delay effects. It is 

also possible to automatically generate nu-

merical solutions that depict the behavior of 

the system through any desired time frame. 

Systems Dynamics (FORRESTER, 

1961) has been applied to help understand 

and support decision making process of 

complex issues in several areas. Readers are 

referred to Richardson (1991) and Sterman 

(2000), for examples of such applications. A 

good source for current research on the sub-

ject and its applications is the web page of 

the System Dynamics Society (http://www. 

albany.edu/cpr/sds/). 

 
3  CASE STUDY 

O modelo Data for model develop-

ment was obtained from a cheese plant 

agroindustrial profile developed by Furtado 

et al. (2003). This small scale plant has a 

milk reception capacity of 400 liters/day. It 

produces two types of cheese: a hard, ri-

pened cheese known in Brazil as “Minas 

Curado”, and a partly ripened variety named 

“Meia Cura”. Considering a 10 year plan-

ning horizon, with investments in fixed and 

working capital concentrated in a pre-

operational period of one year and assuming 

full utilization of plant capacity at the first 

year of operations, the project has an inter-

nal rate of return of 21.7%, a break-even 

point of 39% and a payback period of 5 

years. 

 
3.1  Dynamic  Simulation  Model    

Devlopment And Results 

An analytical guideline presented by 

Austin (1992) was used to develop a logical 

scheme and to single out the relevant factors 

of the agroindustrial enterprise modeled. 

This allowed the identification of a number 

of critical issues to be considered which 

were represented by “influence diagrams” 

covering the areas of procurement, 

processing and distribution. Based on the 

systems thinking methodology (SENGE, 

1990 and ANDERSON; JOHNSON, 1997) 
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this conceptual model was conceived to 

represent the operations of the prospective 

small scale enterprise. This model (Figure 2) 

expresses the interdependence among the 

financial, operational and marketing plant 

modules (Figure 1) and is the basic structure 

underlying the next modeling stage. The 

symbols “B” and “R” in the diagram refer, 

respectively, to balancing (negative) and 

reinforcing (positive) feedback loops. Ar-

rows indicate the direction of causality and 

crossed arrows represent time delays.  

 

Figure 2. Influence Diagram of a small scale agro industrial enterprise system. 

 

By examining Figure 2, we can have 

a general notion of the main types of loops 

and feedback structures associated with the 

enterprise system. Exemplifying, we see, on 

the top of the diagram, a simple, inverse 

relationship between product prices and 

sales. The level of sales influences the 

amount of enterprise revenues, which in turn 

provides more resources for the sales budg-

et, strengthening the sales force, whose ef-

forts should eventually lead to an increased 

sales level. This positive loop is counterba-

lanced by the market share attainable by the 

modeled enterprise and by the augmented 

costs generated by the sales effort. The loop 

at the top left of the diagram shows that the 

level of product orders diminishes product 

inventory, which affects the delivery time – 

the lower the inventories, the higher the 

delivery time. The level of product orders 
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has a positive association with the produc-

tion level, which is also related with va-

riables such as the expertise of the enterprise 

manager, the consumption of raw material 

and the utilization of plant capacity. Last, 

the diagram depicts at its bottom right a 

classical relationship between supply and 

prices. The intricacy of the systemic rela-

tions between the three components of the 

agroindustrial enterprise system is thus un-

covered, in the process of preparing such an 

influence diagram. 

The conceptual model of Figure 2 

was then converted into mathematical lan-

guage, so as to render the description non-

ambiguous. The graphical representation of 

the formal model in the structure of stock 

and flow diagrams, illustrated in Figure 3, is 

used by the software POWERSIM (1996 

Powersim Corporation), adopted in the 

present study.  

It automatically generated a corres-

ponding system of differential equations, 

whose solution, also automatic, describes the 

behavior of the variables of interest as a 

function of time. In Figure 3, boxes and 

circles linked by double lined arrows 

represent respectively accumulations 

(stocks) and rates (flows). Auxiliary va-

riables are depicted by the remaining circles, 

while the parallelograms symbolize constant 

values.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Formal Model representative of one operational subsystem (specifically, the distri-

bution segment). 
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Figure 3 illustrates a stock and flow 

model characteristic of the operational sub-

system simulating the cheese distribution 

chain. The size of the firm’s market at any 

given time (a stock) is increased by the de-

mand flow and reduced by the number of 

orders the simulated firm can meet. The 

flow of orders is affected by the firm’s abili-

ty to be responsive, i.e., the delivery time, 

and indirectly by the perceived demand level 

(potential demand) and by the market share 

potentially attainable. Disturbance shocks in 

demand can be simulated by model user 

induced changes in consumer preferences 

(random market oscillations), product prices 

or demand elasticities. For simplification 

purposes, the variables representing the 

competitive environment, which influence 

both the market share and the potential de-

mand, are not presented in the diagram. 

Two other subsystems, encompass-

ing respectively the procurement and 

processing functions, were likewise 

represented by stock and flow models.  Inte-

ractions of the three subsystems with the 

plant’s competitive and institutional envi-

ronments were represented by the inclusion 

of selected exogenous variables. Moreover, 

a fourth simulation subsystem was included, 

to represent the financial components of the 

plant operations. Interested readers can ob-

tain from the authors copies of the complete 

model. 

The resources of the SD software 

utilized allowed also the development of a 

user-friendly interface, known in the litera-

ture as a Management Flight Simulator. Its 

purpose is to promote learning through in-

teractive experimentation (FORD, 1999), 

selecting important factors, representing 

them through icons, changing their values 

and visualizing the effects of such changes 

through graphics and tables. Part of the 

Management Flight Simulator is shown in 

Figure 4.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Control Panel (Management Flight Simulator). 
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This type of simulation interface al-

lows the visual presentation of parameters 

that can be easily changed by model users. 

The most relevant factors (inputs) can be 

configured through interactive icons (Figure 

4), thus providing a “managerial laboratory” 

of a small scale agro industrial enterprise 

project. Each run of the model, with a dif-

ferent set of parameters, would constitute a 

“laboratory experiment”. Learning about the 

system is greatly facilitated in this fashion. 

The interpretation of the dynamic 

simulation model must have a qualitative 

focus, since the methodology is not designed 

to predict future values of any particular 

variable (FORD, 1999). By simulating and 

interpreting scenarios, the decision-making 

process is supported, allowing the analyst to 

understand system behavior under different 

conditions and visualize the effects of alter-

native policies, before implementation. In-

evitably, proper interpretation and under-

standing of a complex system can only occur 

after analyzing an array of policy simula-

tions. Towards this end, alternative system 

scenarios can be proposed and simulated. To 

illustrate the approach followed in this 

study, four scenarios have been tested, 

namely: 

 Scenario 1: steady-state conditions, ac-

cording to the original data of the small-

scale cheese processing project. 

 Scenario 2: the only change made regar-

ding scenario 1 was to consider a smaller 

initial demand for the plant products. The 

intention was to assess the effects of a 

more realistic marketing plan at the initi-

al plant implementation phase. 

 Scenario 3: besides the change made in 

scenario 2, this case includes assumpti-

ons such as an increase in the level of 

competition, attribution of an average le-

vel for the entrepreneur’s previous expe-

rience and the consideration of a “nor-

mal” level for the sales effort. Assumpti-

ons regarding the existence of market 

demand oscillations and the inexistence 

of procurement contracts with milk pro-

ducers were also made. 

 Scenario 4: steady stare conditions mo-

dified by the simulation of an incentive 

policy for small agroindustrial enterprises 

in the form of sale tax reduction (value 

added tax). 

The results of these simulations, ex-

pressed by the accumulated cash flow of the 

project over a 10 year planning horizon, are 

seen in Figure 5. This variable was chosen 

for the analysis, for it is assumed to 

represent well the economic sustainability 

component of the enterprise. The pay-back 

period for each scenario is shown at the 

points where each line crosses the dotted 

line. Accumulated cash flows in Brazilian 

currency (“Reais”) are shown by the height 

of the lines at any point in time.  
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Figure 5. Comparative graphic of the accumulated cash flow in four different scenarios. 

 

When considering scenario 2, which 

simulates a smaller and more realistic initial 

demand, it is observed that the payback pe-

riod increases, relative to scenario 1. This 

suggests that this enterprise has a visible 

degree of uncertainty related to market de-

mand. Additionally, when new assumptions 

regarding competition were considered (sce-

nario 3), the negative effects were enhanced. 

Thus, this project is particularly affected by 

market conditions which, under traditional 

evaluations, would be considered stable and 

typically optimistic. Indeed, the common 

project analysis procedure is to consider that 

sales equal 100% of the total output 

throughout the planning horizon. When al-

lowing for feedback effects and more realis-

tic market conditions, the analysis uncovers 

potential fragilities that should be dealt with 

by proper policies, if the sustainability goal 

is to be achieved. Scenario 4 exemplifies the 

effects of one such policy. 

In the enterprise under study, raw 

materials and value added tax (VAT) ac-

count, in average, for 70% of unit costs. 

Assuming the adoption of a policy of incen-

tive to small agroindustries, where the VAT 

of 12% is reduced by half (scenario 4), the 

results are the most favorable of all simula-

tions, as seen by the lower payback period 

and the higher levels of accumulated posi-

tive cash flows throughout the planning 

horizon (Figure 5). 

Other scenarios could be easily con-

structed by varying the parameters 

represented in the “management flight simu-
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lator” or by changing them directly at the 

model structure level. Changes in structure 

can also be easily tested, in view of the con-

venient graphical model building features 

provided by the software tool. 

 
4  CONCLUDING REMARKS 

Although simple in its structure, the 

prototype simulation model described in this 

work can be a helpful tool to improve under-

standing of the complexity associated with 

the operations of small scale agroindustrial 

enterprises. This improved knowledge, in 

turn, can be used in order to complement 

and strengthen project evaluation processes 

and to design effective agroindustrial devel-

opment support policies, thereby contribut-

ing to the reduction of enterprise failure 

rates. 

System dynamics is a well estab-

lished methodology that has been success-

fully applied in a wide variety of problems. 

Given the social and economic importance 

of small scale agroindustrial enterprises and 

the ever-increasing demand for studies and 

research efforts aimed at promoting their 

economic sustainability, it is hoped that the 

approach proposed in this work can contri-

bute to the development of analytical and 

planning processes in this area of activities. 

Clearly, when compared with tradi-

tional project evaluation methods, the mod-

elling effort required by the proposed ap-

proach is, to a large extent, more demanding 

in terms of time and expertise. Yet, it is be-

lieved that the learning process involved in 

model building and the potential insights 

derived from its use greatly compensate the 

additional effort. We also believe that the 

system dynamics methodology provides an 

alternative to overcome some of the known 

shortcomings of the traditional methodology 

of project analysis. 

Indeed, system dynamics allows the 

consideration of feedback loops and delays 

in the cause-effect relationships between key 

project variables, a feature that is not present 

in conventional project analysis methodolo-

gies. As opposed to the traditional sensitivity 

analysis approach followed in the financial 

evaluation of projects, which use essentially 

a comparative static method whereby the 

effects of a change in one single variable are 

reflected in a number of outcome indicators, 

a system dynamics model allows the simul-

taneous consideration of changes in several 

variables, be them qualitative or quantita-

tive. Additionally, through feedback me-

chanisms these changes can lead to changes 

in the variables that generated them in the 

first place, unleashing in this way a number 

of adjustment processes. As illustrated by 

the scenario simulations presented in this 

paper, simultaneous changes reflect more 

realistically the systemic nature of interac-

tions among variables that affect the out-

come of a project. A modification in product 

prices, for instance, will not only affect the 

revenues of an enterprise, as the usual sensi-

tivity analysis would imply. It will also af-

fect product demand, which in turn affects 

firm production levels, leading to changes in 

inventories and costs, among other dynamic 

effects. 

Moreover, contrasting to traditional 

sensitivity analysis, in a systems dynamics 

model the adjustments generated by changes 

in project variables are not necessarily in-

stantaneously made: the methodology allows 
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for the consideration of delays between 

causes and effects. 

For comprehensive agroindustrial 

development programs such as the one cur-

rently being initiated in Brazil
4
, the approach 

here discussed could be used to generate 

models of representative classes of agroin-

dustrial enterprises (e.g. dairy plants, fruit 

and vegetable processing, manioc flour, 

grain mills, slaughterhouses, etc.). These, in 

turn, could help program managers to identi-

fy issues where close scrutiny in project 

analysis would be warranted, thereby reduc-

ing potential hurdles for the attainment of 

the economic sustainability goal.  
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