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Abstract

BACKGROUND: Tuta absoluta (Meyrick) is a major pest of tomato produced in glasshouses and open field, causing severe dam-
ages to crops, reducing the quality of tomato fruits. The current maintenance of the pest populations below the economic
threshold is not achieved by natural and classical control, thus requiring the continuous application of biological control agents
(BCAs), under an augmentative or inoculative approach. The present study aims to develop an economic and financial model to
evaluate the commercial viability of a continuous mass production ofMacrolophus pygmaeus (Rambur), a BCA commonly used
against the tomatomoth, Tuta absoluta, in protected culture. The estimations for ourmodel were based on two approaches: the
farm-level impact analysis and the benefit–cost analysis.

RESULTS: The results of the farm-level analysis show that the adoption of a more sustainable biological control approach is
profitable for farmers and the benefit–cost analysis provides evidence that the investment on a new factory dedicated to the
mass rearing of M. pygmaeus to control tomato moth populations generates a positive net present value (NPV) of 7.2 million
euros, corresponding to an internal rate of return (IRR) of 28.4% per year.

CONCLUSION: Our results are in line with (i) the more recent European Commission proposals for a new Regulation on sustain-
able use of plant protection products, which includes the reduction of 50% the use and risk of chemical pesticides by 2030 and
(ii) most of the existing literature which conclude that new projects on BCA production are worth investments.
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1 INTRODUCTION
In June of 2022, the European Commission (EC) has adopted pro-
posals for a new Regulation on the sustainable use of plant pro-
tection products, which includes the European Union (EU) wide
targets to reduce by 50% the use and risk of chemical pesticides
by 2030, in line with the EU's Farm to Fork and Biodiversity strat-
egies.1 This new proposal revisits the existing rules of the former
Directive 2009/128/EC on the sustainable use of pesticides.2 One
of the main measures of the new proposal is the environmentally
friendly pest control seeking to ensure that all farmers and other
professional pesticide users practice integrated pest manage-
ment (IPM). This environmentally friendly system of pest control
should include actions toward pest prevention and selection of
alternative pest control methods, with chemical pesticides only
used as a last resort.2

IPM and biological control of pest populations in agricultural
systems are fundamental tools for sustainable food production
since it provides a safe alternative to chemical control. Classical
biological control, which is based on the importation of exotic
natural enemies to control herbivorous pest populations, has led
to over 6,000 deliberate introductions of more than 2,000 insects,
to be applied as biological control agents (BCAs).3 This approach,
commonly used in the past, poses, however, important concerns
for conservation biology.4–6 One possible solution toward the
maintenance of alien pest populations under the economic
threshold, or even its full eradication, is the use of native natural
enemies through the continuous applications of a high number
of mass-reared insects, under augmentative or inoculative strate-
gies. Mass- and laboratory-rearing of insects is a key component
of IPM and requires the maximization of production, but regard-
ing sustained quality and efficiency of released BCAs.7,8 Despite
commercial mass production of BCAs spanning a period of over
100 years,9 mass rearing for market purposes is always challeng-
ing. Not only a general knowledge of the biology and ecology of
insects, under different biotic and abiotic conditions, are needed,
but information on the breeding efficacity and economic value is
crucial. These components are essential to gain maximum yield
and quality in insect production.7

The South American leaf miner Tuta absoluta (Meyrick)
(Lepidoptera: Gelechiidae) is an alien species and a major pest
of tomato crops in Europe, causing damages ranging from 80 to
100%, in areas without control measures both in glasshouses
and open field crops reducing the yield and quality of tomato
fruits.10–13 In addition, it has major impacts on other crops such
as potatoes and eggplants.11,14,15 The effect of this pest includes
reduced production; limitation in the export of fresh tomatoes
and planting and the intensification of the use of insecticides,
associated with harmful consequences for producers, consumers,
and the environment, as side effects of non-target organisms,
pest resistance and disruption of natural biological control.16–20

The use of BCAs is increasingly becoming a safe alternative.18,21

According to a report from Global Market Insights,22 the biocon-
trol agents market size exceeded three billion USD in 2018 and
will increase by around 15% compound annual growth rate from
2019 to 2025, due to the replacement of synthetic chemicals in
farming. For these reasons, the use of entomophagous insects,
predators, and parasitoids, is an alternative technique for the
IPM of Tuta absoluta in Europe.16,18,23

Macrolophus pygmaeus (Rambur) (Heteroptera: Miridae) is a
zoophytophagous predator, native to the Palearctic region and
it has been successfully used in the regulation of Tuta absoluta

and other small arthropod pests, as whiteflies, particularly Bemisia
tabaci (Gennadius) and Trialeurodes vaporariorum (Westwood)
(Hemiptera: Aleyrodidae), thrips, spider mites and aphids.24–35

Due to its success as a BCA, M. pygmaeus is among the most
widely used invertebrate commercially available.21

Considering all the evidence on the benefits of using biological
agents against Tuta absoluta, we propose to analyse the commer-
cial viability of a continuous mass production of M. pygmaeus
(Rambur). Several studies, such as Cullen et al., Waterfield and Zil-
berman, and Naranjo et al., have discussed the economic value of
biological control techniques and possible methods to estimate
it.36–38 According to Naranjo et al.,39 there are three main
approaches studying the economic impacts of biological control.
The first one is the farm-level approach, which focuses on investi-
gating whether adopting biological control practices is profitable
or not for farmers. In this approach, the partial budgeting method
is commonly used, comparing farm revenues and costs if biolog-
ical control is implemented. Partial budgeting is a framework for
planning and decision-making, which is commonly used to com-
pare the benefits and costs that a farm business faces when con-
sidering different alternatives. The focus of this approach is on the
extra revenues and costs that will result when implementing a
new or different alternative. This means that all the other items
that are unchanged by the decision should be ignored. The partial
budgeting approach provides information on how a decision will
impact the profitability of the farm business. The second
approach is based on market-level studies, where the goal is to
understand how the adoption of biological control practices
would impact an entire region, market, or economy. In this
approach, the economic surplus method, i.e., an analysis of the
demand versus supply curve, their shifts, and the definition of
the equilibrium price and quantity, is used. Finally, the third and
last approach consists of benefit–cost analysis. A benefit–cost
analysis is a process where the projected or estimated costs and
benefits associated with a specific project are compared, in order
to determine (and help to decide) whether the project makes
sense from an investing perspective. For this approach, a net pre-
sent value (NPV) must be calculated to determine the economic
feasibility of mass production of biological agents to control
tomato moth. The NPV is the difference between the present
value of cash inflows and the present value of cash outflows over
a period of time. An NPV above zeromeans that the project is wor-
thy of investment. To perform these calculations, a discounted
cash flow (DCF) model is applied, where estimated revenues
and operating costs of a certain project (public or private) are dis-
counted to time zero at the proper risk rate, allowing to conclude
of the projects' economic and financial viability.
The aim of this study is to develop an economic and financial

model that allows the evaluation of the commercial viability of
mass production of M. pygmaeus against the tomato moth, Tuta
absoluta in protected culture.

2 MATERIAL AND METHODS
Three main approaches are commonly used by the literature39 to
study the economic impacts of biological control: (1) a farm-level
approach; (2) market-level studies; (3) a benefit–cost analysis (DCF
model).
Considering the existing literature40–47 performing the market-

level approach with most results indicating a net benefit of both
producers and consumers when biological control practices are
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adopted, in this article the following only two approaches are per-
formed to evaluate the commercial viability of mass production of
BCAs against tomato moth, Tuta absoluta, in protected culture:
(1) the farm-level impact analysis; and (2) the benefit–cost
analysis.

2.1 Farm-level impact analysis
Farm-level impact analysis intends to determine to what extent
the use of BCAs can be profitable for farmers. For this purpose,
we looked for a set of the following information: What is the
farmer selling price of 1 kg of tomato produced under different
conditions (biological versus intensive production modes)? What
are the costs required for farmers to acquire BCAs to produce a
kilogram of tomato, in relation to the cost paid by farmers using
chemical control? Answering these questions makes it possible
to determine whether farmers will benefit economically by
changing from chemical control to biological control practices
and by way to predict whether farmers would be willing to adopt
biological control methods against Tuta absoluta. Therefore, to
conclude that the adoption of biological control is profitable for
farmers, the condition represented in Eqn (1) must be verified.

SPBC−SPCC>BCu−CCu ð1Þ

where SPBC represents the selling price of 1 kg of tomato pro-
duced using BCAs, SPCC is the selling price of 1 kg of tomato under
chemical control, BCu represents the cost of BCAs enough for 1 kg
of tomato, while CCu stands for the cost of chemical control
agents also enough for 1 kg of tomato.

2.2 Benefit–cost analysis (investor/factory perspective)
An analysis of the benefit–cost of a new project/investment
becomes even more interesting after concluding that: (1) bio-
logical control practices are profitable for farmers, and (2) gov-
ernments are committed to shift agricultural production from
conventional to biological. A benefit–cost analysis is typically
applied to evaluate biological control projects48 or the benefit
of a specific treatment.49 In the current chapter, a DCF model is
used to determine the NPV of an investment in a new factory
dedicated to the mass-rearing of biological agents to control
tomato moth.
This approach follows Copeland et al.50 valuation method

and foresees a three-step procedure: (i) define the concept,
purpose, and time-horizon of the project; (ii) enumerate and
estimate the inputs/costs and outputs/revenues of the project;
and (iii) discount the estimated future cash flows (CFs) to time
zero and determine the NPV of the project (current value of a
future stream of payments).
The NPV is defined as follows:

NPV=−I0 +∑∞
t=1

Rt−Ctð Þ
1+ rð Þt ð2Þ

where I0 stands for the projects' initial investment, and Rt and Ct

are the estimated revenues and operating costs at time t, respec-
tively. The risk rate to discount the CFs to time 0 is given by r.
Theoretically, a positive NPV indicates that the project/

investment will be profitable (projected earnings generated by
the project exceed the anticipated costs), whichmeans that inves-
tors should go forward with it. The conclusions of NPV results can
be highly sensitive to the parameters assumed (namely the

discount rate). Therefore, a sensitivity analysis is performed to bet-
ter understand how robust the conclusions are.
The methodology applied in this study, both the farm-level

impact analysis and the benefit–cost analysis, is based on estima-
tions and assumptions. Even though these estimations and
assumptions are based on the most likely scenario, they are still
uncertain. For that reason, and following Lubulwa and
McMeniman,41 Macharia et al.,42 Oleke et al.44 and White et al.,46

we perform a sensitivity analysis, which gives an idea of how
our conclusions change in adverse and unexpected scenarios.

3 RESULTS AND DISCUSSION
3.1 Farm-level impact analysis
According to the report of Instituto Nacional de Estatística,51 each
kilogram of tomato produced under chemical control conditions
is sold by farmers at an average of 0.50 (SPCC=0:50€). The selling
price of biologically controlled tomatoes is higher than the chem-
ical ones by approximately 85%, which results in SPBC=0:93€ for 1
kg of tomato (this difference is mainly motivated by the lack of
supply of biological products when compared to the increasing
level of worldwide demand). Concerning the cost of chemical
control agents, the market is pricing it at approximately 0.75
€/kg.52 With this data it is possible to determine the maximum
price a farmer is willing to pay for BCA:

SPBC−SPCC +CCu>BCu ð3Þ
0:93€−0:50€+0:75€>BCu

1:18€>BCu

From the analysis, we conclude that farmers could have eco-
nomic benefits by changing from chemical control to biological
control practices if the cost of BCA per 1 kg of tomato is lower than
1.18€.
Notice that neither effectiveness rates nor additional produc-

tion costs of each method are taken into consideration. The rea-
sons for that are the following. First, laboratory studies indicate
that BCA have at least the same effectiveness rate as pesticides9

(even though the first method is a preventive one and the second
is a corrective/control one). For that reason, the analysis is conser-
vative by not considering this question. Regarding additional pro-
duction costs, such as labour inputs, the analysis is also
conservative since chemical controls usually require reapplication
(more labour inputs), while the benefits of biological control tend
to last well beyond the initial investment, even though it takes
longer to deliver the desired results.53

Current market prices of biological control products against
Tuta absoluta are 200€ for a 100 mL bottle with 500 biological
agents inside (these data were obtained in the webpages of cur-
rent biofactories). The recommended dosage of application is
between 0.25 to 5 biological agents per square metre, depending
on pest density. If a preventive procedure is considered, the
recommended application is 0.25 agents per square metre in
the first week and another identical application 2 weeks later,
which represents 0.50 agents per square metre in total (recom-
mended by: https://www.koppert.com/mirical/). Considering that
a farmer can produce 10 kg of tomato per square metre, and
assuming a preventive release, the current cost for farmers buying
BCA is about 0.02€/kg of tomato. Assuming an extreme scenario
with high pest density, where the farmer must apply 5 agents
per square metre, the cost of buying BCAwould be approximately
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0.20€/kg of tomato. In both scenarios, the cost is still below the
maximum calculated at Eqn (3). These calculations prove that
the adoption of biological control practices is profitable for
farmers.
In addition to our previous calculations, we must keep in mind

how committed governments are to achieve their goals in what
concerns organic farming. This means that the implementation
of more sustainable agriculture practices, together with the
increasing demanding of biological products by consumers,
should enhance this market with expectable more profitable rev-
enues to farmers. The total organic area of the EU27 in 2020 (14.7
million hectares) is still small compared with the conventional
agricultural systems. Together, France (17.1%), Spain (16.6%),
Italy (14.2%), and Germany (10.8%), accounted for well over half
(58.7%) of the EU's organic area.54 Data from 2019 show that only
5.3% of farming in Portugal was organic.55 Currently, Portugal
ranks 11th in terms of area (310,540 ha) and the rate of change
between 2012 and 2020 was 59.1%, however, it is still low. The
EU has set a goal of 25% of organic farming by 2030.56 The reason
for this low organic area in Portugal is not known at all. One of the
possible reasons may result from the absence of public policies
with incentives for changing the production model. Indeed, Sala-
visa et al.55 found that farmers perceive the regulatory framework
as unfair relative to that of conventional agriculture. This means
that the main question is not how profitable biological control
techniques are for farmers. Farmers will have no escape rather
than a gradual transition to biological agriculture.
From the analyses earlier, the farm-level impact was based on

two main assumptions: (1) the current selling price of biological
controlled tomato is approximately 0,93€ for 1 kg of tomato,
and (2) the usage of BCA is in a preventive release, which means
that the cost is about 0,02€/kg of tomato. At these conditions,
we expect that farmers would prefer to change from chemical
control practices to biological ones.
Now, we will consider adverse scenarios where: (i) a 20%

decrease of the selling price of 1 kg of biological control tomatoes,
due to a higher level of biological controlled tomato production
(supply and demand theory), (ii) there is a high pest density and,
consequently, the cost of BCA would be approximately 0.20€/kg
of tomato, (iii) both previous scenarios combined. The results
are presented in Table 1. The results show that even under the
adverse scenarios considered, it would still be profitable for
farmers to change from chemical control practices to biological
ones. This means that, in addition to the governmental pressure
on farmers to urgently increase the adoption of biological and

more sustainable techniques in their crops, these techniques,
according to the farm-level impact analysis (partial budgeting
method) are profitable (even when considering adverse scenar-
ios). The motivations of farmers are, therefore, not only legal but
also economical.

3.2 Benefit–cost analysis (investor/factory perspective)
Any new project/investment starts with the definition of its con-
cept, purpose, and time-horizon. The concept and purpose of
the project/investment is the creation of a new factory based in
Portugal, dedicated to the production of BCA against tomato
moth. Regarding the time-horizon, as in most companies, the
principle of continuity is applied. Next, we describe the estimation
of inputs and outputs of the project, and the corresponding costs
and revenues, to estimate its future CFs and NPV.
The first NPV's projected component is revenues. Current mar-

ket prices of biological control products against Tuta absoluta
are approximately 200€ for 500 agents. Under a new project/
investment's perspective, with an unsettled and unknown brand
among consumers/farmers, a 175€ price for the same number of
agents is assumed (sensitivity analysis to these assumptions is
performed). According to Instituto Nacional de Estatística,51

13 thousand hectares of tomato were produced in 2020, in
Portugal. Only approximately 5% of them were organic,
i.e., around 650 ha. To achieve the goal of 25% organic farming
by 2030, 2,600 more hectares of biological production of tomato
are needed. Considering that a preventive application requires
0.5 BCA per square metre, then a total of 13,000,000 BCA per year
will be needed to achieve the goal of 25% organic farming.
Assuming an objective of 18% market share (a sensitive analysis
is performed, considering a market share of 10% instead of
18%), then 2,400,000 BCA will be sold annually. Again, under a
new project/investment's perspective, with an unsettled and
unknown brand among consumers/farmers, conservative
assumptions are made: only 5% of the 2,400,000 BCA are sold in
the first year, 15% in the second year, and 35%, 65% and 85% in
the third, fourth and fifth year, respectively. From the sixth year
on, cruising speed is achieved, i.e., 2,400,000 BCA are sold
per year.
The projection of costs is more complex given the diversity of

inputs needed to produce BCAs. Operating costs can be divided
into three main groups: cost of goods sold and materials con-
sumed; costs with external services and supply; and labour costs.
Concerning the cost of goods sold and materials consumed, an
estimated cost of 31,594€ (see Table 2) is required for an annual

Table 1. Results for ‘farm-level sensitivity analysis’

Scenarios Base-case (a) (b) (c)

SPBC 0.93€ 0.74€ 0.93€ 0.74€
SPCC 0.50€ 0.50€ 0.50€ 0.50€
CCu 0.75€ 0.75€ 0.75€ 0.75€
SPBC−SPCC +CCu>BCu 1:18€>0:02€ 0:99€>0:02€ 1:18€>0:20€ 0:99€>0:20€

Note: The base-case assumes (1) the current selling price of biologically controlled tomato is approximately 0.93€ for 1 kg of tomato; and (2) the usage
of biological control agent (BCA) is in a preventive release, which means that the cost is about 0.02€/kg of tomato. Scenario (a) considers a 20%
decrease in the selling price of 1 kg of biological control tomatoes, due to a higher level of biologically controlled tomato production (supply
and demand theory); Scenario (b) considers a cost of BCA around 0.20€/kg of tomato, in a situation of high pest density. Scenario (c) considers both
previous scenarios combined. SPBC, selling price of 1 kg of tomato produced using BCAs; SPCC, selling price of 1 kg of tomato under chemical control;
BCu, cost of biological control agents enough for 1 kg of tomato; CCu, cost of chemical control agents also enough for 1 kg of tomato.
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production of 2,400,000 BCA, where all raw and subsidiary mate-
rials are included. Regarding external services and supply, the esti-
mated annual cost is 28,920€ (see Table 3), which includes costs
with electricity, water, and gas supply, as well as maintenance
and cleaning services, among others. As in revenues, only 5%,
15%, 35%, 65% and 85% of both the cost of goods sold andmate-
rials consumed and the cost of external services and supply are
considered for the first, second, third, fourth and fifth year, respec-
tively. Please notice that, for simplification purposes, the techno-
logical risk and the risk of contaminations (parasites and
diseases) were not taken into consideration. Finally, the projected
labour cost is approximately 65,000€ annually (see Table 4), corre-
sponding to a total of three workers: a minimum wage worker, a
bachelor's degree worker and a PhD worker. In the initial phase,
these three workers will have to assume the different responsibil-
ities of the business, such as production, administration (invoic-
ing, payables, etc.), sales, marketing, customer service, etc. If
needed, at a late stage, a reanalysis of the model can be
performed.

The initial investment to start this new project plus the needed
working capital is roughly 533,000€ (see Table 5), which will be
financed through 60% of equity/subsidies and 40% of debt. The
main costs of the initial investments are the acquisition of the

Table 2. Estimated costs of goods sold and materials consumed
(CGSMC)

Cost of goods sold and materials consumed
(CGSMC)

For 200,000 agents
per month

Tomato seeds 215.86€
Honeydew 5€
Plant substrate 813.74€
Cleaning products 20.8€
Cotton 9.75€
Container (100 mL) for insect's
transportation

800€

Shipping costs 50€
Foliar fertilizer 120€
Wood shavings 200€
Labels 50€
Other costs 50€
Protection masks 50€
Ephestia kueniella (eggs) – own/internal
production

—

Honeycomb cardboard 200€
Flour – 2.1 kg per card 6€
Carbon dioxide 6.67€
Gel packs to freeze 35€
Total of CGSMC per month 2,633€
Total of CGSMC per year 31,594€

Table 3. Estimated costs of external services and supplies

Services and supplies Monthly Annual

Water 60€ 720€
Electricity 2,000€ 24,000€
Fuel 150€ 1,800€
Various 200€ 2,400€
Total 2,410€ 28,920€

Note: Transportation/delivery costs are supported by the customer.

Table 4. Estimated labour costs

Number of employees with a doctoral degree 1
Number of employees with a BSc/MSc degree 1
Number of undergraduate employees 1
Gross monthly salary of an employee with a

doctoral degree
2,500€

Gross monthly salary of an employee with a
with a BSc/MSc degree

1,400€

Gross monthly salary of an undergraduate
employee

698.25€

Annual incomes (14 months) 64,375.50€
Social Security costs (23.75%) 15,289.18€
Work insurance (3.19%) 2,053.58€
Total cost 81,718€

Table 5. Estimated initial capital expenditures and working capital

List of items Total cost

Office supplies 5,000€
Laboratory workbenches 15,000€
Decoration material 5,000€
Car 40,000€
Cost of air conditioning in rearing chambers 25,000€
Sowing trays (54 cells) 300€
Binocular 4,000€
Scale 2,000€
Laboratory chairs 1,200€
Washing room 10,000€
Laboratory material 1,000€
Entomological aspirators 200€
Freezer 2,000€
Printer 100€
Labels printer 250€
Refrigerator 500€
Computers 4,000€
Seedling pots 2,400€
Rearing nets 21,000€
Washing machine 500€
Dryer machine 600€
Corn grinding machine 400€
Ultraviolet sterilizer 200€
Corn thresher 300€
Bio-factory recovery 10,000€
Webpage 5,000€
Ephestia kueniella stack of 24 trays (×10) 38,636.35€
Allotment in an industrial park (400 m2) 40,000€
Factory construction cost (300 m2) 255,000€
Total investment 450,950€
Total investment 450,950€
Working capital requirements 10,000€
Total investment and working capital requirements 460,950€
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factory's building, and its adaptation work, the company's vehicle,
and the climate chambers. All these estimated costs are sup-
ported by proforma invoices and were estimated after carrying out
laboratory experimental studies on the biology and ecology of
M. pygmaeus and taking into consideration the advice of a manager
of a bio-factory. The 40% debt financing consists of a 7-year bank
loanwith a 1-year grace period and, after that, constantmonthly pay-
ments of capital and interest. A 2.75% interest rate is assumed, after
consulting a local bank. Nevertheless, a sensitive analysis is per-
formed for this parameter, assuming an interest value of 5%.
All factors of Eqn (2) are already estimated (see Table 6) except

for r, which is the operating CFs discount rate adjusted to the risk
of the project. This discount rate is given by the weighted average
cost of capital (WACC) represented in Eqn (4):

WACC=
E
A
×rE +

D
A
×rD× 1−Tcð Þ ð4Þ

where E
A is 60%, which represents the weight of equity (E) in total

assets (A), DA is 40%, which represents the weight of debt (D) in
total assets (A), rD stands for the cost of debt (2.75% interest rate),
and Tc the current tax rate for corporations (16.1%). Regarding rE,
it reflects the return required by equity investors in the project.
This return can be determined using the well-known capital asset
pricing model (CAPM) from Merton57:

rE= rf +⊎ rm−rfð Þ ð5Þ

Table 6. Estimated free cash flow to the firm for the years 2023–2033

Income statement 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033

Operating income 24,000€ 72,000€ 168,000€ 312 000€ 408,000€ 480,000€ 480,000€ 480,000€ 480,000€ 480,000€ 480,000€
Revenues 24,000€ 72,000€ 168,000€ 312,000€ 408,000€ 480,000€ 480,000€ 480,000€ 480,000€ 480,000€ 480,000€

Operating expenses 141,113€ 147,164€ 159,267€ 177,421€ 189,524€ 198,601€ 198,601€ 198,601€ 142,232€ 142,232€ 142,232€
Cost of goods sold
and materials
consumed

1580€ 4739€ 11,058€ 20,536€ 26,855€ 31,594€ 31,594€ 31,594€ 31,594€ 31,594€ 31,594€

External services
and supply

1,446€ 4,338€ 10,122€ 18,798€ 24,582€ 28,920€ 28,920€ 28,920€ 28,920€ 28,920€ 28,920€

Labour costs 81,718€ 81,718€ 81,718€ 81,718€ 81,718€ 81,718€ 81,718€ 81,718€ 81,718€ 81,718€ 81,718€
Depreciations 56,369€ 56,369€ 56,369€ 56,369€ 56,369€ 56,369€ 56,369€ 56,369€ 0€ 0€ 0€

Operating result −117,113€ −75,164€ 8733€ 134,579€ 218,476€ 281,399€ 281,399€ 281,399€ 337,768€ 337,768€ 337,768€
Financial costs 8413€ 6,988€ 5523€ 4017€ 2469€ 878€ 0€ 0€ 0€ 0€ 0€
Stamp tax 337€ 280€ 221€ 161€ 99€ 35€ 0€ 0€ 0€ 0€ 0€

Profit before tax −125,863€ −82,432€ 2989€ 130,401€ 215,908€ 280,485€ 281,399€ 281,399€ 337,768€ 337,768€ 337,768€
Income tax 0€ 0€ 31,059€ 19,169€ 31,738€ 41,231€ 41,366€ 41,366€ 49,652€ 49,652€ 49,652€

Profit −125,863€ −82,432€ −28,069€ 111,232€ 184,169€ 239,254€ 240,033€ 240,033€ 288,116€ 288,116€ 288,116€
Depreciations 56,369€ 56,369€ 56,369€ 56,369€ 56,369€ 56,369€ 56,369€ 56,369€ 0€ 0€ 0€
Financial costs 8,413€ 6988€ 5523€ 4,017€ 2469€ 878€ 0€ 0€ 0€ 0€ 0€
Stamp tax 337€ 280€ 221€ 161€ 99€ 35€ 0€ 0€ 0€ 0€ 0€

Free cash flow to the
firm

−60,744€ −18,795€ 34,043€ 171,779€ 243,106€ 296,536€ 296,402€ 296,402€ 288,116€ 288,116€ 288,116€

Table 7. Discounted cash-flow (DCF) model parameters

Parameters Values

I0 533,102€
Rt annual,at cruising speedð Þ 480,000€
Ct annual,at cruising speedð Þ 191,884€
FCFF annual,at cruising speedð Þ 288,116€
r WACCð Þ 4.34%

Note : I0 represents the projects' initial investment, and Rt and Ct are
the estimated revenues and operating costs at time t, respectively.
FCFF stands for the ‘free cash flow to the firm’ and the risk rate to dis-
count the cash flows to time 0 is given by r, calculated using the
weighted average cost of capital (WACC).

Table 8. Weighted average cost of capital (WACC) and capital asset
pricing model (CAPM) calculations

CAPM WACC

rf 1.40% E=A 60%

rm 8.20% D=A 40%
⊎ 0.88 rE 7.38%
CAPM 7.38% rD 2.75%

T c 16.1%
WACC 4.34%

Note: rf is the risk-free rate, rm is the expected market return and ⊎ is
the beta of the investment. Both rf (1.40%) and rm (8.20%) are
obtained from Fernandez et al.58 Regarding ⊎, and according to
Damodaran,59 the unlevered beta of investments in biotechnology
is 0.89, while investments in farming/agriculture have an unlevered
beta of 0.87. A simple average of both results in a ⊎ of 0.88. Using
the CAPM model, a rE of 7.38% is obtained, which represents the
return required by equity investors in the project. E

A represents the
weight of equity (E) in total assets (A), DA represents the weight of debt
(D) in total assets (A), rD stands for the cost of debt and Tc the current
tax rate for corporations.
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where rf is the risk-free rate, rm is the expected market return and
⊎ is the beta of the investment. Both rf (1.40%) and rm (8.20%) are
obtained from Fernandez et al.58 Regarding ⊎, and according to
Damodaran,59 the unlevered beta of investments in biotechnol-
ogy is 0.89, while investments in farming/agriculture have an
unlevered beta of 0.87. Therefore, a simple average of both is
considered, resulting in a ⊎ of 0.88. Considering all these values,
an rE of 7.38% is obtained. This result contributes to the existing
literature that finds it difficult to achieving a consensus about
the discount rate to apply on these projects.60 Table 7 shows
the DCF model parameters and Table 8 the WACC and CAPM
calculations.
Having rE calculated, the resultingWACC is 4.34%. This is the dis-

count rate that will be applied to the operating CFs in Eqn (2),
leading to a positive NPV of the project of 7.2 million euros. This
positive NPV indicates that the discounted present value of all
future CFs related to the project are positive and higher than
the initial investment in 7.2 million euros and, therefore, attrac-
tive, economically, and financially viable. The payback period for
a brand-new factory is 5 years and 4months. It means that it takes
5 years and 4 months for the project to recover the cost of the
investment.
Another metric to evaluate a project is the internal rate of return

(IRR),61 given by Eqn (6):

0=−I0 +∑∞
t=1

Rt−Ctð Þ
1+IRRð Þt ð6Þ

where IRR is seen as a ‘breakeven rate’ which makes the projects'
NPV equal to zero. The IRR is usually compared to the discount
rate r. If the former is greater than the later, projects are econom-
ically and financially profitable.
Using Excel's add-in solver, a project's IRR of 28.40% is

obtained. This return, compared to the 4.34% WACC, shows
again that the project is economically and financially viable
and investors should go forward with it. All estimations and

calculations performed in this study are conservative, a reason
why a reasonable IRR of 28.40% is obtained. Other identical
studies in the literature estimate much higher IRR. For example,
Aidoo et al.62 estimated an IRR of 1740% under a worst-case sce-
nario for biological control of cassava green mite in Ghana. Our
results are in line with most of the existing literature when
concluding that new projects on BCAs’ production are clearly
worth the investment. Table 9 resumes the NPV, IRR and payback
results.
For the DCF sensitivity analysis, a stress test is performed for

the main dimensions of the model, namely: (i) a 20% increase
on the cost of the initial investment, (ii) a 20% decrease on
the projected sales, (iii) a 20% increase on the cost of inputs,
such as the cost of goods sold and materials consumed, exter-
nal services and supply, and labour costs, (iv) all previous sce-
narios combined, (v) a market share of 10% instead of 18%
and (vi) an interest rate of 5% instead of 2.75%. For each of
these scenarios, the NPV and IRR are re-calculated, providing
information about the attractiveness and economic feasibility
of the project under stress situations. The results are presented
in Table 10. In all the stressed scenarios tested, the project still
has a positive (and significant) NPV, as well as an IRR higher
than the WACC. This means that the project is economically
and financially viable, representing a valuable investment for
potential investors. These results are not surprising, given
other identical studies in the literature with much higher NPV
and IRR.
Market value of BCAs depends on its market demand.

Macrolophus pygmaeus was ranked as the seventh most
important invertebrate biological control63 and its market
value was labelled ‘large’ once hundred thousand to millions
of individuals were sold per week.21 However, in a later study
M. pygmaeus were no longer included in the earlier-
mentioned lists.9 In the opposite direction, appears Tricho-
gramma achaeae. While not included in the study of van Len-
teren et al.,21 it later appears9 as a valuable natural enemy of
lepidopterans pests, commercialized in Europe for the first
time in 2012, and having a market value rated of ‘medium’
due to 10,000 to a 100,000 individuals sold per week. The
shift of the commercial importance of Trichogramma achaeae
and the increasing number of scientific studies using
M. pygmaeus as model pest species25,33,64,65 may have been
a consequence of the invasion of Europe by Tuta absoluta,
a major pest of tomato crops.10 The current major concerns
with Tuta absoluta together with the increase of scientific
research, makes its natural enemies valuables market prod-
ucts for the near future.

Table 10. Results for ‘investor-level sensitivity analysis’

Scenarios Base-case (a) (b) (c) (d) (e) (f)

NPV 7.2 million euros 7.1 million euros 5.0 million euros 6.5 million euros 4.2 million euros 2.3 million euros 4.9 million euros
IRR 28.40% 25.96% 22.72% 25.96% 18.34% 14.08% 28.39%

Note: NPV stands for net present value of the project and IRR for internal rate of return of the project. Stress tests are performed to the base-case
scenario, where (a) a 20% increase on the cost of the initial investment is considered; (b) a 20% decrease on the projected sales is considered;
(c) a 20% increase on the cost of inputs, such as the cost of goods sold and materials consumed, external services and supply, and labour costs, is
considered; (d) all previous scenarios combined is considered; (e) a market share of 10% instead of 18% is considered; and (f) an interest rate of
5% instead of 2.75% is considered.

Table 9. Net Present value (NPV), internal rate of return (IRR) and
payback results

Variable Result

NPV 7.2 million euros
IRR 28.40%
Payback period 5 years and 4 months
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4 CONCLUSION
The aim of this study was to develop an economic and financial
model to evaluate the commercial viability of mass production
of M. pygmaeus against tomato moth in protected culture. For
this, two approaches were considered, the farm-level impact anal-
ysis and the benefit–cost analysis. Our study is in line with the
most current legislation which imposes the shift of the agricul-
tural practices based on chemical control of the phytophagous
pests to more environmental and economic management prac-
tices, the use of BCAs. The application of the farm-level and the
benefit–cost analysis to access the economic and financial viabil-
ity of the implementation of a bio-factory in the Azores allowed us
to conclude that the mass-rearing of M. pygmaeus to control the
moth Tuta absoluta in protected culture practices can be profit-
able for farmers and that the overall project of investing in a
bio-factory is also profitable, no matter how we stress up the
model with changes in costs, revenues and prices. Given the first
conclusion that it is profitable for farmers to change from chemi-
cal control practices to biological ones, a DCF analysis was per-
formed and an NPV and IRR of 7.2 million euros and 28.40%,
respectively, were achieved for the base-case scenario. Although
the models are not static, due to changes in the context, there is
still a wide margin to accommodate changes in different
variables.
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