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Abstract: The lnttoductionof concepts such as lOT or Clood computing Is lncreasif'~Ciycommoo r.'IOwad.ays,indlfferent sectors 
of actMty where the agrlcuf'bl.lfiiJ sector Is not an exception. TM use of drones for pestldi:Se application ' n pe-st control, or 
even tl\e us.e of sensor networ.'Jcs to contrOl the grOWth of«OPS.. are q-uite commOfl in the contex't of Ag.rk:ulture 4.0. Howtvtr, 
this technological advance does not t\appen at the same Sl)eed In remote reslons wtlere traditional agrlcultute Is nlll 
dominant. Ttltse differ.,ntM tven contnOOte to lntrtuina the sap betwttn ur~n reslons, where modernized ii8J'Itulture 
l)fedominates, ai\d rural areas. are sti ll suong~y rooted in traditional 3-&fk:ulture. In addition to these technologiCal 
difftrences. tht re are still m.a]Of differ~ regordlns atttss to mo.rkt't Otlt'et$, w"cre the- pondtmit COVIO·l9 furthef 
aggravated the Situ.atioo. Gi'ol'tn the measures to contain the pal'\demic, whiCh has resulted in the Closure of virtually all 
sei'W:es (for example, butchers and small martets), many of the small ptoducefS ha~ been left without their ooly means of 
dilspo$31, wNth ~scontributcd 5tronstv to thewtt~\:ctnins of unoll agriculture. To mitigate the differences betweeft the rural 
and urban areas, but also (0 mitigate the negative Impacts caused by the pandemk C:OVI0·19. the need fOf new 
lives1()(t/bu$iness mod~s was Hlised to creote conditions to <Jflow producers. in regions with &ow population density, occess 
markets tl\at until oow were impossible. This paper preSN~ts a viable busitless model that contributes to redt.tee the 
differences between urWn ond rural tr'!Yironment$, u wtll a$, mitipte the economic impo~ of the COVID·l9 l)fndernic in 
lhiSsector. 
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1. Introduction 

Since the eacly times, the pr3ctice of agriculture has been common in society. As an activity that generates 
wealth, it's extremely important In several countries. including Portugal. Since agriculture Is the main source of 
food produC11on In the world,lt's extremety lmponant to develop this sector to reduce costs and Increase profits 
by means of optlml.utlon of processes and technologkallnnovatlon. 8y 2GSO, the human population Is expected 
to rise to 10 billion, leading to an Increasing demand for food (FAO, 2017). To acc·ommodate this Increasing 
tvOiution, total food production must increase, thus, making it necessary to have a rational tlq)ansion of the 
agricultural sector, wtlich may occur at a Slow or fast levels, depending on the capaCity of the population in the 
acceptance of new techno11ogles (FAO, 2016) (FOOD. 0. 2016) (Powetl, Nlcola et al. 2012). However, despite the 
need for an e.xpans.lon of the agricultural sector to tack1e the problems mentioned above, Portugal Is Increasingly 
abandoning rural areas a nd inevitablv abandoning rural agrkulture, and is incre-asingly losing jobs in the 
agricultural se-ctor (POROATA. 2021). 

Analysing figure 1, it's !><>SSible to observe that the Portuguese population is not distributed uniformly 
throughout the country, h<.lvlng a higher concentration I n the coast than in the Interior (a more rural .tone). 

Bec.ause of this variation In population, development Is not carried out In a dlstnlbuted and equitable way 
between ufban and rural regions (European Union, 20lla). 

Another Important POint "'n be observed In the figure a, whkh l$1he pe"en1age of the population lhalll older 
than 6S years old per municipality. As we c.an observe the majority of the municipalities that have an older 
population are located in the interior of the country. 

AnalySing tht$C two facts we c.an conclude that the population that i.s living in the rural areas of Portugal is aging 
and decreasing. being two of the critical factors of the rural agriculwce in POttugal. Another least favourable 
points of the rural agriC\IItvre in Portugal are lowlevels()f education of agricultural producers (POROAT"- 2015), 
low level of adherence to t!e<:hnologles, and consequently, a lower connection with Industry 4.0. 
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Fia;ure 1: Portugal population density (Wikipedla. 2021) 
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Figure .2: Percentage of Pof'tuguese elderty population per municipality (Curvelo, 2020) 

The Ponuguese tertitorycovers about 92.000km1 and maintains a population of near 10 million habitants .. which 
despite being a small countty, in 2019 has expottetl 6-322 million euros in the agtieultural sector. This value 
cotresponds to about 7% of att national expettations in all sectors that year (European Union. 2021b). Of the 
92,000 km1

, 79% corresponds to rural territory. showing its potential. However, only dose to 31% of the 
population nves In these territories, ae:ainst almost 4"" llvfne: In the urban areas, showfns the differences 
between the two geographic real ities. Something important. is the Gross Value Added (GVA), which is the result 
of productive activity over a given period (European Union. 2019). 1t results from the difference betwe:en the 
value of output and the value of intermediate consumption. This value corresponds to 26.5'% in rural tet ritory, 
and inctease-s to S4.1% in urban territory a,s illustrated i " the figure 3 . 
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Figure 3: Portuguese disttibution (European Union, 202.1bt 

Although Pol'tugat having a huge rural territOI'y, investing in tl\e agricultural setter of these areas cannot simply 
be investing monetarity, there is a need to know how to analySt: inves-tment opportunities and how to apply 
them. Thus. the Poftuguese agricultural sector needs to innovate and follow technol-ogical trends, and that can 
be accompljshed by following the concept of agcicutture 4.0. That concept consists of a set of technolostes with 
the objective of optiml.tln.g agcicutturoll re.$0urces, en<tblina the use of new, more iKcurate and modernized 
methods (De Oercq, M. et al, 2018). Some of these methods are: 

Drone lei:hnology ·The method of uilng dronei 10 perform agrituhural tasks; 

03ta tmatys.is ·The method of analysing raw data with the goal of e)ttractinginfOormation; 

Internet of Things (Ion · TM conc~pt of interconnectivity of obj~ts with :m~ess to the Internet (Ascens5o, 
Joao et at, 2021). 

These technologies have I'\Ot been used in the Tt6s-os·Monres region due to the several reasons referred 
previously, howe ... er in this paper is presented a business model that follows the concept of the agriculture 4.0. 
The bu:s.tness model l11ustrated in this paper, contributes to reduce the differences. between urt»n and rural 
e.n...lronments, by mear\S Oof a web platform, ;)n loT devl<e. and Integrations with se ... er;)\ eXlernal entitles. 

The remilinder paper is organized as follows: section 2 describes the Tt6S·OS·Montes region ilnd a questionary; 
section 3 presents the sclution designed to respond to the identified problems; s«tion 4 presents the 

oonclusions of the work. and guidelines for future work.. 

2. Trii,s~os·Montes region 

Pfimarv sector activities, such a.s ag(tCulture, play a key rote in the economy of Tt6s-<>s·Montes region. According 
to INE (2020) in 2019, Tt6s-os~MoMes in the same vea,. had the largest number of individual farms per region, 
with more than 63,000.In the same vear, the ... alue of agriCultural production in Pottugal exceeded 6.7 billion 
euros (Cordeiro de sa, 2021), where this region conttibu1ed with SSS 668 mi llion(+· S%). However, these values 
could be Improved If not fQr the structure of this region, since it's practiced fat ;)n il8ing population, ha ... e high 
production costs, poor market relations, predominance-of small agriculture, among others (Limil, n.d). Some of 
the aspects are parttv relat ed to the lack of agriculture 4 .0, or the !act of solutions that could impro ... e agriculture 
in some way (Norte2020, n.d). 

Howe ... et, the constru«ion of solutions that solve part of the probltms is no easy task, since in these regions, 
the use of interoet, something commoo in modetn solutiions, is a etitlcal point. Although SG technology is already 
beooming a reality in sevetal parts of the country, the Tr6s·os·Montes region still suffer from weilk connections 
to the lntemet (Lopes, 201!8). 

As for the disposal of agricultural products by the producers, this becomes a more di'fficult task, where in many 
cases, i t's created food waste that could be avoided. 
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To help the development of this paper and the public In general to understand more spedficaUy the theme, a 
questionarywas developed to be answered by the locals of Tr6s-<JS·Montes. The questionary, until the moment, 
has more than 213 answers and it's s-till on going. Due to covict-19 pandemic, it wasn't possible to contact and 
personatrv ask people about this questiomuy, but it's expected, in a erose future, to reach 3 or 4 times more the 
number of answers. 

Oo yov tNnk m.t eoverytf'llng prod..lced fn the egrkulturo of your reg~ is fully 

explol tedlsold? 

21) rtSOOilU 

Fi8ure 4: Quesuonaty que-stion Nl 
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ObsetVing the figure 4, people were ask.ed if they thoug.ht that evetything in the region is sold/used, and 
analysing the answers, its dearly vis.ible that the majority tends to say no, with almost 81" of answets. The 
others 19% are divided between "'Yes" and "'I have no Idea"'. 

Do you consider that crop l)f'O(t.Jet.lon$1n the reolon are SOld by • feir veue? 

21' fflOOI U4 

Figure S: Questionary question #2 
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The figure s. prompting the question '"Do you consider the crop productions in the region are sold by a fair 
value?", had similar results to the previous one, since almost 82" answered it no. Near 18'% are divided also 
between .. Yes'" and "I have no idea"'. 

Do you think that the existence of an~ portol of dornestk: "*"would S«Ye to bring 

AMI CU$tQI'Oef$ cloM-r lO $1"1\01 pr~ In your region. -'lowfng the growth of -s~tb.ltYro? 

21)1~1-

Figure 6: Questionary question #3 
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This last figure 6, show that more th-an 93%ofthe people inquired answered that the e:xistenc:eof a web national 
portal is needed, bringing consumers and producers dose to each other, allowing the agficulture to increase. 

With these questionarv answers, it's p0$$ible to undefStand that the problems written previou.sly, wc.h as the 
waste of food and the need to producers sell their products, are verv real and the society it's aware. Oue to this, 
new solutions need to step up and try to solve some of the well·known problems, helping the people of Tr6s-os:­
Montes, and otl'ler regions in the same position, to be more efficient. 

3. Our business model 
In this way, eSmallfarmet (0. Pinto et at 2020) can be a possible solution to mi tigate the problems presented. 
This solution, in short, consists of a web platform and an loT device. ln addlition, i t has the integration of several 
entities such M governmental entities. (e.g., parish counci l) and farmers ass<>ciations. which play a vety impettan t 
role In the business model presented. The figure 7 presents an oveMew of the built bu.slness model. 

The solution proposed Is Intended to facmune the products sate of small-<ase producers In remote regions, such 
as the reg1on understudy. Thus, the d>eslgn of the eSmaiiFarmer architecture considered the fact that.. as already 
mentioned in the previous sections, the majority of the population in th e region under study is aged, which 
sometimes, in the opinion of the authors, general ty departs, the population of the use of technological solutions 
as presented in this papet. 
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Figure 7: Business model 

In this way, the possible problems that small producers may have In Inserting their products directty Into the 
web portal can be easily overcome with the acquisition of the loT Device. This device, whose use is verv similaY 
t•O that of a telephone, connected to several sensors, allows the weighing <>f the products to be made available:, 
in addition, can identify its producer~ location and telephone contact. Aft er the collection of this informatiol'll, 
the product is automatically inserted into the web platform. However, t his device uses NB· loT to send dat3 to 
the web platform, and this technology In some areas may not be available, since NB·IoT Is a LPWAN and it need$ 
t·O be connected to a cell tower to WOI'k (l ·scoop, n.d). Thus, for these sltualtions, the Introduction of assodation:s 
of farmers and/or governmental associations was the solution found to overcome the problem of l imi ting the 
NB·IoT network. These associations often have a good relationsl'lip of t.rust with small farmers and both 
computer resources (good Internet connection and computers) and human resources. which allows them to, at 

the request of small farmers, place their productions on the web platf orm. 
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Figure 7: Business model 

In this way, the possible problems that small producers may have In Inserting their products directty Into the 

web portal can be easily overcome with the acquisition of the loT Device. This device, whose use is very similaY 
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In addition, this solution can contribute not only to boosting small production but also to solving the problem of 
labour shortages, a nother of the problems affecting agriculture in the region under study. So, in short, the web 
platform, makes it pos.sible to promote the rental of human labour, agricultural macf'linet'y and land. In this way, 
end·users (bOth individual users, minimarkets and restaurants) have access to a set of high·.quality products at 
a combined price. In parallel, factories that need agricultur-al material to make their products can took at this 
toot a:s an opportunity to explore new business models, since, as already said, the tool prc>motes the sate of 
products and leasing of land, making it possible to exploit it. 

4. Conclusion 

As described throughout this work, the Tr6s·os-Montes region faces problems that constrain ts Its development 
when compared with urban areas. Such problems, as previously said, are based on the ageing population and 
the weak connection between the region and agriculture 4.0, including the limi ted use of Int ernet. 

This paper was written with t he intention to let people know about eSmaiiFarmer. With it, it's pmible to bring 
together farmers who do not MW high knowledge in informatic areas, allowing them to sell their prOducts more 
easily and effeetivety. eSmatiFarmer counts with an loT device and an e·commerce web port:al. 

Other advantages t hat c.an be obtained with this bu.siness model, includes the possible reduc tion of food waste, 
as well as a viable option In t he case of this COVID·l 9 pandemic, which has accentuated the problems of small 
and medium -sized agriculture. 

Another point that is present iS tl\e concept of circular economy, which is essential for a gr(!ener future (Ellen 
MacAI'thur Foundation. n.d). 1t is ba.std on an idea of reduCtion. reuse. recovet'y and reCytl ing of m.atetiats and 
enetgy. Through the solution proposed rn t his paper. lt rs possible to offet a cycle fot produoeers that wa$ once 
non-existent ot mitlde In a more difficult way.lf we make available the farmer's ptoducts to general population, 
we tend to reduce the waste, reusing something that previously w a.sn't reused. 

In case farmers start to observe their waste decreasing, abandoned fiekts can be reused , promoting t heir 
exploration by these farmers that now can sett more. This can also bring indirect advantages, such as reducing 

the probability of forest fi res Sil"'(e these fields are now treated and monitored. 

4.1 Future work 

To future work... the main priority is to be able to build a plototype that is possible to install in a more realistic 
scenar"tO. so. in sum mary form, despi te the great potential presented. this solution st ill has a long way to go. 
Thus, the fonowin.g points were left for future work: 

Study a pOSSibi l ity to reduce the Architecture complexi ty. 

Understand the real impact of controlling the food waste that this solution provides to producers. 

Present a study on the acceptance of this solution in t he target regions. 
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