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Abstract. One of the ways to improve the efficiency of agro-industrial complex in the context of
digital transformation is creation of single digital ecosystem, which implies coordination and inte-
gration of participants and results of scientific research in a single information environment.
Objective - modern digital natural biological ecosystems are considered, oriented towards the use
of innovative technologies in agriculture, increasing production volumes, and ensuring food secu-
rity of the country. Methods - a review of scientific publications on a new model - digital biosphere
as a fundamental element of digital economy; calculation of the effectiveness of the use of hydro-
ponic units in agricultural sector and results of experimental work on growing tomatoes and let-
tuce; collection and analysis of quantitative data on the state and trends in the expansion of farm
outlets. Results - the authors analyzed statistical data on the current state of city farm market in the
world. It is noted that the most promising direction in the republic is distribution of hydroponic
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devices for growing microgreens, indicators of its yield are presented, the advantages of hydro-
ponics compared to traditional practice are shown. The profitability of producing drinks from micro-
greens and tarragon, cultivated in agueous solution of nutrients, is determined. Conclusions -
within the framework of the project, specialized experimental hydroponic installation was created
to test the processes of cultivating tomato seedlings and lettuce. From the position of the authors,
comprehensive digital modernization of agro-industrial complex will reduce costs of implementing
digital transformation programs with significant economic effect, facilitate exchange of data and
resources between farmers, suppliers, processors and retailers, increase productivity, reduce
pro-duction costs, peasant (farming) households will gain broad access to domestic and foreign
sales markets.

AHpatna. CaHpblKk TpaHcdopmauusa xarganbiHga AOK TtuimainiriH apTTbipy TocinpepiHiH Oipi
KaTbICywWwbinapabl XaHe FbINbIMA 3epTTeyriepAiH HaTwkenepiH OipblHFaM akKnapatTbiK opTaga
yunecTipyai xoHe wuHTerpauusanayabl Ke3geuTiH BipbiHFal caHAbIK 3KOXYWeHi Kypy OGonbin
Tabbinagbl. Makcamsl - aybin wapyawbinbifbiHAA MHHOBaUUASbIK TeXHONorusnapabl namgana-
Hyfa, OHIM eHAipy kKenemiH ynfanTyfa, enpiH asblK-TYNiK KayincisgiriH kamTamacbi3 eTyre
GarpapnaHfaH Kasipri 3aMmaHfbl caHAblK TabuFn GuonoruanbIkK 3KkoXxynenep kapangbl. 8dicmepi -
XaHa mogenb - undcpnbiKk 6Moccepa caHAbIK 3KOHOMUKaHbIH ipreni anemeHTi peTiHAeri FbINbIMU
XapusinaHbiMAapfa LWONy; arpapifibl ceKtopAa rMApOoNoOHUKanNbIK KOHAbIPFbINapAbl KonpaHy
THiMAiniriH ecenTtey XaHe Kbl3aHaK MeH canaT ecipy OGoMblHIWIA TaXipubenik XymbicTapAblH
HaTWXernepiH; Wapya KoXXanbIKTapbIHbIH cayAa HyKTenepiH KeHenTy XafAaubl MeH TeHAeHUusanapbl
Typanbl caHAbIK ManiMeTTepAi XXuHay oaHe Tangay. Hamuxenepi - aBTopnap anempaeri Kananblk
chepmMa HapbifblHbIH afbiMAarbl Kafpavbl Typanbl CTaTAUCTUKanNbIK Aepektepai Tanaagbl.
Pecnyb6nukapa eH nepcnekTuBanbl 6afbIT MMKpOXacblyl ecipyre apHanfaH rMaponoHUKanbIK
Kypbifbinapabl TapaTy eKeHi atan eTinin, oHbIH, @HiMAINIriHiH kepceTKiwTepi YCbIHbINbIN, BACTYPNI
ToXipubeMeH canbiCTbIpFaHA4a rMOPONOHUKaHbIH apTbhIKWbINbIKTapbl KepceTinreH. KopekTik
3aTtTapAblH Cynbl epiTiHAiciHAEe ecipinreH MUKpPOXachbin XXaHe 3CTParoHHaH CycbliHAAp eHAipyaiH
peHTabenbainiri aHbikTanabl. KopbimbIHObI - X006a asicbiHAA Kbi3aHaK MeH XanblpakK canaTbiHbIH
KeleTTepiH ecipy npouecTepiH CbiHay YWiH MaMaHOaHAbIPbINFAaH 3KCNEePUMEHTTIK rMaponoHu-
KanblKk KOHAbIPFblI KypbinAabl. ABTOpnapAblH Ke3Kapacbl OOMbIHLWIA arpoeHepKacinTik KewleHAi
KelweHAi caHAblK XaHFbIPTY avWTapribikTah 3KOHOMMUKarbIK acepi 6ap caHAblK TpaHcdopmauus
GarpapnamanapblH OpblHAAyFa apHanfaH WbiFbIHAapAbl KbICKapTyFa MYMKIHAIK Oepegai,
cdepmepnep, xeTkidywinep, Kauta eHaeylwinep xaHe Oernwek cayaa apacbiHOoa AepeKkTep MeH
pecypctapMeH anmacyabl XeHinpgeteadi, OHIMAINIKTI apTTbipaabl, OHAIPICTIK wWbIFbIHAAPAbI
asanTtagbl, wapya (chepmep) KoxanbiKTapbl OTaHAbIK XX9HE CbIPTKbl ©TKi3y HapblKTapblHa KeH
KormkeTimMAinikke ne oonagbl.

AHHOTaumsA. OgHUM U3 cnoco60B noBbIweHUsA 3 cekTnBHOCTU AlK B ycnoBusix uncpoBom TpaHc-
c¢hopmaumm BbICTynaeT co3gaHme eauHON LM poBOM 3KOCUCTEMbI, NoApa3yMeBaroLen KoopauHa-
LU0 M MHTErpaumio y4aCTHUKOB U pe3yribTaTOB Hay4YHbIX UCCNIeA0BaHUM B €4UHON MHPOPMaLMOH-
Hou cpepe. Llennb — paccMOTpeHbl COBpeMeHHbIe LudpoBbIie NPUPOAHbIe BUuonornyeckme 3Kocu-
CTeMbl, OPUEHTUPOBAHHbIE UCNOSIb3OBaHUE MHHOBALMOHHbIX TEXHONOIMMIN B CeNIbCKOM XO35UCTBE,
HapalwuBaHMe 06bEeMOB NpousBoACTBa NpoayKuum, obecnevyeHne NpoAoBoONIbLCTBEHHON Ge3onac-
HOCTU cTpaHbl. MemoOdhb! - 0630p Hay4HbIX Ny6nuKaLuin o HoBon Mmoaenu — undpoBon 6uocdepsbl
KaK (pyHAaMeHTanbHOro afieMeHTa LM poBON IKOHOMUKU; pacyeT pe3ysibTaTUBHOCTU NPUMeHeHuUs
rMApPONOHHbIX arperaToB B arpapHOM CEKTOpe U UTOrM 3KCNnepuMeHTanbHbIX paboT no BbipawmBa-
HUIO TOMATOB M canarta-naTtyka; coop U aHanu3 Kofim4ecTBeHHbIX AaHHbIX O COCTOSIHUU U TEHOEH-
UMAX paclumpeHns dpepmMepcKnx TOProBbIX ToYeK. Pe3ynibmamabi — aBTOpaMu NpoaHanM3nupoBaHbl
CTaTUCTNYECKME AaHHble COBPEMEHHOro COCTOSAAHUA pbiHKa cuTu chepm B mupe. OTmevaeTtcs, YTo
Hanboriee NepcnekTUBHbLIM HanpaBfieHMEM B pecnyosiuke CTaHOBUTCA pacnpocTpaHeHue rugpo-
NMOHHbIX YCTPOWUCTB AJisl BbIpalWMBaHUA MUKpPO3esieHU, NpeacTaBfieHbl NOKa3aTenu ee ypoXXamHo-
CTH, NOKa3aHbl NpeMMyLLecTBa rmapoONOHUKU MO CPaBHEHUIO C TPAAULIMOHHOM NpaKkTuKkon. Onpepe-
NeHa peHTabenbHOCTb NU3roTOBNEHNUA HAaNUTKOB U3 MUKPO3eJIeHU U TapXyHa, KyJlbTUBMPOBAHHbIX
Ha BOOHOM pacTBope NuTaTesibHbIX BelecTB. Bbieodbl — B paMKax NpoeKTa co3aHa cneuuanusu-
pOBaHHas 3KcnepuMeHTanbHasA rMApPONOHHas ycTaHOBKa Ans anpobauun npoueccoB Bo3aernbiBa-
HUA paccaibl TOMaTa U nMcToBoro canara. C no3muumM aBTOpoB, KOMMNJIEKCHasA undpoBas Moaep-
HU3aUMsA arponpoMbILLNIEHHOro KOMMJieKkca No3BONIUT COKPaTUTb 3aTpaTbl HA BbINOJIHEHUE MpPO-
rpaMm undpoBon TpaHcoOpMaLUn Co 3HAYUTENbHbIM 3KOHOMUYECKUM 3chheKkToMm, obnerynT o6-
MeH AaHHbIMU U pecypcamm mexay hepmepamu, NocTaBLUMKaMK, NnepepaboTynkamm 1 po3HUYHOM TOp-
roBrier, yBesiM4mT NpomM3BOAUTENIbHOCTb, CHU3UT NPOU3BOACTBEHHbIE U3AEPXKKU, KpeCcTbsHCKMeE (dep-
MepCKMe) XO3NCTBa NosyyaT LUMPOKUIA JOCTYN K OTEYECTBEHHbIM U BHELUHUM pbIHKaM cObITa.
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Introduction

Today, with the current level of develop-
ment in the world, the population is increasing
significantly, which requires an increase in ag-
ricultural production, and therefore the search
for non-traditional farming methods, and it is
modern digital ecosystems that solve this prob-
lem. To do this, it is necessary to find ways to
improve the situation in order to provide our-
selves with food and develop the agricultural
sector. One of the most promising areas is the
use of modern digital ecosystems, which not
only increase the efficiency of agricultural pro-
duction, but also reduce the negative impact on
the environment.

Digital ecosystems for sustainable agricul-
tural production are an innovative and popular
area of agriculture, which is often used where
traditional agriculture is impossible or unprofit-
able. Digital ecosystems make it possible to
obtain comprehensive automation solutions:
from obtaining a good harvest in a smaller
area and controlling almost all processes: irri-
gation, temperature, air, light, water quality and
nutrients.

Itis important to note that the idea of digital
ecosystems has been explored for several dec-
ades, but is still relevant and in demand. Mod-
ern digital ecosystems have a positive impact
on the environment, as they require less en-
ergy, emit fewer pollutants, and do not require
heavy machinery, pesticides, or fertilizers.
Growing agricultural products using digital eco-
system technologies gives real control over the
resources needed by plants and makes their
growth and development predictable and
controllable.

Moreover, digital technologies themselves
can solve the problem of providing the world's
growing population with enough food. More im-
portantly, digital ecosystem data reduces agri-
cultural production costs compared to tradi-
tional agriculture by reducing the distance be-
tween seller and buyer — logistical costs
(Sasireka R., Tenzing D., Himanshu A. et al.)
[1]. It is worth noting that, despite the growing
popularity of organic farming and the use of

digital ecosystems in agriculture, these trends
have led to the development of turnkey enter-
prises or, in other words, "software" for farms
or urban farms.

In recent years, much attention has been
paid to the development of urban farms as an
important element of digital ecosystems. In
densely populated countries such as Singa-
pore, Japan, and China, farms using land-
based cultivation methods such as hydropo-
nics, aquaponics, and aeroponics are being
successfully introduced. These technologies
make it possible to produce new, environmen-
tally friendly food products in a limited area,
which makes them in demand and promising.

The purpose of this study is to assess the
current state and prospects for the develop-
ment of digital ecosystems to increase agricul-
tural production, as well as to assess the eco-
nomic efficiency of using hydroponics techno-
logy in Kazakhstan. The article examines the
main advantages of digital ecosystems, pro-
vides a comparative analysis of traditional and
new agricultural practices, and discusses po-
tential applications of these technologies to
transform the country's agricultural sector.

Literature Review

Modern digital ecosystems are aimed at
sustainable agricultural production and provi-
ding food to the population using modern tech-
nologies and production solutions, including
the use of vertical spaces (Avgoustaki D.D.,
Xydis G.) [2]. For example, Jacobides M.G.,
Cennamo C., Gawer A. in their research, they
note that digital ecosystems in agriculture rep-
resent the integration of modern information
technologies in order to increase the efficiency
and sustainability of the agro-industrial com-
plex, which includes: automation systems; ag-
ribusiness platforms; Big Data analysis; intelli-
gent agriculture; internet of Things (loT) in ag-
riculture (Maros K.; OECD. The Digitalisation of
Science...) [3, 4].

Urban farms are one of the examples of
successful use of modern digital ecosystems in
agriculture and the first structures appeared in
2012. Japan was one of the countries, which
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actively apply the practice the concept of urban
farms. A successful example of the implemen-
tation of urban farms can be seen in the exam-
ple of Mirai Shokuhin, which opened its first
commercial farm in 2004 in Kamakura, 50 kilo-
meters southwest of Tokyo. An impressive ex-
ample of the successful implementation of the
urban farm project is the activity of the Ameri-
can company "AeroFarms”, which organized
agricultural production on an area of 6 410
square meters in the building of a former steel
mill (Yukiya I.; Urban V.) [5, 6]. Urban farms are
part of the digital agricultural ecosystem and
use technology to create sustainable and effi-
cient food production systems.

Currently, a urban farm is a high-quality
greenhouse in which plants receive sufficient
light and daylight due to optimal health and
high temperatures provided by single-light LED
phytolamps, hydroponics or aeroponics tech-
nology, and conditions associated with air con-
ditioning systems (Juan G., Luis M., Jorge G.
etal) [7].

One of the most promising areas of urban
farms application in Kazakhstan is hydropo-
nics, in particular, in the field of growing micro-
greens, such as beetroot and tarragon micro-
greens. Due to their high nutritional value, com-
pact size, and rapid growth, these plants are
ideal for hydroponics (Aishvina S., Jyoti S.,
Sawinder K. et al.) [8]. Beetroot microgreens
contain many antioxidants such as betalains,
which have powerful anti-inflammatory and de-
toxifying effects. Tarragon is also rich in essen-
tial oils and flavonoids, which have antioxidant,
antimicrobial and immunomodulatory effects
(Treadwell D., Hochmuth R., Landrum L. et al.;
Saldinger S.S., Rodov V., Kenigsbuch D.
etal.) [9, 10].

Hydroponic technology makes it possible
to use beetroot and tarragon microflora to pro-
duce new functional foods, such as fortified
drinks. Beetroot juice is already known for its
hemostatic and detoxifying properties, and tar-
ragon extract can improve digestion, support

the immune system, and have a calming effect
on the nervous system (Sambo P., Carlo N.,
Giro A. et al.; Velazquez-Gonzalez R.S., Bar-
ceinas-Sanchez J.D.O., Garcia-Garcia A.L.
etal)[11, 12].

Materials and methods

The research was carried out with the fi-
nancial support of the Committee of Science of
the Ministry of Science and Higher Education
of the Republic of Kazakhstan within the frame-
work of the Scientific Research Foundation
BR24992852 on the topic "Development of in-
telligent models and methods of the Smart City
digital ecosystem for sustainable development
of the city and improving the quality of life
of citizens."

When writing the article, the following
methods were used:

- a review of literature and scientific arti-
cles on the complexity of digital ecosystems to
increase agricultural productivity. Special at-
tention was paid to approaches to sustainable
agricultural production, the use of modern tech-
nologies and digital ecosystems;

- calculation of the effectiveness of using
hydroponic systems in comparison with tradi-
tional agriculture;

- collection and analysis of quantitative
data on the current state and development
trends of the urban farm market;

- experimental studies of a hydroponic
plant for growing tomatoes and lettuce-lettuce.

These methods provided a scientific basis
for the results and made it possible to compare
the strength and effectiveness of the modern
digital ecosystem in agriculture.

Results

The use of digital technologies in agricul-
ture in Kazakhstan includes farm management
Information systems (FMIS), 10T monitoring
and urban farms. Table 1 provides an overview
of digital ecosystems and urban farming tech-
nologies, highlighting their key technological
features.

Table 1 - Comparison of digital ecosystems and urban farming technologies

Category Definition

Key features

ecosystems in | nologies to enhance effi-

Digital Integration of modern tech- | Robots and automated systems for crop production,
harvesting, and protection

agriculture
agriculture

ciency and sustainability of | Agribusiness platforms to connect farmers, retailers,
and consumers for service automation

Processes data to predict characteristics, optimize re-
sources, and support decisionmaking

Intelligent agriculture, including sensors, GPS, and data
analysis to optimize crops, fertilizers, and irrigation

loT in agriculture including devices collect data on saill,
weather, and plant health for quick response to changes
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Urban farms Agricultural spaces located
within cities and urban areas
where food and other agri-
cultural products are culti-
vated, processed, and dis-

tributed

Automation to regulates lighting, watering, temperature,
and humidity to optimize plant growth

IoT including sensors, collecting environmental and
plant data for higher yields

Al to handle big data sets to predict product perfor-
mance, optimize resources, and reduce costs

Note: made by the author based on sources (Maro$ K.; OECD. The Digitalization of Science...) [3, 4].

Urban farms often use groundless farming
methods such as aquaponics, hydroponics,
and aeroponics, which require only 10% of the
water used by traditional outdoor farms. These
technologies make it possible to process and/
or sell agricultural products regardless of the
climate of the region in which the farm is lo-
cated, providing fresh products without pesti-
cides and herbicides (figure 1). Today, it is pos-
sible to identify groundless farming methods in
urban farms for growing agricultural products:

* hydroponics - in such farms, plants are
grown in a mineral solution;

* aquaponics is a "fusion" of hydroponics
and aquaculture: the water used in aquaponic
systems consists of fish waste - it is rich in
nutrients and creates a natural environment
in which farmers do not need to use other
"chemicals”;

* container type - shipping containers in
which air and water monitoring sensors, LED
lamps, hydroponic or drip irrigation systems
are installed; growing units - demonstrate
examples of green mass in the last stages of
maturation (Avgoustaki D.D., Xydis G.) [2].
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Note: based on sources (Avgoustaki D.D., Xydis G.) [2]
Figure 1 — Soilless farming methods in vertical farming for growing crops in urban environments

These digital ecosystem technologies
often involve the use of advanced solutions
such as cameras, sensors, automated
systems, artificial intelligence, hydroponics,
aguaponics or aeroponics.

It should be noted that today the global ur-
ban farming market is estimated at 14.23 billion
US dollars in 2024 and is expected to reach
23.23 billion US dollars by 2029, with an aver-
age annual growth of 10.30% during 2024-
2029 (Projected vertical farming market...) [13].

The global urban farm market is undergoing
growth and significant growth is planned in the
near future. For example, in 2022, the urban
farms market amounted to 5.6 billion tenge and
in 2023 increased by 1.2 billion tenge.

It should be noted that by 2032, the urban
farms market will grow to 35.3 billion tenge with
the largest share of the urban farms market is
in North America - 40%, followed by Europe —
30%, the Asia-Pacific region — 24% and the
smallest market share is occupied by the
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Middle East and Africa — 2%. As a result, the
urban farm market is growing in the world,
since at the present stage of development, in
conditions of limited resources, these systems
are becoming particularly relevant and
important.

According to the US Department of Agri-
culture, farmers in America have voluntarily ex-
cluded land from crop production due to poor
growing conditions or limited water supplies for
irrigation. At the same time, a decrease in yield
levels will significantly affect farmers' profits, as
today there is an active increase in demand for
organic and environmentally friendly products.
It is worth noting that today there is a gradual
decrease in acreage, and forest pastures are
rapidly declining. For example, according to a
report by the US Department of Agriculture, ag-
ricultural land is declining every year: in 2017 it
was 364.36 million hectares, and in 2021 it de-
creased to 362.31 million hectares.

In the case of China, according to the
FAO, the area of agricultural land between
2017 and 2020 did not increase, but decreased
slightly and amounted to 119.47 million hecta-
res. Demographic growth in China has also led
to an increase in demand for food, which en-
courages farmers to adopt more rational far-
ming methods — modern digital ecosystems, for
example, in the form of urban farms. Thanks to
new technologies, farmers are getting higher
yields using fewer resources and involving
greater use of technology and automation to
improve land use, is an example of solutions to
improve future food production (Farming Mar-
ket Size and Share Analysis...) [14].

Urban farming has become an important
agricultural technology in Sweden, with mul-
tiple startups developing urban and indoor
farming solutions. Urban Oasis operates Swe-
den’s first commercial urban farm, located in
underground caves in Stockholm, where vege-
tables are grown using LED lights and hydro-
ponic systems. Gronska has developed urban
farming technology and inaugurated one of
Europe's largest vertical farms on the outskirts
of Stockholm in 2018. In early 2019, lkea set
up two container farms near its stores in Hel-
singborg and Malmd, Sweden, to cultivate
lettuce for its restaurants (Butturini M., Mar-
celis L.F.M.) [15]. Greenfood in collaboration
with Agtira to develop urban farming systems
at ten strategic locations across Sweden, with
the aim of providing sustainable, locally grown
food all year round. SweGreen has developed
urban farms inside supermarkets, using hydro-
ponic methods to grow up to 100 different crop
species. In such way, they can produce the

equivalent of food from 3 hectares of agri-
cultural land.

In Sweden, where 70% of fresh fruit and
vegetables are imported, hydroponic farming
might offer several benefits in term of higher
crop yields, reduced water consumption, and
year-round production capabilities (Gentry M.)
[16]. The study found that urban farming can
significantly reduce CO2 emissions (by appro-
ximately 44%) compared to conventional mi-
xed salad bag production, but it may have
higher environmental impacts in other catego-
ries, particularly resource use, with the farm's
location playing a crucial role in its overall sus-
tainability due to factors like electricity mix and
transportation distances (Stanghellini C., Kat-
zin D.) [17]. However, it also faces challenges,
primarily related to high energy costs for ligh-
ting, heating, and cooling, which can make it
less sustainable than traditional farming me-
thods in some aspects. Additionally, Swedish
consumers, however, perceived urban farmed
lettuce as less natural and were less inclined to
purchase it compared to other options.

Aquaponics is another emerging food pro-
duction technology gaining attention in Sweden
as a sustainable method for cultivating aquatic
animals and plants. This innovative system
combines aquaculture (fish farming) with hy-
droponics (soilless plant cultivation) in a sym-
biotic environment. This might offer attractive
solutions to food security issues and environ-
mental concerns.

Currently, the development of modern di-
gital ecosystems in Kazakhstan plays an im-
portant role in the transformation of the agro-
industrial sector, in particular agriculture. For
example, the use of hydroponics makes it pos-
sible to efficiently grow more than 250 plant
species. This technology significantly speeds
up the production process: companies enga-
ged in hydroponics can successfully reduce the
time of growing crops, which in traditional agri-
culture takes about 30 days.

Moreover, the use of digital ecosystems,
such as hydroponic installations, can signifi-
cantly reduce resource consumption. In these
systems, plants receive the necessary nutri-
ents and water. Being part of digital ecosys-
tems, the company's network provides environ-
mental benefits, for example, 50% less fertiliz-
ers are required, and the use of pesticides,
herbicides and fungicides can be completely
eliminated, making production more environ-
mentally friendly.

The entire control system of hydroponic in-
stallations is automated and is carried out re-
motely using computer technology. Atrtificial in-
telligence embedded in these digital ecosys-
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tems collects data to analyze crop conditions,
predict yield levels, and develop risk mitigation
strategies. These new processes contribute
not only to an increase in production capacity,
but also to the sustainable development of Ka-
zakhstan's agro-industrial complex.

As part of the ongoing research on the pro-
ject, the authors calculated the profitability of
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G000000000000000000000000000000
growing microgreens year-round in a hydro-
ponic installation compared to traditional agri-
culture. It is worth noting that microgreens are
now popular in large cities and are a highly val-
uable product that can be profitably grown in
city conditions (table 2). It should also be borne
in mind that calculations are focused on year-

round production of microgreens.

Table 2 - Profitability of growing microgreens year-round in a hydroponic installation compared to

traditional agriculture

Hydroponic plant for the production of micro-
greens** (100 m?):

Traditional agriculture™ (1 ha or 10 000 m?)

Initial data

- Yield: 1 kg of microgreens per 1 m? per week

- Total yield for the year: 100 m? x 1 kg/m? x 52
weeks =5 200 kg

- Selling price: 3 000 tenge per kg

(microgreens are sold at a higher price)

- Productivity: 1.5 tons (1 500 kg) of microgreens
per year (for example, basil, arugula)
- Selling price: 2 500 tenge per kg

(regular price of microgreens)

Estimated cap

ital investment

30 000 000 tenge:
for 100 m?, including equipment, lighting and con-
trol systems

10 000 000 tenge per 1 ha:
cost of land rent, seeds, equipment

Operating costs

- Electricity and lighting: 1 000 000 tenge per year
- Water and fertilizers: 200 000 tenge per year

- Staff: 1 200 000 tenge per year (one full-time per-
son)

- Equipment maintenance: 300 000 tenge per year
Total operating costs: 2 700 000 tenge per year

- Fuel and equipment: 500 000 tenge per year

- Water and fertilizers: 250 000 tenge per year

- Salary: 1 000 000 tenge per year (per season)

- Equipment maintenance: 200 000 tenge per year

Total operating costs: 1 950 000 tenge per year

Calculation of profit

- Annual revenue:

5200 kg x 3 000 tenge = 15 600 000 tenge

- Annual operating cost: 2 700 000 tenge

- Net profit: 15 600 000 — 2 700 000 = 12 900 000
tenge

- Payback of capital expenditures: 30 000 000 +
12 900 000 = 2 years

- Annual revenue:

1 500 kg x 2 500 tenge = 3 750 000 tenge

- Annual operating costs: 1 950 000 tenge

- Net profit: 3 750 000 — 1 950 000 = 1 800 000
tenge

Payback period of capital
10 000 000 + 1 800 000 = 6 years

expenditures:

Note: calculated by the authors

Thus, the hydroponic installation provides
a profit of 12 900 000 tenge per year with a high
selling price and year-round production of mi-
crogreens. The payback period for capital ex-
penditures is about 2 years. And the year-
round production of microgreens in traditional
agriculture provides a profit of 1 800 000 tenge
per year and a payback on capital expenditures
for much longer, about 6 years. As a result, itis
worth noting that in the conditions of a year-
round production process, using the example
of microgreening, a hydroponic plant for the
production of microgreening shows higher prof-
itability and a short payback period compared
to traditional agriculture. This makes modern
digital ecosystems an attractive business for
the population, given the increasing demand
for healthy food and organic products.
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It is worth noting that in the conditions of a
year-round production process, using the ex-
ample of the production of microgreens by
means of hydroponics, higher profitability and
a short payback period are shown compared to
traditional agriculture. It is worth noting that the
production of functional beverages through hy-
droponic plants has great potential for develop-
ment in Kazakhstan. The use of this technology
makes it possible to reduce costs, improve the
environment and meet the growing demand for
natural and functional products.

To calculate the efficiency of producing
beverages based on microgreens and tarragon
using hydroponics, we take into account the
market price of natural tarragon, which is $7.18
per liter. Table 3 shows the efficiency of the
production of beverages based on microgreens

and tarragon in hydroponic plants.
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Table 3 - Efficiency of production of beverages based on microgreens and tarragon

Basic data and parameters | Data

Initial data

gon on a vertical farm

yields of microgreens and tarra- | 2.5 kg/m 2 per month

production costs per 1 m?

$60 per month (29 265 tons)

ragon) in restaurants

the market value of the drink (tar- | $7.18 per liter

is the output of the drink

1 kg of microgreens / tarragon gives 5 liters of ready-made drink

Calculation of income and expenses

Income from the production of tar- | the volume of beverage production will be:

2.5 kg per 1 m?

ragon drink, based on a yield of | 2.5 kg=5L/kg=12.5 liters of beverage per 1 m2 per month

production costs
will be:

the income from 1 m? of city farm at the market price of tarragon

profitability = (Income-costs) /
costs x 100%

12.5 liters=7.18 USD/liter=89.75 USD per month

Note: calculated by the authors

It is also worth noting that the process of
integrating the cultivation of basic crops in hyd-
roponic plants is fraught with certain difficulties,
but significant progress is expected in the co-
ming years. Although the timing may vary de-
pending on achievements in scientific research
and investments. All of the above advantages
are one of the main factors in the development
of modern digital ecosystems. However, it
should also be noted that the sustainable de-
velopment of this agricultural sector is influ-
enced by global population growth.

Discussions

Modern digital innovations in agriculture
are a very innovative and promising area for
sustainable rural development. The main focus
is on the application of technologies such as
hydroponics, aquaponics and aeroponics,
which can increase production, reduce re-
source consumption and mitigate negative en-
vironmental impacts.

The use of hydroponics has great eco-
nomic potential, especially for the year-round
production of microgreens. The article provides
mathematical calculations showing that hydro-
ponic systems provide a significantly shorter
payback period (about 2 years) compared to
traditional agriculture. This makes the technol-
ogy attractive to entrepreneurs, especially
given the growing demand for environmentally
friendly products.

Another important factor is the possibility
of optimizing the production process using dig-
ital technologies. For example, automation, loT
sensors, and artificial intelligence allow you to
monitor product status, predict performance,
and develop risk mitigation strategies. This not
only increases efficiency, but also reduces pro-
duction costs.

This article also highlights Kazakhstan's
potential in creating a digital ecosystem. The
introduction of such technologies will help meet
the country's demand for agricultural products
and at the same time strengthen its position in
the global market. Hydroponics and vertical
farming can play a key role in these changes,
enabling production even in resource-poor and
hard-to-reach areas.

The discussion also touched upon the en-
vironmental benefits of the technology. By re-
ducing the use of pesticides, reducing air pol-
lution, and saving water, digital ecosystems are
becoming more resilient.

Thus, digital ecosystems are not only a so-
lution for improving food security, but also a
tool for transforming the agricultural sector into
an environmentally and economically sustaina-
ble industry. The development of such technol-
ogies can be a key factor in achieving global
development goals in the future.

Conclusion

1. In general, modern digital ecosystems
represent a promising area that attracts atten-
tion funds both in agriculture and in business.
At the current stage of development, the devel-
opment and optimization of hydroponic instal-
lations within the framework of the develop-
ment of digital ecosystems is aimed at improv-
ing agricultural production.

2. Modern digital technologies are opening
up new horizons for agriculture and combining
sustainable development with innovative tech-
nologies. The main advantages are reducing
the environmental impact and optimizing the
use of resources, which makes them important
in the context of human development. Exam-
ples of the use of hydroponic systems show
high profits and short payback periods, espe-
cially in the production of functional drinks.
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3. Digital ecosystems will change the
world of agriculture in the future, as they have
serious advantages: the most important ad-
vantage is to reduce the harm and impact of
production on the environment while presser-
ving huge areas for other purposes. Digital
ecosystems in the form of urban farms and
hydroponic installations solve two main prob-
lems: the difficulty of supplying remote areas
with agricultural products and maintaining high-
quality food with fewer pesticides and special
fertilizers.

4. It is important to note that agricultural
products produced as a result of hydroponic
plants are in no way inferior to food products
produced in traditional agriculture, and even
better. Hydroponic installations have a number
of advantages, including an increase in the
number of crops grown, year-round production
of agricultural products and the possibility of
use in urban environments. Due to technologi-
cal progress, demand is growing and the vo-
lume of the urban farm market is increasing. As
the market develops significantly, this agricul-
tural sector becomes profitable for companies,
especially in densely populated urban areas.

5. The use of such technologies can solve
many problems, including the shortage of agri-
cultural land, limited resources and the need to
produce environmentally friendly products. Ka-
zakhstan has great opportunities to develop a
digital ecosystem that will not only meet na-
tional needs, but also strengthen its position in
the global market. Further development of
these technologies will contribute to the trans-
formation of the agro-industrial complex in the
future, increasing its competitiveness and
sustainability.
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