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OLIITHKA EKOHOMIYHOI AOLJIABHOCTI PO3BUTKY BITUM3HSIHOT MEPEXKI
CYIIYTHUKOBOTO 3B'13KY HA BA3I STARLINK

As aresult of the massive rocket attacks by Ukraine, which Russia has once again carried out, as
well as the associated energy cuts in the country’'s scale, virtually all the country’s localities are
currently experiencing problems with the Internet. In many locations, the infrastructure has been
destroyed as a result of fighting. The outlined situation is creating significant problems in the
economy, considering that by the time of military actions in the country there was a large and
constantly increased Internet sector, rather than developed electronic business and electronic
commerce. In addition, a system-wide multi-level structure was functioning, with a stable relationship
between economic entities through the Internet. Starling terminals are currently helping to restore
and maintain communications for business entities in some regions. Therefore, the research is
oriented on the estimation of economic expediency of the development of a domestic satellite
communication network on the base of terminals Starlink. The authors drew attention that taking
into account the newest character of the project Starling Ukraine, there is a question as to the
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substantiation, expediency of acquisition and operation of Starlink terminals using indicators of
efficiency of investment projects, among which are: net current value, index of profitability, internal
rate of return, payback period. The approach to the estimation of economic expediency of
development of domestic satellite network based on Starlink has a formula taking into account the
distribution of efficiency indicators of investment projects on the available types of satellite Internet
networks from Starlink. Detailed indicators are reasonable in terms of: Networks of small terminals;
Business terminals networks; networks of mobile terminals RV and Maritime. Comparing the
effectiveness of Starlink terminals with the available network types, itis obvious that the most active
development of network of Business terminal Starlink can be predicted as it provides the greatest
profit for the shortest payback period.

Yepes macoBaHi pakeTHi o6cTpinn Ykpainun, ski Pocis BkoTpe 3gilicHuna, noB's3aHuMm 3 LM
BiAKJIIOYEHHSIMU eNIeKTPoeHeprii B MacLwuTabi kpaiHn, NpakTUYHO y BCiX HacesieHNX NyHKTax KpaiHu
Hapaa3si cnocTtepiraioTbcs nepe6oi 3 InTepuerom. 3a gqaHnmm NetBlocks, y 3B 93Ky 3 OKpec/1eHUMU
dakTopamu imwe y nucronagi 2022 p. tpagik no Bcivi kpaiHi Bnae go 35% Big nonepegHboOro piBHs.
Y 6araTtbox HacesieHux NyHKTax Teneq@oHHi niHii, kabesi Ta 6e34pOTOBI 3'€AHAHHS ANA NiQK/IIOYEHHS
KOMM'I0TepiB Ta iHLWINX NPUCTPOIB A0 BCeCBITHbOI Mepexi 3pyiiHoBaHi BHacnigok 6orioBux givi. Ok-
pecseHe cTaHoBuLYe popMye 3HaYHIi NPobs1eMu B eKOHOMILi, BDaxOoBYIOYMN, LLIO O MOMEHTY BiliCbKO-
BUX giii y KkpaiHi 6yB Bes iKW i NOCTilHO 306iNnbLuyBaHNI IHTEPHET-CeKTop, 4OCUTb PO3BUHEHNI eslek-
TPOHHWMIi Gi3HecC Ta enekTpPoHHa komepuis. Kpim Toro, ¢pyHkUyioHyBasna cncTeMHO opraHiaoBaHa 3a-
cobamu IHTepHeTy 6araTopiBHeBa CTPyKTypa, 3i cTaiumMn B3a€eMOBigHOCUHAMN €KOHOMIYHUX
cy6’ekTiB. Hapasi BigHoBUTH 260 nigTpMaTy 3B '930K 4J151 Cy0 €KTiB eKOHOMIYHOT AianbHOCTI y Aes-
Kux perioHax gonomMmaraiots TepmMiHanu Starlink. B YkpaiHi komepuiiiHi TepmiHanun Starlink noyann
3'aBnaruca 3 2020 p. BigTak gocnigxeHHs 30pieHTOBaHe Ha OLiHKY eKOHOMIYHOT AOoLiJIbHOCTi po3-
BUTKY BiTYN3HSIHOT MepeXXi CyrnyTHUKOBOIo 3B'a3Ky Ha 6a3i TepmiHanis Starlink. 3sepHeHo yBary, o
BPaxoBYIO4YM HOBITHIVi xapakTep "Starlink YkpaiHa", nocTae nuTaHHs, wo[o0 o6rpyHTyBaHHS AOUilb-
HocCTi npuab6aHHs i excrislyaTauyii Tepminanis Starlink 3a nokaaHnkamuv epekTMBHOCTI iHBeCcTULIHNX
NpPOEKTIB, cepen ssIKNX: YACTa NOoTO4YHa BapTiCTh, iHAEKC peHTabesIbHOCTi, BHYTPILUHSA HOpMa Aoxia-
HOCTI, TepMiH oKynHocTi. [Miaxin A0 oLuiHKN eKOHOMIYHOT AOLUIIbHOCTi PO3BUTKY BiTYUN3HSAHOI MepeXXi
CynyTHUKOBOIo 3B 13Ky Ha 6a3i Starlink mae ¢popmyBaTncs 3 ypaxyBaHHSIM po3noAginy nokasHUKIB
eeKTUBHOCTI iHBEeCTULiIHNX NMPOEKTIB 3a TUNamMun Mmepexx cynyTtHukoBoro IHTtepHerty. Aetanisauis
noka3HuKIB AOLi/IbHa y pO3pi3i: MepeXx HeBeJINKUX TepMiHasiB; Mepex Business repmiHanis; mepex
MoO6inbHNX Tepminanie RV ta Maritime. lNMopiBHiooun egpekTnBHicTb Starlink 3a Tunammn Mmepex MoXx-
Ha crnporHo3yBaTun HanbinbL aKkTUBHWNI pO3BUTOK Mepexxi Business Starlink, ockinbkun BoHa 3a6e3-
neyye HabinbLNA NPNOYTOK 3a HAMEHLLIOro TepMiHy oKynHocTi. JoaaTkoBo nigBuLLye eKOHOMIYHY
AouinbHicTb pO3BUTKY MepeXi Business npuaartHicTs ii TepMiHaniB 40 BigHOB/I€HHSI NOBHICTIO 3HU-
LeHnX MepeXx MicLeBoro nposaiigepa.

Key words: Starlink terminals; satellite communication, efficiency of investment projects, networks.
KnrouoGi cnoBa: mepminaau Starlink, cynymuuxoBul 38'53ky, egbekmuBHicmeb iHBecmuyiiHuX npoexkmiB, Mepexc.

PROBLEM SETTING (DESCRIPTION has been destroyed as a result of fighting. According to
OF THE PROBLEM BEING ANALYZED NetBlocks in November 2022 traffic across the country
IN GENERAL AND ITS CONNECTION fell to 35% of the previous level [5]. Thus, the biggest
WITHIMPORTANT ACADEMIC problem with Internet access is in the Poltava region, where
OR PRACTICAL TASKS) traffic is only 7% of the usual level. In addition, the difficult

As aresult of the massive rocket attacks by Ukraine, situation is observed in Cherkasy and Mykolaiv oblasts
which Russia has once again carried out, as well as the (8%), Odesa (12%), Zhytomyr (13%), and other oblasts
associated energy cuts in the country's scale, virtually all [5]. The outlined situation is creating significant problems
the country's localities are currently experiencing problems in the economy, considering that by the time of military
with the Internet. In many settlements, the infrastructure actions in the country there was a large and constantly
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entities in some regions. Starlink project
development began in 2015, and the
prototypes were launched in orbit in

o 2018. In Ukraine, Starlink commercial
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Figure 1. Advantages of Starlink satellite communication

from Starlink SpaceX
Source: [3; 4].
increased Internet sector, rather than developed electronic
business and electronic commerce [3; 6]. In addition, a
system-wide multi-level structure was functioning, with a
stable relationship between economic entities through the
Internet Starlink terminals (which operate based on
Starlink satellite communication complexes) are helping
to restore and maintain communication for economic

adverse weather conditions can
\ prevent operation

\ /
S \disadvantagesof Starlink’
[ the cost of services is quite | 15advantagesol Stari

high for many ukrainians*

I communication

Starlink speed in Ukraine is
lower than in other European
countries due to lack of its own
ground station.

Figure 2. Disadvantages of Starlink SpaceX satellite communication

Note:

It is known that the price will not decrease even when more satellites appear on the orbit

Source: [3]

the enemy intelligence can
determine the location of
the terminals during their

assess the economic feasibility of the

development of the domestic satellite

“ communication network based on
different types of terminals Starlink.

THE PAPER'S MAIN BODY
WITH FULL REASONING OF
ACADEMIC RESULTS

Within the framework of this study,
it's stated that as of the end of 2022, due
tolarge-scale power cuts, the number of
Starlink users has increased in Ukraine.
This is due to the number of advantages of Starlink satellite
communication and Starlink equipment (Figure 1), which,
among other things, does not require a lot of electricity,
therefore it operates from a generator, and solar batteries
[4]. Starlink terminal network works in regions where the
connection is unreliable or not available, which is especially
important for economic entities involved in electronic
business and electronic commer-
ce.

However, due to the short-
comings of the outlined con-
nection (Fig.2), among which the
cost of services (which is quite
high for many Ukrainians) is
currently active only the develop-
ment of Starlink multi— user
terminals, which provide access to
the Internet where it is technically
difficult orimpossible. This is due
to the fact that unlike other sate-
llite.

For example, Starlink Ukraine
registered in Ukraine on April 27,
but at the moment 1000 terminals
have already been operating on
our territory [3; 4; 5]. The com-
pany obtained the license of the
operator in early June 2022, As of
the beginning of 2020 up to 300
Starlink terminals were operating
in Ukraine, at the beginning of
2021 — 1000, andin 2022 — 23000.
The Ministry of Information and
State Special Communication is
handing over terminals primarily

work.
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Figure 3. The structure of commercial terminals operating in Ukraine at the end of 2022

Source: Starlink SpaceX.

to military personnel, as well as to hospitals, enterprises
of critical infrastructure, schools, fire units, state
institutions, and volunteers. However, out of 23000
operating terminals, 55% have a commercial purpose.
Internet provider Starlink differs in the presence of its
satellite network.

Taking into account the newest character of the
Starlink Ukraine project, there is a question as to the
substantiation, expediency of commissioning and
operation of Starlink terminals using indicators of
efficiency of investment projects, including: net current
value (NPV), index of profitability (PI), internal rate of
return (IRR), payback period (DRP) [1; 2]. The expediency
of such approach to the estimation of economic expediency
of development of domestic satellite network based on
Starling is that such operations are also designed and
directed on achievement of economic result on available
types of satellite Internet networks from Starlink, namely
in the following way:

— Networks of small terminals (35% of the total
number of commercial terminals operating in Ukraine);

— Business terminals networks (39% of the total
number of commercial terminals operating in Ukraine);

— Networks of mobile terminals RV and Maritime
(26% of the total number of commercial terminals
operatingin Ukraine).

Table 1. The basic conditions for assessing the economic feasibility
of the domestic network of Starlink small terminals

The structure of commercial terminals operating in
Ukraine at the end of 2022 is shown in Fig. 3.

For small ones include such terminals Starlink, which
can support simultaneous work of up to 6 users with a
speed of the Internet from 50 to 150 Mbit/s with a
possible delay of the signal from 20 to 40 milliseconds.
These terminals are oriented on satellite Internet package
cost $110 per month and 5-year operation of special
equipment cost $599. The connection package includes
a terminal (antenna), a Wi-Fi router, and a cable with a
length of 30 meters. Currently, 4428 such terminals have
been operating in Ukraine. According to the available
project data according to the conditions of Ukraine as
of 2022, the annual throughput of the terminal is 6000
users, with the calculation of the terminal capacity for
the next years it will not change. Therefore, the basic
conditions for assessing the economic feasibility of the
domestic network of Starlink small terminals are given in
Table 1.

According to the basic conditions of operation of a
small interval, it is obvious that NVP and Pl on the project
of operation of small terminals Starlink > 0, and IRR project
< NVP, therefore the project is expedient. Given that
capital investments are equal to $4783.222, they will be
covered by the final results after 3 years of 311 days of
operation.

Therefore, 4428 small terminals
operating in Ukraine can generate
$4,19 million of annual profit. This

=l = Discounting investments Discounting income amo'u'nt IS S|gmflca'nt' HOWG'VGI’, the

gl 2| 2 in the project to the project, $ additional economic expediency of
N g 8 o . ' ' the commissioning and operation of
o B| 2 &| g3 |discounting | ows discounting | o 1 2 e | & .. | Starlink small terminals may affect
SElzg| 28 factor factor z | = é % | that since August 24 Ukraine has
0 500 |- _ 1 0 N received a special subscription fee
1 1320 [1820 [1 599 0.8496 1546.304 Z| § | of $60 per month and $385 for a
2 1320 [1820 [0.9091 1200 0.7219 1313.767 = | package of special equipment. At
a0 ioo0 [orst—fomas oot T & 5| §| § | (e same time itis not possible to
5 [1320 |1820 [0.683 901.578 04427 __|805.729 7 2| 2 5 | accurately calculate the effecti-
CFP/ CF 4783220 |- 5730 344 S| =| 5| o | veness of such projects, since the
Note: preferential price will be valid for

* Discount rate for the project is 10%, average annual inflation (expectations) is 7%.

Source: Starlink SpaceX.

the next revision of the tariff po-
licy.
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For large, such Starlink ter- Table 2. The basic
minals are capable of supporting

simultaneous work of up to 30 users

conditions for the assessment of the economic

feasibility of development of domestic network of Business Starlink

terminals

with Internet speed from 150 to
. . . -

500 Mblt/s’, (Business t,ermmals)’ gl £, E Discounting investments | Discounting income to the
These terminals are oriented on Sl gy s in the project project, $
satellite Internet package cost |5 2| 22| & o » -
$500 and 5-level operation of | 22| § & Eg discountin discountin ] S R Y

. . S gl 22 22 &l outflows €| inflows 2l =] 2| %
special equipment cost $2500. The | > 5| 55| & & factor factor Z|E| & A
connection package includes a [0 2588 oo = 1

. -1 0 90 1 25 0.8496 28802.039
terminal (powerful antenna), a Wi-
Fi t (po da30 t )’ bl 2 6000 ]33900 0.9091 5454.545 0.7219 24470.721

I router, and a JU-meter cable. 316500 33900 | 0.8264 4958678 [0.6133 20790.75 | en sl I

Currently, 4933 such terminals [4 [6000 [33900  |0.7513 4507.889 _ [0.5211 17664.195 | 2 |5
have been operating in Ukraine. |5 6000 |33900 0.683 4098.081 0.4427 15007812 | S| o | @& | o
According to the available project [CFP/CF 21519.193 |- 106735525 | *© | & | & | ¥
data according to the conditions Note:

of Ukraine as of 2022, the annual * Discount rate for the

throughput of the terminal is
30000 users, with the calculation of the terminal capacity
for the next years it will not change. Therefore, the basic
conditions for the assessment of the economic feasibility
of the development of a domestic network of Business
Starlink terminals are given in Table 2.

According to the basic conditions of operation of a
small interval, it is obvious that NVP and Pl on the project
of operation of small terminals Starlink > 0, and IRR project
< NVP, therefore the project is expedient. Given that
capital investments are equal to $21519.193, they will be
covered by the final results after 273 days of operation.
Thus, 4934 terminals operating in Ukraine Business
Starlink terminals can generate $420,45 million annual
profit. The operation of Business terminals is more
profitable than the operation of small terminals Starlink.
Further increases the economic feasibility of the
development of the network of Business Starlink terminals
is their suitability for the restoration of the destroyed
networks of the local provider. For example, Kyivstar
renewed communication in Borodyanka with Starlink
equipment, Vodafonein Irpen, and Lifecell in Bucha.

Thanks to the March update Starlink in Ukraine
adapted to the needs of Ukrainians. Previously Starlink
was not used as a mobile access point but only operated
at the activation location. However, now mobile terminals

V (1265 terminators) and Maritime
(2023 terminals) have appeared, which

project is 10%, average annual inflation (expectations) is 7%.

Source: Starlink SpaceX.

equipment cost $599. According to the available project
data according to the conditions of Ukraine as of 2022,
the annual throughput of the terminal is 7000 users, with
the calculation of the terminal capacity for the next years
it will not change. The basic conditions for the assessment
of the economic feasibility of the development of domestic
network RV Starlink terminals are given in Table 3.
According to the basic conditions of operation of a small
interval, it is obvious that NVP and Pl on the project of
operation of small terminals Starlink > 0, and IRR project
< NVP, therefore the project is expedient. Given that
capital investments are equal to $5734.182, they will be
covered by the final results after 3 years and 76 days of
operation. Therefore, 1265 existing terminals in Ukraine
RV Starlink can generate $2,5 million of annual profit.

At that, Maritime terminals solve Internet problems
on the road, and in the sea and can support the
simultaneous work of up to 25 users. The connection
package includes a terminal (powerful antenna) with
GPS capabilities, a Wi-Fi router, and a 30-meter cable.
These terminals are oriented on satellite Internet
package cost $5000 and special equipment cost $10
000. According to the available project data according
to the conditions of Ukraine as of 2022, the annual
permeability of the terminal is 60000 persons, with the

Table 3. The basic conditions for the assessment of economic

can support simultaneous work from 6 feasibility of development of domestic network RV Starlink
to 25 users with a speed of Internet from terminals
150 to 500 Mbit /s., which provides the . .
e Discounting Di ting i "
p055|b|.I|ty to suspend and resume work 5| g investments in the 1sc?};m ing mtcoSgne o
at any time, and the account is presented il2%| % project © project
in a month of use. One terminal can be |« g 2| 22 . . . -
. . = @3
transported and used in different loca- | z 2| % & | § & |discounting| g | discounting | qivs fer| = | 9 o
. S zo S o factor factor > § a
tions and even on the road. SE|lE=S| E< z| = | E|A
In particular, small terminals RV |0 599 1 .
Starlink solve Internet problems on the |1 1620 2500 |1 599 0.8496 2124.044 &
road and can support the simultaneous |2 1620 [2500 [0.9091 1472.727 [0.7219 1804.625 s
work of up to 6 users. The connection 3 1620 12500 0.8264 1338.843 |0.6133 1533.242 . :
P c 4 1620 [2500 [0.7513 1217.13_[0.5211 1302.669 | = 2 g
package includes a terminal (powerful 5™ 7630 (2500 |0.683 1106482 |0.4427 106771 5| 5 | & |
antenna) with GPS capabilities, a Wi-Fi [CFp/ CF 5734.182 871351l = | 5| &
router, and a 30-meter cable. These Note:

terminals are oriented on satellite Inter-

net package cost $135 and special Source: Starlink

* Discount rate for the project is 10%, average annual inflation (expectations) is 7%.

SpaceX.
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Table 4. The basic conditions for assessing the economic feasibility of development of the domestic
network of Maritime Starlink terminals

Discounting investments | Discounting income
g in the project to the project, $

gl = o

gl 2 = di t

=l & 2 . . 1scoun
S E E ejr 5 e:}r discounting outflows ing inflows -

5| 2 9 =R factor - o | @
R 5.9 factor eS| | &
Sglz2| 28 2|25
NE| = A | =& Z |~ B2 |Aa
0 10000 1 “
1 60000 [97110 |1 10000 0.8496 | 82506.37 ey
2 60000 {97110 |0.9091 54545.455 10.7219 |70098.87 :
3 60000 |97110 |0.8264 49586.777 |0.6133 |59557.24 51
4 60000 |97110 |0.7513 45078.888 [0.5211 |50600.88 2“ il *
5 60000 |97110 |0.683 40980.807 |0.4427 |42991.4 ﬁ o % 5
CFP/ CF 200191.927 305754.7 = N = :

Note:

* Discount rate for the project is 10%, average annual inflation (expectations) is 7%.

Source: Starlink SpaceX.

Table 5. Comparing the effectiveness
of Starlink terminals by the available network
types, at the end of 2022

Number of | Total network
. . o Return on
. terminals in profitability .
Terminal network investment,
the network, per year, cars/days
units $million y Y
Terminal network | 2023 213,55 2 years + 202 day
Maritime Starlink
Terminal network 1265 2,5 3 years + 76 days
RV Starlink
Small network 4428 4,19 3 poku 311 days
network Starlink
Terminal Business [4933 420,45 273 days
network Starlink

Source: Starlink SpaceX and tables 1—4.

calculation of the terminal capacity for the next years
it will not change. The basic conditions for assessing
the economic feasibility of the development of the
domestic network of Maritime Starlink terminals are
given in Table 4. According to the basic conditions of
operation, it is obvious that NVP and Pl are on the
project of operation of outlined terminals Starlink >

0, and IRR project < NVP, therefore the project is
expedient. Given that capital investments are equal to
$200191.927, they will be covered by the final results
after 2 years and 202 days of operation. Therefore,
2023 terminals operating in Ukraine Maritime Starlink
can generate $213,55 million of annual profit (despite
the greater profitability of less than businesses of
Starlink terminals).

Comparing the effectiveness of Starlink terminals by
the available network types (Table. 4) it is obvious that
one can predict the most active development of Terminal
businesses network Starlink, which provides the largest
profit in the shortest payback period.

The conclusions confirm the network share in the
average growth rate for 5 (five) years comparison
(Figure 4).

The above provisions allow stating that an approach
to the estimation of economic expediency of development
of a domestic satellite network based on Starlink should
be formed account the distribution of indicators of
efficiency of investment projects on available types of
satellite Internet networks from Starlink.

Network share in the average growth rate, %

Terminal network

Maritime Starlink;

333

ErT
i
i ..*.-..*.-..*.-..*.-..*.-..*.-.-'E-'?\
2\
i

LY

Terminal Business
network Starlink;

65,6

Small network network

Starlink; 0,7

‘%"

Terminal network
RV Starlink; 0,4

Figure 4. The conclusions confirm the network share in the average growth rate comparison

for 5 (five)
Source: Starlink SpaceX and tables 1—4.

years., %
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SUMMARY RESEARCH SUMMARY
AND PROSPECTS FOR FURTHER
TASKS IN THIS AREA

Due to large-scale power cuts in Ukraine, the number
of Starlink users has increased. Starlink terminal network
works in regions where the connection is unreliable or not
available, which is especially relevant for national economic
entities. According to the results of the study, the
following conclusions were made:

1. As of the beginning of 2020 up to 300 Starlink
terminals were operating in Ukraine, at the beginning of
2021 — 1000, and in 2022 — 23000 (of which 55% have a
commercial purpose). Taking into account the newest
character of the Starlink Ukraine project, there is a
question as to the substantiation, expediency of
commissioning and operation of Starlink terminals using
indicators of efficiency of investment projects, including:
net current value, index of profitability, internal rate of
return, payback period (DRP).

2. The approach to the estimation of the economic
feasibility of the development of a domestic satellite
network based on Starling formed an account of the
distribution of performance indicators of investment
projects on the existing types of satellite Internet networks
from Starlink. Detailed indicators are reasonable in terms
of: Networks of small terminals; Business terminals
networks; networks of mobile terminals RV and Maritime.

3. Comparing the effectiveness of Starlink terminals
with existing network types, it is obvious that the most
active development of Business terminal networks Starlink,
which provides the greatest profit in the shortest payback
period, can be predicted. Further increasing the economic
feasibility of the development network of Business Starlink
terminals is their suitability for the restoration of the
destroyed networks of the local provider.

The perspectives of further research consist inits use
to justify the economic expediency of establishing commu-
nication between Ukrainian mobile operators in the
settlements where the infrastructure was destroyed as a
result of fighting.
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