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Experience in estimating freight trafic along the
NSR: results and limitations. The Decree of the Presi-
dent of the Russian Federation dated May 7, 2018, No.
204 On national Goals and Strategic Objectives for the
Development of the Russian Federation for the Period
up to 2024 determined that by 2024 the volume of
cargo transportation along the Northern Sea Route
(hereinafter referred to as the NSR) was to be brought
up to 80 million tons per year [1]. This is a serious
challenge, given that the Soviet period of operation
was 6.5 million tons in 1987, not to mention the reform
period of the 1990s, when traffic volumes dropped to
1.5 million tons by 1998 and the period 1998—2010
when it was about two million tons a year [2, 3].

Forecast estimates of freight traffic by 2024 are dif-
ferent (Table 1). According to official estimates of
2018—2019 (optimistic forecast), the total traffic vol-
ume may reach 92.6 million tons, of which the trans-
portation of LNG and gas condensate will account for
44%. At the same time, despite the current and
expected improvement of the ice situation in the com-
ing decade due to climate change in the Arctic [4],
experts express serious doubts about such volumes of
cargo transportation, pointing out the absence of a
cargo base [5]. Thus, coal mining projects in Taimyr,
which had been supposed to make up 25% of the cargo
traffic, were postponed indefinitely and the commis-
sioning of the capacities for the production of LNG

and oil production was partially shifted for several later
years. Even with the implementation of the planned
investment projects for LNG (46 million tons) and oil
production (25 million tons), it is not possible to
achieve the planned volumes.

In recent years, the NSR has been considered
mainly as an internal transport system, which is the
only route that ensures the delivery of vital goods to the
regions of the Far North (northern delivery) and con-
tributes to the prompt development of the resource
potential of the Russian Arctic. However, the focus on
domestic use does not exclude the possibility of devel-
oping international transit of goods between Europe
and Asia.

Currently, the volume of transit traffic along the
NSR is insignificant. The accumulated transit volume
for the period 2010—2019 is about 5% of the total vol-
ume of cargo transportation along the NSR. At the
same time, it is impossible to be sure that the transit
cargo volume will progressively grow. The highest
value of transportation volume was attained in 2013
and amounted to 1.3 million tons.

In recent years, the utilization of the transit capac-
ity of the NSR has sharply decreased. Back in 2017,
large international transport companies Cosco and
Maersk declared a significant increase in freight traffic
up to 12 million tons by 2028, followed by a rise to
28 million tons [8]. However, the difficult geopolitical
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Table 1. Forecast of freight traffic along the NSR by 2024, thousand tons

Freight traffic structure 2019 (fact) _ . 2024 — -
negative scenario optimistic scenario
Liquefied natural gas and gas condensate 19614.7 35500 41000
Oil and petroleum products 8162.9 9250 17100
Other cargo and transit 3465.7 3500 11500
Coal, ore 288.0 1000 23000
Total 31531.3 49250 92600

Source: the authors’ calculations based on data [5—7].

and world economic situation significantly compli-
cates plans to attract international freight carriers.
However, the complex geopolitical and world eco-
nomic situation significantly complicates plans to
attract international carriers. Some transport compa-
nies have already questioned the possibility of using
the NSR, on the declared grounds of environmental,
climatic, and other risks [9]. The actual volumes of the
current transit correspond more to the scale of testing
the NSR than to the full-scale use of the route.

A number of studies of the last decade have proven
the attractiveness of the NSR as an alternative transit
route between Europe and Asia [10—13]. Scenario cal-
culations by various authors show that the cost and
speed of goods delivery from Europe to Asia and back
using the northern route can be reduced by 30%,
depending on the simulation parameters. The main
drawback of previous studies is the assessment of
transportation in a case study format, assuming differ-
ent modes of transportation, including the use of sev-
eral types of ships; at the same time, in the process of
modeling, a simultaneous assessment of transporta-
tion by one ship along different routes is carried out
depending on seasonality, fuel price, and other com-
ponents. Such studies are valuable for transport com-
panies and ship-owners, as their results make it possi-
ble for the latter to correctly verify the cost indicators.
However, in order to assess the possibilities of full
loading for the NSR from the viewpoint of freight traf-
fic, this approach seems to be somewhat simplified,
since it does not take into account a number of funda-
mental circumstances.

For example, some authors focus on assessing the
cost of transportation of bulk and liquid cargo, which
seems to be not entirely correct since the main transit
traffic between European and Asian countries is rep-
resented by container transportation of finished prod-
ucts, and not raw materials and semifinished goods.
Thus, the bulk of Asian cargo (over 600 million tons)
passing through the Suez Canal is transported in con-
tainers. In the opposite direction, equipment, cars,
etc. are transported, which is also container-type
cargo. That is why, in the last decade, large-tonnage
container ships have been commissioned, which can
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carry more than 15000 containers (TUE-15000) in
one voyage.

In addition, individual researchers often compare
vessels of different tonnage when assessing the cost of
cargo transportation and conclude that the competi-
tiveness of the NSR is decreasing, since during a cer-
tain period of time it is possible to carry less cargo
through it than through the Suez Canal. In [14], it is
noted that only appropriate to compare directly the
competitiveness of vessels of different carrying capac-
ity if a set of equivalent conditions is met. For exam-
ple, the TUE-15000 container carrier is more efficient
than the TUE-4500 when timely and fully loaded and
has the appropriate travel speed. Otherwise, its com-
petitiveness is reduced. This is especially evident in the
current context of a decrease in world trade due to the
coronavirus pandemic, geopolitical tensions between
trading partners, and others.

An earlier study [8] proves that the most rational
option for the development of international transit
along the NSR is the construction of a domestic Arctic
container fleet, which will be able to ensure the trans-
portation of containers independent of international
transport companies. This option is in good agreement
with the NSR development program in terms of
strengthening the role of the Arctic fleet. Taking this
into account, it is advisable to propose a model and,
on its basis, to assess the prospects for the develop-
ment of international transit along the NSR relying on
the domestic fleet of Arctic container ships.

The proposed methodological approach and initial
data for modeling the transit freight traffic along the
NSR. The purpose of the simulation is to estimate the
required number of vessels for the transit transporta-
tion of containers along the NSR between Europe
(Rotterdam) and Asia (Yokohama), which is based on
the following initial assumptions.

Firstly, the target function is not the development
of the Arctic fleet and not the maximization of reve-
nues from transportation but an increase in the cargo
base of the NSR to 80 million tons annually and more,
which implies the need for transit freight traffic in the
amount of at least 10 million tons (Table 1). Accord-
ingly, priority in calculations is given to assessing the
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required number of vessels, the maximum possible
annual number of shipments, and the degree of load-
ing for each vessel, rather than the profitability of the
traffic. The economic assessment is based on the cost
of transporting one unit of cargo (20-foot container).

Secondly, it is assumed that the fleet of Arctic con-
tainer carriers will be initially designed and built taking
into account the harsh Arctic conditions, despite the
effects of global warming and a reduction in the ice
area, since the ice coverage and the complexity of the
route remain significant due to the increase in the
number of icebergs [15]. In September 2020, the Rules
of Navigation along the NSR [16] were adjusted,
according to which independent annual navigation of
Arc4—Arc9 class vessels is allowed along the entire
length of the route, regardless of ice conditions.

In this connection, the optimal solution would be
to create ice-class Arc9 container ships, capable of
year-round independent navigation and free from
restrictions on ice conditions. However, the imple-
mentation of such a project involves technological dif-
ficulties. Only over the last five years, work has been
started on the design of medium-tonnage container
ships TUE-4000 of ice class Arc5—Arc7, while the
tanker fleet of such vessels has been operating for
about 10 years. Actually, there are several high-ice-
class container ships of small capacity currently in
operation [17]. Taking into account the lack of projects
for the creation of large-capacity container ships of
enhanced ice class and restrictions on the annual
operation of vessels, the object of modeling was Arc7
ice-class container ships with a capacity of TUE-4500,
which can be operated on the route all year round with
periodic drawing of icebreaker support during espe-
cially dangerous periods of navigation.

Third, an important modeling factor is assessing
the natural and climatic conditions of transportation
along the NSR. At different times of the year and
within seasons, the characteristics of ice along the
route change, which affects the speed of goods delivery
as well as the number of vessels required for achieving
the target parameters of cargo turnover.

The distance of goods transportation between the
two selected reference ports of Rotterdam in Europe
and Yokohama in Japan along the NSR is 13600 km.
At the same time, to assess the speed of ships depend-
ing on the season and climatic conditions, it is advis-
able to divide the specified route into several sections
(Table 2).

The average speed of a container ship with a capac-
ity of TUE-4500 in ordinary water is about 20 knots
(37 km/h); in an ice field, the speed decreases depend-
ing on the specific ice situation. Due to the fact that
the use of large-tonnage ships along the NSR began
relatively recently (in 2015—2016), there is still no
accumulated objective representative statistics on the
speed of movement during the ice period. Thus, in
2019, the Arc7 ice-class gas carrier Viadimir Rusanov
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Table 2. Geographic characteristics of the route along the
NSR

No Geographic localization Distance,
km
Rotterdam—Murmansk 2800
Murmansk—Kara Strait 900
3. |Kara Strait—Bering Strait, 5600
including:

3.1. | Kara Strait 33
3.2.| Kara Sea(western part) 900
3.3.| Kara Sea (eastern part) 700
3.4.| Vilkitsky Strait 130
3.5.| Laptevsea 1100
3.6.| Sannikov Strait 238
3.7.| East Siberian Sea 1400
3.8.| Long Strait 128
3.9.| Chukchi sea 971
.| Bering Strait—Petropavlovsk-Kamchatsky 2390
5. | Petropavlovsk-Kamchatsky—Yokohama 191
Total 13600

Source: compiled by the authors.

Table 3. The speed of a container ship TUE-4500 depend-
ing on the state of the water area (navigation mode)

Vessel speed
Natural and climatic conditions
knots km/h
Ice-free water 20.0 37.0
Light ice conditions 14.9 27.5
Average ice conditions 12.0 22.2
Severe ice conditions 8.9 16.5

passed the ice part of the NSR in July in 6 days, leaving
the port of Sabetta, and earlier the same route was cov-
ered in 9 days [18].

During the May period, the Christophe de Margerie
gas carrier covered the specified distance in 12 days
[19]. The May period is considered more difficult in
comparison with July in terms of ice conditions (see
Table 4). At the same time, the average speed of a gas
carrier is lower than the speed of container ships,
therefore, for the purposes of modeling, a table was
compiled that reflects the speed characteristics of ves-
sels along the entire route, depending on the natural
and climatic conditions (Table 3) compiled by the
authors based on data from [14, 20].

The ice situation on the NSR is a seasonal factor
and it changes significantly every year. With regard to
the transport accessibility of the NSR, a reduction in
Vol. 32
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Table 4. Ice conditions on the NSR in 2015 and 2019
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Month Kara Sea (West) Kara Sea (East) Laptev sea East-Siberian Sea Chukchi sea

ont 2015 2019 2015 2019 2015 | 2019 2015 2019 2015 2019
January A L S L S A S A L L
February A L T A T A A A A A
March A A S S S S S S S S
April S A S S S S S S S S
May S A S S S S S S S S
June I-F I-F A L A L S S L L

July I-F I-F I-F I-F I-F I-F L A I-F I-F

August I-F I-F I-F I-F I-F I-F I-F I-F I-F I-F

September I-F I-F I-F I-F I-F I-F I-F I-F I-F I-F

October I-F I-F L L L L L L I-F I-F
November L L L L A L L L L L
December A L A L S A A L A A

Symbols denoting types of ice conditions: S—severe; A—average; L—light; I-F—ice-free water.
Source: compiled by the authors based on the data of the meteorological base of the Arctic and Antarctic Research Institute //

http://www.aari.ru/main.php?lg=0&id=17.

the area and thickness of ice means an increase in the
average speed and eliminating the need for using use
icebreaker support, which reduces the cost of trans-
portation and shortens the time of goods delivery.
According to the RCP 8.5 global climate change sce-
nario developed by the International Panel of Experts
on Climate Change (IPCC) and assuming the most
radical warming by 2099, the total ice area in the Arc-
tic macro-region will not exceed 500000 square kilo-
meters, having decreased by more than an order of
magnitude compared to the level of 2019 (5.8 million
square kilometers). In 2035, the predicted ice area will
be reduced to four million square kilometers [21].

The dynamics of reduction are most clearly mani-
fested during the period of winter—spring navigation
in the waters of the Kara Sea and the Laptev Sea,
where in just the last five years (2015—2020) the ice sit-
uation has significantly improved (in Table 4 this area
is highlighted in bold italics). This ensures the possi-
bility of full-fledged navigation along the NSR in a
year-round mode in ice-free water as early as by 2040.

The climate forecast, based on the available data on
the gradual reduction in the ice area from year to year,
is designed for a long-term perspective (usually
50 years). At the same time, economic calculations
and assessments are based on the short and medium
term (up to 10 years), less often the long term (20—25
years), based on the investment payback period.
Therefore, taking into account climatic circum-
stances, the model uses data on ice conditions for 2019
without comparison with previous periods, assuming
that in the medium and long term, ice conditions in
the studied region of the Arctic Ocean will be compa-
rable to 2019 or better.

According to Table 5 [22], in the period from Jan-
uary to May, ice conditions in certain sections of the
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route require the use of icebreakers to escort ships,
while the speed of ships is significantly reduced. This
affects both the time (terms) and the cost of transport-
ing goods.

Taking into account the above data, the time of the
vessel travel along the NSR is calculated by the for-
mula

7—;157' = SiDi + tp, (1)

where 7, is time of the goods transportation along the
route; i denotes the sequence number of the route
part; ; stands for the speed of the vessel in the ith sec-
tion of the route; D; is the length of the ith section of
the route; and 7, is the total time of the vessel staying in
ports along the route.

The model scheme of cargo transportation pro-
vides for two scenarios of transit flows along the
NSR—international and Arctic.

The international scenario assumes year-round
transit transportation of goods by Arctic-class ships
directly between the two end points of the route—
Rotterdam and Yokohama. This scenario involves the
risks of potential downtime of these vessels in ports
due to the temporary absence or delay of cargo there,
as well as increased transportation costs due to the
higher fuel consumption of Arctic-class vessels com-
pared to conventional vessels. At the same time, there
is no dependence on third carriers and cargo owners,
there is no need to develop a specialized transport and
logistics infrastructure for servicing containerized
cargo in northern ports.

In the Arctic scenario, Arctic-class ships are
involved in transportation along the NSR to the
extreme large ports (Murmansk, Petropavlovsk-Kam-
chatsky) where cargo will be transshipped to ordinary
ships. At the same time, the speed of cargo delivery is
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Table 5. Methodology for calculating the economic efficiency of container transportation along the NSR

Cost item Calculation methodology Note
Capital expendi- |4, = (C — S)/t (2) A,—annual capital cost estimate; C—capital costs of building the vessel;
tures S—sale price for disposal (metal price * weight); #—operating time (25 years).
Insurance [=0.00343*C + NSR, (3) | I—insurance cost; 0.343% of the value of the vessel; C—capital costs of

Repair and ser- | RM = 0.01095*C (4)

vice
Salary 100000—130000
a month

F= fo,**p;(5)

P,=0.428*GT (6)

Salary

Fuel consump-
tion
Port dues

Icebreaker sup-
port

Try= GT*T,*Z,, (7)

building a ship; NSRp—Northern allowance

RM—cost of the ship repair and maintenance; 1.095% of the vessel value ;
C—capital costs of building a ship

Average value 115000 USD a month

F—fuel cost; fc',—specific fuel consumption per day; /—time; p—fuel price

P —port dues; 0,428 USD per unit of ship’s gross tonnage; GT —gross ton-
nage of the vessel;

Tr—icebreaker support cost; GT—gross tonnage of the vessel; 7,,,.—ice-
breaker support rate per unit of the ship’s gross tonnage; Z,,—number of
icebreaker escort zones

In general terms, the calculation formula is as follows: S¢ =A, + 1+ RM + Salary + F + P; + Tr(8)

Sources: compiled by the authors based on the data of [20, 23—25].

increasing due to the reduction in the ship downtime,
as well as high turnover, Russian ports are becoming
well-developed logistics hubs for servicing containers.
In addition, it becomes possible to load vessels with
domestic cargo. At the same time, there are risks asso-
ciated with the unwillingness of “ordinary” carriers to
deliver goods only to Murmansk and to Petropav-
lovsk-Kamchatsky.

Assessing the economic efficiency of transit traffic
is based on the generally accepted approach, which
includes estimating the totality of capital, operating
and transport costs (Sc) (see Table 5).

Capital expenditures. As mentioned earlier, so far
there has been no practical experience in the construc-
tion and operation of TUE-4500 container ships of the
Arc7 class, however, the design of such vessels is
already underway. Taking this circumstance into
account, the model calculations were based on pre-
liminary estimates of the cost of building such ships
and existing close analogies, which makes it possible
to obtain the desired price reference. According to the
available estimates, the cost of one vessel similar to the
abovementioned Arc7 class ranges from 85 to 180 mil-
lion dollars [23, 26]. In this work, the cost of one Arc7
class container ship is determined at 130 million USD.

Operating costs. Operating costs include insurance,
crew salaries based on the results of calculations car-
ried out in the studies [14, 20]. The insurance coverage
is 0.343% of the average vessel value a year. Crew sal-
aries range from $100000 USD to 130000 USD
monthly, or an average of 115000 USD. In addition,
this category of costs includes the cost of annual main-
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tenance and repair, which is 1.095% of the average
vessel value.

Transport costs. Transport costs are variable and
depend on the speed of the vessel, the number of ports
where it goes to replenish supplies and transshipment
of cargo, the number of containers on the vessel, and
the time of using icebreakers on the way. In order to
calculate the actual data on transport costs, the data of
works [20, 23—24] were used. At the same time, the
average fuel consumption throughout the entire route
was assumed to be 78.76 t/day, based on the fact that
in ice conditions the speed decreases but the fuel con-
sumption for overcoming ice increases, and when sail-
ing in clean water, both the ship’s speed and consump-
tion increase. Harbor dues in Russian and interna-
tional ports amount to 0.428 USD/t of the vessel’s
gross tonnage [27, 28]. The cost of icebreaker support
is determined based on the established tariffs of the
NRS administration [25], according to which this cost
for ships of the ice class Arc7 in the summer—autumn
navigation period is 2.91-5.83 USD/t of gross ton-
nage, depending on the range of icebreaker support,
and in the winter—spring navigation period, 7.22—
14.44 USD.

Scenario-based assessment of transit freight trafic
along the NSR. In accordance with the calculation
methodology proposed above, let us first consider the
transport characteristics of transit, including an esti-
mate of the maximum number of voyages per year, the
maximum possible volumes of cargo traffic as well as
the required number of vessels in accordance with the
assumed scenarios (Table 6).
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Table 6. Results of scenario modeling of transportation time along the NSR

International scenario *

Time intervals,
Route POiﬂtS/ ! 23 4 > ¢ 7 ports Days on the way O?‘:lgrage number
yages a month
Distance, km 3700 | 933|700 | 1230 | 1638 | 1099 | 4300
Days on the way by months, including:
January 4 1.4 1.1 ] 23 | 3.1 1.7 5 5 23.6 1.3
February 4 1.4 1.3] 23 | 3.1 2.1 5 4 23.2 1.2
March 4 1.8 1.8 | 3.1 4.1 2.8 5 5 27.6 1.1
April 4 1.8 1.8 | 3.1 4.1 2.8 5 4 26.6 1.1
May 4 1.8 1.8 | 3.1 | 4.1 2.8 5 5 27.6 1.1
June 4 .1 | L1| 19 | 41 1.7 5 4 22.9 1.4
July 4 1.1 {08 1.4 | 3.1 1.2 5 5 21.6 1.4
August 4 1.1 {0.8| 1.4 1.8 1.2 5 4 19.3 1.6
September 4 1108 | 14 1.8 1.2 5 4 19.3 1.6
October 4 L1 11| 1.9 | 25 1.2 5 4 20.8 1.5
November 4 14 (11| 1.9 | 2.5 1.7 5 4 21.6 1.4
December 4 14|11 23| 25 | 21 5 5 23.4 1.3
Total number of voyages per year 16
Total transported cargo per vessel (72000 containers) 1440000 t
Arctic scenario **
Time intervals/
Route points : 23 ! > 6 ’ Ports | Days on the way Average number
of voyages a month
Distance, km 900 | 933|700 | 1230 | 1638 | 1099 | 2390
Days on the way by months, including:

January 1 1.4 1.1 | 23 | 3.1 1.7 3 3 15.6 2
February 1 14| 1.3] 23 | 3.1 2.1 3 2 15.2 1.8
March 1 1.8 1.8 | 3.1 | 4.1 2.8 3 3 19.6 1.6
April 1 1.8 1.8 3.1 | 4.1 2.8 3 2 18.6 1.6
May 1 1.8 1.8 | 3.1 4.1 2.8 3 3 19.6 1.6
June 1 L1 11| 1.9 | 4.1 1.7 3 2 14.9 2.1
July 1 1.1 {08 1.4 | 3.1 1.2 3 3 13.6 2.2
August 1 1.1 {0.8| 1.4 1.8 1.2 3 2 11.3 2.8
September 1 1.1 {08 14 1.8 1.2 3 2 11.3 2.7
October 1 .1 | 11| 1.9 | 25 1.2 3 2 12.8 2.4
November 1 1411 1.9 | 25 1.7 3 2 13.6 2.2
December 1 1.4 11| 23| 25 2.1 3 3 15.4 2
Total number of voyages per year 25
Total transported cargo per vessel 112.5 thousand containers 2250000t

*International scenario:

**Arctic scenario

1—Rotterdam—Kara Strait
2—XKara Sea (West)
3—Kara Sea(East)
4—Laptev sea

5—East Siberian Sea
6—Chukchi sea

7—Bering Strait—Yokohama

1—Murmansk—Kara Strait
2—Kara Sea (West)
3—Kara Sea (East)
4—Laptev sea
5—East Siberian Sea
6—Chukchi sea
7—Bering Strait—Petropavlovsk- Kamchatsky

Source: the authors’ calculations.
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Table 7. Estimation of the cost of goods transportation along the NSR

Norma- Model scenarios
Indicator tiV‘? International, Arctic,
meanings USD/voyage USD/voyage
Capital expenditures (per vessel), million USD 130 295000.0 188800.0
Insurance (rate in % of the vessel value) 0.4 33442.5 21403.2
Repair and maintenance (rate, in % of the vessel value) 1.1 88968.8 56940.0
Crew salary, million USD/year 1.38 86250.0 55200.0
Fuel cost (t/day),USD 27566 537537.0 370487.0
Port dues (two ports), USD 21708.5 43417.0 43417.0
Icebreaker support cost (zones per gross tonnage), USD| 921116.3 219415.9 157333.7
Total expenses 1304031.2 893580.9
Per unit of cargo (container TUE-20) 289.8 198.6

Source: the authors’ calculations.

Within the international scenario, the transport
scheme assumes that container ships are used year-
round (365 days a year), while five days a year are
spent on servicing and maintenance of ships. Down-
time at each port of loading/unloading is two days.
One vessel will be able to make a maximum of 16 voy-
ages on the Rotterdam—Yokohama—Rotterdam route,
taking into account the downtime for servicing and
transshipment at ports: nine voyages during the sum-
mer—autumn navigation period (June—November),
seven during the winter—spring period (December—
May), since the most severe ice conditions in the east-
ern part of the Kara Sea, as well as along the entire
length of the NSR further to the East, occur in the
spring. At the same time, the most favorable ice situa-
tion for the speed of the ships is observed from July to
October, when water is ice-free all along almost the
entire route (see Table 4).

In this scenario, a container ship TUE-4500 of the
Arctic class Arc7 with a 100 percent load in both direc-
tions can annually transport 72000 containers, which
is equivalent to 1.44 million tons of transported cargo.
Thus, to ensure a cargo traffic of 10 million tons or
more, at least seven vessels are required.

The transport scheme of the Arctic scenario also
provides for the year-round use of ships, with five days
of maintenance and repair, the downtime in each port
is one day, due to the absence of downtime during
unloading/loading cargo due to the need for further
transshipment of cargo. One vessel can make a maxi-
mum of 25 voyages on the Murmansk—Petropavlovsk-
Kamchatsky—Murmansk route: 12 voyages during the
summer—autumn navigation period, nine voyages
during the winter—spring navigation. One vessel can
make a maximum of 25 voyages on the Murmansk—
Petropavlovsk-Kamchatsky—Murmansk route: 12
voyages during the summer—autumn navigation
period, and nine voyages during the winter—spring
navigation. The total annual volume of transported
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goods will amount to 1.89 million tons annually. Con-
sequently, to ensure a cargo traffic of 10 million tons or
more, at least five ships are needed.

Further, following the adopted calculation meth-
odology, we will consider the economic efficiency of
goods transportation along the NSR based on the
annual costs per vessel. Data for both scenarios are
summarized in Table 7.

These data demonstrate the comparability of the
annual costs of goods transportation under the two
scenarios, despite the abovementioned differences.
Each vessel is used year-round; therefore, the expen-
diture side remains the same. The difference lies in the
volume of goods transported between the end points of
the route and, accordingly, in the cost of transporta-
tion per unit of cargo. At the same time, the relative
reduction in the cost of transportation in the Arctic
scenario when calculating transportation costs along
the Murmansk—Petropavlovsk-Kamchatsky route
simultaneously increases the total cost of delivery to
the final port due to additional transshipment costs.
Therefore, the model considers the average estimate of
the actual costs per voyage.

According to model calculations, in the Arctic sce-
nario, the turnover of ships is 1.5 times higher than in
the international scenario. Owing to this, a reduction
in the cost of transportation per unit of cargo is
achieved.

Conclusions. From the economic viewpoint, for
Russia, the Arctic scenario is optimal, as it is more
profitable in terms of the cost of transportation and the
number of vessels required for its implementation (five
units). However, the advantage obtained in scenario
calculations is not so obvious after detailed analysis.
When this scenario is implemented, the state needs to
concentrate the necessary resources in order to create
two multifunctional ports at the extreme points of the
NSR (Murmansk, Petropavlovsk-Kamchatsky),
Vol. 32
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which will be able to receive container ships of any
class, provide a full range of relevant logistics services
at competitive prices, and ensure attractiveness for
international transport companies.

With a slight loss in the cost of transporting, the
route through the Suez Canal (for more details see
[14]), in which for modeling large-capacity container
ships TUE-15000/TUE-20000 were used with a gross
tonnage 3—4 times higher than that of TUE-4500,
which naturally leads to a decrease in the cost of trans-
porting a unit of cargo), the NSR, nevertheless, is very
attractive in terms of the speed of goods delivery. This
circumstance is especially important when transport-
ing “critical cargo,” for which the priority is the speed
of delivery, and not the cost of transportation. In addi-
tion, in recent years, a serious rethinking has been
required for considering the expediency of using large-
tonnage container ships designed for a significant vol-
ume of cargo traffic. Due to the instability of the
global economy in the medium term, a decrease in the
volume of world cargo turnover is possible, which will
require a new look at logistic operations. Smaller ves-
sels can become more attractive due to prompt loading
(filling with cargo) and, accordingly, higher transport
turnover.
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