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Abstract. This study describes the methodology and results of calculating the increase in global greenhouse
gas emissions caused by disruptions in international logistics due to geopolitical restrictions introduced
by Western countries against Russia since 2022. The Western sanctions policy regarding, first of all, trade in
Russian hydrocarbons has caused the breakdown of trade routes, which until recently could be characterized as
“conditionally optimal.” That is, hydrocarbon supplies were carried out along the shortest routes, which ensured
minimal fuel combustion during transportation and minimal greenhouse gas emissions, respectively. Now,
a forced reorientation has led to an increase in commodity transport work, which requires more fuel combustion
and, accordingly, provides an increase in emissions. Closed airspace also has an additional negative effect on
rising emissions, as most flights from Europe to Asia and back from 2022 will overfly Russia, which on average
adds an extra 2 hours to the flight, requires more fuel to be burned, and therefore leads to increase in greenhouse
gas emissions. And considering that flights have only just begun to recover after the 2020 crisis, the impact
of the closure of airspace over Russia on greenhouse gas emissions will only grow in the future. The study’s
calculations show that reorienting trade in oil and natural gas and extending air routes alone would increase
emissions by 261-290 Mt CO,-eq. This is comparable to the UK’s annual emissions. If we take into account
all the distortions in global trade, emissions growth could be even 40—60% higher. Thus, it can be argued that
existing trade restrictions brought a significant negative impact on the implementation of global low-carbon
development agenda.
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Annotamus. [IpencraBieHbl METOMONIOTUSI U PE3YJbTAThl PACUETHOTO aHATM3a POCTa IT0OATBHBIX BbI-
OpOCOB MAPHUKOBBIX rA30B, BBI3BAHHBIX HAPYIICHUSIMU B MEXIYHAPOTHOW TOPTOBOIl JTOTUCTUKE U3-3a
BBOAMMBIX ¢ 2022 T. TEOMOMUTUYECKUX OTpaHMYEeHMII Ha cBI3M Mexny Poccueit u ctpanamu 3amana.
TosnbKo nepeopueHTals TOPrOBIN HEPTHIO U IPUPOIHBIM ra3oM, a TAKXKe YIJTMHEHUE JIETHBIX Maplll-
PYTOB MPUBOAAT K POCTY BbIOPOcoB Ha 261—-290 maH T CO, 3KB., YTO COMOCTABUMO C TOIOBbIMU Bbl-
6pocamu Benukobputanuu. [1pu yuere Bcex MCKaXeHUI B NIOOATbHON TOPTroBjie POCT BHIOPOCOB MOXET
okazatbcs enie Ha 40—60% Boite. TakuM 06pa3oM, MOXXKHO YTBEPXKIATh, UTO CYIIECTBYIOIIE TOPTOBBIE
OTPaHUYEHUS OKA3BIBAIOT CYIIIECTBEHHOE HEraTUBHOE BO3/ICMCTBUE HA peaIN3alInIo 3a1a4 TII00aIbHOTO

HU3KOYTJIEPOIHOTO Pa3BUTHS.

KimoueBbie ci10Ba: BEIOPOCH ITAPHUKOBEIX Ta30B, JJOTUCTHKA, TPAHCIIOPT, 3HEPTOPECYPCHI, aBUATIEPEBO3-

KM, IepeopueHTanus nocrasok, CO, 3Ks.

INTRODUCTION

Global concern over the increase in green-
house gas (GHG) emissions resulting from hu-
man activities is driving the search for ways to
reduce them. In recent years, the low-carbon
agenda has gained significant momentum on
a global level. Efforts to minimize emissions have
primarily focused on altering the structure of en-
ergy consumption and enhancing technological
efficiency throughout the production, transfor-
mation, and supply chains. However, an import-
ant factor often overlooked by experts is logistics,
which contributes significantly to emissions. This
becomes evident when comparing an ideal market
with the shortest supply routes to the increased
emissions associated with more complex trans-
portation chains.

Disruption of optimal supply routes can occur
for various reasons. This study examines the im-
pact of geopolitical decisions on the rise of global
emissions, using the example of sanctions and po-
litical restrictions affecting Russia’s interactions
with the US, the EU, and the UK. In particular,
we review the increase in emissions caused by:

e The reorientation of Russian gas, oil, and
oil product supplies from the European market to
alternative markets, as well as Europe’s compen-
sation for these supplies from other regions;

e Changes in air transportation routes due to
the necessity of bypassing Russian airspace.

CALCULATION METHODOLOGY

Estimation of emission changes using the ex-
ample of Russian gas supply reorientation.
The change in emissions resulting from Europe’s

renunciation of Russian natural gas (AEgaS, Mt
C0O2-eq.) is calculated as follows:

AE,, =AEpg t AE NG T AE NG

where AE ,; = change in emissions from Russian
pipeline gas (PG) supplies; AE,; g = change in
emissions from Russian LNG supplies; AE | g =
change in emissions from other LNG supplies.

The AE, indicator (Mt CO,-¢eq.) is calculat-
ed as follows:

AErPG - Eschafter - Eschbefore’
yvhere E i afier = emissions from exports of PG,
issued after reorientation of supplies; E_ . rore =

the same before reorientation of supplies.

Total emissions at exporting PG from Russia

«n» Mt CO,-eq.) are calculated as follows:
Esch = Eex, pr, f + Eex, pr, fl + Etr, f+ Etr, fl»

where E., . = fugitive emissions from gas ex-
traction and primary gas processing; Eex’ o fl =
emissions from stationary flaring during gas ex-
tragtign and .primary proce§sing; Etr’ ¢ = fpgi.tive
emission during transportation; E,, o = emissions

from stationary flaring during transportation.

(E

N

Emissions from the supply chain (due to flar-
ing and leaks) during natural gas production, pro-
cessing, and transportation are calculated using
a general formula developed by the IPCC, which
is also used in compiling the National Inventory
of Anthropogenic Emissions, including Russia’s
inventory [source 1]:

3
Eex,pr,l = ZlVd 'Kfj 'KGWPj:
j:

where j = emitted gas (emissions are accounted
for CO,(j=1), CH,(j=2), N,O(=3));V,=

MUPOBASI DKOHOMUKA U MEXAYHAPOAHBIE OTHOIUEHUWA 2024 Ttom 68 Ne 9
WORLD ECONOMY AND INTERNATIONAL RELATIONS 2024 vol. 68 no.9



POLITICS AGAINST DECARBONIZATION 57

volume of production, processing, and transpor-
tation (depending on the element of the supply
chain for which the calculation is made); Kfj =
national emission factors for fugitive /flaring
emissions from natural gas extraction and prima-
ry processing operations and pipeline transporta-
tion of natural gas; Kyp; = emitted gas emission
conversion factor (CO, and CH,) in tons CO ,-¢q.
by 100-year GWP (global warming potential)
[source 2].

The K, combustion and fugitive emission
factors are recommended for use by the Nation-
al Inventory of Anthropogenic Emissions, and
the conversion factors to CO,-eq. are in line with
IPCC recommendations [source 3, pp. 2.16-2.17].

The production metrics include:

— The extraction volume required to ensure
pipeline export supplies (the volume of exports
of PG to Europe for the period under study),
including the required gas consumption to cov-
er in-house needs of production and pipeline
transportation operations (calculated on the ba-
sis of specific gas discharge for in-house needs in
the Gas Production sector as reported by PJSC
Gazprom!) [source 4];

— Gas consumption for in-house needs in
the Gas Transportation sector as reported by
PJSC Gazprom [source 4];

— pipeline consignment operation, calculat-
ed based on the volume of pumping transfer (170
billion m3 is assumed in the calculations, which
corresponds to the average volume of PJSC Gaz-
prom’s PG sales in Europe, excluding Turkey,
for the period of 2016—2020) [source 5, p. 86])
and average transportation distance for supplies
to the European sales market (assumed at 3149
km level based on the FAS RF order in effect at
the time of publication preparation) [source 6].

The following formula was used to calculate
the change in emissions from LNG:

AErLNG = ELNGafter - ELNGbefore’
whqq ELNGafter = the amqunt qf LNG expprt
emissions emitted after reorientation of supplies;

I Specific gas discharge is taken as the “Energy intensity of
extraction” indicator published in PJSC Gazprom’s Sus-
tainability Report, which includes gas and other energy con-
sumption for in-house needs in extraction.

EiNGbeore = Same before reorientation of sup-
plies, Mt CO ,-eq.

Calculation of cumulative emissions from
LNG exports before and after reorientation
(E ng» Mt CO5-¢q.) is done according to a uni-
fied algorithm:

Eing = Eex.;r T Eaney T Epgy T

+ ELNGtransp
where E pr — emissions from gas extraction
and primary processing for LNG production;
EnG) = GHG emission from the liquefaction
plant operation; E(PG) = emission from gas trans-
portation over gas pipelines to the LNG plant;
E} NGtransp emissions from transportation
of the entire volume of LNG (produced at
the plant in a year) by tankers to European ports;
E cqnsification — emissions from LNG regasification

(assumed to be equal to 0.03 ton CO,-eq. per ton
of LNG) [source 7].

Emissions from gas extraction and primary
processing are calculated as follows:

regasification?

E
_ exUS
Eex,pr - VLNG ’ d
exUS

where V] g = the amount of gas extraction re-
quired for LNG production, gas consumption
for gas pipeline delivery operations to the LNG
plant, and gas consumption for the LNG plant’s
in-house needs [source 1]; V¢ = total natural
gas extraction in the LNG supplying country for
the representative period; E_ ¢ = total GHG
emissions from gas extraction in the LNG sup-
plying country for the representative year, Mt
CO,-¢q.

This value is calculated as follows:

3
Eevys = ZIE i - Kcwpj»
j:

where Ej = total GHG emissions from gas ex-
traction and primary processing for a representa-
tive year according to the National Inventory of
the respective country (includes emissions from
fugitive and flaring) [source §].

GHG emission from LNG plant operation
E | NG 18 calculated according to the formula:

Eincy=Eq T Ep

MUPOBASI DKOHOMUKA U MEXAYHAPOAHBIE OTHOILIEHUWA 2024 Tom 68 Ne 9
WORLD ECONOMY AND INTERNATIONAL RELATIONS 2024 vol. 68 no.9



58 KULAGIN et al.

where E; = gas flaring emission for in-house
needs of the LNG plant; E; = fugitive emissions
from LNG production, Mt CO,-eq.

The Ej indicator is calculated according to
the formula:

3
Eq = ZlVﬂ,in—h - Ky - Kq ipegy - Kowej
j=
where V, ; , = the volume of natural gas used
for the LNG plant’s in-house needs (assumed to
be equal to 8% of the plant’s production volume
[1, 2]); Kk = 37,681 or the conversion factor for
billion m? to TJ; K pcc; = IPCC factors for flar-
ing emissions.

Fugitive emissions during LNG production
E., Mt COZ2-¢eq. are calculated by the formula:

3
E, = ZIK(LNG) 5 YinG - Kowe)s
J:

where K;yg); = fugitive emission factor for
LNG production [source 9], mIn tons/billion m3;
Vi nG = LNG production volume, billion m?.

Emissions from gas pipelines into the LNG
terminal Epq), Mt CO,-eq., are calculated by
the formula:

Ewc) = Em Viroy

int

where E;,, = CO,-eq. emissions intensity for
transportation of 1 billion m3 (given in the oper-
ator’s reports) [sources 10, 11]; V(PG) — gas pipe-

line pumping volume, billion m3.

Emissions from LNG tanker transportation to
Europe (LNG as marine fuel), Mt CO,-eq., are
calculated by the formula:

E\ NGuansp = E vy T E DRy

where E, |\, = emissions from tanker transpor-
tation of the LNG volume produced at the plant
per year when LNG is used as fuel for the LNG
tanker; E pf) = emission from tanker transpor-
tation of the LNG volume produced per year
when diesel fuel (DF) is used for the tanker.

The emission £, |\, is calculated by the for-
mula:

3
E(t_LNG) = ZthankerLNG 'KﬂLNGj 'KGWPja
]:

where V,, .ing = Volume of LNG consumed by
the tanker for the round trip; KﬂLNGj = factors of
emissions from fuel flaring, IPCC factors [source 3].

The volume of marine fuel consumption
VtankerLNG:

VtankerLNG - th ’ Qd "2 Q ’

where V,, = fuel consumption of a tanker per day
(reference value, which is given in the specifica-
tions of the vessel); Q, = the number of days in
transit, calculated in the Signal Ocean Platform
depending on the selected departure and arrival
points [source 12]; Q. = the number of trips per
year, or LNG plant production volume/vessel ca-
pacity.

The calculation of emissions from tanker
combustion of diesel fuel:

3
E(t_DF) = Z]VtankerDF ) KcomeFj 'Qy ) KGWPja
j =

where V., ..pr = the volume of DF consumption
by the tanker for the round trip calculated just as
for LNG; K ,.,pr; = factors of emissions from
DF combustion.

The emissions from LNG regasification are
calculated using the formula:
=K. Vings

regasification r

where K. = specific emissions during regasifica-
tion, assumed to be 0.03 Mt CO,-eq. per ton of
LNG [3, p. 10859].

The estimation of emission changes using
the example of Russian crude oil and oil products
supplies reorientation. Change in emissions (AE,,
Mt CO,-eq.) as the result of Russian crude oil and
oil products supplies reorientation is calculated as
follows:

E

0, before?

AE,=E,

o, after ~
where E 4., = the volume of emissions after re-
orientation of crude oil and oil products supplies
to Europe; £ = the same before reorienta-
tion.

, before

Emissions from transportation of crude oil
and oil products by sea are calculated as follows:

3
EO = ZEJ KGWP] /1000,
Jj=1
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POLITICS AGAINST DECARBONIZATION 59

Table 1. Emissions from combustion of different types of marine fuel, CO,-eq. g/g of fuel

Greenhouse gases Furnace fuel oil Marine diesel fuel LNG
co, 3.114 3.206 2.750
CH, 0 0 0.051
NO, 0.093 0.087 0.008

Source: [source 13].

where Fj = emissions of each type of GHG at fuel
combustion, thousand tons (Table 1).

Emissions of each type of GHG from a tanker
fuel combustion are calculated as follows:

3
Eo = Zlvuj ) Vtankew
J:

where V,; = emissions of each type of GHG per
unit of fuel consumed by the tanker, g/g of fuel
(Table 1); V,, ;= total round-trip fuel consump-
tion for transportation of the entire volume of
crude oil/oil products from point A to point B,
thousand tons.

This indicator for the representative period is
calculated by the formula:

v V.. -2 N/1000,

tanker= trip
where Vieip = fuel consumption by a tanker for
one one-way trip, tons/h; N = number of trips for
transportation of the crude oil/oil products’ total
volume.
Vtrip = Vy T ’
where V = fuel consumption by tanker, tons/h
(reference information); 7' = point A to point B
travel time, calculated in the Signal Ocean Plat-

form, h.

Number of trips for transportation of the total
volume of crude oil/oil products:

N= Qo/op/ Qtanker’

where Q. = the volume of crude oil or oil prod-
ucts transportation, th. tons; Q,, ... = tanker ca-
pacity, thousand tons.

Estimation of emission changes using the ex-
ample of geopolitical decisions in aviation.
The change in emissions due to the closure of
airspace over Russia and the increase in the flight
distances AF is calculated by the formula:

AE=AE,,- 0,

where AE = average change in emissions for all
flights as a result of one-way airspace closure; Q =
the total annual number of round-trip flights by-
passing the Russian Federation.

AE,, is calculated as follows:

N
AE,, = (Z} (Et/l(after)i + Ec(after)i) -

7(Et/1(before)i + Ec(before)i))/N >

where i = flight; N = the total number of one-way
flights considered; E g, = emission volume
for each type of airplane taking a particular flight
in the takeoff/landing cycle after the closure of
airspace over the Russian Federation? [source 13,
pp. 3.70-3.72]; E.(afiery; = €Mission volume for each
type of airplane taking a particular flight in cruising
mode after the closure of airspace over the Russian
Federation; E, Jl(before)i — emission volume for each
type of airplane taking a particular flight in the take-
off/landing cycle before the closure of airspace
over the Russian Federation; £ ..., = emission
volume for each type of airplane taking a partic-
ular flight in cruising mode before the closure of
airspace over the Russian Federation. The number
of takeoff/landing cycles is determined based on
the flight data provided by the airlines (direct flight,

connecting/refueling flight).

The value of E, e, 18 calculated by the for-
mula:

3
Et/l(before) = Z]Et/l(before)j 'KGWPj M pefore)
]:

where 7.,y = the number of takeoff/landing
cycles for a single flight before the closure of air-

2 The fuel consumption per takeoff/landing cycle, as well as
the emissions of this cycle, are given according to the IPCC
guidelines for each type of aircraft.
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60 KULAGIN et al.

Table 2. Scenario assumptions for reorientation of gas supplies for a prospective contingent year

Ist option

2nd option

Decrease in Russian gas By 170 billion m3.

supplies to Europe

Renunciation of pipeline gas only

By 190 billion m3.
Rejection of pipeline gas and LNG

New destinations for Russian
gas supplies
China;

Reorientation of 100 billion m3, including:
— 50 billion m3 through a new pipeline to

— 50 billion m3 to the Asia-Pacific region

Reorientation of 120 billion m3, including:

— 50 billion m3 through a new pipeline to
China;

— 50 billion m3 to the Asia-Pacific region

from new LNG plants from new LNG plants;

— 20 billion m3 of LNG are redirected from
the European market to the Asia-Pacific
region

Compensation of Russian 170 billion m3: 190 billion m3:

supplies in Europe

being commissioned);

— 70 billion m3 from the USA (production is
increasing and additional LNG capacity is

— 100 billion m3 of Qatari gas is redirected
from the Asia-Pacific region to Europe

— 100 billion m? from the USA (production
is increasing and additional LNG capacity
is being commissioned);

— 90 billion m? of Qatari gas is redirected
from the Asia-Pacific region to Europe

Source: compiled by the authors.

space over the Russian Federation; E| Jbefore) —
the volume of emissions of each type of GHG in
the takeoff/landing cycle in a single flight before
airspace closure, tons.

The E ,efore) indicator is calculated by the for-
mula:

3
Ec(before) = ZlVfuel in cr.mode(before)
J:

><Ktons—T.l 'Kc,j 'KGWPja

where K .1y = 0.04392 or the coefficient
of conversion of a ton of jet fuel into TJ;
Visel in cr.mode(before) — the volume of aircraft’s fuel
consumption in one-way cruising flight mode
before the closure of airspace over the Russian
Federation, kg/km; K j = the coefficient of GHG

emissions in cruising flight.
The value of Vo1 in cr.mode(before)» £ 1S calculated
according to the formula:
Vi

uel in cr.mode(before)=

Vref ) S(before)/looo’

where V. = specific fuel consumption of the air-
plane in cruising mode in the selected flight, ref-
erence data, kg/km; S(before) = distance trav-
eled by the airplane during the same flight before
the closure of airspace over the Russian Federa-
tion, km.

Emission volumes for each type of airplane

taking a particular flight in cruising mode E atenyi

and in the takeoff/landing cycle E, g, after
the closure of airspace over the Russian Federa-
tion are calculated similarly, but the formula con-
siders the new flight distances.

CALCULATION PREREQUISITES

Reorientation of Russian gas supplies. In 2022—
2023, the EU and the UK announced plans to
gradually phase out energy supplies from Russia.
The calculations are based on a hypothetical year
in which the demand previously met by Russian
supplies will be fulfilled by alternative sources, as-
suming trade restrictions on Russia are upheld.

To calculate the change in GHG emissions
resulting from Europe’s renunciation of Russian
gas imports and the subsequent reorientation of
international trade flows, two scenarios were con-
sidered (Table 2). Both scenarios involve redirect-
ing Russian gas to the Asia-Pacific region (APR)
via new pipeline and LNG projects, along with
increased LNG imports to Europe from the US
and Middle Eastern countries.

Reorientation of Russian oil supplies.

The following prerequisites were considered
to assess the change in GHG emissions caused by
the reorientation of international trade flows for
crude oil and oil products after Europe’s renunci-
ation of Russian liquid hydrocarbons:

a) The volume of liquid hydrocarbons to be
reoriented is 244 million tons (the volume of Rus-
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POLITICS AGAINST DECARBONIZATION 61

sian exports by sea and pipeline to the West as of
2021) [source 14]3.

b) Russian crude oil and oil products are re-
directed from Europe to Asia, with the ports of
Primorsk, Novorossiysk, and Murmansk serving
as departure points. The Amsterdam-Rotterdam-
Antwerp triangle is used as the initial destination,
while Singapore (representing a medium ship-
ment distance in the APR) is considered the des-
tination for reorientation.

c¢) The 244 million tons of Russian crude
oil and oil products removed from the Euro-
pean market are fully replaced by supplies from
the Middle East.

To calculate emissions from maritime trade of
oil and oil products, Aframax tankers (80,000—
120,000 tons) were used as reference [source 15].

Geopolitical decisions in aviation. To deter-
mine the proportion of flights from Europe to Asia
that experienced increased distances, data from
the European Organization for the Safety of Air
Navigation (Eurocontrol) was analyzed. Eurocon-
trol reviewed the impact of the airspace over Rus-
sia closure on long-haul flights to Asia from Euro-
pean cities (Amsterdam, Copenhagen, Frankfurt
am Main, and Helsinki) and showed that the range
increased for 60% of flights [source 16].

To determine the type of aircraft used for these
flights, airline ticket data was analyzed, which,
in addition to travel time, indicates the type
of aircraft flying to each selected destination.
The aircraft type affects fuel consumption during
the takeoff/landing cycle, the number of times
this cycle is repeated is due to the need for inter-
mediate refueling, and fuel consumption during
cruising mode (Table 3).

The annual number of flights from Europe to
Asia was calculated based on the assumption that
60% of daily flights from European airports to
Asian airports are characterized by an increased
range, and thus, an increase in emissions. Ac-
cordingly, the total annual number of flights by-
passing Russian airspace between Europe and

3 In the calculation of the emissions’ change from the reori-
entation of Russian exports, data on emissions from the Dru-
zhba pipeline were used as reported by PJSC Transnetft.

Asia, as considered in our study, was calculated
using the following formula:

Q = Qav.daily "D 365’

where Q,, dily — the average daily number of
flights from Europe to Asia over a representative
period (taken from Eurocontrol’s annual report
for 2022 [source 16]); D = 0.6 = the coefficient
characterizing the share of flights from Europe to
Asia from the total number of daily flights from
Europe to Asia and back in 2022, with bypass of
Russia; 365 = number of days in a year.

CALCULATION RESULTS

Estimation of emission changes using the ex-
ample of reorientation of Russian supplies. The cal-
culations indicate that if Europe halts the import
of Russian natural gas (PG) totaling 170 billion
m? per year, there will be an increase of 124 Mt
CO,-eq.in GHG emissions, resulting from logis-
tical disruptions. This increase is attributed to:

— Gassupplies from Russia to China amount-
ing to 50 billion m3 through the new pipeline,
leading to an increase of 22 Mt CO,-eq. per year;

— LNG supplies from new facilities in Rus-
sia, totalling 50 billion m3 per year to the Asia-
Pacific region (APR), resulting in an increase of
71 Mt CO,-¢eq.;

— Growth in LNG production in the USA by
70 billion m3/year, involving an expansion of pro-
duction capacity and LNG shipping, resulting in
an increase of 55 Mt CO,-eq.;

— The diversion of Qatari gas from Asia to
Europe in the amount of 100 billion m3, causing
an increase of 20 Mt CO ,-eq.

The discontinuation of the PG supply to Eu-
rope from Russia and reducing production by
70 billion m? will provide an emission drop of
43 Mt CO,-¢eq. per year.

If Europe were to discontinue supplies Rus-
sian LNG as well, the emissions would increase
by 153 Mt CO,-eq. In this case:

— A complete shutdown of LNG and PG
Russian supplies to Europe would reduce emis-
sions by 50 Mt CO,-¢eq.;
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Table 3. Types of aircraft and the required number of takeoff/landing cycles for a flight to the selected destination

Number of takeoff/landing
City of departure Destination Airplane type cycles to cover the entire
distance
Amsterdam Bangkok Boeing 777-300ER 1
Amsterdam Delhi Boeing 777-300ER 1
Amsterdam Seoul Boeing 777-300ER 1
Amsterdam Singapore Boeing 777-300ER 1
Copenhagen Beijing Airbus A321 1
Copenhagen Shanghai Airbus A322 2
Copenhagen Singapore Airbus A323 2
Frankfurt am Main Beijing Airbus A340-300 1
Frankfurt am Main Hong Kong Airbus A340-600 1
Frankfurt am Main Shanghai Boeing 777-300ER 1
Frankfurt am Main Bangalore Boeing B747-401 1
Frankfurt am Main Mumbai Airbus A340-300 1
Frankfurt am Main Delhi Boeing B747-401 1
Frankfurt am Main Kansai Airbus A323 2
Frankfurt am Main Chennai Airbus A340-300 1
Frankfurt am Main Male Airbus A340-301 1
Frankfurt am Main Qingdao Airbus A340-302 1
Frankfurt am Main Seoul Boeing B747-400 1
Frankfurt am Main Tokyo Boeing B747-401 1
Helsinki Bangkok Airbus A323 2
Helsinki Delhi Airbus A324 1
Helsinki Hong Kong Airbus A325 2
Helsinki Phuket Airbus A326 2
Helsinki Seoul Airbus A340-600 1
Helsinki Shanghai Airbus A340-601 1
Helsinki Singapore Airbus A340-602 1

Source: compiled by the authors.

— In the USA, the need to increase gas pro-
duction, LNG production, and LNG marine
shipping by 100 billion m? would increase emis-
sions by 78 Mt CO,-eq.;

— Diverting 20 billion m? of Russian LNG
from existing projects to Asia would stimulate

emissions growth by an additional amount of 21
Mt CO,-eq.;

— Reorientation of Qatari gas supplies from
Asia to Europe in the amount of 90 billion m?
would add another 18 Mt CO2-eq. (Figure 1).

The reorientation of maritime trade in oil and
oil products due to imposed geopolitical restric-
tions will increase global emissions by 132 Mt
CO,-eq., including:

— Reorientation from Baltic ports to Asia
49 Mt CO,-¢eq. as a result of the increased distance;

— Reorientation from Arctic ports to Asia
adds 1 Mt CO,-¢eq.;

— Reorientation of oil from the Druzhba
pipeline to tanker shipping to Asia adds 26 Mt
CO,-¢q.;
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— Exports of the total volume of oil products to the shorter distance compared to Asia ship-
from Europe to Asia adds 64 Mt CO2-¢q. ments (Figure 2).

At the same time, redirecting trade flows of Estimation of emission changes using the ex-
Middle Eastern liquid hydrocarbons from Asia to ample of geopolitical decisions in aviation. In addi-
Europe reduces emissions by 8 Mt CO2-eq. due tion to shifts in the global energy trade structure,
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Figure 1. Change in emissions resulting from Europe's renunciation of Russian gas
depending on the calculation assumptions, Mt CO ,-eq.

Source: compiled by the authors.
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Figure 2. Change in emissions resulting from Europe's renunciation of Russian liquid
hydrocarbons, Mt CO,-¢eq.

Source: compiled by the authors.
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air travel has also been impacted by restrictions.
Russia’s vast territory serves as a crucial transit
link for passenger and cargo transportation on
routes between Asia, Europe, and North Ameri-
ca. Similarly, EU territory has traditionally func-
tioned as a transit link for routes from Russia to
North and Latin America, as well as certain Af-
rican countries. Due to mutual airspace restric-
tions, flight routes have been significantly altered,
resulting in longer flight times. The logistics of
moving citizens and cargo between Russia and
EU countries have also become more complex,
with routes now passing through third countries,
often increasing the distance by 2—3 times. Given
the availability of baseline data, this article only
considers the impact of passenger transit over
Russia, estimating a minimum level of addition-
al emissions from air transportation. It is evident
that in practice, the emissions volume will be
higher. The calculation shows that the closure of
airspace over Russia, which changes the distance
for flights between Europe and Asia, adds an ad-
ditional 2.6 Mt CO,-eq. per year to global emis-
sions.
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A comprehensive analysis of emissions growth.

The reorientation of oil and gas trade flows
due to the renunciation of energy resources from
Russia, as well as the need for planes traveling
between Europe and Asia to bypass Russian air-
space, has led to an additional annual increase
in oil demand of 18—19 million tons and LNG
demand of 355—444 thousand tons per year.
The total increase in global emissions will amount
to 261290 Mt CO,-eq. which is comparable to
the total emissions of all Scandinavian countries
(Sweden, Norway, Denmark) and Finland in
2021 (Figure 3).

It is important to note that the above calcula-
tions represent only the lower end of the impact
that geopolitical constraints have on emissions.
In reality, the growth in emissions will be much
higher, as numerous other sources of greenhouse
gases (GHGs) were not discussed in the article.
These include air cargo transportation, passen-
ger flights from Russia, trade in coal, timber,
and wood products, rail and road transit through
Russia, changes in tourist routes requiring lon-
ger travel distances, limitations in technology

+35 +3

I

import

LNG import
Increase in passenger

renunciation of Russian
transportation distances due

trade flows due to Europe's
renunciation of Russian PG
Reorientation of global gas
trade flows due to Europe's
to Russian airspace closure

Figure 3. Cumulative change in global emissions resulting from Europe's renunciation of
Russian gas and liquid hydrocarbons and closure of airspace over Russia, Mt CO,-eq.

Source: compiled by the authors.
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transfer and the ability to switch to more efficient
solutions, the supply of agricultural products to
and from Russia, and the shipment of consum-
er and industrial goods through new, more com-
plex, and longer logistics chains, among others
[sources 17, 18, 19].

The inclusion of these factors is complicated
by the limited availability of necessary data. How-
ever, it is likely that incorporating every factor
mentioned above would increase the emissions
difference by at least another 40—60%. Thus,
the total COZ2 emissions resulting from geopolit-
ical tensions between Russia and Western coun-
tries, according to our estimates, could reach ap-
proximately 390—435 Mt CO2-eq. per year. This
figure corresponds to the total GHG emissions
of the UK and exceeds those of major European
economies such as France, Spain, or Italy.

CONCLUSIONS

Controlling emissions and preserving the en-
vironment in a rapidly developing world with
a growing population is a significant challenge
that will greatly influence the achievement of fur-
ther sustainable development. The example ana-
lyzed shows that sub-optimal logistics, resulting
from restrictions between Russia and Western

countries, alone leads to an increase in emissions
equivalent to the COZ2 emissions of the UK econ-
omy, one of the top ten economies in the world by
GDP. In fact, a new major source of emissions is
emerging on the global emissions map, one that,
unlike others, does not provide any positive eco-
nomic benefits. Simultaneously, the demand for
fuels is rising, as are global production and con-
sumption costs, freight costs, and overall trade
costs. As a result, consumers will pay more for
the final product, leaving less money for other es-
sential needs, including efforts to combat climate
change.

Existing and potential restrictions on global
trade are not limited to Russia’s relations with
the EU and the USA. Their potential impact on
CO2 emissions is far greater. Therefore, optimiz-
ing supply chains and creating appropriate in-
centives should be a critical component of global
emission reduction policies. This challenge re-
quires cross-country collaboration and cannot be
addressed solely by national goals and targets, as
highlighted in the 2015 Paris Agreement. Thus,
an additional area of focus within the low-car-
bon agenda becomes evident: the development of
mechanisms that facilitate the creation of optimal
global logistics for freight and passenger transpor-
tation.
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