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Abstract

Abstract

Natural gas is an important fossil fuel for the energy supply in several countries. Fossil fuels
cause environmental problems, particularly regarding climate change. Frequently, the
environmental impacts of gaseous and liquid fuels and their use are compared, considering the
upstream process chain.

A prerequisite for such a comparison is the use of current and consistent LCI data. Data on gas
production and its transport to several countries were last fully updated in 2024 for ecoinvent
3.11. These data should now be updated and extended for the upcoming in the Carbon Minds
update.

Therefore, in this and two related reports (Meili et al. 2025b, 2025a) data on global oil and
natural gas production and the supply of its products to Europe, North America and worldwide
are documented for the reference year 2023.
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BN Brunei Darussalam
BO Bolivia

BR Brazil

BY Belarus

CA Canada

CH Switzerland

CM Cameroon

CN China

CO Colombia

cz Czech Republic
DE Germany

DK Denmark

Dz Algeria

EC Ecuador

EE Estonia

EG Egypt

El Energy Institute
EIA Energy Information Administration
ENTSOG European Network of Transmission System Operators for Gas
ES Spain

EU European Union

FI Finland

FR France

GB United Kingdom
GE Georgia

Gl Gibraltar

GLO Global

GQ Equatorial Guinea
GR Greece

HR Croatia

HU Hungary

ID Indonesia

IE Ireland

IEA International Energy Agency
IL Israel

IN India

1Q Iraq

IR Iran



Abbreviations

IT Italy

JP Japan

KR South Korea

KW Kuwait

KZ Kazakhstan

LCA Life Cycle Assessment
LCI Life Cycle Inventory
LNG Liquefied Natural Gas
LT Lithuania

LV Latvia

LY Libya

MM Myanmar

MX Mexico

MY Malaysia

MZ Mozambique

NG Nigeria

NL Netherlands

NO Norway

NSP Not Specified

OM Oman

Others Other countries or regions
PE Peru

PG Papua New Guinea
PK Pakistan

PL Poland

PT Portugal

QA Qatar

RER Europe

RNA Rest of North America
RO Romania

ROAF Rest of Africa

ROASP Rest of Asia-Pacific
ROCIS Rest of Commonwealth of Independent States
ROE Rest of Europe

RoE Rest of Europe (excluding specific countries)
ROME Rest of Middle East
ROSCA Rest of South and Central America
Row Rest of World

RS Serbia

RU Russia

SA Saudi Arabia

SE Sweden

Sl Slovenia

SK Slovakia

SY Syria

TH Thailand

tkm tonne-kilometer

™ Turkmenistan

TN Tunisia

TR Turkey

TT Trinidad and Tobago
T™W Taiwan

UA Ukraine



Abbreviations

us United States
uz Uzbekistan
VE Venezuela
VN Vietnam

YE Yemen



Introduction

1 Introduction

This document is based on former reports for the life cycle inventory data for natural gas (Bussa
et al. 2021, 2022, 2023, 2024) extending the regional scope. Bussa et al. 2021, 2022, 2023,
2024 are updates of the life cycle inventory data provided by Schori et al. 2012 and considered
also updates made for the ecoinvent v3 data (Faist-Emmenegger et al. 2015). The approach for
the modelling of the life cycle inventory analysis is based on a generic archetype model for the
oil and gas production chains (Meili & Jungbluth 20193, b).

The goal of the report is to document the data as they are provided for the Carbon Minds
database for the reference year 2023.

If the figures did not change considerably or no new figures were available, the former text was
kept for this report to provide this relevant information.

The data documented in this report are provided to the commissioner in SimaPro-csv format.
They are also integrated in the ESU-database (ESU-services 2025). For the integration in the
Carbon Minds database, there were linked to ecoinvent 3.10 background datasets and the
nomenclature of elementary flows was adjusted to ecoinvent’s terminology.

The following chapters analyse the transport and distribution of natural gas for various
destination countries and regions.

Energy requirements and emissions are inventoried for pipeline and LNG-Transport. Transport
routes from the most relevant countries of origin to destination countries and regions are
investigated and supply mixes are calculated based on trade statistics. These data are used to
prepare life cycle inventories for pipeline and LNG transport as well as for high- and low-
pressure distribution.

2 Market situation for supplies to individual
countries and regions

In this study both country-specific and regional consumption mixes are of interest. Country-
specific consumption mixes are provided for 55 countries (AU, AZ, BO, DZ, ID, IR, KZ, LY,
MY, NG, NO, OM, PE, QA, RU, SA, TT, TM, VE, CA, MX, US, CN, JP, KR, AR, BR, EG,
IN, KW, TW, TH, AE, 1Q, UZ, BE, DE, IT, FR, NL, ES, CZ, DK, FI, GR, HU, IE, RO, SK,
SE, BG, HR, RS and RoE) and four regions. Regional consumption mixes are calculated for
RER, Europe without Switzerland, GLO and RoW. In the framework of the LCA methodology
the original country for the natural gas extraction is of interest. Therefore, by using trade and
extraction statistics the activities of trading countries are traced back to assess the amount of
natural gas extracted for final consumption in the destination countries and regions.

In this study, all natural gas producing countries which contributed with at least 1%vol to the
global supply mix were considered. In addition, the natural gas extraction was also modelled
for relevant oil supply countries, as often a combined production is conducted. Additionally,
smaller production countries, which were modelled in Meili et al. 2023 are included as well. In
total, 50 countries of origin are investigated.

Different data sources could be used to estimate the consumption mix in the destination coun-
tries and regions. The ideal data source would have to cover the following information (but is
not yet available):

e Reference year 2023 with updates available annually

ESU-services Ltd. -1-



Market situation for supplies to individual countries and regions

e Detailed information for all producing countries and all European countries (including
Switzerland)

e Clear definition how transit countries and temporary storage are handled

e Consistent modelling for crude oil and natural gas

o Differentiation for trade movements by pipeline and ship (crude oil and LNG)
e Details regarding import for own consumption and re-exports to other countries
e Full transparency of data sources

The available data sources have advantages and disadvantages, which makes it difficult to find
a perfect solution:

e EI (2024): Published annually and available with 2023 data. Details for trade by pipeline
and LNG. Not all countries covered and thus contains a relevant part of “Other European
countries”. For Europe, the source differentiates only between EU-countries and non-EU
countries.

e Eurostat (2024c, 2025b): Annual data of imports of natural gas by country of production
and destination. Full coverage of all EU-27 countries, EFTA-countries, EU candidate coun-
tries and potential candidate countries, but Switzerland and the United Kingdom do not
deliver data for these statistics. Separate data for LNG are available, but for some countries
considerable shares of natural gas imports are classified as “Not further specified” for rea-
sons of confidentiality or lacking information on production countries. Updated annually in
January for the penultimate year. Data for 2023 are not available for all European countries
at the time of this project.

e Eurostat (20244, b): Monthly data of imports and exports of natural gas but other than the
annual data referring to country entry points and not to production countries. Full coverage
of all EU-27 countries, EFTA-countries, EU candidate countries and potential candidate
countries, but Switzerland and the United Kingdom do not deliver data for these statistics.
However, exports from reporting countries to the United Kingdom and Switzerland are in-
cluded. Data for 2023 are available.

e Due to the dynamic changes in recent months on the European gas market, the Swiss gas
industry does not compile an import portfolio for Switzerland at the moment.

e Department for Energy Security and Net Zero (2024): The Department for Energy Security
and Net Zero provides data on the natural gas imports and exports of the United Kingdom
for 2023. Imports via pipeline and LNG are presented separately.

The chosen modelling approach is described in the following sub-chapters.

2.1 Net producing countries

Defined as countries that do not import natural gas according to trade statistics, and where
production (minus exports) exceeds domestic consumption, the following nations are catego-
rized as self-sufficient in natural gas: AU, AZ, BO, DZ, ID, IR, KZ, LY, MY, NG, NO, OM,
PE, QA, RU, SA, TT, TM, and VE. These countries are modeled as sourcing 100% of their
natural gas from domestic production

2.2 Non-European countries

The consumption mixes for CA, MX, US, CN, JP, KR, AR, BR, EG, IN, KW, TW, TH, AE,
IQ and UZ were calculated based on the production and trade statistics provided in EI 2024

ESU-services Ltd. -2-
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and are summarized in Tab. 2.1. The consumption mix is calculated as imports plus own pro-
duction (where applicable) minus exports in the case of CA and US.

ESU-services Ltd. -3-
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Tab. 2.1 Natural gas consumption mixes in non-European countries. Marked in green: Countries modelled in this study

CA MX us CN JP KR AR BR EG IN KW PK T™W TH AE (0] uz

Source Energy Energy Energy Energy Energy Energy Energy Energy Energy Energy Energy Energy Energy Energy Energy Energy Energy
Institute Institute Institute Institute Institute Institute Institute Institute Institute Institute Institute Institute Institute Institute Institute Institute Institute

AE 0.25% 1.27%| 1.05% 7.15% 0.40% 0.66% 74.50%

AO 1.58%

AR 89.42%

AU 8.38%) 41.51% 23.51% 0.76% 0.41% 40.00% 8.16%

BN 0.25% 3.76% 1.19% 1.30% 0.96%

BO 4.73% 17.97%

BR 77.71%

CA 90.52% 8.67%

CN 59.54%

DZ 0.12% 0.09% 0.29% 0.13% 0.33%| 0.75% 0.45% 0.22%

EG 0.10% 0.20%)| 0.63%) 0.11% 99.99% 0.43% 0.25%) 0.29%

D 0.34% 1.39% 4.58% 6.58%) 0.01%) 0.92%) 2.35%) 1.29%

IN 50.45%

Q 53.10%

IR 46.90%

KW 60.25%

KZ 1.18%

MM 0.93% 11.36%

MX 36.46% 0.00%

MY 2.46% 15.80% 13.76% 0.85% 3.16% 5.45%

NG 0.41% 0.38%| 1.35% 0.18% 1.65% 5.35% 1.47% 1.54% 0.79%

NSP 0.05% 0.10% 0.14%) 0.00% 0.21% 0.90%

oM 0.35% 3.29% 11.37% 1.76% 2.27% 0.26% 1.86% 1.78%

PE 0.03% 0.21% 0.05% 0.38%| 1.59% 0.69%

PG 0.89% 5.76% 1.44% 7.22%

PK 73.39%

QA 5.82% 4.43% 19.51% 0.40% 23.93% 22.97% 23.30% 27.87% 8.31% 25.50%

ROAF 0.31% 0.39% 1.39% 0.22% 1.98% 1.30% 0.35%) 2.67%

ROASP 0.01% 0.36% 0.75% 0.11% 0.35% 0.54%

ROE 0.01%) 0.00%

ROSCA 0.01% 0.00%

RU 8.21% 9.25%| 3.74% 0.28% 0.92% 0.44% 2.79% 3.33%

TH 54.48%

™ 7.75% 1.78%

T 0.04% 0.04% 0.13% 0.09%| 0.03%) 0.37% 0.08% 0.59% 0.77% 0.20%) 0.61%

us 9.40% 62.99% 91.28% 1.10% 8.33% 11.69% 4.43% 3.43%) 7.03% 4.20% 0.22%) 9.91% 3.38%

uz 0.31% 94.88%

Total 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%

Total modelled 100.00% 100.00% 99.99% 97.56% 89.62% 95.10% 99.78% 99.79% 100.00% 97.01% 98.35% 26.61% 91.13% 84.47% 100.00% 100.00% 100.00%

Not all countries of origin are included in Meili et al. (2023), hence these countries were excluded from the modelled mixes and the contribution
of the other countries was scaled accordingly. Tab. 2.2 shows the country specific LCIs modelled in this study.

ESU-services Ltd. -1-
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Tab. 2.2 Modelled natural gas consumption mix for non-European countries.
CA us CN JP KR AR BR EG IN KW PK T™W TH (0] uz
AE 0.26% 1.42% 1.10% 7.37% 0.41% 0.72% 74.50%
AO 1.63%
AR 89.62%
AU 8.59% 46.32% 24.72% 0.79% 0.42% 43.90% 9.66%
BO 4.74% 18.01%
BR 77.87%
CA 90.52% 8.67%
CN 61.03%
DZ 0.12% 0.10% 0.31% 0.13% 0.33% 0.78% 0.46% 0.26%
EG 0.10% 0.23% 0.66% 0.11% 99.99% 0.45% 0.93% 0.32%
ID 0.34% 1.42% 5.11% 6.92% 0.01% 3.46% 2.58% 1.53%
IN 52.00%
1Q 53.10%
IR 46.90%
KW 61.26%
KZ 1.21%
MX 36.46% 0.00%
MY 2.52% 17.63% 14.47% 0.86% 3.47% 6.45%
NG 0.42% 0.43% 1.42% 0.18% 1.71% 5.44% 5.52% 1.69% 0.94%
oM 0.36% 3.67% 11.96% 1.81% 2.30% 0.96% 2.05% 2.10%
PE 0.03% 0.21% 0.05% 0.43% 1.68% 0.75%
QA 5.96% 4.94% 20.51% 0.41% 24.67% 23.35% 87.56% 30.59% 9.84% 25.50%
RoE 0.01% 0.00%
RU 8.42% 10.32% 3.93% 0.28% 0.95% 0.45% 3.06% 3.33%
TH 64.50%
™ 7.95% 1.78%
T 0.04% 0.04% 0.13% 0.11% 0.04% 0.37% 0.08% 0.61% 0.78% 0.74% 0.72%
us 9.40% 62.99% 91.29% 1.13% 9.30% 12.29% 4.44% 3.44% 7.25% 4.27% 0.84% 10.87% 4.00%
uz 0.32% 94.88%
Total 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
ESU-services Ltd. -2-
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2.3 European countries

For European countries, no trade data are provided anymore on country-specific level by El
(2024). In the case of BE, DE, IT, FR, NL, ES, CZ, DK, FI, GR, HU, IE, RO, SK, SE, BG, HR,
RS and RoE, the consumption mixes are calculated based on the annual Eurostat import statis-
tics (EUROSTAT 2025b). For TR, AT and PL no data was reported in the annual statistics;
these countries’ consumption mixes are modelled based on the monthly import statistics
(EUROSTAT 2024a). Main methodological difference between both statistics is that the annual
trade provide imports from countries of origin, while the monthly data refer to the physical
flows crossing the borders and hence show mainly transit countries and not countries of origin.
Since no European country except Norway can meet its natural gas demand from own produc-
tion and it is thus assumed that European countries export their consumption mix and not their
own production, the monthly data was suitable for the existing model with few assumptions
based on a comparative analysis of monthly and annual data for 2022:

1. Imports from TR were modelled as natural gas produced in AZ to avoid natural gas
from IR in European mixes

2. Imports from UA were modelled as natural gas produced in RU

All German LNG imports are classified as not specified. This gap was filled with data from
BDEW 2024.

Some trade flow could not be represented which the current model. This was the case for Turk-
ish LNG import from BE. This flow can be understood as LNG ships partly unloading in BE
and then continuing their trip to TR, but not as natural gas extracted and liquefied in BE. Since
the country of origin of the LNG was not known, these trade flows were considered as unspec-
ified origin.

Domestic production of natural gas is based on EUROSTAT 2025a where possible, otherwise
EUROSTAT 2024c is used.

As no source is available presenting sufficient detail to model the Swiss natural gas mix by
country of origin, the mix was modelled based on the monthly exports reported to Switzerland
by its neighbouring countries (EUROSTAT 2024b).

Since the United Kingdom imports a significant amount natural gas via LNG from Non-Euro-
pean countries, the approach used for Switzerland could not be applied here. Instead, the data
provided by Department for Energy Security and Net Zero 2024 were used.

ESU-services Ltd. -1-
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Tab. 2.3 Natural gas consumption mix in modelled European countries. Marked in green: Countries modelled in this study

[~[TR ~[BE ~IpE_ [~]T [~]FR [+ [NL ~|ES ~]AT [~]cz [~ bk [~[r v[cR [ ~[HU [~]pL [*[rRO_ ~[sK ~[sE ~IBG_ [*[HR [~]rs ~[cB [~JcH _ [-]roE__[~]

Eurostat |Eurostat _|Eurostat, B|Eurostat Eurostat |Eurostat _|Eurostat Eurostat |Eurostat _|Eurostat Eurostat |Eurostat _|Eurostat Eurostat |DESNZ

e ! 1 r 1 r r r 1 r r r [ [ [ [ oo [ I [ [ [ | [ ] 108%

or ! r r r r r r r r r r [ [ [ 1% [ I [ [ [ | [ | 39%
M | oz [ | o2 | [ | r 1 r I I { I [ I [ | e3% | [ | ]

157%| | 273%| 1.43%| 0.40%| 070%| 029%| | 491%| 0.01%| 9.23%| 098%| 550%| | 1519%| | 36.08%| 2075%| 7.11%| | | 0.06%| 2.65%| 23.04%

er [ r r 1 1 [ 2s9 1 1 { r 1 {r tr r [t 1 [ [ [ |

s ! 1 ] oo [ { 1 r 1 r 1 r [ {r 1 [ [ [ | 72 | [ | ]
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Tab. 2.4 Modelled natural gas consumption mix for European countries.

~|[TR ~ |BE - |DE = |IT ~[FR ~INL ~|ES > |AT *|CZ ~ [DK ~ |FI ~|GR ~ |HU ~|E ~[PL ~|[RO ~|SK ~|SE - |BG ~[HR ~ |RS ~|GB ~|CH * |RoE =
AE 0.08%
AO 1.21% 0.54% 0.42%| 2.30%| 0.82%| 1.01%
AU 0.02%|
AZ 20.40% 15.84% 18.35% 87.56% 0.01%
BE 0.06%| 20.24% 0.49%) 5.28%| 0.02%| 0.00%| 0.24%
BG 21.42%
CH 0.17%
cz 0.99%|
DE 0.10% 6.00% 0.75%) 0.62% 38.39%! 5.26% 7.42% 5.80% 0.05%
DK 0.28% 0.94% 38.78% 76.32% 0.09%
DZ 11.93% 0.40%| 40.63%) 8.84% 0.43%) 30.49%) 5.65%) 6.42%| 0.85%| 0.61%| 2.20%
EG 2.63%) 0.19%| 0.08% 0.43% 0.83%) 0.42%| 1.17% 6.56%!| 0.33%|
GR 10.58% 1.02%
ES 4.31%) 0.08%|
FR 6.68%| 1.14% 1.55% 3.23%| 87.43% 0.12%
GB 11.51% 4.68%| 100.00% 43.63%) 0.46%
GQ 0.39%| 0.83%| 0.50%| 0.51%)| 0.15%
HU 0.23%| 3.67%)|
HR 0.05% 5.18% 0.07%
ID 3.51%
IR 10.77%
IT 4.28% 7.99% 6.57% 0.20%
LY 3.99%
NG 0.93%| 0.45% 0.95%)| 0.89%)| 14.13% 1.72% 3.23% 0.58% 19.17%
NL 10.04% 23.94% 4.15%) 5.60% 22.83% 0.04%| 0.04% 0.20% 2.86%
NO 0.55%| 22.55%) 40.21% 6.37% 32.52% 17.89% 1.54% 91.49% 94.74% 23.45% 1.80% 0.53%) 7.34% 32.86%) 15.87%
oM 0.18%| 0.20%) 0.76%| 12.68%
PE 0.63%)| 0.20%| 1.30% 2.23%|
PL 21.81% 0.42%
QA 18.71% 10.82% 5.01% 1.64% 3.72%| 11.06% 3.40%|
RO 12.17% 77.50% 0.04% 0.62%
RU 42.52%) 17.62% 4.64% 13.07% 2.62% 19.07%] 8.51% 11.23% 44.27%) 82.65% 2.97% 100.00%| 16.34% 100.00%| 7.65%
SK 53.62%! 0.73%) 0.21%
TR 1.61%
T 0.47% 0.31% 0.48%) 2.25% 1.45% 0.54% 19.06% 0.66%| 5.77%
us 8.00%| 10.25% 7.45% 8.37% 25.73% 34.61% 21.73%) 59.68% 20.88%) 14.60% 1.82% 57.85% 14.65% 32.57%
Total 100.00%| 100.00%| 100.00%| 100.00%| 100.00%]| 100.00%| 100.00%)| 100.00%| 100.00%| 100.00%| 100.00%| 100.00%| 100.00%| 100.00%| 100.00%]| 100.00%| 100.00%| 100.00%| 100.00%| 100.00%| 100.00%| 100.00%| 100.00%| 100.00%
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2.4 Regions

The global and Rest-of-World (defined as non European countries) mixes are modelled based
on production and trade data from EI 2024, while the mixes for Europe and Europe without
Switzerland are based on the consumption data from the same source.

ESU-services Ltd. -1-
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Tab. 2.5 Regional natural gas mixes (El 2024). Marked in green: Countries modelled in this study

Europe

without RER GLO Row

Switzerland

Energy Energy Energy Energy
Source Institute Institute Institute Institute
AE 1.43% 1.52%
AO 0.14% 0.06%
AR 1.07% 1.14%
AT 1.59% 1.58%
AU 3.91% 4.15%
AZ 0.92% 0.65%
BD 0.58%
BE 3.16% 3.14%
BG 0.58% 0.58%
BH 0.46%
BN 0.27%
BO 0.31% 0.33%
BR 0.60% 0.64%
CA 4.90% 5.21%
CH 0.63%
CN 6.04% 6.41%
Cco 0.31% 0.33%
Ccz 1.54% 1.53%
DE 17.43% 17.32% 0.10%
DK 0.38% 0.37%
DZ 2.62% 2.31%
EE 0.09% 0.08%
EG 1.47% 1.48%
GR 1.24% 1.23%
ES 6.75% 6.71%
Fl 0.28% 0.27%
FR 7.80% 7.75%
GB 14.63% 14.54% 0.89%
GQ 0.20% 0.19%
HR 0.58% 0.57%
HU 1.89% 1.87%
ID 1.66% 1.76%
IL 0.64%
IN 0.81% 0.86%
1Q 0.26% 0.27%
IR 6.49% 6.75%
T 13.50% 13.42% 0.07%
KW 0.35% 0.37%
KZ 0.79% 0.84%
LT 0.36% 0.36%
LV 0.18% 0.18%
LY 0.42% 0.45%
MM 0.41%
MX 0.92% 0.97%
MY 2.09% 2.22%
NG 1.13% 0.94%
NL 5.94% 5.90% 0.25%
NO 0.87% 0.87% 3.01%
oM 1.11% 1.16%
PE 0.40% 0.34%
PK 0.76%
PL 4.51% 4.48% 0.09%
PT 1.03% 1.03%
QA 4.66% 4.38%
RO 2.09% 2.08% 0.23%
ROAF 0.53%
ROASP 0.60%
ROCIS 0.01%
ROE 7.97% 7.92%
ROME 0.02%
ROSCA 0.08%
RU 15.11% 14.86%
SA 2.94% 3.12%
SE 0.17% 0.16%
SI 0.18% 0.18%
SK 0.97% 0.96%
SY 0.08%
TH 0.66% 0.70%
™ 1.97% 2.09%
TT 0.64% 0.57%
UA 4.32% 4.29% 0.46%
us 26.68% 26.26%
uz 1.14% 1.21%
VE 0.76% 0.81%
VN 0.20%
Total 100.00% 100.00% 100.00% 100.00%
Total modelled 98.17% 98.18% 100.00% 95.36%
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Tab. 2.6 Modelled regional natural gas mixes
Europe
without RER GLO Row
Switzerland
AE 1.43% 1.59%
AO 0.14% 0.06%
AR 1.07% 1.19%
AT 1.61% 1.60%
AU 3.91% 4.36%
AZ 0.92% 0.68%
BE 3.22% 3.20%
BG 0.59% 0.59%
BO 0.31% 0.34%
BR 0.60% 0.67%
CA 4.90% 5.46%
CH 0.64%
CN 6.04% 6.73%
co 0.31% 0.35%
cz 1.57% 1.56%
DE 17.76% 17.64% 0.10%
DK 0.38% 0.38%
DZ 2.62% 2.42%
EG 1.47% 1.55%
GR 1.26% 1.26%
ES 6.88% 6.83%
FI 0.28% 0.28%
FR 7.95% 7.90%
GB 14.90% 14.81% 0.89%
GQ 0.20% 0.20%
HU 1.92% 1.91%
HR 0.59% 0.58%
ID 1.66% 1.84%
IN 0.81% 0.91%
IQ 0.26% 0.29%
IR 6.49% 7.08%
IT 13.75% 13.66% 0.07%
KW 0.35% 0.39%
KZ 0.79% 0.88%
LY 0.42% 0.47%
MX 0.92% 1.02%
MY 2.09% 2.33%
NG 1.13% 0.99%
NL 6.05% 6.01% 0.25%
NO 0.89% 0.88% 3.01%
oM 1.11% 1.22%
PE 0.40% 0.35%
PL 4.60% 4.57% 0.09%
QA 4.66% 4.60%
RO 2.13% 2.12% 0.23%
RoE 8.12% 8.06%
RU 15.11% 15.59%
SA 2.94% 3.28%
SE 0.17% 0.17%
SK 0.99% 0.98%
TH 0.66% 0.74%
™ 1.97% 2.19%
T 0.64% 0.60%
UA 4.40% 4.37% 0.46%
us 26.68% 27.54%
Uz 1.14% 1.27%
VE 0.76% 0.85%
Total 100.00% 100.00% 100.00% 100.00%
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2.5 Share of pipeline and LNG transports

To model the natural gas supply (prior to its distribution within the studied regions and coun-
tries), the share of liquefied natural gas (LNG) in the supply mixes was assessed based on the
El (2024) and Eurostat (20244a, 2025b). Tab. 2.7 shows the share of pipeline and LNG-imports
for regional mixes, while Tab. 2.8 and Tab. 2.9 show the mode of transport for individual coun-
try mixes modelled. Since the European and Europe without Switzerland mix are building up
on the country-level consumption mixes, the share of LNG imports is already included the
country-specific datasets,

Tab. 2.7 Mode of transport for natural gas supplies to Europe and global (El 2024)

GLO RowW |
Source Energy Instity Energy Institute
AE 13.84% 13.71%
AO 94.04% 61.42%
AU 70.78% 70.78%
DZ 18.75% 2.15%
EG 8.55% 3.20%
GQ 70.80% 67.45%
ID 25.07% 24.96%
MY 44.75% 44.75%
NG 40.15% 23.91%
oM 35.48% 34.33%
PE 34.54% 17.77%
QA 59.88% 54.66%
RU 7.28% 4.28%
T 41.97% 30.22%
us 11.05% 3.98%
Total 13.44% 10.18%
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Tab. 2.8 Mode of transport for natural gas supplies to individual countries (El 2024). Marked in green: Countries modelled in this study
CA MX uUs CN JP KR AR BR EG IN KW PK T™W TH AE Q uz
Source Energy Energy Energy Energy Energy Energy Energy Energy Energy Energy Energy Energy Energy Energy Energy Energy Energy
Institute Institute Institute Institute Institute Institute Institute Institute Institute Institute Institute Institute Institute Institute Institute Institute Institute

AE 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 0.00%)
AO 100.00%
AU 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
BN 100.00% 100.00% 100.00% 100.00% 100.00%
DZ 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
EG 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
D 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
MY 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
NG 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
oM 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
PE 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
PG 100.00% 100.00% 100.00% 100.00%
QA 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 5.53%
ROAF 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
ROASP 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
ROSCA 100.00% 100.00%
RU 34.11% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
T 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
us 0.01% 0.62% 0.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
Tab. 2.9 Mode of transport for natural gas supplies to individual countries (EUROSTAT 2024a, 2025b). Marked in green: Countries modelled in this study

TR BE DE T FR NL ES AT cz DK FI GR HU IE PL RO SK SE BG HR RS GB CH RoE
Source Eurostat  |Eurostat Egg;\tlal' Eurostat [Eurostat [Eurostat |Eurostat |Eurostat |Eurostat |Eurostat |Eurostat |Eurostat |Eurostat |[Eurostat [Eurostat [Eurostat [Eurostat |Eurostat |Eurostat |Eurostat |Eurostat |DESNZ Eurostat |Eurostat
AE 100.00%)|
AO 100.00%| 100.00% 100.00%| 100.00%| 100.00% 100.00%)|
AU 100.00%)|
BE 100.00%)| 0.00%|
cM 100.00%)|
DZ 100.00%)| 100.00% 9.50%| 100.00%| 100.00%| 18.41% 100.00%)| 100.00% 100.00%) 0.00%
EE 100.00% 0.00%
|EG 100.00%| 100.00%]| 100.00%| 100.00%)| 100.00%| 100.00%]| 100.00% 100.00%, 100.00%,
GQ 100.00%)| 100.00%)| 100.00%) 100.00%| 100.00%
D 100.00%)|
LT 6.47% 0.00%
MZ 100.00%| 100.00% 100.00%
NG 100.00%)| 100.00%| 100.00%| 100.00%| 100.00% 100.00%)| 100.00%)| 100.00%)| 100.00%
NL 100.00%)| 0.00%|
NO 100.00%)| 1.81% 0.77%)| 2.21% 7.96%| 15.04%|  63.34%) 100.00%)| 100.00% 100.00%)| 100.00%)| 1.60% 90.52%)
NSP 0.00%| 100.00%| 100.00%|  41.96%| 100.00% 100.00%| 100.00%| 100.00% 100.00%| 100.00%| 1.81%
oM 100.00%)| 100.00%)| 100.00%)| 100.00%)|
PE 100.00%)| 100.00%| 100.00% 100.00%)|
QA 100.00%, 100.00%| 100.00%| 100.00%| 100.00% 100.00%, 100.00%,
RU 3.70%| 100.00% 3.04%)| 100.00%| 100.00%]| 100.00% 100.00%|  36.81%) 100.00%, 100.00%, 45.99%)
T 100.00%)| 100.00%)| 100.00%)| 100.00%| 100.00% 100.00%)| 100.00%)| 100.00%) 100.00%
us 100.00%| 100.00%| 100.00%| 100.00%| 100.00%| 100.00%| 100.00%) 100.00%| 100.00%) 100.00%)| 100.00%| 100.00%| 100.00%) 100.00%
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3 Properties of natural gas consumed

An overview with updated numbers of the composition of raw natural gas is provided in the
accompanying report on crude oil and natural gas extraction (Meili et al. 2022).

The quality of natural gas fed into the European gas network corresponds to the natural gas
composition at the point of final consumption in Switzerland and the European Union. As for
the raw gas, the composition of natural gas after processing depends on its origin (Schori et al.
2012). As available information on natural gas composition after processing is rather old
(Schori et al. 2012) and not available for all countries of origin considered, a generic natural
gas composition based on Swiss data is used for this study (see Tab. 3.1) (SWISSGAS 2019).
The assumption for the mercury content is based on Schori et al. 2012,

Tab. 3.1 Generic gas composition used for this study (SWISSGAS 2019; Schori et al. 2012)

Substance Unit Value Source
Methane, fossil kg/m3 0.6629|Swissgas 2019
Ethane kg/m?3 0.0549|Swissgas 2019
Propane kg/m3 0.0124|Swissgas 2019
Butane kg/m?3 0.0064|Swissgas 2019
NMVOC, non-methane volatile organic compounds [kg/m3 0.0005|Swissgas 2019
Carbon dioxide, fossil kg/m3 0.0229|Swissgas 2019
Mercury (ll) kg/m3 1.00E-08|Schori 2012
Gross CV MJ/m3 41.1|Swissgas 2019
Net CV MJ/m3 36.0|BP Statistic
Density kg/m?3 0.735|BP Statistic

4 Life cycle inventory of long-distance transport

4.1 Overview

This chapter focuses on the long-distance transport from the countries of origin to destination
countries and regions. Important parameters are the supply mixes, the transport modes, and the
transport distances from the different origins to destinations.

Natural gas is mainly transported by long-distance pipelines with compressor stations driven
by gas turbines as described in Subchapter 4.2. The transport by ship as LNG (liquefied natural
gas) has become increasingly important in recent years and the process chain is described in
Subchapter 4.3. The supply mixes at a specific destination are described in Subchapter 4.4. The
well-established natural gas grid and the seasonal storage capacity in Europe allows to respond
to demand peaks and to dispatch natural gas from different origins. It is included in the inven-
tory of the long-distance transport to a specific destination and is described in Section 4.4.1.

The Transmission Capacity Map of ENTSOG! is used together with online sources? to estimate
the pipeline distances for countries of origin supplying to Europe. For other regions, the country
reports of the EIA® were used to identify the main pipeline routes. For EU producing countries
it is assumed that domestic gas supplies are direct delivered to the distribution network and

1 https://entsog.eu/maps#
2 https://wikipedia.org, https://maps.google.com
3 https://eia.gov/international/analysis/world
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Life cycle inventory of long-distance transport

storages without long-distance transport. The global mix includes only long-distance transport
for net-exporting countries. Some countries, e.g. Indonesia, only export via LNG and not via
pipeline.

Other than in the report on extraction (Meili et al. 2022), the emission rates of the transport
activities are not modelled with data from IEA 2020. The data is only available on the level of
natural gas producing countries and the available downstream data of IEA 2020 can neither be
allocated to the different distribution stages (long-distance, regional, local) nor converted to
tkm which is required for modelling the long-distance transport. Hence, different data sources
(Faist-Emmenegger et al. 2015, Ushakov et al. 2019) were used.

4.2 Pipeline transport

4.2.1 Infrastructure

For the infrastructure of long-distance pipelines, the formerly consulted literature information
on data for pipelines (Tab. 4.1-Tab. 4.3) is considered to be still valid (c.f. Schori et al. 2012).
Pipeline diameters are used as indicator for pipeline capacity. No update was commissioned.
Therefore, also uncertainty information is kept as in the former report.
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Tab. 4.1 Unit process raw data of “Pipeline, natural gas, long distance, low capacity, onshore/GLO/I”

Explanations Name

Location
InfrastructureProcess
Unit
Resources, land Transformation, from forest
Transformation, to heterogeneous, agricultural
Occupation, construction site
Resources, in wa Water, unspecified natural origin
Technosphere diesel, burned in building machine
reinforcing steel, at plant
polyethylene, LDPE, granulate, at plant
sand, at mine
bitumen, at refinery
drawing of pipes, steel
transport, helicopter
transport, helicopter, LTO cycle
transport, lorry 32t
transport, freight, rail
disposal, natural gas pipeline, 0% water, to inert material landfill
disposal, plastics, mixture, 15.3% water, to municipal incineration
disposal, bitumen, 1.4% water, to sanitary landfill

disposal, municipal solid waste, 22.9% water, to municipal incineration

disposal, hazardous waste, 25% water, to hazardous waste incineration

Outputs pipeline, natural gas, long distance, low capacity, onshore
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GLO

InfrastructureP
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rocess

Unit

m2
m2
m2a
m3
MJ
kg
kg
kg
kg
kg

unit

tkm

tkm
kg
kg
kg

kg
kg

km

pipeline, natural

gas, long
distance, low

capacity, onshore

GLO
1
km
2.00E+3
2.00E+3
3.33E+3
1.87E+2
3.31E+6
2.40E+5
4.64E+3
1.95E+6
2.32E+3
2.40E+5
2.60E+1
1.04E+1
1.78E+5
5.03E+4
1.10E+6
2.32E+3
1.16E+3

4.84E+3

3.53E+3
1.00E+0

UncertaintyTyp

P PR RPRRPRPRPRERRERRPRPRPRERERREERRER

e

StandardDevia
tion95%

211
211
1.64
1.10
1.10
1.22
131
131
131
1.22
2.10
2.10
2.09
2.09
141
141
141

3.01

3.01

GeneralComment

(4,3,3,1,1,5); qualified estimates

(4,3,3,1,1,5); qualified estimates

(4,3,3,1,1,5); qualified estimates

(2,3,1,1,1,3); environmental report

(2,3,1,1,1,3); environmental report

(2,1,1,1,1,5); estimates based on published data
(2,1,4,1,1,5); estimates based on published data
(2,1,4,1,1,5); estimates based on published data
(2,1,4,1,1,5); estimates based on published data
(2,1,1,1,1,5); estimates based on published data
(2,3,1,1,3,5); estimates based on published data
(2,3,1,1,3,5); estimates based on published data
(4,5,na,na,na,na); standard distance
(4,5,na,na,na,na); standard distance
(3,5,3,1,3,5); estimates

(3,5,3,1,3,5); estimates

(3,5,3,1,3,5); estimates

(2,3,1,1,1,3); environmental report

(2,3,1,1,1,3); environmental report
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Tab. 4.2 Unit process raw data of “Pipeline, natural gas, long distance, high capacity, onshore/ GLO/I”

Explanations Name

Location
InfrastructureProcess
Unit
Resources, land Transformation, from forest
Transformation, to heterogeneous, agricultural
Occupation, construction site
Resources, in wa Water, unspecified natural origin
Technosphere  diesel, burned in building machine
reinforcing steel, at plant
polyethylene, LDPE, granulate, at plant
sand, at mine
bitumen, at refinery
drawing of pipes, steel
transport, helicopter
transport, helicopter, LTO cycle
transport, lorry 32t
transport, freight, rail
disposal, natural gas pipeline, 0% water, to inert material landfill
disposal, plastics, mixture, 15.3% water, to municipal incineration
disposal, bitumen, 1.4% water, to sanitary landfill

disposal, municipal solid waste, 22.9% water, to municipal incineration

disposal, hazardous waste, 25% water, to hazardous waste incineration

Outputs pipeline, natural gas, long distance, high capacity, onshore
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m2
m2
m2a
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MJ
kg
kg
kg
kg
kg

unit

tkm

tkm
kg
kg
kg

kg

kg

km

pipeline, natural
gas, long distance,
high capacity,

onshore

GLO
1
km
2.00E+3
2.00E+3
3.33E+3
1.87E+2
3.31E+6
3.76E+5
4.64E+3
2.28E+6
2.32E+3
3.76E+5
2.60E+1
1.04E+1
2.19E+5
7.75E+4
1.33E+6
2.32E+3
1.16E+3

4.84E+3

3.53E+3
1.00E+0

Uncertainty Typ

P RPRRRPRRPRREPRPRER R RPRPRPRPEPRRERR

e

StandardDevia
tion95%

211
211
1.64
1.10
1.10
1.22
131
131
131
1.22
2.10
2.10
2.09
2.09
141
141
141

1.10

1.10

GeneralComment

(4,3,3,1,1,5); qualified estimates

(4,3,3,1,1,5); qualified estimates

(4,3,3,1,1,5); qualified estimates

(2,3,1,1,1,3); environmental report

(2,3,1,1,1,3); environmental report

(2,1,1,1,1,5); estimates based on published data
(2,1,4,1,1,5); estimates based on published data
(2,1,4,1,1,5); estimates based on published data
(2,1,4,1,1,5); estimates based on published data
(2,1,1,1,1,5); estimates based on published data
(2,3,1,1,3,5); estimates based on published data
(2,3,1,1,3,5); estimates based on published data
(4,5,na,na,na,na); standard distance
(4,5,na,na,na,na); standard distance
(3,5,3,1,3,5); estimates

(3,5,3,1,3,5); estimates

(3,5,3,1,3,5); estimates

(2,3,1,1,1,3); environmental report

(2,3,1,1,1,3); environmental report
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Tab. 4.3 Unit process raw data of “Pipeline, natural gas, long distance, high capacity, offshore/ GLO/I”

Explanations Name

Location
InfrastructureProcess
Unit

Resources, land Transformation, from sea and ocean

Transformation, to industrial area, benthos

Transformation, from industrial area, benthos

Transformation, to sea and ocean

Occupation, industrial area, benthos
Resources, in wa Water, unspecified natural origin
Technosphere diesel, burned in building machine

reinforcing steel, at plant

concrete, sole plate and foundation, at plant

aluminium, production mix, cast alloy, at plant
cast iron, at plant

MG-silicon, at plant

copper, at regional storage

zinc for coating, at regional storage

drawing of pipes, steel

transport, lorry 32t

transport, freight, rail

transport, transoceanic freight ship

disposal, natural gas pipeline, 0% water, to inert material landfill

disposal, municipal solid waste, 22.9% water, to municipal incineration

disposal, hazardous waste, 25% water, to hazardous waste incineration

emission water,
ocean

Aluminum

Iron, ion
Silicon
Copper, ion
Zinc, ion
Titanium, ion
Outputs pipeline, natural gas, long distance, high capacity, offshore
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1
km
1.10E+2
1.10E+2
5.50E+1
5.50E+1
5.50E+3
8.05E+2
2.53E+6
6.05E+5
3.61E+2

3.32E+3
4.20E+0
5.25E+0
2.10E-1

1.75E+2

6.05E+5
7.61E+4
1.22E+5
1.82E+5
3.03E+5

1.26E+3
1.13E+3

2.82E+3

3.57E+0
4.46E+0
1.79E-1
1.49E+2
7.44E-1
1.00E+0

uncertainty 1 yp

P RRRRRRRRR

=
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StandardDevia
tion95%

2.11
211
211
2.11
211
1.10
2.01
1.22
131

10.43

10.43

10.43

10.43

10.43

1.22
2.09
2.09
2.33
141

1.10

1.10

10.43

10.43
10.43
10.43
10.43
10.43

GeneralComment

(4,3,3,1,1,5); estimates

(4,3,3,1,1,5); estimates

(4,3,3,1,1,5); estimates

(4,3,3,1,1,5); estimates

(4,3,3,1,1,5); estimates

(2,3,1,1,1,3); environmental report

(2,3,1,1,5,3); environmental report

(2,1,1,1,1,5); estimates based on published data
(2,1,4,1,1,5); estimates based on published data
(5,5,1,1,1,na); Estimation for aluminium anode, basic
uncertainity estimated = 10

(5,5,1,1,1,na); Estimation for aluminium anode, basic
uncertainity estimated = 10

(5,5,1,1,1,na); Estimation for aluminium anode, basic
uncertainity estimated = 10

(5,5,1,1,1,na); Estimation for aluminium anode, basic
uncertainity estimated = 10

(5,5,1,1,1,na); Estimation for aluminium anode, basic
uncertainity estimated = 10

(2,1,1,1,1,5); estimates based on published data
(4,5,na,na,na,na); standard distance
(4,5,na,na,na,na); standard distance

(5,3,1,1,3,5); estimated distances

(3,5,3,1,3,5); estimates

(2,3,1,1,1,3); environmental report
(2,3,1,1,1,3); environmental report

(5,5,1,1,1,na); Estimation 85% utilisation of anode

(5,5,1,1,1,na); Estimation 85% utilisation of anode
(5,5,1,1,1,na); Estimation 85% utilisation of anode
(5,5,1,1,1,na); Estimation 85% utilisation of anode
(5,5,1,1,1,na); Estimation 85% utilisation of anode
(5,5,1,1,1,na); Estimation 85% utilisation of anode
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4.2.2 Operation of the network

42.2.1 Surveillance with helicopters

The amount of helicopter hours per km pipeline was assumed to remain constant (c.f. Tab. 4.1
and Tab. 4.2). The environmental impacts of the flights were modelled with the dataset
“transport, helicopter, single engine, LTO cycle” of the UVEK database.

4.2.2.2 Operational energy use

To compensate the pressure loss in the long-distance pipeline network, compressor stations are
located every 100-200 km along the network (Schori et al. 2012). The natural gas consumption
of the compressor stations is expressed in % per 1’000 km pipeline. Schori et al. 2012 and Faist-
Emmenegger et al. 2015 used a value of 1.9 %/1°000 km for Russian pipelines and of
1.8 %/1°000 km for all other countries. These values are based on older expert judgements.
Muiller-Syring et al. 2016 and Schuller et al. 2017 present more current values for several coun-
tries as shown in Tab. 4.4. Based on these numbers, average values were calculated for Russia,
Europe, and other regions. As there is no traceable source given for the energy use in Dutch
and African pipelines in Schuller et al. 2017 and these values are considerable higher than the
other values, they are not considered in the calculation of the average. For countries of the
former Soviet Union, the Middle East and Africa the energy use of Russian pipelines is applied,
while for Northern America the European values are used.

Tab. 4.4 Energy use of long-distance pipelines in different regions. The values highlighted in grey
are not used for calculating the averages used in this study.

Parameter Unit Schori 2012 [Faist-Emmenegger 2015 |Schuller 2017 [Muller-Syring 2016 |This study
Energy use (FSU) %/1000 km 1.9% 1.9% 2.1% 2.3% 2.2%
Energy use (NL) %/1000 km 3.0% 0.6%

Energy use (NO) %/1000 km 0.8% 1.5%

Energy use (UK) %/1000 km 0.8%

Energy use (RER, RNA) %/1000 km 1.8% 1.8% 0.9%
Energy use (RME, RAF, RAS, RLA)  (%/1000 km 1.8% 1.8% 3.0% 2.2%

Emissions and infrastructure need of the compressor stations are modelled with the datasets
“natural gas, burned in gas turbine”. This dataset is used for all natural gas inputs for energy
purposes. In former studies (Schori et al. 2012; Faist Emmenegger et al. 2007), three different
datasets for modelling natural gas as energy input were used. It was differentiated between
“natural gas, burned in gas turbines” and natural gas, burned in gas turbines, for compressor
station”. For the latter, it was assumed that relatively old turbines are in place, which results in
high NOx emissions.

For this study, it was assumed that turbines installed more than three decades ago were subse-
quently replaced by newer turbines and hence no differentiation between compressor stations
and other turbines used is necessary. The third dataset “natural gas, burned in gas motor, for
storage” was used in former studies to model the energy use of storage and liquefaction pro-
cesses. As the dataset showed only slightly lower results than the dataset “natural gas, burned
in gas turbine”, it was replaced by the latter one in this study. The former datasets were only
available for a few countries, with a country specific natural gas input. This is corrected in this
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study and the dataset “natural gas, burned in gas turbines” is modelled for all countries under
study. The emissions are based on generic estimates of the former dataset since an update was
not commissioned. Tab. 4.5 shows the data for the combustion in a gas turbine exemplarily for
natural gas extracted in Norway.

Tab. 4.5 Unit process raw data of “natural gas, burned in gas turbine” (Example for Norway)

& _  natralgas,
NO Name ® 5 burnedingas
S turbine
Location NO
Unit MJ

natural gas, burned in gas turbine NO M 1.00E+0
gas turbine, 10MWe, at production plant RER unit 1.15E-10 1 3.28 (4,3,5,3,1,BU:3); infrastructure estimation
Natural gas, at production NO Nm3 2.78E-02 1 1.57 (4,3,5,3,1,BU:1.05); natural gas input
natural gas, at long-distance pipeline NO Nm3 1 1.57 (4,3,5,3,1,BU:1.05); natural gas input

air, high population  Methane, fossil - kg 4.50E-06 1 2.07 (5,5,5,3,1,BU:1.5); rough estimate
Carbon monoxide, fossil - kg 4.00E-05 1 5.58 (5,5,5,3,1,BU:5); rough estimate
Dinitrogen monoxide - kg 1.00E-06 1 2.07 (5,5,5,3,1,BU:1.5); rough estimate
Nitrogen oxides - kg 1.30E-04 1 2.07 (5,5,5,3,1,BU:1.5); rough estimate
NMVOC, non-methane volatile organic - kg 1.00E-06 1 2.07 (5,5,5,3,1,BU:1.5); rough estimate
Sulfur dioxide - kg 5.50E-07 1 1.83 (5,5,5,3,1,BU:1.05); rough estimate
Carbon dioxide, fossil - kg 5.60E-02 1 1.83 (5,5,5,3,1,BU:1.05); rough estimate
Mercury - kg 3.00E-11 1 5.58 (5,5,5,3,1,BU:5); rough estimate
Dioxin, 2,3,7,8 Tetrachlorodibenzo-p- - kg 2.90E-17 1 3.50 (5,5,5,3,1,BU:3); rough estimate
Heat, waste - M) 1.10E+00 1 1.83 (5,5,5,3,1,BU:1.05); rough estimate

4.2.2.3 Natural gas losses and other process related emissions

Natural gas losses in the long-distance network mainly occur at junctions between sections and
pneumatic devices. Schori et al. 2012 differentiated for the loss rate between Russia and other
regions, whereas Faist-Emmenegger et al. 2015 differentiated between Europe and other re-
gions (see Tab. 4.6). The latter values are used for this study. As a conservative approach, it is
assumed that the entire emissions are emitted to the atmosphere and no pollutants are held back
by the soil.

Tab. 4.6 Leakage rates of long-distance pipelines in different regions

Parameter Unit Schori 2012 |Faist-Emmenegger 2015 |This study
Loss rate, FSU %/1000 km 0.218% 0.204% 0.204%
Loss rate, RER and RNA %/1000 km 0.026% 0.019% 0.019%
Loss rate, RM, RAS, RAF and RLA %/1000 km 0.026% 0.204% 0.204%

The composition of the natural gas changes slightly during the long-distance transport as higher
hydrocarbons and water condensate and are collected in condensate separators. It is further
assumed that part of the mercury content is secreted with the condensate as well. As in Schori
etal. 2012, 1.16 E-06 kg condensate are estimated per tkm pipeline transport. The treatment of
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the condensate is modelled with the dataset “Disposal, used mineral oil, 10% water, to hazard-
ous waste incineration”. A transport distance of 100 km is assumed to the treatment facility.

The figures derived in Schori et al. 2012 for the use of refrigerants are 6.93 E-08 kg/tkm freon
and 2.2 E-08 kg/tkm halon. Due to the Montreal Protocol the use of chlorofluorocarbons and
hydrochlorofluorocarbons is phasing out. It is assumed, that the substances are replaced by
HFC-23 and the use of halon in 2019 is reduced by 90 % (UNEP 2018).

4.2.3 Inventory of natural gas transport in pipelines

4.2.3.1 Description

The data of Algerian natural gas transport is shown exemplarily in Tab. 4.7. The inventories
describe the energy consumption and emissions linked to the transport of one ton natural gas
over a distance of one km in the unit ton-km (tkm). Onshore pipelines were modelled for all
countries, offshore pipelines only for countries where necessary.

The leakage rate of Russian pipelines is higher than in other regions (Faist-Emmenegger et al.
2015). The refrigerant emissions as well as the amount of secreted condensate is assumed to be
equal in all countries. Furthermore, it is assumed that the emissions and energy use of offshore
pipeline are equal to the ones of onshore pipelines.

4.2.3.2 Data quality

The energy use data is based on qualified estimates from industrial experts for the years 2014
and 2015 (Mdller-Syring et al. 2016; Schuller et al. 2017). The infrastructure needs are based
on values given in Schori et al. 2012 (qualified estimates). Dutch company reports (Gasunie
1998; 2001) are used for the amount of condensate (verified data partly based on assumptions)
and refrigerant emissions. The refrigerants used are updated to current legislation (non-expert
estimate). Other emissions are calculated based on the loss rates (qualified estimates) and a
generic natural gas composition. For the auxiliary datasets “Natural gas, burned in gas turbine”,
the natural gas input is specified by country of origin. For the emissions, generic factors were
used.
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Tab. 4.7 Unit process raw data of the pipeline transport from Algeria

Name

Location
InfrastructureProcess
Unit
transport, natural gas, onshore pipeline, long distance
transport, natural gas, offshore pipeline, long distance

natural gas, at production

natural gas, burned in gas turbine

pipeline, natural gas, long distance, high capacity, offshore

pipeline, natural gas, long distance, high capacity, onshore

transport, freight, lorry 16-32 metric ton, fleet average

Methane, fossil

Ethane

Propane

Butane

NMVOC, non-methane volatile organic compounds
Carbon dioxide, fossil

Mercury (Il)

Methane, bromochlorodifluoro-, Halon 1211

Methane, trifluoro-, HFC-23

ESU-services Ltd.

Location

Dz

DZ

DZ

DZ

GLO

GLO

RER

transport,
=  hatural gas,
5 onshore
pipeline, long
distance
Dz
0
tkm
tkm 1.00E+0
tkm
Nm3 2.78E-03
MJ 7.95E-01
km
km 2.59E-09
tkm 1.16E-07
kg 1.84E-03
kg 1.52E-04
kg 3.43E-05
kg 1.76E-05
kg 1.27E-06
kg 6.36E-05
kg 2.78E-11
kg 2.24E-09
kg 8.95E-08

-14 -

transport,
natural gas,

offshore
pipeline, long

distance

Uncertainty Type

Dz
0

tkm

1.00E+0

2.78E-03 1

7.95E-01 1

1.78E-09 1

1.16E-07 1

1.84E-03 1

1.52E-04 1

3.43E-05 1

1.76E-05 1

1.27E-06 1

6.36E-05 1

2.78E-11 1

2.24E-09 1

8.95E-08 1

Standard-
Deviation95%

3.32

115

1.57

157

157

157

157

1.22

5.06

211

211

GeneralComment

(4,2,1,1,1,BU:1.05); Imports via pipeline +
losses

(4,2,2,3,3,BU:1.05); Qualified estimates from
different gas companies

(4,3,5,3,3,BU:3); based on estimated standard
capacity

(4,3,5,3,3,BU:3); based on estimated standard
capacity

(3,4,1,1,1,BU:1.05); Average weighted
distance is estimated based on trade statistics
and pipeline network.

(2,3,4,1,1,BU:1.5); Calculated based on
leakage and average gas composition

(2,3,4,1,1,BU:1.5); Calculated based on
leakage and average gas composition

(2,3,4,1,1,BU:1.5); Calculated based on
leakage and average gas composition

(2,3,4,1,1,BU:1.5); Calculated based on
leakage and average gas composition
(2,3,4,1,1,BU:1.5); Calculated based on
leakage and average gas composition
(2,3,4,1,1,BU:1.05); Calculated based on
leakage and average gas composition
(2,3,4,1,1,BU:5); Calculated based on leakage
and average gas composition
(5,5,5,3,3,BU:1.5); assuming 10% halon
compared to Schori 2012
(5,5,5,3,3,BU:1.5); assuming 90% HFC-23
compared to Schori 2012
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4.3 Transport of Liquefied Natural Gas

4.3.1 Natural Gas Liquefaction

After extraction, the natural gas is transported via pipeline to the liquefaction plant at the coast.
In the liquefaction plant, the natural gas is cooled to -161 °C to reach its liquid state and the
CO: is separated. The volume of natural gas in liquid state decreases to 1/600 of the volume in
gaseous state. The liquefaction process is modelled in the dataset “Natural gas, liquefied, at
liquefaction plant”. Schori et al. 2012 stated that 15 % of the natural gas is consumed to run the
liquefaction process, in Faist-Emmenegger et al. 2015 this value decreased to 10.3 %. More
recent figures published in Pospisil et al. 2019 indicate that on average 8.6 % of the natural gas
is consumed in the liquefaction process. The latter value was used in this study.

In most liquefaction plants, the separated CO> is emitted into air and not pumped back into the
gas reservoir®. The resulting CO2-emissions are based on the natural gas composition. The leak-
age rate of 0.05 %, based on Schori et al. 2012, is used to calculate the emissions of other natural
gas components. The infrastructure requirements of liquefaction and evaporation plants are
based on Schori et al. 2012.

4.3.2 Storage and ship transportation of LNG

Prior to the transoceanic transport by LNG carriers, the LNG is stored in storage tanks. Typi-
cally, the storage and transport time of LNG is very short. The duration of storage is between 1
and 1.5 days (Cerbe et al. 1999). Assuming a service lifetime of the tank of 50 years, this leads
to 9000 turnover cycles per tank. Therefore, the material usage per transported Nm? of natural
gas is very small. In this study the material use for the tanks is therefore not included.

According to IMO 2016, early LNG carriers burned LNG for steam propulsion as modelled in
Schori et al. 2012, but most modern LNG carriers use dual fuel diesel engines as in the study
of Faist-Emmenegger et al. 2015 (see Tab. 4.8). The values of the latter studies are used in this
study. The share of LNG, which evaporates during the transport (boil-off gas), is used as fuel
and burned in the engine (IMO 2015).

Tab. 4.8 Fuel consumption of LNG carriers

Parameter Unit Schori 2012 |Faist Emmenegger 2015 |This study
LNG consumption Nm3/tkm 0.00935 0.00429 0.00429
heavy fuel oil consumption MJ/tkm 0.06789 0.06789

IMO 2015 stated emission factors for various marine fuels including heavy fuel oil (HFO),
marine diesel oil (MDO) and LNG combusted in Otto-cycle engines. Ushakov et al. 2019 pre-
sent emission factors for LNG combusted in Otto-cycle engines based on ocean and manufac-
turer measurements. The latter ones were used for this study, values for substances not reported
in Ushakov et al. 2019 are supplemented with data from IMO 2015. The emission factors for

4 https://www2.gov.bc.ca/assets/gov/environment/climate-change/ind/Ing/Ing production in_bri-
tish _columbia - ghg emissions assessment and benchmarking - may 2013.pdf, online
11.09.2020
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different marine fuels are given in Tab. 4.9. To calculate the airborne emissions of the LNG-
transport, the fuel consumption as reported in Tab. 4.8 is multiplied with the emission factors

for HFO and LNG as given in Tab. 4.9.

Tab. 4.9 Emission factor for marine fuels based on IMO 2015 and Stenersen and Thonstad 2017.
HFO: heavy fuel oil, MDO: marine diesel oil, LNG: liquefied natural gas

Source IMO 2015 [IMO 2015 |IMO 2015 Ushakov 2019  |This study
Substance Unit HFO MDO LNG (Otto-cycle) |LNG (Otto-cycle) |LNG (Otto-cycle)
Methane o/g fuel 6.00E-05( 6.00E-05 5.12E-02 4.09E-02 4.09E-02
Carbon dioxide g/g fuel 3.11E+00| 3.21E+00 2.75E+00 2.63E+00 2.63E+00
Carbon monoxide o/g fuel 2.77E-03| 2.77E-03 7.83E-03 1.10E-02 1.10E-02
NMVOC g/g fuel 3.08E-03| 3.08E-03 3.01E-03 2.30E-03 2.30E-03
Nitrogen oxides o/g fuel 6.05E-02 5.68E-02 7.83E-03 1.04E-02 1.04E-02
Dinitrogen monoxide |g/g fuel 1.60E-04| 1.50E-04 1.10E-04 1.10E-04

As in Schori et al. 2012, it is assumed that the wastewater is contaminated with 10% bilge oil®
and that 2.18 E-03 kg wastewater are discarded per tkm.

Fuel consumption, emissions and infrastructure requirements are modelled in the dataset
“Transport, liquefied natural gas (country code), freight ship”, while the transport distance is
considered in the dataset “Natural gas, liquefied, at freight ship”.

4.3.3 Evaporation plant

Various regasification technologies to vaporize LNG are available; common heat sources are
ambient air, sea water and natural gas. The selected technology depends on the geographical
and meteorological conditions of the location. Open rack vaporizers (ORV) use seawater to
vaporize the LNG. Sodium hypochlorite is added to the seawater inlet stream to avoid algae
growth within the heat exchanger tubes. The colder seawater is then, together with the sodium
hypochlorite, discharged to the sea. Seawater only is only an effective heat source for vaporiz-
ing LNG if its temperature is higher 5 °C. In submerged combustion vaporizers (SCV), LNG
flows in tubes through a water bath, which is heated by burning natural gas. SCVs are mainly
used for peak shaving purposes. The technology mix in Europe is calculated based on the shares
of technologies used: 60 % open rack vaporizers (ORV) and 40 % submerged combustion va-
porizers (Agarwal et al. 2017) and used for other regions as well. Tab. 4.10 shows the energy
and material consumption recorded of different vaporizing technologies and the values derived
for this study. The vaporized LNG is fed into the natural gas distribution network. Methane
emissions from the evaporation are estimated as 3.5E-04 kg Methane/m? (Schori et al. 2012).

5  Bilges are the lowest compartments of ships. Water collects there, which can be contaminated with
harmful substances.
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Tab. 4.10 Energy and material consumption of vaporizing technologies in different sources.

Parameter Unit Schori 2012 ;g'lsst Emmenegger Pospisil 2019 |Agarwal 2017 ﬁzz_gtf:;srinq 2014 This study | This study | This study
Technology SCcv average SCcv SCV ORV ORV SCv RER-mix
Electricity MJ/Nm3 0.042

Natural gas % 1.6%) 0.43% 1.0-2.5% 1.5-2.0% 1.7%)| 0.69%
Sea water m3/m3 gas 1.1E+01| 1.1E+01 6.4E+00
Sodium hypochlorite |kg/m?3 gas 5.6E-02 5.6E-02 3.4E-02

4.3.4 Inventory of LNG transport

4.34.1 Description

The inventory data of the LNG datasets are shown exemplarily for LNG in Tab. 4.11 and Tab.
4.12. The inventories describe the energy consumption and emissions linked to the liquefaction,
transport, and evaporation of one cubic metre natural gas in gaseous form.

The inventory data of the modelled countries differs with respect to the emissions and natural
gas consumption as the country specific natural gas composition and heating values were used
for the calculation.

4.3.4.2 Data quality

The energy use of the liquefaction and evaporation process is based on the average values of
different scientific publications summarized in Pospisil et al. 2019 (qualified estimates). The
material consumption of the evaporation process calculated based on figures given in an envi-
ronmental study for a Greek LNG terminal (Asprofos Engineering 2014) (qualified estimates).
Emission factors based on measurements and expert estimations (qualified estimates) and qual-
ified estimates of fuel consumption are used to model transport the emissions. Emissions during
liquefaction are calculated based on the leakage rates (qualified estimates) and the country spe-
cific natural gas composition. The infrastructure requirements are based on rough estimates.
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Tab. 4.11

Name

Location
InfrastructureProcess

Unit
natural gas, liquefied, at liquefaction plant

natural gas, liquefied, production US, at harbour

natural gas, production US, at evaporation plant
natural gas, at production

natural gas, burned in gas turbine

Methane, fossil

Ethane

Propane

Butane

NMVOC, non-methane volatile organic compounds
Carbon dioxide, fossil

Mercury (1)

production plant, natural gas

natural gas, liquefied, at liquefaction plant
transport, liquefied natural gas US, freight ship
natural gas, liquefied, production US, at harbour
sodium hypochlorite, 15% in H20, at plant
Water, salt, ocean

Water

Sodium

Hypochlorite

Tab. 4.12

NG Name

Location
Unit

transport, liquefied natural gas NG, freight ship OCE
natural gas, liquefied, at liquefaction plant

heavy fuel oil, at regional storage

transport, freight, lorry 16-32 metric ton, fleet

average

transoceanic freight ship

operation, maintenance, port

maintenance, transoceanic freight ship
disposal, bilge oil, 90% water, to hazardous

waste incineration
emission air, low

) . Methane, fossil
population density
Carbon dioxide, fossil

Carbon monoxide, fossil
Nitrogen oxides
Dinitrogen monoxide

ESU-services Ltd.

Location

us

GLO

GLO

us

us

GLO
us

OCE

GLO

RER

NG

RER

OCE

RER

RER

Location

RER

CH

Unit

Nm3

Nm3

Nm3

Nm3

kg
kg
kg
kg
kg
kg
kg

unit

Nm3
tkm
Nm3
kg
m3
kg
kg

kg

£
=]

tkm
Nm3
kg
tkm
unit
unit
unit
kg
kg

kg
kg
kg
kg

Unit raw datasets for LNG (Example for US delivered to GLO)

natural gas, natural gas, natural g!as,
. y N production
liquefied, at liquefied,
. y ) us, at
liquefaction production e
plant US, at harbour ap
plant
us GLO GLO
0 0 0
Nm3 Nm3 Nm3
1.00E+0
1.00E+0
1.00E+0
1.00E+00
3.11E+00 2.48E-01
3.31E-04 3.50E-04
2.75E-05
6.18E-06
3.18E-06
2.29E-07
2.29E-02
5.00E-12
7.89E-13 7.89E-13
1.00E+00
7.42E+00
1.00E+00
3.36E-02
6.42E+00
6.42E+03
1.04E-02
2.32E-02

Unit raw datasets for LNG transport (Example for Nigeria)

[
[=3
transport, = §
liquefied % 5 S
naturalgas ‘g 2 2 GeneralComment
: £ g8
NG, freight Sh 3
ship 5 0
OCE
tkm
1.00E+0

Uncertainty Type
Standard-
Deviation95%

]

3]

GeneralComment

(4,2,1,1,1,BU:1.05); Imports via pipeline +
losses

(4,2,2,3,3,BU:1.05); Based on technology
average

(2,3,4,1,1,BU:1.5); based on leakage rate

(2,3,4,1,1,BU:1.5); Calculated based on
leakage and average gas composition

(2,3,4,1,1,BU:1.5); Calculated based on
leakage and average gas composition
(2,3,4,1,1,BU:1.5); Calculated based on
leakage and average gas composition
(2,3,4,1,1,BU:1.5); Calculated based on
leakage and average gas composition

(2,3,4,1,1,BU:1.05); Calculated based on
leakage and average gas composition

(2,3,4,1,1,BU:5); Calculated based on leakage
and average gas composition
(5,3,3,3,3,BU:3); Estimate for Europe
(4,3,3,1,1,BU:1.05); Based on data from Faist-
Emmenegger (2015)

(3,3,3,1,3,BU:2); Average weighted distance
based on BP statistics for 2021

(1,1,1,1,1,BU:1.05);

(4,5,3,3,3,BU:1.05); Environmental report of
Greek site

(4,5,3,3,3,BU:1.05); Environmental report of
Greek site

(4,5,3,3,3,BU:1.5); Environmental report of
Greek site

(4,5,3,3,3,BU:5); Environmental report of
Greek site

(4,5,3,3,3,BU:3); Environmental report of
Greek site

4.29E-03 1 1.24 (4,3,3,1,1,BU:1.05); Based on data from Faist-Emmenegger (2015)

1.65E-03 1 1.24 (4,3,3,1,1,BU:1.05); Based on data from Faist-Emmenegger (2015)

1.09E-05 1 2.0

>

243E-11 1 34

3

243E-11 1 34

J

243E-111 34

3

2.18E-04 1 1.5

@

©

133E-04 1 15

1.37E-02
4.04E-05

6.22E-07
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(4,3,3,1,1,BU:2); Environmental report of Italian company
(5,4,5,1,1,BU:3); Assumptions on the basis of older data

(5,4,5,1,1,BU:3); Assumptions on the basis of older data

(5,4,5,1,1,BU:3); Assumptions on the basis of older data
(2,4,5,1,1,BU:1.05); Assumptions on the basis of older data
(4,3,3,1,1,BU:1.5); Based on data from IMO (2015) and Sternersen (2017)

1 1.24 (4,3,3,1,1,BU:1.05); Based on data from IMO (2015) and Sternersen (2017)

1 5.07 (4,3,3,1,1,BU:5); Based on data from IMO (2015) and Sternersen (2017)
1.34E-04 1 1.58 (4,3,3,1,1,BU:1.5); Based on data from IMO (2015) and Sternersen (2017)

1 1.58 (4,3,3,1,1,BU:1.5); Based on data from IMO (2015) and Sternersen (2017)
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4.4 Arrival at destination

4.4.1 Seasonal natural gas storage

The temporal storage of natural gas is important to compensate for seasonal demand fluctua-
tions as well as for strategic purposes. In Schori et al. 2012, it is assumed that a share of 10 %
of the natural gas supply was temporarily stored. The natural gas is stored underground in cav-
erns or permeable rock foundations with a compressor station on the surface. The energy ex-
penditures of the compressor stations depend on the storage depth and the operation pressure.
Schori et al. 2012 assumed a natural gas consumption of the compressor station of 1.5 % of the
stored natural gas. The natural gas losses during seasonal storage depend on the storage type.
Schori et al. 2012 used an average leakage rate of 0.1 % of the stored gas. Faist-Emmenegger
et al. 2015 used the same figures. The European Commission 2015 stated that in the recent
years the storage capacities increased faster than the natural gas consumption, hence, in this
study it is assumed that 15 % of the natural gas supply is temporarily stored, the other figures
remain unchanged. These values are used for all regions under study.

The seasonal natural gas storage is modelled in the inventory “Natural gas, production (country
code), at long-distance pipeline”, the emissions caused by leakages are modelled as direct emis-
sions of the process. The dataset “Natural gas, burned in gas turbine” is used to account for the
emissions and infrastructure of the operational energy requirements of the storage capacities.
In 2021, approximately 68% of the European gas storage facilities were depleted fields, 25%
caverns and 7% aquifer.® Converting a depleted natural as field to a storage facility allows the
further use of existing wells, gathering systems, and pipeline connections.” The infrastructure
of the storage is hence neglected in this study as it is assumed to be insignificant.

4.4.2 Inventory of arrival at destination

44.2.1 Description

The inventory of imports from a specific country of origin is exemplarily shown for Norwegian
natural gas imported to Germany in Tab. 4.13. The inventory describes the imports per pipeline
and LNG as well as the seasonal storage in the destination country. In previous studies, this
dataset was modelled in m3. In this study the unit was changed to MJ.

4.4.2.2 Data quality

The energy use for temporal storage is based on qualified estimates from industry experts. The
emissions during liquefaction are calculated based on the leakage rates (qualified estimates)
and the natural gas composition.

6 https://gie.eu/transparency/databases/storage-database/
7 https://eia.gov/naturalgas/storage/basics/
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Tab. 4.13

Name

Location
InfrastructureProcess

Unit

natural gas, production NO, at long-distance pipeline
natural gas, at production

natural gas, production NO, at evaporation plant
natural gas, burned in gas turbine

transport, natural gas, offshore pipeline, long distance

Methane, fossil

Ethane

Propane

Butane

NMVOC, non-methane volatile organic compounds

Carbon dioxide, fossil

Mercury (Il)

ESU-services Ltd.

DE

NO

Location

NO

Unit

DE MJ

Nm3

NO MJ

tkm

kg

kg

kg

kg
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Nm3

natural gas,
production
NO, at long-
distance
pipeline

DE
0

MJ

1.00E+0
2.76E-02
2.14E-04
2.25E-03

1.04E-02

1.84E-06

1.53E-07

3.43E-08

1.76E-08

1.27E-09

6.37E-08

2.78E-14

Uncertainty Type

Unit process raw data for the imports of Norwegian natural gas to DE

Standard-Deviation95%

1.20897507

1.20897507

1.30415785

3.32095505

1.568145

1.568145

1.568145

1.568145

1.568145

1.22256878

5.05916245

GeneralComment

(4,2,1,1,1,BU:1.05); Imports via pipeline +
losses

(4,2,1,1,1,BU:1.05); Imports via LNG

(4,2,2,3,3,BU:1.05); Energy expenditure of
seasonal storage

(4,3,5,3,3,BU:3); based on estimated
standard capacity
(2,3,4,1,1,BU:1.5);Emissions from storage.
Calculated based on average losses and
gas composition
(2,3,4,1,1,BU:1.5);Emissions from storage.
Calculated based on average losses and
gas composition
(2,3,4,1,1,BU:1.5);Emissions from storage.
Calculated based on average losses and
gas composition
(2,3,4,1,1,BU:1.5);Emissions from storage.
Calculated based on average losses and
gas composition
(2,3,4,1,1,BU:1.5);Emissions from storage.
Calculated based on average losses and
gas composition
(2,3,4,1,1,BU:1.05);Emissions from
storage. Calculated based on average
losses and gas composition
(2,3,4,1,1,BU:5);Emissions from storage.
Calculated based on average losses and
gas composition
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5 Life cycle inventory of regional distribution

5.1 Overview

In the long-distance pipeline network, natural gas is transported with a pressure of 70 bar. For
the regional distribution, the pressure is reduced to 1-5 bar overpressure (high-pressure net-
work). The pressure is further reduced to less than 0.1 bar overpressure for the local distribution
(low-pressure network) which is described in Chapter 6.

Large consumers, e.g. power plants and industries, obtain natural gas from the high-pressure
network. Schori et al. 2012 reported, that 18% of the Swiss natural gas consumption is supplied
at the high-pressure level, while Faist-Emmenegger et al. 2015 assumed a share of 23 %. For
the EU-158, a share of 56 % was assumed, due to the larger importance of industry (Schori et
al. 2012). In this study, the value of Faist-Emmenegger et al. 2015 is used for all regions.

The high-pressure network accounted for 21 % of the total length of the distribution network
in Switzerland in 2018. For the EU-27°, a similar figure of 19 % is reported™°.

5.2 Infrastructure

The inventories are not updated and kept the same as in a former study (Schori et al. 2012). The
share of modern polyethylene pipelines used in Switzerland increased in the recent years. This
is not reflected in this study as an update of the infrastructure was not commissioned. This can
be justified by the relatively low importance of the infrastructure in the overall LCIA. Tab. 5.1
and Tab. 5.2 show the life cycle inventories for the construction of pipelines for the regional
distribution in Switzerland and Europe, based on former studies (Schori et al. 2012).

8  Belgium, Germany, France, Italy, Luxembourg, Netherlands, Denmark, Ireland, Greece, Portugal,
Spain, Finland, Austria, Sweden, United Kingdom

9 EU-28 without Croatia

10 Marcogaz 2012: Gas infrastructure — position paper on BAT. Retrieved from: https://marco-
gaz.org/app/download/7928289563/WG-AE-12-29.pdf?t=1541675447, online 04.12.2020
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Tab.5.1

Explanations

Resources, land

Technosphere

Outputs

Unit process raw data of “pipeline, natural gas, high-pressure distribution network” (CH)

Name

Location
InfrastructureProcess
Unit
Transformation, from forest
Transformation, to arable
Transformation, from unknown
Transformation, to industrial area, built up
Occupation, industrial area, built up
Occupation, construction site
reinforcing steel, at plant
cast iron, at plant
polyethylene, HDPE, granulate, at plant
polyethylene, LDPE, granulate, at plant
concrete, normal, at plant
cement, unspecified, at plant
sand, at mine
bitumen, at refinery
drawing of pipes, steel
transport, passenger car
transport, helicopter
transport, helicopter, LTO cycle

transport, lorry 28t
transport, lorry 32t

transport, freight, rail

excavation, skid-steer loader
excavation, hydraulic digger
building, hall, steel construction
building, multi-storey

disposal, natural gas pipeline, 0% water, to inert material landfill

disposal, plastics, mixture, 15.3% water, to municipal incineration

disposal, bitumen, 1.4% water, to sanitary landfill
pipeline, natural gas, high pressure distribution network

ESU-services Ltd.

Location

GLO

RER

CH

RER
RER
CH
RER

CH

CH
CH

-22 -

InfrastructureProc

[~ Ne NN NoNoNoNo o NoNoNoNeNe N N-X-}

© PPrRPOO O o

o

ess

Unit

m2
m2
m2
m2

m2a
kg
kg

kg
m3
kg

kg

kg
pkm
unit

tkm
tkm

tkm

m3
m3
m2
m3

kg

kg

kg
km

pipeline, natural
gas, high pressure
distribution network

CH
1
km
2.00E+3
2.00E+3
2.49E+0
2.49E+0
4.97E+1
3.33E+3
2.34E+4
9.49E+2
9.38E+2
1.09E+3
2.73E+0
3.90E+3
7.86E+5
7.69E+2
2.44E+4
9.60E+2
4.80E+0
1.92E+0

1.72E+4

6.80E+2

1.59E+4

1.90E+4
1.20E+3
2.00E-1
1.60E+1

1.22E+4

1.01E+3

3.84E+2
1.00E+0

UncertaintyType

P RPRPRRRPRPRPPEPRREPRPRRPPEPRREPRERRPE

P R R RR R =

i

StandardDeviation
95%

2.45
2.45
211
211
1.64
2.01
1.76
1.76
176
1.76
1.76
1.76
1.76

1.76
2.45
2.45
2.45

2.09

2.32

2.09

2.45
2.45
3.11
3.11

1.76

1.76
1.76

GeneralComment

(4,3,3,1,1,5); qualified estimate
(4,3,3,1,1,5); qualified estimate
(4,3,3,1,1,5); qualified estimate
(4,3,3,1,1,5); qualified estimate
(4,3,3,1,1,5); qualified estimate
(4,3,3,1,1,5); qualified estimate
(4,3,3,1,1,5); qualified estimate
(4,3,3,1,1,5); qualified estimate
(4,3,3,1,1,5); qualified estimate
(4,3,3,1,1,5); qualified estimate
(4,3,3,1,1,5); qualified estimate
(4,3,3,1,1,5); qualified estimate

(4,3,3,1,1,5); qualified estimate
(4,3,3,1,1,5); qualified estimate
(4,3,3,1,1,5);

(4,3,3,1,1,5); qualified estimate

(4,3,3,1,1,5); qualified estimate
(4,3,3,1,1,5); qualified estimate
(4,5,na,na,na,na); standard
distance

(5,1,1,3,3,5); estimates for waste
transport

(4,5,na,na,na,na); standard
distance

(4,3,3,1,1,5); qualified estimate
(4,3,3,1,1,5); qualified estimate
(4,3,3,1,1,5); qualified estimate
(4,3,3,1,1,5); qualified estimate

(4,3,3,1,1,5); qualified estimate

(4,3,3,1,1,5); qualified estimate
(4,3,3,1,1,5); qualified estimate
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Tab. 5.2: Unit process raw data of “pipeline, natural gas, high-pressure distribution network” (RER)

o o =
£ S 3
5 e pipeline, natural 5, 3
Explanations Name é ’g ﬁ Unit gas, high pressure -% % § GeneralComment
S Z distribution network 5 &
£ < g
£ 2 %5
Location RER
InfrastructureProcess 1
Unit km
Resources, land Transformation, from forest 0 m2 2.00E+3 1 245 (4,3,3,3,1,5); qualified estimate for CH
Transformation, to arable 0 m2 2.00E+3 1 245 (4,3,3,3,1,5); qualified estimate for CH
Transformation, from unknown 0 m2 2.49E+0 1 211 (4,3,3,3,1,5); qualified estimate for CH
Transformation, to industrial area, built up 0 m2 2.49E+0 1 211 (4,3,3,3,1,5); qualified estimate for CH
Occupation, industrial area, built up 0 m2a 4.97E+1 1 1.64 (4,3,3,3,1,5); qualified estimate for CH
Occupation, construction site - 0 m2a 3.33E+3 1 201 (4.33,3,1,5); qualified estimate for CH
Technosphere reinforcing steel, at plant RER 0 kg 1.36E+4 1 177 (4,3,33,1,5), qualified estimate for CH
cast iron, at plant RER 0 kg 3.38E+2 1 177 (4,3,3,3,1,5); qualified estimate for CH
polyethylene, HDPE, granulate, at plant RER 0 kg 2.39E+3 1 1.77 (4,3,3,3,1,5); qualified estimate for CH
polyethylene, LDPE, granulate, at plant RER 0 kg 7.58E+2 1 1.77 (4,3,3,3,1,5); qualified estimate for CH
concrete, normal, at plant CH 0 m3 2.73E+0 1 1.77 (4,3,3,3,1,5); qualified estimate for CH
cement, unspecified, at plant CH 0 kg 3.90E+3 1 177 (4,3,3,3,1,5); qualified estimate for CH
sand, at mine CH 0 kg 6.10E+5 1 1.77 (4,3,3,3,1,5); qualified estimate for CH
bitumen, at refinery RER 0 kg 1.26E+3 1 1.77 (4,3,3,3,1,5); qualified estimate for CH
drawing of pipes, steel RER 0 kg 1.39E+4 1 1.77 (4,3,3,3,1,5); qualified estimate for CH
transport, helicopter GLO 0 h 1.04E+1 1 245 (4,3,3,3,1,5); qualified estimate for CH
transport, helicopter, LTO cycle GLO 0 unit 4.16E+0 1 245 (4,3,3,3,1,5); qualified estimate for CH
transport, lorry 32t RER 0 tkm 3.32E+4 1 2.09 (45,na,na,na,na); standard distance
transport, freight, rail RER 0 tkm 4.56E+3 1 2.09 (4,5nana,na,na); standard distance
excavation, skid-steer loader RER 0 m3 1.90E+4 1 245 (4,3,33,1,5), qualified estimate for CH
excavation, hydraulic digger RER 0 m3 1.20E+3 1 245 (4,3,33,1,5); qualified estimate for CH
building, hall, steel construction CH 1 m2 2.00E-1 1 3.11 (43,3,3,1,5); qualified estimate for CH
building, multi-storey RER 1 m3 1.60E+1 1 3.11 (4,33,3,1,5); qualified estimate for CH
disposal, natural gas pipeline, 0% water, to inert material landfill CH 0 kg 6.96E+3 1 1.77 (4,3,3,3,1,5); qualified estimate for CH
disposal, plastics, mixture, 15.3% water, to municipal incineration CH 0 kg 1.57E+3 1 1.77 (4.3,3,3,1,5); qualified estimate for CH
disposal, bitumen, 1.4% water, to sanitary landfill CH 0 kg 6.32E+2 1 177 (4,3,3,3,1,5), qualified estimate for CH
Outputs pipeline, natural gas, high pressure distribution network RER i km 1.00E+0

5.3 Operation of the network

5.3.1 Energy use

Heat is required to reduce the pressure of the natural gas before entering the regional distribu-
tion network. This service is not included in the long-distance inventories but is accounted for
in the dataset “natural gas, high-pressure, at consumer”. For 2019, the Swiss compressor station
in Ruswil reported a natural gas consumption of 600 TJ.!! Tab. 5.3 shows the natural gas con-
sumption per MJ supplied, as reported in former studies, and the value used for this study, as
calculated based on official data from the central compressor station in Ruswil. The infrastruc-
ture and emissions associated with the combustion of natural gas are modelled with the dataset
“natural gas, burned in gas turbine”.

Tab. 5.3 Natural gas consumption in the high-pressure network

Source Natural gas consumption

Schori 2012 0.56%
Faist Emmenegger 2015 0.59%
This study 0.49%

11 Communication by Email with Mischa Zschokke (Carbotech), 01.12.2020
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5.3.2 Emissions

The emission rate is calculated based on reported methane emissions of the Swiss distribution
network for 2018.1% The available figures for the distribution network differentiate between
pipeline leakages, emissions due to pipeline fractures and maintenance, emissions at connection
point of households and small businesses as well as emissions at the connection point of indus-
try and power plants. For the emission-rate of the high-pressure network, the emissions at con-
nection points of industry and power plants as well as a share of the emissions due to leakages,
fractures, and maintenance, considering the ratio of the length of the high-pressure and low-
pressure network, are taken into account. These values are summed up and divided by the an-
nual natural gas consumption in Switzerland. The derived emission rate is considerably higher
than the values used in former studies (see Tab. 5.4). In the former studies, only the pipeline
leakages were included and thus, the total emission rate was underestimated. To calculate the
airborne emissions of the regional distribution of 1 MJ natural gas, the emission rate is multi-
plied with the substance content of 1 Nm3 natural gas (see Tab. 3.1) and divided by the net
calorific value.

Tab.5.4 Emission rates of the high-pressure network®3

Source Emission rate

Schori 2012 0.04%
Faist Emmenegger 2015 0.01%
This study 0.10%

5.4 Inventory of the regional distribution

5.4.1 Description
The dataset «natural gas, high-pressure, at consumer» is shown exemplarily for Switzerland in

Tab. 5.5. It describes the supply mix according to chapter 2, energy use, emissions, and infra-
structure requirements for the regional distribution of 1 MJ natural gas. The same values for
emissions, energy use and infrastructure needs are used for Switzerland and other countries/re-
gions. This is justified by the good quality of the Swiss data. The inventories only differ regard-
ing the natural gas supply mix used.

5.4.2 Data quality

Recent data is available for the energy use and emissions in the Swiss distribution network
(non-verified data partly based on qualified estimates). For the emission rate not only pipeline
leakages as in former studies, but also emissions due to fractures and maintenance as well as
emissions at the connection point of the consumers are considered. Infrastructure requirements
are based on qualified estimates. The infrastructure processes were not updated, but the impact
on the emission rate was considered.

12 Communication by Email with Mischa Zschokke (Carbotech), 01.12.2020
13 The exact value was not reported in Faist-Emmenegger et al. 2015. The emission rate was esti-
mated based on the emissions and gas composition.
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Tab. 5.5 Unit raw dataset for the regional distribution in Switzerland

<
o 3
S 5
c Z 8
o = natural gas, 2 =
Name g 5 high pressure, g & GeneralComment
S atconsumer @ ©
5 ¢
&
%)
Location CH
InfrastructureProcess 0
Unit MJ
natural gas, high pressure, at consumer CH MJ 1.00E+00
natural gas, high pressure, at consumer CH MJ 1.05E-03 1 1.57 (4,3,5,3,1,BU:1.05); including leakage
natural gas, burned in gas turbine CH MJ 4.90E-03 1 1.30 (‘.1’2’2'3'3’BU:1'05); Qualmed estimates from
different gas companies
pipeline, natural gas, high pressure distribution network CH km 1.07E-09 1 3.32 g’;’i‘%‘/&BUm; based on estimated standard
(1,1,1,1,3,BU:1.05); Eurostat 2024 for
natural gas, high pressure, at consumer DE MJ 5.80% 1 1.21 European countries, EI 2024 for other

countries and regions
(1,1,1,1,3,BU:1.05); Eurostat 2024 for

natural gas, high pressure, at consumer FR MJ 87.43% 1 1.21 European countries, El 2024 for other
countries and regions
(1,1,1,1,3,BU:1.05); Eurostat 2024 for

natural gas, high pressure, at consumer T Ml 6.57% 1 1.21 European countries, EI 2024 for other
countries and regions
(1,1,1,1,3,BU:1.05); Eurostat 2024 for

natural gas, high pressure, at consumer NL MJ 0.20% 1 1.21 European countries, EI 2024 for other
countries and regions

(2,3,4,1,1,BU:1.5); Calculated based on

Methane, fossil - kg 1.93E-05 1 1.57 o
leakage and average gas composition
Ethane : kg 159E-06 1 1.57 (2,3,4,1,1,BU:1.5); Calculated basgd on
leakage and average gas composition
Propane } kg 350E-07 1 157 (2,3,4,1,1,BU:1.5); Calculated basgd on
leakage and average gas composition
Butane } kg 1.85E-07 1 1.57 (2,3,4,1,1,BU:1.5); Calculated basgg on
leakage and average gas composition
NMVOC, non-methane volatile organic compounds - kg 1.33E-08 1 1.57 (2,3,4,1,1,BU:1.5); Calculated basgq on
leakage and average gas composition
Carbon dioxide, fossil - kg 6.66E-07 1 1.22 (2,34,1,1,BU:L.05); Calculated based on

leakage and average gas composition
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6 Life cycle inventory of the local supply

6.1 Overview

This chapter describes the local distribution of natural gas to households and small business
using the low-pressure network with an overpressure below 0.1 bar. The process step has the
dataset “natural gas, high-pressure, at consumer” as input. That means, all gas consumed annu-
ally passes the high-pressure network, while only 77 % of the annual consumption flow through
the low-pressure network since 23 % are supplied to consumers at high-pressure level (Schori
etal. 2012).

6.2 Infrastructure

The inventories are not updated and kept the same as in a former study (Schori et al. 2012). The
share of modern polyethylene pipelines in Switzerland increased in the recent years. This is not
reflected in this study as an update of the infrastructure is not commissioned. This can be justi-
fied by the relatively low importance of the infrastructure in LCIA. Tab. 6.1 shows the life cycle
inventory for the construction of pipelines for the regional distribution in Switzerland, based
on former studies (Schori et al. 2012). The same dataset is used for the local supply in other
countries and regions.
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Tab. 6.1:

Explanations

Technosphere

Outputs

ESU-services Ltd.

Name

Location
InfrastructureProcess

Unit
Transformation, from unknown
Transformation, to industrial area, built up
Occupation, industrial area, built up
Occupation, construction site
reinforcing steel, at plant
cast iron, at plant
polyethylene, HDPE, granulate, at plant
polyethylene, LDPE, granulate, at plant
concrete, normal, at plant
gravel, round, at mine
cement, unspecified, at plant
sand, at mine
bitumen, at refinery
drawing of pipes, steel
transport, passenger car

transport, lorry 28t
transport, lorry 32t

transport, freight, rail

excavation, skid-steer loader
building, multi-storey

disposal, plastics, mixture, 15.3% water, to municipal incineration

disposal, bitumen, 1.4% water, to sanitary landfill
pipeline, natural gas, low pressure distribution network
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Location

RER
RER
CH

CH

RER

CH

RER
RER

CH

CH
CH

InfrastructureProc

O OO0OO0OO0OO0OO0OO0OO0OOOOOO OO

o

PO O PO O

ess

Unit

m2
m2
m2a
m2a
kg
kg
kg
kg
m3
kg
kg
kg
kg
kg
pkm

tkm
tkm

tkm

m3
m3

kg

kg
km

Unit process raw data of ,Pipeline, natural gas, low-pressure distribution network*

pipeline, natural
gas, low pressure
distribution network

CH
1

km
7.14E+0
7.14E+0
1.43E+2
3.33E+3
5.24E+3
6.30E+3
4.63E+3
4.90E+2
2.73E+0
2.80E+4
2.84E+3
3.76E+5
1.22E+3
1.15E+4
3.77E+4

9.05E+3

3.17E+2

8.97E+3

6.76E+2
5.00E+1

5.12E+3

1.22E+3
1.00E+0

Uncertainty Type

P RPRRPRPRPRPRPPRPRPRPRPPRRERP

[

e

StandardDeviation
95%

211
211
1.64
2.01
1.64
1.64
1.64
1.64
1.64
1.64
1.64
1.64
1.64
1.64
2.34

2.09

2.32

2.09

2.34
3.11

1.64
1.64

GeneralComment

(4,3,3,1,1,5); qualified estimate
(4,3,3,1,1,5); qualified estimate
(4,3,3,1,1,5); qualified estimate
(4,3,3,3,1,5); qualified estimate for CH
(4,3,3,1,1,5); qualified estimate
(4,3,3,1,1,5); qualified estimate
(4,3,3,1,1,5); qualified estimate
(4,3,3,1,1,5); qualified estimate
(4,3,3,1,1,5); qualified estimate
(4,3,3,1,1,5); qualified estimate
(4,3,3,1,1,5); qualified estimate
(4,3,3,1,1,5); qualified estimate
(4,3,3,1,1,5); qualified estimate
(4,3,3,1,1,5); qualified estimate
(4,3,3,1,1,5); qualified estimate

(4,5,na,na,na,na); standard distance
(5,1,1,3,3,5); estimates for waste transport

(4,5,na,na,na,na); standard distance

(4,3,3,1,1,5); qualified estimate
(4,3,3,1,1,5); qualified estimate

(4,3,3,1,1,5); qualified estimate
(4,3,3,1,1,5); qualified estimate
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6.3 Operation of the network

6.3.1 Energy use

In Schori et al. 2012 it is assumed that, for Switzerland, 80 % of the energy use in the distribu-
tion network is used in the compressor station in Ruswil and 20 % in the local distribution
network. The natural gas use of the compressor station Ruswil was 600 TJ in 2019 (cf. Chapter
4.4). Applying the same assumption results in a natural gas consumption of 150 TJ in the low-
pressure network. Tab. 6.2 shows the natural gas consumption per MJ supplied as reported in
former studies and the value used for this study. The infrastructure and emissions associated
with the combustion of natural gas are modelled with the dataset “natural gas, burned in gas
turbine”.

Tab. 6.2 Natural gas consumption in the low-pressure network

Source Natural gas consumption
Schori 2012 0.14%
Faist Emmenegger 2015 0.15%
This study 0.12%

6.3.2 Emissions

The emission rate is calculated based on reported methane emissions of the Swiss distribution
network for 2018.14 For the emission rate of the low-pressure network, the emissions at the
connection points of households and small businesses as well as a share of the emissions due
to leakages, fractures, and maintenance, considering the ratio of the length of the high-pressure
and low-pressure network, are considered. These values are summed up and divided by the 77%
of the annual natural gas consumption in Switzerland as 23% of the annual demand are con-
sumed by end-users of the high-pressure network. Tab. 6.3 shows the emission rates of former
studies and the value calculated for this study. In Faist-Emmenegger et al. 2015 and this study,
the consideration of the increased share of PE-pipelines in the low-pressure network resulted in
a lower emission rate. To calculate the airborne emissions of the local distribution of 1 MJ
natural gas, the emission rate is multiplied with the substance content of 1 Nms3 natural gas (see
Tab. 3.1) and divided by the net calorific value.

Tab. 6.3 Emission rates of the low-pressure network®

Source Emission rate

Schori 2012 0.43%
Faist Emmenegger 2015 0.25%
This study 0.25%

14 Date provided by Carbotech
15 The exact value was not reported in Faist-Emmenegger et al. 2015. The emission rate was esti-
mated based on the emissions and gas composition
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6.4 Inventory data for the local natural gas supply

6.4.1 Description

The dataset «natural gas, low-pressure, at consumer» is shown exemplarily for Switzerland in
Tab. 6.4. It describes the energy use, emissions and infrastructure requirements for the local
distribution of 1 MJ natural gas. The same values for emissions, energy use and infrastructure
needs are used for all regions. This is justified by the good quality of the Swiss data.

6.4.2 Data quality

Recent data is available for the energy use and emissions in the Swiss distribution network
(non-verified data partly based on qualified estimates). Infrastructure requirements are based
on qualified estimates. The infrastructure processes were not updated, but the impact on the
emission rate was considered.
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Tab. 6.4 Unit raw dataset for the local distribution in Switzerland

CH Name

Location
Unit

natural gas, high pressure, at consumer
natural gas, low pressure, at consumer

natural gas, burned in gas turbine

natural gas, at long-distance pipeline
natural gas, high pressure, at consumer

pipeline, natural gas, high pressure distribution

network

pipeline, natural gas, low pressure distribution

network

air, low population Methane, fossil

Ethane

Propane
Butane

NMVOC, non-methane volatile organic

Carbon dioxide, fossil

ESU-services Ltd.

-30-

Location

CH
CH
CH
CH

CH

CH

CH

Unit

MJ
MJ
MJ
Nm3
MJ

km

km

kg

kg
kg
kg
kg
kg

natural gas,
low pressure,
at consumer

CH
MJ

1.00E+0
1.23E-03

Uncertainty Type

1.00E+00 1

3.97E-09

4.67E-05

3.87E-06

8.70E-07
4.47E-07
3.22E-08
1.62E-06

N N e

Standard-
Deviation95%

1.07
112
1.12

3.27

3.27

1.52

152

1.52
1.52
1.52
111

GeneralComment

(1,3,1,3,1,BU:1.05); based on data of Swiss compressor station
(3,1,1,3,1,BU:1.05); including leakage
(3,1,1,3,1,BU:1.05); including leakage

(4,1,5,3,1,BU:3); calculation based on network length and capacity
utilization.

(4,1,5,3,1,BU:3); calculation based on network length and capacity
utilization.

(3,1,1,1,1,BU:1.5); calculated based on gas mix and leakage

(3,1,1,1,1,BU:1.5); calculated based on gas mix and leakage

(3,1,1,1,1,BU:1.5); calculated based on gas mix and leakage
(3,1,1,1,1,BU:1.5); calculated based on gas mix and leakage
(3,1,1,1,1,BU:1.5); calculated based on gas mix and leakage
(3,1,1,1,1,BU:1.05); calculated based on gas mix and leakage



Outlook

7 Outlook

The following updates were not within the scope of this project. They would be recommended
for follow-up projects.

More recent data for the natural gas transmission and distribution infrastructure are available
(e.g. Schuller et al. 2017). It would be recommended to update the material needs for different
infrastructure facilities (pipelines, liquefaction facility, etc) and the infrastructure requirements
of the transport processes (e.g. km pipeline/ m? natural gas transported). The infrastructure for
seasonal storage of natural gas is not yet considered in the inventories. Its relevance should at
least be estimated roughly. The emissions of the gas turbines used for modelling the energy
demand of the transport and distribution activities are based on rough estimates and should be
updated as well.

As the import of LNG is increasingly important for the European natural gas supply, it is rec-
ommended to investigate the process in more detail in a future update.
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