F -services

fair consulting in sustalinability

747"1‘4711/7%2}(}/#

A |:||'-|L ﬂn:l:1E

o g 87t

QUMP&HEMS QUL L LI LIGLUMTIIE)
e Ad a (2h))

Evaluarea Ciclului de Viata
Posuzovani Zivotniho Cyklu
Bizi zikloaren analisi

Developing LCI background data for oil and gas
over a period of 30 years

Niels Jungbluth, Christoph Meili, Maresa Bussa

O le l u S ri n g'i h 'i n d a m 'i n e ESU-services Ltd., Schaffhausen, Switzerland
Lifsferilsgreining E
Levenscyclusanalyse rovstct

28th November 2024

Livscyklusvurdering



Developing LCI background data for oil and gas
over a period of 30 years

Niels Jungbluth, Christoph Meili, Maresa Bussa
ESU-services Ltd., Schaffhausen, Switzerland

Imperial College
Online Worshop
28th November 2024



o s>
{ -
(&

- S e P MEITGRE S TR
fair consulting 1in susta1n§§é}1ty s )f' 4

We assist you
Niels Jungluth

b
Founded 1998 @ETHZ
Clients from

Angelo Christoph Maresa
Stgﬁgnel Meili Bussa
industry, NGOs, «égf;“g‘g?c?ﬁohg\ssﬁgﬁeﬁﬁ%:mpaC, Company
administration, g-.-,% tr.;.ans arency ... database with
universities e E R G ,/GO Qo more than 10°000
E %;,an;sy datasets
25+ years and 400 E S U - SerVI CeS
projects cesesmatlife-cyc
experience in life
cycle assessment

|ndependence = 0 n S u I I n g S‘;\ntzerland .
Crage ssessmen
’mﬂdj’?o _experienc

Analyse 0:9

e ecological

All economic

Livscykelanalys

sectors covered

www.esu-services.ch



F -services

fair consulting in sustalinability

We provide...

e Consulting

- Case studies on LCAs, OLCA, CF, EPD & PEF (compliant
with different standards)

e Tools
- LCA software, automation, key parameter models
- Databases and single datasets (data-on-demand)
e Expertise
- Training & coaching
- Critical peer reviews, verification & validation www.esu-services.ch
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LCl projects for oil and gas extraction

Okoinventare von Energiesystemen (1994, 1996)
LCA of kerosene and LPG in India (1994-1996)
Erdol und Erdgas (ecoinvent 2000 in 2003 and small update 2007)

LCl oil products (FOEN, BFE, Erdolvereinigung, 2018) incl.
refinery, distribution and oil heating

LC
LC
LC

oil
oil

oil

and

and

and

gas su
gas su

gas su

D

D

D

D

D

D

y (FOEN & VSG, 2021)

y (ecoinvent v3.9.1- v3.11, ongoing for v3.12)

ly (CarbonMinds, since 2023, ongoing)

» Here we present our own conclusions not related to a specific project
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Updates 2018-22 on behalf of the Swiss Federal Offices for the Environment and Energy,
the Swiss Gas & Oil Associations and ecoinvent

EXTRACTION OF CRUDE OIL AND NATURAL
GAS

Page 6 www.esu-services.ch
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Sources of methane emissions

e Release of unburned natural gas to the atmosphere, due to
production and processing of crude oil & natural gas.

e In industry: Unwanted release of natural gas in technical
process chain, e.g. due to insufficient flaring, accidents or

leakage.

« However, it may also occur due to forced changes in
geological structures (e.g. due to fracking).

> Satellite measurements show that emissions are more diffuse and less connected to the flaring rate
than expected by industry
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Flaring, venting and fugitive emissions

o Country-specific satellite data are available for all emission
sources

e Flaring for oil and gas combined (Worldbank 2022 & Skytruth
2020)

e Venting and fugitive emissions (IEA 2022) distinguished for
- oil & gas
- on- & offshore
- up- & downstream
- conventional & unconventional

Page 12 WWW.esu-services.ch
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Methane emission: consulted and used sources of information

(Examples for relevant extracting countries)

Source Crippa et al. IOGP 2020, [UNFCCC UNFCCC 2020, up- [IEA2022, up-& [IEA 2022,
2019, data from |upstream  |2020, up- & |& downstream downstream upstream
EDGAR, up- & |only(2019) |downstream [(2018); Production: |[(2019); (2019);
downstream (2018) BP (2018) Production: BP [Production: BP
(2012) (2019) (2019)

Unit kg/kgOE kg/kgOE kg/kgOE kg/kgOE kg/kgOE kg/kgOE

Russian Federation 8.76E-03 1.12E-03 6.37E-03 6.16E-03 1.26E-02 1.11E-02

Saudi Arabia 4.45E-03 1.00E-04 n.a. n.a. 4.33E-03 4.03E-03

United States 8.26E-03 1.25E-03 1.37E-02 5.58E-03 9.13E-03 7.40E-03

» Methane emissions reported by IOGP “industry data” are an order of magnitude
lower than calculated from national and global emissions in relation to national and
global production data
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Composition of vented natural gas

88% Methane by volume
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Natural gas extraction: GWP compared to ei v3.8

United States, eiv3
United States, ESU 2021
Saudi Arabia, ESU 2021 mmms
Russian Federation, ESU 2021 I
Romania, ESU 2021 . -
- .
B
B |
-

Qatar, ESU 2021
Norway, eiv3
Norway, ESU 2021
Netherlands, eiv3
Netherlands, ESU 2021 1om
Nigeria, eiv3 O — s
Nigeria, ESU 2021  m—on
Mexico, ESU 2021 messmoromm
Libyan Arab Jarmahiriya, E:SI 2 (2 71 |5
Kazakhstan, ESU 2021 I §
Iraq, ESU 202 1 1
United Kingdom, eiv3 1
United Kingdom, ESU 2021 mm
Algeria, ESU 2021 I
Germany, ESU 2021 s w
Azerbaijan, ESU 2021 mmooom
Rest of the World, onshore, eivd  ma
Rest of the World, offshore, eivd mm

0 500 1000 1500 2000 2500

Global warming potential in g CO2-eq. per m? natural gas extracted

B Emitted natural gas ™ Flared natural gas ®m Burned heavy fuel oil = Natural gas, burned in gas turbine ® Burned diesel in generating set B Others
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Own update to harmonize assumptions for cumulative data in 2021

INFLUENCE ON PLASTICS DATA

Page 24 www.esu-services.ch
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What is the contribution for plastics?

o PlasticsEurope data partly available only in aggregated form

e Bias for system processes needs to be avoided

o Estimation of surplus methane release based on LCI for crude

oil and natural gas resource use
methane, fossil/kg = oil, crude in ground/kg * 0.0135 kg/kg + gas, natural/m? * 0.0089 kg/m3

e Integrated in system processes provided by Plastics Europe
and imported to ESU-database 2021

Page 25 WWW.esu-services.ch
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Results for plastics, example PET

IPCC 2013 kg CO2-eq/kg

B Methane

- 0.5 1.0 15 2.0 2.5 3.0 3.5

ESU 2021 - Unit processes with CH4 KBOB 2016 - Unit processes without CH4
PE - system processes PE+Methane - including methane
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Results all plastics
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ESU 2021 - Unit processes with CH4 KBOB 2016 - Unit processes without CH4
PE - system processes PE+Methane - including methane
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Status Plastics Europe
e PlasticsEurope addressed the issue in 2021 after our first
publications

e https://plasticseurope.org/sustainability/circularity/life-cycle-thinking/eco-profiles-set/

o Different consultancies like IFEU and Sphera modelling the
data

e Newer data at least of IFEU address the issue of unintended
methane emissions while older data might not

» Older data are available at ESU with a rough estimation for increased methane emissions


https://plasticseurope.org/sustainability/circularity/life-cycle-thinking/eco-profiles-set/
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Latest updates on behalf of the ecoinvent and CarbonMinds 2024/25

EXTRACTION OF CRUDE OIL AND NATURAL
GAS

Page 29 www.esu-services.ch
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Starting point: Regular requests for updates of LClIs

e Crude oil and natural gas extraction and
transportation

o Last updates in 2024 (ongoing)
o Reference year: 2023

e Documentation of harmonized LClIs in
different formats and for different
implementations

Source: https://media.npr.org

» Aim: Coverage of the global market situation
Page 30 WWW. esu-services.ch
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Meili et al 2023 - Life cycle inventories of crude oil

and natural gas extraction, available on
https://esu-services.ch/publications/energy/

> 49 countries covering 96% of global oil and gas production

Page 31 WWW. esu-services.ch
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Spec1f1c countrles covered Markets for natural ga

available on esu-services.ch/publications/energy/

Bussa et al 2023 - Life cycle inventories of long-
distance transport and distribution of natural gas,

Page 33 WWW. esu-services.ch
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Main data sources

Extraction:
* Production figures: Energy institute 2024
* Methane and flaring emissions: |IEA 2024 and World Bank 2024

« Consumption of energy, freshwater and other key indicators: OGP 2024

Oil transport:
« Market mixes: Energy institute 2024

« Pipeline-distances: google-maps,
« Shipping distances: searates.com and sea-distances.org

Gas transport and distribution:
« Market mixes (including liquefied natural gas): Eurostat 2024 and Energy institute 2024

« Pipeline-distances: entsog.eu, google-maps, EIA.gov
 Shipping distances (LNG): sea-distances.org

» Data partially collected from Excel-tables, PDF-reports or online-tools

Page 34 WWW. esu-services.ch
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~ Archetype models for LCl| based on global statistics

B F K L P Q R v w X AB AC AE

—

w
§ combined combined combine | combine
= e crude oil, natural crude oil, natural . dgas dgas
= o gas and gas and combined . . .
= o = - at gas, at ; at gas, at and oil and oil | Data for this )
MName [ 5 5 il ) ) oil ) ) gas and oil ) ) ) Explanation for Data entry L
g = . production production . production production ] productio productio scenario
5 El production production production
= offshore  offshore onshore  onshore n n
= offshore onshore offshore  onshore
=
=
5 =
4 Laocation US obs USobs USobs USobs USobs USobs US obs US obs US obs US obs
. 5
. InfrastructureProcess 0 0 0 0 0 0 0 0 o 201 S—Z”SOH
6 Unit a kg Nm3 a kg Nm3 a kg OE kg OFE kg OE
1 ;"‘riﬂﬁ:es' N ol crude - - kg |102E+11  100% 454E+11  100% 5 56E+11 556E+11 kg crude oil extracted per country and year (total kg on- and offshore peryear) ¢
15 Qil, crude - - kg 9 36E+6 100% 4 16E+7 100% 5.09E+7 4 29E-5 4 29E-5 4 29E-05  Value calculated based on entries below.
16 Gas, naturalim3 - - MNm3| 1.38E+11 100% 6. 12E+11 100% 7.50E+11 7.850E+14  Billion cubic meters natural gas extracted per country and year (total m3 on- and ¢
17 waterresource  Water, unspecified natural origin, GLO - m3 0 100% 0% 1.63E+8 100% 0% 1.63E+8 3.60E-4 3E0E-04  Fresh water withdrawn for enhanced oil recovery
1 Water, salt, ocean GLO - m3 | 368E+7  100% 0% 0 100% 0%  368E+7 360E-4 3 605-04 3::"::‘:;;?9 TSI Sl S R L LR
19 Water, fossil GLO - m3 | 9.60E+07 100% 0% 2.64E+08 100% 0% J60E+08 940E-4 581E-4 3.60E-04  Line stays emptly (used to balance water input and output)
20 'water emission Water, US_obs - - m3 0 100% 0% 4 2TE+8 100% 0% 4 2TE+8 9 41E-4 9 41E6-01  assumedto be equal to produced water discharged
21 Water, US_obs - - m3 | 1.33E+8 100% 0% ] 100% 0% 1.33E+8 1.30E-3 1.30E+00  assumed to be equal to produced water discharged
22 Water, US_obs - - m3 0 100% 0% 0 100% 0% 0 0 0 Q00E+00  Line stays empty (used to balance water input and output)
23 discharge, produced water, offshore OCE 0 kg | 1.33E+11 100% 0% 0 100% 0% 1.33E+11  1.30E+D 1.30E+00  Amount of untreated, produced water discharged offshore per kg OE produced ofi
24 discharge, produced water, onshore GLO 0 kg 0 100% 0% 4.27E+11 100% 0% 4 27E+11 9. 41E-1 4.41E-01  Amount of untreated, produced water discharged onshore per kg OE produced or
25 technosphere chemicals inorganic, at plant GLO 0 kg 1.21E+8 47% 53% 5.36E+8 47% 53% 6.56E+8 553E-4 553E4 553E-04  Inorganic chemicals used for enhanced oil recovery
26 chemicals organic, at plant GLO 0 kg 919E+T7 47% 53% 4.09E+8 47% 53% 5.01E+8 422E-4 422E-4 4.22E-04  Organic chemicals used for enhanced oil recovery
o7 transpor, lorry =16t, fleet average RER 0 tkm | 1.84E+8 47% 53% 8.18E+8 47% 53% 1.00E+9 8.45E-4 B 45E-4 8 456-04  Distance for chemical transport by lorry (km) multiplied by sum of chemicals (kg).
o8 transpaort, freight, rail RER 0 tkm | 1.27E+8 47% 53% 5.66E+8 47% 3% 6.94E+8 585E-4 585E-4 5 85E-04  Distance for chemical transport by rail (km) multiplied by sum of chemicals (kg) ~
, Infrastructure ‘:’:q”hfsrr:xp“’rm"’” and production, OCE 1 m | BOTE+S  47% 53% 0 0% 0% 8.07E+5  3.70E-6 3.70E-06  Average meter of well to produce one kg of oil equivalent

» Model calculates country/region-specific data based on selection

» Automated export in EcoSpold1 (XML-files) or excel-tables by using VBA

Page 35 WWW. esu-services.ch
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Exemplary results: Natural gas

United States, onshore, high pressure, eiv3.8 I I

United States, onshore, high pressure, eiv3.10 l _
Brazil, offshore, high pressure, eiv3.8 l -

Brazil, offshore, high pressure, eiv3.10 I -

Switzerland, market, low pressure, <iv3.5 | I
Switzerland, market, low pressure, eiv3.10 - _

0 100 200 300 400 500 600 700 800 900
g CO2-eq/m? natural gas

Emitted natural gas ®Flared natural gas ® Burned heavy fuel oil = Natural gas, burned in gas turbine = Burned diesel in generating set ® Others

» Main increase due to new comprehensive satellite data for methane emissions

Page 36 WWW. esu-services.ch
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Data quality

e Consistent international data sources for issues like energy and
freshwater use, flaring, methane release and oil spills
« Harmonized assumptions, cross-checked between different countries
e High level of completeness in terms of environmental impacts:
- Top-down statistics deliver full picture e.g. of methane emissions
from global satellite-data
- Bottom-up studies deliver values for generic estimates
for issues like onsite-pipeline or use of chemicals

» Good basis for daily work and regular updates

Page 37 WWW. esu-services.ch
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Several LCI reports are available online
https://esu-services.ch/publications/energy/

Page 38 WWW. esu-services.ch
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CHALLENGES FOR UPDATES IN
2016-24 COMPARED TO 1994-2003
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First comprehensive LCl in 1994-96:
Okoinventare von Energiesystemen
LCA of LPG and kerosene in India

o Estimates partly based on bottom-up approaches

e« Detailed emission data available from measurements done at
universities

« Comprehensive inventory of pollutants, e.g. detailed emission profiles
for single NMVOC

e Literature sources in printed format
e Direct contacts e.g. to oil extracting companies and refineries

e No electronic documentation, only numbers

Page 40 WWW.esu-services.ch
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Updates 2000-2003:
ecoinvent v1 and v2

e Some data are available in environmental reports of single
companies

e Focus on energy use and main pollutants
e No newer data for many pollutants reported in the first version

e Different data sources with different scopes had to be combined
for an estimate

e EcoSpold v1 for electronic documentation

Page 41 WWW.esu-services.ch
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Updates in 2016-21: Swiss UVEK/KBOB/ESU databases

e Most information available on the internet

« Data available from global statistics, large measurement campaigns or industry
associations

e More information found for European situation and less for Africa, Russia or Middle East

e Reports of global oil companies cannot be assigned to single countries nor single stages
often only relative changes are shown - Not suitable for LCI work anymore

e Focus in literature on main air pollutants like CO,, NO,, SOx, NMOVC, CO

e No current information found for specific pollutants reported in former versions (heavy
metals, single NMVOC, water pollutants)

Page 42 WWW.esu-services.ch
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Updates in 2022-24: ecoinvent and CarbonMinds database

e Global annual statistics (BP, IOGP, Worldbank, IEA)

« Satellite measurements for CH, (IEA methane tracker)

e Focused research on water balance (based on IOGP data)

o Established automatized models for transports of oil and gas
e High efforts for electronic documentation

e Focus on market shifts e.g. due to Russian attack on Ukraine

» Scope of data sources changes annually and needs manual refinement of models

Page 43 WWW.esu-services.ch
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Further reading

e Life cycle inventory analysis (LCl and not a full LCA)

e All reports are available on https://esu-services.ch/publications/energy/

e Full SimaPro library including updates for refinery based on UVEK 2018 with
latest updates offered by ESU-services

http://www.esu-services.ch/fileadmin/download/tender/ESU-background-databases.pdf

« UNEP International Methane Emissions Observatory coordinates different activities
https://www.unep.org/topics/energy/methane/international-methane-emissions-observatory

Page 44 WWW.esu-services.ch
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Summary

e Full methane emissions need to be accounted for all products
from oil and gas

e Industry measurements do not show the full methane picture

e Changes mainly relevant for cradle-to-gate analysis (plastics,
chemicals)

« Changes are relevant for relative comparisons between fossil-
based products with biobased and other alternative products

e Regular updates of mixes and methane emissions necessary

Page 45 WWW.esu-services.ch
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Status of implementation

e Integrated in ecoinvent, CarbonMinds, ESU and FOEN
databases
e Partly integrated in PlasticsEurope inventories

e To our knowledge not yet integrated in Sphera, IOGP,
Eurobitumen inventories

» Uptake of knowledge on methane available since 2018 takes to much time

Page 46 WWW.esu-services.ch
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Key messages oil and gas supply

1. Consumption mix plays important role and changes

2. Differentiation between Pipeline and LNG-imports
matters

3. Effect of methane from extraction less pronounced
for natural gas than for crude oil due to higher other
downstream emissions

4. Methane mainly relevant for materials and to a
lesser extend for energy uses

Page 47 www.esu-services.ch
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Outlook /ideas for future projects

e Plans to use APl and more direct data imports

« Updates regarding specific issues /extension of models to include markets for fossil
fuel products including shares of biofuels

e Cross-check global data with country specific data
e Link PlasticsEurope and other industry data to up-to-date LCI
e Include future emissions due to abandoned oil and gas fields

 Harmonize and update data for coal (ongoing at PSI)
(effect seems to be of low relevance)

» Current updates available in different databases (different implementations)

» Happy to discuss future project ideas/extensions

Page 48 WWWw.esu-services.ch
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Thank you very much for your attention!

Contact:

jungbluth@esu-services.ch

meili@esu-services.ch

bussa®@esu-services.ch

Website:

https://esu-services.ch

Funding over 10 years by the following institutions

Avenergy Suisse, CH

Carbon Minds, DE

CDLCI Cooperatie U.A., NL

ecoinvent, CH

ESU-services, CH

Gazenergie (VSG), CH

Plastics Europe, RER

Swiss federal office for the environment, CH

Swiss federal office for energy, CH

» The presentation is based on the view of ESU-services and not that of the commissioners

Page 49
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Copyright notice

All rights reserved. The contents of this presentation (a. o. texts, graphics, photos, logos etc.) and the
presentation itself are protected by copyright. They have been prepared by ESU-services Ltd.. Any
distribution or presentation of the content is prohibited without prior written consent by ESU-services Ltd..
Without the written authorization by ESU-services Ltd. this document and/or parts thereof must not be
distributed, modified, published, translated or reproduced, neither in form of photocopies, microfilming nor
other - especially electronic - processes. This provision also covers the inclusion into or the evaluation by
databases.

Permitted is the use of contents published on our webpage according to scientific standards (small parts
copied or cited with clear citation given to the webpage were downloaded).

Contraventions will entail legal prosecution.

In case of any questions, please contact:

Dr. Niels Jungbluth, CEO - Chief Executive Officer
ESU-services Ltd. - fair consulting in sustainability
Vorstadt 10

CH-8200 Schaffhausen

www.esu-services.ch

tel +41 44 940 61 32

jungbluth@esu-services.ch
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