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ARTICLE INFO ABSTRACT

Keywords: Decommissioning of offshore energy infrastructure in the North Sea presents a significant environmental chal-
Decommissioning lenge for operators, the supply chain, government agencies, and society. Considering the UK's 2050 net zero
JPla;(fotrm target, it is essential to understand the offshore oil and gas (O&G) decommissioning sector's contribution to
acke

overall emissions. Such insight is crucial for evaluating decommissioning projects and informing policy devel-
opment aimed at reducing emissions and achieving net zero goals. This study proposes a bottom-up emissions
and energy assessment (EEA) approach for decommissioning offshore O&G platform topside and jacket struc-
tures. The approach quantifies the greenhouse gas (GHG) emissions and energy demand associated with offshore
and onshore activities during the decommissioning phase. It leverages detailed, site-specific operational data to
improve the precision and reliability of these assessments and is underpinned by the latest available data from
the North Sea O&G decommissioning industry. The approach is validated through application to decom-
missioning of platform topsides and jackets in the Brent and Tern fields. Numerical comparisons reveal
acceptable differences between the energy demand and CO, emission estimates from this study and those re-
ported in North Sea industry reports. The study also presents insights into the reliable EEA of decommissioning
projects.

Emissions and energy assessment

1. Introduction cost estimations highlight the economic scale of decommissioning pro-

jects, with the North Sea Transition Authority (NSTA) (2023) reporting

The decommissioning of large-scale offshore oil and gas (O&G)
infrastructure in the North Sea presents significant economic and envi-
ronmental challenges that operators, the supply chain, regulators, and
society need to manage (Burdon et al., 2018; Sommer et al., 2019). It is
estimated that half of the O&G fields in the UK continental shelf (UKCS)
(Offshore Energy UK (OEUK), 2023) have already reached or are
approaching the end of their operational lifetimes, and their infra-
structure should be removed from the seabed based on the Convention
for the Protection of the Marine Environment of the North-East Atlantic,
or OSPAR (OSPAR Commission, 1998), with limited exceptions. Current

that the O&G industry spent approximately £8 billion on the decom-
missioning of O&G wells and infrastructure between 2017 and 2022.
This is anticipated to reach £40 billion by 2050. However, the potential
environmental impacts of O&G decommissioning projects are still not
well understood worldwide (Sommer et al., 2019; Reda et al., 2025).
From an environmental viewpoint, the global O&G industry faces a
dilemma when deciding whether infrastructure should be removed
entirely from the seabed or whether some components can be left in
place as they are (Fowler et al., 2014; Reda et al., 2023; Reda et al.,
2024). Over their lifetimes, O&G platforms provide important habitats
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for different marine species, including apex predators such as marine
mammals (Bell and Smith, 1999; Todd et al., 2009). This has been
highlighted by a range of experts as a potential reason for relaxing
complete removal policies and keeping some O&G infrastructure in
place to preserve the species biodiversity (Sommer et al., 2019; Fowler
et al., 2020; Coolen et al., 2020). Furthermore, the O&G decom-
missioning projects include a set of large-scale offshore and onshore
engineering operations performed by different fuel-intensive vessels and
equipment with significant greenhouse gas (GHG) emissions (Sommer
et al., 2019). Considering the UK's 2050 net zero target (Department for
Energy Security and Net Zero, 2019), it is important to understand the
0&G decommissioning sector's contribution to overall emissions. This
understanding is essential for evaluating decommissioning scenarios,
developing effective policies to support emission reductions, and
meeting net zero emissions targets. This study focuses on quantifying
GHG emissions and energy demand associated with offshore and
onshore operations, as part of assessing certain aspects of the environ-
mental impact assessment (EIA) of O&G decommissioning projects.

Recent literature review by Tan et al. (2021) reveals that current
quantitative estimation methods for EIA only consider limited activities
in O&G decommissioning. As Watson et al. (2023) state in their review,
the boundaries of quantification approaches should include the envi-
ronmental footprint of all stages of decommissioning scenarios, from
offshore operations to onshore material dismantling, disposal, trans-
portation, and recycling. However, the quantification of GHG emissions
and energy demand for the various offshore and onshore decom-
missioning operations and activities is not straightforward. For example,
the lack of field-specific data, technological changes, incomplete fuel
consumption data for vessels and equipment, uncertainties in decom-
missioning and onshore waste management scenarios, unknown post-
removal material flows, and weather-related vessel delays all present
challenges in the development of accurate emissions and energy esti-
mation approaches.

The quantification of emissions and energy demand is an integral
part of the EIA of O&G decommissioning. Recent reviews by Watson
et al. (2023) and Tan et al. (2021) highlight the absence of standard
methodologies for this purpose. They emphasise that robust approaches
should systematically identify and account for all relevant emissions and
energy sources, incorporate local data, and reflect national and inter-
national regulatory requirements. Consequently, the development of
transparent, standardised methods for emissions and energy demand
quantification in O&G decommissioning remains a critical gap in the
current literature. In particular, more granular, bottom-up approaches
are expected to yield not only more holistic, project-specific estimates
but also to improve public understanding and transparency regarding
the emissions and energy demand associated with decommissioning
activities. This has recently led to the development of a bottom-up
emissions and energy demand model for O&G pipelines by Jalili et al.
(2024a). Considering this research gap, additional bottom-up models
are required for the decommissioning of other O&G assets, including
platform topsides, jackets, wells, and subsea structures. This study
proposes a bottom-up emissions and energy demand estimation
approach for the decommissioning of platform topsides and jackets.

In the development of quantitative emissions and energy demand
estimation models, a bottom-up approach is key (Jalili et al., 2024a;
Huang et al., 2024; Arioli et al., 2020). Bottom-up approaches estimate
the emissions, energy demand, or costs by considering detailed
decommissioning operations and related local data, vessel and equip-
ment types, transportation strategies, material waste management sce-
narios, and so on. In contrast to the top-down approach, in which given
percentages are used to estimate the cost and emissions of a given
decommissioning operation (Milne et al., 2021; Jalili et al., 2024b), this
methodology can provide more accurate figures for the GHG emissions
and energy footprints of decommissioning activities. However, the
development of a reliable bottom-up approach for O&G decom-
missioning projects requires solid assumptions for the input data, which
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can be difficult to acquire in the O&G industry (Murray et al., 2018).
Currently available local data sets for emissions and energy demand
factors are either outdated or not available. For example, the guidance
published by the Institute of Petroleum (IoP) (2000) provides the
emissions factors and energy demand dataset for the different vessels
and equipment types. However, this dataset may have changed over
time following the technological progress. Moreover, the offshore and
onshore decommissioning activities may vary from one project to
another, which makes it harder to develop a general model for energy
demand and emissions estimation.

This study seeks to develop an emissions and energy assessment
(EEA) approach for the decommissioning of offshore O&G platform
topsides and jacket structures, with a particular focus on enhancing
boundary comprehensiveness and improving the accuracy of energy
demand and emissions quantification. The overall framework of the
proposed EEA approach is illustrated in Fig. 1. The proposed EEA
approach captures the environmental footprint of a broad range of
offshore and onshore activities undertaken during the decommissioning
phase. It employs a bottom-up methodology, utilising site-specific and
detailed operational data to enhance the accuracy and robustness of
energy consumption and emissions quantification. Particular attention
is given to the identification of key influencing parameters across both
offshore and onshore processes. The bottom-up model is informed by the
most recent and relevant data from the North Sea O&G decommission-
ing sector (Shell UK, 2017a; TAQA, 2024; Hammond et al., 2011a;
ConocoPhillips, 2018; Institute of Petroleum (IoP), 2000). The effec-
tiveness of the proposed approach is validated through its application to
two decommissioning case studies in the North Sea: the topside platform
and jacket structures of the Brent and Tern fields. Comparative analysis
against available industry data highlights the capability of the bottom-
up methodology to provide holistic estimates of GHG emissions and
energy demand.

2. Decommissioning

In this section, the expected activities and operations involved in the
decommissioning of platform topside and jacket structures are
presented.

2.1. Platform topside decommissioning

Based on the current decommissioning practice in the North Sea,
different scenarios can be applied for platform topside removal, such as
reverse installation, piece-small, and single lift (CNR International,
2013a; TAQA, 2021; da Cunha Jacome Vidal et al., 2022). As its name
suggests, the reverse installation scenario involves multiple lifting op-
erations of topside modules in the reverse order of operations carried out
during the installation and is normally performed by a heavy lift vessel
(HLV). In the piece-small scenario, the topside undergoes a set of
offshore deconstruction operations to disconnect and then cut up the
topside modules. The resulting parts are then lifted individually or in a
set of component groups to a barge vessel (BV) or a supply vessel for
transport to shore. Both reverse installation and piece-small scenarios
demand significant effort for the offshore preparation of various mod-
ules. These scenarios are not ideal from cost and safety viewpoints due to
the need for long-term offshore vessel operations as well as the risks of
offshore deconstruction and multiple lifts for offshore personnel.

The single lift is the most efficient, fast, and reliable scenario for
platform topside removal. Experience from decommissioning in the
North Sea, involving the lifting and transport of large platform topsides
(> 20,000 t) to shore, highlights the success and reliability of this sce-
nario (Shell, 2026). Large single lift vessels (SLVs) operating on dynamic
positioning, such as Pioneering Spirit (Allseas, 2026), can rapidly lift
platform topsides, for example, the Brent Delta platform was lifted by
Pioneering Spirit in 10 s (Shell, 2026). In the single lift scenario, the lift
is carried out by lifting beams with dynamic lifting jacks. As the SLVs are
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Emissions and Energy Parameters

Emissions and energy demand factors, fuel
types, and fuel consumption rates

Fig. 1. Overall framework of the proposed emissions and energy assessment (EEA) approach for the decommissioning of offshore O&G platform topsides and
jacket structures.

Table 1
The list of offshore operations and employed vessels for the platform topside removal.
Operations Details Notation ~ Vessel/equipment
Topside lift Lifting the platform topside in a single lift 0o Single lift vessel (SLV)
Cargo Transferring the topside to a barge vessel (BV) and shipping to the shore 01 Barge vessel (BV)
Towing Towing the BV using a tug boat (TB) 0, Tug boat (TB)
Harbour Anchor handling vessel (AHV) with a TB for assisting the topside offloading 0 Anchor handling vessel (AHV) or offshore support vessel (OSV), Tug
activities from the BV 3 boat (TB)
Guard operation Guarding the offshore operations using a standby vessel (SBV) O4 Standby vessel (SBV)

usually not capable of operating in near-shore shallow waters, the
topside is often transferred to a BV for transport to onshore dismantling
facilities. Hence, the topside is shipped by the SLV to a near-shore load
transfer location and then placed on the BV. Thereafter, the BV is towed
by tug boats (TBs) to shore for offloading the topside. The topside is
dismantled at an onshore dismantling and processing facility. Depend-
ing on the project, the dismantled components are then transported to
the recycling centres using road, rail, barge, or bulk carrier transport
modes. A list of the offshore operations and corresponding vessel uti-
lisation for an O&G platform topside removal campaign is provided in
Table 1.

2.2. Jacket decommissioning

Most O&G platform foundations are steel jacket structures (Fu,
2018). For some large platforms, such as Brent Alpha (Shell UK, 2017),
the weight of the jacket structure can exceed 30,000 t including the
footings and piles driven into the seabed. Based on the currently avail-
able decommissioning programmes in the North Sea, full and partial
removal are the two options for jacket decommissioning. In the full
removal option, the jacket including its footings is lifted and transported
to shore for recycling and disposal. However, the scale of the lifting
operation and the removal of piles driven into the seabed create serious
technical, safety, and environmental challenges. With the partial
removal option, the jacket is cut and removed from the top of the
footings (The British Petroleum (BP), 2011). OSPAR Decision 98/3
(1998) and the UK Offshore Petroleum Regulator for Environment and
Decommissioning (OPRED) recognise that the full removal of jackets
weighing more than 10,000 t in air can be difficult.

Due to the difficulty of complete removal of jacket footings driven
into the seabed, a partial removal approach is often adopted, with the
remaining footings proposed for derogation. Based on OSPAR Decision
98/3, the footings of a jacket structure are defined as “all that part of a
steel installation which is below the highest point of the piles which connect
the installation to the seabed” (OSPAR Commission, 1998). The OPRED
guidance (2018) notes that potential derogation cases are considered
individually for jackets weighing more than 10,000 t in air, to determine
whether it may be appropriate to leave the footings of such large steel
jacket structures in place. Therefore, current practice in the North Sea
decommissioning sector shows that O&G operators are increasingly
willing to make a derogation case, in line with OSPAR and OPRED re-
quirements, for the remaining jacket footings on the seabed and to
partially remove the jacket.

The cutting line of the jacket depends on the specifics of the project.
For example, the Miller decommissioning programme (DP) (BP, 2011)
assumes that the jacket will be partially removed from approximately
80 m below sea level. The subsea cutting process was performed using a
diamond wire cutting (DWC) tool supported by a remotely operated
vehicle (ROV), while alternative cutting tools were used for cutting the
smaller structural elements (Shell UK, 2017).

In the partial jacket removal option, two main scenarios are typically
considered: refloat and single lift.! Since most jacket structures were
originally installed using the floating method through controlled bal-
lasting, the refloat method essentially reverses the installation process.

1 Note: Piece small was used on BP North West Hutton due to structural is-
sues which precluded single lift (British Petroleum (BP), 2005).
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Fig. 2. Lifting operation of Brent Alpha jacket structure using SLV (Shell UK, 2017b).

In this approach, the jacket is re-floated using its inherent buoyancy,
supplemented by additional buoyancy tanks attached to the structure.
These tanks are necessary because the jacket becomes heavier over its
operational lifetime due to added structural components, and because
many of the members that originally provided buoyancy during instal-
lation are now flooded. Brent Alpha (Shell UK, 2017), Brae Bravo
(TAQA, 2022), Indefatigable Juliet-D, Juliet-P, Kilo, Lima, Mike, and
November (Shell UK, 2014), and Murchison (CNR International, 2013b;
CNR International, 2014) are examples of DPs that considered the
refloat & tow scenario. In the single lift scenario, the whole upper jacket
section is removed in a single lift using an SLV. The single-lift method is
generally preferred, primarily due to the technical challenges and
limited industry experience associated with refloat and tow operations
using buoyancy tanks (Shell UK, 2017). Therefore, the focus of this study
is on the single lift jacket removal scenario.

In the single lift scenario, the conductors are first cut by a DWC tool
deployed by ROV from an HLV, or a diving support vessel (DSV), or a
construction support vessel (CSV). Then, the structural elements of the
jacket are cut at a given depth above the seabed by the DWC tool
operated by a ROV from a ROV support vessel (ROVSV). During the
cutting operation, the crane lifting strops are attached to the lifting
points on the jacket, as shown in Fig. 2 (Shell UK, 2017b). Once the final
cuts are completed, the jacket structure is lifted and, in the case of
Pioneering Spirit, rotated back by SLV using the specifically designed
tilting lifting beam (Shell UK, 2017b). Thereafter, the removed jacket
structure may be shipped directly to a deep-water port or shipped to a
near-shore site for transfer to a BV. In the latter case, the BV, supported
by TBs, receives the jacket to ship and offload it at an onshore location.
Considering these steps, the offshore operations, required vessels, and
equipment for jacket removal in the single-lift scenario are summarised
in Table 2.

3. Proposed bottom-up EEA approach

This section presents the system boundary of the proposed approach
and provides the bottom-up EEA formulations developed for the
decommissioning of platform topsides and jacket structures. Without
loss of generality, the formulations are applicable to the emissions and
energy demand estimation for both platform topside and jacket struc-
tures. The formulations consider various parameters to calculate the
emissions and energy demand for the different operations and activities
involved in removal campaigns. Readers are referred to Appendix A for
the definitions and units for the various parameter categories used in
this section.

3.1. System boundary

The system boundary plays a key role in the reliability of any EEA
approach. The more comprehensive the system boundary is, the more
holistic the resulting emissions and energy demand estimates are ex-
pected to be. However, predicting and including all emissions and en-
ergy demand sources is not always possible due to data gaps and
uncertainties in activities.

Fig. 3 illustrates the system boundary of the proposed EEA approach,
which includes major offshore removal vessel operations and onshore
operations. Due to a lack of data, the emissions and energy demand
associated with offshore platform and jacket preparation operations,
fuel delivery for vessels, and consumable materials are not considered in
this study. However, it is expected that the proposed bottom-up EEA
approach provides relatively holistic emissions and energy demand es-
timates by considering the major offshore and onshore activities.

Table 2
The list of operations alongside of employed vessels and equipment for the jacket upper section removal.
Operations Details Notation Vessel/equipment
Conductor cutting Cutting the conductors in the upper section of the jacket 0o High lift vessel (HLV)
Jacket cutting Cutting jacket elements 0, Remotely operated vehicle support vessel (ROVSV)
Upper jacket lift Lifting the upper jacket and placing it on the BV's deck space 0, Single lift vessel (SLV)
Transportation Shipping the upper jacket to shore using BV towed by a TB O3 Barge vessel (BV), tug boat (TB)
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Fig. 3. The system boundary for the emissions and energy assessment (EEA) of platform and jacket decommissioning.

3.2. Energy demand

The total energy demand during the decommissioning campaign
results from a series of offshore and onshore operations and can be
expressed as:

E= Eoff +Eon (1)

in which the energy demand for offshore operations, E°f, is obtained by
considering the type of vessels and equipment, fuel consumption rates,
operational durations, and energy factors as:

Z Ze,f

i=1 j=l

@

where ¢; represents the energy content of the fuel consumed in the jth
operation. The fuel consumptions, f;, are different for the topside and
jacket removals. Here, the fuel consumptions associated with the topside
removal are denoted by fJT , while the corresponding values for the jacket
is indicated by jjJ . To calculate the energy demand for topside or jacket
removal, the parameter f; in Eq. (2) needs to be replaced by f}T or fjJ. The
fuel consumptions associated with the topside and jacket removal op-
erations are obtained as follows:

e Platform topside structure removal:

£ = FiR e+ (L ) 5)
f3 fAHVtAHV + fAHVﬁ\HV 1 + az)fAHVt(l)\li.IV (6)
f;I' Zf;BVt.:f_\r/ ftsrBV rB’IY 1 +a3)fSBVtSBV (7)
e Jacket structure removal:

fo =ty A e + (L4 ao) Ve ®
fJ — f[iOVSVt[R;?IVSV + ﬁEOVSVtﬁ?JVSV (1 + 12 )f(l)ZOVSVt‘li?VSV (9)

fSLVtSLV tSer r]:}/"’_(]' +a2)fgLVt§5V (10)
fi = fo'toy oty + (1 + aa)fgPo) an

It should be noted that 0 < ; <1 in the above equations represents
the wait on weather (WoW) parameters that account for operational
delays in the field due to the weather conditions. The WoW parameters
are only applied to the vessels in operational mode.

The energy demand of onshore operations, E°", in eq. (1) depends on
how materials are dismantled, processed, transported, and recycled
onshore. Thus, the energy demand of onshore operations, E°", can be

written as:

E°" = E°% 4 E°" 4 EP (12)

T LV (SLV LVSLY LV (SLV

fo = RVET ARV + A+ ao)fS s ©)
in which the energy demand from onshore dismantling, processing,
fi=0 C)) transport, and recycling can be estimated based on the material weights,
Table 3
Fuel consumption rates for the different operational modes of vessels involved in platforms topsides and jacket removals (tonne/day).
Vessels Mobilisation/De-mobilisation In transit In field/operation Wow Fuel type
Notation  Value Notation ~ Value Notation  Value Notation ~ Value

Single lift vessel v N v 4 v 70 (Offshore v . Low speed vessel
(SLV) I 25 fi 800 3 Engineer, 2017) i 12 (heavy oil)

Heavy lift vessel v 10° (Fairfield Energy, v 50 (Fairfield v 20 (Fairfield iy 25 (Fairfield Low speed vessel
(HLV) m 2021) b Energy, 2021) ° Energy, 2021) w Energy, 2021) (marine diesel oil)

e - e . Medium speed
2 (Fairfield Energy, 50 (Fairfield 30 (Fairfield 15 (Fairfield .
B B B B

Tug boat (TB) m 2021) fi Energy, 2021) 90 Energy, 2021) 4 Energy, 2021) vessel (marine

diesel oil)

Anchor 2 (Institute of Medium speed
handling faRv Petroleum (IoP), ATV 28 (IoP, 2000)  fAHV 25 (IoP, 2000) fanv 25 (IoP, 2000) vessel (marine
vessel (AHV)" 2000) diesel oil)

Standby vessel 1 (Ithaca Energy Medium speed
(Sngl fSBv 0.2 (IoP, 2000) fSBv 3.5(loP, 2000)  f5BV (UK) limited, i 3.5 (IoP, 2000) vessel (marine

2021) diesel oil)

ROV support 2 (CNR International, 15 (Fairfield 30 (Fairfield 5 (CNR . Medium sp?ed
vessel fRovsV 2013a) fRovsv Energy, 2021) fRovsv Energy, 2021) fROvSV International, vessel (marine
(ROVSV) & & 2013a) diesel oil)

@ Assumed in this study.
> Due to absence of data, usual OSV fuel consumptions are considered.

¢ Due to absence of data, the mobilisation fuel consumptions of the HLV with dynamic positioning-type is assumed same as for other HLV types.

4 Based on the sources from industry.
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Table 4
Emission & and energy e; factors for different fuel types.
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Parameters Energy content (GJ/t)

Emissions (tonne emitted/t fuel)

CO, NOx SO

Medium speed vessel with marine diesel oil
Low speed vessel with heavy oil
Low speed vessel with marine diesel oil

40.60 (IoP, 2000)
45.40 (IoP, 2000)

45.40 (Institute of Petroleum (IoP), 2000)

20 x S x 1032 (1oP, 2000)
20 x S x 1032 (1oP, 2000)
20 x S x 1932 (0P, 2000)

3.17 (IoP, 2000)
3.20 (IoP, 2000)
3.20 (IoP, 2000)

0.059 (IoP, 2000)
0.084 (IoP, 2000)
0.084 (IoP, 2000)

@ S = Sulphur content of the fuel, which is considered as 10% in line with International Maritime Organisation (IMO)(2018).

using a set of energy demand factors as:

nm—1
EP =e® > w (13)
i=0
nm—1
E"=¢"D Y w, a4
i=0
Nm—1
E? =) (e&+(1-p)e )w (15)
i=0

Note that the parameter w; indicates the mass of the ith material in
the topside or jacket structures.

3.3. Emissions

Similarly, the emissions caused by the topside removal operations
can be seen as result of offshore and onshore activities, expressed as:

€=g"4e" (16)

where the emissions produced by the offshore operations, €°F, is ob-

tained by considering the fuel consumptions and emissions factors, as:

n;—1
=3 "ef a7
=0
where the fuel consumption parameters f; needs to be replaced by f;r or
fjJ obtained from egs. (3—11) for the topside and jacket, respectively,.

The emissions resulted from the onshore activities, £°", can be
expressed as:

in which the emissions caused by the onshore dismantling, processing,
transport, recycling, and reproduction can be calculated by considering
the weight of the materials, fuel consumption, and appropriate emis-
sions factors, as:

Nm—1
€% = 2% Yy 19
i=0
Nm—1
€ =Ty " wi (20)
i=0
nm—1
EP =" (4 (1-p)el )w 1)
i=0

where the corresponding material masses w; in topsides and jacket need
to be replaced when calculating the emissions for the onshore activities.

As can be seen from the bottom-up formulations presented in Sec-
tions 3.2 and 3.3, the energy demand and emissions are functions of a set
of operational parameters. The values for these parameters are discussed
in Section 4.

4. Data mapping

The bottom-up formulations in Section 3 rely on parameters such as
activity durations, emission factors, fuel consumption rates, energy de-
mand factors, distances, and WoW parameters, which must be selected
carefully to achieve realistic energy demand and emissions estimates. To
address uncertainties and data limitations, sources from the North Sea
0&G decommissioning sector (DPs, environmental statements, technical
reports, guidelines, and references) have been reviewed, and appro-
priate parameter values have been adopted. Where data were unavai-
lable, best-available estimates are provided in this study.

on __ ¢odp otr p 1
& EF+ET+E as) The fuel consumption, emission, and energy demand parameters in
Table 5
The possible values for the energy demand, fuel consumption, emission, and distance parameters associated with the onshore dismantling, processing, and transport
operations.

Parameter Notation ~ Unit Value Comments

GJ/t removed
material

Energy demand by the onshore dismantling

£odp
and processing

2000)
Energy demand from the transport of

R R GJ/ t material
materials from onshore dismantled eor /

0.00029 (IoP, 2000)

0.56 (Institute of
Petroleum (IoP),

Train transport of scrap material is assumed.

materials per distance /km
Distance from onshore site to the recycling D Kkm 850 (Moltu and Average distance for North Sea decommissioning projects reported by
site Aavik, 2010) Moltu and Aavik (Moltu and Aavik, 2010) is assumed.
. . CO, = 0.0368
En;lizzf;r:ilcizusae: dbyrt)lzee:;?;hore godp :z:?;i:mtted/t NOx = 0.0007 Assumed based on IoP (IoP, 2000)
g andp & 50, = 0.0001
Fuel consumed by onshore transport of Moltu and Aavik (Moltu and Aavik, 2010) reported fuel consumption of 19 t
t fuel/t 0.0057 (Moltu and
removed materials to the recycling for onne fue / . ,( o an for 3315 t of removed materials, i.e., 19/3315 = 0.0057 t of diesel fuel/t of
s material Aavik, 2010) .
facility removed materials.
tonne emitted €0z =3.17
Emission factors for the onshore transport £or NOx = 0.059 Assumed based on rail transport from IoP (IoP, 2000)

/tonne of fuel

SO, = 0.01
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Table 6
The energy demand e;’and emissions ¢;? from recycling and manufacturing of various materials.
Material Recycling Manufacturing
Energy demand Emissions (tonne emitted /tonne) Energy demand Emissions (tonne emitted /tonne)
GJ/ t
©J/0 CO NOx SO, CO, NOx SO,
.0016 (Institute of
standard Stecl 9.40 (Hammond 0.4 (Hammond ge(zfolilﬁ:;‘(;o;)e © 0.0038 ( 35.40 (Hammond ~ 2.71 (Hammond  0.0035 ( 0.0055 (
et al., 2011c¢) et al., 2011c¢) 2000) ’ ToP, 2000) et al., 2011c¢) et al., 2011c¢) ToP, 2000) ToP, 2000)
High Alloyed Steel
> . 0.44 (Hammond 0.0038 ( 6.15 (Hammond 0.0059 ( 0.2730 (
ludes stainls 9.00 (IoP, 2000 0.0016 (IoP, 2000 56.00 (IoP, 2000
2221'; €8 stainess (IoP, 20000 ¢ 1., 2011¢) (IoP, 2000) IoP, 2000) (0P, 2000) . 1, 20110) IoP, 2000)  IoP, 2000)
. 218.00 (
Aluminium 29.00 (Li et al., 1.69 (Hammond 0.0013 (IoP, 2000) 0.017 (IoP, Hammond et al. 11.46 (Hammond 0.0041 ( 0.0249 (
5 s ammor al.,
2023) et al., 2011c) 2000) 20110) et al., 2011c) IoP, 2000) IoP, 2000)
50 (Hammond 3.1 (Hammond d 0.1200 ( 100.00 (IoP, 0.0200 ( 0.2000 (
N/A 1 ToP, 2000
Copper etal, 2011a) etal, 2011c) / IoP, 2000)  2000) 7:175 (o ) Iop,2000)  IoP, 2000)
Zine 9.00 (Hammond 0.49 (Hammond N/AC N/AC 72.00 (Hammond 3.90 (Hammond 0.0003 ( 0.0037 (
et al., 2011a) et al., 2011c¢) et al., 2011c¢) et al., 2011c¢) ToP, 2000) ToP, 2000)
10.00 (Hammond 0.71 (Hammond
f f f f d d
New Wood Product NR NR NR NR et al., 2011a) et al., 2011a) N/A N/A
. 3 3 F ¢ 91.00 (Hammond 2.66 (Hammond
f f f f d d
Rubber (synthetic) NR NR NR NR et al., 20110) etal, 2011¢) N/A N/A
Ethylene, propylene,
benzene and NR' NR' NR' NR' N/A? N/A? N/A? N/A?
butadiene
. N 77.00 (Hammond 2.61 (Hammond
e e d d d d
PVCs 3.6 1.284 N/A N/A et al., 2011c) et al., 2011c) N/A N/A
b b,c :
. X hell UK .377¢ (Li et al.
Batteries® 78.90° (Shell UK, 22377 (Lictal. —  ya N/A N/A? N/A N/A N/A

2017b) 2023)

? In the absence of data on battery types, a lithium-ion battery was assumed.

b Average value assumed.

¢ COg.¢q Was considered.

4 Not applicable or no available data. Given their negligible contribution to the material inventories of the case studies, excluding them is not expected to signif-
icantly affect the energy and emissions estimates.

¢ Based on the sources from industry.

f Assumed as not recyclable.

Fig. 4. Offshore O&G platforms in the Brent field (Shell UK, 2017).

this section are independent of project type and are intended to apply based on available data from relevant sources. The following subsections
across multiple projects. By contrast, the duration parameters discussed present the selected values for the fuel consumption, emission, and en-
in subsections 3.2 and 3.3 are project-specific and are set for each project ergy demand parameters. The values of WoW and durational parameters
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Table 7

Material inventory for the different platform topsides in the Brent field.

Environmental Impact Assessment Review 119 (2026) 108398

Material Topsides Weights (tonne) Recyclability (5;)
Alpha (Shell UK, Bravo (Shell UK, Charlie (Shell UK, Delta (Shell UK,
2017b) 2017b) 2017b) 2015)
ABS 2 2 2 2
Alloyed Steel (including stainless 675 1634 2061 1926 98% (Shell UK, 2017; Oil and Gas Journal,
steel) 2024)
Aluminium 419 15 15 65 95% (Kouloumpis and Azapagic, 2022)
Aluminium bronze 1 1 1 N/A
Anodes (total) 419 N/A N/A N/A
Asbestos (total) 4 9 9 10
Batteries 28 16 36 31 50% (Eurostat, 2025)
Brass 1 1 1 N/A N/A
Bronze 1 1 1 N/A N/A
Buna 1 1 1 N/A N/A
Butyl rubber 2 2 2 2 N/A
Carbon steel 11,921 19,572 25,448 19,781 98% (Shell UK Limited, 2017a; Oil and Gas
—_— === === = === Journal, 2024)
Cement (powder) 2 N/A N/A N/A N/A
Ceramics 5 5 5 5 N/A
Chartex/fire protection 27 103 122 80 N/A
Copper 107 222 281 84 95% (Kouloumpis and Azapagic, 2022)
Copper nickel alloys 67 174 229 309 N/A
Cork 2 2 2 2 N/A
Cotton 2 5 5 6 N/A
Drill cutting residues 12 12 12 12 N/A
EPDM- cables 23 5 23 11 N/A
Ethylem.e, propylene, benzene and 97 53 145 98 0%+
butadiene - - — -
Formica 2 2 2 2 N/A
Glass 5 5 5 5 N/A
GRP 7 21 16 20 N/A
Graphite/charcoal 0.1 0.1 0.1 N/A N/A
Gun metal 1 1 1 N/A N/A
Inconel/nimonics 6 13 13 13 N/A
Insulation 31 99 83 104 N/A
Iron (cast) 3 3 3 3 N/A
Lead 11 6 13 11 N/A
LSA scale (NORM) 22 43 323 69 N/A
Melamine 1 1 1 N/A N/A
Monel 0.1 0.1 0.1 N/A N/A
Neoprene 5 5 5 5 N/A
Ni-resist 10 10 10 10 N/A
Nylon 10 10 10 10 N/A
Paint 930 961 899 899 N/A
PTFE- seals 0.1 0.1 0.1 N/A N/A
Plastics 4 3 4 5 N/A
PVC 32 19 65 61 35% (PVC Recycling, 2026)
Residual HC 7 <1 <1 N/A N/A
Rubber 20 20 20 20 0%*
Sewage 1 1 1 N/A N/A
Tin 1 1 1 N/A N/A
Titanium 28 31 32 31 N/A
Wood 20 20 20 7 N/A
Zinc 537 532 519 499 N/A
Total 15,068 23,636 30,423 24,186

Note: Due to the limited availability of emission and energy-use factors across material types, only the major materials shown in bold and underlined are considered in

this study.
" Assumed in this study.

are discussed for each case study in Section 5.

4.2. Onshore material flow parameters

4.1. Fuel consumption parameters

Vessels involved in the decommissioning of platform topside and
jacket structures consume significant amounts of fuel that should be
accounted for in environmental analyses. The fuel consumption varies
by vessel type and across operational modes. Table 3 lists the fuel types
and fuel consumption rates for each vessel type. Among them, the SLV is
the most fuel-intensive. The emission and energy demand factors for
various fuel types are also presented in Table 4.

Onshore operations are also subject to significant uncertainties due
to variations in onshore dismantling equipment, locations of recycling
facilities, and transport modes. Table 5 lists the selected values and
provides the rationale for selecting the energy demand, emission, fuel
consumption, and distance parameters associated with onshore
dismantling, processing, and transport operations. As shown in Table 5,
some of the parameters are sourced from IoP guidance (2000), while
others are based on published references or available experience in the
decommissioning sector.
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Enviro

Table 8

The duration parameters for the different vessel types involved in the Brent platforms topsides removal operations.
Operations Vessel Mobilisation Transit In field/operation Wow

Notation Value Notation Value Notation Value Notation Value

0o SLV lﬁ{“‘T’ 24 tﬁL}’ 2.0° s 2¢ ay 0.20% (ConocoPhillips, 2018)
[} BV Q‘VT 12 tg‘fr 1.20¢ 8% 2¢ a 0.20% (ConocoPhillips, 2018)
0, TB t;g?.l. 12 tQ‘T 1.20¢ I8 2° az 0.208 (ConocoPhillips, 2018)
O3 AHV (0SV) iy 12 [N 1.20¢ AtV 2° as 0.208 (ConocoPhillips, 2018)
04 SBV tﬁ?.‘r’ 12 Lfr‘?.}’ 2.40° S8y 2! ay 0.20° (ConocoPhillips, 2018)

@ Assumed in this study.

b Brent decommissioning progress report (Shell UK , 2020) stated a transit time of about 57 h (i.e., 2.40 days). Accordingly, 2 days for SLV and 2.40 days for the SBV

are assumed.

¢ Brent topsides DP (Shell UK, 2018) reported 2 days for single lift operation in the field.

4 Brent decommissioning progress report (Shell UK , 2020) considered about 29 h of transit time for the BV and TB.

¢ Brent decommissioning progress report (Shell UK , 2020) assumed 2 days for offloading time of topside from the BV at the recycling facility.
f It is assumed the SBV will be present at the field during the single lift operation by the SLV.

8 A 20% of weather delay for sea surface operation was assumed, based on the Viking comparative assessment (CA) (ConocoPhillips, 2018).
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Fig. 5. Comparison of the energy demand and GHG emissions from decommissioning the Brent platform topside structures.

4.3. Material recycling and replacement parameters

The energy demand and emissions associated with material recycling
and replacement are presented in Table 6. Some materials recovered
from removal operations, such as steel and aluminium, are recyclable,
whereas recycling of other materials is not currently feasible. Accord-
ingly, in the formulations, energy demand and emission factors for
recycling are applied to recyclable materials, and replacement factors
are used for the non-recyclable materials.

The IoP guidance (2000) provides energy demand and emission
factors for the recycling and manufacturing of various materials.

However, given the age of the IoP guidance (2000), these factors may be
outdated due to technological advances in material manufacturing and
recycling. To incorporate up-to-date data, this study uses energy de-
mand and CO, emission factors from the Inventory of Carbon and En-
ergy (ICE) (Hammond et al., 2011b) as well as other references. For NOx
and SO,, the values are primarily adopted from the IoP (2000). In
addition, sufficient data were not available for some materials (e.g.,
rubber, ethylene, PVC). Because the amounts of these materials on
platform topsides are negligible compared with other materials,
particularly steel, omitting their recycling and replacement emissions
and energy demand is not expected to have a significant impact on the
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Table 9
Numerical comparison of the energy demand and emissions obtained from the proposed bottom-up EEA approach to those reported in the Brent DPs environmental

statement (DNV, 2017) for decommissioning the Brent platforms' topsides.

Operations Energy (GJ) Emissions (tonne)
COo, NOy S0,
This Study Brent DPs (DNV, This Brent DPs (DNV, This Brent DPs (DNV, This Brent DPs (DNV,
2017) Study 2017) study 2017) study 2017)
Marine operations 223,813 254,958 17,227 19,423 428 527 11 284
Material Recycling 855,635 837,199 43,281 38,852 133 135 407 407
Material not 105,021 42,125 7558 N/A® 8 N/A 102 N/A®
recycled
Onshore 48,799 43,511 3207 3200 61 71 9 3
Dismantling
Onshore Transport 21,480 21,340 1575 1570 29 35 5 1
Total 1,254,748 1,199,133 72,847 63,045 660 768 534 695
Difference +4.6% +15.5% —14.0% —-23.1%
2 Not available in Brent DPs environmental statement (DNV, 2017).
— e
Marine operations Marine operations I
] (This study: 223813, (This study: 17227,
1000000 Brent DPs: 254958) Brent DPs: 19423)
ey Recycling Recycling
. (This study: 855635, (This study: 43281,
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Fig. 6. Comparison of the overall energy demand and emissions obtained using the proposed bottom-up EEA approach with those reported in the Brent DPs
environmental statement (DNV, 2017) for the decommissioning of the Brent platforms' topsides.

final estimates. 5.1. Brent case study

5. Numerical results The Brent O&G field, located in the East Shetland Basin in Block 211/
29 between the Shetland Islands and Norway, was commissioned in the
1970s (Shell UK, 2026). The field consisted of four platforms, including
Brent Alpha, Brent Bravo, Brent Charlie, and Brent Delta, as well as
pipelines and subsea structures (Fig. 4). The Brent Alpha platform was

To validate the proposed EEA approach, two case studies are
examined: the Brent topsides and jacket and the Tern jacket.



S. Jalili et al. Enviro 1 Impact A Review 119 (2026) 108398

mm Topside lift (4379) mm Topside lift (177796)
4000 = Cargo (0) 800000 | Cargo (0)
s EE Towing (512) EEl Towing (23245)
[} N Harbour activities (382) || B Harbour activities (17361)
€ 3000 mm Guard operation (119) | () 600000 | wem Guard operation (5412)
g = Recycling (0) bl = Recycling (855635)
] Bl Replacement (0) ; Bl Replacement (105021)
: 2000 Onshore Dismantling (0) | == 400000 Onshore Dismantling (48799)
Q B Onshore Transport (0) g Bm Onshore Transport (21480)
o w
1000 200000
2 & > L < & > 9
§8 & &£ 5§ 5 £F§
v & 8 s & ¢ 13 s o
5 & v o G S
Q T & g T IS
g < < 3 £
S & q ¢
O Cl (- o
L3 & <
5 G o %
T gg‘ S
&)
Operations Operations
B Topside lift (14013) 350 Bl Topside lift (368)
40000 | mmm Cargo (0) mmm Cargo (0)
B Towing (1623) EEm Towing (30)
— = 300
[)) Wm Harbour activities (1212) [)) BN Harbour activities (23)
€ 30000{ mmm Guard operation (378) € 250 mmm Guard operation (7)
< Bm Recycling (43281) g B Recycling (133)
3 BN Replacement (7558) + 200 B Replacement (8)
~ 20000 Onshore Dismantling (3207) - Onshore Dismantling (61)
64 mmm Onshore Transport (1575) °><15° mmm Onshore Transport (29)
Y 10000 =
50
a & o o) “ < o, > [
S8 &£ 5§85 £
§ ¢ & 5 &8 5§ §FF
& v &L & & L
S & & g
S o -3 @ o
L N < <
T (&) L &
@)
Operations Operations

400 Topside lift (9)

Cargo (0)

Towing (1)

Harbour activities (1)

==
|
=3
= )
B Guard operation (0)
=
|
[ === ]

W
(=]
o

Recycling (407)
Replacement (102)
Onshore Dismantling (9)
Onshore Transport (5)

SO, (tonne)
o
(]

=
o
o

Operations

Fig. 7. Comparison of fuel consumption, energy demand, and emissions for various offshore and onshore operations, calculated using the proposed bottom-up EEA
approach for the decommissioning of the Brent platforms' topsides.
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Fig. 9. Cut line for the upper jacket section (Shell UK, 2017).

Table 10
Material inventory for the upper Brent Alpha jacket structure above the cutline
(Shell UK, 2017; Shell UK, 2017b; DNV, 2017).

Material Weight Recyclability (5,

(tonne)

98% (Shell UK, 2017a; Oil and Gas
Standard Steel 8411 Journal, 2024)
Aluminium,/Zine 101 95% (Kouloumpis and Azapagic, 2022)
anodes

Marine growth 1601 N/A
Total 10,113

supported by a steel jacket structure weighing 31,500 t, whereas the
support structures for the other platforms are gravity-based structures
weighing more than 300,000 t each (Shell UK, 2017a). After five de-
cades of O&G production, the Brent field produced all economically
recoverable reserves and entered the decommissioning phase. In the
following subsections, the results obtained by the proposed EEA
approach are separately discussed for the Brent topsides and Brent Alpha
jacket decommissioning projects.

12
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5.1.1. Brent platform topsides decommissioning

The material inventories for the four Brent platform topsides are
listed in Table 7. The material weights are taken from the Brent topsides
decommissioning technical document (TD) (Shell UK, 2017b) and the
Brent Delta DP (Shell UK, 2015). Due to the limited availability of
emission and energy-use factors across material types, only the major
materials are included in this study; these are shown in Table 7 in bold
and underlined. The considered material inventories cover 92%, 93%,
94%, and 93% of materials in the Brent Alpha, Bravo, Charlie, and Delta
platforms, respectively.

Table 8 lists vessel duration and WoW parameters associated with
the topside removal operations, along with the sources supporting these
assumptions. These parameters include the durations needed for vessels
and equipment to perform offshore operations. Mobilisation duration
represents the time required to prepare and deploy vessels and equip-
ment to the site for a specific offshore operation. The duration depends
on vessel types, operation type, contract conditions, and service pro-
vider. According to the Brent decommissioning close-out report (Shell
UK, 2019), the Pioneering Spirit vessel mobilised from Rotterdam on 25
April 2017 and entered the platform safety zone on 28 April 2017,
suggesting approximately two days of mobilisation and two days of
transit. Accordingly, a mobilisation duration of two days is assumed in
this study for the SLV. A mobilisation duration of one day is assumed for
the remaining vessels, following Jalili et al. (2025).

Fig. 5 compares energy demand and greenhouse gas (GHG) emis-
sions for the Brent Alpha, Bravo, Charlie, and Delta platforms. Brent
Charlie has the highest energy demand and emissions among the four
platforms. In terms of emissions, decommissioning the Brent Charlie
emits about 22,407 t of COy; the corresponding values for Brent Alpha,
Bravo, and Delta are about 13,923 t, 18,047 t, and 18,468 t of CO,,
respectively. Removing the Brent Charlie platform results in the use of
about 391,420 GJ of energy, compared with 230,810 GJ, 314,612 GJ,
and 317,907 GJ for Alpha, Bravo, and Delta, respectively. By operation
type, lifting, material recycling, and material replacement are the major
contributors to energy demand and GHG emissions, mainly due to the
use of the single-lift vessel (SLV), which is highly fuel-intensive.

As the Brent DPs environmental statement (DNV, 2017) has reported
the overall energy demand and GHG-emission results for all platforms,
the numerical comparisons in this section are based on these overall
results. The detailed operational durations, energy demand, and emis-
sions calculated by the proposed approach for the topsides removal
operations are provided in Table B.1 in Appendix B, in which the
offshore and onshore decommissioning operations result in approxi-
mately 1.25 million GJ of energy use and 73,000 t of CO, emissions.
Table 9 summarises comparisons of energy demand and emission values
from the proposed bottom-up approach with those reported in the Brent
DPs environmental statement (DNV, 2017).

Table 9 shows that the proposed approach yields energy demand
estimate within 5% of Ref. (DNV, 2017). However, differences are larger
for COg, NOy, and SOq; the proposed approach estimates higher CO2 and
lower NOy and SO», likely due to different emission factors used here
versus those in (DNV, 2017). Given the extent of the assumptions and
uncertainties in this study, these differences are considered acceptable
from an engineering-estimation standpoint.

Fig. 6 graphically compares energy demand and emissions obtained
from this study with those reported in the Brent DPs environmental
statement (DNV, 2017). As shown in Fig. 6, the results from this study
are in a good agreement with those in (DNV, 2017). The fuel con-
sumptions, energy demand, and emissions associated with each opera-
tion in topside removal campaign are also compared in Fig. 7, where
topside lifting and material recycling operations are the main
contributors.

5.1.2. Brent alpha jacket decommissioning
The Brent Alpha platform was supported by a 161.9 m tall steel
jacket structure weighing 31,453 t (Shell UK, 2017), including the
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Table 11

The durational parameters for the different vessel types involved in the decommissioning of the Brent Alpha upper jacket structure.
Vessel(s) Mobilisation/de-mobilisation Transit In field/operation Wow

Notation Value Notation Value Notation Value Notation Value

HLV diy 1° g 1° L]:]J“V 16.33¢ ay 0.70° (ConocoPhillips, 2018)
ROVSV Rovsv 1° tgojvsv 1° g;(J)vsv 23.33 ay 0.70¢ (ConocoPhillips, 2018)
SLV [ 27 rd 2.10" P 1! as 0.70%% (ConocoPhillips, 2018)
BV and TB tog 1 e, 1° I 1.33" a3 0.20" (ConocoPhillips, 2018)

# Assumed in this study.

b Based on the Brent Alpha topside DP (Shell UK , 2020), the transit duration from the Brent field to the nearshore load transfer side near River Tees is about 38 h.
According to the Brent jacket TD (Shell UK, 2017), transferring the jacket to the BV takes about 12 h. Hence, the SLV transit plus load-transfer time is estimated at
approximately 2.10 days.

¢ Based on the Brent jacket TD (Shell UK, 2017), there are 28 conductors. Using an ROVSV, deployment of the DWC takes about 0.5 h, attachment and cutting take 5
h, retrieval takes 0.5 h, and replacing the wire takes 1 h. Therefore, the time per cut is approximately 7 h, yielding a total cutting duration of 7 x 28 = 196 hours.
Assuming 12-h shifts, this corresponds to about 196/12 ~ 16.33days to cut all conductors.

4 A 20% of weather delay for sea surface operation was assumed, based on the Viking CA (ConocoPhillips, 2018).

¢ A 70% of weather delay for subsea operations was assumed, based on the Viking CA (ConocoPhillips, 2018).

f Based on Brent jacket TD (Shell UK, 2017), lifting the upper-jacket section with the SLV takes about 18 h. Allowing for SLV waiting time for final cuts, the lift
duration is assumed to be 1 day.

8 A 70% of WoW assumed, as it includes the subsea cutting operations.

B Brent jacket TD (Shell UK, 2017) reports 12 h for transferring jacket from SLV to the BV, 8 h towing BV from load transfer location to the port, and 12 h for skidding
the jacket across from the BV to the quay. Therefore, the total operational time is approximately 1.33 days.

Table 12
Numerical comparison of the energy demand and emissions obtained from the proposed bottom-up EEA approach to those reported by the Brent DPs (Shell UK, 2017b)
for the Brent Alpha jacket decommissioning.

Operations Energy (GJ) Emissions (tonne)
CO2 NOx SO
This Brent DPs (Shell UK, This Brent DPs (Shell UK, This Brent DPs (Shell UK, This Brent DPs (Shell UK,
Study 2017b) Study 2017b) Study 2017b) Study 2017b)
Marine operations 101,925 123,400 7422 9300 173 250 5 100
Material Recycling 81,992 82,800 3872 3800 14 10 34 30
Material 7056 N/A* 514 N/A* 1 N/A* 1 N/A*
Replacement
Onshore 5663 5100 372 400 7 8 1 0
Dismantling
Onshore Transport 2493 2400 183 200 3 4 0 0
Total 199,129 213,700 12,362 13,700 198 272 40 130
Difference —6.8% -9.7% —27.2% —69%

* Not available/reported.

footings as shown in Fig. 8. The jacket comprised three large pontoon the proposed approach for the durations, fuel consumption, energy de-
legs and three additional legs; the pontoon legs were approximately mand, and emissions of each operation are presented in Table B. 2 in
7.32 m in diameter, and the other legs were 1.83-2.74 m in diameter. Appendix B, where the offshore and onshore jacket removal operations
The jacket was piled into the seabed with 32 steel piles, each 1.83 m in resulted in about 200,000 GJ of energy and 12,400 t of CO5 emissions.
diameter. There were 28 conductors with diameters ranging from 0.66 To verify the effectiveness of the proposed approach, the energy

m to 0.76 m. According to the Brent DPs (Shell UK, 2017b), the upper demand and emissions obtained in this study are compared with those
section of the Brent Alpha jacket was cut and lifted, while the footings reported in (Shell UK, 2017b). As shown in Table 12, the differences in

were left in place under derogation. It was proposed that the jacket be energy demand and CO, values are small (less than 10%). However,
cut at approximately 84.5 m Lowest Astronomical Tide (LAT) (about differences are larger for NOy and SO5 emissions, likely due to different
55.7 m above the seabed) (Shell UK, 2017), as shown in Fig. 9. Table 10 emission factors applied to offshore operations and material recycling/
lists the material inventory of the Brent Alpha upper jacket section replacement in this study versus (Shell UK, 2017b). Fig. 10 graphically
above the cutline (Shell UK, 2017). compares the overall energy demand and emissions from this study with

In Table 11, the duration parameters for Brent Alpha jacket removal those reported in the Brent DPs (Shell UK, 2017b) and shows good
operations, together with the underlying assumptions and sources, are agreement in energy demand and CO, emissions, with relatively close
presented. Cutting the jacket elements and conductors is the most time- agreement in NOy emissions. The fuel consumptions, energy demand,
consuming activity in the campaign, taking approximately 23.33 days. and emissions related to each offshore and onshore operations are dis-

Brent DPs (Shell UK Limited, 2017a) indicates that 40 cuts are required played in Fig. 11, indicating that cutting and recycling are the major
to separate the jacket from the footings. Using an ROVSYV, it takes about contributors.

0.5 h to deploy the DWC, 5 h to attach and cut, 0.5 h to retrieve the DWC,
and 1 h to replace the wire with a new one. Therefore, the time per cut is
approximately 7 h, yielding a total cutting duration of 7 x 40 = 280
hours. Assuming work shifts of 12 hours per day, this corresponds to
roughly 280/12 = 23.33 days to complete all cuts and separate the
jacket from the footings. The detailed calculation results obtained from

5.2. Tern case study
In this subsection, an additional case study is selected from another
0O&G field to show the applicability of the proposed approach to a wider

range of decommissioning case studies. The Tern installation is a drilling
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Fig. 10. Comparison of overall energy demand and emissions obtained using the proposed bottom-up EEA approach with those reported in the Brent DPs (Shell UK,

2017b) for the decommissioning of the Brent Alpha jacket.

and production unit located in Block 210/25 of the Northern North Sea,
approximately 104 km northeast of Shetland and 47 km west of the UK-
Norway median line (TAQA, 2024). The Tern jacket is an eight-legged
steel structure with material inventory presented in Table 13.

The project details and complete set of assumptions are not available
in the Tern DP (TAQA, 2024). However, for comparative purposes and to
demonstrate the capabilities of the proposed EEA approach, the energy
demand and emissions for Tern jacket are estimated in this study using a
combination of parameters from the Brent case studies and Tern DP
(TAQA, 2024). The Tern DP (TAQA, 2024) identifies vessels similar to
those used in Brent case study. The duration data collected from the Tern
DP (TAQA, 2024), summarised in Table 14, are used within the pro-
posed model.

The energy demand and CO; emissions obtained from the proposed
approach are compared with those reported by Tern DP (TAQA, 2024) in
Table 15. The total energy demand estimated by the proposed approach
is very close to that reported by Tern (TAQA, 2024), with a difference of
nearly 5%. The main differences in energy demand arise in the onshore
activities, likely due to assumptions not specified in the Tern DP (TAQA,
2024). The CO2 emissions for the marine operations obtained by the
proposed approach are very close to that reported in the Tern DP (TAQA,
2024); however, the CO, emissions for the material recycling and
onshore activities do not align with those reported in (TAQA, 2024). The

discrepancy in recycling emissions is likely related to the steel emissions
factor used in this study, which are more recent than those suggested by
IoP (2000) and typically used by O&G DPs. While this case study
highlights the critical role of input data and assumptions in the quality of
the energy demand and emissions estimates, it also supports the appli-
cability of the proposed EEA approach to a wider range of O&G
decommissioning case studies.

5.3. Sensitivity of parameters

Although the bottom-up nature of the proposed EEA approach is a
strength in obtaining holistic emissions and energy demand results, its
dependence on various durational parameters and on fuel consump-
tions, emission, and energy demand factors increases uncertainties in
the results. This necessitates a rigorous uncertainty analysis of the input
parameters. In the absence of reliable statistical data on these parame-
ters, a sensitivity analysis is performed to show how CO, emissions
change in response to variations across key parameter categories.

Fig. 12 illustrates the sensitivity of total CO, emissions for Brent
topsides decommissioning (see sub-section 5.1) to changes in durational
parameters, fuel consumption factors, and emission factors. Fig. 12
shows that the largest changes in CO2 occur when the material recycling
emission factors vary: a 25% change in recycling emission factors results
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Fig. 11. Comparison of fuel consumption, energy demand, and emissions across offshore and onshore operations, estimated using the proposed bottom-up EEA
approach for the decommissioning of the Brent Alpha jacket.

Table 13
Material inventory for the Tern jacket structure (TAQA, 2024).
Material Weight Recyclability
(tonne)
Steel 12,845 Yes
Hazardous material/ NORM 15 No
Other non-hazardous material (includes marine 1940 No
growth)
Total ~14,800

15

in an approximately 15% changes in CO, emissions. By contrast, the
impact of vessel mobilisation and operation durations on emissions is
small relative to other parameters. Fuel consumption factors, transit
duration, and material replacement emission factors have a moderate
impact on emissions.

6. Concluding remarks

A bottom-up emissions and energy assessment (EEA) approach was
proposed for decommissioning O&G platform topsides and jackets in the
North Sea. The approach integrates multiple data types to estimate
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Table 14

The durational parameters for the different vessel types involved in the decommissioning of the Tern jacket structure.
Vessel(s) Mobilisation/de-mobilisation Transit In field/operation Wow

Notation Value Notation Value Notation Value Notation Value

HLV t‘I;I]LJV 1.5 (TAQA, 2024) tE_LJV 7.33 (TAQA, 2024) t‘:&v 14.8 (TAQA, 2024) ao 0 (TAQA, 2024)
ROVSV tfn_oJVSV 10 (TAQA, 2024) t{‘rgvsv 13 (TAQA, 2024) [OR_‘J)VSV 16.2 (TAQA, 2024) a 0 (TAQA, 2024)
SLV tﬂ‘}’ 2 (TAQA, 2024) lﬁ,"}’ 2 (TAQA, 2024) rg{“lv 18.9 (TAQA, 2024) ay 0.05 (TAQA, 2024)
BV and TB" {18, N/A T8 N/A T 0 a N/A

2 Not to be used in Tern DP (TAQA, 2024).

Table 15

Numerical comparison of energy demand and CO, emissions obtained from the
proposed bottom-up EEA approach with those reported in the Tern DP (TAQA,
2024) for the decommissioning of the Tren jacket structure.

Operations Energy (GJ) CO, Emissions (tonne)
This Tern DP (TAQA, This Tern DP (
Study 2024) Study TAQA, 2024)
Marine
operations 142,688 141,560 10,710 10,510
Material
Recycling 120,743 126,765 5652 13,522
Material
Replacement 22,736 N/A 1740 N/A
Onshore
Dismantling 8379 16,198 551 N/A
Onshore
Transport 3688 15 270 1
Total 298,233 284,537 18,923 24,033
Difference +4.8% —-21.2%

greenhouse gas (GHG) emissions and energy demand for offshore and
onshore decommissioning operations, including field-specific informa-
tion, duration parameters, vessels and equipment types, fuel consump-
tion and emission factors, weather delays, onshore dismantling and
transport, and material recycling and replacement. The lack of data is
the main challenge to an effective EEA. To address this challenge,

decommissioning programmes (DPs), environmental statements, tech-
nical reports, guidelines, and other references from the North Sea 0&G
decommissioning sector were reviewed, and appropriate values were
adopted. Where required data were unavailable, the best-available en-
gineering estimates were provided.

To verify the effectiveness of the proposed approach, the EEA of two
real-world decommissioning case studies was investigated: the Brent
platforms (topsides and jackets) and the Tern jacket. The numerical
results show that decommissioning the four Brent platforms results in
about 1.25 million GJ of energy demand and 73,000 t of CO2 emissions.
The Brent Charlie platform is the largest contributor, with 22,407 t of
COq; the corresponding values for Brent Alpha, Bravo, and Delta are
13,923 t, 18,047 t, and 18,468 t of COo, respectively. Removal of the
Brent Alpha steel jacket results in approximately 200,000 GJ of energy
demand and 12,362 t of CO, emissions. The EEA for the Tern jacket
decommissioning reveals approximately 300,000 GJ of energy demand
and 19,000 t of CO, emissions.

The numerical comparisons revealed acceptable differences between
the energy demand and GHG emission estimates from this study and
those reported in the Brent and Tern DPs and their environmental
statements. The differences in energy demand are within 7%: +4.6% for
the Brent platform topsides, —6.8% for the Brent Alpha jacket, and +
4.8% for the Tern jacket. For COy emissions, the differences are within
22%: +15.5%, —9.7%, and — 21.2% for the Brent platforms, Brent Alpha
jacket, and Tern jacket, respectively. Given the extent of the assump-
tions and uncertainties in this study, these differences are considered
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Fig. 12. Sensitivity of the total CO, emissions caused by the Brent topsides decommissioning activities to variations in duration parameters, fuel consumption

factors, and emissions factors.
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acceptable from an engineering-estimation standpoint. However, the
differences in NOx and SO, emissions obtained in this study are not
consistent with the source values. These discrepancies are likely due to
the use of different, often outdated, emission and energy demand factors
in industry reports. This highlights the need for a unified, standardised
inventory of emission and energy demand factors to enable reliable EEA
for O&G decommissioning projects in the North Sea.

Due to its bottom-up nature, the proposed EEA approach relies on a
set of parameters that are subject to uncertainty. A sensitivity analysis
was performed to show how CO, emissions from the Brent topsides
decommissioning vary in response to changes across key parameter
categories. The results show that the largest changes in CO2 emissions
occur when material recycling emissions factors vary: a 25% change in
recycling emissions factors results in an approximately 12.5% change in
total CO, emissions. This underscores the need for reliable emission-
factor data for material recycling to obtain more robust emissions
estimates.

This study contributes to making the emissions and energy demand
quantification more transparent for policy makers and broader stake-
holders involved in O&G decommissioning projects. The bottom-up
nature of the proposed approach enables high-quality emissions and
energy demand estimates and allows future expansion and modification
as new data and technologies become available. For example, inte-
grating automatic identification system (AIS) vessel data with vessel
specifications and mode-specific power demands into the approach

Appendix A. List of parameters

Table A.1
General parameters.

Environmental Impact Assessment Review 119 (2026) 108398

could improve the accuracy of the results.

Weather delays are important considerations and should be
accounted for using regional metocean data. In this study, EEA outcomes
were derived using approximate assumptions for weather downtimes.
Although sufficient for an initial assessment, results could be strength-
ened by incorporating statistical weather-delay analysis based on
regional metocean data for the vessels involved in offshore operations.

This flexibility to update and refine inputs will help to provide more
accurate figures for the GHG emissions and energy demand and support
a better understanding of the environmental impacts of offshore O&G
decommissioning projects. The proposed EEA approach will be useful in
assisting stakeholders and informing decision-making in future O&G
decommissioning projects.
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Parameter Unit Definition

O; N/A ith offshore operation

N units Number of topsides or jackets

n; number Number of operations in the ith topside or jacket removal campaign
Nm number Number of materials in the topside/jacket

w; tonne The weight of the ith material in the topside/jacket

D km Distance from onshore site to the recycling facility

B number Recycling percentage of the ith material

Table A.2
Duration parameters.
Parameter Unit Definition
S day Mobilisation duration of the SLV for topside removal
[ day Transit duration of SLV during the topside removal
aj number WoW coefficient for the jth operation in the topside or jacket removal campaign
50 day Operational duration of the SLV during the topside removal
[ day Mobilisation duration of the TB for topside removal
[ day Transit duration of TB during the topside removal
[ day Operational duration of the TB during the topside removal
[\ day Mobilisation duration of the AHV for topside removal
AtV day Transit duration of AHV during the topside removal
v day Operational duration of the AHV during the topside removal
5By day Mobilisation duration of the SBV for topside removal
[ day Transit duration of SBV during the topside removal
By day Operational duration of the SBV during the topside removal
iy day Mobilisation duration of the HLV for cutting operation of the conductors in the jacket removal campaign
[ day Transit duration of HLV during the cutting operation of the jacket conductors
[ day Operational duration of the HLV during the jacket conductors cutting operation
ROVSV day Mobilisation duration of the ROVSV for jacket cutting operation
ROvsv day Transit duration of ROVSV during the jacket cutting operation

(continued on next page)
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Table A.2 (continued)

Environmental Impact Assessment Review 119 (2026) 108398

Parameter Unit Definition
RQVsv day Operational duration of the ROVSV during the jacket cutting operation
5y day Mobilisation duration of the SLV for jacket lifting operation
[rend day Transit duration of SLV during the jacket lifting operation
Sy day Operational duration of the SLV during the jacket lifting operation
B day Mobilisation duration of the TB for jacket shipping operation to shore
[ day Transit duration of the TB during the jacket shipping operation to shore
[ day Operational duration of the TB during the jacket shipping operation to shore
tm day Mobilisation duration of a vessel
te day Transit time of a vessel to and from the site
to day The operational time of a vessel
tw day Delays in an operation due to weather conditions
t day The duration of the ith operation
Table A.3
Energy demand parameters.
Parameter Unit Definition
E GJ Overall energy demand during the removal and recycling operations
Eoft GJ Energy demand related to the offshore removal operations
E™ GJ Energy demand related to the onshore removal operations
e GJ/t Energy content of the fuel consumed in the jth operation
E°% GJ The energy demand by the onshore dismantling and processing
E°u GJ The energy demand resulted from the onshore transport of removed topside/jacket materials to the recycling centre
E® GJ The energy demand during the recycling process of topside/jacket materials
eodp GJ/t removed material Energy demand by the onshore dismantling and processing of topside/jacket components
eotr GJ/ t material /km Energy demand resulted from the transport of materials from onshore dismantling centre to the recycling facility
e} GJ/t Energy demand by the recycling of the ith material
&P GJ/t Energy demand by the production of the ith material

Table A.4

Fuel consumption parameters.

Parameter Unit Definition
fi tonne Fuel consumption of the jth operation
f]'f tonne Fuel consumption of the jth topside removal operation
J,J tonne Fuel consumption of the jth jacket removal operation
s tonne/day Fuel consumption rate of SLV in mobilisation

SLV tonne/day Fuel consumption rate of SLV in transit

SLY tonne/day Fuel consumption rate of SLV at operational mode

s tonne/day Fuel consumption rate of TB in mobilisation

B tonne/day Fuel consumption rate of TB in transit

T8 tonne/day Fuel consumption rate of TB at operational mode
fanv tonne/day Fuel consumption rate of AHV in mobilisation

fanv tonne/day Fuel consumption rate of AHV in transit

fanv tonne/day Fuel consumption rate of AHV at operational mode
BV tonne/day Fuel consumption rate of SBV in mobilisation

SBY tonne/day Fuel consumption rate of SBV in transit

SBV tonne/day Fuel consumption rate of SBV at operational mode
v tonne/day Fuel consumption rate of HLV in mobilisation

v tonne/day Fuel consumption rate of HLV in transit

v tonne/day Fuel consumption rate of HLV at operational mode
fRovsv tonne/day Fuel consumption rate of ROVSV in mobilisation
fRovsv tonne/day Fuel consumption rate of the ROVSV in transit

fRovsv tonne/day Fuel consumption rate of ROVSV at operational mode
for tonne fuel/t material Fuel consumed by onshore transport of removed materials to the recycling facility

18



S. Jalili et al.

Table A.5
Emissions parameters.

Environmental Impact Assessment Review 119 (2026) 108398

Parameter Unit Definition

€ tonne of pollutant Overall emissions caused by the topside/jacket removal and recycling operations

goff tonne of pollutant Emissions produced by the offshore operations during the topside/jacket removal

en tonne of pollutant Emissions caused by the onshore operations during the topside/jacket removal

& tonne of pollutant/t of fuel Emission factor of the fuel consumed in the jth operation

godp tonne of pollutant Emissions resulted from the onshore dismantling and processing of topside/jacket materials
g tonne of pollutant Emissions cause by the onshore transport of the topside/jacket materials to the recycling facility
er tonne of pollutant Emissions produced by the recycling/replacement process of topside/jacket materials

godp tonne emitted/t material Emissions caused by the onshore materials dismantling and processing

eor tonne emitted /tonne of fuel Emission factors for the onshore transport

& tonne emitted /tonne Emissions produced from recycling of the ith material

e tonne emitted /tonne Emissions produced from manufacturing of the ith material

Appendix B. Detailed calculations

Table B.1

Calculated durations, fuel consumption, energy demand, and emissions obtained using the proposed bottom-up EEA approach for the decommissioning of the Brent

platform topsides.

Operations Vessel Durations (days) Fuel (tonne) Energy (GJ) Emissions (tonne)

CO, NOx SO,
Topside lift SLV 29.6 4379.2 177,796 14,013 368 8.76
Cargo” BV 18.4 0 0 0 0 0
Towing TB 18.4 512 23,245 1623 30 1.02
Harbour activities AHV 18.4 382.4 17,361 1212 23 0.77
Guard operation SBV 98.4 119.2 5412 378 7 0.24
Material Recycling N/A N/A N/A 855,635 43,281 134 407.49
Material not recycled N/A N/A N/A 105,021 7558 8 102.40
Onshore Dismantling N/A N/A N/A 48,799 3207 61 8.71
Onshore Transport N/A N/A N/A 21,480 1575 29 4.97
Total 183.2 5392.8 1,254,748 72,847 660 534.30

@ BV is towed by TBs.

Table B.2

Calculated durations, fuel consumption, energy demand, and emissions obtained using the proposed bottom-up EEA approach for the decommissioning of Brent Alpha

jacket.
Operations Vessel Durations (days) Fuel (tonne) Energy (GJ) Emissions (tonne)

CO, NOx SO2

Cutting Conductors HLV 29.8 672 30,526 2152 56.5 1.35
Jacket Cutting ROVSV 41.7 799 36,254 2539 47.12 1.60
Upper Jacket Lift SLV 5.8 758 30,791 2427 63.71 1.52
Transportation TB 3.6 96 4353 305 5.66 0.19
Material Recycling N/A N/A 81,992 3872 13.59 33.68
Material Replacement N/A N/A 7056 514 0.61 1.05
Onshore Dismantling N/A N/A 5663 372 7.08 1.01
Onshore Transport N/A N/A 2493 183 3.40 0.006
Total 80.818 2325 199,129 12,362 198 40.40

Data availability
Data will be made available on request.
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