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Definitions & cautionary note
The companies in which Royal Dutch Shell plc directly and indirectly owns investments are separate legal entities. In this presentation “Shell”, “Shell Group” and “Group” are sometimes used for convenience where references are made
to Royal Dutch Shell plc and its subsidiaries in general. Likewise, the words “we”, “us” and “our” are also used to refer to Royal Dutch Shell plc and its subsidiaries in general or to those who work for them. These terms are also used
where no useful purpose is served by identifying the particular entity or entities. ‘‘Subsidiaries’’, “Shell subsidiaries” and “Shell companies” as used in this presentation refer to entities over which Royal Dutch Shell plc either directly or
indirectly has control. Entities and unincorporated arrangements over which Shell has joint control are generally referred to as “joint ventures” and “joint operations”, respectively. Entities over which Shell has significant influence but
neither control nor joint control are referred to as “associates”. The term “Shell interest” is used for convenience to indicate the direct and/or indirect ownership interest held by Shell in an entity or unincorporated joint arrangement, after
exclusion of all third-party interest.
This presentation contains forward-looking statements (within the meaning of the U.S. Private Securities Litigation Reform Act of 1995) concerning the financial condition, results of operations and businesses of Royal Dutch Shell. All
statements other than statements of historical fact are, or may be deemed to be, forward-looking statements. Forward-looking statements are statements of future expectations that are based on management’s current expectations and
assumptions and involve known and unknown risks and uncertainties that could cause actual results, performance or events to differ materially from those expressed or implied in these statements. Forward-looking statements include,
among other things, statements concerning the potential exposure of Royal Dutch Shell to market risks and statements expressing management’s expectations, beliefs, estimates, forecasts, projections and assumptions. These forwardlooking statements are identified by their use of terms and phrases such as “aim”, “ambition”, ‘‘anticipate’’, ‘‘believe’’, ‘‘could’’, ‘‘estimate’’, ‘‘expect’’, ‘‘goals’’, ‘‘intend’’, ‘‘may’’, ‘‘objectives’’, ‘‘outlook’’, ‘‘plan’’, ‘‘probably’’, ‘‘project’’,
‘‘risks’’, “schedule”, ‘‘seek’’, ‘‘should’’, ‘‘target’’, ‘‘will’’ and similar terms and phrases. There are a number of factors that could affect the future operations of Royal Dutch Shell and could cause those results to differ materially from those
expressed in the forward-looking statements included in this presentation, including (without limitation): (a) price fluctuations in crude oil and natural gas; (b) changes in demand for Shell’s products; (c) currency fluctuations; (d) drilling
and production results; (e) reserves estimates; (f) loss of market share and industry competition; (g) environmental and physical risks; (h) risks associated with the identification of suitable potential acquisition properties and targets, and
successful negotiation and completion of such transactions; (i) the risk of doing business in developing countries and countries subject to international sanctions; (j) legislative, fiscal and regulatory developments including regulatory
measures addressing climate change; (k) economic and financial market conditions in various countries and regions; (l) political risks, including the risks of expropriation and renegotiation of the terms of contracts with governmental
entities, delays or advancements in the approval of projects and delays in the reimbursement for shared costs; (m) risks associated with the impact of pandemics, such as the COVID-19 (coronavirus) outbreak; and (n) changes in trading
conditions. No assurance is provided that future dividend payments will match or exceed previous dividend payments. All forward-looking statements contained in this presentation are expressly qualified in their entirety by the
cautionary statements contained or referred to in this section. Readers should not place undue reliance on forward-looking statements. Additional risk factors that may affect future results are contained in Royal Dutch Shell’s Form 20-F
for the year ended December 31, 2020 (available at www.shell.com/investor and www.sec.gov). These risk factors also expressly qualify all forward-looking statements contained in this presentation and should be considered by the
reader. Each forward-looking statement speaks only as of the date of this presentation, 25 th November 2021. Neither Royal Dutch Shell plc nor any of its subsidiaries undertake any obligation to publicly update or revise any forwardlooking statement as a result of new information, future events or other information. In light of these risks, results could differ materially from those stated, implied or inferred from the forward-looking statements contained in this
presentation.
We may have used certain terms, such as resources, in this presentation that the United States Securities and Exchange Commission (SEC) strictly prohibits us from including in our filings with the SEC. Investors are urged to consider
closely the disclosure in our Form 20-F, File No 1-32575, available on the SEC website www.sec.gov.
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Background
▪

A variety of technologies are available for the removal of solids from produced water streams both onshore and offshore,
including nutshell media filters (NSF), multimedia filters (MMF), solids removal cyclones and cartridge filters.

▪

Combinations of these technologies have been typically used for the treatment and removal of solids from produced water in
both PWRI and oil in water polishing line ups.

▪

NSF and MMF are expensive and heavy and require a large footprint. Alternative technologies are available which could
offer equivalent removal of total suspended solids and can offer a competitive advantage in terms of cost, space and weight.

▪

This presentation focuses on two such technologies, namely desanding cyclones & self-cleaning filters.
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Background
Why do we remove solids from produced water? Several reasons……

▪
▪

To protect equipment integrity, such as equipment in PWT line ups which is not solids tolerant

▪

To prevent solids impacting on process – solids build up in vessels, emulsion stabilization, process upset

▪

To minimize reservoir impairment through fracture growth or injectivity decline (which translates into a specification for
PWRI)

Why do we remove oil from produced water

▪
▪

To meet environmental discharge standards (if discharged to sea)

▪

To meet a specification for PWRI

Possible benefits resulting from use of alternative technologies to NSF and MMF

▪
▪

Cost savings – CAPEX and OPEX

▪

Space & weight savings
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Typical PWRI & PWT Offshore Line Ups
Solids Removal Stage

Desanding

30 mg/l OIW

1-5 mg/l OIW

10 mg/l TSS

1-2 mg/l TSS

Cyclone

Nutshell Filters

Multimedia Filters 2-5 µm cut off

Cartridge Filters
(Optional)

IGF

Deoiling Hydrocyclone
To PWRI

Solids Removal to Meet Injection Specification

Desanding
Cyclone

Solids Removal

Cartridge Filter

Stage

Coalescing Media
Tertiary Treatment
Stage

Deoiling Hydrocyclone
To Sea
Solids Removal to Maintain PWT Equipment Performance for PWOB
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Alternative Technology Options
Self-Cleaning Filters (SCF)

▪
▪

Well established technology commonly used to treat seawater in a seawater injection train

▪

Now finding application in produced water treatment line ups

▪

Can be used in either a PWRI line up to replace MMF or in a PWT polishing line up to replace cartridge pre-filters upstream
of coalescing media filters for example

▪

Two types – suction scanner SCF and enhanced backwash SCF, several vendors for each type

Desanding Cyclones

▪
▪

Well established technology, used onshore and offshore for many years

▪

Can be installed upstream of PWT facilities to protect them from impact of solids, or installed in a PWRI system to remove a
proportion of the solids

▪

Many vendors
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Self-Cleaning Filter – Suction Scanner Design
▪

In a suction scanner type self-cleaning filter, water flows from inside
to outside of the basket during the normal filtration phase

▪

The filters are backwashed on a timer or after a specific differential
pressure across the filter basket is reached

▪

A suction scanner arrangement is used to employ the backwash,
with the backwash liquid routed in reverse through the scanner and

then screen to a number of ports installed on a central backwash
collector
▪

Various screen mesh types

Hydrocarbons
Solids

Dispersed

Hydrocarbons
Solids

Dispersed
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Typical Removal Efficiency (%)
Hydrocarbons are not removed
Nominally rated down to 6 µm
Typical Outlet Concentration (mg/l)
As inlet
Dependent on inlet particle size distribution
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Self-Cleaning Filter – Enhanced Backwash Design (Candle Filter)
▪

Self-cleaning enhanced backwash filters contain a number of filter
candles in one vessel and are thus also commonly referred to as
candle filters

▪

One or two of these filter candles are backwashed at a time using
the filtrate pressure

▪

This type of filter has not so far been trialled by Shell for solids
removal in PWRI

▪

Pressure drop across the filter during normal operation is typically
0.3-0.5 bar
Hydrocarbons
Solids

Dispersed

Hydrocarbons
Solids

Dispersed
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Typical Removal Efficiency (%)
Hydrocarbons are not removed
Screen nominal rating 25 µm
Typical Outlet Concentration (mg/l)
As inlet
Dependent on inlet particle size distribution
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Self-Cleaning Filter – Suction Scanner & Enhanced Backwash
▪

Pros

▪

Cons
High solids loads (> 300 mg/l) will result in an

▪

Wide range of vendors

▪

Very light and compact technology relative to other

increased backwash frequency. At very high loads the

solids removal technologies

filter is backwashing continuously and the production

Filtration performance is maintained whilst the

will need to be reduced to keep in operation

▪

▪

equipment is in backwash, so no need for N+1
▪

▪

For removal of sticky components, such as oil wet

arrangement for duty/backwashing

solids, enhanced backwash filters have a risk of

To avoid irreversible attachment of such particles to the

creating a preferential flow during backwash and

screen, suction scanners are recommended (provide

therefore a reduced backwash efficiency

highest forces for particle removal)

Wedge Mesh
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Desanding Cyclones
▪

Operating principle is separation by centrifugal force, which is generated by
tangential flow into the liner

▪

Solids are forced outward toward the wall of the cyclone liner and this
displaces the lighter phase (water and residual dispersed oil) which migrates
towards the centre where it forms a core

▪

As a result of the dP across the cyclone liners, the core is forced to flow
through the overflow and the heavier solids to the underflow

▪

The operating experience of desanding cyclones within Shell is limited
(anecdotal) and the technology is not yet categorised as D4 technology
within Shell.
Hydrocarbons
Solids

Hydrocarbons
Solids
Copyright of Shell Global Solutions International B.V.

Dispersed
Dissolved
Non Oil Wet Solids
Oil Wet Solids
Dispersed

Typical Removal Efficiency (%)
Not removed
Not removed
98% > 11 µm typical
Not quoted1
Typical Outlet Concentration (mg/l)
Not removed
<1
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Desanding Cyclones
▪

Pros
▪

Mature well understood compact technology

▪

Proven performance in produced water applications

▪

Wide range of vendors and materials of construction

▪

Compact and light weight relative to other solids removal
technologies

▪

Cons
▪

Lower limit D98 for solids removal is ~10 µm

▪

Performance sensitive to turndown

▪

In most cases, requires feed pressure of at least 5 barg

Copyright of Shell Global Solutions International B.V.

November 2021

12

Technology Comparison - Operating Parameters
Self-Cleaning Filter
Particle Cut Size

▪
▪

Desanding Cyclones

6 µm nominal
Variety of screens available with
higher nominal ratings

▪
▪

Diameters between 10 and 140 mm
typically available
10 µm cut size is typical lower limit,
25 µm and 50 µm more common

Turndown

▪

10-20% of design flow is typical (at
least equal to backwash flowrate)

▪

3:1 or a third of the nominally rated
flow is the typical lower limit

Typical Operating Pressure

▪
▪

2-10 barg feed pressure typical
2 barg feed pressure is minimum
(assuming atmospheric backwash
slurry routing)

▪

In PWT systems, up to 15 barg typical

Pressure Drop

▪

0.3-0.5 bar typical before backwash
initiated

▪

Minimum 0.3 bar, maximum 7.0 bar
for PWT duty (typical)

Slurry Stream

▪

Non-continuous flow, only occurs
during backwash
Backwash stream requires to be
disposed of via a suitable route (reroute upstream or separate treatment
and disposal of backwash water)
Backwash slurry stream is typically
<2% of feed stream volume
Possible disposal route for backwash
slurry to cuttings disposal well

▪

Solids continuously discharge from
cyclones to either bottom of pressure
vessel, or to a separate accumulator
which can be isolated and
periodically emptied
Solids slurry can be routed to a sand
cleaning vessel for cleaning and
disposal to sea (if regulations permit),
or routed to a sand bagging facility
for shipping to shore

▪

▪
▪
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Technology Comparison – Waste Stream Disposal
Reject Stream & Backwash Liquids
Volume

Solids Present?

Oil Present?

Desanding Cyclones

Typical volume per accumulator is
200 to 500 litres, with each
vessel/accumulator emptied once in a
24 hr period. This volume would
comprise a concentrated sand slurry
(dependent on inlet solids loading).

Yes. Concentrated sand slurry will
need to be removed from the
accumulator typically once a day.

Yes. Residual oil present as dispersed
oil or coated on solids within the
accumulator. Oil would be removed
in a downstream sand washing
system (if present).

Self-Cleaning Filter

Total volume per backwash is
typically 0.5-1.0% of the total feed
flowrate.

Yes. Solids which have built up on the
filter elements will exit with the
backwash water.

Yes. Residual dispersed oil (same as
feed stream oil content) will be
present in backwash water.
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Technology Comparison – Impact of Suspended Solids Type

Particle Type
Typical Size &
Density

Sand

Scale Particulates
>62.5 µm

Circa 20 µm

2800 kg/m3

Qualitative Assessment of Particle Removal Effectiveness
Effective removal
Effective removal if
Desanding
particle size > 10 µm,
Cyclones
Self-Cleaning
Filters – Suction
Scanner

Effective removal
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otherwise performance
compromised
Effective removal if
particle size > 6 µm,
otherwise performance
compromised

Corrosion Products Clay Fines
5-40µm individual
particles, up to 65 µm
agglomerated
Effective removal if
particle size > 10 µm,
otherwise performance
compromised
Effective removal if
particle size > 6 µm,
otherwise performance
compromised

Schmoo

Microbial Solids

1-4 µm

Solid particles (inorganic
component) ~1 µm

Particle density and size
not be suitable for
effective removal

Particles can become
neutrally buoyant, which
results in them exiting
via the overflow
Particles can become
neutrally buoyant. May
also be pushed through
filter element, though
agglomerated particles
could be trapped.

Particle density and size
not be suitable for
effective removal. Clay
fines could get pushed
through screen.

Particulate size likely to
be too small for
effective removal
Particulate size likely to
be too small for
effective removal
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Possible PWRI Line Ups – Solids Removal Only

30 mg/l OIW
1-5 mg/l TSS
6 µm cut off

Self-Cleaning Filter
Desanding

30 mg/l OIW

Cyclone

10 mg/l TSS

Cartridge Filters

IGF

To PWRI

Deoiling Hydrocyclone

Desanding Cyclones

Cartridge Filters

Reference Line Up

To PWRI
30 mg/l OIW
1-5 mg/l TSS
10 µm cut off
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Possible PWRI Line Ups – Solids & Oil Removal

30 mg/l OIW
1-5 mg/l TSS

30 mg/l OIW

Desanding

Solids Removal

6 µm cut off

Oil Removal

10 mg/l TSS

Self-Cleaning Filter

Cyclone

Cartridge Filters

Coalescing Media Filters
5-10 mg/l OIW

IGF

1-2 mg/l TSS
1-2 µm cut off typ.

Deoiling Hydrocyclone

To PWRI
30 mg/l OIW
1-5 mg/l TSS
10 µm cut off

Desanding Cyclones

Cartridge Filters

Coalescing Media Filters

5-10 mg/l OIW
1-2 mg/l TSS
1-2 µm cut off typ.

To PWRI
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Possible PWT Offshore Polishing Line Up
30 mg/l OIW
10 mg/l TSS

Desanding

Self-Cleaning Filter

Coalescing Media

Cyclone

Tertiary Treatment
Stage

5-10 mg/l OIW
1-2 mg/l TSS

6 µm cut off

Deoiling Hydrocyclone
To Sea
Self-Cleaning Filter Replaces Cartridge Filters
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CAPEX & Footprint Comparison & Conclusions
◼ NSF = Nutshell Filters
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◼ SCF-SS = Self Cleaning Filter – Suction Scanner
◼ DC = Desanding Cyclones
◼ CF = Cartridge Filters

0
NSF+MMF+CF (Ref)

SCF-SS+CF
Inst. CAPEX

▪

◼ MMF = Multimedia Filters
Relative Footprint (%)

Relative Cost (%)

Installed CAPEX & Footprint Comparison, 25 kbpd
Solids Removal Only Line-Ups

DC+CF
Footprint

Self-Cleaning Filters
▪

The technology is suitable for sand and scale removal and possibly larger corrosion products. It is not suitable for agglomerated oil coated solids,
i.e schmoo and similar.

▪

The technology is significantly smaller & lighter than traditional options such as multimedia filtration and unlike a multimedia filter the feed stream
oil content does not have to be treated to a stringent specification.

▪

SCF technology could be used in combination with coalescing media technology for combined oil & solids removal

▪

The upper limit for SCF flux rates in produced water service is not well understood and is worthy of further investigation as part of any future field
trials (this could impact the business case)

Copyright of Shell Global Solutions International B.V.

November 2021

19

CAPEX & Footprint & Conclusions
◼ NSF = Nutshell Filters
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◼ SCF-SS = Self Cleaning Filter – Suction Scanner
◼ DC = Desanding Cyclones
◼ CF = Cartridge Filters

◼ MC = Media Coalescence Filter

0
NSF+MMF+CF (Ref)

SCF-SS+CF+MC
Inst.CAPEX

▪

◼ MMF = Multimedia Filters
Relative Footprint (%)

Relative Cost (%)

Installed CAPEX & Footprint Comparison, 25 kbpd
Solids & Oil Removal Line-Ups

DC+MC+CF
Footprint

Desanding Cyclones
▪

Desanding cyclones are well established and have been used by many operators at locations around the world, both onshore and offshore. The
lower limit of their performance envelope is about 10 µm and if the removal of finer solids were required, then the use of downstream cartridge
filtration would be required.

▪

Desanding cyclone technology is suitable for sand removal and larger scale and corrosion particle removal if the particle size is within cut size
limits.
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Conclusions
▪

Technology Comparison
▪

Self-Cleaning Filters and Desanding Cyclones can provide effective solids removal as part of a PWRI or PWT
polishing line at significantly lower CAPEX and space and weight requirements relative to traditional options
such as Nutshell Filters and Multimedia Filters

▪

They do not remove oil, hence in applications where oil removal is also required, they must be used in
combination with a deoiling stage, but this combination is still competitive relative to traditional line ups

▪

The technology can be equally applied onshore and offshore
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