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Definitions & cautionary note

Caut ionary Note

The companies in which 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 Shell plc and its subsidiaries in general. Likewise, the words “we”, “us” and 
“our” are also used to refer to 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 Shell plc either directly or indirectly has control. The term “joint venture”, “joint operat ions”, “joint arrangements”, and “associates” may also be used to refer to a commercial arrangement in which Shell has a direct or indirect ownership interest with one or more parties.  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. 

Forward-Looking Statements
This presentation contains forward-looking statements (within the meaning of the U.S. Private Securit ies Litigat ion Reform Act of 1995) concerning the financial condition, results of operat ions and businesses of Shell. Al l 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 uncertaint ies 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 Shell to market ri sks and statements expressing management ’s expectations, beliefs, est imates, forecasts, projections and assumptions. These 
forward-looking statements are identified by their use of terms and phrases such as “aim”; “ambition”; ‘‘anticipate’’; ‘‘believe’’; “commit”; “commitment”; ‘‘could’’; ‘‘estimate’’; ‘‘expect’’; ‘‘goals’’; ‘‘ intend’’; ‘‘may’’; “mi lestones”; ‘‘object ives’’; ‘‘outlook’’; ‘‘plan’’; ‘‘probably’’; ‘‘project’’; ‘‘risks’’; “schedule”; 
‘‘seek’’; ‘‘should’’; ‘‘target’’; ‘‘wi ll’’; “would” and simi lar terms and phrases. There are a number of factors that could affect the future operat ions of 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 fluctuat ions in crude oil and natural gas; (b) changes in demand for Shell’s products; (c) currency fluctuat ions; (d) dril ling and production results; (e) reserves est imates; (f) loss of market share and industry competit ion; (g) environmental and physical ri sks; (h) ri sks associated 

with the identificat ion of suitable potential acquisition properties and targets, and successful negotiation and completion of such transactions; (i) the ri sk of doing business in developing countries and countries subject to international sanctions; (j) legislative, judicial, fiscal and regulatory developments 
including regulatory measures addressing climate change; (k) economic and financial market conditions in various countries and regions; (l) political ri sks, 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) ri sks associated with the impact of pandemics, such as the COVID-19 (coronavirus) outbreak, regional conflicts, such as the Russia-Ukraine war, and a significant cybersecurity breach; and (n) changes in trading conditions. No assurance is 
provided that future dividend payments will match or exceed previous dividend payments. Al l forward-looking statements contained in this presentation are expressly quali fied in their entirety by the caut ionary statements contained or referred to in this sect ion. Readers should not place undue reliance 
on forward-looking statements. Additional ri sk factors that may affect future results are contained in Shell plc’s Form 20-F for the year ended December 31, 2023 (available at www.shell.com/investors/news-and-filings/sec-filings.html and www.sec.gov). These ri sk factors also expressly quali fy 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, 4 December 2024. Neither Shell plc nor any of its subsidiaries undertake any obligation to publicly update or revise any forward-
looking statement as a result of new information, future events or other information. In light of these ri sks, results could differ materially from those stated, implied or inferred from the forward-looking statements contained in this presentation.

Shell’s Net Carbon Intensity
Also, in this presentation we may refer  to Shell’s “Net Carbon Intensity” (NCI), which includes Shel l’s carbon emissions from the production of our energy products, our suppliers’ carbon emissions in supplying energy for that production and our customers’ carbon emissions associa ted with their use of the 

energy products we sell.  Shell’s NCI also includes the emissions associated with the production and use of energy products produced by others which Shell  purchases for resale. Shell only  controls its own emissions. The use of the terms Shel l’s “Net  Carbon Intensity” or NCI are for convenience only and not 
intended to suggest these emissions are those of Shell plc or it s subsidiaries.

Shell’s net-zero emissions target
Shell’s operating plan, outlook and budgets are forecasted for a ten-year period and are updated every year. They reflect the current economic environment and what we can reasonably  expect to see over the next  ten years. Accordingly , they reflect our Scope 1, Scope 2 and NCI targets over 

the next  ten years. However, Shell’s operating plans cannot reflect our 2050 net-zero emissions target , as this target  is currently  outside our planning period. In the future, as society moves towards net-zero emissions, we expect  Shell’s operat ing plans to reflect this movement. However, if 
society is not net zero in 2050, as of today, there would be significant  risk that Shell may not meet this target. 

Forward-Looking non-GAAP measures
This presentation may contain certain forward-looking non-GAAP measures such as [cash capital expenditure] and [divestments].  We are unable to provide a reconciliation of these forward-looking non-GAAP measures to the most comparable GAAP financial measures because certain information needed 

to reconcile those non-GAAP measures to the most comparable GAAP financial measures i s dependent on future events some of which are outside the control  of Shell, such as oil  and gas prices, interest  rates and exchange rates. Moreover, est imating such GAAP measures with the required precision 
necessary  to provide a meaningful  reconciliation is extremely difficult and could not be accomplished without unreasonable effort. Non-GAAP measures in respect of future periods which cannot be reconci led to the most comparable GAAP financial measure are c alculated in a manner which i s consistent  
with the accounting policies applied in Shell plc’s consolidated financial statements.

The contents of websites referred to in this presentation do not form part of this presentation.

We may have used certain terms, such as resources, in this presentation that the United States Securit ies and Exchange Commission (SEC) strict ly prohibits us from including in our filings with the SEC.  Investors are urged to consider closely the disclosure in our Form 20-F, Fi le No 1-32575, available on the 
SEC website www.sec.gov. 
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Five topics 

for the price of one

%
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Holistic Optimisation of Offshore wind farms
P.J. Stanley and Sebastian Sanchez Perez-Moreno

          

       

    

                

               

                       

          

       

       

                

           
                

                       

                    

                 

MDAO

43-4 December 2024



Copyright of Shell Energy Deutschland GmbH

One MDAO framework to solve many trade-offs e.g.:

LCOE, IRR, NPV, 
and other metrics to optimise

• Installation: duration vs costs vs preservation vs early 

revenues vs late cash out

• Layout: Energy yield vs costs

• Lifetime: revenue vs O&M + CAPEX

• WTG: Costs (incl. foundations) vs yield

• Installed capacity: costs vs yield (incl. curtailment 

losses)

• Electrical system: revenue losses vs CAPEX + OPEX
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Back end – Anyone can easily make/re-use MDAO workflows

• UI to build workflows:

 I/O connections

 Tool automation (py, xl, exe, http, matlab, …)

 Drivers (DOE algorithms, UQ, Optimisation, 

Response Surface Modelling)

 Multi-fidelity

• Cloud computing

 Always available

 Scalable

 Distributable
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Front end – Democratise simulation

• Web-based

• Trigger design studies:

 Driver/DOE

 System scope

 Assumptions

 Data

 Design variables

• Traceability:

 Which tools, data, inputs were used to generate 

what results

 Database of models

 Tool version control

• Data visualisation

 Interactive charts

 Share dashboards with decision makers
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Manual work: weeks (and less scenarios)

• Mid/high fidelity: 10 minutes per scenario

• Mid/low-fidelity: 3 minutes per scenario

• Surrogate models: sub-second per scenario

Optimise under uncertainty

• Find optimum for many what-if scenarios (cost 

assumptions, external constraints, etc.)

83-4 December 2024



Copyright of Shell Energy Deutschland GmbH

SUDOCO: Loads surrogate model for yaw-misaligned operation
Kelsey Shaler

3-4 December 2024 9

• IEA 22-MW reference turbine
• Synthetic turbulence w/ Kaimal Spectrum
• 10-minute simulations
• 12 seeds per simulation
• 500 inflow conditions, 6.000 FAST.Farm simulations of a 3-

turbine array, netting 18.000 unique rotor timeseries.

Quantity of Interest Components

Generator power N/A

Rotor speed N/A

Rotor torque N/A

Rotor thrust N/A

Blade Pitch N/A

Blade-root moments Total bending Pitching

Low-speed shaft moments Total bending

Tower-top moments Total bending Yaw

Tower-base moments Total bending Yaw

Simulation set-up Preliminary results

For details on surrogate generation process , see following publication:  https://www.nrel.gov/docs/fy22osti/82524.pdf

DELs to estimate turbine health and component degradation.
Copyright of Shell Energy Deutschland GmbH
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Maximize profit through operations: Value Optimization
Erika Echavarria
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Availability

Lowest Total O&M costs

Lost revenue

Operating costs

Total O&M costs

Energy Price vs Cost of Energy (incl. opportunity costs):

 Contracting (strategy, make the vision concrete)

 Forecasting (wind, production, electricity price)

 Asset integrity (Predictive Maintenance, Digital Twin)

 Digitalization (Visualization, access to information)

 Technology (means of lowering the curves)

Reduce LCOE through O&M:

◼ Bring the curve down of total O&M costs. 

◼ Find the optimal trade-off between lost revenue and the 

cost of reaching availability.
𝐿𝐶𝑂𝐸 =

𝐶𝑎𝑝𝐸𝑥 ∗ 𝐹𝐶𝑅 − 𝑂𝑝𝐸𝑥

𝐴𝐸𝑃

Maximizing profit: maximizing value at low cost

◼ Increase AEP

◼ Reduce CapEx & OpEx

Disclaimer: The graph is a sketch not representing reality 

or using actual numbers to calculate it.
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Revenue-based layout/wind farm design
P.J. Stanley

 PJ

Directional energy potential

Directional revenue potential
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Enabling layout optimization with yaw control co-design
P.J. Stanley

doi:10.1088/1742-6596/2767/8/082011 
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Thank you!

Q&A
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System Development: Start Integrated to Stay Integrated

3-4 December 2024 15

Increase in 

System Definition
System Test and 
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