Agenda — TMN Meeting #58

Meeting topic:

Scaling and deployment of technology
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Date: Wednesday 4™ / Thursday 5™ December 2024
Venue: Shell Energy Transition Campus Amsterdam, Grasweg 31, 1031 HW Amsterdam, Netherlands
On arrival, please report to the reception and collect your badge. You will then be guided to
the meeting room

Contacts: Shreekant Mehta, OTM Networks, Mobile: +44 (0)7817 613388

Agenda

Day 1 —Wednesday, 4" December 2024 CET (Europe) | CST (Houston)
Arrival, tea/coffee, networking 08:30 01:30
Introduction/safety brief 09:15 02:15

1 Shell Presentation 1 09:30 02:30

2 Equinor Presentation 2 10:15 03:15

Tea / coffee break 11:00 04:00

3 Eni Presentation 3 11:15 04:15

4 Petrobras Presentation 4 12:00 05:00
Lunch 12:45 05:45

5 ExxonMobil Presentation 5 13:45 06:45

6 bp Presentation 6 14:30 07:30

Tea / coffee break 15:15 08:15

7 WBCSD Presentation 7 15:45 08:45

8 OTM / All Close out 16:30 09:30
Meeting end 16:45 09:45
Dinner at Brasserie Van Speyk 18:00

Day 2 — Thursday, 5% December 2024 CET (Europe) | CST (Houston)
Arrival, tea/coffee, networking 08:30 01:30

Tour of Shell Energy Transition Campus Amsterdam (innovation eco-
9 system, including looking at some innovations in chemical, power and | 09:15 02:15
digital)

Tea / coffee break 11:15 04:15

10 Aker BP Presentation 8 11:30 04:30
Lunch 12:15 05:15

11 ConocoPhillips Presentation 9 13:15 06:15

12 Woodside Presentation 10 14:00 07:00

Tea / coffee break 14:45 07:45

13 Hess Presentation 11 15:15 08:15

14 OTM / All Wrap up discussion 16:00 09:00

15 OTM / All TMN future topics / AOB 16:15 09:15
Meeting end 16:30 09:30
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Briefing Notes

This meeting is themed around the scaling and deployment of technology. There have been several previous
meetings on similar themes; to give a general refresh of previous meeting contributions, we have appended the
last two meeting minutes to the end of this document as Appendix 1 (2021 - Bridging the gap between R&D and
widespread technology implementation) & Appendix 2 (2019 - Field trial strategy and collaboration). If
appropriate, please do review Appendix 1 & 2.

During planning discussions for this meeting, it was clear that scaling and deployment of technology within an
organization present significant challenges, including, but not limited to considerations on (i) deciding which
technologies get pulled into piloting, (ii) funding, (iii) managing and mitigating risk, (iv) moving from piloting to
widespread replicated deployment and (v) managing the various stakeholders.

This process is part of what is known as "crossing the chasm" or navigating the "valley of death," with the ultimate
aim of transitioning from an R&D project to a successful technology pilot and then on to widespread replicated
adoption of the technology.

One of the core issues is that operations teams typically lack incentives to experiment with new technologies. Their
performance is measured by their ability to deliver consistently, maintain safety standards, and minimize risks,
which often leads to a fundamental misalignment between their goals and technology piloting and scaling.

Additionally, operations, where pilots have to take place, are typically autonomous in their decisions and thus need
to be considered as a major stakeholder in the scaling process. Demand management can be an issue when
multiple assets need resources associated with technology deployment.

Another consideration is when do you switch from a technology in trial to widespread deployment —handing over
to operations and suspending support? Often, assets may feel they have to pilot in their “unique” environment,
even though the technology organisation considers the technology “ready”.

Stakeholder management is a key consideration — technical staff and (middle) management need to be bought in,
making the marketing and selling of technology a key requirement.

Please consider the below questions to stimulate your thoughts on what to share. They have been split into 4
segments:

* How do we define and manage (i) pilots and (ii) field trials?

* How do you manage stakeholders?

*  How do you manage technology risk / qualification?

*  Case study comparison

How do we define and manage (i) pilots and (ii) field trials

*  Pilots mean different things to different people — what is the definition of a pilot vs a field trial

* How do you determine which technologies are (i) piloted and (ii) trialed and which are not? What criteria
guide these decisions

*  How is the transition from pilot to wider implementation managed — how do you decide which technologies
to promote from pilot to wider implementation and which to kill / shelf

e When multiple assets require resources simultaneously, how is demand managed? How do assets coordinate
and make early decisions on which projects to prioritize?

* How do you cultivate a mindset that values the learning from pilots, understanding that the piloting process
holds value and subsequent iterations benefit from the insights gained — even if the pilot is unsuccessful?

* In preparing the organization to accept and deploy new technology, do you consider not only the readiness
of the technology itself but also the commercial and organizational readiness?

*  Does your organisation find itself piloting technologies that are in in widespread implementation by your
peers; is this “the way it is” or do you push back?

¢ Does the push towards energy transition pose similar challenges to technology deployment, or does it
introduce unique obstacles, or perhaps both?

¢ How do you address funding for piloting and implementation (are they separate)
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How do you manage stakeholders

¢  With assets making autonomous decisions, how does this impact the process? Does this decentralization
hinder the replication and adoption of technology?

*  What strategies have you employed to navigate asset autonomy and foster a culture of bold innovation,
drawing inspiration from models like Shell's "asset support managers," Equinor's "2 in a box," or
ConocoPhillips's "Global adoption and excellence team"? What are the advantages and disadvantages of your
approach?

*  Whileit's widely acknowledged that involving technical staff early in the process is crucial, how do you ensure
that asset-focused middle management is equally engaged?

*  What approaches have you taken to secure buy-in across the entire organization?

*  How are do you manage partners when it comes to pilots and trials?

*  Partners have to be brought on board — do we do this early enough

* Ifyou partner with a service company to pilot, how do you ensure that the service company can help to deliver
at scale

How do you manage technology risk / qualification?

e What are the risks (vs uncertainty) and how do you assess real risk (rather than perceived risk) and mitigate it

*  How do you reconcile situations where assets feel the need to conduct a pilot on their “unique” asset, despite
central technology teams already deeming the technology as “ready”?

Case study comparison
e Can you compare a successful case of technology adoption with one that failed to cross the chasm? What
were the key differentiators that contributed to the success or failure of these technologies?
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Appendix 1 —2021 TMN meeting on “Bridging the gap between R&D and widespread technology implementation”

The following topic brief was provided to the members to consider ahead of the meeting:
*  How do you make sure you work on the right projects that the business needs and wants? And that this stays
current and relevant to the business throughout the project?
o How to prioritise and then stop lower value projects?
*  How do you ensure commitment and buy-in from the business to carry through to implementation? How do
you ensure it remains a priority for business unit personnel?
o Inrespect to your engagement, how to manage failure through the valley of death
o How do you use internal resources/ funding mechanisms to tackle conservatism from the business
to adopt new technology?
* How do you use processes and tools to facilitate the right behaviour and ensure best practices are followed?
o Whatisyour internal ‘Commercial Readiness Level’ and how is it used within an approval/ stage-gate
processes?
* How do you ensure that the right information is available, and skillsets are accessible, to researchers and
technologists, as they consider implementation/ commercialisation options?
o How do you educate researchers on marketing/ commercial capabilities?
*  What other ways do you look at to keep strong communication between research/ technology divisions and
groups, and the business?
* What are the best practices for supply chain engagement through the R&D phase into deployment and
commercialisation?

Key discussion points/learning (not attributed):

The following discussion points were raised during the members’ presentations. These points are arranged by the
sub-topics of the meeting, rather than by the presentations in which they were brought up. The associated
presentation material can be found on the TMN website (www.tmn.org.uk).

What's the right environment for technology adoption

It can be that a low oil price environment drives people to innovate and use new technology
Adjacent uses of technology are important and can build confidence in replication

In a portfolio — need technologies that are both push and pull

BU sponsorship clearly important — but how to get support for cross-functional strategic plays

Strategic projects with no direct BU pull through, requires strong internal venture, with manager and corporate
support to succeed

Rewards to replicate implementation — incentivisation to adopt others’ technology, as well as own initiatives
Innovation ambassadors can support

Corporate top down challenges — business sectors may claim for their own certain applications (e.g. digital space)
before they have to conform to commonly defined company practices

Systems engineering
Increasingly taking a system approach to tackling challenges
No single owner of the process — seen as a cross-cutting capability

Celebrating innovation & as part of that the inevitability of failure in context of R&D and innovation

Not proceeding with R&D projects has to be seen as a good thing

Ways people celebrate failure — or adopt the attitude that failure (fast) is a good thing

More generally, how, and when should people communicate innovation stories — explore different attitudes and
approaches, often is a moving target with changes in org structure & leadership

Need to have a wider view on what can fail in a project

Often projects fail for non-technical reasons e.g.:

*  Solutions are too niche and don’t deliver value across a range of business scenarios
e Hurdles to operationalise/ implement the technology being developed

e Wider commercial challenges

Stage gate processes and where they need to support
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Stage gate processes ensure that structure is there to force the issue on whether a technology project is going to

succeed or not.

Valley of death exists in multiple places:

1. Getting through trials to first deployment

2. Getting through initial deployments to widespread implementation

Business cases — how to use them effectively

Challenges exist from SMEs in terms of content of business cases — pulling together wider skillsets helps (e.g.
Ventures teams)

Quiality of business cases — depends on who puts them together, but should be an active discussion between R&D
and the business

Different approaches around the detail at different stages and who is engaged in putting them in place — do you
need a detailed business case at all for initial research concepts?

Can be valuable to look earlier on to scale-up costs / challenges to ensure get ahead of issues associated with
deployment/ implementation/ BU support. Cost: Benefit used to understand value & focus development activity

Readiness levels being used, but challenges seen in implementation

Looking at digital technologies, doesn’t always follow the same steps, given the rapid development on established
products/systems to enhance value and adapt for specific applications

Increasingly O&G+Energy has to consider a Public Acceptance for technology adoption. For example, certain assets
or New Energy systems like large scale CO2 storage

Speed of application is key to delivering value from technology investment

Rapid implementation — speed trumps (“a mediocre decision now is better than a good decision later”)

Build vs Buy —what about external innovation that surpasses internal efforts? It can often be a challenge to switch
given effort invested internally

How to accelerate and achieve rapid implementation is a challenge faced by all

Anticipation — involvement of customers, so aligned ready to implement

Funding flagged as a key to supporting technology through
Incentives that companies utilise for first use, as well as commitment to fund multi-year activities
Ability to pivot — question around retaining the ability to pivot and keeping that as a choice within a programme

Customer engagement techniques

Number of ideas discussed around how to communicate with end-users in novel and interesting ways in order to
engage and capture attention + imagination. Examples included:

*  Working with 3rd parties to visualise and illustrate

*  Hero personas / comic book —to map a hero’s journey & how it meets / solves the challenge

Measuring impact of Deployment

Wanting to close the loop on implementation of technology, ensuring that measuring the impact of KPIs required
to measure the impact of R&D deployment were discussed:

*  Money/ Time saved

e Deployments per year/ across multiple BU assets

*  Risk reduction (HSE & hitting company goals/ targets)

Capabilities to deliver the non-technical elements of the processes
Number of companies looking wider at elements like market readiness / customer acceptance. People considering
and some have in place dedicated teams to support this activity vs. relying on the research PM to undertake it

Insufficient links between R&D and BUs

Where does the fault lie? The BUs need to engage actively rather than expecting technology to be ready for their
exact requirements, but equally there is the old adage of the customer is never wrong and so critical that R&D
works hard to build the bridges

Notes from final discussion & topics revisited from across the 3 days discussion:
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Strategic projects with no direct BU pull through

How do you get businesses to be first movers

Ways we all celebrate failure — or adopt the attitude that failure (first) is a good thing. Analysis of why projects
fail — probably not technology

Long term projects — fail as world changes... difficult and have balance between the two

Long term technology planning — continuity in a changing world

Ability to pivot and change direction — how to keep this flexibility

Replication of incremental technologies vs. step-change radical innovation

‘Organizational readiness' for technology adoption — learnings from IT

Capabilities to support commercial/ industrialisation activities — separate teams

Funding first deployments

Transition traditional skillsets into new energies — cultural codes and DNA. Level of experience
Industrialisation — dedicated team, to match up end-user business units. Please culture of marketing (soft
competencies)

Biases in research, technology development and implementation — cognitive, motivational (mngt, KPI).
Reflecting in decision process
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Appendix 2 — 2019 TMN meeting on “Field trial strategy and collaboration” T

Questions:

*  Does your company have a central process for technology deployment?

*  How are field trials managed and funded?

*  What observations do you have regarding field trialling technologies?

*  What commercial aspects are important in piloting and deploying new technology? How do these affect your
approach?

Does your company have a central process for technology deployment?
Deployment execution
* Acentral technology deployment process is required otherwise nothing gets done.
*  Top management support is vital. Once top management asked why a project was taking more than a year,
the answer was “lack of top management support”.
¢ Pilot staff are taken from the business units on a one-off project basis. This causes issues with the business
units ongoing operations so eventually dedicated R&D staff will probably be needed to continue the drive
towards innovation.
* A central deployment unit manages all deployments. This consists of central management with local
implementation.
o Local representatives ensure the number of technologies being deployed matches the number
planned.
o They also identify opportunities to deploy technologies in their own region which have been
successful elsewhere.
o The deployment manager builds the business case and manages the commercial aspects
o There are ongoing efforts looking at enabling the sharing of risk of deploying a new technology.
o R&D is centralized in one member company, but executed by 1) staff that is part of the R&D or 2) staff
that is not part of R&D organization but spends time on R&D projects (paid by R&D budgets).

Pre-deployment technology management

e Critical risks of an R&D project are addressed early, before field trial. This leads to a fail fast / fail cheap
mentality.

*  One company employs a technology tracker system which contains over 300 line items, each with at least one
field trial scheduled.

* The ideation pipeline takes some effort to establish, but once it is up and running, the asset technology
champions can keep it going with relative ease.

e There is a central idea selection process. They are prioritised based on their fit with the business and the
articulation of the idea’s vision. Winning ideas receive $25k from a centralised budget and they have 3 months
to develop their concept, resulting in a set of pre-agreed deliverables. Resources to execute the ideas come
from the matrix organisation.

¢ Thereis a centrally managed catalogue which contains 850 successfully deployed projects. The conclusion of
the deployment phase of any R&D project is the input into the catalogue.

e Thereis adrive to establish an innovative culture. This requires a centrally mandated process and dedicated
staff to drive the process.

*  One of the member companies conducts an annual 3-4 day innovation conference. Anyone can pitch an idea.
The top 6 ideas receive funding. Feedback is provided for each idea whether successful or not.

*  One of the member companies picks the teams from 8 recent successful pilots and allows them to present
what they did to the board.

¢ The customer has dedicated correspondents in various domains (Exploration, HSE, Deep Water, etc). whose
role is to facilitate the transfer from within. The transfer process is called PIT (Platform for Innovative
Technologies).

Post-deployment
*  Centrally organised webinars are held periodically to communicate successful deployments. These are

available to all Eni employees.

¢ There are dedicated staff in the R&D organization (R&D Correspondents) whose role is to liaise with the end
users (customers in Operations or Exploration) to industrialize and disseminate technology developed by R&D
(TRL 5+ and beyond —industrial scale demonstration pilot phase).
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How are field trials managed and funded?

Funding:

*  Funding of field trials is a mixture of central and business unit.

o Unconventionals: BU tends to provide funds for the low cost/low risk experimentation field trials.
Some funds come from corporate for the larger/higher risk projects.

o Conventionals: Combination of BU and central. Field trial is seen as the first step in “ongoing
operations” but supported by central HQ. Central funds only for incremental costs over existing
operations.

¢ Technology development can be either BU focused or corporation focused depending on the scope,
enterprise component, and/or more than one BU. There exist technology steering committees which
comprise members of BUs as well as central support and are focused on the enterprise-based programs.
These committees help identify other opportunities around the company for replication and knowledge
sharing.

*  When a business unit conducts a field trial, the downside is removed by ring-fencing the potential loss of
production / additional expense from the asset teams’ performance metrics. This is part of a general effort
to drive “fear of failure” out of the system. The year-end performance measures include one on innovation,
which includes accelerated adoption, and has no downside. Assets compete for additional year-end
performance uplift based on the innovation accomplishments.

¢ Shared goals between technology and the business units are established through:

o Shared understanding of the business plan.

o Ongoing efforts to get to the point where business units come to central technology rather than the
other way around.

o The cost of not deploying a technology is calculated and included in the business plan.

*  Some funds managed by R&D are available on a yearly basis to support testing and industrialization of R&D
(up to 1.0 Millions$).

¢ Large pilots require the support of an EP affiliate (an operating business unit — operations or exploration
outside of France) to host and fund the pilot. This funding will be supported if the technology has a high
potential to bring value to the affiliate. Large investments (more than several million dollars up to several 10s
of SM) may require following a standard capital investment process that can go all the way up to top
management for sanction for the larger ones.

Execution team

e When conducting field trials, central functions (e.g. drilling) are part of the execution team. More complex
field trials are planned with the support of the central technology group (which reports to the CTO). The
central group also helps identify applications of a new technology in adjacent spaces to the one for which it is
intended.

*  The time requirement for business unit staff to dedicate to R&D is difficult to fight for.

*  Teams of combined G&G and production personnel are being trialled. Some can adapt their mindset to the
new environment, others cannot and end up leaving the team.

¢ Technology focus teams from within each business unit are used to deploy new technology. This has been to
be very effective.

e Currently creating a technology team dedicated to deployment activities.

*  Another key success factor is that the team that conduct the trial also conduct the hand-over to the asset.

What observations do you have regarding field trialling technologies?
Value and measuring success:
¢ ltis difficult to isolate the value delivered by a new technology in a new development project because there
are a number of other parallel activities which can also claim to have achieved the end result.
* Ingeneral, it is difficult to measure the success of technology development program over a single year, often
requiring a larger timespan.
* A number of metrics are used to measure the company’s first deployment performance:
o Parent child ratio: number of adjacent applications per new technology field trialled is considered.
o Adoption: % of planned field trials successfully executed (reasons for not executing can include
budgetary, and time constraints)
o Deployment ratio: % of FTs what get replicated. Achieving 3.5 deployments per successful FT at

present.
o Expansion: estimate of the future applications per new technology.
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*  Asuccess rate over 50% of the R&D pipeline is considered a failure in effect, as not enough risk is being taken.

Incentivising the business unit:

* Akey strategy is to set production targets higher than can be achieved with the use of current technology.
This includes the need to retrofit existing assets.

*  The potential downside of new technology deployment is removed from a business unit’s bonus KPIs.

e The deployment barrier is most severe in the middle management tier.

*  You need to give the assets the time required to conduct the 3-4 experiments typically required to get a new
technology working well, in addition to the planned time to drill and complete the wells etc.

e Software (e.g. Artificial intelligence, robotics) deployments tend to require much less governance than
hardware ones as the capital at risk or the consequence of test failure is significantly less.

Key success factors:
*  The pilot team needs to be allowed time to deal with the “unknown unknowns”.
e Akey success factor is to have a pilot charter expressed in a one-pager.
¢  Thefail fast approach is more difficult to implement with hardware (e.g. pilot plants), but this culture has been
brought in, especially to control system integration.
e The staffing of a MVP (minimum viable project) requires a small team which enables effective communication
and understanding of the system across the team.
¢ Some key success factors for a successful pilot include the following:
o A pilot or industrial scale demonstration must be structured as a project and, if involving several
parties, be seen as an internal Joint Venture with a pre-defined and agreed governance process.
o What success looks like must be discussed by the various stakeholders.
o Go/No Go decision points and criteria, as well as success metrics must be discussed ahead of
deployment.
o Anpilotis best run with operational personnel with project experience in charge.
o Apilotis designed to achieve an objective or answer a question (it may not be the final configuration
of an industrial full-scale development deployment)
o Dedicated resources are necessary to design a pilot (not a part time job)
o It has a beginning, an end, and the commitment to go the distance at the deciding level.
o What the industrialization pilot of an R&D activity looks like needs to be thought of from day one of
an R&D activity
o A pilot needs to engage the target customer
o An R&D pilot requires for someone (or a site) to step out of their comfort zone; it is not business as
usual; it requires care in collecting data, following experimental plan, logging results etc.
o The pilot delivery team must be empowered and agile and be taken seriously by the host (usually, an
operating site).
o A npilot requires collaboration between various parties:
= Sharing the same vision of success
=  Adopting the same values and attitudes to drive the collective success (e.g. holding back
information, not wanting to put a lot in but wanting a lot from others etc.)
= |eadership including coming from funders and host (VP Operations, VP Business Unit)
=  Building trust and team cohesion, especially when things don’t go as planned. The pilot
project team must have the feeling of being “in it for the long haul”. In one case, team
members agreed to sign a commitment to openness and mutual support — the document
could be pulled out when a powerful reminder was needed.
= Having in place elements of governance for decision making, facing unforeseen
circumstances.
= Fluid communication back to the stakeholders.

What commercial aspects are important in piloting and deploying new technology? How do these affect your

approach?

*  Generally, work with smaller technology developers. The bigger companies tend to want to own everything,
but have the operator pay for everything. BiSN is a good example of a small technology company that started
working with one of the members when they were still “working out of a shed”.

e |P strategy consists of measures such as securing first right of refusal and guaranteeing access to the
technology in the future, say if the developer is acquired by a larger service provider, rather than monetising
the IP itself.
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¢ Howan early TRLinitiative will scale up and what is on the critical path to industrialisation needs to be assessed
very early in the process.

*  Thevalue that the R&D initiative brings to the company needs to be estimated (impact on safety, cost saving,
access to more resource, doing things faster etc.)

*  The team needs to focus on the critical path. A systems approach must be used. The team must identify
obvious risks preventing a system or subsystem from reaching maturity; for the high risk items, what is the
probability of overcoming these risks.
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