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MAJOR TRENDS IN SYSTEMS ENGINEERING

· anno 2025, systems are socio-technical cyber-physical systems-of-

systems

· these systems operate in extensive ecosystems

· humans and organizations cause complexity

· climate emergency: sustainability is an additional container of qualities

· political emergency: security is critical

· digital technologies enable capabilities across constituent systems

· biological, clinical, pharmaceutical, material science, and many more 

technologies change rapidly

social technical integrallegend
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FLOATING PRODUCTION STORAGE & OFFLOADING AND OIL FIELD

By User:WikiDon - From en: Ther uploaded with GFDL- licence by User:WikiDon,

CC BY-SA 3.0, https://commons.wikimedia.org/w/index.php?curid=696897

By Edersguerri - Own work, CC BY-SA 3.0, https://commons.wikimedia.org/w/index.php?curid=22172352
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FROM SYSTEM TO OIL AND GAS ECOSYSTEM

subsystem system system of 

systems

sociotechnical 

ecosystem of systems

reservoir

X-mas tree subsea production system

From: Managing Installation Tolerances through System Modeling and Tolerance Budgeting, INCOSE 2016, Hennager et al https://gaudisite.nl/INCOSE2016_HenangerEtAl_Tolerances.pdf

subsea 

system

topside 

platform

maintenance

reservoir

subsea 

system

topside 

platform transport

operationexploration
installation

permitting

planning

contracting financing

logistics

asset 

management

engineering

oil field

oil field

umbilical

riser

umbilical

riser

IT, economic,

legal systems

physical

maritime

systems



EXPONENTIAL INCREASE OF AMOUNT OF SOFWARE AND DATA
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LIFE CYCLE OF AN OIL AND GAS FIELD
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BUILD COST DECOMPOSITION OIL AND GAS FIELD
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NUMBER OF MASTER STUDENTS IN O&G DOMAIN SINCE 2006
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THE PERSPECTIVE CHANGES WHEN GOING UP IN THE VALUE CHAIN
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EACH LAYER IS AN ECOSYSTEM
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NORWEGIAN OIL AND GAS MAPPED ON THE LAYERS

Capabilities-

of-Interest

Missions-of-

Interest

SoSs-of-

Interest

Systems-of-

Interest

Subsystems-

of-Interest
subsuppliers

operators

infrastructure 

providers

contractors

OEM suppliers

AkerBP
(former Lundin)

oil&gas

operator

TechnipFMC

subsea

OneSubsea 
(former Aker 

Solutions)

subsea

Equinor
oil&gas 

operator

MPM

meters

Klinger

valves

Kongsberg 

Maritime
offshore 

automation

& control

Altera

FPSO

Nymo

platforms

DNV
class society

governance
society 

government



WHAT CONTRIBUTES TO DEVELOPMENT AND ENGINEERING SYSTEM?

Trends

Systems Engineering

Case from Norway

Ecosystems of Ecosystems

Illustrating

What Capabilities do we need?

How to Research and Educate?

Case

Questions

Contributing elements

Development and

Engineering System



DEVELOPING THE DEVELOPMENT AND ENGINEERING SYSTEM
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NORWEGIAN OFFSHORE CASES
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DIGITAL TRANSFORMATION IN OFFSHORE; AI FOR DIGITAL THREAD
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Karen Czachorowski’s PhD research started as

“What can block chain bring?” (Gerrit’s paraphrase)

However, it turned into a study of the needs and potential of the
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DIGITAL SHADOW TO IMPROVE OPERATION AND MAINTENANCE

digital shadow
2
 for Condition-Based Maintenance

Kim Jørgensen: “Only about 15% to 20% of equipment failures are age related”

Periodic Maintenance risks

· Too frequent maintenance

· Increased risk of maintenance induced failures

· Infant mortality issues

· Safety issues?!

Condition monitoring of 3678 field units, based upon approx. 43 000 signals

“We have to become better at learning of failures.”

Voice-over: regulation mandates most periodic maintenance
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FROM OBSOLESCENCE TO CONTRACT MANAGEMENT

contract management
5

Anno 2025, managing over 50 contracts for support 

services of O&G installations

· Living for decades

· However evolving continuously

obsolescence
3

Lasse Sletaker master’s thesis:

Total Cost Model for Last Time Buy Estimation

for obsolescence of a controller chip
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INTERFACE MANAGEMENT AS LEGAL PERSPECTIVE

interface management
6

Magnus André Nilsen’s master’s thesis

researching cost of Variation Orders and impact of Interface Management

in Oil and gas domain,

Interface Management = formal inter-organization communication

formal in terms of contracts and legally defined
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HOW TO MAKE FOSSILS LESS UNSUSTAINABLE?
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ORCHESTRATING CONTENT AND STAKEHOLDERS ACROSS ORGANIZATIONS

· Orchestrating is the competence to proactively nudge involved parties 

towards a fitting solution.

· Orchestrating requires the abilities:

· to relate with a wide variety of stakeholders, to understand their interests 

and concerns, to connect with them such that they can influence them

· to understand the problem and solution space sufficiently

· coping with ecosystem complexity, uncertainties and unknowns, and 

helping stakeholders to navigate them

· Orchestrating requires the attitudes:

· to see the big picture, while still have an eye for the devilish details

· to own

· to be pro-active

· to be genuinely interested in stakeholders 



MOST ORGANIZATIONS NEED ORCHESTRATORS
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ORCHESTRATION BUILDS ON LEADERSHIP, AS WE TEACH IT

self

other

feelings ratio
personal 

leadership

manage self
own

shape

connect deliver

source: the LMS group
https://thelmsgroup.nl/en/



CAPABILITY TO HANDLE A BREADTH OF CONTENT
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Domain, e.g.

clinical, defence, energy

P E ES T L

P
o

lit
ic

a
l

S
o

c
ia

l

T
e

c
h

n
ic

a
l

E
c
o

n
o

m
ic

E
n

v
ir
o

n
m

e
n

ta
l

L
e

g
a

l



SIGNIFICANT GROWTH NEEDED!
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Domain, e.g.
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NEED: FAST RESPONDING TO DISRUPTIVE CHANGES: AGILITY!

Complex
enabling constraints
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Emergent Practice

Complicated
governing constraints

tightly coupled

sense-analyse-respond

Good Practice

Obvious
tightly constrained

no degrees of freedom

sense-categorise-respond

Best Practice

Chaotic
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Novel Practice 

after: Dave Snowden 2003, a.o. https://en.wikipedia.org/wiki/Cynefin_framework

accessed on 10-10-2023
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CAPABILITY SUMMARY

· orchestration, which requires leadership

· content breadth: integral, PESTEL, domain

· Experiment, Act, and Think to respond fast, rigor in 

engineering management
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SOCIO TECHNICAL ECOSYSTEMS AS CLASSROOM AND LABORATORY
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STEACAL VALUE PROPOSITIONS
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KEEP RESEARCH, EDUCATION, AND PRACTICE WELL CONNECTED!

educationresearch
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TO DEVELOP SYSTEMS EFFECTIVELY
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