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Climate Change: It's not a matter of if, but when (and how bad)!

AT[°C] vs Tyye 1960-1990




Climate Change: We do know enough to take action!
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| Climate Change: “...but it'll be only one degree!”

Condensation

»

; Transpifation
Evaporation #

from Oceans, fromMants
Lakes & Streams

Warming at 1 °C affects all continents and is
generally larger over land than over the oceans.
So Northern Europe will heat up by 2-3 °Cl!

An important, and well researched, consequence
will be the effects on the world’s water cycle.

+2°C — >10% Vapour

Direct Consequences

+ |longer dry periods

" heavier rain

* maore energy available for
winds and thunderstorms

* more evaporation from soil
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4 Delighters

Satisfiers

Mind the Product

/

> Fully implemented
Basic Expectations

Not implemented <

* Everyone reduces climate-harming behavior.
* No martyrs required
* Everyone has time & money to do something.

v
Dissatisfied


http://www.mindtheproduct.com/wp-content/uploads/2013/06/noriaki-kano.jpg

| Tackling Climate Change is a highly complex problem

And we are trained to deal with exactly this!

Systems Engineers
* view the problem in its (often complex) context
* are not overwhelmed by complexity
* can find solutions for complex problems

System Thinking

*

* % % % Ot

Dealing with Complexity

Elicit Scope (Define System of Interest)
Analyse external Relations & Connections
Break down Problem into smaller Problems
Accepting and preparing for emergence
|dentify Patterns

Model the Problem (Abstraction)

ACTION EFFECT

./

FEEDBACK

medium.com



| Tackling Climate Change is a highly complex problem

Elicit Scope and Analyse Relations & Connections

Customer
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User Use Case
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| Tackling Climate Change is a highly complex problem

Patterns, Modelling, and Abstraction

conom wi no ’onger e viable without climate
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Economic Systems



| Establishing Sustainability in our Toolbox
“Every small step can have an impact, many small steps can make a change”

Tim Weilkiens

SYSMOD -
The Systems Modeling Toolbox

Pragmatic MBSE with SysML

ibd [System Cortext] FFDS System Context [ FFDS System Contest |
*animals_base : Animal [1..*] *env : Environment *zats_base : Satellite [D..*]

3rd edition

“=zatPort_basze

“animalPort_bhase
Mnce:Maintcnance i mds : Meteorology data system
op : Operator |
: ras : Research analysis system

1]

SI_Fire Alert

ranger : Forest Ranger fd : Fire Department [1..%]

weather : Weat| = theFire : Fire
edp : Planet Environment

admin : Administrator

MBSE4U Booklet Series

SYSMOD has introduced a new actor category:
Planet Environment is part of the context analysis to

consider the impact on the planet.



Satisfied
4 Delighters

_

* Put the planet on the agenda
* Make sustainability part of their toolbox

Satisfiers

Mind the Product

/

> Fully implemented
Basic Expectations

Not implemented <

* Everyone reduces climate-harming behavior.
* No martyrs required
* Everyone has time & money to do something.

v
Dissatisfied


http://www.mindtheproduct.com/wp-content/uploads/2013/06/noriaki-kano.jpg
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Satisfied Be d HeI’O!
4 Delighters

/ Satisfiers

* Include sustainability considerations
* Make sustainability part of your toolbox

Mind the Product * Offer (part of) your valuable SE

/ expertise to climate change activities

> Fully implemented

Not implemented <
Basic Expectations

* Everyone reduces climate-harming behavior.
* No martyrs required
* Everyone has time & money to do something.

v
Dissatisfied


http://www.mindtheproduct.com/wp-content/uploads/2013/06/noriaki-kano.jpg

Mind-set to use the expertise for sustainability
Use.valuable resources for the right things

es of our planet find ea

X4P COMMUNITY X4P PRACTICES X4P MARKET

o N
R Wk &

A Tt R
=R Wts‘ﬁ;# & e oy - FAIR STORIES FAIR WORK FAIR SERVICES
We report on the real actions to show what We know good practices, standards and Search specifically for experts and project
works and that something is being done. proven methods in many areas. We bring sponsors who are committed to

stainability to the table. sustainability.
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WORKSHOP

Temperature Change
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When conditions change,
habits must change

First we form habit, they they form us. Conquer your bad habits
or they will conquer you.
(Rob Gilbert, sport psychologist)




| Can Systems Engine-e.\_ﬁngg;ﬁfélg_t_,aQKFECIimate Change?

Can SE help developing more sustainable solutions

that have less negative impact on their environment?
Can MBSE help to model the relationships and identify the

direct (positive) as well as the indirect (positive or negative) impact of solutions?
Can MBSE also help to model the world’s relationships and identify the

direct (positive) as well as the indirect (positive or negative) impact of solutions?
What would be the modelling language for such an “SE World Model”?

Are the promises of SysML2’s interoperability a step in the right direction?
Or is such a multi-discipline complexity beyond SE’s comfort zone and MBSE’s modelling
capabilities?
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| Applying SE Best Practices 5~ g
Example: Off-Shore Wind Power: 5_‘ s "f_;‘—zw '
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| Applying SE Best Practices ... - ==
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Example: Off-Shore Wind Power: i"r‘“" % ’:;,f:f.;‘. =
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Applying SE Best Practices_...... - ==

...and you could also use them on-shore

Energy and carbon benefits Key social and environmental benefits

Re-enliven the dormant small turbine / urban

wind industry in the UK ‘2 the height of traditional turbines for the same

power
e it s Shrouded rotors and blades - not visible to the
5 to 10kW turbines — highly viable in urban sites public

Estimated carbon savings pa Zero blade flicker

10kW turbine ~ 2.7 T.eq CO2/pa Zero tower shadowing

50kW turbine ~ 13.6 T.eq CO2/pa Quieter running - noise directed upwards

250kW turbine ~ 46 T.eq CO2/pa Visible to birds and bats

Always perfectly aligned to the wind

Re-enliven the development of UK onshore wind
P Low ground impact — minimal concrete foundations
Planning friendly turbines for co-location with solar

PV farms Fast installation

Planning friendly 50kW+ to MW turbine scale-up Job retention and creation

t
pathway Sustainable and circular economy
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Friedlingstein et al. 2020
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Atmospheric CO,
+5.1

34 ‘e e
The Carbon Cycle

¢ Dissolved
Gas reserves o inorganic carbon
Rivers

385-1135 GIC

N 38000 GtC

O
Permafrost .
1700 GtC Soils

Oil reserves 1500-2400 GtC
175-265 GIC

1750 GtC
@
Coal reserves

445-540 GtC Budgetimbalance -0.1



| Climate Change: We do know enough to take action!

Holocene
Last Ice Age

\

Sea Levels [m]
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Indicative PSE research fields

| —

i Increase ener
ReduFe Reduce input ez gy (Rothoca the
materials and use of efficiency and Reduce o
e value durability
losses/ natural the share of emission levels
v of products
residuals resources renewables

Multi-objective optimization

Multi-Scale modelling & optimization

Optimization under uncertainty

Mixed-Integer optimization
Data analytics
Life cycle assessment
Supply chain optimization
Process intensification
Sustainable process synthesis & design

Food-Energy-Water nexus

R Circular Economy

management

WERG
management


https://www.researchgate.net/publication/336987102_Circular_Economy_-_A_challenge_and_an_opportunity_for_Process_Systems_Engineering

