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Part 1

Open-source energy system modelling —boon or bane?
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Open-source lowers barriers to entry for energy-system++ modelling

The barriers to energy system modelling are almost zero.
Is that a good thing?

Required ingredients to energy system modelling

= Cheap computing power to run large-scale assessments

= Open-source tools for data processing, model execution, and results analysis
= Publicly available data sets
=

Free lecture material, online courses, etc.
E.g.: Youtube channel “Teaching Energy Modelling 0SeMOSYS Teaching Kit”

The barriers to start model development are virtually zero
= Advantage: “democratization” of research

= Disadvantage: risk of doing subpar research (herd behaviour, quick-and-dirty analysis)

The academic incentive structure is misaligned towards novelty rather than collaborative work
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https://www.youtube.com/channel/UCYNkKXENEH9qU0wWR6RGQnQ

Human needs

Some practical considerations for starting model development

Make a conscious choice concerning the system boundaries of your work
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The scenario space of the Shared Socioeconomic Pathways

In contrast to earlier model family set-ups and scenario design processes,
the SSP’s started from challenges along the adaption vs. mitigation dimension
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Schematic illustration of main steps in developing the SSPs, Fig. 1, O’Neill et al. (2017)
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The pathway development process

Starting from individual storylines and a number of drivers,
the enerqy system projections for each pathway were developed

Population
Urbanization

(1) Dellink et al, (2) Crespo,

vﬂ Laimbach et al

/"\

eill et al.

Country projections:
GDP, POP, Education,
Urbanization

IAM outputs for five regions:

- land-use & land-cover change (Popp et al.)
- GHG emissions

Baselme Mitigation
scenanos scenarios

S
o
o S|
ST
S o
m
S 3
D
ST
S s
L
s 8
>
S ©
o Y
5§
Q=
S T
L o
29
=3
S T

Models AIM-CGE, GCAM, IMAGE, MESSAGE-GLOBIOM,
REMIND-MagPie, WITCH-GLOBIOM

energy supply & demand (Bauer et al.)

air pollution and aerosol emissions (Rao et al.)

- mitigation costs
- prices, efc...

Schematic illustration of main steps in developing the SSPs, Fig. 1, Riahi et al. (2017)
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More practical considerations for starting model development
Choose an appropriate methodology for the research question at hand

Commonly used methodologies:
= Optimization: determine the system that is optimal according to a metric

= Equilibrium: determine the system as a result of interacting agents

= Simulation: determine the system given some decision rules

Dealing with uncertainty:

= Deterministic optimization (perfect foresight):
all future states (exogenous parameters) are known at the beginning of the model horizon

= Stochastic optimization:
all future states along an “uncertainty tree” are known, including probabilities of each branch

= Myopic (rolling horizon) optimization:
- decisions in period y are taken under some assumptions about the future;

- move to period y + 1 and repeat, with (possibly altered) assumptions about periods [y + 2, ... ]
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Yet more practical considerations for starting model development

There are many issues that a self-critical modeller should consider...

Model uncertainty:
= |s the approach appropriate? Are results dependent on the methodology?

Parameter uncertainty:
= How much confidence can you have on input assumptions?

Model horizon and level of temporal/spatial disaggregation:

= What is the intended scope of analysis? Beware of the “end-of-horizon”-effect!

Model simplifications for numerical tractability and comprehensibility:

= What are appropriate trade-offs between having a high level of detail vs. loosing focus?
E.g., variable renewables require infrastructure for system stability —assumption or result?

System boundaries and model closure:

= Are the assumptions to “close” the model valid?
E.g., for a national electricity model, you need to make assumptions about import/export
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Methods to evaluate the robustness of results

Think hard about testing your model behaviour

Methods for validation:
« Sensitivity analysis:
Structured variation of key input parameters to understand the impact on results

= Relatively easy to do, but you can never do sensitivity assessment for all parameters...

e Multi-criteria analysis:
Include multiple dimensions in the objective function, solve model with different weights

= Requires some work, still prone to modelling artefacts

« “Modelling to generate alternatives”
Re-solve a model to get a different solution within some additional bounds
= Very elegant, but requires substantial effort to implement

Further reading: Joseph F. DeCarolis. Using modeling to generate alternatives (MGA) to expand our
thinking on energy futures. Energy Economics 33(2):145-152, 2011. doi: 10.1016/j.enec0.2010.05.002
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Part 2

So you have some results...
How can you present them to maximize impact?

A few comments on better-practice for communication of insights
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The importance of framing for good science communication

Scientists (engineers in particular) tend to frown upon framing

Economists believe in the “invisible hand” of efficient markets
= They too often ignore the key assumption of full information in markets

Engineers are confident that they have “the right answer” and hope that science will prevail

Social scientists and marketing executives understand the importance of communication

= They understand the role of appropriate words, intuitive visuals, appealing to emotions, etc.

“Framing” is not about distorting the message!
[t means ensuring that message & messaging are aligned and reflect the same values!

Possible entrypoints:

= George Lakoff, Professor Emeritus at the University of California, Berkeley
https://framelab.us (check out their podcast)

= Podcast “Petajoule” by the Austrian Energy Agency (in German)
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An example for great framing: More than showing ranges of scenarios

The arrows indicate that more (ambition) means less (GHG emissions)
and they illustrate how various levels of ambitions build on each other

70

65 -

D
o

¢
O
T

- -
e Sl
4444

- = -
-

(o)
o
T

Global GHG emissions (Gt CO,-eq yr)
N
(&)}

40t

35

GHG projections in the
absence of climate policies

GHG reductions due
to current policies

GHG reductions
from implementing
unconditional INDCs

2010 2015 2020 2025
Year

Open-Source Energy System Modeling, Lecture 5

S

Additional GHG
reductions from
implementing
conditional INDCs

Additional GHG reductions

to embark on a least-cost pathway
from 2020 onward for limiting
warming to well below 2 °C by 2100

Figure 1 | Global greenhouse gas emissions
as implied by INDCs compared to no-policy
baseline, current-policy and 2 °C scenarios.

Joeri Rogelj et al. (2016)

Paris Agreement climate proposals need
a boost to keep warming well below 2°C.

Nature 534:631, 2016.
doi: 10.1038/nature18307
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Visualizing beyond the data: include icons and other elements in figures

The key messages of this commentary are the process as much as the data,
so it’s ok to include an appealing visual representation to highlight this aspect
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Boosting the signal to deliver better talks

You probably spend too little time on preparing presentations of your work

Scientific presentations are too often confusing, boring & overstuffed
Giving a good conference presentation or research seminar talk can open doors

Some practical considerations:

= Read the room —tailor your talk to the audience
Be clear about your main message and deliver your take-away message at the start
Make a (new) plan — don’t just re-animate an old PowerPoint presentation
Storyboard your presentation
Be kind to your audience and connect
Write “sentence headline” titles and explain figures (ideally one per slide)

I 2

Don’t (necessarily) follow the “one slide per minute” rule

Boosting the Signal, Scott S. George & Michael White, 26 March 2020, Nature
doi: 10.1038/d41586-020-00838-3
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Better communication of research: Designing more appealing posters

Scientists feel pressured to put all their knowledge in a manuscript/onto a poster,
but creating a “wall of text” is not a good approach to communicate your work

For international students,
perserverence and a sense of e 4 . -
social responsibility are extra 4

important for predicting ~’

A £ ‘ ‘

Check out the full video for #betterposters at https://www.youtube.com/watch?v=1RwJbhkCA58
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A short clip on how to improve data table visualization

Remove
o |mprove

the data tables edition

via Twitter from @jessicadjewell
reated by Darkhorse Analytics www.darkhorseanalytics.com https://t.co/gEOgnRXBLK
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Thank you very much for your attention!
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