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What’s a Transition Pathway?
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“Trivial” Time Considerations:
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Impacts of a Transition Pathway?
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/ caleulate impac‘ts
4 s’ through LCA4, e.q.:
/
N ' GwP100 (2. )
(1N

+ GWP100 (2. (1))
= 1234 kg COz“eq

Proa(uct S“PPI‘/
(t/year)
= N
VT



Impacts of a Transition Pathway?

Is this still a good idea if we’re talking aggregate S“PPI‘/ &
about... caleulate ?M(oacts

power-to-x technologies? through LC4, e.g.:

using short vs. long-rotation biomass? GWP100 ( Z D )
CO,-removal via direct air capture vs.

biogenic uptake? + GWP100 (2. (1))
needing to keep cumulative impact

boundaries like the 2° C target? = 1234 k9 CO,-eq

\> timing might be

h /
crucial here! T
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Processes are Temporally Distributed
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Processes are Temporally Distributed
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Processes are Temporally Distributed
& Evolve over Time
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Distributed & Evolving Processes in Transition Pathways
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Distributed & Evolving Processes in Transition Pathways
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Distributed & Evolving Processes in Transition Pathways
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concentration = f(amount & timing of emissions)
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Details: Joos et al., 2013.

# RWNTH
Institute of Technical
Thermo dynamics



Processes @

msta“a‘toon,

operat'on & Eol m

accumula‘tson

@/

raolnat\ve

‘FOYCW\Q
Temperature



Finding the Optimal Transition Pathway

when to deploy how much of what,

consio(eringz

@ @ ®

_pro_ces_s emission time-
dlstrlbut!on timing & dependent
& evolution accumulation impacts
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Time-Explicit Transition Pathway Optimization

objective

Mminimize (overau) impacts

s.t. proo(uction = demand

|
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Time-Explicit Transition Pathway Optimization

L) Builohng on top of Matrix-based LCA

[1]
1M?V\?mize Q- B-s

st. 4-s=¢F

[1] Katelhdn et al., 2016.
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Time-Explicit Transition Pathway Optimization

[1] " "
minimize Q- B < Idea: adding time as an

<t. A-<=¢€ explicit dimension

MINIMIZE Q. - B.:- s
1D vectors -> 2D mb % vt et

2D matrices -> 3D tensors s.t. At St = ‘Ft V<

[1] Ké&telhon et al., 2016.
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ur new python package

% optimex
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2 optimex.readthedocs.io L]

Q Search =+ Kk  1x € €

Installation Theory Examples APl More ¥

gz optimex
Time-explicit Transition Pathway Optimization with | S
optimex P Support

This is a Python package for transition pathway optimization based on time-explicit Life Cycle Assessment (LCA). optimex
helps identify optimal process portfolios and deployment timing in systems with multiple processes producing the same
product, aiming to minimize dynamically accumulating environmental impacts over time.

&' Edit on GitHub

B8 Show Source

optimex builds on top of the optimization framework pyomo and the LCA framework Brightway. If you are looking for a time-
explicit LCA rather than an optimization tool, make sure to check out bw_timex .

Features

Like other transition pathway optimization tools, optimex identifies the optimal timing and scale of process deployments to
minimize environmental impacts over a transition period. What sets optimex apart is its integration of three additional,
temporal considerations for environmental impacts:

k 00 @

Life Cycle Timing

The processes within a product’s
life cycle occur in sequence
rather than all at once: production

- open source & user friendly

Technology Evolution

In the future, processes will
(hopefully) reduce their
emissions. So, the time at which a

Emission Accumulation

Most impacts come from
emission accumulation, but are
typically modeled as separate

https://optimex.readthedocs.io/

- extensive documentation & examples
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https://optimex.readthedocs.io/

Our new python package %}' OPt imex

optimex particularly shines, if...

- processes heavily depend on evolving
sectors (e.g., power-to-x technologies)

- processes operate on different time scales
(e.g., using short vs. long rotation biomass)

- timing of emission matters
(e.qg., landfill activities, or direct air carbon capture vs.
biogenic uptake)

- cumulative impact boundaries must be kept
(e.g., global warming < 2° C, resource extraction, ...) https://optimex.readthedocs.io/
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