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Transforming Energy Planning with Open Technology.

Accelerating the World’s Transition to
Sustainable Energy Through

Open Source Tools and Open Data.
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Traditional ’black-box’ modeling approach

lacks transparency

slows down the energy transition

lack of support

software requirement gaps
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The Challenge



Address challenges! ⇒ We aim to make energy planning more:

transparent: We use open data and open source tools only

accessible: We provide reliable modeling support & aim to close software requirement gaps

collaborative: We expand our user & developer community
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Our Goal and Approach



Outputs:

more studies using open data & open tools

better quality of open data & open tools

...

more robust and sustainable energy systems

lower costs of the whole energy infrastructure & electricity

...
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The Change We Want to See



Outputs:

more studies using open data & open tools

better quality of open data & open tools

...

Outcomes:

more robust and sustainable energy systems

lower costs of the whole energy infrastructure & electricity

...
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The Change We Want to See



Sneak-Peak into our modelling workflow:

Our modelling solutions build on
PyPSA [1], PyPSA-Eur [2] & PyPSA-Earth [3], thus utilizing

Open Source Models and Open Data.
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Goal of the study:

Simulate today’s Kazakh electricity system (validation)

Simulate various future decarbonisation scenarios (energy transition)

⇒ Reproducible, 100% transparent, reliable and open energy transition pathway

model & data available here: https://github.com/pypsa-meets-earth/pypsa-kz-data.
Includes extensive workflow documentation!
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Case Study: Decarbonise the Kazakh Electricity System

https://github.com/pypsa-meets-earth/pypsa-kz-data


Input assumptions can be visualized and checked:
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Case Study: Visualize Today’s Kazakh Electricity System



Optimized modelling results can be validated against national reports

⇒ Error <5% in all cases, mostly ≈ 1%
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Case Study: Validate Today’s Kazakh Electricity Mix



A validated model is a good starting point to make projections for the future to include more renewable
technologies. Exemplary results (40% share of RE):
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Case Study: Paths towards 40% Renewable Electricity



Projected results can be visualized:
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Case Study: Visualize the Projected Electricity System



&

How much?

&

What does it
cost?
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How to Make Investment Decisions for Renewable
Technologies?



Objective: minimise the total system cost that consist of

investment costs in new generation projects

investment costs in new storage capacity

investment costs in new transmission line projects

variable costs, such as costs for fuels or maintenance

min
Gv,s, Hv,r

gv,s,t , h±
v,r,t

f(v,w),t

[ ∑
v∈V, s∈S

(
cv,sGv,s +

∑
v∈V, r∈R

cv,r Hv,r+

∑
(v,w)∈E

c(v,w)F(v,w) +
∑
t∈T

wtov,sgv,s,t

)] [1], [2]
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Investment Decisions using PyPSA
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Investment Decisions using PyPSA



Optimization subject to:

electricity circuit rules

capacity of transmission lines &
generators

meeting electricity demands
(everywhere & at all times!)

variability of the weather

...
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Investment Decisions using PyPSA



This is where optimisation solvers come into play:

small instances and testing: open-source solvers,
larger scale and for business cases: gurobi [4]

more solving
times for large
models using
gurobi are
available at: [5]
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How to solve such large problems?
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