Abel Sa

netherlands

sSciencd -G




netherlands

LI center
Summary

o Linearise indices by storing them as tables
o Separateindices creation from model creation

e Use DuckDB to facilitate data manipulation
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TulipaEnergyModel.jl circa Dec 2023

o Energy System Optimization

o Time blocksinstead of time steps:1:2, 3:6, 7:7, 8:9, etc.

o Eachflow is defined on a time block:
avariable(_, flow[e in edges, timeblocks[e]])

o Each balance equation happens for another time block:
aconstraint(_, cons[a in assets, timeblocks[al], )

o« flow[e, block_var] * intersect(block_var, block_cons)
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Issues

e Sparse containers

e “Sum-if problem”
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Issues

e Sparse containers

e “Sum-if problem”

Solution

‘ odow Leader

You could also consider a radically different data structure. Something like:

e Linearized indices

e Separateindices creation from model creation
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Built for your stack

DuckDB has native clients and integrations with the data ecosystem
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Tulipa ecosystem overview

Create
* Representative
Periods
e Clustered
profiles

Create tables
e Variables
e Constraints
« Expressions
e Internal

Create JuMP Model

745 JuMP

TulipaClustering.jl

TulipaEnergyModel.jl

Solve model
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DuckDB connection

External source

o -
csy °
[ ]

o

TulipalO.jl

Output files
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Indices and containers

DuckDB var_*, cons_*, expr_*
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Pipeline

-~ sqQL

CREATE OR REPLACE edges AS FROM
read _csv(‘edges.csv’);

Input tables

CREATE OR REPLACE edge_resolution AS FROM
read_csv(‘edge resolution.csv’');
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Pipeline

Input tables

var_*, expr_*, cons_x*

-- SQL
CREATE SEQUENCE var_id START 1;

CREATE OR REPLACE var_flow AS (

SELECT
nextval(‘var_id’) AS 1id,
edges.src_node_id AS src node_id,
edges.dst_node_id AS dst_node_id,

AS time_block_start
FROM edges
LEFT JOIN edge_resolution

);

CREATE OR REPLACE cons_balance AS (
SELECT

ARRAY AGG(...) AS incoming_ids,
FROM ..

.
’
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Pipeline

# Julia

sql(s) = .query(connection, s)

var_flow = modell ] = [
Input tables avariable(

model,

Lower_bound = ]
base_name = "flow[$(row.1d)]",

var_*, expr_*, CONns_* : for row in sql("FROM var_flow")

model[:cons_balance] = [
) aconstraint(
JuMP objects model,
sum(
var_fl?w[id] for id in row.incoming_ids
sum
var_flow[id] for id in row.outgoing_ids

)

for row in sql(“FROM cons_balance”)




https://github.com/TulipaEneray/2025-juliacon-poster
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https://github.com/TulipaEnergy/2025-juliacon-poster
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Pros and cons

+ Model creation speed is similar to DataFrames.jl (same Tables.jl backend)
+ Data opsin SQL => less memory and faster
+ Easier to integrate in a more complex pipeline
+ Same indices can be used for other frameworks
Requires SQL knowledge for modeling
Loses JuMP indexing (but lookup can be created)

DuckDB.jl has limited support and dynamically dispatches
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@ GH: abelsiqueira

2« abel.siqueira@esciencecenter.nl
Thanks
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