
eNextGen

by Nicolò Golinucci PhD

26/09/2024

Input-Output Analysis meets Python: a 
MARIO crash course



Nicolò Golinucci PhD, Consultant and Chief Executive Officer at eNextGen

Mohammad Amin Tahavori, Head of Software at eNextGen

Lorenzo Rinaldi PhD, Consultant and Head of R&D at eNextGen

eNextGen calculates all your company's emissions, with a focus on indirect value chain 
emissions (Scope 3), for effective carbon footprint reduction

Prof. Emanuela Colombo,
Prof. Matteo Vincenzo Rocco

Scientific Advisory Board

Who we are

Main MARIO developer and currently climate and energy modeller at VITO

MARIO developer and post-doc at SESAM group (Department of Energy – PoliMi)
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Building on our research and SESAM group contributions

Source: @nigolred Instagram

The idea of building a historical memory and useful tool for taking advantage of what we learn as a group
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Zhu Liu – China’s Carbon Emissions Report 2015 – Belfer Center for Science and International Affairs’ Energy Technology Innovation Policy, page 13 – 2018

https://www.belfercenter.org/sites/default/files/legacy/files/carbon-emissions-report-2015-final.pdf
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Tahavori M.A., Rinaldi L., Golinucci N. – MARIO v0.1.0  – 10.5281/zenodo.5879383 – November 2021

A R I O
Multifunctional Analysis of Regions through Input-Output



RIO



ARIO



8Making MRIO open-source software easy to 
remember through other famous Marios



9What is MARIO
MARIO is an open-source Python package, a framework aiming at easing input-output analysis operations and modelling

• MARIO stands for Multifunctional Analysis of Regions through Input-Output

• It handles some of the most well-known Input-Output or Supply and Use tables with dedicated parsing 
functions…but it virtually handles whatever table, including customized ones

• It is based on Python and available on Github (it-is-me-mario/MARIO), Zenodo (record/5879383) and comes with a 
full documentation (including tutorials and installation guide - mario-suite.readthedocs.io)

MARIO:
Open Python-based object 
programming for easing IO 

analysis

• Any Input-Output database
• Additional description of 

technologies or sectors
• Additional information on 

scenarios

Input

• Aggregated (products, activities, 
regions, …) database

• Multidimensional impacts

Output

• Shock analysis
• Multiple scenarios
• Describing a new supply-chain within the described economy

Processing

EORA (EORA 26. National tables)

Hybrid

Dedicated parsing functions

https://github.com/SESAM-Polimi/MARIO
https://github.com/it-is-me-mario/MARIO
https://zenodo.org/record/5879383
https://zenodo.org/record/5879383
https://mario-suite.readthedocs.io/en/latest/intro.html
https://mario-suite.readthedocs.io/en/latest/
https://openresearchsoftware.metajnl.com/articles/473/files/653ba20b68cec.pdf
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Why Python?

Most Popular Programming Languages 1965 - 2022 - YouTube

https://www.youtube.com/watch?v=qQXXI5QFUfw
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Anacondas, pythons…and spyders from Mars jupyter

If you are not familiar with Python all this names will make you feel confused 

Anaconda: a distribution of Python and R that simplifies package management and deployment. It 
includes many pre-installed libraries and tools for data science and machine learning.

Python: a high-level programming language known for its readability and versatility, widely used for 
web development, data analysis, artificial intelligence, and more.

Spyder: an integrated development environment (IDE) for Python, included with Anaconda, 
designed for scientific computing. It provides features like code editing, debugging, and interactive 
testing.

Jupyter: an open-source web application that allows you to create and share documents 
containing live code, equations, visualizations, and narrative text. It is especially popular for data 
analysis and visualization.
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Anacondas, pythons…and spyders from Mars jupyter

You can even use Visual Studio Code (VSCode): a free, open-source code editor developed by 
Microsoft. It supports multiple programming languages and offers features like debugging, version control, 
and extensions for additional functionality. It is popular among developers for its flexibility, ease of use, 
and integration with various development tools.

Environment: an isolated setup where specific Python versions and packages are installed. It ensures 
that projects have the necessary dependencies without conflicts, making development and deployment 
more manageable.

Python Package: a collection of Python modules that provide specific functionality or tools. Packages are 
used to extend the capabilities of Python, and they can be easily installed and managed.



13Why do we need an open-source package for 
input-output analysis?
Synthetic “problem tree” based on lessons learnt

Bringing contribution to 
standardize IOA practices

Less time to write codes 
=

More time to formulate 
better ideas

Reduced margin of errors 
in scripting phase, leading 

to more reliable results

Increased flexibility and 
attractiveness for future 

projects, thesis…

Inefficiency

New projects 
require hard-start 
for setting up the 

models

Tiny differences in 
user choice may 
affect the results 

considerably

Low replicability and 
accessibility

Adoption of an integrated tool 
to support model generation

Solution?



14There are many Industrial Ecology open tools. 
Why did we develop MARIO?

Brightway2 

ecospold2matrix 

pySUT 

pymrio 
pycirk 

pyLCAIO 

… 

Main limitations of open science 
• Lack of comprehensiveness

• Each model is an island

• While in the learning process, starting from 
scratch is the most effective way to learn 
programming

Possible solutions
• Integrations
• Documentation
• Teaching
• YouTube tutorials

From 2023 IIOA Conference in Alghero, special session on open-source software in Input-Output Analysis
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How OOP works?
Objective Oriented Programming (OOP) makes our life easier

Human as a class
✓ Age
✓ Job
✓ Sex
✓ Nationality
✓ Languages

Properties

People as a instances

✓ Age: 30
✓ Job: Startupper
✓ Sex: Male
✓ Nationality: Italian
✓ Languages: Italian
✓ Status: Alive

✓ Age: 76
✓ Job: Professor
✓ Sex: Male
✓ Nationality: German
✓ Languages: German 
✓ Status: Died

Functionalities

✓ Travel
✓ Migrate
✓ Learn Language
✓ Change Job
✓ Get older

Migrate

✓ Nationality: Italian, American
✓ Languages: Italian, English

Migrate



16What is MARIO – Processing

MARIO scales up the navigation and application of input-output tables 
without requiring advanced programming skills and supporting the user via Excel interface

It allows to:

Aggregate tables Implement shocksAdd new activities and/or commodities

49 regions, 164 industries, 
200 commodities

3 regions, 4 industries,
5 commodities

z1

z0 Δz



17Code structure

• Handling any unit of measure initialized when parsing the table

• Handling scenarios thus easing results exploration (function query)

MARIO: A Versatile and User-Friendly Software for Building Input-Output Models (metajnl.com)

https://openresearchsoftware.metajnl.com/pt/articles/473/files/653ba20b68cec.pdf


18Code structure – Calculations

E SATELLITE ACCOUNT

V VALUE ADDED

S
SUPPLY

U
USE

Y
FINAL

DEMAND

COMMODITY 
OUTPUT

ACTIVITY 
OUTPUT

X

Z

Taking advantage of 
thermodynamics’ style in 

nomenclature
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e satellite account intensities

v value added intensities

s
market share

u
specific use

Y
FINAL

DEMAND

COMMODITY 
OUTPUT

ACTIVITY 
OUTPUT

X

z

Taking advantage of 
thermodynamics’ style in 

nomenclature

• Uppercase: matrices of 
absolute values

• Lowercase: matrices of 
coefficients

Applying industry-based 
technology assumption 

(product-based technology 
assumption to be 

implemented)

Code structure – Calculations
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e’ satellite account intensities

v’ value added intensities

s’
market share

u’
specific use

Y’
FINAL

DEMAND

COMMODITY 
OUTPUT

ACTIVITY 
OUTPUT

X

z’

X’

Performing shock 
analysis…

Code structure – Calculations
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E’ SATELLITE ACCOUNT

V’ VALUE ADDED

S’
SUPPLY

U’
USE

Y’
FINAL

DEMAND

COMMODITY 
OUTPUT

ACTIVITY 
OUTPUT

Z’

X’
… and assessing its impacts

Performing shock 
analysis…

shock_calc

Code structure – Calculations
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E’ SATELLITE ACCOUNT

V’ VALUE ADDED

Y’
FINAL

DEMAND

SECTORAL 
OUTPUT X Z’

INTERSECTORAL FLOWS
to_iot(methods)

Code structure – Calculations
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Terminology — MARIO 0.3 documentation (mario-suite.readthedocs.io)

You don’t like our nomenclature?
(nobody likes other people's nomenclature)

Good for you! 
You can use the new MARIO 
v3 features in the settings, for 
using your own terminology!

https://mario-suite.readthedocs.io/en/latest/terminology.html
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Adding new sectors

Adding new processes and 
products (intended as 

sector for IOT or 
commodities and/or 

activities for SUT) with 
add_sector

a1

Use 
matrix

Supply 
matrix

New activity life 
cycle inventory

c1

c2

ci

…

…

cN

cnew

Inputs from (N + new) 
commodities

New commodity 
market share

a2

aj

…

…

aM

anew

Supply of new 
commodity 
from (M + new) 
activities

Consumption of 
new commodities

Supply from 
new activities

New activities 
New commodities 

Legend



25Examples of results

Taking advantage of plotly library to investigate full-scale or aggregated database



26Examples of results

Taking advantage of the 
scenario parameter to 

develop comparative statics
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And now, a MARIO tutorial!

You can also check the material available at: https://github.com/eNextHub/MARIO_IIOA24

Please, if you are going to use MARIO in your research, cite us at Tahavori et al. 2023: 
MARIO: A Versatile and User-Friendly Software for Building Input-Output Models | Journal of Open Research Software (metajnl.com)

We will skip Anaconda installation

Installing MARIO and spyder starting from anaconda + some basic use of MARIO

We will install spyderWe will install MARIO

We will use MARIO in spyder

https://www.google.com/search?q=jors+tahavori&oq=jors+tahavori&gs_lcrp=EgZjaHJvbWUyBggAEEUYOdIBCDQ0NjdqMGoxqAIAsAIA&sourceid=chrome&ie=UTF-8
https://openresearchsoftware.metajnl.com/articles/10.5334/jors.473


eNextGen

A logo of a camera

Description automatically generated

A blue square with white letters on it

Description automatically generated

www.enextgen.it

www.enextgen.it

www.polimi.it

www.polimi.it

Thank you for your 
attention!

https://www.instagram.com/enxgen/
https://www.linkedin.com/company/enextgen/?originalSubdomain=it
http://www.enextgen.it/
http://www.polimi.it/

	Intro
	Slide 1: Input-Output Analysis meets Python: a MARIO crash course
	Slide 2: Who we are

	Introducing MARIO
	Slide 3: Building on our research and SESAM group contributions
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8: Making MRIO open-source software easy to remember through other famous Marios
	Slide 9: What is MARIO

	Open source coding tools
	Slide 10: Why Python?
	Slide 11: Anacondas, pythons…and spyders from Mars jupyter
	Slide 12: Anacondas, pythons…and spyders from Mars jupyter
	Slide 13: Why do we need an open-source package for input-output analysis?
	Slide 14: There are many Industrial Ecology open tools. Why did we develop MARIO?
	Slide 15: How OOP works?

	What can you do with MARIO
	Slide 16: What is MARIO – Processing
	Slide 17: Code structure
	Slide 18: Code structure – Calculations
	Slide 19: Code structure – Calculations
	Slide 20: Code structure – Calculations
	Slide 21: Code structure – Calculations
	Slide 22: Code structure – Calculations
	Slide 23: You don’t like our nomenclature?
	Slide 24: Adding new sectors
	Slide 25: Examples of results
	Slide 26: Examples of results

	Closing the presentation
	Slide 27: And now, a MARIO tutorial!
	Slide 28: Thank you for your attention!


