Engineering v

hexagonal

Systems Hub for
the Energy
Transition in
Colombia

N
/ﬁ Royal Academy
//@ of Engineering




Safer Complex Systems

Engineering\\%\

Systems Hub for the Energy
Transition in Colombia

Colombia faces a complex challenge in its
transition toward a more sustainable and resilient
energy system. This process requires working
with multiple actors within the energy ecosystem
to coordinate efforts, scale effective solutions,
and address the structural gaps that hinder
progress in the transition. To achieve this, it is
essential to establish a collaborative framework
that integrates knowledge, resources, and
capacities distributed throughout the ecosystem.

Engineering X, with methodological support from
Hexagonal, has created the Systems Hub for the
Energy Transition in Colombia, a collaborative
platform that seeks to mobilise resources,
knowledge, and actors to facilitate the country's

energy transformation. This effort aims to consolidate
a meeting space that promotes strategic alliances,

generates collective learning, and articulates
innovation solutions to respond to the needs and
opportunities identified within the system.

The Systems Hub Colombia project is part of the
Safer Complex Systems (SCS) programme of
Engineering X and emerges in response to the
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Participants in the Systemic Innovation Lab

need to strengthen multi-actor coordination
identified in previous initiatives such as
Transforming Systems through Partnership (TSP),
the Frontiers Symposium, and the Bogotd
Workshop 2024. These events identified critical
gaps in coordination and systemic thinking within
the energy transition ecosystem in Colombia.

This report presents the main findings of the
diagnosis and co-creation process, as well as the
roadmap for implementating the Systems Hub,
aimed at generating a shared vision and
promoting collaborative work towards a safer,
fairer, and more sustainable energy transition.
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1. Systems Hub development process

The development of the Systems Hub in Colombia was organised into

three phases:

0] 02 03
Ecosystem Systemic innovation Call design
characterisation lab

0, O O >
December 2024 to January 2025 27 to 28 January 2025 February to March 2025

A comprehensive literature
review, 18 in-depth interviews,
and three collaborative
workshops were conducted.

This diagnosis made it possible
to identify relevant actors, map
their interactions, and
document the main barriers
and opportunities within the
Colombian energy ecosystem

During two days, 34 key
stakeholders from academia,
industry, government, and civil
society participated in systemic
thinking and co-creation
activities.

Participants validated findings,
consolidated a shared vision,
and designed a governance
model for the Systems Hub.

The methodology was based on three fundamental pillars:
e Collaborative construction of the call for proposals and the hub with the ecosystem.
e Systemic approaches to map actors and dynamics.
¢ |[dentification of potential leaders based on their interests and willingness.

A call for proposals was
designed to select the
managing team that will
implement the hub.

This process included clear
criteria to ensure transparency,
effectiveness, and
representativeness in the hub’s
management.

Systemic Innovation Lab
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2. Systemic gaps and challenges

The systemic analysis revealed five structural gaps and their symptoms

that limit progress in the energy transition:

1. Fragmented governance and lack
of multilevel coordination

The energy transition ecosystem in Colombia is
institutionally fragmented and has poorly
articulated different levels of government, leading
to regulatory conflicts, duplicated efforts, and
ineffective public policy implementation.

¢ Disconnection between levels of government
e Competition between government entities

e Regulatory uncertainty

¢ Lack of an articulating leadership

2. Limitation of social participation

The energy transition continues to be perceived
as a technology-centred process, where territorial
actors have little real influence. The lack of
effective participation generates distrust,
projects without local ownership, and social
resistance to energy projects, which can slow
down or even block their implementation. These
issues also weaken the perceived safety and
legitimacy of energy projects.

¢ Lack of local recognition and development
¢ Lack of legitimacy in prior consultation
¢ Social resistance to transition projects

3. Lack of a common narrative and
shared vision

The energy transition in Colombia lacks a

unified vision among governmental, industrial,
academic, and community actors. Currently,
each sector and territory interprets the transition
from its own framework of reference, making it
difficult to generate consensus and formulate
collective strategies.

¢ Ambiguous definitions
¢ Narrative disconnection between territories
e Exclusionary technical language

4. Insufficient and misfocused
financing

Despite the existence of multiple funds and
investment mechanisms, energy transition
financing in Colombia faces critical challenges

related to insufficient resources, priority
misalignment, and lack of long-term
sustainability.

¢ Insufficient and fragmented resources
¢ Lack of financial continuity
* Dispersion of funds in pilot projects

5. Lack of connection and synergies
between initiatives

There are multiple initiatives and actors working
on the energy transition in Colombia, but their
impact is limited due to ineffective articulation
mechanisms. A siloed ecosystem results in
duplicated efforts, lost knowledge, and
opportunities for collaboration.

¢ Lack of knowledge of the ecosystem
¢ Historical distrust
e Duplication of efforts
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3. Leverage points

The research and validation process revealed five critical leverage points
where strategic interventions can trigger profound and sustainable changes

within Colombia’s energy ecosystem:

Events

v

Figure 2. Leverage points

1. Building a collective systemic
narrative

Establish shared objectives under a systemic
mindset by creating a common discourse that
connects technical, social, economic, and cultural
perspectives while integrating the diversity of
territorial realities into the Hub’s strategy.

2. Multilevel governance and
inter-institutional coordination

Develop innovative governance mechanisms
that facilitate coordination between national,
regional, and local actors, promoting deep
contextual understanding, adaptive decision-
making, and shared accountability, supporting
trust-building and conflict mitigation as key
aspects of systemic safety.

3. Strategic connection and visibility
of the ecosystem

Strengthen networks and enhance collaborative
platforms that make dispersed efforts visible,
avoid duplications, help to identify synergies, and
improve effective project articulation to amplify
systemic impact.

Behaviours

Capacity
building

Mindset
Purpose .

Inter-relationships

Elements
. v

Collective
systemic

v narrative

Multilevel

governance
mechanisms

Strategic
connection

Finance
innovation

4. Innovation in financing models
and project scalability

Create innovative financial schemes that
facilitate access to funding, optimise resource
allocation, promote collective approaches, and
prioritise the sustainability and scalability of
strategic projects within the ecosystem.

5. Strengthening local capacities
for territorial autonomy

Strengthen local leadership and resilience by
developing systems thinking skills for strategic
leadership and facilitating access to resources to
structure sustainable projects without
dependency on external actors.

The leverage points constitute the
strategic foundation for the Hub. While
each of them has the potential to generate
structural changes on its own, their true
transformative capacity lies in their joint
and interconnected intervention.
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4. Systems Hub

The Systems Hub is conceived as a collaborative platform that brings
together key actors of the Colombian energy ecosystem to address
structural challenges in the energy transition.

Its main purpose is to facilitate effective
coordination between sectors, mobilise strategic
financing for interconnected projects, and develop
missions with a systemic approach to generate
long-term impact. The Systems Hub positions itself
as an ‘articulator of articulators,” meaning its
purpose is not to replace existing initiatives or
duplicate efforts but to strengthen and connect
them under a common strategic framework.

How does it work?

The Hub operates under a three-component
adaptive governance model:

Managing team (operational core):

An organisation or consortium of organisations
responsible for daily operational management,
executing strategic missions, coordinating actors,
and communicating. A team capable of
connecting sectors, mobilising resources, and

coordinating initiatives without duplicating efforts.

Coordinates
and supports

N

Opportunities board (strategic direction):

A strategic body made up of five to seven
multisectoral experts with legitimacy and
influence. Its role is to define priority missions,
supervise results, and facilitate connections
with key actors.

Mission nodes (project executors):

Operational groups composed of multiple
actors who design, implement, and scale
systemic solutions under the coordination of
the managing team. Each node focuses on
specific missions with transformative impact
potential, aligning diverse actors towards
concrete objectives.

The Systems Hub aims to be autonomous
and not dependent on the government,
while maintaining a strategic relationship
that allows it to align its actions with
national priorities without losing its
operational independence.

Executes missions and
provides feedback

Opportunities
board

N

Directs, defines
missions, and
supports

Figure 3. The governance model of the Systems Hub

Impact
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team
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The Systems Hub aims to reduce duplication of efforts, improve resource allocation efficiency,
and promote cross-sectoral collaborations that strengthen the resilience of the Colombian energy
ecosystem. It also seeks to catalyse systemic learning, mobilise strategic resources, and connect
diverse actors to drive innovative and scalable solutions.
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5. Reflections and recommendations

Below are key recommendations to maximise its impact, ensure its sustainability,
and contribute to a safer and more resilient ecosystem:

1. Strategic orientation

The design of the Systems Hub must ensure that
its actions are aligned with its methodological
principles. Strategic missions should focus on
systemic change, prioritising interventions on
critical leverage points rather than superficial
symptoms while also enhancing the overall
safety and resilience of the ecosystem.

2. Articulation and trust-building

The effectiveness of the Hub lies in its ability to
connect diverse actors from the start. This
involves convening strategic actors in the
Opportunities Board, creating multi-actor
dialogue spaces, and leveraging the initial
mapping (Figure 4) to expand the participation of
actors absent in the initial phase, particularly the
financial sector.

3. Adaptation and iterative learning

It is necessary to identify recurring patterns and
adjust strategies according to the evolution of
the ecosystem. Continuous evaluation and
transparency in communicating results will
ensure the Hub’s legitimacy.

4. Capacity building

Beyond theoretical training in systems thinking,
practical skills development should be promoted
to enable a holistic vision for identifying and
acting on key leverage points, generating
structural-level impacts.

5. Inclusiveness and cultural
considerations

Design strategies that respond to the cultural and
linguistic particularities of the Colombian context,
ensuring effective participation of all relevant
actors in the Hub.

6. Long-term sustainability

The success of the Systems Hub requires the
consolidation of the adaptive governance model
and the development of a sustainable financing
scheme. This includes strategic partnerships and
diversified financing models. Engineering X will
play an operational support role initially and
maintain a strategic role later on.
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Figure 4. Actor mapping

Centres of Thought and

They produce politcal and social analyses
and promote inter-institutional collaboration
in strategic projects.

+ Transforma
+ Clean Energy Universities Alliance
(AUEL)

+ Uramba Centre of Thought

« CINEP (Centre for Research and Popular
Education)

* Inter-University Energy Transition Board

Challenges: Academic voices are mostly
imited o engineering studies.

Leading Educational
Institutions in Research

T i) e
and contribute to ca

Cratorgos: ity scaingpiocs |
eyond tne academic soh |

Focus on Public Policy,
Governance, and Energy
Economics

+ Universidad del Rosario
: Unversiag Javeiana

+ Universidad

vt oo Nod.

Focus on Research and
Technological Development
- Universidad Nacional de Colombia
~ Universidad de Antioquia
 niversidad de los Andes.

+ Universidad EAFIT

Spaces for Collaboration
and Engagement

Events and infrastructures that foster multi-
secoral engagement and encourage collabo-

«FISE
« University, Industry, Government Council
- Climate Change and Energy Transition
Congress

| Challenges: Achieving real collaboration |
! and ensuring equal isering fo all actors. |

Cross-Cutting Actors

Government

Public Policy Design

- Ministry of Mines and Ener
" Vinity of Envionmont ang Sustanable
Development
Winistry of Commerce, Industry, and Tourism /
- Minisry of Scionce, Tachnalogy, and Innovation /
(MinCiencias)

Miisty o Information and Gommurication
Technologies (MinTIC) X

1" Challonges: Maintaining a common ision
! despit poliical changes

Financing
-FENOGE
+Natonal Royales Fund
Fund for the Promotion of Technological
Advancement (FPAT)
ional Renewable Energy Fund

Planning and Regulation

« National Planning Department (DNP)

« Mining and Energy Planning Unit (UPME) (EERNC)

: f,!",,;mfsmy i) ancelSuppon Fund forth Eecifcaton of
ones (7
it oo Sacrdasion of Eoctic Netwerks

(PRONE)

Challenges: Insuffcient budget to address

1 Challenges: Lack of aignment and s and barrors 1o schaming

e e el

Technical Cooperation Agencies
and Policy Promotion

Financing and Development Eu”""gg*’ [T B R R
Organisations « Infernational Renewable Energy Agency.
+Workd Benk (WE) (RENA)

* Inter-American Development Bank (IDB)
- Andsan Development Corporation (CAF)

Promotion and Strategic
Networks

i ) - Giobal Green Growth Instiute (GGG)
Multilateral Institutions it
Furs,proel, s otk “Siaa”

Veve intemational standards.

t " raenges: Adaptng gobal stategs o |
1 localcontets and avigatg |
| bure !

Innovation Hubs
and Platforms

P e e

ecosystem actors by articulating colaborative
e e e
experimentation spaces.

Ruan mmmnb

« Com

ReE

« Centre for the Fourth Industrial Revolution
+IBO (Lab Innov Bogota)

« Movilzatorio

+Lab Capital

ong-term financial
stainability, greater partiipation from
local communities, and integration of
mmon agendas.

[y

Regional and Local
Entities

« Mayors Offices
« SEnergy and Development Secretariats ‘Suppliers and beneficiaries of the energy

« Regional and Sustainable Development sector (manufacturing, agriculture, food, trans-
Auonamous Coperetons (GARS) portation, etc.)

« Chambers of Comr

rrtoril Renowal Agen

RT) + Manufacturing and transport industries.
 Natonal Aoy f B
(ANLA)

Agrbusiness
Conparias I igh ensry cormrnpton
Sectrs seakng ffcency moder

{ Challenges: Lack of lignment,technical
| capacity, resources, and recogni
| operate autonomously.

llenges: Concer about the costof the 1
s e
| decision-making spaces for the

Lt

Provide technological solutions and new busi-
ness models for the energy transition.

« Erco Energla

+ Unergy

+ H2 Andes

« Electropalmor
« Solenium

it Crtenas Lntod ot ockof |
cing, and u i

‘ compelrlron i s o

Represent their common interests to the

Electricity government (advocacy), generate knowledge, by
Cararation Leading corporations that supply the country e s o \

with energy and are fundamental to driving the
= energy transiion - ANDI (National Business Association of [ )
+ISAGEN - -- -- - Golombia
+Colsia {" Challenges: Maintaining their posiioning + ALCOGEN (Colombian Association of

1 and consolidating or improving their & )

\ En
! Jectic Power Generatrs

3 ! reputaton
\_actors.

Transmission and

Distribution of Energy °
- nfrcolombia 4
* Grupo de Energna de Bogota H Innovation and
* Enel-Codens Renewable Energy
-EPM

«Celsia
« Grupo de Energia de Bogota
Operation of the «Isagen

Energy ~Ecopetrol
NationallEnetay , Commercialization
System
X -Calsia
¢  ne-Codensa
Exploration and Production
of Energy Resources
+Ecopetrol
+Coro Matoso
Community
Organizations Prosumers

They develop or participate in
[z i mslnbmsd
nd self-management energ

‘They represent the needs and prioriies of
‘communities affected by changes in the
energy sector.

9
- Energy Cooperaiives
+ Prosumer Collectives

 Indigenous and Afro-descendant organiza-

L G T s

Gouncil (CONPA) e
easant associations.

1 Crallnges; Socung fnancialand '
| technical support o expand their projets. |

hallenges: Ensurmg ineirvace i the
transition and in

cl
planring of the
R

NGOs and Foundations
They provide financial supportfo a ust transi-
tion,influence public polices, and promote
awareness.

« Dejusticia
 Fundacén Natura

 Fondacon 300A
« Fundacion Santo Domingo
+ SUMA Sociall

; Challnges: Achovinggreater negrtion Ol
| betwoen national and ntor |
! roavmdduplrcalmnandennammsu!t& !

of
i Electic Power Distibulors) Business or mixed conceniratons related to a
* CACES (Col Dmblan Chamber of Solar and region or thematic focus to strengthen
Renewable Energy) collective competitivencss
"SER Golombla Golombian Renowable oot nery G (00 ot ey
Eneroy Assocator - Sustainable Eneray Clusier (CC of Medelln
- Colombian Mining Associaton (ACM)  Renewable Energy Cluster (CC of
5 Bananquila and En-Tec

Fenal
e - ReneatioEnergy nd Clon Tecologes

Clustr (CC of aa)

* Sustainable Mobwmy Cluster (CC of Bogota

Challenges: Defenciing their soctor's
interests and influencing public policy.

- Bioenergy and Belels Clstr (cCof

Cauca and Universidad del Valle)

+ Green Infrastructure and Sustainable

Construction Cluster (CC of Cal)

+ Rural Electrification and Energy

Communities Cluster (Choco, Amazonia and
1GOs)

 Hycogen Energy Cuser (s ofvines
and Energy + companies + academia)

. & Chnl/:ng:s Their mpact s lmited by &
Labor Unions and lack of resources and capacities to scale

Associations § potscoyond thoInotas
sock o ensure ajustransion fo work-

ers in seclors directly affected, such as coal,
oil, and gas.

- Sintraelecol (Union of Energy Workers of
Colombia)

« Central Unitaria de Trabajadores (CUT).
L e L D e
ers (USO)

; Ghallengos: Ensuring thir voico in the
1 laning fto anargy raniionanin

raona dalgue sp Social Movements

and Activists
They advocate for environmental and human

fights, monitor negative impacts, and generate.
public pressure.

« Fridays for Future Colombia
ensat Agua Viva (Amigos de a Tierra).
+ Movimiento Rios Vivos.
* Communityeaders ntworks

! Challonges: Boing hoard and valuedin |
(@ | iocicarspace orpjetomitn. |

Networks and Alliances

They. amm\a\e national and interational
‘ecosystems, proposing solutions adapted to
e et

- Social Mining-Energy Table

+ Colombia Free of Fracking Aliance
Fellows

 Global Shapers

 Catalyst 2030

Challenges: Boing heard and valuedin |
tocnical spaces for projoctformlation. |




Safer Complex Systems

Engineering\\%\

6. Acknowledgements

This process would not have been possible without the active and
committed participation of a wide range of actors from various sectors.
Their commitment and willingness to collaborate have been essential to
the collective construction of the Systems Hub Colombia and to advancing
towards a fairer, more inclusive, and sustainable energy transition.

Academia

Adriana Arango, Universidad del Norte.
Alejandro Delgado Vasquez, Universidad EAN.
Alexdnder Gomez, National University of
Colombia.

Andrea Cardoso, Universidad de Magdalena.
Arturo Samuel Gémez, Amazonian Research
Institute IMANI.

Carolina Ducuara Guzman, Universidad Nacional
de Colombia.

Felipe Montes, Universidad de los Andes.
Franklin Jaramillo, Universidad de Antioquia.
Juan Jose Guzman Ayala, Strata.

Kelly Johanna Patarroyo Ledn, Universidad
Nacional de Colombia.

Nelly Cantillo, Universidad del Rosario.
Sebastidn Solarte, UCLA.

Pedro J. Arias-Monje, Universidad del Rosario.

Civil society

Andrés Felipe Vera Ramirez, Independent.
Juanita Fonseca, Compower.

Sol Viviana Zapata, Electropalmor ES.P.

Sofia Bernal Larrare, Compower.

Stephanie Pertuz, Fundacion Santo Domingo.
Irene Gaviria, SUMA Social.

Industry

Andrea Viviana Marin Calderén, EPM.
Carlos Velez, EPM.

Cristina Vergara, Ayurd.

Eduin Garcia Arbeldez, CIDET

Felipe Montes, Kravata.

Linda Diaz, KPMG.

Pedro Alejandro Eusse Bernal, EPM.

Oscar Guerra, ECONOVA, ECOPETROL.
Sandra Janeth, ECOPETROL.

Sandra Patricia Flores, ECONOVA, ECOPETROL.
Santiago Ortega Arango, Emergente Energia
Sostenible SAS.

Raul Lancheros, ALCOGEN.

Governmental

Ana Maria Castillo, Cali Chamber of Commerce.
Andrés Patiino, FENOGE.

Andrea Saldana, Secretaria Distrital de Ambiente.
Angela Campos Hurtado, Ministry of Mines

and Energy.

Jessica Arias, UPME.

Jorge Manrique, District Department of
Environment.

Luis Calzadilla, British Embassy in Colombia.
Natalia Avellaneda, Ministry of Mines and Energy.
Nicolds Meléndez Alvarez, British Embassy in
Colombia.

Sandra Patricia Villalobos Tovar, INNPULSA
COLOMBIA.

Vivian Argueta, Cali Chamber of Commerce.

Multisectoral

Alejandro Hincapié Baena, Ruta N.
Carolina Herndndez, GIZ.

Carolina Urrutia, C40.

Carlos Alberto Diaz Villdn, Governance
Action Hub.

Catalina Navia Paydn, Connect.

Daniel Casas Bautista, BID.

Daniela Castilla Orduz, Movilizatorio.
Danitza Mary Marentes Pulido, Movilizatorio.
Federico Restrepo, Impact Hub Colombia.
Frank Vanoy Villamil, CAF

Jorge Florez, Governance Action Hub.
Juan Felipe Yepes, IBO Bogotd.

Katherine Bain, Governance Action Hub.
Lina Martinez, FIP.

Maria Fernanda Copete Zamora, Cdmara
Verde LATAM.

Vanessa Vargas, Ashoka.




Safer Complex Systems

Engineering
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