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Introduction

The transition to a decarbonized energy system is increasingly challenged by the growing need for flexibility in
electricity systems. While electricity demand in Europe is projected to increase by approximately 80% by 2050,
flexibility requirements are expected to rise even more rapidly, potentially doubling over the same period, with
seasonal needs increasing by around 66% (International Energy Agency [IEA], 2023). Despite this increase,
demand-side flexibility remains largely underutilized, with only about 100 GW of demand response currently
deployed globally compared to several hundreds of gigawatts of technically available industrial potential (IEA,
2024). Within this context, energy intensive, critical infrastructures, represent a significant but largely untapped
source of flexibility. However, their participation remains limited due to technological constraints, insufficient
deployment of advanced Energy Management Systems (EMS), organizational barriers, and concerns related to
safety and process continuity (IEA, 2023; European Commission, 2019). As energy systems become increasingly
reliant on variable renewable sources, unlocking this potential is essential for maintaining grid stability and
reducing system costs. From an energy provider perspective, enabling flexibility through EMS, demand response
(DR), and aggregation platforms represent both a technical and socio-operational challenge. Within this context,
the LIFE24-CET-LEONARDO project aims to enhance EMS capabilities, address interoperability barriers, and
support the aggregation of industrial flexibility. This work presents industrial insights, focusing on stakeholder
perceptions and the conditions required for effective adoption.

Methodology

To capture industrial realities, a structured internal survey was conducted among key stakeholders involved in
energy-intensive operations, including refinery operators, energy managers and EMS specialists, grid and trading
experts, and Health, Safety & Environment (HSE) representatives. The questionnaire assessed stakeholders’
awareness of energy flexibility and demand response, perceived benefits and risks, operational constraints
(technical, safety, and continuity), EMS readiness, willingness to participate in flexibility markets, and trust in
aggregation platforms. Both qualitative (open-ended) and quantitative (Likert-scale) responses were collected,
enabling an integrated technical-behavioral analysis.

Results & Discussion
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The analysis reveals consistent trends across stakeholders. All respondents identified economic value, including
cost reduction, energy efficiency, and CO, mitigation, as the primary driver for engaging in industrial flexibility
schemes. Similarly, all of them emphasized the need for clear and positive return on investment (ROI), indicating
that financial viability is a prerequisite for participation. Even though stakeholders are familiar with the potential
of energy management flexibility tools they show a strong preference for predictable and controllable flexibility
mechanisms, with all respondents favoring day-ahead optimization approaches over real-time demand response.
This is primarily due to concerns about production disruption and the operational risks associated with short
response times. Furthermore, rather than fully automated solutions, stakeholders indicate a preference for a human-
in-the-loop approach, where automated systems support decision-making but remain under human supervision.
This highlights the importance of human, automation symbiosis in the adoption of industrial flexibility solutions.

In terms of technological expectations, all stakeholders highlighted the need for advanced Energy Management
System (EMS) capabilities, including monitoring, automation, reporting, and simulation functionalities. This
reflects a clear demand for more integrated and intelligent energy management solutions. Furthermore, financial
and market-related challenges were consistently identified, with all respondents pointing to uncertain revenues,
low financial returns, and complexity in market participation as key concerns. Consequently, stakeholders expect
transparent business models, fair compensation mechanisms, and simplified participation frameworks, particularly
through aggregators. Concerns related to data security, confidentiality, and interoperability were also universally
raised, highlighting the importance of robust data governance and secure system integration. Finally, while all
respondents expressed a willingness to participate in flexibility initiatives, this engagement is clearly conditional.
Participation depends on ensuring minimal impact on core industrial operations, maintaining process safety as a
top non-negotiable priority, and delivering tangible economic benefits. Overall, these findings indicate that
industrial stakeholders are not opposed to flexibility but require solutions that are predictable, economically viable,
and operationally compatible.

Conclusions

Overall, the analysis demonstrates that industrial flexibility is not limited by a lack of interest or awareness, but
by a combination of operational, technical, economic, and organizational constraints. Stakeholders show a clear
willingness to engage, provided that solutions respect process integrity and safety, offer predictable and
controllable operation, deliver clear economic value and ensure secure and transparent integration to current
infrastructure. This confirms that enabling industrial flexibility requires a systemic approach, integrating
technology, market design, and organizational change. This work provides industrial insights on energy flexibility
from an energy provider perspective, highlighting the conditions required for real-world implementation. The
results show that flexibility is not limited by lack of interest, but by the need to ensure alignment with safety,
continuity, and operational constraints. As such, flexibility is perceived as a conditional and managed capability,
requiring predictability, minimal disruption, and clear integration into industrial processes. At the same time,
stakeholders recognize the value of flexibility in terms of cost optimization, efficiency, and emissions reduction,
provided that stable economic incentives and clear business models are in place. The findings also indicate that
current EMS solutions require further development to support advanced functionalities such as real-time
optimization and market integration. From an energy provider perspective, the methodology applied serves as a
practical benchmarking framework, enabling the identification of gaps and guiding the improvement of energy
management and flexibility tools. By bringing together energy providers, industrial stakeholders, and technology
developers, LEONARDO creates a collaborative environment for co-designing and validating solutions that reflect
real operational constraints. Its focus on enhancing EMS capabilities, improving interoperability, and enabling
aggregation mechanisms contributes directly to bridging the gap between theoretical flexibility potential and real-
world implementation. Moreover, LEONARDO provides a structured framework for testing, benchmarking, and
scaling innovative flexibility tools, supporting their transition from pilot applications to broader market adoption.
As such, it represents a key step toward enabling industrial consumers to become active and reliable participants
in a flexible and decarbonized energy system.
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