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Executive summary 

TRANSIT's objective is to promote the advancement of training and reskilling initiatives for the 

existing and future workforce, as they play a pivotal role in shaping a sustainable energy landscape. 

The project will focus on multidisciplinary approaches to effectively deliver teaching and training on 

renewable energy and fuel technologies.  Additionally, TRANSIT will pinpoint and address global and 

regional obstacles to prepare the workforce to realise European sustainability goals while meeting 

various stakeholders' diverse demands and needs. 

TRANSIT will dedicate its resources and educational materials to a diverse pool of target groups, 

including policymakers, regulators, innovators, industry, trade associations, universities and local 

communities, covering the various sectorial strategies under the European Green Deal. The TRANSIT 

framework aims to: 

(i) catalogue, retain and promote success stories and practices in the areas of circularity and 

sustainable aspects;  

(ii) develop a hands-on training approach to revamp industry-academic curricula; 

(iii) establish a web-enabled platform for innovative and interactive multidisciplinary 

programmes from educational campaigns to hands-on courses. 

The activities within Work Package (WP) 3, “Community Engagement, challenges, knowledge gaps”, 

are designed to: 

(I) Establish and engage with a large stakeholder community, focusing on European member 

states, to raise awareness about renewable technologies, sustainability, and circularity 

principles.  

(II) Address challenges related to understanding and adopting renewable technologies, energy 

efficiency, and circularity principles across different regions and stakeholders.  

(III) Address critical areas in gender-related aspects and skills gap.  

(IV) Provide a basis for implementing an EU-level framework for multi-layer education and 

training that generates a systemic and structural impact on skills development, ensuring the 

delivery of high-quality skills, knowledge, and training that responds to the needs of  Industry 

5.0, i.e. sustainable, human-centric and resilient European industry [1].  

Within WP 3, Task 3.2, "Cataloguing Available Platforms and Tools for Sustainability and 

Educational Aspects of RE" (Oct/2022 to Jun/2023) and Task 3.3, "Mapping Relevant External 

Factors, Circularity, and Sustainability Aspects in Knowledge Gaps in the Field of Renewable 

Energy" (Apr/2023 to Sept/2023) reported on areas of improvement for training for (and from) pre-

university, university, industry and wider community stakeholders across TRANSIT partner countries 
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in Europe. This information was meant to facilitate sustainable development, e.g., by adopting RE, 

LCT and circularity principles. For this purpose, specialised surveys were carried out for the four 

stakeholder groups, and extensive literature surveys were conducted to collect relevant information 

from different countries.  

That said, Task 3.4, "Roadmap for Increasing the Uptake of Renewable and Low Carbon 

Technologies (LCTs)" (Jul/2023 to Dec/2023), aims to develop a roadmap that addresses the gaps in 

education, training, and engagement identified at regional and international levels in Task 3.3. The 

roadmap will prioritise activities to bridge these gaps. Additionally, this task will examine the EU 

Green Deal, focusing on areas such as clean energy, industrial strategies for a clean and circular 

economy, and mainstreaming sustainability in EU policies. The aim is to identify areas in education, 

retraining, and community engagement that require further development and suggest strategies for 

wider adoption of low-carbon technologies along with sustainability and circularity principles. 

Another aim is to align this task with the EU's aspirations for a sustainable and circular economy. 

That said, this report (Dec/2023) presents the outcomes of the activities in Task 3.4, which are 

classified under three categories: 

1. Knowledge gaps in the methodological approach used by various sectors related to RE 

teaching and sustainable development.  

2. Key barriers to adopting low carbon solutions for each TRANSIT partner country and the gaps 

associated with education, re-training, and community engagement in RE. 

3. Roadmap for wider adoption of LCTs along with sustainability and circularity principles, based 

on the identified knowledge gaps and barriers associated with education, re-training and 

community engagement in RE. 
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1.  Introduction 

In the face of escalating global environmental challenges and the need to transition toward a more 

sustainable and circular economy, the adoption of LCTs and sustainability and circularity principles is 

required. Integrating these principles not only supports the reduction in greenhouse gas emissions 

from energy generation but also promotes a number of co-benefits such as resource efficiency, 

resilience, and community well-being [2]. It is critical to educate and retrain a workforce for low-

carbon, circular economies, both locally and globally, acknowledging the interconnected nature of 

sustainability and circularity. A brief description of the principles of sustainability and circularity in 

the context of renewable energy is presented in Table 1. 

 

Table 1: Sustainability and circularity principles in the context of renewable energy. 

Term Description 

Sustainability 

principles 

A set of guiding principles and practices aimed at ensuring that the 
development, deployment, and use of renewable energy sources are 
environmentally responsible, economically viable, and socially beneficial 
in the long term. These principles are designed to promote the 
sustainable growth of renewable energy technologies while minimising 
negative impacts on the environment and society. 

Circularity principles A set of strategies and practices to create a more sustainable and 
resource-efficient energy system. These principles are inspired by a 
circular economy, where resources are used efficiently, waste is 
minimised, and materials are recycled or repurposed, thus reducing the 
environmental impact and promoting long-term sustainability. 

 

This report considers the European Green Deal [3] to propose an actionable roadmap for wider 

adoption of sustainability and circularity principles, focusing on clean energy, industrial strategies for 

a clean and circular economy, and mainstreaming sustainability in EU policies. The EU Green Deal is 

a comprehensive initiative to transform the European Union into a sustainable and circular economy. 

It encompasses various strategic areas, with a focus on three key dimensions: 

1.  Clean, Affordable, and Secure Energy: The EU Green Deal prioritises transitioning to clean, 

affordable, and secure energy. This involves a significant shift towards adopting LCTs and RE 

sources, increased energy efficiency, and the integration of advanced technologies. The plan 

will make Europe the world's first climate-neutral continent by 2050, aligning with the Paris 

Agreement goals. Key strategies include investing in RE infrastructure, enhancing energy 

efficiency in buildings and industries, and promoting innovation in clean energy technologies. 
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2.  Industrial Strategy for Clean and Circular Economy: The EU Green Deal emphasises the need 

for an industrial strategy that promotes a clean and circular economy. This involves 

rethinking production processes, reducing resource consumption, and minimising waste 

generation. The plan advocates for a circular approach to product lifecycles, encouraging 

recycling, reusing, and reducing waste. Furthermore, it supports the development of 

sustainable technologies and business models, ensuring that industries contribute to 

environmental goals while remaining competitive globally. 

3.  Mainstreaming Sustainability in All EU Policies: A pivotal aspect of the EU Green Deal is the 

integration of sustainability into all EU policies. This involves mainstreaming environmental 

considerations across agriculture, transport, and finance sectors. The plan aims to align 

policies with sustainability objectives, ensuring that economic activities prioritise 

environmental and social well-being. This approach involves revising existing regulations, 

introducing new legislative frameworks, and promoting cross-sectoral collaboration to 

address the interconnected challenges of climate change, biodiversity loss, and social 

inequality. 

This report systematically explores key factors essential for the successful adoption of LCTs along 

with sustainability and circularity principles, aiming to create an actionable roadmap for their wider 

adoption, primarily through education, re-training, and community engagement. In the upcoming 

sections, this report will introduce the critical areas that must be addressed in education, retraining, 

and community involvement. The report aims to provide an actionable roadmap by drawing upon 

insights from scholarly literature and findings from the surveys conducted as part of Task 3.2 and 

reported in Deliverable 3.1. The goal is to enable individuals, communities, and countries to adopt 

LCTs and sustainable practices for a more sustainable future. 
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2.  Knowledge Gaps and Key Barriers 

This section provides an overview of the teaching and learning gaps associated with the sustainable 

development of RE. In addition, the key barriers to LCT adoption and areas of improvement are 

discussed based on findings from the surveys that targeted four primary categories of stakeholders: 

(i) university, (ii) pre-university (elementary and secondary education), (iii) industry, and (iv) wider 

community. 

2.1.  Gaps in Teaching and Learning 

Significant progress has been made in enhancing teaching and training in sustainable development, 

particularly in RE and LCTs, and to some extent in sustainability and circularity principles [4]. 

However, several knowledge gaps in this area were identified based on a literature review conducted 

in Task 3.3 and reported in Deliverable 3.1. This section adds to the previous discussion of knowledge 

gaps in Deliverable 3.1 by providing constructive suggestions to address and mitigate these gaps. 

Figure 1 illustrates these gaps, and a brief discussion of each gap is provided below. 

 
Figure 1. An overview of Gaps in Teaching and Learning related to LCTs and sustainability  

1. Lack of continuous professional development for educators [5]: Continuous professional 

development is vital in fast-paced industries like renewable technologies and sustainability. 

Yet educators often lack opportunities to update their knowledge and skills. This gap can 

affect the quality of education, particularly in the case of complex technical topics like 

sustainability and circularity. To address this gap, employers and industry organisations 

should offer structured support (e.g., workshops, conferences, certifications) and organic 

connections (e.g., knowledge flow, collaboration). Educators play a key role in guiding 

learners toward sustainable practices, but they must be empowered with the necessary 

knowledge and skills. Unfortunately, higher education lecturers may not always receive 

adequate training. Professional development programs tailored to renewable energy 
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education, such as the National Energy Education Development (NEED) Project. Click or tap 

here to enter text.[6], offer valuable resources, including lesson plans and hands-on 

activities, to enhance educators' skills and knowledge in this rapidly evolving field [7]. These 

initiatives are crucial for keeping educators informed and capable of delivering high-quality 

instruction in renewable technologies and sustainability. 

2. Inadequate access to up-to-date information: The rapid pace of technological 

advancements in renewable technologies requires educators to update course content to 

reflect the latest advancements continually. This poses a challenge, necessitating access to 

current information, resources, and case studies. Partnerships with research institutions 

(e.g., IEEE Xplore, ScienceDirect, Google Scholar), industry groups (e.g., International RE 

Agency, American Wind Energy Association, CIGRE, Solar Energy Industries Association) and 

platforms like RE World, Clean Energy Council, and GreenBiz can provide educators with 

access to cutting-edge research and expertise, enabling them to prepare students for the 

evolving RE sector effectively. In addition, several new technologies (e.g., Artificial 

Intelligence (AI)-powered research platforms, Podcasts, virtual webinars ) are emerging that 

can provide educators with direct access to cutting-edge findings, making them more 

informed and effective in their teaching. 

3. Lack of practical hands-on experience: Teaching renewable technologies and sustainability 

often demands practical skills and hands-on training [8], including case studies, corporate 

partnerships, and internships to bridge the gap between theory and real-world applications 

[9]. However, limited resources, equipment access, and inadequately equipped facilities can 

impede this practical learning. Educators can employ various strategies to address these 

challenges, such as...?. Virtual labs and simulations offer remote access to experiments but 

require high-speed, low-latency data connections [10]. Organising hands-on workshops, 

training sessions, and apprenticeship programs, often facilitated by industry associations like 

AWEA and SEIA, can provide practical training. Partnering with renewable energy companies 

and developers allows for on-the-job training, site visits, and internships, enabling students 

and educators to gain real-world experience. Integrating practical training into the 

curriculum is crucial to equip students and educators with the required market skills. 

4. Inequality in access to education [5]: Addressing disparities in renewable technology 

education, particularly in marginalised communities and developing regions, is crucial. Such 

disparities contribute to knowledge and skill gaps in sustainability and circularity. To rectify 

this, actions should prioritise enhancing the accessibility and affordability of renewable 

technology education, especially for underrepresented groups. This can be achieved through 

scholarships, community outreach programs, online learning platforms, partnerships with 

non-profits, and advocacy for supportive government policies. For instance, the University of 
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Manchester collaborates with The Cowrie Scholarship Foundation to offer scholarships to 

underrepresented Black African and Caribbean heritage students from disadvantaged 

backgrounds [11]. The University of Cambridge also charges refugees the same tuition fees 

as domestic students for renewable energy and sustainability courses [12]. 

5. Barriers for women: Achieving the United Nations’ sustainable development goals [13] 

necessitates the inclusion of more women for a substantial expansion of the educated 

workforce. However, women, constituting approximately half the global population, face 

barriers to actively engaging in sustainable development [14], constituting only around 30% 

in STEM fields [15]. A notable example is Serbia and North Macedonia, where female STEM 

students account for approximately 50%, one of the highest percentages globally. Despite 

this, the representation of female engineers and women in managerial roles within energy 

companies in Serbia and North Macedonia is significantly lower [16]. Factors deterring 

women from sustainable development include unequal payment expectations and gender 

stereotypes [17], [18]. Addressing these challenges is complex but essential. In response, 

various initiatives have emerged, such as the United Nations’ "achieving gender equality" 

campaign [19], dedicated support programs [20], and organisations like STEM Women 

Limited [21], all aimed at narrowing the gender gap. The existing body of literature 

emphasises the need for more vigorous efforts to address salary expectations, diversity and 

inclusion, imposter syndrome, and representation. These efforts foster an environment 

where women can actively contribute to and lead sustainable development initiatives. 

6. Lack of standardised programs and certifications: The absence of standardised programs 

and certifications in renewable technologies and sustainability presents a global challenge. 

The absence of universally acknowledged standards complicates the assessment of skills and 

knowledge. Employers struggle to identify qualified professionals, and individuals face 

obstacles in showcasing their expertise. Standardisation and comprehensive coverage across 

educational institutions are essential for comprehensive education in renewable 

technologies. Implementing structured practical training programs can bridge the gap 

between theory and real-world applications. Institutions like Imperial College London offer 

courses such as "Future Power Networks," with IET certification, signifying a commitment to 

recognised qualifications [22]. Similarly, the MSc program in "Smart Electrical Networks and 

Systems" at KTH Royal Institute of Technology bears the European Institute of Innovation 

and Technology (EIT) label, granting it widespread recognition and standardisation.  

7. Inadequate industry-academia collaboration: The rapid advancement of RE technologies 

often surpasses the evolution of educational programs. Industries associated with 

renewables, like solar, wind, and energy efficiency, require specialised expertise that generic 

training programs often fail to provide. This mismatch creates a skills gap between 
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educational offerings and industry requirements. Collaborative efforts between academia 

and industry are vital for bridging this divide. Unfortunately, limited interaction between 

these sectors exacerbates the misalignment, hindering effective communication. Addressing 

this challenge necessitates fostering stronger partnerships, including industry advisory 

boards for curriculum guidance, internships for practical experience, industry speakers for 

insights, and co-development of curricula to ensure alignment with industry standards. 

8. Lack of emphasis on interdisciplinary approaches: Sustainability and circularity encompass 

environmental, social, and economic aspects beyond RE technologies [23]. For instance, LCTs 

involve technological solutions and social and behavioural changes [24]. However, 

educational organisations often compartmentalise their curricula, resulting in fragmented 

coverage of LCTsClick or tap here to enter text.. This can create a gap in understanding how 

to integrate sustainability and circularity principles into industry practices. To address this, 

training programs should emphasise the full life cycle of projects, social equity, and 

environmental stewardship to comprehensively understand sustainable development. 

Online platforms like Coursera, edX, and FutureLearn offer courses and Massive Open Online 

Courses (MOOCs) that cover interdisciplinary aspects of sustainability and renewable 

technologies. 

9. Inadequate policy and regulation coverage: Some educational programs may overlook the 

importance of teaching the policy and regulatory aspects of RE and LCTs. Understanding the 

legislative context and the motivations and challenges associated with LCT adoption is critical 

for students seeking to contribute to this field [25]. Additionally, differences in policies and 

regulations among EU Member States often lead to confusion, presenting a formidable 

challenge for stakeholders. These policy differences highlight the necessity for a more 

harmonised and consistent approach at the EU level. That said, achieving sustainability goals 

necessitates addressing intra-EU differences and promoting cross-border collaboration with 

neighbouring regions. 

10. Inadequate soft skills development: While technical skills are crucial, soft skills such as 

communication, teamwork, problem-solving, and project management are equally critical 

for professionals in renewable technologies and sustainability. Sadly, training programs often 

prioritise technical aspects, leaving a gap between proficiency and effective collaboration 

and communication. To address this, promoting soft skills is crucial. Collaboration with 

industry partners can pinpoint the soft skills needed in the RE workforce. Universities should 

adopt this by dedicating more time to group projects and oral presentations, enhancing their 

programs and better-equipping graduates for successful RE careers. It is also essential to pay 

attention to the methodology of teaching and educating (via training) students and 

employees of various ages.  
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11. Limited integration of sustainability and circularity in educational curricula: Many 

institutions lack standardised curricula addressing sustainability and circularity. Renewable 

technologies and sustainability concepts are often offered as separate courses or electives 

rather than integrated into various disciplines. Organisations like the United Nations 

Educational, Scientific and Cultural Organisation (UNESCO) and the United Nations 

Environment Programme (UNEP) provide resources for curriculum development to address 

this gap, emphasising the integration of sustainability principles across academic subjects. 

However, it is crucial to acknowledge that each EU member state operates distinct 

mechanisms for accrediting courses. Consequently, reliance solely on UNESCO's guidelines is 

insufficient. While UNESCO provides valuable guidance, the course development and 

accreditation process within individual member states is both time-consuming and rigorous. 

Obtaining accreditation requires a prolonged timeline, often spanning several years before a 

program attains official recognition. This highlights the complexity of aligning educational 

practices with sustainability principles at regional and international levels. 

12. Addressing global context and local challenges: Teaching LCTs and sustainability must be 

globally contextualised while acknowledging local challenges and region-specific 

requirements. This requires the customisation of educational approaches to align with each 

geographical area's unique circumstances and socio-economic variables. Different regions 

and countries present diverse environmental challenges, distinct policy structures, and 

unique cultural perspectives, all of which should inform the development of tailored 

educational initiatives. Moreover, efforts should be extended to align educational programs 

with national standards and requirements for degree accreditation. This comprehensive 

approach, attuned to global and local dynamics, can ensure that teaching LCTs and 

sustainability is relevant and contributes meaningfully to addressing environmental 

challenges and meeting community needs. 

2.2.  Key Barriers to LCT Adoption 

This section provides an overview of the key barriers to LCT adoption. It highlights areas for 

improvement based on the findings from surveys conducted as part of Task 3.2 and reported in 

Deliverable 3.1. This section adds to the previous discussion of surveys in Deliverable 3.1 by providing 

a detailed analysis and breakdown of survey responses in terms of the eight TRANSIT partner 

countries. 

The surveys were designed with the primary goal of addressing knowledge gaps and enhancing 

educational initiatives in the fields of renewable energy, sustainability and circularity. These surveys 

targeted four primary categories of stakeholders, i.e. university, pre-university, industry and the 

wider community across various regions within the European Union, which included the partner 
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countries collaborating with TRANSIT. The primary objective was to gather insights to 

comprehensively review the current educational landscape through the assessment of pedagogical 

approaches employed, course alignment with EU practices and align the learning from Task 3.2 and 

Task 3.3 to identify areas for improvement in the curricula in terms of 

o Assessment of pedagogical approaches: The surveys sought to assess the pedagogical 

approaches adopted in energy sustainability programmes. This involved investigating 

whether these programs predominantly followed a theoretical, classroom-based approach 

or embraced interactive, hands-on training. This evaluation of teaching methods was crucial 

in gauging the effectiveness of current approaches and uncovering opportunities to bolster 

student engagement and practical learning experiences. 

o Alignment with European Union policies and recommendations: The surveys aimed to 

evaluate the extent to which industry practices are aligned with European Union policies and 

recommendations in RE and sustainability. By delving into industries' perspectives and 

operational strategies, the surveys aimed to shed light on the convergence between 

educational programs and their real-world applications, thus contributing to bridging the 

skills gap between academia and industry. 

o Areas and competencies that require further development: The surveys sought to identify 

specific areas and competencies that require further development through additional 

training and education within diverse sectors, including industry, university, pre-university 

and the wider community. By understanding various sectors' distinctive needs and 

requirements, educational programmes could be tailored to equip individuals with the 

required knowledge and skills to address emerging challenges and actively contribute to the 

ongoing transition toward sustainable energy practices. 

The surveys received responses from 449 individuals (from 166 institutions) in TRANSIT partner 

countries, including North Macedonia, the UK, Spain, Serbia, Malta, Croatia, Cyprus, and 

Montenegro. It is worth noting that, while analysing the survey responses of individuals from each 

institution, it became apparent that there was some diversity in the individual responses. However, 

despite this diversity, it was possible to determine an aggregated institutional response by identifying 

most individual responses. Subsequently, the aggregated country response was determined by 

identifying most institutional responses.  For instance, 2 out of 3 individual respondents from The 

University of Manchester agreed with the statement, “Students enrolling in university education lack 

prior knowledge in renewable energy sources and energy sustainability”; therefore, the aggregated 

response from The University of Manchester was determined as "Agree." Subsequently, the 

aggregated response of all 5 UK universities was determined as “Agree”; therefore, the aggregated 

response from the UK university sector was determined as "Agree."  
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The key barriers to LCT adoption and areas of improvement in TRANSIT partner countries are 

summarised below for each stakeholder:  

1. University 

o All partner countries unanimously affirmed the presence of undergraduate and 

postgraduate programs in (Sustainable) Electric Power Systems Engineering within their 

universities. Except for Montenegro, all partners indicated the provision of Energy 

Efficiency and Renewable and Sustainable Energy programs. In the case of Environmental 

Sciences, all countries, except Cyprus and Montenegro, reported offering both 

undergraduate and postgraduate programs. This consistent commitment across partner 

nations highlights a collective dedication to providing comprehensive education in fields 

crucial to sustainable development. 

o In all partner countries, excluding Serbia and Montenegro, a decline in the enrolment of 

students in undergraduate programs related to sustainable energy has been observed 

over the past decade. In the case of postgraduate programs, apart from North 

Macedonia and Malta, a steady rise in the enrolment of students over the same period 

was observed in all partner countries. This discrepancy in undergraduate and 

postgraduate enrolment patterns highlights varying interest levels and engagement in 

sustainable energy education at different academic levels. 

o Spain and Cyprus reported that fewer than 10% of students annually enrol in 

undergraduate programs focusing on sustainable energy. In contrast, Montenegro 

indicated a higher 30-50% range, while other nations fell within the 10-30% range. 

Similarly, in postgraduate programs, Spain, Cyprus, and Malta disclosed that less than 

10% of students engage in sustainable energy studies yearly. Montenegro, conversely, 

reported a higher enrolment percentage of 30-50%, while the remaining countries cited 

figures within the 10-30% range. This discrepancy in enrolment patterns highlights 

variations in the emphasis placed on sustainable energy education across partner 

countries. 

o Apart from Croatia, all partner countries reported that students typically enrol in courses 

related to sustainable energy later in their undergraduate programs. The delayed 

interest in sustainable energy coursework suggests a need for further exploration into 

the factors influencing this trend. Identifying and understanding these factors can 

contribute to developing targeted strategies to promote early engagement and interest 

in sustainable energy education [26]. 

o All partner countries reported that students entering university education often lack 

foundational knowledge regarding renewable energy sources and energy sustainability. 
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This collective acknowledgement emphasises a common recognition of the gap in the 

preparedness of incoming students across the partner countries.  

o All partner countries reported the presence of a solar energy demonstration site or 

laboratory on their university premises. Concerning Wind turbines, Storage technologies, 

and Electrical Vehicle technologies, all partner countries except Montenegro indicated 

having similar facilities. This suggests a consistent emphasis on practical exposure of 

students to sustainable energy across the partner countries.  

o Across all partner countries, various approaches are employed to deliver course material 

on sustainable energy topics. The predominant methods include the standard classroom 

approach, problem-based learning, computer simulation tools, industrial visits, and 

active learning. Notably, Spain stands out as the sole country utilising remote labs to 

deliver sustainable energy course material. Virtual labs are commonly employed by all 

partner countries except Croatia and Cyprus. Additionally, interactive notebooks are 

consistently used in North Macedonia, the United Kingdom, Spain, and Cyprus. This 

diversity in instructional approaches reflects a rigorous effort to engage students through 

versatile and effective methods in disseminating sustainable energy education. 

o North Macedonia, Serbia, Malta, CroaƟa, Cyprus, and Montenegro have reported acƟve 

engagement in organising or parƟcipaƟng in outreach acƟviƟes focused on renewable 

and sustainable energy specifically tailored for pre-university students. Except for Malta, 

all partner countries conveyed similar efforts concerning outreach acƟviƟes targeƟng 

industry professionals, policymakers, and the wider community. This highlights a 

collaboraƟve commitment among the partner naƟons to educate and involve diverse 

stakeholders, highlighƟng a shared dedicaƟon to culƟvaƟng awareness of renewable and 

sustainable energy pracƟces. 

o Respondents across all partner countries express a keen interest in future parƟcipaƟon 

in surveys, quesƟonnaires, and focus groups. Simultaneously, a unanimous consensus is 

observed across respondent countries regarding their enthusiasm for receiving training 

and lectures from TRANSIT consorƟum partners. The idenƟfied areas of interest for these 

sessions include integraƟng sustainable technology in power systems, power system 

planning and operaƟon under energy transiƟon, power system dynamics, stability, 

control, and power quality in the context of renewable energy sources. Furthermore, 

respondents are eager to delve into topics related to offline and real-Ɵme simulaƟon 

tools for power system analysis. 

o In the context of undergraduate and postgraduate courses, the partner countries 

uniformly addressed certain key topics within their respective departments. Specifically, 
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Renewable and Sustainable Energy, as well as Energy Storage Technologies, were 

reported by all partner countries. Energy Efficiency, Electric Vehicle (EV) Technology, 

Environmental Sciences, and Circularity were identified by all countries except 

Montenegro. Multi-energy systems and district heating, along with demand-side 

management, were reported by all countries except Montenegro and Malta. This 

indicates a broad alignment among partner countries in the coverage of fundamental 

subjects, emphasising a shared emphasis on key aspects of energy and environmental 

studies.  

2. Industry 

o In all partner countries surveyed, respondents uniformly emphasised the significance 

their companies place on the conƟnuous professional educaƟon of employees in 

renewable and sustainable energy. This shared senƟment highlights a common 

recogniƟon among respondents regarding the vital role that ongoing educaƟon plays in 

ensuring that employees remain well-versed and updated in the dynamic field of 

renewable and sustainable energy. The consistency of this viewpoint across diverse 

partner countries highlights a collecƟve commitment to culƟvaƟng a knowledgeable and 

skilled workforce capable of navigaƟng the complexiƟes of the evolving energy 

landscape. 

o In all partner countries, respondents consistently expressed their company's keen 

interest in establishing collaboraƟve ventures with academic insƟtuƟons to facilitate 

training and conƟnuous educaƟon programs in sustainable energy technologies for their 

employees. This unanimous senƟment highlights a shared recogniƟon among 

respondents across diverse regions that forging collaboraƟve Ɵes with academia is 

perceived as a valuable strategy to enhance the skills and knowledge of their workforce 

in sustainable energy technologies. This collaboraƟve intent reflects a commitment to 

culƟvaƟng ongoing educaƟon within the workforce, aligning with the dynamic landscape 

of sustainable energy and acknowledging the pivotal role academia can play in this 

mutual pursuit. 

o Survey respondents from all partner countries uniformly idenƟfied crucial topics relevant 

to company operaƟons. However, a consistent theme emerged across responses: 

employees lack a robust understanding of key subjects. These topics include energy 

efficiency, renewable and sustainable energy, environmental sciences, energy storage 

technologies, mulƟ-energy systems and district heaƟng, demand-side management, and 

circularity. The consensus on the relevance of these subjects highlights a collecƟve 

acknowledgement of their importance, underscoring the criƟcal need for targeted 
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educaƟonal iniƟaƟves to enhance employee comprehension and proficiency in these vital 

areas. 

o Respondents from all partner countries, apart from Serbia and Montenegro, indicated 

that their respecƟve companies have internal policies focusing on sustainability and 

circularity. This highlights a shared recogniƟon among parƟcipants from diverse naƟons 

regarding integraƟng sustainable and circular pracƟces within organisaƟonal frameworks. 

However, the absence of such policies in Serbia and Montenegro suggests a potenƟal 

area for further invesƟgaƟon, requiring aƩenƟon to understand the contextual factors 

influencing sustainability iniƟaƟves in these regions. 

o In integrating sustainable practices into day-to-day business operations, there are 

notable variations among respondent companies across partner countries. Except for 

Serbia and Croatia, respondents from all partner countries reported implementing 

renewable energy for self-consumption. Similarly, a consensus was observed, excluding 

Montenegro, regarding adopting Reducing/Reusing/Recycling practices. Smart lighting, 

on the other hand, found great favour, except for Croatia, Cyprus, and Montenegro. 

Interestingly, only companies in North Macedonia reported the implementation of smart 

heating in their day-to-day operations. Moreover, North Macedonia, Malta, and Croatia 

exclusively mentioned the adoption of energy-efficient facades and windows. These 

diverse responses highlight the varied degrees of adoption of sustainable practices, 

reflecting businesses' specific contexts and priorities in different partner countries. 

o All respondents expressed a keen interest in parƟcipaƟng in future acƟviƟes, including 

surveys/quesƟonnaires, focus groups, and internships. Their willingness to engage 

demonstrates a proacƟve stance toward contribuƟng to various research methodologies 

and pracƟcal experiences. This enthusiasm signifies a valuable resource for future 

iniƟaƟves and highlights the potenƟal for robust collaboraƟon in surveys, insighƞul focus 

group discussions, and hands-on learning experiences through internships. The 

alignment of respondent preferences with diverse engagement methods suggests a rich 

pool of parƟcipants eager to contribute to research endeavours and further strengthens 

the foundaƟon for comprehensive and meaningful future involvement. 

o Apart from Serbia, all partner countries uniformly expressed a consensus regarding the 

readiness of graduate students upon compleƟon of their studies. The shared perspecƟve 

is that these students while possessing academic qualificaƟons, do not consistently 

exhibit all the requisite technical skills immediately upon graduaƟon. 

o Consensus among all partner countries highlights a shared concern: graduate students 

lack the requisite knowledge in sustainability and circularity that could prove 
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advantageous for their respecƟve organisaƟons. This collecƟve agreement highlights the 

need for intervenƟons to enhance the sustainability-related educaƟonal components, 

ensuring that graduate students have the essenƟal knowledge and skills to contribute 

effecƟvely to organisaƟonal goals in these criƟcal areas. 

o Consensus was reached among all partner countries, highlighƟng a shared concern 

regarding the deficiency in hands-on and pracƟcal skills among graduate students 

immediately upon graduaƟon. 

o In four of the eight partner countries—specifically, North Macedonia, the United 

Kingdom, Spain, and Serbia—there is unanimous agreement that graduate students 

demonstrate a seamless ability to apply theoreƟcal knowledge to pracƟcal, day-to-day 

scenarios. This consensus among the partner countries highlights the effecƟveness of 

graduate educaƟon in enabling students to bridge the gap between theoreƟcal 

understanding and real-world applicaƟon. It suggests a shared recogniƟon of the pracƟcal 

understanding that graduate students acquire, emphasising the value of their educaƟon 

in facilitaƟng a smooth transiƟon from theory to pracƟcal implementaƟon. 

o Apart from the UK and Montenegro, all partner countries agree on the challenging 

transiƟon of graduate students from academia to industry. It is widely acknowledged that 

these individuals oŌen face difficulƟes seamlessly integraƟng into the industrial 

workforce and making immediate contribuƟons to the organisaƟons they join. This 

collecƟve understanding highlights a common concern among partner countries 

regarding the effecƟveness of the current pathways for graduates entering the 

professional sphere. Addressing this challenge requires a collaboraƟve effort to enhance 

the alignment between academic training and industry expectaƟons, culƟvaƟng a 

smoother and more impacƞul transiƟon for graduate students across partner countries. 

3. Pre-University 

o Apart from Cyprus, all partner countries affirm that their curricula encompass critical 

topics such as energy efficiency, renewable and sustainable energy, environmental 

sciences, and energy storage technologies. Furthermore, North Macedonia, Spain, Serbia, 

and Montenegro specifically include multi-energy systems and district heating in their 

educational frameworks. Demand-side management finds inclusion only in Spain's 

curriculum, while Spain and Montenegro emphasise circularity. 

o Regarding practical aspects, Montenegro and Serbia lack hands-on workshops and guest 

lectures on renewable and sustainable energy. In contrast, North Macedonia, Spain, and 

Montenegro report a lack of guest lectures only. 
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o The instructional methodologies employed in partner countries exhibit a comprehensive 

approach. All countries, without exception, utilise standard classroom instruction, 

inverted classroom approaches, problem-based learning, and active learning labs for 

delivering course material on sustainable energy topics. However, the integration of 

remote labs is acknowledged by North Macedonia and Montenegro, while the use of 

interactive notebooks remains unreported. 

o The availability of demonstration sites or laboratories dedicated to renewable and 

sustainable energy sources is confirmed by all partner countries, excluding Spain, Malta, 

and Montenegro. These facilities encompass solar, electric vehicle technologies, and wind 

energy applications. 

o A shared challenge among all partner countries, apart from Spain, Malta, and 

Montenegro, pertains to the inadequacy of supplementary hardware and software in 

delivering courses on renewable and sustainable energy, energy efficiency, or climate 

science. 

o An interesting revelation is the self-assessment of knowledge levels among partner 

countries. More than half of the surveyed nations rate their knowledge below three on 

a scale ranging from 1 (I know very little) to 5 (I am very knowledgeable) in topics such 

as multi-energy systems and district heating, demand-side management, and circularity. 

o The partner countries express dissatisfaction with the representation of certain topics in 

their existing school curricula. More than half of the partner countries rate the inclusion 

of energy storage technologies, multi-energy systems and district heating, demand-side 

management, and circularity below three on a scale from 1 (I know very little) to 5 (I am 

very knowledgeable). 

4. Wider community 

The survey results for the wider community reveal key insights into perceptions and practices 

related to sustainable energy practices. These findings highlight the diverse attitudes, 

barriers, and motivations that shape individuals' engagement with sustainable practices, 

offering valuable insights for targeted interventions and educational campaigns. 

o A significant 66% of respondents do not currently utilise renewable energy for self-

consumption in their daily lives, with a lower but noteworthy 23% stating the same 

for solar energy. 

o The majority, 76%, implement home energy efficiency through 

Reducing/Reusing/Recycling. However, a lower percentage engages in specific 
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measures, such as 38% for energy-efficient facades and windows, 29% for smart 

heating, and 22% for smart lighting. 

o A considerable 65% identify high costs as a barrier to implementing sustainable 

practices, while 30% cite a lack of actionable information, and 20% find complexity 

to be hindering. 

o When motivated to implement sustainable practices, 45% of respondents prioritise 

reducing energy bills. Other motivations include contributing to environmental 

sustainability (23%), ensuring a better world for future generations (25%), and 

seeking more independence from utility companies (8%). 

o The majority, 80%, demonstrate awareness of or familiarity with concepts such as 

energy efficiency, renewable and sustainable energy, environmental sciences, and 

energy storage technologies. However, a lower percentage, 30%, is familiar with 

more advanced concepts like multi-energy systems and district heating, demand-

side management, and circularity. 

o A notable 60% are willing to engage in community activities to learn about 

sustainable practices daily. 

o Regarding information sources, 75% express trust in books and formal education 

systems, while only 27% trust news and TV, friends and family, and local community 

groups. Social media is the least trusted, with only 14% expressing confidence. 

o A substantial 63% indicate interest in getting involved with future TRANSIT 

Surveys/Questionnaires, while 35% express interest in focus groups. 

o Finally, 54% express interest in receiving information or guidance on topics such as 

understanding the benefits of becoming an active energy consumer and the design 

of small power plants, such as solar PV. 

Section 2 conducted a systematic analysis of the literature and surveys to pinpoint critical gaps and 

areas requiring improvement in the education of LCTs and sustainability. The insights derived from 

this analysis form the foundation for the subsequent section. Section 3 will discuss a roadmap 

outlining strategies for improving education, re-training, and community engagement, specifically 

focusing on the seamless integration of LCTs, sustainability principles, and circularity within these 

domains. 
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3.  Roadmap for Enhanced Adoption 

This section provides a roadmap for education, re-training, and community engagement associated 

with LCT integration, sustainability, and circularity principles.  

First, a bibliometric analysis was performed to identify the most noteworthy keywords in academic 

publications available in the Scopus database. Bibliometric analysis for keyword analysis involves 

quantitatively examining patterns and trends within a collection of bibliographic data [27]. It is a 

method to assess the frequency, distribution, and relationships of keywords or terms within 

academic publications. This type of analysis is particularly useful for understanding the intellectual 

structure of a research field, identifying emerging trends, and evaluating the impact of specific 

keywords or topics. 

The bibliometric analysis focussed on a specific time frame, specifically the recent 5-year period from 

2018 to 2023. This methodological approach provided a systematic foundation for understanding 

and capturing the prevalent themes and topics within the education and training domain in LCTs. The 

primary keywords that emerged as significant through this analysis cover the areas of curriculum 

development, faculty development, student learning, workforce development, higher education, 

laboratories, and e-learning, as visually represented in Figure 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Bibliometric analysis: emerging trends within education and training in LCTs 
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The roadmap for the focus areas within education and training in LCTs draws from the survey 

findings, literature review and bibliometric analysis. The roadmap encompasses five key areas: 

curriculum development, faculty development, investment in infrastructure and laboratories, 

collaboration with industry partners and policy engagement, as summarised in Figure 3. Each of these 

areas is discussed in detail in the following subsections. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. An overview of the roadmap for education, re-training and community engagement in LCTs 

•A diversified approach to LCTs
•Staying up-to-date with rapid advancements
•Sustainability in a global context
•Critical thinking and problem-solving
•Gender diversity and inclusion
•Flexible learning options

Curriculum development

•Technical proficiency
•Access to current knowledge
•Interdisciplinary collaboration
•Practical hands-on experience
•Innovative pedagogy

Faculty development

•Facilitating innovative research
•Education and training
•Innovation in materials and processes
•Testing and validation
•Multi-disciplinary programs
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laboratories

•Real-world perspective and workforce development
•Staying up-to-date with industry trends
•Problem-solving and critical thinking
•Networking and career opportunities
•Relevance of curriculum

Industry partnerships
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•Educating future policymakers
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3.1.  Curriculum Development 

Curriculum development shapes the educational landscape for students who aspire to engage 

effectively with LCTs. It enables a multifaceted and dynamic approach to LCTs, ensuring that students 

are well-informed and equipped with the skills and mindset needed to contribute to a sustainable 

future. This approach resonates with the evolving nature of LCTs and the ever-pressing need to 

address global sustainability challenges [28]. 

Curriculum development, as an indispensable tool in preparing students to engage with LCTs 

effectively, involves several critical dimensions: 

1. A diversified approach to LCTs: In the coming years, a diversified approach should be 

achieved through curriculum development. Curriculum development could be pivotal in 

enabling academic institutions to design programs encompassing various subjects related to 

LCTs, including engineering, environmental science, economics, policy, and ethics. This 

holistic approach should mirror the interdisciplinary nature of LCTs, which could increasingly 

necessitate the integration of various fields for a comprehensive understanding and effective 

application.  

Educational programs should be structured to prepare students for the evolving landscape 

of LCTs, equipping them with the knowledge and skills to address the complex challenges of 

a sustainable future. By incorporating diverse disciplines into the curriculum, institutions 

should facilitate a well-rounded education that fosters innovation and encourages students 

to think critically about the interconnectedness of LCTs within the global context. This 

forward-looking approach to curriculum development should empower the next generation 

to lead in developing and implementing low-carbon technologies, contributing to a more 

sustainable and resilient future. 

2. Staying up to date with rapid advancements: The field of LCTs is marked by an ongoing and 

rapid evolution, driven by advancements and innovations in technology, environmental 

awareness, and sustainable practices. In this dynamic landscape, educational institutions 

must lead by developing relevant and labour-responsive curricula. Curriculum development 

can play a pivotal role in ensuring that these institutions keep pace with the latest 

developments in LCTs. 

Agile curricula should serve as a mechanism for educational programs to continually adapt 

and incorporate the latest technological breakthroughs. They should be designed to 

accommodate emerging case studies and sustainability practices, reflecting the field's most 

current and cutting-edge aspects. By embracing an agile approach, educational institutions 

can not only equip students with up-to-date knowledge but also offer graduates a 
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competitive edge towards solving immediate and future challenges in the domains of LCTs, 

sustainability, and circularity.  

The significance of this approach lies in its capacity to bridge the gap between theory and 

practice. Graduates exposed to the practical applications of LCTs will be better prepared to 

apply their knowledge to real-world scenarios. There should be increased engagement 

between educational institutions and industry to develop training and internship 

programmes, which can be offered to students during their college or university years. This 

reciprocal involvement will align academic learning with industry needs and provide students 

with practical experience. Through such initiatives, educational institutions can contribute to 

producing graduates with industry-relevant skills while industries gain access to a pool of 

well-prepared individuals.  

Furthermore, by continually infusing the curriculum with current content, educational 

programs can contribute to the broader goal of nurturing a workforce that can drive 

innovation and sustainable practices. Graduates can become valuable assets to industries, 

organisations, and research endeavours as they become well-versed in the latest 

developments and equipped to push the boundaries of LCTs. In essence, they become 

integral to shaping the future of sustainability. 

3. Sustainability in a global context: LCTs will continue to have profound global implications, 

underscoring the necessity to understand sustainability from an international perspective 

[29]. Curriculum development should play a pivotal role in this context, as it can facilitate the 

incorporation of global case studies and collaborative projects. This will enable students to 

appreciate the cross-border dimensions of sustainable technology solutions. Furthermore, 

curriculum development can promote a global mindset, which will be critical for addressing 

worldwide environmental challenges in the future.  

Educational programs should evolve to reflect the interconnected nature of global 

sustainability issues. They should integrate case studies and projects from various regions, 

allowing students to understand how sustainability challenges and LCT solutions differ and 

converge across borders. This approach will equip future generations with the knowledge 

and skills to work on global challenges effectively. In the coming years, the emphasis on a 

global perspective within sustainability education will be instrumental in fostering 

cooperation and innovation on an international scale. It will prepare students to collaborate 

with diverse teams, navigate international policies, and develop solutions that transcend 

geographical boundaries, thus contributing to a more sustainable and resilient future for the 

planet. 
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4. Critical thinking and problem-solving: An effectively developed curriculum should 

emphasise critical thinking and problem-solving skills. LCTs often present intricate 

challenges, and curriculum development should foster an environment where students 

should be encouraged to analyse, evaluate, and innovate in pursuing sustainable solutions. 

This will equip them with the capacity to tackle complex, real-world problems. The 

curriculum design should enhance critical thinking skills in this future educational landscape. 

Students should be challenged to approach LCTs critically, asking questions and seeking 

deeper understanding. They should learn to deconstruct complex issues, dissecting them into 

manageable components to comprehend the underlying principles and intricacies.  

Problem-solving should be a central theme in the curriculum. Students should be guided in 

systematically addressing the challenges posed by LCTs. They should develop a repertoire of 

problem-solving techniques, learn to identify problems, generate creative solutions, and 

make informed decisions. Moreover, the curriculum's focus on innovation should encourage 

students to think outside the box. They should be inspired to explore novel ideas and 

concepts, fostering a culture of creativity and ingenuity. This innovative mindset should be a 

valuable asset in the context of low-carbon technologies, where the need for groundbreaking 

solutions should be paramount.  

As students engage with this curriculum, they will gain theoretical knowledge and practical 

experience. They will apply their critical thinking and problem-solving skills to real-world 

scenarios, tackling intricate sustainability challenges posed by LCTs. This hands-on approach 

will bridge the gap between theory and practice, preparing students to address problems 

they may encounter in their future careers.  

5.  Gender diversity and inclusion: Incorporating gender diversity and inclusion into the 

curriculum for LCTs will be vital to fostering a more equitable and inclusive environment in 

the field. Recognising that diverse perspectives contribute to innovation and problem-

solving, curriculum developers should ensure that LCT programs actively address gender 

imbalances. This involves incorporating case studies highlighting women's contributions in 

LCTs, integrating gender-sensitive language in instructional materials, and promoting 

inclusive examples that resonate with diverse audiences. Furthermore, curricula should 

encourage an inclusive learning environment, acknowledging the underrepresentation of 

women in STEM fields and providing mentorship opportunities. By intentionally integrating 

gender diversity into LCT curricula, educational institutions can empower students to 

challenge stereotypes, promote inclusivity, and ultimately contribute to a more diverse and 

thriving workforce in the LCT sector. 
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6.  Flexible learning options: Flexible learning options can play a pivotal role in equipping 

individuals with the knowledge and skills required for engaging with LCTs across diverse 

sectors. For example, lifelong Learning programs offer continuous educational opportunities, 

ensuring professionals stay abreast of evolving LCT advancements. Vocational and 

Educational Training (VET) programs provide practical, hands-on skills, nurturing a workforce 

capable of implementing LCTs effectively. Community Education initiatives create awareness 

and empower communities to embrace sustainable technologies. Entrepreneurship and 

business schools contribute by nurturing innovators who can develop and drive the adoption 

of LCTs in the market. Together, these flexible learning options form a comprehensive 

framework, ensuring a dynamic workforce capable of navigating the complexities of a future 

driven by sustainability and circularity principles. 

3.2.  Faculty Development 

The significance of well-prepared faculty members in education and training cannot be overstated, 

particularly in fields as dynamic and critical as LCTs considering sustainability and circularity 

principles. The preparation and expertise of faculty play an indispensable role in shaping students' 

educational experiences and research endeavours. This is particularly pertinent as LCTs are at the 

forefront of addressing contemporary global challenges, such as climate change and resource 

sustainability. 

Faculty members are the primary agents of knowledge dissemination in educational institutions. 

Their role encompasses the delivery of established principles and theories and the cultivation of 

critical thinking, problem-solving skills, and innovation among students. In LCTs, where rapid 

advancements and complex interdisciplinary interactions mark the terrain, the role of faculty takes 

on added significance. Well-prepared faculty can catalyse groundbreaking research and innovative 

solutions in LCTs. Their competence will not only nurture the next generation of professionals in the 

field but will also contribute to the growth of cutting-edge technologies. This, in turn, will have 

broader implications for addressing global challenges related to climate change, energy 

sustainability, and resource management. Faculty preparedness in LCTs involves several critical 

dimensions: 

1.  Technical proficiency: Faculty members should be expected to possess a profound 

understanding of the technical underpinnings of LCTs, which will continue to encompass a 

diverse range of fields, including renewable energy systems, energy storage, energy 

efficiency, sustainable materials, and circular economy principles. This heightened breadth 

of knowledge will be essential for faculty to transmit knowledge to students effectively. As 

advancements in renewable energy systems progress, faculty must stay updated with the 

latest developments in solar, wind, hydro, and other clean energy sources. They will teach 
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students about cutting-edge technologies and their practical applications in the context of a 

low-carbon future [30]. 

Energy storage, an area anticipated to experience significant growth, will require faculty to 

understand emerging technologies like advanced batteries, thermal storage, and grid-scale 

energy storage solutions. Technical proficiency in this area will enable faculty to educate 

students on the importance of efficient energy storage in balancing variable energy sources 

and ensuring a stable energy supply. Faculty can play a pivotal role in energy efficiency by 

guiding students toward innovative practices that reduce energy consumption in various 

sectors, from building design to industrial processes. Faculty can impart knowledge about 

energy-efficient technologies, such as smart appliances and building management systems, 

emphasising their role in conserving energy resources. 

Sustainable materials will continue to gain prominence as society moves towards circular 

economy principles [31]. Faculty members must deeply understand materials science, 

recycling processes, and sustainable material sourcing. They can educate students about the 

ecological and economic advantages of adopting circularity practices, such as reducing waste 

and extending the lifespan of products and materials. In the future, faculty should be 

educators and facilitators of sustainability and circularity. Their comprehensive knowledge 

of LCTs will empower them to inspire and guide students, preparing the next generation to 

tackle the pressing global challenges of climate change and resource scarcity. Through this 

forward-looking approach, faculty should nurture a new cohort of professionals equipped to 

contribute to a more sustainable and low-carbon future [28]. 

2. Access to current knowledge: Given the swiftly evolving nature of LCTs, faculty must stay 

current with the latest research, developments, and emerging technologies in the field. 

Continuous professional development of faculty will be pivotal in ensuring that students are 

exposed to the most up-to-date information. Faculty should adopt a proactive approach by 

participating in ongoing training programs to keep them well-versed in LCTs' latest trends, 

research, and technological advancements. These programs should be curated to provide 

insights into cutting-edge developments. 

Faculty should actively research and foster collaborations with industry experts and research 

organisations [32]. They should contribute to and benefit from a dynamic network of 

professionals committed to pushing the boundaries of knowledge in LCTs. As LCTs evolve, 

faculty should integrate emerging technologies into their teaching methods. This should 

include incorporating real-world case studies and practical applications of the most recent 

innovations within the curriculum. Faculty should regularly update their teaching materials 

to ensure that students can access the most current information. This includes revising 

course content, incorporating new readings, and updating lecture materials to reflect the 
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latest breakthroughs. Faculty should act as mentors and guides for students, helping them 

navigate the rapidly changing landscape of LCTs. They should encourage independent 

research and critical thinking, fostering a culture of curiosity and adaptability. 

Recognising that advancements in LCTs often require interdisciplinary knowledge, faculty 

should engage in collaborative projects with colleagues from various fields. They should work 

together to address complex challenges and expose students to a holistic view of 

sustainability and circularity principles. Faculty should proactively attend conferences, 

workshops, and seminars related to LCTs. These events should serve as platforms for 

networking, knowledge exchange, and exposure to the most recent research findings.  

Faculty should contribute to the body of knowledge by publishing research findings, 

participating in panel discussions, and disseminating their expertise through academic 

publications and public forums. This will ensure that their insights are accessible to a wider 

audience. 

Recognising the interconnected nature of LCTs and government policies, faculty should stay 

informed about environmental regulations and policy changes. This knowledge should be 

integrated into coursework to provide students with a well-rounded education. Faculty 

should react to current developments and anticipate future trends in LCTs, considering 

sustainability and circularity principles. They should prepare students to be forward-thinkers 

and early adopters of emerging solutions, empowering them to be industry leaders [26]. 

3.  Interdisciplinary collaboration: LCTs and sustainability inherently demand interdisciplinary 

collaboration, necessitating a shift in faculty preparedness. Beyond siloed expertise, 

educators should be able to bridge various disciplines, including engineering, environmental 

science, economics, policy, and social sciences. This broader expertise fosters a holistic 

understanding of LCTs, which is essential for addressing complex challenges related to 

sustainability, circularity, climate change, and the transition to low-carbon economies. In 

preparing for this interdisciplinary future, educational institutions must evolve. Cross-

curricular initiatives and collaborative projects should be implemented, bringing together 

faculty members from diverse backgrounds to teach and research LCT-related topics jointly. 

Breaking disciplinary barriers is imperative to foster interdisciplinary learning, drawing 

connections that lead to new explorations of knowledge, innovation, and skills development. 

These initiatives promise to provide students with a rich, comprehensive educational 

experience. 

Faculty members should undergo training and development to equip themselves with the 

skills and knowledge necessary to transcend traditional academic boundaries. They should 

actively bridge the gap between traditionally distinct fields of study. They should be able to 

connect the dots between engineering, environmental science, economics, policy, and social 
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sciences. They should be able to emphasise the interconnectedness of LCTs with 

environmental, economic, political, and societal contexts, providing students with a 

comprehensive perspective on the implications and potential of LCTs. 

Faculty members should adopt learner-centred approaches to encourage students to explore 

LCTs from various angles. This will empower students to develop critical thinking and 

problem-solving skills for addressing real-world, multidisciplinary challenges. Faculty 

members should equip students with the knowledge and skills to engage in policy and 

decision-making processes shaping LCTs' future. This includes understanding LCT adoption's 

economic and social implications and advocating for sustainable and circular policies. 

3. Practical hands-on experience: Faculty engagement in practical applications of LCTs will offer 

students invaluable insights into real-world challenges and opportunities. Practical 

experience will enable faculty to relate theoretical knowledge to concrete issues and 

solutions. Faculty members should integrate real-world problems and case studies into their 

teaching methodologies. They should also actively involve students in hands-on projects. This 

approach will enable students to apply theoretical knowledge to real-world challenges, 

encouraging critical thinking and problem-solving skills. These practical experiences should 

become an integral part of the curriculum, enabling students to gain practical knowledge and 

skills in addition to theoretical learning. 

Educational institutions should foster stronger partnerships with industry players involved in 

LCTs. Faculty should engage with these partners to develop research projects that address 

current industry challenges, allowing students to work on projects with direct practical 

relevance. Students should be provided with more experiential learning opportunities [33], 

such as internships, co-op programs, and field visits, which will expose students to real-world 

applications of LCTs. Faculty will guide students through these experiences, offering 

mentorship and support. 

Faculty-led research projects should explore emerging trends in LCTs, such as energy 

efficiency and sustainable design. Faculty should encourage the early involvement of 

students in research through the initiation of small-scale research projects [26]. Faculty 

members should continue to publish their research findings in academic journals and present 

at conferences, contributing to the body of knowledge in LCTs. Students should be given 

more opportunities to co-author papers and participate in academic events. 

Faculty should engage with policymakers and regulatory bodies to address the evolving 

landscape of LCTs, considering sustainability and circularity principles. This involvement will 

expose students to LCT adoption and implementation policy aspects. Collaborative efforts 

with international institutions and research centres should expand, exposing students to 

global best practices and diverse perspectives. 
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4. Innovative pedagogy: Effective teaching in LCTs demands innovative pedagogical 

approaches that engage students, promote critical thinking, and encourage creativity [34]. 

Faculty members should be well-versed in pedagogical techniques catering to the 

complexities of LCT-related topics. They should utilise various teaching methods, such as 

problem-based learning, flipped classrooms, and experiential learning [33], to make the 

learning experience more interactive and engaging for students. Faculty members should 

employ strategies that involve real-world case studies, simulations, and hands-on 

experiments [35]. This active learning approach will foster a deeper connection between 

students and the subject matter, motivating them to enthusiastically explore LCT topics. 

Effective teaching of LCTs should revolve around fostering critical thinking skills. Faculty 

members should design learning activities that challenge students to analyse complex 

scenarios, identify problems, and develop innovative solutions. Through guided discussions, 

educators should encourage students to think critically, make informed decisions, and solve 

complex problems. Educators should encourage students to think outside the box and 

explore new, sustainable solutions to energy and environmental challenges. Students should 

be given opportunities to design their projects, develop prototypes, and participate in 

research exploring innovative applications of low-carbon technologies. 

Teaching and learning should extend beyond the confines of the classroom, finding its place 

within the actual context where knowledge will be applied. Moreover, it should be intricately 

woven into the fabric of the social context [36]. Such an approach can foster a deeper 

understanding, enabling learners to connect theoretical concepts to practical scenarios and 

encouraging a holistic comprehension that extends beyond academic settings into the 

broader societal context. 

To implement these innovative teaching methods effectively, faculty members should 

undergo continuous professional development in pedagogical techniques tailored to LCTs. 

They should attend workshops, conferences, and training sessions to stay updated on the 

latest teaching methodologies. This commitment to ongoing education will ensure educators 

are well-equipped to deliver high-quality LCT education. 

3.3.  Investment in Infrastructure and Laboratories 

Adequate infrastructure and state-of-the-art laboratory facilities are vital for advancing LCTs [37]. 

These facilities are catalysts for research, innovation, education, and training in LCTs, considering 

sustainability and circularity principles. They provide the foundation for hands-on learning and 

empirical research. They offer a dynamic environment where students, researchers, and practitioners 

can collectively contribute to developing and deploying transformative low-carbon solutions. 

Investment in infrastructure and laboratories in LCTs involves several critical dimensions: 
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1. Facilitating innovative research: Well-equipped laboratory facilities are fundamental in 

promoting innovation and research in LCTs. Researchers can design, test, and prototype 

emerging technologies within controlled laboratory environments, ranging from renewable 

energy systems to energy-efficient materials. The laboratory acts as a crucible for 

experimentation, enabling the development and refinement of LCTs[38]. 

Laboratories should be equipped with cutting-edge instruments and tools, enabling 

researchers to delve into the intricacies of LCTs with precision and accuracy. They should be 

furnished with specialised equipment for conducting experiments on energy generation, 

storage, and utilisation and developing sustainable materials and systems. Laboratories 

should facilitate interdisciplinary collaboration, bringing together experts from various fields, 

including physics, engineering, and environmental science. Such collaborations will be the 

driving force behind the creation of innovative solutions that are not only highly efficient but 

also environmentally friendly. 

Laboratory facilities should continue to evolve, incorporating the latest advancements in 

technology and scientific understanding, e.g. online [39], remote and cross-reality [35] 

laboratories. Labs should become hubs for groundbreaking research and development, 

contributing significantly to the ongoing global efforts to mitigate climate change and 

transition towards a more sustainable and low-carbon future. 

2. Education and training: Laboratory facilities provide a dynamic learning environment vital 

for educating the next generation of experts in LCTs. Practical, hands-on experience in these 

facilities allows students to comprehend complex concepts and develop the skills required 

for LCT-related careers. Integrating theory with practice in laboratory settings has been 

recognised as an effective pedagogical approach to sustainability education[28]. Laboratory 

facilities should have the latest technology and equipment, allowing students to engage in 

experiments and projects that mirror real-world scenarios. Furthermore, the curriculum 

should encourage innovation and problem-solving, enabling students to devise solutions to 

the complex challenges posed by LCTs. 

Students can be provided with immersive laboratory environments to explore renewable 

energy sources, experiment with energy-efficient technologies, and develop sustainable 

solutions for various industries. In this manner, they will gain a deep understanding of the 

principles underpinning LCTs and apply this knowledge practically. Laboratory facilities 

should facilitate collaboration between academia and industry, exposing students to the 

latest innovations and promoting an entrepreneurial spirit [38]. The practical experiences 

gained in these labs should empower students to become leaders in LCTs, driving the 

transition to a more sustainable and low-carbon future. 
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3. Innovation in materials and processes: LCTs often require developing novel materials and 

processes. Laboratories provide the ideal setting for the research and experimentation 

necessary to advance these components. For instance, developing advanced photovoltaic 

materials for solar panels necessitates sophisticated laboratories for materials 

characterisation, testing, and optimisation [40]. Laboratories should be equipped with state-

of-the-art instruments and facilities, promoting an environment where scientists and 

researchers can meticulously examine and manipulate materials at the nanoscale. This will 

enable them to design and engineer materials with enhanced properties, pushing the 

boundaries of energy efficiency and sustainability. 

As LCTs will be vital in transitioning to a more sustainable and environmentally friendly 

future, laboratories will become hubs of innovation and discovery. Researchers should 

collaborate on projects to improve the performance, durability, and eco-friendliness of 

materials and processes, all within the controlled and meticulously monitored environment 

of advanced laboratories. 

4. Testing and validation: Laboratory facilities offer a controlled environment for testing and 

validating LCTs. These controlled conditions are critical for assessing technologies' 

performance, efficiency, and reliability, whether in the context of wind turbines, energy 

storage systems, or sustainable building materials [41], [42]. That said, laboratory facilities 

should provide an environment where variables are precisely controlled. This controlled 

setting ensures that experiments and tests are conducted under consistent conditions, 

eliminating external factors that might skew results. 

Laboratories should continue to collect extensive data on the performance of LCTs. 

Researchers should analyse this data to identify areas for improvement. This iterative process 

will lead to developing more efficient and reliable technologies. Advanced laboratory 

facilities should have the capability to simulate real-world conditions accurately. For 

example, wind tunnels in wind turbine research should replicate actual wind patterns, 

allowing for precise assessments of turbine behaviour in various environments. 

Laboratories should play a crucial role in developing innovative materials for LCTs. 

Researchers should explore new compounds, coatings, and composites with enhanced 

properties. These materials should then undergo rigorous testing to meet performance and 

sustainability criteria. Beyond performance and efficiency, laboratories should assess the 

environmental impact of LCTs. This includes analysing the life cycle of products and 

considering factors like resource usage, emissions, and end-of-life disposal. Laboratories 

should perform safety tests on LCTs to ensure they meet safety standards and do not pose 

hazards to users, the environment, or nearby communities. 
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5. Multi-disciplinary programmes: Multi-disciplinary teams can conduct research that bridges 

the fields of engineering, materials science, economics, and policy. Collaboration is essential 

for effective research in LCTs, and multi-disciplinary research programs can serve as the 

epicentre for such cooperation. They provide a physical and intellectual space where experts 

from various domains can converge to share knowledge, exchange ideas, and collectively 

explore the frontiers of sustainable technology. Keeping this in view, educational institutions 

should be provided with infrastructure and equipment that can cater to the diverse needs of 

multi-disciplinary programs. 

Multi-disciplinary research programs can foster a culture of collaboration between experts 

from engineering, materials science, economics, and policy backgrounds. These programs 

can bring together diverse skills and perspectives, enriching the research process and 

contributing to more sustainable solutions. The synergy among different fields of study can 

help address complex challenges that require multifaceted solutions. This collaborative 

approach can lead to breakthroughs in LCTs and sustainable practices. 

Multi-disciplinary programs should strongly emphasise sustainability and circularity to 

minimise the environmental impact of LCTs. Researchers should work together to develop 

solutions that reduce carbon emissions and consider issues like resource efficiency and waste 

reduction. 

3.4.  Industry Partnerships 

Collaboration with industry partners in LCT education provides students with multifaceted 

advantages, ranging from practical skills and a deeper understanding of industry practices to 

networking opportunities and a curriculum well-suited to real-world demands. Such partnerships are 

not only beneficial to students but also contribute to the growth of LCTs, making them an 

indispensable component of modern education in this field. Collaboration with industry partners in 

LCTs involves the following dimensions: 

1. Real-world perspective and workforce development: Collaborating with industry partners 

immerses students in the practical application of LCTs, bridging the gap between theoretical 

knowledge and real-world scenarios. This exposure cultivates a profound understanding of 

the challenges and complexities that the industry faces, preparing students for the workforce 

demands [43]. Such partnerships enable students to gain practical skills directly transferable 

to their future careers. As students engage in these partnerships, they should be exposed to 

a dynamic learning environment to directly apply the concepts and principles acquired in 

their academic studies. 

These collaborations can include internships, co-op programs, industry-sponsored projects, 

or apprenticeships, allowing students to work alongside professionals and actively 
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participate in industry-specific projects. Through these practical experiences, students can 

gain insight into the industry's day-to-day operations and witness first-hand how LCTs are 

employed to address real-world challenges. They can actively contribute to finding solutions, 

optimising processes, and implementing sustainable practices. This hands-on involvement 

[35] enhances their technical skills and fosters problem-solving abilities and a holistic 

understanding of how LCTs integrate into diverse industrial settings. 

These collaborative efforts will strengthen the educational landscape by producing graduates 

who are well-versed in LCT theory and proficient in its practical application. They will be 

poised to enter the workforce as highly skilled and adaptable professionals, ready to drive 

innovation and address the sustainability challenges that lie ahead. 

2. Staying up-to-date with industry trends: LCTs will continue to evolve as rapid technological 

advancements and ever-changing regulatory landscapes drive them. These advancements 

will transform the energy and sustainability sector, creating new opportunities and 

challenges. Industry collaborations will be a crucial conduit for educational institutions to 

stay ahead of the curve and remain well-informed about the latest trends and innovations in 

the field [32]. 

Industry collaborations should be more important in the coming years as technological 

innovation accelerates. These collaborations should infuse academic programs with the most 

current industry knowledge, ensuring students are well-prepared with the latest skills and 

trends. Educational institutions should actively seek partnerships and engagements with 

industry leaders, fostering a dynamic exchange of ideas and expertise. 

Industry partnerships will be instrumental in enhancing the quality of education and driving 

research and innovation. Students should be able to engage in projects and coursework 

directly informed by the latest developments in LCTs. Collaboration between academia and 

industry should be an essential feature of the evolving educational landscape, providing 

students with a competitive edge and promoting a perpetual learning and innovation culture. 

3. Problem-solving and critical thinking: Working closely with industry partners exposes 

students to real-world challenges. This engagement encourages the development of 

problem-solving and critical-thinking abilities. Industry partnerships promote a dynamic 

learning environment, promoting student creativity and adaptability. This learning 

environment will empower students to develop creative problem-solving approaches and 

encourage adaptability in the face of evolving industry demands [28]. As the future unfolds, 

students who have benefited from these partnerships will be better equipped to thrive in an 

ever-changing professional landscape, significantly impacting their careers and the industries 

they enter. 
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As students engage with industry partners, they will confront practical issues and 

complexities encountered in the professional world. This exposure will motivate them to 

think critically and devise innovative solutions to address the challenges in LCTs. 

Furthermore, the close collaboration with industry experts will offer students a unique 

opportunity to apply theoretical knowledge in real-life scenarios, reinforcing their problem-

solving skills and preparing them for the complexities of the future job market. 

4. Networking and career opportunities: Collaborations with industry partners facilitate 

networking opportunities, allowing students to connect with potential employers. These 

connections can be instrumental in securing internships, employment, and research 

opportunities, often leading to direct career pathways for students. The interactions with 

industry professionals will give students invaluable insights into real-world challenges and 

opportunities. Students will gain exposure to hands-on projects guided by industry experts, 

helping them polish their skills and receive practical knowledge beyond traditional classroom 

learning. 

Industrial engagements will deepen understanding of industry expectations, standards, and 

emerging trends. Through their educational institutions, students will have access to cutting-

edge research and development efforts. Students will be well-prepared for the employment 

landscape of the future. They will seamlessly transition from their educational institutions 

into the professional world, benefiting from direct career pathways that align with their 

academic pursuits and interests. 

5. Relevance of curriculum: Academic programs incorporating industry input tend to have 

curricula more aligned with industry requirements. This, in turn, enhances the relevance and 

applicability of students' education, enabling them to address contemporary challenges in 

the LCTs. 

Educational institutions and industries should forge stronger partnerships, laying the 

groundwork for collaborative curricula development and integrating real-world insights. 

Universities and colleges should actively engage with industry experts, inviting them to 

contribute their expertise to program design. These industry professionals can participate in 

curriculum development, sharing the latest trends and best practices. The proposed 

collaboration should extend to the regular review and updating course materials to ensure 

they remain up-to-date. 

This shift towards industry-integrated education will strengthen the bonds between 

educational institutions and the business world. Companies will view these educational 

institutions as valuable partners, providing them with a talent pool requiring less on-the-job 

training. This, in turn, will reduce the gap between academic knowledge and practical skills, 
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ensuring that students are better prepared to tackle contemporary challenges in the LCTs 

sector from day one of their professional careers. 

3.5.  Advocacy and Policy Engagement 

Engagement with policymakers and government agencies is a vital component of a comprehensive 

approach to education that ensures students are well-prepared to address the challenges of LCT 

adoption [28]. These strategies help bridge the gap between theoretical knowledge and practical, 

real-world applications. Policy Engagement in LCTs involves several critical dimensions: 

1. Engaging policymakers and government agencies: The role of policymakers and government 

agencies is central in shaping the regulatory environment for LCT adoption. Engaging with 

these entities is essential in influencing policy decisions, promoting sustainable practices, and 

ensuring a supportive framework for LCTs. That said, stakeholders should actively engage 

with policymakers, including educational institutions, environmental organisations, and 

industry representatives. Stakeholders should seek to advocate for policies that encourage 

the widespread adoption of LCTs. This engagement should include regular dialogues, 

consultations, and the presentation of evidence to demonstrate the benefits of LCTs in 

reducing carbon emissions and fostering sustainability. 

A growing emphasis on sustainability and circularity will drive government agencies to 

collaborate closely with stakeholders in the coming years. Policymakers will increasingly seek 

input from experts and organisations to design regulations favour LCTs with minimal 

environmental impact. This collaboration should focus on crafting policies that reduce carbon 

footprint and align with United Nations sustainable development goals [13]. 

Policymakers should collaborate with businesses and research institutions to gather insights 

on emerging LCT trends and technologies. They should anticipate the need for regulatory 

adjustments to accommodate innovations, such as advanced energy storage systems, 

electric transportation, and sustainable construction materials. 

The regulatory landscape should continuously adapt to accommodate the dynamic nature of 

LCTs. Policymakers should demonstrate flexibility in responding to technological 

advancements and market dynamics. This adaptability will enable them to craft regulations 

that not only set high environmental standards but are also conducive to innovation in the 

LCT sector. 

Government agencies should actively work to provide a supportive framework for adopting 

LCTs. This includes creating incentives, such as tax credits and grants, to encourage 

businesses and individuals to invest in low-carbon technologies. Government bodies should 
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also take measures to streamline permitting processes for LCT projects, reducing 

administrative burdens and promoting their development. 

Government agencies should work towards transparency and accountability in their 

regulatory processes. In the future, stakeholders will expect clear communication and 

reporting on the progress of LCT-related policies and their impact on sustainability. 

Policymakers will take measures to involve the public and stakeholders in developing and 

reviewing these regulations. 

2. Informing policy development: Educational institutions can contribute to evidence-based 

policy development by conducting research and providing data-driven recommendations 

[44]. Educational institutions should continue to initiate and lead research projects in various 

fields, from economics and environmental sciences to social and public health studies. Their 

focus should be on generating comprehensive datasets and in-depth insights. The future 

should see educational institutions harnessing advanced data collection methods, such as big 

data analytics, machine learning, and data mining. These techniques will enable them to 

uncover hidden patterns and trends within large datasets, providing policymakers with 

valuable insights. 

Educational institutions should prioritise conducting policy-relevant research and aligning 

their studies with real-world issues and challenges. This research should be theoretically 

sound, practical, and applicable to developing effective policies. Maintaining their 

commitment to academic integrity, these institutions should ensure that research findings 

are objective and unbiased. This should be achieved through rigorous peer review processes 

and adherence to ethical research standards. 

Educational institutions should employ modern communication channels and technologies 

to reach a wider audience. They should make research findings and recommendations 

accessible to policymakers, government agencies, and the public. Educational institutions 

should expand their focus on assessing the impact of policies and interventions. They should 

conduct longitudinal studies to measure the effectiveness of policies over time, allowing for 

adaptive and evidence-based policymaking. 

As trusted sources of information, educational institutions should take on advisory roles, 

collaborating with governments, non-governmental organisations, and international bodies 

to provide expertise in developing, implementing, and evaluating policies. These institutions 

should also contribute to building the capacity of future policymakers and researchers by 

offering training programs, workshops, and courses that emphasise the importance of 

evidence-based policy development. 
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Educational institutions should continue contributing to policy-making, ensuring that 

credible, research-backed insights inform decisions. Their dedication to conducting high-

quality, data-driven research should be instrumental in addressing pressing global challenges 

and promoting more effective and sustainable policy solutions. 

3. Advocating sustainable practices: Educational institutions should play a pivotal role in 

advocating for sustainable practices and should possess the capacity to influence the design 

of incentives and regulations to encourage the adoption of LCT [45]. 

Educational institutions should actively engage in policy advocacy by conducting in-depth 

research on LCT adoption's environmental, economic, and social benefits. They should work 

collaboratively with governments and regulatory bodies to provide evidence-based insights. 

They should develop innovative policy proposals and recommendations that align with 

emerging LCT trends and technologies. These proposals should focus on promoting the 

growth of LCT industries and ensuring a smooth transition to cleaner and more sustainable 

energy sources. They should forge partnerships with governmental and non-governmental 

organisations (NGOs) and industry stakeholders to create a unified front for sustainable 

policymaking. These collaborations will result in holistic and well-rounded policy 

frameworks. 

Educational institutions should expand their educational initiatives to train the next 

generation of policymakers and leaders in sustainable practices. This includes offering 

courses, seminars, and workshops covering LCT's intricacies and its impact on the 

environment. They should spearhead public awareness campaigns to inform citizens about 

the importance of LCT adoption and how it can contribute to a greener and more sustainable 

future. These campaigns will encourage public support for LCT-related policies. 

Educational institutions should ensure that their policy advocacy aligns with international 

agreements and global agendas, such as the Paris Agreement and the United Nations 

Sustainable Development Goals [13]. This alignment will contribute to a more harmonised 

approach to sustainability. They should recognise the dynamic nature of the energy and 

environmental landscape and emphasise continuous policy adaptation. They should be agile 

in response to emerging challenges and opportunities in the LCT sector. 

4. Educating future policymakers: Interaction with policymakers and government agencies can 

also educate students about the complexities of policymaking and governance, offering 

valuable insights into the intersection of science, technology, and society (Stone, 2013). 

Students should have the opportunity to engage directly with policymakers, gaining first-

hand experience in formulating and implementing policies that address pressing scientific 

and technological challenges. Through this engagement, they should learn how scientific 

advancements and technological innovations intersect with the political and societal 
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landscape. This exposure will allow students to appreciate scientific research's real-world 

implications and the critical role of effective governance. 

Furthermore, students should be able to witness the decision-making processes and the 

intricate dynamics involved in shaping policies that impact society, including the 

environment, healthcare, and innovation. They should observe how policymakers balance 

scientific evidence, public opinion, and economic considerations when crafting policies to 

address complex issues. 

As a result of this exposure, students will be better equipped to critically assess the interplay 

between science, technology, and policy. They will develop a deeper understanding of 

policymakers' challenges in reconciling scientific progress demands with societal values and 

ethical considerations. This knowledge will be invaluable as they embark on careers in fields 

related to science, technology, and public policy, where they can actively contribute to 

informed and effective decision-making processes in the future. 
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4.  Conclusion 

This deliverable, D3.4, reports on areas of education, re-training and community engagement that 

need further development to achieve wider adoption of LCTs and circularity principles. This 

information is utilised to propose a roadmap for achieving wider adoption of LCTs and circularity 

principles at regional and international levels, drawing upon insights from scholarly literature and 

findings from the surveys conducted as part of Task 3.2 and reported in Deliverable 3.1. 

This report also considers the EU Green Deal to create an actionable roadmap for achieving wider 

adoption of LCTs and circularity principles. The EU Green Deal serves as a comprehensive roadmap 

for the EU to achieve a sustainable and circular economy, focusing on clean energy, industrial 

strategy, and mainstreaming sustainability in policies, demonstrating the EU's commitment to 

environmental stewardship, economic resilience, and global leadership in sustainable development. 

The literature survey highlighted that the knowledge gaps in teaching and training associated with 

sustainable development include: 

1. Lack of continuous professional development for educators  

2. Inadequate access to up-to-date information 

3. Lack of practical hands-on experience 

4. Inequality in access to education 

5. Barriers for women 

6. Lack of standardised programs and certifications 

7. Inadequate industry-academia collaboration 

8. Lack of emphasis on interdisciplinary approaches 

9. Inadequate policy and regulation coverage 

10. Soft skills development 

11. Limited integration of sustainability and circularity in educational curricula 

12. Addressing global context and local challenges 

The roadmap for the focus areas within education and training in sustainable development draws 

from the survey findings, literature review and bibliometric analysis. The roadmap encompasses five 

key areas, as summarised below: 

1. Curriculum development 

• A diversified approach to LCTs 

• Staying up to date with rapid advancements 

• Sustainability in a global context 

• Critical thinking and problem-solving 
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• Gender diversity and inclusion 

• Flexible learning options 

2. Faculty development 

• Technical proficiency 

• Access to current knowledge 

• Interdisciplinary collaboration 

• Practical hands-on experience 

• Innovative pedagogy 

3. Investment in infrastructure and laboratories 

• Facilitating innovative research 

• Education and training 

• Innovation in materials and processes 

• Testing and validation 

• Multi-disciplinary programs 

4. Industry partnerships  

• Real-world perspective and workforce development 

• Staying up-to-date with industry trends 

• Problem-solving and critical thinking 

• Networking and career opportunities 

• Relevance of curriculum 

5. Advocacy and Policy Engagement 

• Engaging policymakers and government agencies 

• Informing policy development 

• Advocating sustainable practices 

• Educating future policymakers 

The information presented in this report will serve as a basis for further development of educational 

programs and curricula on RE and LCTs, considering sustainability and circularity principles. 
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