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Executive Summary

The transition toward a sustainable, low-carbon economy represents a profound structural
overhaul affecting utility infrastructure, manufacturing frameworks, transit networks, and labour
dynamics. Achieving ambitious mid-century climate goals; such as Malta’s near-term National
Energy and Climate Plan targets or Turkiye’s 2053 Net Zero mandate requires a coordinated
deployment of diverse policy instruments and technological pathways. While both nations face
distinct geographical and economic constraints that shape their implementations, their efforts
converge on a shared priority of upgrading human capital. Cross-border initiatives, such as the
EnerTransEdu project, are foundational to bridging the green skills gap, updating vocational
training networks, and ensuring a resilient, just transition.

To achieve these regional climate mandates, Malta focuses on demand-side efficiency, services,
and decentralized utility infrastructure. This approach optimizes limited physical land mass
through near-shore floating photovoltaic arrays integrated into an isolated island grid, municipal
electric vehicle fleet deployments using smart scheduling, and deep energy retrofits across the
highly energy-intensive service and hospitality sectors. Additionally, the integration of anaerobic
digestion facilities for municipal bio-waste processing allows Malta to convert organic waste into
local, dispatchable biomethane.

Conversely, Turkiye's pathway prioritizes supply-side innovation and energy-intensive heavy
industry. Its framework focuses on decoupling primary manufacturing from coal reliance through
green metallurgy solutions like Hydrogen Direct Reduced Iron and Electric Arc Furnaces, scaling
clinker substitution alongside carbon capture technologies in cement production and
implementing secondary smelting via closed-loop scrap recycling in the aluminium sector. These
intensive interventions are critical for Turkiye to maintain global export competitiveness under
strict international frameworks like the European Union's Carbon Border Adjustment
Mechanism.

Despite these disparate economic entry points, both regions find common ground in the
underlying requirements of the broader energy transition. The massive expansion of renewable
energy capacity requires extensive network modernization, including high-voltage grid
expansion, digital smart grid integration for bidirectional communication, and localized
microgrids to enhance regional resilience. To maintain system stability against intermittent
generation, these networks must be paired with advanced physical hardware such as lithium-ion
batteries, pumped hydro storage, and hydrogen-based energy carriers.

Furthermore, deep efficiency strategies across both commercial and industrial operations rely
on the integration of digital tools, including supervisory control networks, Internet of Things
sensors, and artificial intelligence-based analytics for real-time tracking and automated load
balancing.

Ultimately, these investments in advanced physical hardware and digital networks will face
deployment bottlenecks and inflated operational costs without parallel, proactive investmentsin
workforce development. To prevent a widening green skills gap, the EnerTransEdu framework
must rapidly update vocational training curricula across several core disciplines. Technicians
require robust analytical competencies to execute standardized monitoring, reporting, and
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verification protocols, map operational data points to scope-specific greenhouse gas outputs,
and conduct comprehensive carbon audits. On the operational side, the workforce must be
certified in complex engineering execution, including carbon capture unit integration, waste heat
recovery system maintenance, and grid-edge hardware optimization.

Finally, training must incorporate digital data management systems to program advanced energy
management interfaces and track circular supply chains through digital product passports, all
while adhering to the core principles of a just transition that shields regional labour markets from
energy poverty.

1. Introduction: Energy Footprint and Transition

1.1 Context and Scope

The global climate crisis, marked by human-induced activity driving a temperature increase
above pre-industrial levels, has positioned the energy sector at the centre of international
sustainability policy. Globally, energy-related activities, including electricity generation,
manufacturing, and transportation, account for 74.7% of all greenhouse gas (GHG) emissions [1],
demonstrating that traditional, carbon-heavy energy models are inherently incompatible with
ecological boundaries.

Navigating the transition to a low-carbon economy requires addressing distinct structural
realities across different nations. Malta, as a small island state, is defined by acute geographic
constraints: limited land availability, high population density, an isolated electrical grid with
limited flexibility, and a complete absence of indigenous fossil resources [10].

Conversely, Turkiye represents a rapidly industrializing economy dealing with a profound
infrastructure-driven "carbon lock-in." In 2021, Turkiye’s national emissions reached 564.4
million tons of CO2e in 2021 [1], with its energy sector consistently responsible for 71.3% of that
output [1].

While Malta relies heavily on imported fuels and electricity to meet its needs, Turkiye faces a
structural dependency on thermal power plants fuelled by coal and natural gas [11], alongside
highly vulnerable, "hard-to-abate" industrial sectors like steel and cement that are caught in a
rigid resource-intensity trap [3].

This report provides a structured assessment of Malta and Turkiye’s energy transition across four
thematic areas; renewable energy, energy efficiency, low-carbon transport, and waste &
emissions reduction, with a specific focus on the skills required to support the transition through
vocational education and training (VET).

1.2 Key Indicators, Targets and Principles

Despite differences in geographic scale and industrial volume, both economies have established
ambitious, institutionalized decarbonization targets:
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¢ Malta's Horizons: A National Energy and Climate Plan (NECP) target of ~25% renewable
energy by 2030 (up from ~13-14% in 2022). To overcome land scarcity, the nation aims to
deploy 350-380 MW of floating offshore wind and solar capacity, transition to circular-
economy waste systems, and scale up fleet electrification to ~65,000 electric vehicles
(EVs) by 2030.[12,13].

e Tirkiye's Horizons: Formally pledged through its updated First Nationally Determined
Contribution (NDC), Turkiye targets a 41% reduction in GHG emissions by 2030 compared
to a business-as-usual scenario, serving as a critical milestone toward its final 2053 Net
Zero Target. This trajectory focuses on expanding green hydrogen, deploying advanced
renewables, maximizing waste heat recovery, and utilizing Carbon Capture, Utilization,
and Storage (CCUS) [1,2,3].

Crucially, both pathways are bound by the core principle of a Just Transition—a framework legally
mandated by Turkiye's 2025 Climate Law [6]. This ensures that the shift away from carbon-
intensive fuels is inclusive, equitable, protects labour rights, and actively prevents energy poverty
as the structural foundations of the workforce evolve.

1.3 Implications for New Skills and VET

Decoupling economic growth from fossil fuel consumption requires moving beyond purely
technological adjustments to address a widening "green skills gap." [5]. For both nations, the
energy transition introduces immediate demands for specialized technical expertise. Vocational
Education and Training (VET) institutions must proactively realign formal and technical curricula
to cultivate a resilient, future-ready workforce. Key competencies span a wide array of emerging
disciplines, including:

e The design, commissioning, and maintenance of distributed rooftop solar PV and utility-
scale renewable systems.

e The operation of advanced floating offshore platforms and green hydrogen infrastructure.

¢ Grid management optimization, including the integration of utility-scale Battery Energy
Storage Systems (BESS) and digital grid networks.

o High-intensity industrial auditing, structural building retrofits, and waste heat recovery.
e Low-carbon mobility infrastructure, fleet maintenance, and charging network operations.

e Circular economy integration, including anaerobic digestion and technical emissions-
monitoring systems.

This combined framework establishes the baseline context for understanding the operational,
environmental, and socio-economic dimensions of the modern energy transition.
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2. Renewable Energy Transition

2.1 Current Status of Renewable Energy Deployment

The transition to renewable energy is no longer a distant policy objective but an active, structural
overhaul transforming the economic, industrial, and educational landscapes of both Malta and
Tarkiye. Guided by robust national climate frameworks; Malta’s updated National Energy &
Climate Plan (NECP) targets ~25% renewable energy systems (RES) by 2030 [12], while Turkiye
pursues a comprehensive 2053 net-zero emissions mandate [6], both nations are redesighing
their energy infrastructures.

This report synthesizes the strategic pathways of both countries. It highlights how Malta's focus
on scaling distributed solar and pioneering deep-water floating offshore technologies parallels
Tarkiye’s massive capacity expansions in wind, solar, hydropower, and green hydrogen
infrastructure.

Crucially, both transitions demonstrate that shifting to a low-carbon grid requires more than just
installing hardware; it demands a total redesign of grid flexibility, heavy industry integration, and
a rapidly upskilled technical workforce.

2.2 Current National Strategies and Climate Policy Frameworks

The renewable energy transition across the Mediterranean and Aegean regions represents a
multi-dimensional transformation affecting production structures, transport systems, industrial
competitiveness, financing mechanisms, and employment patterns.

2.2.1 Malta's NECP Mandates (2030 Horizon)

Malta’s strategy is heavily anchored in its updated National Energy & Climate Plan (NECP) [12].
The plan sets a national ambition of achieving approximately 25% of its energy from renewable
energy systems (RES) by 2030. Given the island's unique spatial constraints, this target enforces
a dual-pathway approach: maximizing immediate local rooftop deployment while rapidly
accelerating the regulatory and technical frameworks required for large-scale offshore
deployment.

2.2.2 Turkiye’s 2053 Net-Zero Pathway

Tarkiye frames its renewable energy transition as a primary instrument of its national climate
policy rather than a simple energy supply preference. Key milestones include:

e 2030 Emission Reductions: A committed 41% reduction in greenhouse gas emissions
compared to the reference scenario [3], as declared in its updated first Nationally
Determined Contribution (NDC).
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e 2038 Peak Emissions: National emissions are projected to peak by 2038 at the latest [3].

e 2053 Net-Zero Target: All industrial, energy, and infrastructural roadmaps are legally
aligned to hit net-zero emissions by 2053 [6].

2.3 Current Energy Profiles and Structural Progress

Both nations possess foundational strengths upon which their modern renewable energy

strategies are actively being built.

Table 2.1 Current Domestic Strengths (As of 2026)

Solar PV Dominance [10]

Photovoltaic (PV) technology serves as the
primary domestic renewable energy
source.

Distributed Infrastructure

A robust rooftop solar network forms the
backbone of localized generation.
Commercial & Public Integration

Widespread deployment of large-scale
solar arrays across commercial and public
sectors.

Maritime Engineering Heritage

Leverages a deeply rooted legacy in

maritime shipyard operations to support
offshore potential.

2.3.1 Malta's Solar Backbone

Accelerated Renewable Expansion [3]

Renewable energy accounts for 97% of all power
generation capacity commissioned over the last
two years.

Global & Regional Leadership

Ranks 12th globally and 5th in Europe for total
installed renewable capacity.

Grid Integration

Combined wind and solar generation exceeds
15.5% share of the total electricity mix.
Scalable Manufacturing Base

Backed by an established, heavy industrial

infrastructure capable of supporting rapid clean-
tech deployment.

As of 2026, photovoltaic (PV) systems remain the dominant domestic renewable energy source

in Malta, accounting for nearly all renewable electricity generation. The backbone of Malta’s

current RES portfolio consists of: [13]
e Distributed rooftop systems
e Commercial installations

e Public-sector arrays
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2.3.2 Turkiye’s Scaled Implementation

Tarkiye’s transition has moved firmly beyond the planning stage into actualimplementation. Over
the last two years, 97% of all newly commissioned energy capacity came from renewable
sources. Turkiye currently ranks twelfth in the world and fifth in Europe in total renewable
installed capacity, remaining a continental leader in geothermal and hydropower generation.
Together, wind and solar energy now exceed 15.5% of total electricity generation [3].

3. Energy Efficiency in Production

Energy efficiency represents one of the most immediate, scalable, and cost-effective strategies
for achieving national climate and energy transition targets. By minimizing final energy demand,
optimizing energy use per unit of output, integrating renewable energy sources, and improving
process-level performance, contemporary efficiency strategies adopt a systemic perspective.
This approach directly links energy reductions to broader themes such as digitalization, the
circular economy, and industrial innovation.

Crucially, implementing these efficiency improvements at scale requires a skilled workforce
capable of conducting audits, configuring digital platforms, and managing complex retrofits,
making energy efficiency both a technological and a human capital opportunity.

3.1 Country Contexts and Strategic Focus Areas

While the underlying engineering principles of energy efficiency remain universal,

implementation pathways adapt to the distinct economic profiles of different nations.

3.1.1 Malta: Services, Built Environment, and Water Utilities

In Malta, the strategic focus is shaped by a relatively small industrial base and a unique
geographical profile. The highest-impact sectors for energy efficiency gains include:[11]

¢ Buildings and Services: Particularly the hospitality, retail, and public administration
sectors, which account for a substantial share of national electricity demand.

¢ Water and Wastewater Operations: High-impact consumers, such as desalination and
wastewater treatment facilities, due to their continuous operational requirements.

¢ SMEs and Medium-Sized Facilities: Specifically industrial and hospitality operations
with high cooling and equipment loads.

The National Energy System Operator’s (NESO) [13] “EneMalta” energy balances and data provide
the quantitative foundation and empirical evidence required for identifying these high-impact
sectors and designing targeted interventions.
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3.1.2 Turkiye: Heavy Industry and Carbon Mitigation

In Turkiye, energy efficiency is a foundational pillar for meeting updated Nationally Determined
Contribution (NDC) commitments, which target a 41% reduction in greenhouse gas emissions by
2030 compared to the baseline scenario, and an emissions peak no later than 2038 [3]. Backed
by the Climate Change Mitigation Strategy and Action Plan (2024-2030), Turkiye’s strategy
prioritizes a fundamental restructuring of energy-intensive heavy industries: [4,5].

Iron and Steel / Aluminium: Heavy manufacturing sectors where optimizing operations
and chemical recycling significantly lower energy demand.

Cement, Glass, and Ceramics: High-temperature processing sectors where thermal
output and kiln efficiencies present massive recovery opportunities.

Export-Oriented Industries: Sectors vulnerable to international carbon compliance
mechanisms, such as the European Union's Carbon Border Adjustment Mechanism
(CBAM), where energy efficiency is a strategic necessity to maintain global
competitiveness.

3.2 Key Measures and Technological Pathways

To maximize energy reductions across both heavy industry and commercial service sectors,

implementation strategies focus on four core technical pillars:

A. Deep Retrofits and Building-Level Upgrades

Across both regions, the built environment (commercial centres, hospitals, universities, schools,

and public administration facilities) represents a massive share of final energy consumption.

Public Example: Deep energy retrofits in public buildings reduce operational costs,
improve comfort, and set a national example for private-sector adoption.

Thermal and Lighting Upgrades: Priority interventions include thermal-envelope
improvements (especially critical for masonry structures with high cooling demands),
LED lighting, and daylighting optimization.

Climate Controls: Installing high-efficiency HVAC systems, smart thermostats, and
occupancy-based controls.

B. Waste Heat Recovery and Circular Approaches

Capturing and reusing thermal energy that is otherwise lost through exhaust gases, cooling

systems, and process inefficiencies offers a high return on investment.
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Industrial Symbiosis: Exploring circular-economy models, including shared energy
systems and waste-heat exchanges between neighbouring facilities to reduce overall
material and energy intensity.

Sectoral Impact: Implementing heat-recovery systems on boilers, chillers, and exhaust
streams. In high-temperature setups like cement plants, waste heat recovery systems
can capture excess heat to generate electricity or drive internal processes, reducing
overall energy consumption by 20% to 30% with relatively short payback periods. [4,5].

Material Optimization: Utilizing sector-specific circular practices, such as reducing the
clinker-to-cement ratio, utilizing alternative fuels, and increasing the share of recycled
scrap materials in steel and aluminium production.

C. Process Electrification

Electrification involves replacing fossil fuel-based thermal processes with electrically driven

technologies. This pathway supports long-term decarbonization by allowing industrial processes

to integrate seamlessly with clean electricity as grid mixes become more sustainable.

Core Technologies: Transitioning to industrial heat pumps, electric boilers, induction
heating systems, and electric arc furnaces.

Synergistic Solutions: Combining electrification and energy upgrades with building-
level Hybrid PV + Battery Systems to successfully shave peak demand and reduce net
strain on national grids.

D. Digitalization, SCADA, and Energy Management Systems (EMS)

The integration of digital technologies acts as a catalyst for energy efficiency, offering real-time

monitoring, anomaly detection, and dynamic operational adjustments.

Table 3.1 Digital Technology Details

Real-time tracking of electricity use, SMEs with limited internal

EMS o .
automated alerts for abnormal monitoring capacity (e.g.,
Platforms . o L .
consumption, and load shifting. hospitality, retail).
. A Large-scale manufacturing and
SCADA & loT Continuous data acquisition and g. . g .
o continuous industrial
Sensors process-level performance monitoring. .
operations.
Predictive maintenance, baseline drift . . .
Al-Based Energy-intensive industries and

Analytics

analysis, and advanced optimization of

smart building networks.
complex energy loads.
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3.3 Workforce Competencies and VET Integration

Delivering these energy-efficiency improvements at scale requires a workforce equipped with
specialized technical, analytical, and social-impact competencies. Addressing this human
capital challenge involves embedding targeted training modules into Vocational Education and
Training (VET) programs, a strategy supported by initiatives like the EnerTransEdu project.

The following matrix categorizes the essential technical and analytical capabilities required to
support the modern energy transition, bridging the gap between legacy infrastructure and smart-
system integration.

Table 3.2 Core Workforce Competency Framework

Retrofit Project
Energy Auditin EMS & SCADA Configuration
gy g Management g
n tin -div . Programmin nd managin
Conducting . deep-dive Overseeing the complex ogra g and managing
thermodynamic and e Energy Management Systems
. . . . modernization of legacy )
operational audits to identify ) I and supervisory control
.. . physical assets and building
efficiency deficits. networks.

Measurement & Verification
(M&V)

Applying standardized
protocols (e.g., IPMVP) to
quantify and validate post-
intervention energy savings.
Carbon Emission
Correlation

Mapping operational data
points to  scope-specific
greenhouse gas outputs for
regulatory compliance.

systems.

Industrial Electrification

Transitioning heavy industrial
process lines from fossil-fuel
reliance to low-carbon
electric alternatives.

Systemic Infrastructure

Upgrades

Ensuring hardware reliability
during the integration of
localized renewable energy
assets.

Advanced Data Analytics

Leveraging operational
telemetry and predictive
modelling to forecast grid
load and optimize
consumption.

Smart Controls

Optimization

Deploying automated, lol-
enabled control loops to
dynamically balance supply
and demand.

Recommended VET Curriculum Modules:

¢ Energy Auditing, Measurement, and Verification: Training technicians to accurately
evaluate building and process performance, establish consumption baselines, and
identify clear savings opportunities.

o EMS Configuration and Digital Energy Management: Building skills in software
integration, data tracking, sensor deployment, and smart control configuration.
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o Retrofit Project Management: Equipping personnel with the skills to oversee deep
retrofits and efficiency installations from procurement through to final execution.

¢ Industrial Electrification and Process Optimization: Developing specialized expertise
in heat pump integration, thermal system optimization, and the management of
advanced electrical equipment like induction heaters and electric arc furnaces.

3.4 Economic and Strategic Benefits

Investments in energy efficiency extend far beyond environmental compliance, yielding multiple
macroeconomic and operational advantages:

o Cost Reduction and Competitiveness: Lowering utility bills and operational expenses
directly improves the bottom-line competitiveness of local enterprises.

¢ Resilience against Volatility: Higher efficiency cushions industries against external
shocks, such as global energy price volatility and fluctuating fuel supplies.

¢ Future-Proofing Export Markets: For export-driven economies interacting with strict
international climate policies (such as the EU's CBAM), accelerating energy efficiency
shifts carbon intensity from a financial liability into a competitive advantage.

Whether applied to the commercial service sector of an island nation or the heavy industrial
framework of a major manufacturing economy, energy efficiency remains a foundational pillar of
the global energy transition. By successfully integrating technological innovation, digitalization,
and comprehensive workforce development, nations can significantly reduce their overall energy
intensity while simultaneously enhancing industrial competitiveness and long-term
environmental sustainability.
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4. Sustainable Infrastructure

Sustainable infrastructure is a critical enabler of the transition toward low-carbon, resilient, and
integrated energy systems. As renewable energy capacity expands rapidly, the need for flexible,
reliable, and intelligent infrastructure becomes increasingly important. Sustainable
infrastructure encompasses energy storage systems, modern transmission and distribution
networks, microgrids, and climate-resilient configurations.

This transformation is essential for supporting renewable energy integration, ensuring energy
security, and achieving long-term climate goals.

4.1 Energy Storage Systems and Hydrogen Technologies

The increasing share of intermittent renewable energy sources, such as solar and wind, creates
variability in the electricity supply. To maintain system stability, energy storage systems are
required to balance supply and demand. Strategic storage technologies include:

e Lithium-lon Batteries: Crucial for short-term grid flexibility, load shifting, and rapid-
response balancing.

¢ Pumped Hydro Storage: Large-scale, established mechanical storage to manage
seasonal or prolonged supply-demand gaps.

¢ Hydrogen-Based Storage Systems: Hydrogen acts as both an energy carrier and a
storage medium, offering long-term storage capabilities and extensive sectoral
integration opportunities across electricity, industry, and transportation.

National hydrogen strategies set ambitious targets for electrolyzer capacity, highlighting the role
of hydrogen in supporting grid flexibility and deep decarbonization.

4.2 Network Modernization, Smart Grids, and Microgrids

Renewable energy generation is often geographically concentrated in areas far from primary
consumption centres, necessitating a multi-tiered modernization of electrical networks:

A. High-Voltage Grid Expansion

Expanded high-voltage transmission infrastructure is essential to ensure efficient, low-loss
energy transfer from remote generation sites to urban and industrial demand centres.

B. Smart Grid Integration

Smart grids fuse digital technologies with traditional electricity networks to enable real-time,
bidirectional communication between producers and consumers. These systems facilitate
demand-side management, allowing consumers to adjust their energy consumption dynamically
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based on price signals or grid conditions. This built-in flexibility reduces peak demand and
stabilizes high levels of renewable integration.

C. Microgrids and Distributed Energy Systems

Microgrids provide an additional layer of operational flexibility and localized resilience. These
localized energy networks can operate independently ("island mode") or in conjunction with the
main grid. Increasingly adopted by industrial zones, university campuses, and commercial
complexes, microgrids localize energy production, minimize transmission losses, and enhance
regional energy security.

4.3 Climate Resilience and Industrial Transformation

The frequency and intensity of extreme weather events; such as floods, heatwaves, and storms,
are rising due to climate change, posing significant risks to energy infrastructure. Addressing
these vulnerabilities requires structural hardening, including:

e Transitioning to underground cabling.
e Reinforcing physical transmission lines and towers.
o Protecting critical facilities against localized flooding and thermal stress.

Furthermore, sustainable infrastructure is structurally linked to broader industrial
transformation. Sectoral roadmaps for heavy industries like steel, cement, and aluminium
emphasize that deep decarbonization and the reduction of indirect emissions are impossible
without a robust, modernized grid and readily available storage systems.

4.4 Financial, Regulatory, and Workforce Implications

From a financial perspective, sustainable infrastructure requires significant capital deployment
enabled by targeted public policies, green financing mechanisms, and international funding.
Developing national green taxonomies and ensuring strict alignment with international standards
(such as European Union regulations) are vital steps to attract sustainable investment.

From a workforce perspective, this infrastructure evolution demands entirely new technical
skills. Vocational education and training programs must be rapidly updated to build
competencies in:

e Advanced grid management and automated load balancing.
o Energy storage installation, maintenance, and safety protocols.
o Renewable energy grid integration and microgrid operations.

¢ Digital monitoring platforms, SCADA systems, and infrastructure resilience planning.
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5. Low-Carbon Transportation

Low-carbon transportation represents a strategic area of national transformation tied closely to
logistics efficiency, energy security, urbanization, trade competitiveness, air quality, and
international regulatory compliance. It encompasses not only vehicle technologies, but also
energy infrastructure, digital data utilization, regulatory frameworks, multimodal logistics, and
comprehensive waste management.

5.1 Policy Anchors and Strategic Direction

Decarbonizing transport is exceptionally challenging due to high vehicle density, limited space
for new infrastructure, and strong dependencies on traditional fuels.

Regional Frameworks and Targets

o Malta: Transport stands as the nation's largest source of greenhouse gas emissions. The
National Energy and Climate Plan (NECP) provides a clear policy anchor: deploying
approximately 65,000 electric vehicles (EVs) by 2030, supported by an aggressive,
nationwide rollout of public charging infrastructure.[14].

¢ Tirkiye: According to updated Nationally Determined Contribution (NDC) data, transport
emissions reached 80.7 million tonnes of equivalent, with road transport accounting for
an overwhelming 95% of transport emissions and a 93.6% share of passenger transport.
Mitigation strategies must therefore primarily target the historical dominance of road
transport.[3].

Holistic Mitigation Strategies

Rather than relying on a single technological solution, contemporary frameworks combine
complementary policy tools: balancing the dominant role of road transport, expanding clean
vehicle use, supporting alternative fuels, deploying Sustainable Urban Mobility Plans (SUMPs),
and implementing Intelligent Transport Systems (ITS).

5.2 Public Charging Infrastructure and Grid Integration

Scaling EV adoption requires a dense, reliable, accessible, and interoperable charging network.
Charging deployment is a high-priority action across residential areas, workplaces, and
commercial mobility hubs. Key infrastructure measures include:
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¢ Interoperability and Standardization: Standardizing payment systems and
communication protocols to ensure seamless user access across different network
operators.

¢ Managed and Smart Charging: Integrating smart-charging technologies capable of
communicating with the grid. This allows for load shifting and peak-shaving, which is
particularly critical in constrained grid environments to reduce peak-load impacts.

¢ Renewable Synergies: Coupling charging infrastructure directly with rooftop solar
photovoltaic (PV) arrays and stationary battery storage systems to maximize localized
clean energy utilization.

5.3 Fleet Electrification, Depot Upgrades, and Alternative Fuels

Public-sector and commercial fleets offer high-impact opportunities for early, rapid
electrification, creating highly replicable operational models for private-sector logistics
operators.

This phased implementation roadmap outlines the strategic transition from internal combustion
engine (ICE) legacy fleets to a fully integrated, smart-charging electric vehicle (EV) ecosystem.

Table 5.1 Fleet & Depot Electrification Pathway

Fleet Auditing: Assess duty cycles
of municipal, maintenance, and

. Establishes the physical
waste management vehicles.

foundation of the zero-

01 Vehicle emission fleet, directl
Transition Targeted Replacement: Phased . ’ v
. . lowering scope 1
retirement of legacy ICE assets in .
. . emissions.
favour of purpose-built electric
utility vehicles.
High-Capacity Charging: Install
dedicated, commermgl-grade DC Ensures high vehicle
fast chargers at centralized depots. - .
availability, minimizes
Infrastructure .
02 . . asset downtime, and
Upgrades Grid Interconnection: Upgrade
future-proofs depot

local substation links to handle

increased peak power demands

safely.

Telematics Integration: Deploy

advanced fleet telematics to

monitor real-time battery health,
Operational range, and energy consumption.
Optimization

physical capacity.

Improves maintenance and
reduces downtime.

03
Capitalises upon cheaper

Smart-Charging Scheduling: elleaay e,

Implement automated CMS
(Charging Management Systems) to
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shift charging profiles to off-peak
hours.

For heavy-duty, long-haul, or specialized transport segments where battery electrification face
weight or range constraints, parallel support is directed toward alternative fuel research and
deployment. This includes investigating Liquefied Natural Gas (LNG), hydrogen, and bio-based
Compressed Natural Gas (CNG).

5.4 Modal Shifts, Urban Mobility, and Digital Logistics

Long-term emissions reductions require a structural "transition between transport modes"—
shifting a significant percentage of passenger and freight volumes from roads toward rail,
maritime, and active mobility networks.

This structural framework outlines the dual-track strategy required to decarbonize regional
transport networks, balancing high-capacity passenger mobility with sustainable, low-emission
freight logistics.

Table 5.2 Multimodal Low-Carbon Transport Network

High-Speed & Fast Rail: Inter-
city high-capacity rail links.

Suburban Rail Networks:
Electrified commuter lines to

reduce urban gridlock. Shifting commuter habits from private

Passe‘nger Active Mobility:  Dedicated internal combust.lo.n engine (I'CE) vehicles
Transit . . - to shared, electrified, or active transport

bicycle and micro-mobility

modes.

pathways.

Mobility-as-a-Service (MaaS):

Unified digital platforms

integrating public and private

transit.

Rail-Maritime Intermodal Links:

Seamless cargo transfer from sea

to electrified rail. | Decoupling macroeconomic supply chain
Freight & growth from greenhouse gas emissions at
Trade Port Electrification: Shore-to- | critical maritime and terrestrial trade

ship power (cold ironing) to nodes.
eliminate idling  emissions.
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Low-Emission Cargo
Equipment: Electric cranes,
straddle carriers, and vyard
tractors.

Optimized Logistics Hubs:
Smartinland ports using Al-driven
route and load optimization.

¢ Public Transit & Active Mobility: Enhancing public transport reliability and frequency
while expanding dedicated micro-mobility infrastructure (such as connected bicycle
lanes) to reduce single-occupancy private car dependence.

o Digital Mobility Management: Deploying Mobility-as-a-Service (MaaS) platforms and
new-generation management policies to optimize urban traffic flows and reduce total
vehicle kilometres travelled.

¢ Maritime and Port Applications: Developing low-emission port practices, accelerating
port electrification, deploying low-emission cargo handling equipment, and
strengthening rail-maritime integration. This transforms ports and logistics hubs into eco-
friendly trade nodes, perfectly aligning with international trade frameworks like the
European Union's Green Deal Action Plan.

5.5 Implications for VET and Labor Profiles

The structural transformations across both sustainable infrastructure and low-carbon
transportation fundamentally rewrite the labour profiles of the energy, transport, and logistics
sectors. This human capital challenge is a core focus for educational initiatives like the
EnerTransEdu project.

Vocational Education and Training (VET) curricula must expand beyond traditional mechanical or
civil concepts to deliver a highly interdisciplinary skill set.

Table 5.3 Roles & Competencies

J Grid Integration ¢ High-voltage grid modernization

Technicians mechanics
Sustainable e Storage System e Battery chemistry safety and recycling
Infrastructure Operators protocols

J Microgrid Field ¢ SCADA, loT sensor installation, and data
Engineers monitoring
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. EV Service

- ¢ Electric drivetrain diagnostics and repair
Technicians

Alternative fuel safety

[ )
Low-Carbon e Charging Station (Hydrogen/LNG/Bio-CNG)

Transportation Installers

Carbon footprint calculation and

e Sustainable Logistics . .
environmental reporting

Planners

By successfully fusing advanced technological instruction, real-time digital monitoring, and
comprehensive workforce training, these sectors can smoothly transition toward long-term
environmental sustainability while strengthening industrial competitiveness and economic
resilience.

6. Waste and Emissions Reduction

6.1 Strategic Importance and Policy Context

The transition toward long-term decarbonization and net-zero emissions targets requires a
fundamental, structural transformation in industrial output management and the systematic
mitigation of greenhouse gas (GHG) emissions across all economic sectors. Globally,
greenhouse gas emissions are predominantly driven by energy consumption. However, non CO2
emissions; specifically methane (CH4) originating from organic waste streams, landfill
operations, wastewater treatment, and agricultural activities, occupy a high-priority position in
contemporary climate agendas due to their high global warming potential [14].

To alleviate this environmental burden, strategic national priorities focus on balancing near-term
mitigation pathways with long-term technological shifts. This integrated approach ensures that
waste management is transformed from a legacy disposal process into a core resource-
efficiency strategy, decoupling economic growth from resource consumption.

6.1.1 Malta: Target Sectors and Local Priorities

For Malta, waste and emissions reduction serves as a high-impact, near-term mitigation pathway.
Priority emphasis is placed on maximizing bio-waste capture, optimizing landfill gas
management, and establishing rigorous project appraisals to avoid infrastructure lock-in. The
National Energy and Climate Plan (NECP) [12] targets focus heavily on:

¢ High bio-waste capture paired with anaerobic digestion (AD).

¢ Upgrading landfill gas networks to mitigate continuous fugitive emissions.
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¢ Rigorous socio-economic and lifecycle appraisals of Waste-to-Energy (WtE) options to
guarantee alignment with circular outcomes.

6.1.2 Turkiye: Industrial Transformation and Net-Zero Pathways

Tarkiye’s trajectory toward its 2053 Net Zero emission target requires extensive decarbonization
across both municipal waste networks and energy-intensive, hard-to-abate sectors (such as
steel, cement, aluminium, glass, and ceramics). Driven by the National Waste Management and
Action Plan (2023-2035) and the legally binding Climate Law (No. 7552) enacted on July 2, 2025,
the national strategy rests on four fundamental pillars: [1,9].

e The suppression of methane emissions across municipal landfill and agricultural
systems.

¢ The deployment of Carbon Capture, Utilization, and Storage (CCUS) technologies for
unavoidable process emissions.

¢ Process optimization and digital integration via Best Available Techniques (BAT).

¢ Fullintegration into the circular economy model and industrial symbiosis to safeguard
export competitiveness under the European Green Deal and the Carbon Border
Adjustment Mechanism (CBAM).

6.2 Methane Abatement and Advanced Bio-Waste Systems

Methane mitigation represents the most immediate opportunity for rapid emissions reduction
within the waste and agricultural sectors.

A. Anaerobic Digestion (AD) and Biomethanization

Transitioning from traditional organic waste disposal to advanced biomethanization allows
systems to capture high-value energy while neutralizing fugitive gases. Key interventions include:

¢ Source Separation & Dedicated Logistics: Implementing strict source separation at
household and commercial levels, supported by dedicated organic-waste collection
routes to minimize feedstock contamination.

¢ Facility Sizing & Operation: Constructing and operating AD facilities sized accurately to
local municipal and agricultural feedstock volumes.

o Digestate Management: Applying rigorous quality control to process digestate,
transforming it into high-value soil amendments and organic fertilizers, thereby
generating local circular-economy jobs.

B. Landfill Gas Capture and Mechanical-Biological Treatment (MBT)
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To transition away from uncontrolled dumping, legacy and sanitary landfills must be modernized
through structural upgrades:

o Network Retrofits: Upgrading physical gas-collection pipe networks and installing high-
efficiency flares, small-scale Combined Heat and Power (CHP) units, or micro-turbines
for local energy recovery.

¢ Fugitive Emission Monitoring: Deploying continuous monitoring technology to detect
and patch surface leaks rapidly.

e Pre-Disposal Stabilization: Utilizing Mechanical-Biological Treatment (MBT) plants to
completely stabilize biodegradable waste before any final landfill disposal, driving down
future methane generation potential.

C. Agricultural Methane Control

Parallel to municipal systems, agricultural frameworks prioritize suppressing enteric
fermentation and enhancing manure management. This is achieved by optimizing livestock feed
rations and funnelling agricultural waste directly into the regional network of biogas facilities.

6.3 Carbon Capture, Utilization, and Storage (CCUS)

For energy-intensive industries, complete decarbonization cannot be achieved solely through
energy efficiency or fuel switching. In sectors like cement production, more than 65% of
emissions stem from unavoidable chemical process reactions (such as limestone calcination)
rather than direct fuel combustion. [5,8].

This framework delineates the end-to-end operational phases required to capture point-source
carbon emissions from heavy industry, safely transport them, and divert them into permanent
storage or circular economic workflows.

Table 6.1 Industrial CCUS Lifecycle Framework

Post-Combustion Retrofits:

Chemical absorption/solvent

systems applied to flue  gas Mitigation of hard-to-abate
streams.

Carbon industrial emissions (cement,
Capture steel, and heavy

Calcination Capture: Direct .
manufacturing).

separation technology integrated
within cement kilns.
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Blast Furnace Isolation: Gas
separation systems tailored to
steel production facilities.

High-Pressure Supercritical
Piping: Specialized pipelines for
transporting dense-phase CO2.

Geological Mapping: Advanced Establishing  secure, high-
Transport & seismic surveying to evaluate throughput transmission
Atlas Mapping structural integrity. networks between industrial

clusters and storage sinks.

National Storage Atlases:

Centralized registries mapping

verified onshore and offshore

reservoir capacities.

Synthetic Feedstocks: Utilizing

captured CO2 and green

hydrogen to synthesize e-fuels.

Chemical Upcycling: Diverting Decoupling unavoidable

carbon inputs into polymer industrial processes  from

manufacturing and building atmospheric warming through

materials. circular use and permanent
storage.

Utilization &
Storage

Permanent Geological
Sequestration: Deep saline
aquifer or depleted oil/gas field
injection.

Sectoral Roadmaps: According to industrial low-carbon roadmaps, CCUS technologies
are projected to deliver 50.7% of the total emission reductions required for the cement
sector to reach net-zero by 2053. Similarly, integrating carbon capture units into
traditional steel blast furnace routes is defined as an indispensable step for deep
decarbonization.[8].

Legislative and Geological Infrastructure: Governments are aligning national carbon
capture rules with international frameworks, such as the EU CCS Directive (2009/31/EC).
In parallel, ministries of energy are developing centralized "National Carbon Storage
Atlases" to pinpoint and validate secure, deep geological formations for long-term
underground CO2 storage.[6].

Carbon Utilization (CCU): Captured carbon is increasingly treated as a raw material
input, diverted into manufacturing synthetic fuels and industrial chemical blocks,
creating direct processing synergies with national hydrogen strategies.
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6.4 Industrial Process Optimization and Digital Controls

Implementing Best Available Techniques minimizes both energy consumption and emission
intensity per unit of industrial output.

o Steel Industry Transformations: Shifting from coal-based integrated production to
Electric Arc Furnaces (EAF) or deploying green hydrogen within natural gas-based Direct
Reduced Iron (DRI) plants can reduce overall emission intensity by over 90% [7].

¢ Cement & Aluminium Optimizations: Installing Waste Heat Recovery (WHR) systems in
clinker kilns and deploying high-efficiency burners lowers thermal energy demand. In
aluminium production, transitioning to inert anode technologies and automated
electrolysis cells dramatically minimizes direct Scope 1 emissions.

o Digital Integration: Integrating real-time digital monitoring networks with 1ISO 50001
Energy Management Systems allows industrial plants to instantaneously isolate energy
leaks, track baseline emission drift, and dynamically adjust process parameters for
maximum thermal and electrical efficiency.

6.5 Circular Economy Frameworks and Industrial Symbiosis

Industrial symbiosis commercializes waste by ensures that the by-product of one industrial
sector is utilized as a high-value raw material input in another, eliminating landfill volumes and
reducing upstream processing emissions.

Table 6.2 Waste Material and Receiving Sectors

Replaces raw limestone clinker;

LT L] Blast Furnace Slag Cement. directly eliminates calcination
Plants Production L
process emissions.
Replaces raw limestone clinker;
. Cement
Power Stations Fly Ash . reduces thermal energy
Production . S
requirements in kilns.
Manufacturing & Refuse-Derived Fuel Used as an alternative fuel
Municipal g (RDF) & Dried  Industrial Kilns  source; reduces dependency
7 Sewage Sludge on imported fossil fuels.
0, 0,
Recycling Post-Consumer Steel. ' & Save.s 90% to 95% of the e.nergy
Aluminium required compared to primary
Networks Scrap Metal . .
Processing production from raw ore.

To support this operational traceability, regulatory agencies are developing Digital Product
Passport protocols. These digital registries enhance market transparency by verifying material
compositions and exact carbon footprints across a product’s entire life cycle.
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6.6 Regulatory Mechanisms and Carbon Pricing

The financial viability and rollout speed of advanced emissions reduction projects are heavily
reinforced by national carbon pricing architectures, legal frameworks, and market-based
compliance structures.

6.7 Emissions Trading Systems (ETS) and Compliance Laws

Enacted legal frameworks, such as Turkiye’s Climate Law (No. 7552), establish formal
compliance pathways by internalizing the economic cost of carbon.

¢ Pilot Phase Implementations: During the initial rollout phases of a national ETS, precise
Measurement, Reporting, and Verification (MRV) protocols are updated and enforced
across high-impact sectors like steel, cement, and electricity generation.

¢ Economic Incentives: By placing a transparent price on carbon, the market-driven
system fundamentally alters capital investment calculations, significantly increasing the
economic feasibility and payback velocity of investments in CCUS, anaerobic digestion,
green hydrogen, and circular manufacturing setups.

6.8 Trade Protection and Revenue Reinvestment

Aligning domestic carbon pricing mechanisms directly with international metrics (such as the
European Union's ETS standards) acts as a protective shield for export-oriented manufacturing
bases. This alignment:

e Mitigates or neutralizes cross-border carbon border adjustment penalties (like CBAM-
related tariffs).

e Ensures local companies remain highly competitive in international trade arenas.

e Generates centralized national funds, as ETS revenues can be explicitly earmarked and
reinvested directly into green technology research, industrial development, and local
decarbonization grants.

6.9 Implications for VET and Green Skills Development

The massive infrastructure overhaul required for methane abatement, advanced industrial
processing, and carbon tracking fundamentally changes the human capital profile required by
the modern labour market. For vocational training frameworks and projects like EnerTransEdu,
this intersection between environmental policy and vocational education highlights an urgent
need to update core training modules.
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Rather than focusing solely on traditional waste sorting or plant mechanics, Vocational
Education and Training (VET) institutions must deliver comprehensive, cross-disciplinary skills.

This framework establishes the specialized training pillars required to upskill the workforce for
the green economy, mapping core competencies across biological, technical, and regulatory
disciplines.

Table 6.3 Green Skills VET Competency Framework

Anaerobic Digestion (AD)
Operations

Managing biogas facility
operations, monitoring
microbial health, and

optimizing methane yields.

Feedstock Management

Sourcing, analysing, and pre-
treating organic biomass
inputs to ensure consistent
biochemical conversion
stability.

Biomethanization
Biochemistry

Applying advanced
biochemical principles to
supervise gas upgrading

processes, removing CO2 and
trace impurities.
Digestate Quality Control

(QC)

Testing and refining
solid/liquid byproducts to
ensure compliance with bio-
fertilizer safety and
agricultural standards.

CCUS Unit Integration

Installing, retrofitting, and
maintaining Carbon Capture,
Utilization, and  Storage
hardware within industrial
stacks.

WHR System Maintenance

Overseeing Waste Heat
Recovery (WHR) loops, heat
exchangers, and thermal

storage units to maximize
thermodynamic efficiency.

Electric Arc Furnace (EAF)
Systems

Operating and maintaining
electrified metallurgy
equipment to transition steel
production away from coal-
fired blast furnaces.

Grid-Edge Hardware
Optimization

Configuring smart-grid
components, local energy
storage inverters, and
localized renewable

generation links.

Core Recommended VET Curriculum Modules:

MRV Protocol Execution

Deploying robust Monitoring,

Reporting, and Verification
frameworks to satisfy
national and international
climate accounting
standards.

Carbon Auditing & Foot-
printing

Conducting comprehensive
greenhouse  gas (GHG)
inventories across Scope 1,
2, and 3 emissions
categories.
Digital Product
(DPP) Tracking

Passport

Utilizing blockchain or cloud-
based ledger systems to
trace material lifecycles,
supply chain circularity, and
environmental footprints.

CBAM Compliance
Reporting
Managing data collection and

documentation required by
the EU's Carbon Border
Adjustment Mechanism for
cross-border trade.
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¢ Anaerobic Digestion and Biogas Plant Operations: Practical competencies in
feedstock sorting, biochemical process control, methane optimization, flare/engine
maintenance, and digestate quality assurance.

e Carbon Capture and Storage Infrastructure Integration: Technical training in the
installation, operation, and safety monitoring of post-combustion capture units, high-
pressure CO2 transport systems, and specialized injection machinery.

e Process Optimization and Thermal Systems Maintenance: Advanced mechanical and
electrical skills focused on configuring Waste Heat Recovery systems, high-efficiency
burners, automation in electrolysis cells, and Electric Arc Furnace operations.

¢ Carbon Management, MRV Protocols, and Environmental Reporting: Data-oriented
training covering carbon footprint calculation methodologies, compliance reporting
under active Emissions Trading Systems, and utilizing digital product passport networks.

Whether optimizing local municipal bio-waste collection networks orimplementing multi-million
euro carbon capture arrays within heavy industrial zones, waste and emissions reduction
represents a cornerstone of sustainable economic transformation. By fully integrating advanced
technological measures; such as anaerobic digestion, CCUS, and industrial symbiosis, with
robust market signals like an Emissions Trading System, nations can systematically reduce their
environmental footprint. Supported by targeted vocational training programs that arm the
workforce with modern green skills, these integrated strategies prepare industrial and municipal
infrastructures both environmentally and economically for a resilient, net-zero future.
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7. Case Studies

The translation of high-level policy frameworks and engineering principles into operational reality
requires localized, demonstrable examples. This section synthesizes case studies across two
distinct economic landscapes: Malta’s targeted pilot initiatives in renewables, transit, and
municipal waste, and Turkiye’s industrial decarbonization roadmaps for energy-intensive, hard-
to-abate sectors.

By evaluating these specific operational environments, the EnerTransEdu project shifts from
generalized climate awareness to targeted, directly applicable vocational education and training
(VET) content.

7.1 Purpose, Selection and Analytical Framework

Case studies serve three core institutional purposes: (i) illustrating measurable carbon and
economic outcomes, (ii) providing live learning environments and sandboxes for technical
training, and (iii) informing replication strategies for wider market scaling.

This matrix contrasts the distinct tactical approaches of Malta and Turkiye, demonstrating how
regional geography, economic structures, and infrastructure scales dictate specific climate
action frameworks.

Table 7.1 Bi-National Case Study Matrix: Decarbonization Pathways

Malta

Floating Solar (FPV): Overcoming severe
Ft?cus: Dgn?and- Energy & Grid Near—shorg floating ph¥3|callar.1d constraln'Fs
Side Efficiency, photovoltaic arrays while scaling domestic

. Infrastructure . . .

Services, and integrated into an isolated renewable energy
Decentralized island grid. generation.
Utilities

Managed Charging

Infrastructure: Lowering localized urban
Urban Transit & : emissions and

- Centralized EV  fleet o .
Logistics optimizing grid load
depots utilizing smart, off- =~

distribution.

peak charging schedules.
Deep Energy Retrofits:
Comprehensive HVAC,
insulation, and building

Reducing peak demand

Commercial & in highly energy-intensive

Hospitality service and tourism
management system sectors
(BMS) upgrades. ’
Anaerobic Digestion Diverting organic waste
Circular Waste (AD): Integrated municipal g g. .
. . from landfills  while
Systems bio-waste processing to

. eneratin local,
capture biomethane. g g
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dispatchable clean

energy.
Turkiye

Green Metallurgy: Decoupling primary

Focus: Supply- Transitioning to Hydrogen heavy industrial output
. . Iron & Steel . .
Side  Innovation Manutagtunng Direct Reduced Iron (DRI)  from coal reliance to
and Energy- and Electric Arc Furnaces eliminate hard-to-abate
Intensive  Heavy (EAF). process emissions.
Industry

Advanced Materials &

. . Meetin rigorous
CCUS: Scaling clinker . g. g
o . international trade
Cement substitution alongside e
. mandates by mitigating
Production Carbon Capture, .
e unavoidable process-
Utilization, and Storage L L
. calcination emissions.
retrofits.
Circular Metallurgy: Drastically lowering the
- Implementing secondary high electricit
Aluminium . . .g . 8 . . .
. smelting via closed-loop consumption typically
Smelting . . .
scrap recycling and clean- required for primary

energy inputs.

aluminium extraction.

While Malta’s selections highlight rapid public-sector infrastructure deployment, Turkiye’s

focuses on sectors that are highly emissions-intensive, tightly bound to global export markets,

and exposed to carbon compliance mechanisms like the European Union's Carbon Border

Adjustment Mechanism (CBAM). Together, they form a holistic view of the global low-carbon

transition.

7.2 Cluster A: Decentralized Infrastructure and Public Sector Pilots
(Malta)

7.2.1 Case Study A: Delimara Floating Solar (50 MW)

Context: A pilot floating photovoltaic (FPV) installation near Delimara designed to
evaluate mooring resilience, maritime platform stability, and high-capacity electrical
export arrangements in marine environments. The site utilizes direct proximity to the
existing Delimara substation to achieve rapid grid connection.

Technical Intervention: Deployment of a 50 MW marine FPV array; implementation of
anchoring systems calibrated to local bathymetry; installation of a subsea offshore
export cable; and setup of a continuous telemetry monitoring suite for platform
hydrodynamic behaviour and inverter efficiency.

VET Curriculum Takeaways: Marine-grade FPV physical safety and offshore operational
protocols; mooring system inspection and mechanical maintenance; subsea export-
cable commissioning; and offshore high-voltage electrical safety.
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7.2.2 Case Study B: Municipal EV Fleet Pilot

Context: A targeted public-sector project to electrify municipal vans, service vehicles,
and small transit buses to eliminate localized urban exhaust emissions and lower public
operating costs.

Technical Intervention: Installation of smart depot charging infrastructure (mixed AC
and selective DC fast chargers); deployment of cloud-based managed-charging
algorithms; full telematics integration across vehicles; and specialized technician
diagnostic training.

VET Curriculum Takeaways: Depot infrastructure electrification planning; charger
hardware commissioning and communication troubleshooting; EV high-voltage
component safety; battery pack diagnostics and degradation tracking; and fleet
telematics data analysis.

7.2.3 Case Study C: Commercial and Industrial Building Retrofit

Context: Deep energy retrofit of a medium-sized hospitality/industrial facility to
aggressively lower final energy demand and serve as an active site for vocational building
performance audits.

Technical Intervention: Complete thermal-envelope structural upgrades; installation of
high-efficiency commercial heat pumps; building-wide LED lighting and daylight
harvesting optimization; and deployment of an advanced Energy Management System
(EMS).

VET Curriculum Takeaways: Retrofit project management and execution; commercial
energy-auditing methodologies; investment payback and financial lifecycle-cost
analysis; and EMS software sandbox configuration.

7.2.4 Case Study D: Organic Processing and Biomethanization (Maghtab /
ECOHIVE)

Context: Comprehensive municipal waste management upgrade at the
Maghtab/ECOHIVE complex, focusing on organic-waste processing via Anaerobic
Digestion (AD), paired with formal lifecycle evaluations of residual Waste-to-Energy (WtE)
facilities.

Technical Intervention: Implementation of high-capture organic waste separation lines;
construction and commissioning of a utility-scale AD plant; digestate processing and
biochemical management; and continuous fugitive emission monitoring.

VET Curriculum Takeaways: Industrial AD facility operations and biological health
monitoring; gas chromatography and emissions tracking; circular-economy bio-product
business models; and comparative lifecycle greenhouse gas (GHG) appraisal workflows.
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7.3 Cluster B: Hard-to-Abate Industrial Decarbonization Roadmaps

(Turkiye)

7.3.1 Case Study E: The Iron and Steel Sector

e Context: An evaluation of the opportunities and structural limits of low-carbon

manufacturing. The sector features strong integration with manufacturing and

construction and a wide export footprint but faces external energy dependencies and

capital access constraints.

Iron & Steel Decarbonization Technology Scenarios

This matrix contrasts two primary strategic pathways for heavy industrial metallurgy,
highlighting the operational shift from legacy optimization to deep-tech, green-hydrogen

infrastructure.

Table 7.2 Comparative Dimensions Scenarios

Strategic Core

Primary Macro
Driver

Core
Technology
Vector

CapEx Vs.
OpEx Profile

Carbon
Abatement
Potential

Incremental Brownfield

Upgrades
Maximizing the efficiency of
existing legacy assets through

operational refinements.

Carbon Pricing Incentives

Driven by immediate compliance
penalties, carbon taxes, and
volatile emission trading scheme
(ETS) pricing.

Legacy Blast Furnace
Optimization

Implementing top-gas recycling,
pulverized coal injection (PClI)
reduction, and energy efficiency
retrofits on existing basic oxygen
furnaces (BOF).

Low Initial CapEx / High Long-
Term OpEx

Protects near-term capital budgets

but exposes operations to
escalating long-term carbon
liabilities.

Moderate (15% - 30%
Reduction)

Greenfield & Radical Brownfield
Overhaul

Transitioning to
zero-emission
production lines.
Capital-Intensive Investments

fundamentally
metallurgical

Driven by long-term corporate
sustainability mandates, sovereign
green bonds, and ESG-led project
finance.

Hydrogen Direct Reduced Iron
(H2-DRI)

Replacing coal entirely with green
hydrogen (H2) to reduce iron ore,
paired with clean-energy powered
Electric Arc Furnaces (EAF).

High Initial CapEx / Optimized
OpEx

Requires massive front-end capital
deployment for infrastructure, but
future-proofs the asset against
regulatory penalties.

Deep Abatement (85% - 95%
Reduction)
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Addresses operational Virtually eliminates Scope 1
inefficiencies but leaves process emissions by substituting
fundamental fossil-fuel process carbon with green hydrogen.
emissions intact.

Technical Intervention: Assessing transition pathways from coal-based integrated
plants to Electric Arc Furnaces (EAF), deploying green hydrogen within natural gas-based
Direct Reduced Iron (DRI) systems, and evaluating Carbon Capture, Utilization, and
Storage (CCUS) retrofits for traditional blast furnace routes.

VET Curriculum Takeaways: Advanced cost-structure modelling under shifting
regulatory conditions; engineering parameters of green hydrogen combustion and DRI
safety; EAF operational optimization; and industrial carbon-accounting methods.

7.3.2 Case Study F: The Cement Sector

Context: Cement production is exceptionally difficult to decarbonize because the
majority of its emissions are unavoidable chemical process reactions (calcination during
limestone heating) rather than simple fuel-combustion emissions.

Technical Intervention: Implementing thermal efficiency retrofits; reducing the clinker-
to-cementratio through the introduction of alternative binders (such as blast furnace slag
or fly ash); expanding biomass and Refuse-Derived Fuel (RDF) consumption in kilns;
installing Waste Heat Recovery (WHR) systems; and planning long-term post-
combustion CCUS integration.

VET Curriculum Takeaways: Chemical process adaptation and new alternative material
production recipes; WHR thermal loop maintenance and high-efficiency burner
configuration; biomass/alternative fuel safety management; and CCUS engineering
principles.

7.3.3 Case Study G: The Aluminium Sector

Context: A strategic manufacturing input for the automotive, defence, aerospace, and
construction sectors, where competitiveness is heavily determined by supply-chain-
related carbon footprints due to strict international trade mandates.

Technical Intervention: Integrating life cycle assessments covering Direct (Scope 1),
Indirect (Scope 2), and Supply Chain (Scope 3) emissions; increasing the volumetric
utilization of post-consumer scrap metal; upgrading primary furnace configurations; and
transitioning to low-carbon electricity inputs and inert anode technologies.

VET Curriculum Takeaways: Supply-chain circularity analysis and scrap material flow
management; advanced furnace automation; electrolysis cell energy optimization; and
digital product passport compliance tracking.
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7.4 Cross-Case Synthesis and VET Curriculum Design

Analysing these diverse service-sector pilots and heavy-industrial roadmaps together reveals
shared structural requirements. Decarbonization is shaped equally by cost structures, energy
supply conditions, financing mechanisms, and institutional monitoring capacity.

Core Common Success Factors

¢ Uniform Technology Limitations: No single technological solution applies uniformly
across all environments; each sector requires a unique combination of process
modifications, electrical upgrades, and fuel switches.

e Grid Decarbonization Dependency: The commercial viability and net emissions
performance of electrification (EV fleets, heat pumps, electric arc furnaces, and
electrolysis) depend on expanding renewable energy supply and reducing carbon
intensity across the main electrical grid.

o Workforce Enablement: Technology and finance are ineffective without a workforce
systematically trained in energy efficiency, emissions accounting, advanced process
technologies, data literacy, and environmental compliance.

7.5 Quantitative Impact Metrics and Evaluation Framework

To evaluate the success of these operational interventions and track their integration into VET
programs, project managers utilize a dual performance-tracking framework:

Table 7.3 KPI’s and Measurement Units

Operational Annual Generation / orreduction FPV  arrays, Building

Impact

VET & Human
Capital

Energy Savings
Emissions Mitigated

Industrial Input
Efficiency

Financial Payback
Velocity

Certified Cohort
Output

Micro-Credential
Issuance
Labor
Absorption

Market

Clinker-to-Cement
Ratio / Scrap Use
Years ()

Count ()

Count ()

Employment
Placement Rate

Retrofits

EV Fleet Pilots, Methane
Abatement
Cement
Processing
WHR Systems, Industrial
Retrofits

Marine FPV, EV Depot
Commissioning

MRV Carbon Auditing,
EMS Sandbox

Graduate tracking within
Green Industries

Kilns, Steel
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By grounding vocational instruction in these measurable, real-world case studies, the
EnerTransEdu project ensures that the emerging workforce develops a deep low-carbon
production culture alongside technical expertise. This alighs human capital development directly
with the long-term demands of the energy transition.

8. Public and Workforce Engagement

Focus on the role of citizens, companies, and vocational education in preparing a skilled
workforce for the renewable energy transition. The transition to a net-zero economy requires the
active engagement of citizens, companies, and educational institutions to foster a collective
ownership of national climate goals [3,5]. This multifaceted engagement strategy ensures that
technological shifts are supported by a society that is aware of climate risks and a workforce

equipped with the necessary green skills to lead the energy transition [1].

8.1 Citizen Awareness and Social Participation

Citizen engagement is a foundational pillar of Turkiye’s climate strategy, with national policies
emphasizing "Climate Literacy" and "Zero Waste" awareness within families to cultivate a more
environmentally conscious society [6]. The "Youth Climate Envoys Movement" represents a major
milestone in public participation, empowering university students to lead green transformation
initiatives on campuses and contribute to national climate policy debates Furthermore, strategic
documents outline the importance of involving children and vulnerable groups in awareness-
raising activities to ensure that sustainability becomes a shared social value [3,6]. Public
authorities, consumers, and NGOs are encouraged to work in close cooperation to create an

ecosystem that supports sustainable production and consumption patterns across the country

[5].

8.2. Corporate Responsibility and Industry-Led Transformation

Companies play a vital role by identifying specific green skills and qualifications required for the

decarbonization of "hard-to-abate" sectors such as steel, aluminium, and cement [4,8,9].
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Industrial facilities are strategically encouraged to implement ISO 50001 Energy Management
Systems and provide regular training to officials and workers to maximize energy and resource
efficiency [1,5]. Moreover, the adoption of corporate sustainability reporting is becoming
essential for companies to manage climate-related risks, improve their international reputation,
and attract green financing [1,3]. To bridge the "green skills gap," businesses are increasingly
collaborating with public institutions to define new job descriptions and skill sets necessitated

by the deployment of digital and clean technologies [3].

8.3. The Strategic Role of Vocational Education and Training (VET)

Vocational education and training are recognized as indispensable instruments for preparing a
workforce capable of implementing advanced low-carbon technologies like green hydrogen,
carbon capture, and renewable energy systems [1]. National strategies mandate the integration
of climate change, circular economy, and green skills into the formal education curricula,
including middle school and vocational high school programs Sector-specific vocational training
is being rapidly scaled up, with targets to provide specialized education to at least 5,000
personnel in distributed systems and low-carbon energy technologies by 2030. Additionally, the
development of "National Occupational Standards" and certification systems ensures that
workers in the renewable energy and construction sectors possess verified technical
competencies for Nearly Zero Energy Buildings [1]. Higher education programs are also being
harmonized with "Green Skill Frameworks" to ensure that engineers and technicians can lead the

technological transformation required for the 2053 goals [4].

8.4. Just Transition and Inclusive Employment

A "Just Transition" framework is being developed to ensure that the shift to a green economy is
socially inclusive and does not deepen existing inequalities [3,6]. This approach focuses on the
Just Transition perspective, which includes reskilling and upskilling workers whose jobs may be
displaced by the transition away from fossil fuels. Gender equality is a core principle of these
efforts, with specific policies aimed at increasing the participation of women in technical energy
roles and senior decision-making positions [4]. By providing equal opportunities for vulnerable

groups, such as young unemployed graduates and persons with disabilities, Turkiye aims to
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achieve a transition that protects workers' rights while building a resilient, low-carbon future [3].
The implementation of ETS will further generate revenues that can be reinvested into green

technology R&D and workforce development programs [5,6].

9. Conclusions and Actionable Recommendations

9.1 Cross-Regional Strategic Synthesis

The transition toward a sustainable, low-carbon economy represents a profound structural
overhaul affecting utility infrastructure, manufacturing lines, transit networks, and labour
dynamics. As examined throughout this combined analysis, achieving ambitious mid-century
climate goals; such as Malta's near-term targets or Turkiye’s 2053 Net Zero mandate, requires a

coordinated deployment of diverse policy instruments and technological pathways.

The following matrix highlights the distinct country-specific strategies and the shared

socioeconomic prerequisites necessary to achieve regional climate mandates.

Table 9.1 Balanced Decarbonization Framework

High-Density, Land-
Constrained Solutions

Optimizing limited
physical land mass
through decentralized

utility infrastructure.
Urban Transit
Electrification

Accelerating EV  fleet
deployment and smart grid
integration  for  dense
transit networks.
Demand-Side
Management

Maximizing service-sector
energy efficiency and
scaling rooftop solar PV
capacity.

Industrial Carbon Mitigation

Decoupling economic growth
from emissions across an energy-
intensive manufacturing base.

Deep Process-Line CCUS

Deploying  Carbon Capture,
Utilization, and Storage in hard-to-
abate sectors (steel, cement).

Export Competitiveness

Aligning heavy industries with
global trade mandates like the
EU's Carbon Border Adjustment
Mechanism (CBAM).

Structural Workforce
Reskilling

Establishing green tech
reskilling labs to transition
legacy labour forces.

Micro-Credential
Certification

Developing industry-
backed agile credentials to
validate emerging green
competencies.
Vocational Training
Alighment

Bridging the skills gap
through academic-industry
frameworks like the
EnerTransEdu project.
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Both nations face distinct geographical and economic constraints that shape their
implementations. Malta must reconcile high urban density, limited physical land mass, and an
isolated island grid by prioritizing demand-side management, service-sector efficiency, rooftop
PV scaling, and decentralized utility infrastructure.

Conversely, Turkiye must decouple economic growth from greenhouse gas emissions across a
large, energy-intensive heavy industrial manufacturing base (including steel, cement, and
aluminium) to maintain global export competitiveness under strict trade mandates like the
European Union's Carbon Border Adjustment Mechanism (CBAM).

Despite these differences, both regions find common ground in the underlying requirements of
the energy transition: the acceleration of clean power, the deployment of energy storage, the
digitization of network monitoring, and the deep mitigation of methane and process-based gases.
Ultimately, investments in advanced physical hardware and climate infrastructure will face
delays and inflated operating costs without parallel investments in human capital. Updating
vocational training networks, supported by initiatives like the EnerTransEdu project, is the
foundational prerequisite to bridge the green skills gap and ensure a just transition.

9.2 Concluded Priority Actions

e Offshore and Distributed Renewables: Accelerate offshore wind and floating
photovoltaic (FPV) projects to secure utility-scale clean energy generation, while
expanding rooftop solar and agrivoltaics systems across available urban and agricultural
spaces.

¢ Infrastructure Resilience and Storage: Scale utility-scale Battery Energy Storage
Systems (BESS) and alternative carriers (such as hydrogen arrays) to manage the
variability of intermittent renewables. Harden transmission and distribution networks
against extreme climate events through physical reinforcing and underground cabling.

o Process Electrification and Waste Heat Recovery (WHR): Upgrade heavy
manufacturing process lines by replacing fossil fuel-based thermal systems with electric
alternatives and installing high-efficiency kilns and WHR systems to capture low-cost
energy.

e Multi-Modal Transport Electrification: Displace the historical dominance of fossil fuel-
powered road transport by electrifying public and private municipal fleets, deploying
interoperable smart public charging infrastructure, and strengthening high-speed rail and
green maritime logistics nodes.

¢ Methane Abatement and Circular Symbiosis: Maximize bio-waste source separation to
feed advanced Anaerobic Digestion (AD) networks, while establishing cross-sectoral
industrial symbiosis where by-products (like slag and fly ash) serve as raw material inputs
for cement production.
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Advanced Technology and Carbon Tracking: Build institutional capacity for Carbon
Capture, Utilization, and Storage (CCUS) frameworks within hard-to-abate sectors,
supported by precise national storage atlases and Digital Product Passports to verify
lifecycle carbon metrics.

Vocational Curriculum Reform: Embed cross-disciplinary engineering, data literacy,
emissions reporting, and safety competencies directly into technical school curriculum
to cultivate a proactive low-carbon production culture.

9.3 Recommended Implementation Roadmap

Prioritize high-impact interventions that unlock near-term system value, sequence capital-

intensive deployments carefully to mitigate the risk of infrastructure lock-in and match every

milestone with a matching workforce development phase.

9.3.1 Phase 1 (2026-2027): Mobilize and Pilot

Renewables & Storage: Finalize site selections and environmental impact assessments
for large-scale offshore arrays; commission a 50 MW marine floating solar pilot. Install
initial utility-scale BESS configurations at constrained transmission nodes.

Industrial Optimization: Launch comprehensive public building energy audits and roll
out initial Best Available Techniques (BAT) retrofits within manufacturing zones.

Transport & Waste: Deploy municipal EV fleet pilots, install standard public charging
corridors, and implement high-capture organic waste sorting pipelines alongside pilot
anaerobic digestion units.

VET Core Rollout: Distribute the finalized modular training toolkit to technical
institutions and establish initial regional laboratory testing hubs.

9.3.2 Phase 2 (2028-2029): Scale and Integrate

Renewables & Storage: Scale up decentralized solar deployments toward interim
targets and expand energy storage capabilities to support high-penetration smart
charging networks.

Industrial Optimization: Expand SME energy retrofit grants, integrate automated building
and energy management software platforms, and codify cross-industry material recycling
streams.

Transport & Waste: Accelerate high-capacity commercial depot electrification, integrate
advanced fleet telematics, commission utility-scale AD plants, and establish legislative
frameworks for industrial CCUS and carbon storage tracking.
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e VET Integration: Embed real-world industrial case studies directly into classroom
instruction and scale up comprehensive teacher training programs.

9.3.3 Phase 3 (2030-2032): Consolidate and Optimize

¢ Renewables & Storage: Achieve targeted multi-megawatt green generation capacities,
finalize primary transmission line expansions, and commission secondary cross-border
grid interconnectors. Optimize distributed storage networks to run active vehicle-to-grid
(V2G) applications.

¢ Industrial Optimization: Enforce updated Measurement, Reporting, and Verification
(MRV) carbon accounting protocols across heavy industry, backed by active domestic
Emissions Trading Systems (ETS).

o Transport & Waste: Realize national electric vehicle volume goals via a dense network of
interoperable chargers and fully implement long-term waste-to-energy and geological
carbon injection infrastructure.

¢ VET Standards: Standardize green technology technical certificates across regional
training networks and establish direct, long-term employment pipelines with private
industry.

9.4 Potential Funding and Governance Matrix

The execution of these nationwide decarbonization strategies requires blending public
resources, international climate funds, and private commercial capital under a unified
regulatory framework.

Table 9.2 Potential Funding Sources

Floating Offshore & €300m — Recovery and Resilience Ministry of Energy /
Utility Renewables €600m Facility (RRF); Green Bonds; Transmission System
Public-Private Partnerships = Operator
(PPP); Private Equity
Grid Modernization & €80m — | EU Cohesion Funds; RRF;  Transmission System
Interconnectors €150m Regulated Infrastructure = Operator / Energy
Investment Capital; National = Regulatory Authority
Budgets
Large-Scale BESS & €50m —  RRF; Green Structural Bonds; Distribution System
Storage Deployment  €150m Commercial Lenders; Operator / Ministry of
National Climate Innovation Economy
Funds
Rooftop PV & €80m — | Cohesion Funds; Feed-in | National Energy
Agrivoltaics Scale-Up = €200m Tariff  Incentives; Private | Agency / Local
Capital Investment; SME @ Municipal Councils
Grants
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Transport €40m -  RRF; Cohesion Funds; | Ministry of Transport /
Electrification & €120m Municipal Budgets; Urban Municipalities
Charging Networks Infrastructure PPPs; Private

Operator Capital
National Energy Audit €60m - RRF; SME Development | Ministry of Economy /
& Deep Retrofit €180m Grants; European Structural Climate Action
Programs and Investment Funds (ESIF); = Authority

Corporate CAPEX
Industrial Symbiosis, €30m — National Waste Management Waste Management
AD & Waste €120m Funds; ETS Revenue | Authority / Ministry of
Infrastructure Reinvestment; Innovation Environment

Funds; PPP Models

Notes: cost ranges are indicative and depend on procurement models, local content, and

phasing. Blended finance and guarantees should be used to reduce perceived risk and attract

private capital.

9.5 Actionable Recommendations for EnerTransEdu

To maximize educational outcomes and support national climate roadmaps, the EnerTransEdu

project should focus on five operational pillars:

A.

Develop a Modular VET Toolkit: Establish a cross-disciplinary instructional suite
incorporating flexible technical syllabi, standardized testing rubrics, and industry-
recognized micro-credentials.

Launch Regional Lab Hubs: Pool capital resources to construct specialized regional
laboratories housing high-value equipment; such as BESS emulators, DC fast chargers,
SCADA simulation rigs, and pilot anaerobic digesters, maximizing access for multiple
training centres.

Embed MACC and Data Literacy Exercises: Integrate Marginal Abatement Cost Curve
modelling and digital telemetry tracking into energy auditing courses to build analytical
proficiency in project prioritization and cost-effectiveness analysis.

Forge Strategic Industry Partnerships: Establish formal frameworks for corporate
apprenticeships, industry-to-classroom instructor secondments, and ongoing technical
curriculum updates matching private sector demands.

Enforce Comprehensive Impact Measurement: Actively track long-term key
performance indicators, including graduate labour market placement rates, employer
satisfaction scores, and measurable field reductions (energy saved, carbon emissions
avoided) driven by trained personnel.
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9.6 Recommended VET Module and Laboratory Templates

9.6.1 Core Practical Module Templates

A. Energy Auditing and Building Performance

Learning Outcomes: Perform professional building and process energy audits according
to international standards; interpret utility energy balances and site demand profiles;
design cost-effective deep retrofit measures and calculate accurate financial payback
schedules.

Core Topics: Load profiling; thermal diagnostics; HVAC performance; commercial
lighting systems; water-use efficiency; stakeholder engagement; simple lifecycle costing.

Assessment Methods: Field-scale site audit report; oral defence; practical thermal
imaging and insulation verification exercise.

B. EMS Configuration and Digital Energy Management

Learning Outcomes: Install, wire, and configure advanced Energy Management Systems
(EMS); design real-time monitoring dashboards and automated anomaly alerts; execute
baseline demand-response optimization algorithms.

Core Topics: Industrial metering and sensor architectures; SCADA fundamentals; data
acquisition protocols; KPI design; demand response and managed charging interfaces.

Assessment Methods: EMS hardware configuration laboratory task; functional
dashboard construction; case study defence on peak load shifting.

C. Industrial Electrification and Retrofit Management

Learning Outcomes: Plan complex retrofit projects; prepare technical procurement and
tendering briefs; perform process-level evaluations for fossil-to-electric thermal
technology shifts (e.g., sizing industrial heat pumps or electric boilers).

Core Topics: Project scoping; quality assurance; financing options; heat pump
thermodynamics; electric boiler integration; safety controls.

Assessment Methods: Project plan and detailed cost-benefit/carbon reduction analysis
comparing electrification against a fossil fuel baseline.

D. EV High-Voltage Safety and Component Diagnostics

Page 42 of 49



E ra Sm U S + EnerTransEdu VET for Energy Transition & Carbon Neutrality

Learning Outcomes: Execute high-voltage safe isolation and lock-out/tag-out (LOTO)
procedures; implement PPE and high-voltage rescue protocols; interpret battery
management system (BMS) telemetry to diagnose degradation modes and state-of-
health (SoH).

Core Topics: High-voltage vehicle architecture; emergency response codes; cell
chemistry fundamentals; BMS telemetry; diagnostic software tools.

Assessment Methods: Time-critical practical safety isolation drill; simulated battery
pack fault diagnostic report; written examination.

E. Charger Commissioning and Interoperability

Learning Outcomes: Safely install and commission commercial AC and DC fast-
charging hardware; validate communication protocols via Open Charge Point Protocol
(OCPP); perform comprehensive interoperability and payment roaming tests.

Core Topics: Three-phase electrical connections; earthing and protection systems;
OCPP basics; grid connection limits; payment interface configurations.

Assessment Methods: Execution of a standard commissioning checklist;
interoperability and communication test log verification.

F. Fleet Depot Electrification and Digital Logistics

Learning Outcomes: Design optimized charging layouts for commercial vehicle depots;
calculate required transformer and electrical upgrade sizing; construct smart-charging
schedules; utilize telematics data to reduce vehicle kilometres travelled (VKT).

Core Topics: Load-flow analysis; transformer sizing; demand management; routing
algorithms; telematics dashboard integration; fleet performance KPlIs.

Assessment Methods: Comprehensive depot electrification and routing optimization

plan for a municipal or logistics fleet.

G. Anaerobic Digestion (AD) Operations and Emissions Monitoring

Learning Outcomes: Execute biochemical feedstock characterization; manage digester
operational parameters; monitor biogas handling and upgrading systems; implement
Leak Detection and Repair (LDAR) protocols using specialized instrumentation.

Core Topics: Feedstock balancing; anaerobic biochemistry; gas safety; digestate quality
control; handheld methane detection; fixed monitoring networks; regulatory compliance.

Assessment Methods: Operational plant logbook evaluation; simulated digester control
intervention; field leak detection and repair mapping exercise.
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H. Circular-Economy Business Models and Carbon Accounting

Learning Outcomes: Map industrial waste value chains; design cross-sectoral material-
recovery and industrial symbiosis workflows; perform carbon footprint calculations and
product lifecycle assessments (LCA).

Core Topics: Waste stream mapping; material flow analysis; clinker substitution; scrap
metal utilization; Digital Product Passports; carbon pricing economics (ETS/CBAM).

Assessment Methods: Green business-model pitch paired with a calculated product
lifecycle assessment summary.

9.6.2 Core Practical Laboratory Templates

I. Laboratory A: Gas-Monitoring and Leak-Detection Facility

Equipment Specifications: Handheld optical gas imaging (OGIl) cameras, portable
electrochemical methane detectors, infrared cameras for fugitive thermal emissions,
electronic refrigerant-leak sensors, multi-channel automated data loggers.

Core Learning Activities: Sensor calibration procedures; design and execution of Leak
Detection and Repair (LDAR) routes; quantitative measurement and reporting of
simulated fugitive facility emissions.

J. Laboratory B: Anaerobic Digestion (AD) Operations Demonstration Unit

Equipment Specifications: Bench-scale continuous-feed anaerobic digester,
automated biogas flare assembly, electronic gas-flow metering, basic multi-stage gas-
cleaning and scrubbing skid, volatile fatty acids (VFA) testing station.

Core Learning Activities: Feedstock chemical mixing and buffering; continuous
monitoring of biogas yield and methane composition; digestate extraction, stabilization
handling, and agricultural quality testing.

K. Laboratory C: Circular-Economy and Industrial Symbiosis Workshop

Equipment Specifications: Industrial waste-stream sorting station models; material-
recovery simulation kits; dedicated workstations featuring verified Lifecycle Assessment
(LCA) software licenses; Digital Product Passport data integration sandboxes.

Core Learning Activities: Optimization of industrial material sorting and recycling flows;
quantitative LCA comparison of raw extraction versus circular industrial symbiosis;
regulatory carbon tariff (CBAM/ETS) compliance roleplay exercises.
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11. Glossary and Acronyms

11.1 Glossary

Anaerobic Digestion (AD)
A biological process that breaks down organic feedstock matter in the absence of oxygen to
produce biogas (mainly methane and CO,) and a nutrient-rich digestate.

Battery Energy Storage System (BESS)
An electrochemical system that stores electrical energy for later discharge, used for grid
balancing, frequency response, and shifting renewable generation.

Biogas
A combustible gas mixture produced by AD, primarily composed of methane (CH,) and carbon
dioxide (CO,), usable for heat or electricity generation.

Building Management System (BMS)
A digital control system that monitors and manages building services such as HVAC, lighting,
and energy consumption.

Capacity Factor (CF)
The ratio of actual energy produced by a power plant over a period to the energy it could have
produced at continuous full power; expressed as a percentage.

Circular Economy (CE)
An economic model that prioritises reuse, repair, remanufacturing, and recycling to minimise
waste and resource extraction.

Demand Response (DR)
Mechanisms that adjust electricity consumption in response to supply conditions or price
signals to improve grid stability.

Distributed Generation (DG)
Electricity generation located close to the point of use, typically small-scale systems such as
rooftop PV.

Energy Management System (EMS)
A software and hardware platform for monitoring, controlling, and optimising energy use across
buildings, sites, or portfolios.

Floating Photovoltaics (FPV)
PV arrays mounted on floating structures on water bodies, used to increase generation capacity
where land is scarce.

Grid Services
Technical services provided to the power system (e.g., frequency regulation, voltage support,
reserve capacity) that maintain reliability.
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Inverter
An electrical device that converts direct current (DC) from PV or batteries into alternating
current (AC) for grid compatibility.

Levelized Cost of Energy (LCOE)
A metric that expresses the average lifetime cost of producing one unit of electricity from a
generation source, accounting for capital, O&M, fuel, and discounting.

Marginal Abatement Cost Curve (MACC)
Atool that ranks emissions-reduction measures by their cost per unit of GHG abated, used to
prioritise interventions.

Mobility-as-a-service (Maa$S)

A digital platform that integrates multiple transportation options into a single, user-
centric service, allowing users to plan, book, and pay for trips seamlessly.

Micro-credential
A short, competency-based certification recognising mastery of a specific skill or module,
stackable into larger qualifications.

Net Zero
A state where anthropogenic greenhouse gas emissions are balanced by removals over a
specified period.

National Energy System Operator (NESO)

This is the nationalised energy system operator responsible for ensuring that energy supply
meets demand.

National Energy & Climate Plan (NECP)

A strategic framework for EU countries to outline policies and actions to achieve climate and
energy targets for 2030 and beyond.

Open Charge Point Protocol (OCPP)
a standard communication protocol for EV chargers and management systems.

Payback Period (PP)
The time required for cumulative savings or revenues to equal the initial capital investment.

Photovoltaic (PV)
Technology that converts sunlight directly into electricity using semiconductor materials.

Power Conversion System PCS
The set of power electronics (inverters, converters) that manage energy flows between
generation, storage, and the grid.

Renewable Energy Systems (RES)
Energy made from renewable natural resources that are replenished on a human timescale.

Small to Medium sized Enterprise (SME)
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A business that has fewer than 250 employees and moderate annual turnover limits.

State of Health SOH
A measure of a battery’s remaining capacity and performance relative to its original
specifications.

Vehicle to Grid V2G

A capability that allows EVs to discharge electricity back to the grid or a local load, providing
flexibility and storage services.

Waste to Energy (WtE)
The process of converting non-recyclable waste materials into usable energy, typically in the
form of electricity or heat.

11.2 Acronyms

Acronym Meaning

AD Anaerobic Digestion

BESS Battery Energy Storage System
BMS Building Management System
CAPEX Capital Expenditure

CHP Combined Heat and Power
co, Carbon Dioxide

EMS Energy Management System
EV Electric Vehicle

FPV Floating Photovoltaics

GHG Greenhouse Gas

HV High Voltage
IPCC Intergovernmental Panel on Climate Change
kwW Kilowatt

kWh Kilowatt-hour
LCOE Levelized Cost of Energy

MACC Marginal Abatement Cost Curve
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MWh

NECP

NSO

Oo&M

OCPP

PV

RRF

SCADA

SoH

V2G

WtE
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Acronym Meaning

Megawatt-hour

National Energy and Climate Plan
National Statistics Office

Operations and Maintenance

Open Charge Point Protocol

Photovoltaic

Recovery and Resilience Facility
Supervisory Control and Data Acquisition
State of Health

Vehicle to Grid

Waste to Energy
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