
 
 
 

 

 

Os organizadores desta Summer School agradecem aos autores dos posters 

apresentados, todos eles de grande qualidade, revelando o elevado nível do trabalho que 

estão a realizar. 

 

Também agradecem reconhecidamente ao júri constituído pela Professora Fernanda 

Margarido, do Instituto Superior Técnico, pela Doutora Alexandra Barreiros, do LNEG e 

pela Doutora Jenifer Teixeira, do INL, pela sua disponibilidade para avaliarem os posters 

e seleccionarem o melhor. 

 

No entanto, dada a elevada qualidade dos posters e sendo difícil escolher só um, o júri 

decidiu seleccionar os seguintes três posters, cada um numa categoria: 

 

Aplicações alternativas de Materiais 

Green Urban Energy Systems: concrete modules for thermoelectric energy harvesting 

 

Utilização de recursos endógenos em novas aplicações energéticas  

Cork derived laser-induced graphene microsupercapacitors for sustainable energy 

storage applications 

 

Redução de Materiais Críticos 

Light Management in Cu(In,Ga)Se2 solar cells 

 

Os autores receberam um DIPLOMA e foram convidados a apresentar um artigo sobre o 

seu trabalho no próximo número da revista da SPM Ciência & Tecnologia dos Materiais, 

número temático sobre MATERIAIS PARA A ENERGIA, já em preparação. 

  



 
 
 

Printed and flexible wind flow sensor for performance optimization of 

Urban Wind Turbines 
 

S. Bogas1, A. Fonseca1, D. Campanhã1, M. Peixoto1, J. Fonseca1 
1CeNTI – Centre for Nanotechnology and Smart Materials 

Vila Nova de Famalicão (Portugal). 

 
Urban Wind Turbines are one of the most common technologies to harness wind energy. They use 

aerodynamic force from rotor blades to convert wind energy to electric power. A conventional wind turbine 

starts operating and produces energy at wind speeds of 10 km/h and stops at 90 km/h to avoid structural 

problems. Usually, wind speed is monitored by anemometers, however, they are expensive and susceptible to 

mechanical degradation. 

Herein we report the development of a wind flow sensor for urban wind turbines produced by printing 

technologies. Its main features are to be lightweight, flexible, with low power consumption and its production 

be easily scalable. The developed sensors are composed of two different layers: the heating system and sensors 

electrodes are composed of a silver layer and the PTC thermistors composed of a commercial PTC ink, all 

printed onto a polymeric flexible substrate. Based on the calorimetric measuring principle they are able to 

measure the speed and direction of the air flow. This work was developed in the scope of Baterias2030 project 

(POCI-01-0247-FEDER-046109), which was co-financed by Portugal2020, under the Operational Program for 

Competitiveness and Internationalization (COMPETE 2020) through the European Regional Development 

Fund (ERDF).  

 
Figure 1: Schematic of the operation principle for the printed wind sensors. 
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Light Management in Cu(In,Ga)Se2 solar cells 
 

A. J. N. Oliveira*1,2, J. P. Teixeira1, T. S. Lopes1, R. F. Alexandre1, E. Ribeiro1, D. 
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B.  

1 INL – International Iberian Nanotechnology Laboratory, Avenida Mestre José Veiga, 

4715-330 Braga, Portugal  

2 Departamento de Física, Universidade de Aveiro, Campus Universitário de Santiago, 

3810-193 Aveiro, Portugal  
 

Cu(In,Ga)Se2 (CIGS) is currently at the forefront of inorganic thin film technology, having reached a light to 

power conversion efficiency value of 23.35 %. However, the current state-of-art cells are far from the 26.7 % 

record for monocrystalline silicon, with the latter dominating the Photovoltaics market. A pathway for the CIGS 

market expansion consists of a reduction in the production costs and a performance increase. An ultra-thin 

approach, through absorbers with thickness lower than 1 µm, satisfies the low-cost requirement. However, a 

thinner absorber leads to optical absorption problems. As a matter of fact, the ultra-thin CIGS champion cell JSC 

is only 70 % of its theoretical limit, while the monocrystalline Si has already reached 98%. Hence, with the aim 

of increasing the conversion efficiency, the CIGS market expansion can benefit from the implementation of 

light management strategies. To tackle the optical losses in ultra-thin devices, three main criteria were 

identified: omnidirectional low reflection; light trapping; and full spectral harvesting. By fulfilling each strategy, 

it is expected that a 27 % CIGS solar cell can be achieved. In this work, we present and discuss the fabrication 

of novel light management strategies that may effectively be coupled to a CIGS solar cell and promote a 

conversion efficiency increase. The developed architectures were based on novel concepts ranging from, a 

moth-eye architecture (Figure 1 a)), fabricated through an industry-friendly nano-imprint lithography procedure, 

to the integration of plasmonic nanoparticles (Figure 1 b)), to promote an optical path length enhancement in the 

CIGS layer. 

 

 

 

 

 

 

 

 

 

 

Figure 1. a) Moth-eye architecture in Si; and b) Au nanoparticles encapsulated in a dielectric matrix with a line-

contact architecture. 
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supported by InovSolarCells (029696) and Baterias 2030 (POCI-01-0247- FEDER-046109) co-funded by FCT 

and the ERDF through COMPETE2020.  
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Copper-arsenic-sulfide thin-films from local raw materials deposited via 

RF co-sputtering for photovoltaics       

Pedro Centeno1*, Miguel Alexandre1, Filipe Neves2, Elvira Fortunato1, Rodrigo Martins1, 

Hugo Águas1, Manuel J. Mendes1 
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Portugal  

Together with the efficiency bottleneck of monocrystalline silicon solar cell technology, the worldwide 

unceasing increase of energy demand has been originating and accelerating the research and development of 

alternative photovoltaic materials. Due to their broad raw material availability, suitable bandgap and high 

absorption coefficient, copper-arsenic-sulfide (CAS) compounds have been regarded as promising candidates 

for use as p-type absorber in solar cells. However, CAS are still rather unexplored materials, thus low 

efficiencies have been attained so far. 

Breakthrough results are presented here for the field of photovoltaics (PV), as thin-films of amorphous copper-

arsenic-sulfide (CAS) have unprecedentedly been deposited through radio-frequency magnetron co-sputtering, 

using a commercial Cu target and a Cu-As-S composite target, obtained from by-product/waste material of 

mining dumps in the Portuguese sector of the Iberian Pyrite Belt. This proof-of-concept study unveils the 

potential of CAS compounds for PV technology, seeding the promising exploration of this material in many 

other optoelectronic applications. Raman and x-ray diffraction analysis confirm that the use of two targets 

results in films with pronounced stoichiometry gradients, suggesting a transition from amorphous CAS 

compounds to crystalline Djurleite (Cu31S16), with increasing proximity to the Cu target. Resistivity values 

from 4.7 mΩ.cm to 17.4 Ω.cm are obtained, being the lowest resistive films those with pronounced sub-bandgap 

free-carrier absorption. The bandgap values range from 2.20 to 2.65 eV, indicating promising application as 

wide-bandgap semiconductors in third-generation (e.g. multi-junction) photovoltaic devices.  

 
Figure 1: (a) Absorption spectra calculated from the measured transmission and reflection results, measured in 18 points 

along a 20x10cm thin-film with variable atomic concentrations of Cu, As and S. Inset with Tauc plot of each position, for 

direct bandgap semiconductors; (b) Respective Raman spectra. Position 1 and 18 are the furthest and closest from the Cu 

target, respectively. 

References: 
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Green Urban Energy Systems: concrete modules for thermoelectric energy 

harvesting  
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Roads and sidewalks are examples of concrete structures exposed to different energy sources, being solar 

irradiation the most relevant. One possible way to harvest a fraction of this energy is by integrating 

thermoelectric generators (TEGs) in concrete structures to harvest energy from the temperature gradient 

established inside a concrete structure. 

In order to develop a prototype, it was studied the optimal position for the TEG inside the module, using 2D and 

3D Computational Fluid Dynamics (CFD) analysis. The main parameters that were considered were the (i) TEG 

position, (ii) presence or absence of a thermal isolator layer, (iii) dimensions of the concrete layers, (iv) type of 

concrete used and (v) inclusion of structures for thermal energy conduction. The simulation also included a 

model for solar irradiation and another one for atmospheric thermal convection.  

By performing a finite element analysis was possible to conclude that the thermal isolator significantly impacts 

thermal gradients and the inclusion of thermal exchangers, like metallic heat sinks, was important to facilitate 

the establishment of the temperature gradient between the TEG's faces. 

To validate the numerical analysis a concrete module was engineered based on the best results. This module was 

tested in a real environment, buried in the soil. A good correlation between experimental and simulation data 

was found. 

This work was developed within the scope of the Baterias2030 project (POCI-01-0247-FEDER-046109), which 

was co-financed by Portugal 2020, under the Operational Program for Competitiveness and Internationalization 

(COMPETE 2020) through the European Regional Development Fund (ERDF). 
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Intermediate Band Solar Cells based on CQDs in a Perovskite matrix 
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The main goal of this experimental work is the optimization of PbS Quantum Dots 

(QDs) and peripheral ligand exchange for inclusion in a high-bandgap perovskite matrix, to 

create an intermediate electronic band (IB)1 in the composite semiconductor. This 

intermediate band creation can lead to a higher power conversion efficiency (PCE, up to 50% 

at 1-Sun illumination) of the solar cells produced. By using this nanostructured composite as 

an active layer, the devices can generate below-bandgap photocurrent while minimizing 

losses in open circuit voltage, thus generating more power via a better exploitation of the 

solar spectrum2.  

The present work shows spectroscopic characterization of in-house synthesized PbS 

QDs optimized for 900 and 1000 nm first order excitonic optically induced transition (E0), 

before and after peripheral ligand substitution (from Oleic Acid to Methylammonium Lead 

Iodide, MAPbI, perovskite precursor ions).  

Dot-in-host films were produced with different QD concentrations and conservation 

of both absorption and emission properties of the independent materials (MAPbI and PbS 

QDs) are verified, shown in Figure 1. 

 
Figure 2- Absorption (left) and Photoluminescence (right) spectra of perovskite films prepared by spin-coating with different CQD concentration in 

the perovskite ink. 

1. Luque, A. & Martí, A. A metallic intermediate band high efficiency solar cell: An Intermediate Bandgap High 

Efficiency Solar Cell. Prog. Photovolt. Res. Appl. 9, 73–86 (2001). 

2. Ramiro, I. & Martí, A. Intermediate band solar cells: Present and future. Prog. Photovolt. Res. Appl. 29, 705–713 

(2021). 
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TACIT (PTDC/NAN-OPT/28837/2017), as well as by the European Commission under the projects APOLO (H2020-LCE-2017-RES-RIA, grant 763989) and 

ENLIGHTEN (H2020-MSCA-IF-2019, Grant No. 891686). G. Ribeiro and U. D. Menda also acknowledge funding from FCT via the PhD Scholarships 

SFRH/BD/151095/2021 and UIDP/50025/2020, respectively. 

 

 

 

 



 
 

 

 

Role of the furnace atmosphere in the properties of ceramic materials 
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The increasing intensity of climate change has led to the launch of several initiatives, such as the European 

Green Deal, which among other objectives, aims to decarbonize the industry by 2050. In this scenario of 

decarbonization and considering the recent increase of Natural Gas (NG) prices, changing the fuel used in the 

ceramic industry furnaces is part of this agenda, since these industries generally use NG as a fuel. There are 

several options for this change, including electrification or the use of green fuels, such as biomethane and green 

hydrogen (H2). The present work intends to study the effects of replacing NG by a mixture of NG and 10% H2 

and by total electrification of the furnace on the sintering of ceramic stoneware and to assess the impact of the 

change of atmosphere inside the furnace caused by the fuel modification, on the stoneware properties and 

thermal behavior during and after firing. 

 
Figure 1- Samples prepared in different atmospheres: a) air, b) CO2 and c) N2+CO2+H2O. 

The behavior of the stoneware during the sintering process in different atmospheres was evaluated by thermal 

analysis (controlled-atmosphere dilatometry and thermogravimetry). The comparative characterization of the 

sintered samples included phase analysis (XRD), elemental composition and microstructure (SEM/EDS), 

determination of water absorption and flexural strength. 

The results obtained after sintering in different atmospheres do not show critical changes in the properties of the 

material. However, it is worth noting the color change in the samples prepared in air and a slight improvement 

in densification in the presence of water vapor. Given the standard properties of stoneware products and the 

importance of color in tableware, this may point to some issues in implementing these alterations on an 

industrial scale. 
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Electrochemical performance of mixed nickel manganese oxides as charge 

storage electrodes 
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Currently, energy storage devices such as batteries and supercapacitors (SCs) have received great attention in 

the global energy market. SCs are, typically used for high power, for short periods with a high-rate capability 

[1]. For SCs, the design of the electrode architecture can effectively boost the device performances because 

electrode composition, morphology and structure can influence the electrochemical performances [2]. Ni oxides 

have the advantage of reaching a high theoretical specific capacitance, while Mn oxides are low-cost, have 

several valences and multiple redox reactions [3]. Herein, in this work, we assess the effect of NiOx/MnOx 

proportion produced via solvothermal reaction, using different precursors (see SEM image for carbon paper with 

nanoparticles). Electrochemical tests were performed in different 

electrolytes. Cyclic voltammetry was performed at different scan rates. 

Galvanostatic charge-discharge curves were obtained at different specific 

currents. Electrochemical impedance spectroscopy (EIS) was used to further 

elucidate the electrochemical properties of the best-performing ACs for 

energy storage applications. Cycling stability tests were performed by 

means of continuous CD at 2 A g-1 for 5000 cycles. In 1M KOH electrolyte 

the NiOx:MnOx (1:3) electrode composite material showed the motivating 

specific capacitance, with 160 F g-1. The combination of all these techniques revealed insights on the 

electrochemical properties of the performing electrode materials activated carbons for energy storage 

applications. 
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When two (or more) nuclei fuse to form a heavier element, a known quantity of energy is 

released. Today, the process seems easy to describe, at least to some degree. 

The endeavor to construct the devices for fusion energy is great, and there are some experimental ones 

running the diverse experiments. The proposal now presented is a nano-apparatus. If one could do such a 

nanodevice, it could be integrated in a wide range of applications once it is possible to consider it portable and 

able to generate different controllable amounts of energy. 

The author calls this study, in a broad sense, a conceptual thesis. Mostly, it has natural language 

as the principal tool. A guide for the calculations was worked to complete the essay, supporting a possible 

configuration of a nanodevice. This is a kind of a conjecture, a logical but speculative one, that needs to be 

verified. Like some studies, this one shows first and only its most theoretical content. 

The author either explicitly or implicitly discusses the space-time fabric, double-slit experiment, and 

other concepts, like nonduality and indistinguishability. The technology is supported by some established 

theories or others that have been adapted. 
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Transição Energética – Ponto de situação da Matriz Energética em Angola 
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A transição energética é um conceito moderno que se relaciona com as mudanças estruturais 

nas matrizes energéticas à longo e curto prazo. Este conceito de transição energética tem 

como foco central, a transformação da matriz energética de um País de tal modo que a 

produção da energia eléctrica seja garantida pelas fontes de energias renováveis, contribuindo 

assim para uma redução significativa das fontes de combustíveis fósseis, que para além de 

serem fontes de elevada poluição, gerando o aquecimento global, as suas reservas mundiais 

estão em escassez. Em virtude disso, este artigo objectiva descrever o actual ponto de 

situação da matriz energética em Angola, com particular ênfase sobre o potencial energético 

solar, eólico, hídrico e o da biomassa, tendo como referência os planos gizados pelo 

Ministério de Energia e Águas (MINEA) e a regulamentação feita pelo Instituto Regulador 

dos Serviços de Electricidade e de Água (IRSEA). Toda a descrição permitirá dar uma visão 

geral sobre os passos importantes que Angola está a dar para a garantia da transição 

energética, à semelhança do que sucede em Portugal e em outras realidades mundiais. 
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Um dos materiais 2D muito estudado e modelado em escala laboratorial, é o grafeno. Este 

material possui entre outras características, excelentes propriedades eléctricas que o tornam 

promissor para a sua aplicação no fabrico de células fotovoltaicas. E visto que vivemos na 

Era da transição energética, existe a necessidade de se massificar o uso das energias 

renováveis pela aplicação de materiais energeticamente eficientes e mais sustentáveis. Esta 

inclusão de materiais como o grafeno, permite o aumento da eficiência das células 

fotovoltaicas, e cria uma atmosfera para a diminuição do uso de fontes de energias baseadas 

em combustíveis fósseis, que para além de escassos, geram a poluição ambiental. Por esses 

aspectos acima aflorados, o presente artigo pretende descrever as propriedades dos materiais 

2D para a massificação da transição energética, trazendo à tona a descrição das propriedades 

do grafeno e suas potencialidades para a aplicação em células fotovoltaicas.  
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Optimized anti-sticking layer for nanoimprint subwavelength features for 

large-scale nanotechnology fabrication in solar modules       
 

T. S. Lopes1,2,3,4*, M. Monteiro1,2*, A. Violas1,5, M. A. Curado1, R. F. Alexandre1, A. J. N. 

Oliveira1,5, G. Brammertz2,3,4, P.A. Fernandes1,5, B. Vermang2,3,4, J. P. Teixeira1, P.M.P. 

Salomé1,5 

1-INL – International Iberian Nanotechnology Laboratory, Avenida Mestre José Veiga, 

4715-330 Braga, Portugal 

2-Hasselt University, imo-imec Martelerenlaan 42, 3500 Hasselt, Belgium 

3-Imec, imo-imec, Thor Park 8320, 3600 Genk,Belgium 

4-EnergyVille, imo-imec, ThorPark 8320, 3600 Genk, Belgium 

5- Departamento de Física da Universidade de Aveiro, Campus Universitário de Santiago, 

Aveiro, 3810-193, Portugal 

*- authors contributed equally 

 
The increase in world energy demands has pressured the energy sectors to produce more efficient technologies 

aligned with the energy transition process. In particular, the photovoltaic industry has developed innovative 

architectures that require passivation layers and subwavelength structures to enhance the photovoltaic cell’s 

performance. Nanoimprint lithography (NIL) relies on a demoulding step to imprint the desired pattern on a 

substrate. However, as the size of the features decreases, the demoulding step becomes more critical. Hence, a 

treatment that gives the stamp hydrophobic properties – with the deposition of an anti-sticking layer (ASL) – is 

necessary to assist the process. In this work, we optimize a subwavelength pattern by employing an ASL in a 

simultaneous thermal and UV NIL (STU-NIL) process.  The ASL was produced from a polymer-based C4F8 

compound and two layers deposited with 1 and 10 s on silicon substrates were compared. Elemental 

composition performed by X-ray Photoelectron Spectroscopy (XPS) confirmed that the layers had similar 

compositions, despite the shorter deposition time of the 1s layer, expecting a comparable anti-sticking 

performance. Then, a 400 nm contact point array was patterned on 1 s layers and several imprints were done to 

assess the robustness of this ASL. Despite some degradation observed after some imprints, it was concluded that 

NIL can be used as a reliable technique for lab-scale patterning for applications of subwavelength features. We 

also show that solar cells with a nanostructured point contact structure nanofabricated with NIL achieve a device 

performance higher than the laboratory gold standard of e-beam lithography.  Acknowledgments: FCT and FSE 

are acknowledged under grants 2020.04564.BD, 2021.04588.BD, IF/00133/2015, PD/BD/142780/2018, 

SFRH/BD/146776/2019, UIDB/04564/2020 and UIDP/04564/2020, 2020.07073.BD, as well as through the 

projects SITA Horizon Europe Action number 101075626M-ERA NET with FCT action M-ERA-

NET3/0008/2021. The Special Research Fund (BOF) of Hasselt University is also acknowledged.  
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Fossil fuel dependence constitutes the core energetic challenge of our society. To solve it, there is a need to 

implement sustainable and renewable energy solutions but, most importantly, it is necessary to increase the 

efficiency of the whole energy value chain. One solution for this problem can be approached through the 

development of novel energy storage solutions. The next generation of electrochemical energy storage devices 

will require fit-to-purpose design and adaptive flexible nature to display an enduring performance. 

Typically, high power supercapacitors are enduring devices, whose metrics can be fine-tuned to fulfill specific 

energy storage needs. The insertion of pseudocapacitive materials further increases supercapacitor charge 

density, with excellent and safe performance in aqueous solutions, placing them as contenders for typical Li-ion 

batteries performance applications. Modern performance of supercapacitors systematically employs manganese-

based electrodes at the core of the electrochemical cells due to their excellent performance, availability, and 

environmental friendly nature. Nonetheless, pseudocapacitive materials are susceptible to early performance 

fade due to energy cycling or grid supply fluctuations, leading to premature device failure.  

The development of functional materials with a self-healing ability is therefore a revolutionary solution for 

future energy storage systems. By tailoring specific properties of the manganese electrode, the design and 

development of smart and functional materials can be achieved. Besides expanding lifespan of the device, such 

novel materials are essential to overcome the overexploitation of natural resources and contribute for a new 

greener generation of energy storage solutions. 
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In Hydrogen Fuel Cell Electric Vehicles, hydrogen is stored as compressed gas in tanks made from carbon fibre 

composite. These are designed at 2.25 times the nominal working pressure. If a low variability in the strength of 

the tank can be demonstrated, this margin of safety could be reduced. This can be achieved through prediction 

of the vessel’s strength from the manufacturing parameters. Several parameters are recorded during 

manufacturing of composite pressure vessels (CPV) through fiber winding. The vessels are tested for their burst 

pressure. The manufacturing parameters are fed to machine learning algorithms to train them to predict the 

respective burst pressure. Several CPVs were manufactured through fiber winding and afterwards tested for 

burst strength. The winding and curing data was recorded as time signals. Several configurations were defined, 

where each parameter was changed. Several machine learning methods were used to predict the burst strength of 

the vessels from the manufacturing and curing data. Using kPCA – Lasso regression we were able to predict the 

strength with a coefficient of determination of 0.95, better than the best naïve prediction, using the average 

value of the burst strength for each configuration. 

 

 

 
Presenting author:  Rafael Santos (rafael.santos@kuleuven.be), Jan Pieter de Nayerlaan 5, 2860 Sint-Katelijne-

Waver, Belgium 

 



 
 

 

 

Porous PDMS conformable coating for high power output carbon fibers 

yarns based triboelectric energy harvesters 

Raquel Barras*, Andreia dos Santos*,**, Tomás Calmeiro*, Elvira Fortunato*, Rodrigo 

Martins*, Hugo Águas*, Pedro Barquinha*, Rui Igreja*, Luís Pereira*,** 
*CENIMAT|i3N, Department of Materials Science, Nova School of Science and Technology, 

FCT-NOVA, Universidade Nova de Lisboa, Campus de Caparica, 2829-516 

Caparica, Portugal 
**ALMASCIENCE Colab, Campus da Caparica, 2829-516 Caparica, Portugal 

 

United Nation recognizes the relevance in assuring access to affordable energy for all and has 

adopted this as a resolution for 2030. Off the grid standalone power harvesting based on 

wearable devices that follows body motion and converts it into electric energy presents huge 

potential to make use of this source of energy. In this context, we propose that Triboelectric 

Energy Generator Yarns (TEG yarns) may serve as the basic building block for energy scavenging wearables. 

Conductive Carbon Fiber yarns (CF yarns) where used as single electrode of TEGs and a new method for 

depositing PDMS directly onto conductive yarns is proposed. The in-situ PDMS curing method described in this 

study allows the fast formation of a uniform thick coating over conductive surfaces regardless of their 

roughness. Electrical output is optimized by precisely adjusting the PDMS layer thickness and by changing the 

chemical and physical nature of the carbon CF yarns’ surface. The best results are achieved by using porous 

PDMS coating with 1.74 mm of diameter achieved using a total of 3 minutes curing time, and CF yarns 

functionalized with ZnO rods.  

Results of 72 Vpp and 10 μA (74.1 μW cm2 of power density for a 20 MΩ load resistance) is reached when 

applying an impact force of 600 N to a set of five TENG yarns connected in parallel. The output is stable after 

10,000 cycles and can used to light at least 28 LEDs when tapping by hand, which proves its utility in a real 

context. 
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Efforts to performing simple synthesis methods to develop supercapacitor (SC) with high performance have 

been studied  to obtain novel materials with much more energy-efficient, ecofriendly, smoothly to produce 

under a short period of preparation [1]. A mechanical process can be effectively used to prepare composite 

materials for energy storage (ES) application by mean of the friction and impact force. Herein, for the first time, 

the effect of MnCo layered double hydroxide (LDH) / N, S-Graphene electrode material is being evaluated via 

mechanochemical synthesis, also knowing as ball milling, using N- and S-rich 

structures, i.e., DMTD (S3N2) as precursor [2]. They were utilized as active materials 

proposing new one-step strategy of fabrication of hybrid SC without or free toxic 

reagents, gram-scalable and reduction of steps. Electrochemical tests (e.g., CV and 

GCDs) and spectroscopy characterizations displayed interesting behaviors of this 

nanocomposite because of elevated specific surface area permitting faster ionic 

transfer. Additionally, they possess high specific capacitance owing to huge redox 

active sites, as well cyclic stability and electroconductivity [3]. In 1M KOH 

electrolyte the MnCo LDH / S3N2-GF electrode composite material attained motivate specific capacitance, with 

107.3 F.g-1 at 1 A.g-1 and a high coulombic efficiency (ca. 100 %). The study here challenges the assembly of a 

promising one-route to prepare electrode materials for ES applications by mechanical activation.  
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The development of sustainable options for energy storage in textiles is needed to power 

future wearable “Internet-of-Things" (IoT) electronics. This process must take into 

consideration new possible alternatives addressing questions of sustainability, reuse, re-pair, 

or even a second life application. 

Based on this perspective, we investigate the possibility to combine commercial carbon fibers 

yarns, as current collectors, with an in-situ regenerated cellulose-based hydrogel (RCIHs) as 

an electrolyte, to design 1D fiber-shaped capacitors (FSCs). Owing to its nature, the 

developed RCIHs are quite susceptible to the relative humidity (RH) variation, which in turn 

reflects in the device’s performance, in terms of areal specific capacitance, specific energy, 

and power density.  Nevertheless, the 1D FSCs display a long-life cycle, 92 % capacitance 

retention after 10000 consecutive CVs cycles. 

In addition, an environmentally responsible approach can be implemented and the materials 

that integrate the FSCs can be recovered and reused again to fabricate new 1D FSCs without 

compromising the electrochemical performance, ensuring 92 % retention after 10000 

consecutive CVs cycles.  
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In recent years, with the evolution of modern societies, new and emergent technologies, such as flexible and 

wearable electronics, have been improving the overall well-being and human quality of life. Therefore, to 

exploit the full potential of these new technologies, it is necessary to develop smart devices and to improve the 

existing ones. Technological innovations however result in a harmful human ecological footprint on the planet’s 

ecosystems. Therefore, the great challenge of many researchers is to continue pushing technology barriers 

further, exploring renewable materials and environmentally-friendly methodologies to develop sustainable, high 

efficiency, light-weight, flexible, durable, and low-power consumption devices[1–3]. This work reports an eco-

friendly approach to produce flexible electrodes based on single-step direct laser writing (DLW). A 1.06 µm 

wavelength fiber laser was used for the first time to produce porous 3D laser-induced graphene (LIG) on an 

agglomerated cork substrate. Cork-based LIG exhibits the typical Raman spectra along with high electrical 

conductivity, presenting an exceptionally low sheet resistance between 7.5-10 ohm sq-1. LIG on cork high 

electrical conductivity and the friendliness of the used production method, makes it an interesting material for 

future technological applications. To show its applicability, the production of planar waxed cork-based micro-

supercapacitors (MSCs) was demonstrated, which paves the way for a future integration of green LIG into self-

sustaining technological platforms. Electrochemical performance studies demonstrate that LIG interdigitated 

electrodes, using PVA-H2SO4 electrolyte, achieve an area capacitance of 1.35 mF cm-2 (103.63 mF cm-3) at 5 

mV s-1 and 1.43 mF cm-2 (109.62 mF cm-3) at 0.1 mA cm-2. In addition, devices tested under bending conditions 

exhibit a capacitance of 2.20 mF cm-2 (169.22 mF cm-3) at 0.1 mA cm-2. Here, showing that these electrodes can 

be implemented in energy storage devices, also successfully demonstrating LIG promising application on 

innovative, green, and self-sustaining platforms. 
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