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The new Energy Landscape

Percent renewable electricity in Spain
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Percentage of Electricity Generation
from Renewable Sources

(Hydro, Geothermal, Solar, Biomass, Wind)
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Data Source: http://en.wikipedia.org/wiki/List_of countries_by_electricity production_from_renewable_sources



Energy storage systems

Discharge time at rated power (h)
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P. Gbmez-Romero, D. Muifoz-Rojas Intro Chapter 1 “Energy in Transition”
Materials for Sustainable Energy Applications (D. Muioz-Rojas, X. Moya Eds.)
Pan Stanford Pub 2016
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Energy storage
In transition

Towards flexible solid-state supercapacitors for smart and wearable electronics
D. P. Dubal,* N.R. Chodankar, D-H. Kim and P. Gomez-Romero*
Chemical Society Reviews, 2018, 47(6), 2065-2129
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Ragone Plot: Energy vs. Power
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Hybrid Energy Storage. The merging of battery and supercapacitor chemistries.
D. P. Dubal, O. Ayyad, V. Ruiz, and P. Gomez-Romero* Chem.Soc.Rev. 44(7):1777-90 2015
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Hybrid materials for Hybrid Energy Storage. We work on batteries (high
energy, poor power), we work on supercapacitors (high power, poor energy) Chem.
Soc. Rev., 2018, 47(6), 2065. AND we also work on hybrids for extra energy density
with high power. Chem. Soc. Rev., 2015, 44, 1777

Nano-Pipes. From polymers to carbons. From 1D to 2D materials.
Novel Carbon Nanopipes (100 nm diameter) developed in our group could work
as active encapsulating materials for the cathode in Li-S cells

New industrial Methods for the Fabrication of Graphene.
Ease of preparation, eco-friendly methods with zero-waste- Trade secret.
Electrochemical exfoliation (our style)

Graphene secondary products: Nanofluids. Made of graphene and different
functional additives. Applications as Heat Transfer Fluids (HTFs) (in col. With prof. C.
Sotomayor) and for Flow Cells. Inks for ink-jet or screen printing (in collaboration
with prof. A. Merkoci). Graphene-Polymer composites for 3D-printing

Graphene for energy storage in batteries and hybrid supercapacitors
A Spin-off company with the mission to make energy-storage technology and
products out of our knowledge and know-how in this field
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Hybrid materials for Hybrid Energy Storage. We work on batteries (high
energy, poor power), we work on supercapacitors (high power, poor energy) Chem.
Soc. Rev., 2018, 47(6), 2065. AND we also work on hybrids for extra energy density
with high power. Chem. Soc. Rev., 2015, 44, 1777
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Hybrid devices: R,
Nanocarbon Li-lon Capacitor
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Nanocarbon Li-lon Capacitor:
Battery-like negative electrode + supercap-type positive electrode
High energy and high power (fast charge) SIMULTANEOUSLY

All Nanocarbon Li-lon Capacitor with High Energy and High Power Densities.
Deepak P. Dubal,* Pedro Gomez-Romero** Materials Today Energy 2018, 8, 109-117
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Electrode-Electrolyte Hybridization
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2D Nanoporous Carbon Sheets
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Redox electrolytes
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K. Jayaramulu, D. P. Dubal, B. Nagar, ...R Fischer P Gomez-Romero Adv Mater 2018,
30(15) 1705789
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B Nagar, D. P. Dubal, L.Pires, A.Merkoci and P. Gbmez Romero*
ChemSusChem 2018, 11(11), 1849-1856
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Hybrid electrode materials S TR,
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Hybrid Energy Storage: High Voltage Aqueous Supercapacitors based on Activated Carbon / Phosphotungstate Hybrid Materials.
J. Sudrez-Guevara, V. Ruiz, P. Gomez-Romero J. Mater. Chem. A, 2014, 2 (4), 1014-1021
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D.P. Dubal ... P. Gomez-Romero Journal of Materials Chemistry A, 2015, 3(46), 23483
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- Graphene secondary products:
. Nanofluids. Made of graphene and different functional additives. Applications

as Heat Transfer Fluids (HTFs) (in col. With prof. C. Sotomayor) and for Flow Cells.
Inks for ink-jet or screen printing (in collaboration with prof. A. Merkoci).
Graphene-Polymer composites for 3D-printing (col. With EURECAT)
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Mechanisms behind the enhancement of thermal properties of graphene nanofluids
M. R. Rodriguez-Laguna, A. Castro-Alvarez, M. Sledzinska, J. Maire, F. Costanzo, B. Ensing, P. Ordejon, C.
M. Sotomayor-Torres, P. Gdmez-Romero and E. Chavez-Angel Nanoscale, 2018, 10, 15402-15409
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Electroactive Graphene Nanofluids
for New Flow Cell Concepts.
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D. P. Dubal, D. Gomez, P. Gomez-Romero, Patent ES1641.1064. “Electroactive nanofluids on
graphene-based materials for energy storage in flow cells.” 20-05-2015

Electroactive Graphene Nanofluids for Fast Energy Storage.
D.P. Dubal and P. Gomez-Romero 2D-Materials 2016, 3, 031004
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Electroactive Graphene Nanofluids for Fast Energy Storage.
D.P. Dubal and P. Gomez-Romero 2D-Materials 2016, 3, 031004 43
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Nanofluids for New Flow Cell Concepts.
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