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Abstract: Barley fields reach 1.7 million hectares in Spain, of which 320,000 are used to produce
malt, generating 450,000 tons of crop residue from barley intended for malt production. One way to
treat this waste in an environmentally sound, energy-sustainable and economically cost-effective
manner is anaerobic digestion. The biogas generated can be used as fuel and as a renewable source
of energy (providing a solution to the energy supply problem from an environmental point of view).
It has been shown that, when treated along with sludge from a Upflow Anaerobic Sludge Blanket
(UASB) reactor, the crop malt residue produces about 1604 NmL of biogas per 100 g; with a content
in methane of 27.486%. The development of the process has been studied with a novel indicator,
hydrogen generation, and it has been determined that the process takes place in two phases. It has
been demonstrated that this solution is beginning to be energy-efficient and therefore to produce
energy for external uses in regions that have at least 6000 hectares of planted barley. At best, it
can be considered, in a given region, the equivalent of a 115 MW power plant. It could supply
energy to 10 thousand homes per year. Therefore, it is considered an energy-efficient solution that
com-plies with the Sustainable Development Goals #1, #7, #10, #12 and #13. It guarantees access to
energy in isolated areas or with supply problems, and results in a 55.4% reduction in emissions of
equivalent-CO, (which equals 38,060 tons of equivalent-CO; in Spain).

Keywords: barley crop residue; biochemical methane potential; material degradability; anaerobic
indicators; biogas feasibility; biogas emissions

1. Introduction

Agri-food trade in the European Union (EU) is one of the most important in the world
economy [1]. In 2019, the EU positioned itself as the world’s largest exporter and the
second largest importer of agri-food products. The value of exports increased to 14.7 billion
euros in 2019 compared to 2018, while import values increased to 10.7 billion euros [2].
Both imports and exports have been growing since 2002, contributing to a monthly trade
surplus in the agri-food sector of 4.0 billion euros.

According to EUROSTAT data, the demographic situation in the EU reflects an upward
growth; since 2008, the population has increased by 13 million inhabitants [3]. Alongside
this population growth, an increase in needs and consumption is associated, especially in
the agri-food sector, given the basic need for population feeding, but also in the energy
field, as discussed below.

The agri-food industry comprises activities from all economic sectors [1]. The food
supply chain (FSC) begins with stages of the primary sector (agriculture and livestock),
which generates by-products (i.e., manure, waffle, cornstalk) and food waste and food loss
in the form of low-quality products, damaged production, or products with no commercial

205

Agronomy 2021, 11, 640. https:/ /doi.org/10.3390/agronomy11040640

https://www.mdpi.com/journal /agronomy


cmorales
Resaltado


Agronomy 2021, 11, 640

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.
45.

Morales-Polo, C.; del Mar Cledera-Castro, M.; Hueso-Kortekaas, K.; Revuelta-Aramburu, M. Anaerobic Digestion in Wastewater
Reactors of Separated Organic Fractions from Wholesale Markets Waste. Compositional and Batch Characterization. Energy and
Environmental Feasibility. Sci. Total Environ. 2020, 726, 138567. [CrossRef]

FES-CO2; Ministerio de Alimentacion y Medio Ambiente. Metodologia Para Los Proyectos de Energia Térmica Destinados a La
Reduccién Del Consumo de Combustibles Fésiles En Una Instalacion Nueva o Ya Existente; Ministerio de Alimentacion y Medio
Ambiente: Madrid, Spain, 2014.

Beniche, I.; Hungria, J.; El Bari, H.; Siles, J.A.; Chica, A.F.; Martin, M.A. Effects of C/N Ratio on Anaerobic Co-Digestion of
Cabbage, Cauliflower, and Restaurant Food Waste. Biomass Conv. Bioref. 2020. [CrossRef]

El-Shinnawi, M.M.; El-Din, M.N.A_; El-Shimi, S.A.; Badawi, M.A. Biogas Production from Crop Residues and Aquatic Weeds.
Resour. Conserv. Recycl. 1989, 3, 33-45. [CrossRef]

Neshat, S.A.; Mohammadi, M.; Najafpour, G.D.; Lahijani, P. Anaerobic Co-Digestion of Animal Manures and Lignocellulosic
Residues as a Potent Approach for Sustainable Biogas Production. Renew. Sustain. Energy Rev. 2017, 79, 308-322. [CrossRef]
Schievano, A.; D'Imporzano, G.; Adani, F. Substituting Energy Crops with Organic Wastes and Agro-Industrial Residues for
Biogas Production. J. Environ. Manag. 2009, 90, 2537-2541. [CrossRef]

Kang, H.; Weiland, P. Ultimate Anaerobic Biodegradability of Some Agro-Industrial Residues. Bioresour. Technol. 1993, 43, 107-111.
[CrossRef]

Mohan, B.; Malleshi, N. Characteristics of Native and Enzymatically Hydrolyzed Common Wheat (Triticum Aestivum) and
Dicoccum Wheat (Triticum Dicoccum) Starches. Eur. Food Res. Technol. 2006, 223, 355-361. [CrossRef]

De Diego-Diaz, B.; Fernandez-Rodriguez, J.; Vitas, A.L; Pefias, EJ. Biomethanization of Solid Wastes from the Alcoholic Beverage
Industry: Malt and Sloe. Kinetic and Microbiological Analysis. Chem. Eng. ]. 2018, 334, 650—-656. [CrossRef]

Ministerio de Agricultura Pesca y Alimentacion. Encuesta Sobre Superficies y Rendimientos Cultivos (ESYRCE). Encuesta de Marco de
Areas de Esparia; Ministerio de Agricultura Pesca y Alimentacion: Madrid, Spain, 2019.

Ministerio de Medio Ambiente y Medio Rural y Marino. Guia de Mejores Técnicas Disponibles en Espafia del Sector de Elaboracion de
Malta; Ministerio de Medio Ambiente y Medio Rural y Marino, Centro de Publicaciones: Madrid, Spain, 2009.

Asociacion de Ciencias Ambientales. Pobreza Energeética En Espafia 2018; Asociacion de Ciencias Ambientales: Madrid, Spain, 2018.
The Commision of the European Communities. Commission Regulation (EU) No 601/2012 of 21 June 2012 on the Monitoring and
Reporting of Greenhouse Gas Emissions Pursuant to Directive 2003/87/EC of the European Parliament and of the Council Text with EEA
Relevance; EU: Brussels, Belgium, 2012.

228



MDPI
St. Alban-Anlage 66
4052 Basel
Switzerland
Tel. +41 61 683 77 34
Fax +41 61 302 89 18

www.mdpi.com

Agronomy Editorial Office
E-mail: agronomy@mdpi.com

www.mdpi.com/journal /agronomy






MDPI

St. Alban-Anlage 66
4052 Basel
Switzerland

Tel: +4161 683 77 34

/
Fax: +41 61 302 89 18 mI\D\Py
/

www.mdpi.com ISBN 978-3-0365-1409-3



	Blank Page



