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Abstract

The aim of this bachelor thesis focuses on doing a survey of the biogas production (plants, structure,
institutional, prerequisites...) in Spain, specifically in some regions of this country which are
Andalucia, Aragdn, Asturias, Castilla La Mancha, Castilla y Ledn, Galicia, Murcia and Navarra.

Previous projects have been done in countries such as England, Denmark, Germany or Sweden,
reaching the conclusion that, even though there might be similarities between the different biogas
plants, it is difficult to compare them. That’s why a deeper exploration must be done so as to come
to a more clarifying conclusion.

In order to achieve this objective, | have carried out some sort of investigative documentary based
not only on the review and analysis of existing general and specific literature on the subject but also
made phone calls and sent emails to those companies that run the plants. Besides, the thesis project
pursuits to find applicable theories and patrons for the subject through the comparison of the plants.

The theoretical framework is structured into several sections addressing the following topics: a brief
introduction of the biogas; an overall view of the biogas situation in Spain and its history; extensive
information about each biogas plants which have been evaluated and categorized.

The work finalizes with a set of conclusions about the classifications as well as future prospects.

Key words: Biogas, Spain, legislation, agroindustrial, WWTP, landfill, digester.



RESUMEN TRABAJO DE FIN DE GRADO

Introduccidn y justificacion

Desde hace afios, el cambio climatico se ha convertido en uno de los temas que mas preocupan a la
sociedad. Este fendmeno se define como el aumento de la temperatura de la atmdsfera terrestre.

Se cree que este calentamiento se debe principalmente al efecto invernadero, fenémeno natural por
el cual la radiacidon sobre la superficie de la Tierra, es absorbida por los gases de la atmdsfera y es
remitida en todas las direcciones, lo que resulta en un aumento de la temperatura. Estos gases son
los conocidos como gases invernadero y se desprenden en procesos como la quema de combustibles
fosiles y la deforestacion. Entre ellos estd el didxido de carbono.

Es por esto que los cientificos estan buscando distintas fuentes de energias renovables y menos
contaminantes para reducir este problema. Una posible solucién es la utilizaciéon del biogds con lo
que se consigue la disminucidn de los gases invernadero o el volumen de basura almacenado.

Objetivo y metodologia

El objetivo de este proyecto de investigacién es llevar a cabo un estudio sobre la produccion de
biogas y las caracteristicas de las plantas en las que se genera en Espafia. Concretamente en las
regiones de Andalucia, Aragdn, Asturias, Castilla La Mancha, Castilla y Ledn, Galicia, Murcia vy
Navarra.

Este estudio forma parte de un proyecto mayor llevado a cabo por la Universidad de Linkdping
(Suecia) en el que ya han sido estudiados algunos paises europeos como son Alemania, Inglaterra,
Dinamarca o mismamente Suecia. Los sustratos que se utilizan, la estructura de la planta, el tipo de
digestor o la utilizacion posterior del biogds generado son algunos de los aspectos estudiados en esta
investigacion.

Con todo ello se pretende clasificar la produccién de biogds en Espafia en un marco tedrico que sera
explicado durante el documento y en el que ya han sido situados los paises nombrados previamente.
Finalmente, se intentara sacar similitudes con otros paises y se estableceran conclusiones sobre la
situacidn actual de este pais.

Para realizar este trabajo, serd necesario llevar a cabo una investigacion a través de articulos y
estudios hechos con anterioridad. También se haran llamadas de teléfono y se enviardn correos a las
respectivas empresas que dirigen las plantas con el fin de obtener la informaciéon que no se
encuentre disponible online.

Con el objetivo de ser lo mas claro posible sobre este tema, el trabajo se iniciard con una explicacion
general de lo que es el biogas, su composicidn, produccion e historia. Posteriormente se centrara en
la situacion en Espafia, como comenzd y la legislacion que lo rige.

Una vez explicado brevemente el tema, se dara paso al proyecto propiamente dicho. En un primer
estudio se clasificaran los principales tipos de plantas en Espafia. En un segundo estudio, se



investigaran las plantas existentes en las comunidades en las que se centra el proyecto. Finalmente,
se clasificaran las plantas estudiadas en un marco con las categorias mds importantes.

Biogas
Desde el inicio de los tiempos, la humanidad ha necesitado de distintos tipos de fuentes de energia

con el fin de satisfacer sus necesidades diarias. A medida que ésta ha evolucionado, nuevas
alternativas han ido apareciendo entre las cuales destacamos el biogas.

El biogds en una fuente de energia renovable compuesta principalmente de metano y diéxido de
carbono. Se produce a partir de la biodegradaciéon de materia orgdnica en ausencia de oxigeno. Este
proceso consiste en la digestion anaerobia de los substratos organicos que son introducidos en el
digestor correspondiente, calentados a cierta temperatura y almacenados durante 30-60 dias en los
gue poco a poco se va produciendo la combinacidn de gases que conocemos como biogas.

La mezcla obtenida incluye un producto gaseoso, el biogas, y un residuo semisélido llamado
digestato que tiene un contenido en nutrientes mayor que la biomasa inicial.

El proceso que genera el biogds se puede dividir en tres pasos principalmente:

- El primer paso es la hidrélisis: los microorganismos actuan sobre la materia organica,
ayudados por enzimas, descomponiendo los compuestos organicos complejos en
compuestos mas simples como el aztcar y los aminodcidos.

- El segundo paso es la fermentacién: los mondmeros obtenidos son atacados por otros
microorganismos, produciendo acidos organicos de cadena corta, principalmente: acido
acético, carbono e hidrégeno (también algunos alcoholes y aldehidos) diéxido.

- Finalmente, los metandgenos: las sustancias producidas en etapas previas son atacadas por
microorganismos metanogénicos. Como resultado, se producen metano y didxido de
carbono.

Cada una de estas fases es catalizada por diferentes bacterias. Dependiendo de la temperatura,
existen dos regimenes de trabajo diferentes: mesofilicos (bacterias con un metabolismo 6ptimo de
alrededor de 409C) o termoéfilos (bacterias con un metabolismo dptimo de 552C).

Las plantas de biogas tienen disefios muy diferentes, pero en términos simplificados consisten en las
instalaciones de recepcion de la biomasa, digestores de biogds, reactores o tanques donde se
produce el proceso anaerdbico, almacenamiento para biogas y digestato vy, finalmente, dependiendo
del futuro uso que la planta dard a El biogds producido, los equipos para generar energia eléctrica,
térmica o combustible de vehiculos, por ejemplo.

e  Situacidn actual global

Globalmente, el biogds representa uno de los recursos energéticos mas sostenibles y con mayor
potencial de crecimiento. Alrededor de 17.000 plantas de biogas en agricultura, industria y
tratamiento de aguas residuales estan operativas en Europa segun la Asociacién Europea de Biogas.



La mayoria de ellas se encuentran en Alemania e ltalia. Este éxito se debe a las altas tarifas de
alimentacién y aunque la mayoria de los otros paises han intentado copiar este modelo, sus
enfoques no han sido tan consistentes como los suyos.

Sin embargo, Espafa sigue estando al final de la lista de biogds agroindustrial europeo (biogas
obtenido de la digestién anaerobia de residuos agroalimentarios) a pesar de haber avanzado de la
229 ala 182 y haber aumentado su nimero de plantas de 22 a 39 desde 2012.

Segln los datos del barémetro EurObserv'ER de 2014, la principal contribucidn proviene de los
vertederos (124.000 tep), seguidos del biogds agroindustrial (102.000 tep) y de las depuradoras
(30.000 tep). La produccion de energia de biogas en Espafia corresponde a sélo el 1,4% (1,2% en el
area eléctricay 0,2% en la térmica de la produccién total de energia primaria).

El Plan de Energias Renovables 2011-2020 ofrecié una perspectiva muy prometedora para el biogds
en Espafia, que al inicio del periodo acreditaba una produccién de 165 MWh y que el 85% de ella
provenia de vertederos de desgasificacion.

Teniendo en cuenta los datos disponibles, si bien es cierto que Europa tiene perspectivas muy
positivas en relacion con la produccién de biogds, Espaina tiene un crecimiento muy lento a pesar de
la gran cantidad de residuos. Esta claro cual es la principal razén por la que esta tecnologia aliin no ha
alcanzado su velocidad potencial de desarrollo es: la legislacion.

. Biogas en Espaiia

El inicio de las plantas de biogas en Espafia fue con el Real Decreto 661/2007 con el que se primaba
la produccién y venta del exceso de energias renovables. Sin embargo, tan sdlo las plantas dptimas o
gue gestionaban residuos de grandes explotaciones llegaron a ser rentables por la escasa experiencia
en el sector y de la sociedad sobre su tecnologia.

Unos afios después, el gobierno sacd nuevas leyes con las que basicamente recorté las primas a las
instalaciones y muchas se vieron obligadas a cerrar. Cabe destacar el Real Decreto 900/2015,
conocido como el ‘impuesto del sol’, la norma mds restrictiva del mundo que impide que se realicen
plantas de biogas para autoconsumo.

Esta situacidon creé desconfianza en la inversidn en renovables y concretamente en biogas dando
lugar a la situacion actual. Con un marco legal/administrativo adecuado, Espafia deberia convertirse
en potencia en la materia dada la interesante cantidad de recursos que posee.

El uso de energias renovables es esencial para garantizar un suministro energético eficiente desde el
punto de vista medioambiental. Precisamente, la Directiva 28/2009/CE del Parlamento Europeo
sobre el fomento del uso de la energia a partir de fuentes renovables establece como objetivo para
2020 que el 20% del consumo final bruto de energia en la Unidn Europea sea proveniente de fuentes
renovables. Segun el ultimo informe de la CE, 9 de los 28 estados miembros de la Unién Europea
tienen dificultades para alcanzar este objetivo. Entre ellos estd Espafia, donde la cantidad de energia
procedente de fuentes renovables esta aun lejos de ese objetivo.



Estudios y evaluaciones

. Estudio 1

De acuerdo con el Plan de Energias Renovables 2011-2020, en Espafia hay tres tipos de biogas:

- Biogas agroindustrial: biogas obtenido a partir de la digestion anaerobia de residuos
agroalimentarios. El sustrato utilizado puede ser estiércol de ganado, lodos de las industrias
de procesamiento de alimentos, residuos de cultivo o cultivos energéticos.

- Biogds de FORSU y de vertedero originado a partir de la de degradacidn bioldgica de los
residuos orgdnicos.

- Biogas a partir de lodos procedentes de una Estacién Depuradora de Aguas Residuales
(EDAR). En las EDAR, se depuran las aguas industriales y urbanas a través de una serie de
procesos fisicos, quimicos y biolégicos que tratan de separar los sélidos en suspension de los
lodos. A partir de dicho lodo se generara el biogds, una vez que pase a través del proceso de
digestion anaerobia.

. Estudio 2

Para poder llevar a cabo las valoraciones y evaluaciones siguientes, informacién sobre las distintas
plantas que existen es necesaria.

La mayoria de estudios e informacién disponible es sobre el biogas agroindustrial. En este momento
alrededor de 50 plantas producen biogas agroindustrial en Espafia, todas distribuidas alrededor de la
peninsula. Sin embargo, la mitad de ellas se concentran en el noroeste del pais. Este proyecto se
centrard en el resto del territorio dejando la investigaciéon de Catalufia y Valencia a otro proyecto.
Ademas, algunas plantas que producen otros tipos de biogas también seran estudiadas.

Para este estudio, 24 (de A a X) plantas de biogas fueron seleccionadas para evaluar el marco de
categorizacion que se explicara en detalle mas adelante y para analizar la clasificacién del Estudio 1.
Las plantas fueron elegidas de manera que permitieran obtener una vista tan amplia de la
produccién de biogas en Espafia como fuera posible. Las plantas estudiadas se diferencian por
ejemplo en el sustrato usado, en la técnica de digestidn, organizacién, uso de biogds, uso de
digestores y capacidad. La idea inicial fue estudiar al menos una planta de cada tipo en cada region.
Sin embargo, como se mencioné anteriormente, no hay informacién disponible sobre algunas de
ellas y es por esto que Unicamente se las nombra.

- Andalucia

En esta region se han encontrado 18 plantas de biogas en funcionamiento en este momento. Sin
embargo, sélo dos de ellas serdn analizadas en profundidad:

a. Campillos, Malaga (A)

La organizacion privada Giesa Agroenergia gestiona la planta agroindustrial de biogas en Campillos
desde el afio 2016. Procesa la mayor parte del estiércol de la zona (35.000 toneladas), ademas de
otros desechos agroalimentarios (60.000 toneladas) y lodos de depuradora (8.000 toneladas).



Lechada, estiércol de aves, estiércol de cabra... Todos ellos son reciclados para generar electricidad
con la que alimentar la planta y el calor para las granjas de cerdos y pavos de la zona. La planta de 1,9
MW de potencia cuenta con 2 digestores mesofilicos de 2.800 m*® de volumen. Aproximadamente
16.000.000 kWh/afio de biogas se produce y el digestato se revaloriza para utilizarlo como
fertilizante.

b. Montalban (B)

Esta planta que utiliza biogas de vertederos de residuos domésticos y municipales en el Complejo
Ambiental de Montalban, inaugurado en junio de 2008, es un ejemplo de la fuerte apuesta de
Epremasa a favor de las energias renovables. El uso energético de los gases de vertedero se lleva a
cabo mediante la instalacidon de dos generadores de 2.546 kW y un motor de 2.612 kW. Esta planta
consume 1.420 Nm’/h de biogés y tiene una electricidad anual de 11.076 MWh. El consumo
estimado anual de gas es equivalente a un promedio de 3,229 tep/afio y la electricidad alimentada a
la red publica, neto del consumo propio de la instalacion, se estima en 10.700 MWh/afio, equivalente
al consumo de 2.950 hogares en produccién aino.

- Aragén
En Aragdn hay 9 plantas de biogas de entre las cuales, tres han sido seleccionadas:
c. Undues de Lerda, Zaragoza (C)

En Undués de Lerda, el biogas es producido por la empresa privada Agronsella en la misma finca que
manejan. Desde 2014, su planta realiza la digestion anaerobia de 6.000 ton/afio de estiércol
concentrado obtenido. Para ello, cuentan con un digestor de 700 m®y un post digestor de 500 m>.
Ademas, se necesitan dos calderas de 170 kW para el consumo de calor de la finca y una caldera de
60 kW para las digestiones. El biogds producido es entonces mejorado en la propia planta para ser
utilizado como calor para las granjas y el digestato se utiliza para aplicaciones agronémicas. Ademas,
se producen anualmente 765 MWh de biogas que generan 765.000 kWh de energia en el proceso.

d. Remolinos, Zaragoza (D)

La empresa de responsabilidad limitada Urbiliza Renovables puso en marcha la planta de biogas en
Remolinos en 2012. El biogds producido por la planta proviene de excreciones bovinas (10.000
toneladas/afo) y de residuos agricolas y alimentarios (10.000 ton/afio) tratados en dos digestores de
2500 m® que funcionan a 45°C. Para la generacion de energia, la planta cuenta con dos equipos de
250 kWe. Entre 1,7 y 1,9 MNm?>/afio de biogas se genera y el digestato se utiliza como fertilizante
para el campo. Aproximadamente 4.300 MWh/afio de electricidad se produce; Siendo el consumo
anual de las instalaciones eléctricas 497.218 kWh/afio y el resto se exportard a la red. La energia
térmica producida se utilizara para proporcionar calor a los digestores.

e. EDAR Almozara (E)

En Zaragoza, DRACE del Grupo ACS opera la planta convencional de lodos activados. Desde 1989
recoge los vertidos de diferentes barrios, zonas industriales y lugares cercanos. Tiene un digestor
primario de 3.850 m® que opera a 30-352C durante 25 dias cada vez (tiempo de retencién) para
producir biogas y digestato. El biogas se utiliza para la cogeneracién de eficiencia energética y el
digestado como fertilizante. La planta genera 2.300 MWh de electricidad al afio y tiene capacidad
para tratar 34.560 m® de residuos por dia.

- Asturias



En Asturias hay dos plantas donde se produce biogas:
f. Tineo (F)

La Unica planta agroindustrial de biogas en Asturias se encuentra en Tineo y estd dirigida por una
companfia privada local, Biogas Fuel Cell. Operando desde 2014, la planta procesa 26.000
toneladas/afio de aguas residuales, residuos de mataderos, agroindustriales, industria lactea y
desechos de ganado generando 1.300.000 Nm?>/afio de biogas. El proceso se realiza en dos digestores
de 1.000 m? a 552C (proceso termofilico) y luego en dos post-digestores de 1.000 m* a 392C (proceso
mesofilico). Después de un proceso de reduccidn de su contenido de H2S y vapor de agua, el biogas
se quema en un motor de cogeneracién de 250 kW. El calor recuperado es utilizado por la propia
instalacion y la electricidad se alimenta a la red. Finalmente, el digestato se almacena
temporalmente en un tanque para luego ser recogido por los agricultores y utilizado como
fertilizante para los campos. Aproximadamente 2.000 MWh/afio de energia se extrae en el proceso.

g. COGERSA (G)

En Serin, la empresa publica COGERSA gestiona el centro de tratamiento de residuos de la Zoreda
desde 1982. Este vertedero de residuos no peligrosos recibe 390.000 ton/afio de RSU y 60.000
ton/afio de lodos que son tratados en el vertedero a una temperatura inferior a 502C. Después del
proceso anaerobio, la captura de la red del biogds se realiza usando los pozos verticales y las lineas
aéreas que conducen. El biogas se utiliza para producir energia eléctrica y calor para el quemador. El
vertedero tiene una potencia eléctrica de 6,5 MW y logra producir 34 Mm?>/afio de biogas.

- Castilla La Mancha

En Castilla y La Mancha se han localizado 5 plantas y todas ellas generan biogas agroindustrial. Se
expondran tres:

h. Balsa de Ves (H)

El grupo Sanchiz con la ayuda de Inderen instaléd una planta de biogds en Albacete en 2013. El
estiércol resultante de la granja Ves se utiliza para alimentar la planta de biogas, ayudando a reducir
el nivel de N, CH, Y el CO, en la atmésfera y evitar el mal olor. El estiércol se digiere en un digestor
mesofilico de 3.000 m* a 372C para obtener 150 m?® de biogas por hora. Posteriormente, el biogas
sirve para alimentar las instalaciones de calefaccion y el digestato generado se utiliza como
fertilizante organo-mineral en parcelas agricolas propiedad de la compafiia.

i. Bonete (l)

En Bonete, Albacete, Grupo Sanchiz colocé una planta de biogas de cogeneracién (produccién de dos
tipos de energia al mismo tiempo, generalmente calor y electricidad) en la finca de Ingapor en 2013.
El biogas se produce a partir del estiércol generado en la finca. Un digestor mesofilico de 3.000 m*® a
379C trata a los substratos. El biogds se utiliza entonces para suministrar calor y electricidad a la
propia planta y el exceso se vende a la red. El digestato se utiliza como fertilizante natural.
Aproximadamente 150 m*/hora de biogas se genera en la planta. La potencia eléctrica de la planta es
de 350 kW.

j- Chinchilla de Montearagdn (J)

Grupo Sanchiz es propietario de la planta de biogas en Chinchilla de Montearagdn, Albacete. Desde
2013 esta planta de cogeneracidn trata el estiércol de la finca para obtener 150 m*/hora de biogas



que se utilizarad para calentar la instalacion. El digestato se actualiza como fertilizante. La potencia
eléctrica de la planta es de 250 kW. Cuenta con un digestor mesofilico de 3.000 m*® que funciona a
37°C.

- Castillay Leén

En Castilla y Ledn se investigaran las 4 plantas encontradas:
k. Juzbago (K)

En Juzbado (Salamanca), el biogas es producido desde 2011 por una empresa llamada Enusa con la
colaboracién de Biogas Wesser-EMS en una granja. Aunque la cantidad de sustratos varia
anualmente, las proporciones son usualmente 80% de estiércol y 20% de polvo de cereal, ambos
obtenidos en areas cercanas. Los substratos se digieren a 402C en dos digestores mesofilicos de
2.200 m°>. La planta tiene una potencia de salida de 500 KW (potencia eléctrica) y 550 kW (potencia
térmica). El biogds es mejorado en la finca para ser utilizado para la combustidon en una unidad de
cogeneracion para generar energia térmica y eléctrica. La produccion anual total de biogas es de
2.117,5 MWh/afio segiin RD413/2015. El digestato se utiliza como fertilizante.

.  Almazan (L)

En Soria, la empresa privada Purines de Almazan S.L. Construyd la planta de 250 kW con una
capacidad de aproximadamente 52.000 m>/afio de residuos (variable en funcién del contenido de
sélidos de los residuos tratados). Valoriza los residuos orgdnicos como el estiércol de pollo o cerdo
producido en una instalacion adyacente construida por la empresa durante el afio 2015 para el
tratamiento de caddaveres de cerdo. El estiércol de los agricultores en la localidad de Almazan se
traslada en un tanque desde la fosa séptica hasta la planta. Una vez en la planta, el producto ird a
incrementar la digestion anaerdbica para la producciéon de biogas (1.100.000 Nm?/afio) en un
digestor mesofilico de 3.000 m® que funciona a 37°C. El biogés se convertira en electricidad para la
red y el calor para la instalaciéon de la red de autoconsumo. Finalmente, el digestato se almacena
temporalmente en balsas y luego es utilizado por los agricultores como fertilizante.

m. Santiener (M)

En Iscar (Valladolid), el biogds se produce en una planta establecida por Santibafiez Energia en 2014.
La planta produce sélo energia térmica de 5.000 toneladas por ano de residuos agroalimentarios de
planta. Para ello, utilizan dos digestores de 500 y 700 m®> de volumen. El biogds producido se
actualiza para ser utilizado sélo en una caldera y el digestato se utiliza como fertilizante.
Aproximadamente 500.000 Nm? de biogas se producen al afio con un 58% de CH, y 1.2 GWh de
energia se extrae del proceso.

n. EDAR Madrona (N)

En Segovia, la EDAR trabaja desde 2003. Esta planta fue disefiada para tratar un flujo de 41.280 m?
por dia, y es capaz de alcanzar hasta 4.400 m>/hora y satisfacer las necesidades de 147.920 personas.
Todos los lodos de aguas residuales (3.775 toneladas por afo) provienen de la planta de tratamiento
de aguas residuales y se tratan en un digestor de 3.000 m® a 36,5-37,5 °C durante 28-30 dias. Parte
del biogds producido alimenta dos calderas que proporcionan calor al proceso, otro se deriva para
producir electricidad en un motor y el resto vuelve al proceso o se almacena. En total, se generan
aproximadamente 740.800 m>/afio de biogas y 1.197 MWh/afio de electricidad. El digestato se utiliza



como fertilizante. Sin embargo, fue remodelado desde marzo de 2014 hasta marzo de 2016 por lo
gue en este momento no estd funcionando en pleno rendimiento.

- Galicia
En Galicia se han encontrado 9 plantas de biogas. Tres de ellas se explicaran en mas detalle:
o. Cospeito (O)

En Xustds (Lugo), la empresa privada Norvento colocd una planta de biogads de 50 kW en 2015. En
cuanto a estiércol (residuos agricolas y ganado) de la finca de Xustas gestionada por la empresa SAT
Xustds, el sustrato se procesa en un digestor de 350 m® y el biogéas producido, mejorado a calor para
ordeiiar el circuito de establos y electricidad para venderlo por cuadricula. Eventualmente estdn
produciendo 190 m*/dia de biogés y el digestato se utiliza en los campos de la SAT.

p. Mouriscade (P)

En la finca de Mouriscade en Lalin (Pontevedra), el biogds se produce desde 2012. La granja cuenta
con 100 vacas lecheras que son el origen de los residuos de ganado que abastecen principalmente a
la planta de biogds. También se utilizan como sustrato los residuos de alimentacién obtenidos en el
laboratorio de la finca. La planta trata 1.500 m® de estiércol y 500 m> de residuos alimenticios por
afio en un digestor mesofilico de 258 m* de volumen. Se producen alrededor de 80.000 m® por afio
de biogas. Después de ser actualizado, el biogds utilizado para la calefaccion y la electricidad y el
digestato se utiliza como fertilizante para la granja en si. Fuera del proceso, se extraen 190.000 kW
de energia eléctrica.

g. Carballo (Q)

La planta de Carballo es propiedad conjunta de Calvo (productor de residuos) y JB Ingenieros desde
2009. La planta de biometizacién utiliza como sustratos los residuos industriales y los trata en un
digestor termofilico de 1.000 m*® de volumen para producir biogas. Aproximadamente 800-1600
m®/dia de biogas se produce y se utiliza para la produccién de electricidad para alimentar la red. El
digestato se actualiza como fertilizante.

- Murcia
En Murcia, las dos plantas encontradas se han analizado:

r. Biometizacion Caflada Hermosa (R)

En Canada Hermosa, Estrella Levante maneja la planta de biogas desde el 2014. Los desechos
provienen principalmente de la industria alimentaria, aunque el digestor también estd autorizado
para recibir materiales organicos recuperados de los residuos domésticos tratados en la planta de
tratamiento del Centro de Tratamiento de Residuos de Cafada Hermosa. Tiene la capacidad de tratar
22.000 t/afio de residuos organicos en su digestor de 2.300 m®y es capaz de generar 2 Nm>/afio de
biogds que se utilizard para producir energia para calefaccién y electricidad. No hay informacién
disponible sobre el uso del biogas.

s. Los Alcazares (S)

Kernel Export ejecuta una planta de biogas de 370 kW de potencia eléctrica capaz de manejar una
capacidad de 60 toneladas por dia de residuos agroalimentarios. La construccién de esta instalacion



fue ejecutada por Ludan Energias Renovables Espafia. El biogas producido se utiliza para generar
electricidad para el autoconsumo y el digestato se utiliza como fertilizante. A la empresa no se le ha
permitido vender el exceso de electricidad a la red. La temperatura de funcionamiento para el
digestor anaerdbico de 3.000 m® esta dentro del rango éptimo 38-40 °C (mesofilico) y este proceso
suele durar 57 dias. El consumo medio de energia de la planta de biogas es de 50 kWh.

- Navarra
Actualmente hay 8 plantas en funcionamiento en Navarra, 5 de ellas se veran en mas detalle:

t. Agralco (T)

En Estella, la cooperativa Agralco S.Coop produjo biogds desde 2006. Con una capacidad de 15
m>/hora de depuracién de vino de las heces, logran digestar en dos equipos mesofilicos hasta 7.000
m? de sustratos originados de productos de bodegas de vinificacion: orujo de uva y lias de vino para
alcohol vinoso, sales tartaricas, aceite de semilla de uva y enocenina. Ellos procesan anualmente
50.000 toneladas de orujo de uva y 18.000 toneladas de lias de vino y obtienen 1.750.000 Nm?® de
biogas al afio que se utiliza para la produccidn de electricidad para los cuatro motores de
cogeneracion (160 kW) de la propia planta. No lo vende a la red. El digestato se vierte en la
depuradora.

u. Mendigorria (U)

En Mendigorria, el biogas es producido por Bioenergia Mendi SL desde el afio 2011. Esta planta de
cogeneracién trata 15.000 m® de lechones de cerdos de la finca El Saso y 22.000 toneladas de
residuos (agua residual de aseos y alcantarillado entre otros) Con el fin de producir
aproximadamente 1.752.000 m® de biogas por afio. Luego se utiliza para generar electricidad y calor
para las instalaciones y el digestado como fertilizante. De este proceso se extraen 500 kW de
potencia eléctrica y 600 kW de potencia térmica. La planta tiene dos digestores de 1.500 y 2.100 m”>.

v. HTN (V)

En Caparroso, el biogas se produce a partir de residuos de ganado y estiércol de la sociedad de
responsabilidad limitada HTN en una planta de cogeneracion. La planta procesa los sustratos que son
pasteurizados antes del proceso de digestion. Una vez tratados estos sustratos, la fraccién sélida se
separa del liquido y ambos se utilizan para fertilizantes agricolas. El proceso se realiza mediante dos
digestores mesofilicos de 8.000 m* cada uno. El biogéas producido (9.200.000 m® por afio) se utiliza
como combustible para los motores y para la electricidad, que es de aproximadamente 24.000
MWh/afio, y se venderd a la red. El digestato se utiliza como fertilizante orgédnico en cultivos
agricolas.

w. Cabanillas (W)

La planta de biogds en Cabanillas esta a cargo de la empresa privada E-Cogeneracion Cabanillas S.L. A
partir de 2013. Dos digestores mesofilicos de 2.400 m® de volumen tratan 12.000 t/afio de estiércol
porcino y 8.000 toneladas de desechos (lodos e industriales) para producir 5.450 MWh/afio de biogas
que luego de ser mejorados seran utilizados para calentar la planta y la electricidad Para venderlo a
la red. El digestato se utiliza para aplicaciones agronémicas. Del proceso se extraen 2.900.000 kWh
de energia por afio. La potencia de la planta es de 370 kW y cuenta con dos tanques receptores de 60
m’y 150 m® y una balsa para el digestato de 5.000 m®.



X. Tudela (X)

El vertedero de El Culebrete en Tudela comenzd a funcionar en 2006 por la direccién de la

Mancomunidad de la Ribera. La planta de biometizacion de 1.425 kWe utiliza residuos domésticos en
su digestor mesofilico de 5.600 m® y los trata durante 14 dias para producir 2.216.781 m?® de biogas
por afio. El biogds se utilizard para producir electricidad para venderlo a la red y el digestato se
compostard mezclado con astillas de madera para usarlo como fertilizante. Alrededor de 3.224.000

kWh de energia se extrae del proceso.

> Evaluacién 1

En este momento se desconoce con exactitud el nimero de plantas de biogds que hay Espafia. A

causa de la legislacion, muchas de ellas se han visto obligadas a cesar su actividad o incluso a cerrar.

En el gréfico siguiente se pueden observar la localizacidn de las plantas estudiadas.
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Después de analizar los tipos de plantas que hay en el Estudio 1 y la busqueda de informacion sobre

ellas en el Estudio 2, las plantas han sido insertadas en la tabla del Estudio 1. La division se ha hecho

a partir de la descripcidn junto con la informacién especifica encontrada.



Las Plantas Estudiadas en el Estudio 2 introducidas en la Clasificacion de Estudio 1

ESPANA

Biogas de vertedero y FORSU

(B) (G) (X)

Biogas agroindustrial

(A) (C) (D) (F) (H) (1) (B) (K) (L) (M) (O) (P) (Q) (R) (S) (T) (U) (V) (W)

Biogdas de EDAR

(E) (N)

> Evaluacién 2

Una vez estudiadas las plantas de biogds en el Estudio 2, la informacién recogida se clasifica por
categorias que permitan diferenciar las plantas en el cuadro de categorizacién siguiente:

Resultados
Las plantas estan clasificadas en siete categorias relevantes:

- Substrato: de donde procede el material usado en el proceso para producir el biogas.

- Organizacién: propiedad de las plantas.

- Uso posterior del biogas

- Técnica digestiva: mesofilica o termofilica.

- Localizacidon: hace referencia tanto a la localizacidn del substrato (primera columna) como a
la localizacion del gas (segunda columna). También incluye cémo se transportan los
substratos a la planta, cdmo se trata el gas.

- Digestato: para qué se usa.

- Capacidad: tamanio del digestor.



Cuadro de Categorizacidon con las Plantas Estudiadas en el Estudio 2

Substrato Organizacion Uso Biogas Técnica de Digestion** Localizacion Digestato Capacidad*®
Estiércol de Municipal Electricidad Mesofl’Lica .Su-bstr'ato. Valorizacion Fertilizante Pequeﬁa3
cerdo (15-45 C) principal in situ (<2000m)
(A) (C) (D) (E)
wamon | e | BOEE | BODEMNY | G0N | e |BEI0 | Gnmo
(L) (U) (W) (X) (X) (N) (R) (W) (P) (Q) (V)
(Q) (S) (V) (X) (S)(T) (U) (V) (W) (X) (P) (@) (R) (S)
(T) (U)(V) (W)
Compost
. - Gas mezclado Mediana
. ZeSISl.‘OIS Comercial Calor Termoflollca bS ub.:crazlo transportado fertilizante de (2 0o0-
industriales (40-65 C) ombeado por vehiculo virutas de 5 000 ma)
madera
w @ ©)e | A (8) (D) (8) (H) ()
(U) (W) (F) (L) (M) (O) (K) (L) (M) (F) (Q) (E) (G) (F) (X) () (K) (L) (N) (R)
(R) (S) (V) (W) (S)(T) (W)
(N) (O)
Propietario Substrato Aplicacion al
Lodos de aguas P Red nacional Red de gas cultivo del Grande
residuales posee el de gas transportado local ensilaje de :
substrato g por vehiculo majl’z (>5000m)
(A) (B) (D) (F)
EEE MW [ ©HO0 | o w @ (KL M | (4@ 0 » W)
(X) (T) (W) (0) (@) (5) (V) (P)
(V) (W)
Residuos solidos Propiedad Uso interno Conversion de




energia para

Urbanos compartida
uso interno
(C) (D) (E) (F) (D) (H) () ()
(B) (G) (W) (Q) (V) (1 () (H) (L) (M) (O) (5) (T)
(N) (P) (T) (V)
Resid Conversion de
esiduos energia para

domeésticos

uso externo ©

(B) (R)

(B) (D) (K) (Q)
(V) (X)

Cultivos

(K) (L)

Residuos
agroalimentarios

(A) (D) (F) (M)
(Q) (R) (S)(T)

Estiércol bovino

(D) () (P) (V) (K)

* No aplicable para vertederos (B), (G) y (X).

La planta de Biometizacion Cafiada Hermosa (R) no se puede colocar en ninguna de estas subcategorias, ya que no se dispone de informacién al

respecto. ® El tamafio del digestor (es). La fragmentacion se basa en los datos de las plantas estudiadas. © (Jorgensen, 2009). 4 El uso interno indica que el biogas se utiliza en el sitio de alguna
manera, y no necesita ser transportado en ninguna parte. ® La conversién de energia para uso externo indica que el biogds se convierte en ej: calor y / o electricidad y (parcialmente) utilizado
planta.

fuera

la



Analisis
En las secciones previas, se ha llevado a cabo la clasificacidn de la informacion recogida en el Estudio

2. Para ello, siete categorias fueron consideradas y, a continuacién, se incluyen comentarios sobre
algunas de ellas.

En las categorias de Técnica de digestién y Capacidad no se pudieron incluir las plantas que producen
biogas de vertedero y FORSU pues estas carecen de digestores.

En cuanto a la primera, al origen de los substratos, se ve que pueden proceder de residuos urbanos,
agroindustriales, estiércol y lodos. Sin embargo, ninguna destaca por encima de las demas.

Por el contrario, con respecto al uso del biogas, la mayoria de las plantas que lo generan lo utilizan
para generar electricidad, calor o ambas. Este hecho se conoce como cogeneracidén y parece ser muy
comun en las regiones estudiadas. Ademas, cabe destacar que parte de la energia del biogas se usa
para el autoabastecimiento de las instalaciones, para venderlo a la red o para ambas.

La categoria de Organizacidn se refiere a la propiedad de las plantas de biogas. Muchas pertenecen a
empresas privadas que obtienen el substrato de areas cercanas. Sélo algunas de ellas, como es el
caso de la granja de Balsa de Ves o la granja de El Saso, tienen el material en sus propias
instalaciones.

La técnica de digestién que predomina es la mesofilica y el digestato se utiliza en casi todos los casos
como fertilizante.

Por tanto, a pesar de que en Espaia sélo existen tres tipos de plantas que producen biogas, las
diferencias entre ellas son tales que resulta dificil establecer patrones que las relacionen.

Conclusiones

El objetivo de este proyecto era llevar a cabo una investigacidon sobre las plantas de biogds en
algunas regiones de Espaia para poder completar un cuadro dado, que nos permitiera contemplar la
situacidon actual en este pais. El trabajo se realizd6 correctamente y resulté ser un tema muy
interesante que permitié conocer en mas detalle esta energia renovable con gran potencial.

Tal y como se ha visto, existen tres tipos de plantas de biogds en Espafia: agroindustriales, vertederos
y EDAR. De acuerdo con algunos articulos, deberia ser en los vertederos donde se deberia extraer la
mayor parte del biogds. Sin embargo, después de este proyecto, se puede decir que son los residuos
de la agricultura y la industria los que mas contribuyen a su produccion. De hecho, la mayor parte de
la informacidn disponible esta relacionada con este tipo de biogas, lo que dificultd la investigacion de
los otros tipos de plantas.

Cabe destacar que al iniciar el proyecto sélo se consideraron las plantas agroindustriales, ya que el
presidente de AEBIG no especificd del tipo de planta del que esta organizacidén se ocupa. Las politicas
de privacidad de datos que algunas plantas tienen y la falta de informacidon actual también
ralentizaron el proyecto y en algunos casos, hizo imposible obtener toda la informacién necesaria.



Ademas, el desconocimiento del tipo de plantas de biogas que se dieron desde el principio causé que
regiones como Cantabria, La Rioja, Madrid o Extremadura se hayan quedado fuera del proyecto.

Teniendo en cuenta los datos disponibles, si bien es cierto que Europa tiene perspectivas muy
positivas en cuanto a la produccidn de biogds, Espaia sorprende con un crecimiento muy lento a
pesar de la gran cantidad de residuos agricolas disponibles. Hay dos razones por las que esta
tecnologia todavia no ha alcanzado la velocidad de desarrollo que se esperaba.

La primera se refiere al Real Decreto 1/2012. Esta ley suspendié las primas a nuevas plantas. Ha
causado que muchas de las plantas en construccidn tuvieran que parar su actividad. La segunda
razon implica la necesidad de desarrollar una legislacion que establezca normas de calidad para el
biogas para permitir su uso mediante la inyeccidn de redes de gas natural, como es el caso de
Alemania, Italia y Suecia.

Las asociaciones espafiolas relacionadas con el biogds defienden diferentes medidas de apoyo
sectorial como incentivos a la produccidn, cogeneracién o contabilidad de las emisiones de CO2
evitadas.

Por lo tanto, como conclusién, para seguir mejorando la produccién de biogas, el gobierno debe
tomar algunas medidas para promoverlo. De lo contrario, la situacion no va a mejorar y
eventualmente esta energia sera sustituida por otras mas rentables.
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1 Introduction

Since some years ago, it has been common to hear that the recent years have been warmer than the
previous ones. It is true: the last ten years have been the warmest since records have been kept and
scientists announce that in the future, it will be even more. This is the famous global warming, a
phenomenon which causes among other things that the sea level will arise.

Scientists attribute these comments to an increasing concentration of greenhouse gases (GHG) in the
atmosphere. Greenhouse effect is a natural condition of the atmosphere of the Earth. Some gases
such as water vapour, carbon dioxide or methane are called the greenhouses gases because they
trap the sun’s heat in the lower layers of the atmosphere warming the Earth.

Burning fossil fuels for power generation is the main source of CO2 emissions, and therefore
governments and private companies are focusing their efforts on increasing the share of renewable
sources in electricity generation, preparing for a low future carbon and this bet is starting to be
decided in both developed and emerging countries. The future of renewable energy is promising.

Between the different sources, there is the biogas. Biogas now is developing into a significant
alternative energy source. Using biogas to produce electricity satisfies several regulatory concerns at
once. Greenhouse gas emissions are reduced because the release of methane is prevented; green
and rewenable energy is produced; volumes of waste requiring storage and disposal are reduced.

It seems to be an interesting way of obtaining recovery energy and that is why, a deeper research on
the subject would be appeling.

1.1 Aim

The objective of this thesis project is to carry out an investigation about the actual situation of the
renewable energy, biogas, in Spain. Specifically, this project will focus in the regions of Andalucia,
Aragon, Asturias, Castilla la Mancha, Castilla y Ledn, Galicia, Murcia and Navarra. How the plants
work, which substrate they use or which digestion technique is happening during the process are
some of the data that will be collected. Information will be gathered to compare the different
existing plants.

At the moment, there is no exact number of biogas plants in operation in Spain. The goal is to
understand how they work to be part of a larger project and get an overview of the current situation
of biogas in Europe.

Legislation will also be studied so as to be able to understand the situation of this country since it
seems to be the one to blame for biogas to be underdeveloped.



2 Biogas

2.1 What it is and its production

From the beginning of the times, the mankind has needed some type of energy sources in order to
meet a series of daily demands. As civilizations have evolved they have created new energy needs.
This situation has led to search for new energy sources that represent viable alternatives to current
production methods and, among those alternatives, the use of biogas stands out.

Biogas is a renewable energy source, mainly composed of methane and carbon dioxide as can be
seen in Figure 1 and it is generated from the biodegradation of organic matter in the absence of
oxygen. (Energias Renovables, 2014)

Table 1: Typical Composition of Biogas (Rouse, 2013)

Typical Composition of Biogas

Compound Molecular Formula Percentage
Methane CHa 50-70
Carbon Dioxide CO2 25-50
Nitrogen N2 0-10
Hydrogen H2 0-1
Hydrogen Sulphide H2S 0-3
Oxygen 02 0-0

Biogas plays an important environmental role as it is obtained from treatment and energy recovery
of organic waste: energy crops, agricultural by-products, livestock waste, waste agro-industry,
organic vegetable and animal residues. It can be generated from most types of organic raw materials
except for lignin which is not anaerobically degraded. (Energias Renovables, 2014)

The biochemical process to produce biogas consists of an aerobic digestion of organic substrates
which takes place in a biogas plant. Organic material is fed into the digester where it’s heated up to a
certain temperature and then stirred for 30-60 days, slowly producing the combination of gases
known as biogas. The raw material composition will affect the yield of biogas and its content of
methane. The mixture obtained includes gaseous products (biogas) and a semi-solid residue
(digestate), which has a higher nutrient concentration than the initial biomass.

The biogas process can be divided into three main steps (The Eco Ambassar, 2016):

e First step, hydrolysis: microorganisms act on the organic matter, aided by enzymes,
decomposing the complex organic compounds to simpler compounds such as sugar and
amino acids.

e Second step, fermentation: the monomers obtained are attacked by other microorganisms,
producing short chain organic acids, mainly: acetic acid, carbon and hydrogen (also some
alcohols and aldehydes) dioxide.




e Third step, methanogens: substances produced in previous stages are attacked by
methanogenic microorganisms. As a result, methane and carbon dioxide are produced.

Each of these phases is catalysed by different bacterias. Depending on the temperature, there are
two different working regimes: mesophilic (bacteria with an optimal metabolic around 402C) or
thermophilic (bacteria with an optimal metabolic of 559C). For optimum performance, pH, presence
of inhibitors or organic load among other things must also be control. (Bentec Bioenergies, 2016)

Biogas plants have very different designs, but in simplified terms consist of the reception facilities of
the biomass, biogas digesters, reactors or tanks where the anaerobic process occurs, storage for
biogas and digestate and finally, depending on the future use the plant will give to the biogas
produced, equipment for generating electrical, thermal energy or vehicle fuel for example. All these
sections can be observed in Figure 1.

Generator
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Figure 1: Basic diagram of a biogas plant (Pirecka, 2015)

Biogas can be produced in large scale digesters found in industrial countries for sewage sludge
treatment and stabilisation purposes, as well as in small scale digesters on individual farms. Biogas is
also produced during anaerobic degradation in landfills and is then referred to as landfill gas.

When it comes to utilisation, biogas has multiple applications but there are three main ones:
production of heat and steam, generation of electricity and vehicle fuel. On the other hand, the
digestate is used as a natural fertilizer.

Apart from being a renewable source, biogas has many other advantages such as the reduction of the
amount of municipal solid waste (Adriana, 2010). It also establishes decentralized centers of energy
production and provides high quality fertilizers. Besides, it revaluates residues and decreases the
production of bad odour of decaying organic matter. The capture of biogas from landfills and
composting plants prevents odours and protects the atmosphere of methane. It is a cheap
technology that in addition, creates a large number of jobs (Bagher Askari, 2015).



However, it is a little progress technology and the storage system is complex. Biogas can contain
impurities and also be unstable (Grupo AB, 2016)

2.2 History of biogas

It has been known for several centuries that rotting vegetable matter gives off flammable gas.
Actually some technologies were documented in China, Persia or India from 1600 B.C. However, it
was not until the seventeenth century when records of decaying organic material producing the gas
were presented. In 1776, the first scientific substantiation of flammable gas generation in wetland
and lake sediments was given by Alexander Volta who found out the presence of methane in marsh
gas. (Biogas Fluid, 2016)

After the discovery of the chemical formula of the methane between 1804-1808 by John Dalton and
Humphrey Davy, European scientists started making the first investigation in the application of
biogas. Several researches added new information about biogas during the following years. That was
the case of Bechamp in 1868, who reported that the formation of methane during the decomposition
of organic matter was through a microbiological process. Popov in 1875 investigated the effect of the
temperature on the quantity of generated gas.

Soon after this in 1881, biogas began to be used for heating premises and street lighting. Lately, in
1890 the first large scale biodigester was built in India. In 1896, England made that all its street lamps
in one part of Exeter city were fed by biogas generated from the fermentation of sewage water and
collected in closed vessels. (Tasneem Abbasi, S. M. Tauseef, S. A. Abbasi, 2012)

The first large scale biogas plant was built in 1911 in Birmingham (England) and was used for
decontamination of sewage water sediments of the city.

In the First World War, biogas plants have stated to be distributed in Europe in connection with fuel
deficit. Farms with biogas plants enjoyed favourable conditions. During the Second World War, real
energy deficit experienced by all European countries and German and France have put an emphasis
on producing biogas from agricultural waste, mainly from manure. However, European biogas plants
have lost competition to cheap energy during the afterward years and were dismantled. (Biogas
Fluid, 2016)

For the past 20 years, profitable results in terms of discoveries on the functioning of microbiological
and biochemical process through laboratory equipment have been made. It allowed the study of
microorganisms intervene under anaerobic conditions.

2.3 General view

Globally biogas represents one of the most sustainable energy resources and greater growth
potential. Around 17,000 biogas plants in agriculture, industry and wastewater treatment are in
operation in Europe according to the European Biogas Association (EBA, 2015). The majority of them
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are located in Germany and Italy. This success is due to the high feed-in tariffs and although most of
the other countries have tried to copy this model, their approaches have not been as consistent as

theirs.

However, Spain still remains at the end of European agroindustrial biogas (biogas obtained from
anaerobic digestion of agro-food waste) list despite having advanced from the 222 position to the 182
and having increased its number of plant from 22 to 39 since 2012 as shown in Figure 2 and Figure 3.
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Figure 2: Agroindustrial biogas plants according to EBA in 2012
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Figure 3: Agroindustrial biogas plants according to EBA in 2014



According to data from 2014 EurObserv'ER barometer (EurObserv’ER, 2014), in Spain, the main
contribution comes from landfills (124,000 toe), followed by agroindustrial biogas (102,000 toe) and
of sewage treatment plants (30,000 toe). The energy production from biogas in Spain corresponds to
only 1.4% (1.2% in the electrical area and 0.2% in the thermal of the total primary energy production)
(BioPlat, 2014).

The Renewable Energy Plan (REP) 2011-2020 offered a very promising outlook for the biogas in
Spain, which at the beginning of the period credited a production of 165 MWh and that 85% of it
came from degassing landfills.

This document mentioned above, defined the biogas generated by the degradation of organic matter
under anaerobic conditions and under certain circumstances. According to the REP, biogas
production takes place mainly in two types of reactors. On one hand, in landfills (reactors low
efficiency) where the gas is collected in them through internal conduits and flaring located on the
spot, in order to avoid explosions. On the other hand, there are the anaerobic digesters. They are
typical tanks in which wastes are treated with up to 15% total solids (in the most common, complete
mixing digesters). Feeding can cover a wide range of organic waste (municipal waste, sewage sludge,
cattle manure, agro-industrial waste, energy crops, etc.). Animal by-products not intended for human
consumption, SANDACH in Spanish, can even being treated after their sanitization. (REP 2011-2020)

The proportion of biogas which had its origin in landfills has been deeply affected by the Directive
99/31 of the European Commission (EC) on landfills which requires drastically reducing the
proportion of biodegradable waste deposited in them, and sets an objective for 2016 its reduction
35%. However, in most of the regions this target has not been accomplished as it is the case of
Castilla y Ledn.

Regarding the biogas generated in sewage treatment plants, the objectives of Directive 91/271/EC
for treatment of urban waste water have been met: the situation can be considered as fully
stabilized.

In view of the available data, although it is true that Europe has very positive prospects (Energias
Renovables, 2014) regarding biogas production, Spain has a really slow growth despite the large
amount of waste. It is clear what the main reason why this technology has yet not reached its
potential speed of development is: legislation.



3 Biogas in Spain

3.1 History of biogas in Spain

The beginning of the biogas plants was with the Real Decree 661 in 2007. This decree brought a very
fair bonuses for profitability and only the best plants could be profitable. Besides, the lack of
experience both in the industry and society and the long processing, made that relatively few biogas
plants were built and at a slow pace compared with other renewable technologies that grew a lot in
this period (Biovec, 2016).

Surprisingly in the sector, Decree Law 1 was approved in 2012. This one implied that all the bonuses
for all temporary renewable ended and many biogas plants under construction were left without
profitability. Four years have gone but still, the only measure taken by the government was the Real
Decree 947 set in 2015 which consisted in new wind and biomass installations but no biogas.

However, before this last law was launched, the Real Decree Law 9 of 2013, known as the reasonable
profitability, basically cut back the bonuses to all the existent renewable installations including the
biogas ones. It meant a reduction between 15 and 30% of the receiving premiums affecting smaller
plants in particular. This fact led to many existing plants to a limit financial situation and forced them
to refinance their loans. It also generated a great distrust in renewable investment and also in biogas
due to legal uncertainty. (Biovec, 2016)

During these years it was possible to make biogas plants for electricity consumption but a set of draft
decrees on catastrophic tolls and taxes for self-consumption kept any intention to make a biogas
plant for electricity generation. Finally, the government approved Real Decree 900 in 2015, known as
tax sun. This is the most restrictive law and it prevents biogas plants for their own consumption to be
made.

So far, there is no rule or law to promote the biomethane or refined biogas injection to the gas
network and neither there is the intention to work on it. Besides, as opposed to most European
countries, if Spain produces biogas for vehicles, the government would collect taxes like with the
fossil energy.

3.2 Legislation of biogas in Spain

The use of renewable energy is essential to ensure efficient energy supply from an environmental
point of view. Precisely, the Directive 28/2009/EC of the European Parliament on the promotion of
energy use from renewable sources sets a target for 2020 that 20 % of gross final consumption of
energy in the European Union has to be from renewable sources. According to the latest report by
the EC, 9 of the 28 European Union Member States have difficulties to accomplish this target. Among
them is Spain, where the amount of energy from renewable sources is still far from that goal. (EBA,
2015)

The main legal aspects regarding the agroindustrial biogas in Spain (REP 2011-2020):



3.2.1 Sanitary legislation

The management of animal by-products (SANDACH) from the time of generation until its final use,
recovery or destruction is regulated to ensure that during the time no risks to human health, animal
health or the environment are generated and specially to ensure the safety of human and animal
food chain.

Royal Decree 1429/2003 SANDACH, of November 21th, laying down the conditions of application of
the community rules on animal by-products not intended for human consumption are regulated. It
regulates some specific aspects of Regulation n? 1774/2002 but does not change the use of these by-
products for biogas production. This Royal Decree establishes the creation of a SANDACH National
Commission effectively incorporated in May 2005, and included representatives of all the
administrations involved.

Regulation (EC) N2 1069/2009 of the European Parliament and the Council and Regulation (EU) N2
142/2011, constitute since March 4™ 2011, the legal framework for animal by-products not intended
for human consumption and products derived thereof, being repealed from the date Regulation (EC)
1774/2002.

In Spain the Royal Decree 1528/2012 established the conditions of application of the Community
rules on animal by-products. Among other measures, defines the distribution of powers between
various departments of the General State Administration (AGE) and the autonomous communities
(CCAA) in relation to SANDACH, and creates the National Commission on Animal by-products not
intended for human consumption as interministerial and multidisciplinary body referee, whose
functions include monitoring and coordination of the implementation of the rules on animal by-
products.

3.2.2 Environmental legislation

3.2.2.1 Waste Law 10/1998

This law aims to prevent waste production, establishing the legal status of production and
management and promote, in this order, reduction, reuse, recycling and other forms of recovery, in
order to protect the environment and people's health. The Act applies to all types of waste, with the
following exclusions: the emissions, radioactive waste, liquid effluent discharges to inland waters,
discharges from land to sea, discharges from ships and aircraft to sea (have specific legislation).

Importantly, this law makes an exclusion of cattle manure from its scope when applied as fertilizer
within farms. This cattle manure is not considered waste (or discharges) and it is relieved of the
obligation to seek authorization for management. It is considered that there is specific legislation to
specifically regulate management, in particular the Regulations and Rules SANDACH Nitrates, which
includes a code of good agricultural practices.

3.2.2.2 Law 16/2002 IPPC

Law 16/2002 of July 1, Integrated Prevention and Pollution Control (IPPC), and its subsequent
amendments, requires affected facilities to obtain a single permit called Integrated Environmental
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Authorisation (AAIl) which brings together in a single administrative act granting all environmental
permits (environmental impact authorization for waste management, collection and water
purification, emissions, etc.).

3.2.3 Climate change

3.2.3.1 Slurry biodigestion plan

Plan for reducing greenhouses gases (GHG) approved by the Cabinet on December 26, 2008. RD
949/2009 of 5 June, by which the regulatory bases are established of the state subsidies to promote
the implementation of the technical processes of this plan.

This plan is part of the Urgent Measures Strategy for Climate Change and Energy Plan, and includes
the implementation of technological processes of anaerobic digestion of manure to reduce GHG
emissions and for vulnerable areas or high livestock concentration. It also includes the possibility of
complementing the methanation of slurry with post-treatment reduction or elimination of nitrogen
from manure.

Specifically, this plan favours especially biogas plants that take advantage livestock waste (in
particular pig manure), and these plants can reach up to 40% of the investment. Priority has been
given the treatment of pig manure because national emissions of methane from manure
management, comes in around 90% of pigs.

Therefore, the percentage in the mixture of slurry to digest other livestock species of pig manure
cannot exceed 30% by volume.

3.2.4 Biogas use

3.2.4.1 RD 661/2007: Royal Decree of special regime electricity production.

Decree RD 661/2007, of 25 May, concerns about the activity of production of electricity in special
regime (BOE No. 126, May 26, 2007). It was modified by fixes published in BOE of 25 and 26 July
2007.

It replaces the previous RD 436/2004, providing a new regulation to the activity of electricity
production under the special regime, maintaining the basic structure.

3.2.5 Digestate use

3.2.5.1 Royal Decree of Nitrates

RD 261/1996 of 16 February about the protection of waters against pollution caused by nitrates from
agricultural sources. Implementation of Directive 91/676/EC on the protection of waters against
pollution caused by nitrates from agricultural sources requires Member States to identify waters that
are subject affected by nitrate pollution.

It also establishes criteria for designating as vulnerable zones, those territorial whose drainage
surfaces leads to nitrate pollution. It indicates the maximum amounts of manure applied to land: in
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vulnerable areas are set at 170 kg nitrogen/ha and year, although during the first four-year action
programs may be allowed to reach the 210 kgN/ha per year.

3.2.5.2 Royal Decree of Fertilizer

RD 824/2005 of 8 July on fertilizer products (and modifications). It establishes the basic rules on
fertilizer products. This Royal Decree applies without prejudice to the provisions of Regulation (EC)
No 1774/2002 and vice versa, marketing and use of organic fertilizers and soil amendments must
comply with the provisions of this Royal Decree. Define "biodegradable organic waste", as that waste
or by-product of vegetable or animal origin used as raw material.

There has not yet been established specific criteria required quality of the digestate for consideration
as products in this legislation despite its potential agronomic suitability.
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4 Methodology

After the previous introduction to biogas, both generally and more specifically in Spain, investigative
work had to be done so as to be able to do the corresponding classifications of the biogas plants.
Information about location, capacities, production and processess were needed.

There were two main ways of getting the information needed: the first one was going through the
available data on the Internet; the second one was emailing the companies that run the plants.

Initially a general search on the subject was done but, as there was no exact data, it was necessary to
contact AEBIG (Asociacion Espafiola de Biogas, Biogas Spanish Association). Its president Francisco
Repullo, facilitated the number of agroindustrial plants which are currently in operation in Spain.

From there deeper exploration about the plants was carried out, firstly on the internet. Several
companies published some of their numbers in their webpages. Also, specific studies and reviews
contained valid records for the project. However all the information required was not available
online. That’s why emails were sent to every company not only to get as much missing data as
possible but also, to confirmed the information collected before. In fact, most of the data was
gathered this way.

Futhermore, a few phone calls were also made when the companies did not supply a contact
number.

The project involves two literature studies: Literature study 1 consists of a general investigation
about the different types of biogas plants in Spain; Literature tudy 2 is a research about the plants
which are currently working in the selected regions.

Once the plants are identified, in Assessment 1 they will be inserted into a classification based on the
types of plants characterized in Literature study 1. Later on, according to the specific data of the
plants, they will be inserted in the give framework of categorization of Assessment 2.

This framework of categorization is a table which include seven categories that are considered the
most essential ones in order to portray a biogas plant.

Finally, some comments about this table will be done.

So as to make the selection of the plants which will be studied, the method was easy: those plants
where all the information needed was gathered are included in the categorization. Those ones
where there was information missing, were left out of the study.
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5 Literature studies and Assessments: Results and
Analysis

5.1 Literature studies 1

In Spain, biogas is mainly divided into three plant types according to Renewable Energy Plan (REP,
2011-2020):

e Agroindustrial
e landfills: organic solid urban waste (FORSU)
e Wastewater Treatment Process (WWTP)

The agroindustrial sector is the principal source of products, organic compounds and residues that
will go through an anaerobic digestion in order to produce biogas. The substrates can be cattle
manure, sludge from food processing industries, crop residues or energy crops. (Grupo AB, 2016)

Organic waste disposed in a landfill suffers a biological degradation during which landfill gas is
generated. Biogas is a fuel obtained as a result of the degassing of the landfill. (Grupo AB, 2016)

The purification of both industrial and urban wastewaters which occurs in sewage treatment plants
consists of a series of physical, chemical and biological processes which aims to separate suspended
solids and dissolved materials in form of sludge. This sludge will go through a process of anaerobic
digestion to produce biogas. (Grupo AB, 2016)

5.2 Literature studies 2

In order to carry out the Assessment 1 and 2, information about the different existing plants was
necessary.

By having a quick look on the Internet, it is clear that it is agroindustrial biogas the one that has been
more studied so more information is available. At this moment around 50 plants produce
agroindustrial biogas in Spain. They are all distributed around the peninsula. However, half of them
are concentrated in the northwest of the country. This project will focus on the rest of the territory
leaving the research of Cataluia and Valencia to another project. Besides, some plants which
produce other types of biogas will be also presented.

For this study, 24 (from A to X) biogas plants were chosen to try to test the framework of
categorization that will be explained in further details later on and to analyze the classifications
found in Literature study 1. The plants were chosen to get as wide picture of the Spanish biogas
production as possible. The studied plants differ e.g. in used substrate, digestion technique,
organization, biogas use, digestate use and capacity. The initial idea was to study at least one plant of
each type in every region. However, as mentioned before, there is no available information about
some of them. That’s why those ones are just listed.
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In the sections below, all the biogas plants found are listed. Information about their location, type of
plant and power generation of the plant (thermal or electrical) is included in the list. Then those
selected for the framework are explained in further details and later on, they will be classified. So as
to facilitate the reader the view of the work, the plants chosen incorporate the letter they represent
in the following studies.

5.2.1 Andalucia

In this region 18 biogas plants are working at the moment. In Table 2, they are listed and below it, in
Figure 4, there is a map in which they are all located. However, only two of them will go through a
deeper research so as to have a general view of the biogas in Andalucia. (Informe de infraestructras
energéticas de Andalucia, 2012)

Table 2: List of the biogas plants in Andalucia

Plant Region Type Power (MW)
A Campillos Malaga Agroindustrial 1.9
Guadalete Cadiz WWTP 0.47
Copero Sur Sevilla WWTP 1.90
Guadalhorce Malaga WWTP 1.44
San Jerénimo Norte Sevilla WWTP 0.5
Ranilla Este Sevilla WWTP 0.5
Churriana Sur Granada WWTP 0.6
Huelva Huelva WWTP 0.25
Tablado Oeste Sevilla WWTP 0,5
Golondrina Cérdoba WWTP 0.5
Jerez de la Frontera Cadiz Landfill 1.65
B Montalban Cérdoba Landfill 2.55
Valsequilla Malaga Landfill 2.55
Granada Granada MSW* 0.62
Limasa Il Malaga MSW* 3.16
Cénica Montemarta Sevilla Msw* 10.41
Biometizacidn “Sierra Sur” Jaén 0.8
BIOLIX Sevilla 1.42

! Municipal Solid Waste (MSW): is a waste type consisting of everyday items that are discarded by the public
and ends up in landfills.
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Figure 4: Location of the biogas plants in Andalucia

5.2.1.1 Campillos, Malaga (A)

The private organization, Giesa Agroenergia, has been running the agroindustrial biogas plant in
Campillos since 2016. It processes most of the manure of the area (35,000 ton), in addition to other
agri-food waste (60,000 ton) and sewage sludge (8,000 ton). Slurry, poultry manure, goat manure...
They are all recycled to generate electricity with which to feed the plant and the heat for the pig and
turkey farms in the area. The plant of 1.9 MW of power counts on 2 mesophilic digesters of 2,800 m?
of volume. Approximately 16,000,000 kWh/year of biogas is produced and the digestate is upgraded
to use it as a fertilizer. (Pinero Grande, 2016)

5.2.1.2 Montalban (B)

This plant which uses biogas from landfill areas of domestic and municipal waste Montalban
Environmental Complex, inaugurated in June 2008, is one example of the strong bet of Epremasa in
favor of renewable energies. The energetic use of landfill gas is carried out by installing two
generator of 2,546 kW and one motor of 2,612 kW. This plant consumes 1,420 Nm>/h of biogas and
has an annual electricity of 11,076 MWh. The annual gas estimated consumption is equivalent to an
average of 3,229 toe/year and the electricity fed into the public grid, net of own consumption of the
installation, is estimated at 10,700 MWh/year, equivalent to the consumption of 2,950 households’
production in a year. (Epremasa, 2016)

5.2.2 Aragon

In Aragdn 9 biogas plants were found (Bartomeu, 2016) and they are listed in Table 3 and located in
Figure 5. From all of them, 3 plants have been selected which will be explained below:

Table 3: List of the biogas plants in Aragén

Plant Region Type Power (MW)
C Undues de Lerda Zaragoza Agroindustrial 0.17
D Urbiliza, Remolinos Zaragoza Agroindustrial 0.25
Pina del Ebro Zaragoza Agroindustrial 1.5
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E Almozara Zaragoza WWTP 0.24

Capella Huesca Agroindustrial 0.5
Zaidin Huesca Agroindustrial 0.5
Valderrobres Teruel Agroindustrial 0.5
Penarroya de Tastavins Teruel Agroindustrial 0.5
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Figure 5: Locations of the biogas plants in Aragon

5.2.2.1 Undués de Lerda, Zaragoza (C)

In Undués de Lerda, biogas is produced by the private company Agronsella in the same farm they
run. Since 2014, their plant performs the anaerobic digestion of 6,000 ton/year of concentrated pig
manure obtained. In order to do so, they count on one digestor of 700 m* and a post digestor of 500
m?>. Besides, two boilers of 170 kW are needed for the farm heat consumption and one boiler of 60
kW for the digests. The biogas produced is then upgraded at the plant itself to be used as heat for
farms and the digestate is utilized for agronomic applications. In addition, 765 MWh of biogas is
produced each year generating 765,000 kWh of energy along the process. (Biovec, 2014)

5.2.2.2 Remolinos, Zaragoza (D)

The limited liability company Urbiliza Renovables started up the biogas plant in Remolinos in 2012.
The biogas produced by the plant comes from bovine excretions (10,000 ton/year) and agricultural
and food industry waste (10,000 ton/year) treated in two digestors of 2500 m® that operate at 452C
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(Puente Arcos, 2015). For the power generation, the plant rely on two equipments of 250 kWe.
Between 1.7 and 1.9 MNm3/year of biogas is generated and the digestate is used as fertilizer for the
field. Approximately 4,300 MWh/year of electricity is produced; being the annual consumption of
electric power facilities 497,218 kWh/year and the rest will be exported to the grid. The thermal
energy produced will be used to provide heat to the digesters. (Biovec, 2012)

5.2.2.3 WWTP Almozara (E)

In Zaragoza, DRACE from Grupo ACS runs the conventional activated sludge plant. Since 1989 it
collects the discharges from different neighborhoods, industrial areas and near locations. It has a
primary digester of 3,850 m? that operates at 30-352C during 25 days each time (retention time) to
produce biogas and digestate. Biogas is used for energy efficiency cogeneration and the digestate as
a fertilizer. The plant manages to generate 2,300 MWh of electricity per year and has the capacity to
treat 34,560 m? of waste per day. (Europa Press, 2016)

5.2.3 Asturias

In Asturias, there are two plants where biogas is recovered (Biogas Fuel Cell, 2016). In both Table 4
and Figure 6, they are shown:

Table 4: List of the biogas plants in Asturias

Plant Region Type Power (MW)
F Tineo Asturias Agroindustrial 0.25
G Cogersa Asturias Landfill 6.5
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Figure 6: Location of the biogas plants in Asturias

5.2.3.1 Tineo (F)

The only agroindustrial biogas plant in Asturias is located in Tineo and it is run by a local private
company, Biogas Fuel Cell. Operating since 2014, the plant processes 26,000 ton/year of waste
water, slaughterhouse waste, agro-industrial, dairy industry and livestock wastes generating out of it
1,300,000 Nm>/year of biogas. The process is performed in two digesters of 1,000 m*> at 55°C
(thermophilic process) and then in two post-digesters of 1,000 m* at 392C (mesophilic process). After
a process of reducing its content of H,S and water vapor, the biogas is burnt in a cogeneration engine
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of 250 kW. The recovered heat is used by the installation itself and electricity is fed into the grid.
Finally the digestate is stored temporally in a tank to be later collected by the farmers and used as a
fertilizer for fields. Approximately 2,000 MWh/year of energy is extracted in the process. (Biogas Fuel
Cell, 2016)

5.2.3.2 COGERSA (G)

In Serin, the public company COGERSA runs the waste treatment center of la Zoreda since 1982. This
non-hazardous waste landfill receives 390,000 ton/year of MSW and 60,000 ton/year of sludge that
are treated in the landfill itself at a temperature lower than 502C. After de anaerobic process, the
biogas network capture is performed using vertical wells and overhead lines driving. Biogas is used to
produce electric energy and heat for the burner. The landfill has an electric power of 6.5 MW and
manages to produce 34 Mm3/year of biogas. (Gonzalez Fernandez, 2015)

5.2.4 Castilla La Mancha

In Castilla La Mancha only 5 plants were located (Romagera, 2013) and all of them, agroindustrial.
The first three will be exposed right after the list and the map.

Table 5: List of the biogas plants in Castilla La Mancha

Plant Region Type Power (MW)
H Balsa de Ves Albacete Agroindustrial 0.25
I Bonete Albacete Agroindustrial 0.35
J Chinchilla de Montearagon Albacete Agroindustrial 0.25
Albarreal del Tajo Toledo Agroindustrial 0.499
Osa de la Vega Cuenca Agroindustrial 0.5
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Figure 7: Location of the biogas plants in Castilla La Mancha
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5.2.4.1 Balsa de Ves (H)

The Sanchiz Group (De la Cruz Hernandez, 2016) with the help of Inderen set up a biogas plant is
Albacete in 2013. The manure resulting from the Ves farm is used to fuel the biogas plant, helping to
reduce the level of N, CH, and CO, into the atmospehere and avoiding bad odeur. The manure is
digested in a mesophilic digester of 3,000 m® at 37°C to obtain 150 m> of biogas per hour.
Subsequently, the biogas serves to fuel the heating installations and the digestate generated is used
as organo-mineral fertilizer in agricultural plots owned by the company. (Gracia Garcia, 2016)

5.2.4.2 Bonete (l)

In Bonete, Albacete, Grupo Sanchiz placed a cogeneration (production of two types of energy at the
same time, usually heat and electricity) biogas plant in the Ingapor farm in 2013. Biogas is produced
out of the manure generated in the farm. One mesophilic digester of 3,000 m?® at 372C treats the
subtrates. The biogas is then used to supply heating and elecricity to the plant itself and the excess is
sold to the grid. The digestate is used as natural fertilizer. Approximately 150 m*/hour of biogas is
generated in the plant. The electric power of the plant is 350 kW. (Gracia Garcia, 2016)

5.2.4.3 Chinchilla de Montearagén (J)

Grupo Sanchiz owns the biogas plant in Chinchilla de Montearagdn, Albacete. Since 2013 this
cogeneration plant treats manure from the farm to obtain 150 m>/hour of biogas which will be used
to heat the installation. The digestate is upgraded as fertilizer. The electric power of the plant is 250
kW. It counts with a mesophilic digester of 3,000 m? that works at 37°C. (Gracia Garcia, 2016)

5.2.5 Castillay Ledn

After going through the available information about the biogas in Castilla y Ledn, 4 plants were
found. In Table 6 they are listed and in the Figure 8, it can be seen where they are located.

Table 6: List of the biogas plants in Castilla y Le6n

Plant Region Type Power (MW)
K Juzbado Salamanca Agroindustrial 0.5 (elec+ther)
L Almazan Soria Agroindustrial 0.25
M Santiener Valladolid Agroindustrial 1 (ther)
N Madrona Segovia WWTP 0.71
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Figure 8: Location of the biogas plants in Castilla y Leén

5.2.5.1 Juzbado (K)

In Juzbado (Salamanca), biogas is produced since 2011 by a company called Enusa with the
collaboration of Biogas Wesser-EMS at a farm. Although the amount of substrates vary annually, the
proportions are usually 80% manure and 20% cereal powder, both obtained from close areas. The
substrates are digested at 402C in two mesophilic digesters of 2,200 m3. The plant has an output
power of 500 KW (electric power) and 550 kW (thermal power). The biogas is upgraded at the farm
to be used for combustion in a cogeneration unit for generating thermal and electrical energy. The
total annual production of biogas is 2,117.5 MWh/year according to RD413/2015. The digestate is
used as fertilizer. (Bentec, 2011)

5.2.5.2 Almazan (L)

In Soria, the private company Purines de Almazan S.L. constructed the plant of 250 kW with a
capacity of approximately 52,000 m>/year of waste (variable depending on the solids content of the
treated waste). It valorizes organic waste such as chicken or pig manure produced in a facility
adjacent built by the company during 2015 for the treatment of pig carcasses. The manure from the
farmers in the Almazan location is moved in a tanker from the septic tank to the plant. Once in the
plant, the product will go to increase anaerobic digestion for biogas production (1,100,000 Nm?/year)
in a mesophilic digester of 3,000 m*> which operates at 37°2C. Biogas will be turned into electricity for
the grid and heat for self-consumption network installation. Finally, the digestate is stored
temporally in rafts and then used by farmers as fertilizer. (Biogas Fuel Cell, 2016)

5.2.5.3 Santiener (M)

In Iscar (Valladolid), biogas is produced at a plant set by Santibafiez Energy in 2014. The facility
produces only thermal energy from 5,000 tons per year of agrifood residues of plant. In order to do
it, they use two digeters of 500 and 700 m® of volume. The produced biogas is upgraded to be used
only in a boiler and the digestate is utilized as fertilizer. Approximately 500,000 Nm?® of biogas is
produced per year with a 58% of CH4 and 1.2 GWh of energy is extracted from the process.
(Santibafiez Energy, 2016)
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5.2.5.4 WWTP Madrona (N)

In Segovia, the WWTP has been working since 2003. This plant was designed to treat a flow of 41,280
m? per day, and is able to reach up to 4,400 m*/ hour and fulfill the necessities of 147,920 people. All
the sewage sludge (3,775 tons per year) comes from the wastewater treatment plant and is treated
in a digester of 3,000 m® at 36.5-37.5 °C during 28-30 days. Part of the biogas produced feed two
boilers that provide heat to the process, another is derived to produce electricity in an engine and
the rest returns to the process or it is stored. In total, approximately 740,800 m>/year of biogas is
generated and 1.197 MWh/year of electricity. The digestate is used as a fertilizer. However, it was
refurbished from March 2014 until March 2016 so at the moment it is not working in full
performance. (Sanchez Arista, 2016)

5.2.6 Galicia

In Galicia the 9 biogas plants found (Bartomeu, 2016) are presented in Table 7 and situated in Figure
9. Among them, three of them were studied in more details.

Table 7: List of the biogas plants in Galicia

Plant Region Type Power (MW)
0 Cospeito Lugo Agroindustrial 0.5
P Mouriscade Pontevedra Agroindustrial 0.03
Q Carballo A Corufa Agroindustrial 0,191
As Somozas A Coruiia Agroindustrial 1.8
Biocerceda Cerceda Landfill 2,268
Urbaser A Coruia Landfill 2,5
S(c))n;::z);c:lzl\:edioambiental Lousame Landfill 0.13
Albada A Corufia MSW 6.2
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Figure 9: Location of the biogas plants in Galicia

5.2.6.1 Cospeito (O)

In Xustds (Lugo), the private company Norvento placed a biogas plant of 50 kW in 2015 (Bioenergy,
2013). As of manure (agricultural waste and livestock) from the farm in Xustds run by the company
SAT Xustas, the substrate is processed in a digester of 350 m® and the biogas produced, upgraded to
heat for milking circuit stabling and electricity to sell it to the grid. Eventually they are producing 190
m?>/day of biogas and the digestate is used in the fields of the SAT. (Bartomeu, 2016)

5.2.6.2 Mouriscade (P)

In the Mouriscade farm in Lalin (Pontevedra), biogas is produced since 2012 (Nodar Balseiro, 2012).
The farm has 100 dairy cows which are the origin of livestock waste that cater mainly to the biogas
plant. Also the feed residues obtained in the laboratory of the farm are used as substrate. The plant
treats 1,500 m® of manure and 500 m® of feed residues per year in a mesophilic digester of 258 m?® of
volume. Around 80,000 m> per year of biogas is produced. After being upgraded, biogas used for
heating and electricity and the digestate is used as a fertilizer for the farm itself. Out of the process,
190,000 kW of electric energy is extracted.

5.2.6.3 Carballo (Q)

The plant in Carballo is jointly owned by Calvo (waste producer) and JB Ingenieros since 2009. The
biometization plant uses industrial waste as their substrates and treats them in a thermophilic
digester of 1,000 m*® of volume in order to produce biogas. Approximately 800-1,600 m®/day of
biogas is produced and used for the production of electricity to feed the grid. The digestate is
upgraded as a fertilizer. (Bouzada, 2015)
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5.2.7 Murcia

In Murcia only two agroindustrial biogas plants were found (see Table 8) which have been located in
Figure 10 and right after this, there is the information about them.

Table 8: List of the biogas plants in Murcia

Plant Region Type Power (MW)
R Canada Hermosa Murcia Agroindustrial 0.7
S Los Alcazares Murcia Agroindustrial 0.37
E
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Figure 10: Location of the biogas plants in Murcia

5.2.7.1 Biometizacion Cainada Hermosa (R)

In Caflada Hermosa, Estrella Levante runs the biogas plant since 2014. Waste mainly comes from the
food industry, although the digester is also authorized to receive organic materials recovered from
household waste treated at the existing treatment plant at the Waste Treatment Centre of Cafada
Hermosa. It has the capacity of treating 22,000 t/year of organic waste in its digester of 2,300 m® and
it is able to generate 2 Nm?®/year of biogas which will be used to produce energy for heating and
electricity. There is no information available about the use of biogas. (Estrella Levante, 2014)

5.2.7.2 Los Alcazares (S)

Kernel Export runs a biogas plant of 370 kW electric power which is able to handle a capacity of 60
tons per day of agrifood waste. The construction of this facility was executed by Ludan renewable
Energy Spain. The biogas produced is used to generate electricity for self-consumption and the
digestate is used as fertilizer. The company has not been allowed to sell the excess of electricity to
the grid. The operating temperature for the anaerobic digester of 3,000 m? is within the optimal
range 38-40 °C (mesophilic) and this process usually lasts 57 days. The average energy power
consumption of the biogas plant is 50 kWh. (Puchades Rufino, 2015)
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5.2.8 Navarra

At the moment 8 biogas plants (Gracia Garcia, 2016) are in operation as they are listed in Table 9 and
situated in Figure 11. Five of them will be explained in more details below:

Table 9: List of the biogas plants in Navarra

Plant Region Type Power (MW)
T Agralco Navarra Agroindustrial 0.64
U Bioenergia Mendi Mendigorria Agroindustrial 0.5
Vv HTN Caparroso Agroindustrial 3.2
w E-Cogeneracion Cabanillas Cabanillas Agroindustrial 0.349
Bioenergia Ultzama Iraizoz Agroindustrial 0.5
X Servicios de la Comarca de )
Pamplona S.A (Géngora) Aranguren Landfill 2.316
Manco.munldad de Residuos Solidos Tudela Landfill 1.426
de la Ribera
Servicios de la Comarca de .
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Figure 11: Location of the biogas plants in Navarra
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5.2.8.1 Agralco (T)

In Estella, the cooperative Agralco S.Coop produced biogas since 2006. With a capacity of 15 m*/hour
of depuration of wine from the dregs, they manage to digeste in two mesophilic equipment up to
7,000 m?® of substrates originated from products of vinification wineries: grape marc and wine lees
for vinous alcohol, tartaric salts, grape seed oil and oenocyanin. They process annually 50,000 ton of
grape marc and 18,000 ton of wine lees and they obtain 1,750,000 Nm? of biogas per year which is
used for the production of electricity for the four cogeneration engines (160 kW) of the plant itself. It
does not sell it to the grid. The digestate is poured into the municipal sewage treatment plant of
Estella. (Corella, 2016).

5.2.8.2 Mendigorria (U)

In Mendigorria, biogas is produced by Bioenergia Mendi S.L since 2011. This cogeneration plant
treats 15,000 m® of pig slurry (breeding mothers) from the farm El Saso and 22,000 tons of waste
(water waste from toilets and sewage among others) of the facilitate itself in order to produce
approximately 1,752,000 m® of biogas per year. Then it is used to generate electricity and heat for
the installations and the digestate as a fertilizer. From the process, 500 kW of electrical power and
600 kW of thermal power are extracted. The plant has two digesters of 1,500 m?® and 2,100 m>.
(Echamendi, 2016)

5.2.8.3 HTN (V)

In Caparroso, biogas is produced from cattle and manure waste by the limited liability company HTN
in a cogeneration plant. The plant processes the substrates which are pasteurized before digestion
process. Once these substrates are treated, the solid fraction is separated from the liquid and both
are used for agricultural fertilizer. The process is performed by two mesophilic digesters of 8,000 m*
each. The produced biogas (9,200,000 m® per year) is used as fuel for the engines and for electricity
which approximately is 24,000 MWh/year, and will be sold to the grid. The digestate is used as
organic fertilizer in agricultural crops. (Bezdicek, 2016).

5.2.8.4 Cabanillas (W)

The biogas plant in Cabanillas is run by the private company E-Cogeneracion Cabanillas S.L. since
2013. Two mesophilic digesters of 2,400 m?® of volume treat 12,000 tm/year of pig manure and 8,000
ton of waste (sludge and industrial) to produce 5,450 MWh/year of biogas that after being upgraded
will be used for heating the plant and electricity to sell it to the grid. The digestate is utilized for
agronomic applications. From the process 2,900,000 kWh of energy per year are extracted. The
power of the plant is 370 kW and count on two receiving tanks of 60 m® and 150 m? and a raft for the
digestate of 5,000 m3.

5.2.8.5 Tudela (X)

The landfill of El Culebrete in Tudela started working in 2006 by the direction of Mancomunidad de la
Ribera. The biometization plant of 1,425 kWe uses domestic waste in their mesophilic digester of
5,600 m® and treats them for 14 days to produce 2,216,781 m® of biogas per year. Biogas will be used
to produce electricity to sell it to the grid and the digestate is composted mixed with wood chips to
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use it as fertilizer. Around 3,224,000 kWh of energy is extracted from the process. (Gracia Garcia,

2016)

5.3 Assessment 1

At the moment, there is no certainty of the exact number of biogas plants, all types included in Spain.

Due to the actual legislation, many of them have been forced to cease or even close. In Section 4.2 all

the plants located have been listed and then some have been selected for further studies. Those can

be seen in Figure 12. Deeper information on those plants has been also included.
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Figure 12: The studied plants.
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After analyzing the types of plants in Literature 1 and the research about them in Literature 2, they

are inserted into the classification of Literature 1 in Table 10. The classification is based on the

description of the classification together with the specific data.
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Table 10: The studied plants from Literature Study 2 inserted into the classification found in Literature Study 1

SPAIN

Landfill

(B) (G) (X)

Agroindustrial

(A) (C) (D) (F) (H) (1) () (K) (L) (M) (O) (P) (Q) (R) (S) (T) (U) (V) (W)

WWTP

(E) (N)

5.4 Assessment 2 and Complemented framework for
categorization

Once the plants have been studied in Literature study 2, the information is organized into several
categories to differentiate each biogas production. Hence the Framework for categorization:

5.4.1 Results

In Table 11 there is the Framework of categorization. On it, the plants are classified in seven
categories which have been considered as the most suitable ones to characterize a plant:

e Substrate: what the material used in the process come from.

e Organization: it means how the biogas plants are owned.

e Biogas Use

e Digestion Technique: digestion technology which can be mesophilic or thermophilic.

e Localization: both refer to the location from a substrate perspective (the first column) and
from a gas perspective (second column). How the substrates are transported to the plant,
how the gas is treated.

e Digestate: what the digestate is used for.

e Capacity: the size of the digester.
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Table 11: Framework for categorization with the studied plants from Literature study 2 inserted into it

Substrate Organization Biogas use Digestion technique**™ Localization Digestate Capacity*”
Pig Manure Municipality Electricity Mesopl:ilic Main sul?strate Upgrac.iing on- Fertilizer small 3
(15-45 C) on-site site (<2000m)
(A) (C) (D) (E)
(A)(Q) (H) () ) (G) (K) (N) (P) (A) (B) (E) (G) | (A)(C)(D)(E)(H)() () | (C)(H)(){)(N) (©) (E) (K) (M) (F) (H) (1) () (K) (©) (F) (M) (O)
(L) (U) (W) (X) (X) (K) (L) (N) (O) | (K) (L) (M) (N) (O) (P) (P) (Q) (R) (T) (N) (R) (W) (L) (M) (N) (O) (P) (Q) (U)
(Q) (S) (V) (X) (S)(T) (U) (V) (W) (X) (P) (@) (R) (S)
(T) (U)(V) (W)
Compost .
. Gas . . Middle
Industrial waste Commercial Heat Thermoghlllc Substrate transported by mixed W!th (2 0o0-
(40-65 C) pumped chicle wood chips 3
ven fertilizer 5000m )
w @ ©E | A (8) (D) () (H) ()
(U) (W) (F) (L) (M) (O) (K) (L) (M) (F) (Q) (E) (G) (F) (X) () (K) (L) (N) (R)
(R) (S) (V) (W) (S)(T) (W)
(N) (O)
Waste water Substrate National gas trail;l;it::; by Local gas grid ﬁSI’:il\ilcaat?::Z:: Large 3
sludge owner grid vehicle silage (>5000m )
(A) (B) (D) (F)
EEE MW [ ©HO0 | o w @ (KWLM | (4061 » W)
(X) (T) (W) (0) (Q) (5) (V) (P)
(V) (W)
Msw Shared. Internal use E"e'fgy
ownership conversion for
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internal use °
(C) (D) (E) (F) (D) (H) (1) (9)
(B) (G) (W) (Q) (V) (1) () (H) (L) (M) (0) (S) (T)
(N) (P) (T) (V)
Energy
Domestic Waste conversion for
external use ®
() (D) (K) (Q)
(8) (R) (V) (X)
Crops
(K) (L)
Agrifood
(A) (D) (F) (M)
(Q) (R) (S) (T)
Bovine Manure
(D) (0) (P) (V) (K)

* Not applicable for landfills (B), (G) and (X). * The plant of Biometizacién Cafiada Hermosa (R) cannot be placed in any of this subcategories since there is no available information about it. °
The size of the digester(s). The fragmentation is based on the data from the studied plants. © (Jorgensen, 2009). % Internal use indicates that the biogas is used at the site in some way, and does
not need to be transported anywhere. € Energy conversion for external use indicates that the biogas is converted to e.g. heat and/or electricity and (partly) used outside the plant.
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6 Discussion

In the previous section, the classification of the plants from Literature study 2 has been done. There
were seven categories considered: Substrate, Organization, Biogas use, Digestion technique,
Location, Digestate use and Capacity of the digesters of the plants. Some of them should be
commented now.

It should be mentioned that there were two categories, digestion technique and capacity, that could
not be applied to one type of biogas plant which is landfill. That is due to the fact that they do not
have digesters.

The first one was the origin of the substrates. Pig or bovine manure, sludge, municipal solid waste or
crops are some of the possibilities from where the substrate can be obtained. However, there is no
one that stands out among the others.

The category Organization means how the biogas plants are owned. Most of them are private
companies that obtain the materials from near areas. Only a few, like the farms of Balsa de Ves or El
Saso own the substrate they will use to produce the biogas.

When it comes to the utilization of the biogas, most of the plants identified use it to generate
electricity, heat of both. That is what it is known as cogeneration which seems to be quite common in
the selected regions of Spain. Also, it is necessary to mention that this energy from biogas is used to
self-supply the installations, to sell it to grid or both.

Regarding the type of digestion technique, it is clear that the mesophilic technique is the most
common one.

Another fact that we can see is that the digestate is always used as a fertilizer.

To sum up, after carrying out these studies, it is clear that even though there are only three types of
biogas plants in Spain there are many differences between them and that is why it is quite hard to
draw patrons to relate the plants.
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7 Conclusions

The aim of this project was to do a research about the biogas plants in some regions of Spain in order
to complete the framework of categorization which would give a general view of the biogas situation
in this country. The work was completed and it was real interesting to get to know more about this
renewable energy that has so much potential.

It is clear that there are three types of biogas plants in Spain: agroindustrial, landfill and WWTP.
According to some articles, it should be from landfills where most of the biogas should be extracted.
However, after this project, it can be said that it is agriculture and industry waste what contribute the
most to the production. Actually most of the information online is related to this type of biogas
which made difficult the research of the other types of plants.

It should be mentioned that, when starting the project, only agroindustrial plants were considered
since the president of AEBIG did not specify the type of plant this organization takes care of. The data
privacy policies that some plants have and the lack of actual information also slowed down the
project and in some cases, it made impossible to get all the information needed.

Also, the unknown of the type of biogas plants that were given from the beginning caused that
regions like Cantabria, La Rioja, Madrid or Extremadura have been left out of the project.

In view of the available data, although it is true that Europe has very positive prospects as regards to
biogas production, Spain surprises with a really slow growth despite the large amount of available
agricultural waste. There are two reasons why this technology has yet not reach the speed of
development that it was expected.

The first refers to Royal Decree 1/2012. This law suspended the premiums to new plants. It has
caused that many of the plants under construction had to stop their activity. The second reason
involves the need to develop legislation which set quality standards for biogas to allow its use by
injecting natural gas networks, as is the case in Germany, Italy and Sweden.

The Spanish associations related to biogas advocate different sector support measures such as
incentives for production, cogeneration, or accounting of CO2 emissions avoided.

So as a conclusion, so as to keep improving the production of biogas, some measures have to be
taken by the government in order to promote it. Otherwise, the situation will not get better and
eventually this energy will be substituted by others more profitable.
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