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METODOLOGIA BASICA PARA LA DETERMINACION DE
CONTAMINANTES PRTR-ESPANA EN EL SECTOR DEL
REFINO DE PETROLEO

Es el objeto del presente documento revisar, actualizar y ampliar la metodologia de
determinacion de contaminantes que en su momento fue desarrollada para satisfacer las
exigencias de informacion requeridas por el registro EPER. Como consecuencia de la superacion
de dicho registro por el nuevo E-PRTR, se procede en este documento a presentar una
metodologia que, partiendo como base de la anteriormente preparada, se completara para dar
cumplimiento a los nuevos requisitos solicitados por PRTR-Espafia.

La naturaleza del registro E-PRTR es en todo similar a la de EPER, aunque aporta una
serie de novedades respecto a su antecesor que hacen que a pesar de seguir siendo valido el
formato de la metodologia inicial, ésta haya de ser parcialmente modificada y ampliada.

Por ello, la metodologia que aqui se presenta ha perseguido mantener el concepto de
“manejabilidad” con que se desarrolld en el caso de EPER, continuandose por tanto con la
naturaleza modular del trabajo, el cual se ha estructurado en modo de ANEXOS.

Asi, se han desarrollado ANEXOS independientes por cada uno de los aspectos
considerados en PRTR-Espafia de manera que en cada uno de ellos se han introducido todas
aquellas herramientas necesarias para la cuantificaciéon de los contaminantes recogidos en las
sublistas E-PRTR que puedan afectar al sector del refino:

1(a) Refinerias de Petrdleo y Gas (Sector de la Energia)

1(c) Centrales térmicas y otras instalaciones de combustiéon'” (Sector de la Energia)

Es por esto que se ha pretendido que la presente introduccién constituya un indice de
contenidos que permita, de una manera concisa y clara, conocer la totalidad del documento

potenciando asi la funcionalidad del mismo.

Seguidamente, se relacionan los distintos ANEXOS que integran la metodologia:

) De mas de 50 MW, (potencia térmica total).

IN/MA-07/0386-002/03
29 de febrero de 2008 1



Division de Medio Ambiente

Metodologia PRTR-Espafia

ANEXO 1: NUEVOS REQUERIMIENTOS INTRODUCIDOS POR PRTR-ESPANA

La finalidad de este ANEXO es definir los nuevos requerimientos que PRTR-Espana
introduce, sefialando las principales diferencias y novedades que comporta en
referencia a EPER. Asi, este ANEXO recoge de manera sumaria las novedades en el
ambito de aplicacion, la inclusion de las emisiones al suelo, la transferencia de residuos,
las emisiones accidentales y la descripcién de la metodologia de medicién/calculo.

ANEXO 2: CONTAMINANTES ATMOSFERICOS

En él se recoge la metodologia especifica de cuantificacion de contaminantes al medio
atmosférico. Consta de dos partes:

- Observaciones Generales: donde se explica el fundamento y las generalidades del
sistema de Fichas adoptado para presentar la totalidad de las metodologias
estudiadas.

- Fichas: donde se recoge explicitamente Ila descripcion, cuantificacion vy
observaciones propias de cada una de las metodologias planteadas.

ANEXO 3: CONTAMINANTES HIDRICOS

En él se recoge la metodologia especifica de cuantificacion de contaminantes al medio
hidrico. Dada la particular naturaleza de estas emisiones (la descarga de contaminantes
tiene lugar a través de muy pocos puntos, perfectamente definidos y concretados) se
entiende que la metodologia especifica sea completamente independiente de la
desarrollada para el medio atmosférico.

En concreto, la cuantificacibn de contaminantes se basard en determinaciones
analiticas, atendiendo al hecho de lo escaso de la existencia de factores de emisién
para el medio hidrico y la igualmente escasa fiabilidad de los mismos. Por otro lado, el
desarrollo de programas de vigilancia ambiental sucesivamente mas complejos ha dado
lugar a la disponibilidad de nuevas medidas que, junto con una profundizacién en el
estudio de aquellas sustancias que por su naturaleza pueden excluirse del reporte, ha
constituido el nucleo de este ANEXO 3 que aqui se presenta.

ANEXO 4: RESIDUOS

El ANEXO 4 se dedica al analisis de otra de las novedades que PRTR-Espafia conlleva,
como es la necesidad de informar en materia de residuos. En concreto, el ANEXO se ha
estructurado en dos apartados independientes en funcién de las nuevas necesidades. El
primero de ellos se dirige a sentar las bases que permitan informar acerca de la
capacidad de transferir residuos del Complejo, mientras que el segundo se presenta con
el fin de desarrollar las obligaciones del titular en cuanto a su responsabilidad en materia
de transferencia directa de contaminantes al suelo.
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ANEXO 5: ACCIDENTES

Al igual que el anterior, éste es un ANEXO que se prepara para dar respuesta a otra de
las novedades introducidas por PRTR-Espafa, las emisiones accidentales. Asi, el titular
de un Complejo, siempre que disponga informacién de ello, tiene la responsabilidad de
cuantificar las emisiones bien al medio atmosférico, bien al medio hidrico, que tengan
lugar como consecuencia de situaciones no deliberadas, habituales u ocasionales.

ANEXO 6: EXCLUSIONES

En este Anexo se presentan justificadamente aquellos contaminantes que, atendiendo a
su naturaleza y origen, han sido excluidos del alcance de la presente metodologia a
pesar de figurar en las sublistas antes mencionadas.

Estos ANEXOS contienen la metodologia propiamente dicha, pero con vistas a alcanzar
el maximo nivel de integracion posible, se ha incluido una serie de documentos (incluidos en el
CD adjunto) que han constituido una fuente de gran importancia para la generacién de la
metodologia. Dichos documentos son:

ANEXO 7

Documentacion de CONCAWE (Conservation of Clean Air and Water in Europe,
asociacion europea de compariias de petroleo para el medio ambiente, la salud y la
seguridad en el refino y la distribucién) para factores de emision. Se incluye:

- Air pollutant emission estimation methods for E-PRTR reporting by refineries
(report no. 1/09).

ANEXO 8

Documentacion EEA (European Environment Agency) para factores de emision. Se
incluyen los siguientes capitulos del EMEP/CORINAIR Emission Inventory Guidebook-
2006:

- Combustion in energy & transformation industries
B111 Combustion Plants as Point Sources
B111(S1) Particulate emissions from smaller Combustion Plants (<60 MWth)
B111(S2) Particulate emissions from large Combustion Plants (>50 MWth)
B111(S3) Particulate emissions from gas turbines and internal combustion engines

B112 Combustion Plants as Area Sources
B114 Gas Turbines
- Petroleum and/or gas refining plants
B132 Combustion Plants = 50 and < 300 MW (boilers)

Combustion Plants < 50 MW (boilers)
Stationary Engines
B136 Process Furnaces
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- Processes in petroleum industries

B411 Petroleum Products Processing
Fluid Catalytic Cracking
B414 Storage and Handling of Products in Refinery

- Waste incineration
B923 Flaring in Oil Refinery

- Other waste treatment
B9101 Waste Water Treatment in Industry
Waste Water Treatment in Residential/Commercial Sectors

ANEXO 9

Documentacién EPA (US Environmental Protection Agency) para factores de emision.
Se incluye:

- Aplicacién FIRE (Factor Information Retrieval Data System). Versién 6.25.

- AP-42. Compilation of Air Pollutant Emission Factors. Capitulos 1.3 (combustion de
fuel oil), 1.4 (combustion de gas natural), 1.5 (combustion de LPG) y 5.1 (refino de
petroleo).

ANEXO 10

Documentacion NPI (National Pollutant Inventory) de Australia para factores de emision.
Se incluye:

- Emission Estimation Technique Manual for Petroleum Refining.
ANEXO 11
Documentacion referente a compuestos organicos volatiles. Se incluye:

- Metodologia de estimacién del numero de elementos para las distintas unidades de
Refineria.

¢ A model for evaluation of Refinery and Synfuels VOC Emission Data. EPA N° 68-
02-3926. 1.984

e “Locating and Estimating Air Emissions from Sources of Benzene”. EPA-454/R-98-
011. 1998. Cap 6. Paginas 6-22, 6-23.

- Breve descripcion de un programa LDAR (Leak Detection and Repair).

- Método 21 de US EPA para la determinacién de fugas de compuestos organicos
volatiles.
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ANEXO |

NUEVOS REQUERIMIENTOS INTRODUCIDOS POR PRTR-ESPANA

1. INTRODUCCION

La Directiva 96/61/CE del Consejo, de 24 de septiembre de 1996, relativa a la prevencion y
al control integrado de la contaminacién (IPPC), establecié en sus Articulos 15 y 19 la exigencia a
los Estados miembros de desarrollar un inventario de las principales emisiones y fuentes
responsables. Dicha exigencia se concret6 en la Decision 2000/479/CE de 17 de julio de 2000, en
virtud de la cual se fij6 la necesidad de realizar el Inventario Europeo de Emisiones (EPER).

En enero de 2006, el Parlamento Europeo y el Consejo aprobaron el Reglamento 166/2006
relativo al establecimiento de un registro europeo de emisiones y transferencia de contaminantes (E-
PRTR). Dicho registro amplia los requisitos del EPER, incorporando nuevas sustancias
contaminantes, asi como una serie de exigencias adicionales en cuanto al alcance de la informacion
a suministrar.

En Espafia el Real Decreto 508/2007, de 20 de abril, por el que se regula el suministro de
informacion sobre emisiones del Reglamento E-PRTR, dicta normas que complementan dicho
reglamento. Dicho Real Decreto se ha visto posteriormente modificado por el Real Decreto
812/2007, de 22 de junio, sobre evaluacion y gestion de la calidad del aire ambiente en relacion con
el arsenio, cadmio, mercurio, niquel y HAP's.
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2. OBJETIVOS

Se redacta el presente documento con la intencion de expresar con la maxima
concrecion posible, las principales novedades aportadas por PRTR-Espafia sobre las directrices
previamente establecidas por la Unién Europea a través del ya superado registro europeo de
emision de contaminantes (EPER).

Por tanto, es el objeto de esta memoria sefialar exclusivamente aquellos matices
diferenciadores entre ambos Registros destacando las nuevas obligaciones que se derivan para
los titulares de las instalaciones afectadas, sin entrar en consideraciones adicionales como las
propias de las actuales necesidades derivadas de EPER.

IN/MA-07/0386-002/03
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3. ANALISIS DE REQUERIMIENTOS DE PRTR-ESPANA. NOVEDADES
INTRODUCIDAS

1. Ambito de aplicacion

En primer lugar, debe comenzarse por sefialar como las actividades afectadas que
puedan estar relacionadas con el sector del Refino han visto incrementadas significativamente el
nimero de contaminantes del que debe informarse!®, tal y como se muestra en el siguiente
cuadro:

TABLA 1
NUMERO DE SUSTANCIAS A INFORMAR
L. Emisiones al aire Emisiones al agua
Actividad 5 )
EPER E-PRTR | PRTR-Espafia EPER E-PRTR | PRTR-Espafia

Refinerias de petroleo y gas 18 22 29 17 26 44
Centrales térmicas y otras

instalaciones de combustion (>50 16 25 32 14 19 37
MWih)

@ En Espafia, el Real Decreto 508/2007 amplia, respecto a E-PRTR, el nimero de sustancias de las que hay que
informar.

Tal y como recoge la Tabla anterior, como actividades se han considerado: 1(a)
Refinerias de petrdleo y gas y 1(c) Centrales Térmicas y otras instalaciones de combustién,
actividades propias de los Complejos industriales y objeto del presente documento.

Cada uno de los Complejos afectados, ademas de informar sobre sus emisiones y
operaciones de transferencia de contaminantes, debe notificar una serie de informacién general
de la propia Refineria relativa a la identificacion de actividades, produccion y perfil ambiental, tal
y como se explicita en el Anexo Ill del Real Decreto 508/2007.

2. Inclusion de las emisiones al suelo

Una de las principales novedades que introduce E-PRTR es la obligacion de comunicar
las emisiones al suelo, para lo cual se recoge una lista de 61 contaminantes de los que es
preciso informar. Estos contaminantes se incrementan en 18 mas en base al Real Decreto
508/2007. No obstante, esta obligacion solo se circunscribe a dos operaciones muy concretas
como son:

@ Existen algunas diferencias considerando los contaminantes ya incluidos en EPER. Asi, el umbral para dioxinas y
furanos se ha dividido por 10, pasando de 0,001 a 0,0001).
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- Tratamiento en medio terrestre de residuos (por ejemplo, biodegradacion de residuos
liquidos o lodos en el subsuelo, etc): Cddigo D2 del Anejo 1 de la Orden
MAM/304/2002. Como cuestion de interés se sefiala la exclusion del landfarming de
las técnicas consideradas D2 en base a que la propia “Guia para la implantacion del
E-PRTR” recoge en su apartado 1.1.8.3 “Emisiones al suelo” lo siguiente: “El
extendido de fangos y estiércol se consideran operaciones de valorizacién, y por
tanto, no deben comunicarse como emisiones al suelo”.

- Inyeccién en profundidad (por ejemplo, inyeccion de residuos bombeados en pozos,
minas de sal, fallas geoldgicas naturales, etc.): Codigo D3 del Anejo 2 de la Orden
MAM/304/2007.

Es obligacion del titular de la instalacion que da lugar al residuo (no del gestor que se
encargue de ello) informar de las cantidades de los 61 contaminantes antes citados que
pudiesen encontrarse en el residuo producido.

Por ultimo, se sefiala que a pesar de que la Guia para la Implantacién del E-PRTR
excluye explicitamente las emisiones accidentales al suelo, el Real Decreto 508/2007, de 20 de
abril, por el que se regula el suministro de informacion sobre emisiones del Reglamento E-PRTR
y de las autorizaciones ambientales integradas, incluye en su Anexo Il un campo para emisiones
accidentales en emisiones al suelo.

3. Transferencia de residuos®

El titular de un Complejo tiene la obligacién de informar de las salidas (y entradas en su
caso) de residuos peligrosos y no peligrosos siempre que éstas superen las 2 t/a y las 2.000 t/a
respectivamente. De esta notificacion se excluyen las operaciones antes consideradas de
eliminacién mediante tratamiento de suelo o inyeccion profunda (D2 6 D3).

So6lo se debera informar de la cantidad total de toneladas de residuos peligrosos y no
peligrosos generada, sin especiacion alguna. No obstante en el caso sdélo de residuos peligrosos,
si deberé distinguirse entre aquellos residuos que son trasladados finalmente a otros paises® y
los que no superan el ambito nacional. Adicionalmente, se distinguira entre las cantidades
dedicadas a operaciones de recuperacion (cédigo R de la Orden MAM/304/2002) o a las de
eliminacién (cédigo D de la Orden MAM/304/2002) ©.

@ También se incluye la transferencia de contaminantes en aguas residuales destinadas a tratamiento, aunque dicha

actividad no es propia del Refino.
En este caso se particulariza el reporte para cada destinatario final, el cual es sefialado explicitamente.
En el Anexo 1V, dedicado a los residuos, se detalla qué informacién hay que suministrar en cada caso.

@)
(©)
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4. Emisiones accidentales®

Otra de las principales novedades que E-PRTR comporta es la obligacién de discriminar
y cuantificar individualmente las emisiones accidentales de contaminantes al aire o al agua,
siempre y cuando “se disponga de dicha informacién”. Como se ha comentado con anterioridad,
esta obligacion no se hace extensiva al suelo en principio, aunque el Real Decreto 508/2007
recoge un campo para esta informacion en la Tabla ejemplo de presentacién de resultados de su
Anexo IlI.

Se definen las emisiones accidentales como todas aquellas no deliberadas, habituales u
ocasionales generadas o resultantes de desarrollos incontrolados durante el transcurso o el
funcionamiento de las actividades del Complejo. Por tanto, se excluyen de esta definicion las
operaciones que si bien son ocasionales o extraordinarias, se desarrollan de forma controlada
(como las paradas y puestas en marcha).

Esta distincion no implica que no haya que informar de las emisiones ocasionales, sino
que no hay que distinguirlas de las habituales, de manera que por cada contaminante se
presenten dos valores, el correspondiente a las emisiones totales y el propio de las situaciones
accidentales.

Con la intencidn de facilitar la comprension de lo anterior, a continuacion se presenta un
ejemplo® de notificacién de emisiones a la atmésfera.

TABLA 2
COMUNICACION DE INFORMACION SOBRE EMISIONES A LA ATMOSFERA

Emisiones ala atmoésfera

Contaminante Método Cantidad
Ne Al Nombre M/C/E Método utilizado T (tot~al) A (aCC|d~entaI)
(kg/afio) (kg/afo)
1 Metano C IPCC 521.000 -
3 Dioxido de M ISO 12039:2001 413.000.000 -
carbono
21 Mercurio M EN 13211:2001 17,0 2,00

La Tabla anterior describe ejemplos de notificacion de una instalacién cualquiera. En
este complejo se emiten, entre otras sustancias, diéxido de carbono (CO,), metano (CH,) y
mercurio y compuestos. Los umbrales de las emisiones a la atmésfera de los tres contaminantes
(100 millones kg/afio para el CO,, 100.000 kg/afio para el CH; y 10 kg para el mercurio y
compuestos) han sido superados. Las emisiones de CO, se han generado en condiciones
normales de funcionamiento y se han medido utilizando el método estandar internacional

@ En el Anexo V, dedicado a las emisiones accidentales, se presenta una metodologia para estimar las emisiones al
aire y al agua como consecuencia de los posibles accidentes que pueden tener lugar en un Complejo de Refino.
@ Ejemplo extraido de la Guia para la implantacion del E-PRTR.
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indicado. Las emisiones de CH, se han calculado de acuerdo con las directrices IPCC. En el
caso de las emisiones totales de mercurio y compuestos, éstas se generaron en condiciones
normales de funcionamiento (15,0 kg/afio) y también por causas accidentales (2,00 kg/afo).
Estas ultimas deben comunicarse como emisiones accidentales e incluirse en las emisiones
totales (15,0+2,00=17,0 kg/afo). Por otro lado, las emisiones normales se han obtenido en base
a mediciones mientras que las accidentales se han estimado. Dado que la informacion sobre la
mayor parte de las emisiones de mercurio y compuestos (15 kg) se base en mediciones, las
emisiones totales de Hg y compuestos deben consignarse como datos medidos “M” y, ademas,
indicar la metodologia o estandar internacional utilizada para su determinacién (en este caso la
norma EN 13211:2001).

5. Metodologias de medicién/calculo

Como es sabido, en virtud de lo exigido por EPER, las cantidades informadas de cada
contaminante deben ir acompafiadas por un cddigo que indica el origen del valor reportado
(medicion -M-, calculo -C- o estimacion -E-). De conformidad con PRTR-Espafa, en caso de
datos medidos o calculados, debera indicarse ademas la metodologia de medicién o de calculo,
incorporandose asi nuevos requisitos en relacion a la gestién de datos y la garantia de calidad de
la informacion suministrada. Por cada contaminante, solo se indicara la metodologia que ha dado
lugar a la mayor cantidad de contaminante obtenida, en el supuesto de que se haya recurrido a
diversos métodos para la cuantificacion.

En el caso concreto de las mediciones, la Guia para la Implantaciéon del E-PRTR recoge
en su Apéndice 3 una lista de métodos de medicion de emisiones a la atmésfera y al agua
reconocidos a escala internacional.

En el caso de los métodos de célculo, la citada Guia sefiala una serie de métodos
igualmente reconocidos a escala internacional, asi como otras metodologias validas con su
propio cédigo (IPCC, PER, NRB, MAB,...) que pueden emplearse a la hora de calcular aquellas
emisiones de contaminantes para los cuales no existen mediciones ni métodos de estimacion
fiables.
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ANEXO Il

METODOLOGIA PARA LA DETERMINACION DE
CONTAMINANTES PRTR-ESPANA AL MEDIO ATMOSFERICO

FICHAS

En el presente ANEXO se presentan las fichas que han sido preparadas como
desarrollo de la metodologia de determinacién de contaminantes PRTR-Espafia al medio
atmosférico. Las fichas en cuestidon han partido de las que en su momento se prepararon para
EPER. Dichas fichas se han actualizado, utilizando para ello nuevas fuentes de informacién. Asi,
se han localizado nuevos factores de emisién, se han discriminado nuevos focos, se han
introducido nuevos contaminantes, etc.

Al igual que en el caso de EPER, este ANEXO contiene una gran cantidad de
metodologias susceptibles de ser empleadas a la hora de proceder a la determinacién de los
contaminantes en cuestion, y sélo la comuan utilizacién de las mismas por parte de los Complejos
afectados podria dar lugar a la obtencion de resultados directamente comparables. En cualquier
caso, las metodologias empleadas (mayoritariamente factores de emisién) proceden de
referencias y bibliografia internacional de reconocida solvencia. Por ello, dicha documentacién de
caracter general dificilmente puede recoger las particularidades de cada instalacion concreta,
motivo por el cual se plantea la conveniencia de que cada centro desarrolle, en la medida de lo
posible, metodologias propias asentadas en bases experimentales concretadas a cada
Complejo. No obstante, ante la ausencia de avances significativos en este sentido, el grueso de
la informacion que compone este ANEXO ha seguido basandose en los principios generales
recogidos en las ya citadas referencias internacionales (CONCAWE, EMEP CORINAIR,
EPA, ...).

A continuacién se mostrara una serie de consideraciones generales a las fichas
desarrolladas que permitird un apropiado manejo de las mismas.

1. Descripcién general de la ficha
Cada ficha esta compuesta por los siguientes campos:

Identificacién de la ficha (esquina superior derecha): Describe qué contaminante,
fuente y método se recogen en la ficha (ver punto 2). Bajo esta identificacion se
recogen las sublistas donde se ha identificado al contaminante en cuestion (1.a:
Refinerias de petroleo y gas, 1l.c: Grandes instalaciones de combustion o
R.D. 508/2007%).

@ Se recuerda que el R.D. 508/2007 incluye nuevos contaminantes pero no los asocia a ningun sector productivo
concreto.
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Indicacion expresa del contaminante, valor umbral de informacién publica (kg) y
forma de expresion del resultado (kg de qué compuesto). Dicha informacion se
localiza en la esquina superior izquierda.

Indicacién expresa de la fuente de emisién considerada: Se recoge explicitamente en
el recuadro inmediatamente inferior al encabezado de la ficha.

Metodologia propiamente dicha: Se identifica en primer lugar el nimero ordinal que la
describe (“metodologia 1", p.ej.), siguiendo a continuacion el cddigo que segun la
Guia para la implantacion del E-PRTR le corresponde.

* El codigo M se emplea cuando el método utiliza datos obtenidos por observacion
directa de los procesos que se evallan, en funcion de mediciones reales de las
concentraciones de contaminantes existentes en una determinada via de
descarga. La letra M indica que los datos proceden de sistemas de control o
monitorizacién de los procesos, en continuo o discontinuo. Esta letra también se
utiliza si el céalculo de las emisiones anuales se basa en los resultados de
mediciones puntuales discontinuas y de corta duracién. Como novedad, PRTR-
Espafia recoge la necesidad de describir el método de medidas empleado en el
gue se basa la cuantificacién realizada. Por tanto se recuerda que a la hora de
consignar un valor para un contaminante determinado, en el caso de utilizarse el
cbédigo M habra que indicarse adicionalmente el método de medida concreto
empleado. A modo orientativo, la Guia para la implantacién del E-PRTR, en su
apéndice incluye una lista de métodos de medicion de emisiones a la atmdsfera y
al agua reconocidos a escala internacional. Dicho listado se adjunta al final de este
ANEXO.

Como puede observarse en el citado listado, existen contaminantes para los que
no se recoge método alguno. Para el caso del empleo de métodos de medida no
incluidos en el listado anterior (bien porque el contaminante carezca de ellos en la
referencia de la Guia, bien porque existiendo metodologia referenciada el
Complejo haya utilizado otra distinta), a la hora de reportar el valor habria que
indicar, a modo orientativo, alguno de estos cédigos:

- ALT: Método alternativo que el Complejo demuestra equivalente a normas
internacionales.

- CRM: Método equivalente, lo cual se ha demostrado mediante materiales de
referencia certificados conforme a 1SO 17025%/Guia 1SO 33, y aceptado por
la autoridad competente.

@ Conjunto de requisitos que debe cumplir un laboratorio de andlisis o calibraciéon para demostrar su competencia y
capacidad de produccion de resultados técnicamente validos.
@ Guia sobre el uso de materiales de referencia.
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* El cédigo C se utiliza cuando la metodologia se basa en calculos realizados con
datos de la actividad (combustible utilizado, produccion, etc) y factores de emision.
La letra C también se aplica en algunos casos en los que se emplean métodos de
célculo mas complicados, utilizando variables como la temperatura, la radiacién
global, etc. Otro caso de aplicacién de este codigo son los calculos realizados por
balance de masas. Ademas, se utiliza este codigo si el método de célculo de
emisiones se basa en referencias publicadas. Al igual que en el caso anterior
(mediciones, cddigo M), en el caso de que la cuantificacién se realice a través de
célculos (C), también se hace necesaria la identificacion/descripcion del método
de calculo concreto empleado. Asi, la Guia para la implantacion del E-PRTR
recoge una serie de cdodigos que pueden emplearse a la hora de informar. En
concreto se pueden citar:

- MAB: cddigo que identifica la cuantificacion a través del empleo de balances de
masa.

- SCC: método de calculo especifico del sector a nivel europeo, desarrollado por
expertos en el sector y notificado a la Comisiébn Europea y a la Agencia
Europea del Medio Ambiente. Este cbédigo parece apropiado para el empleo,
por ejemplo, de factores de emisién publicados por CONCAWE.

- CEPE-ONU/EMEP: El empleo de este codigo es preceptivo en aquellos casos
en los que la cuantificacion se realice en base a la utilizacion de factores de
emision propios del inventario EMEP/CORINAIR.

- ETS: En el caso concreto de contaminantes gaseosos con efecto invernadero,
se utilizard este codigo si se emplea para la cuantificacion de las directrices
para el seguimiento y comunicacion de emisiones de gases de efecto
invernadero en virtud del plan de comercio de emisiones.

- IPCC: Aligual que para los contaminantes del caso anterior (gases de efecto
invernadero), se aplicara el codigo IPCC si la cuantificacion procede del empleo
de los métodos desarrollados segun las directrices IPCC.

- OTH: Se reserva este codigo para el empleo de otros métodos distintos® a los
contenidos en la Guia para la implantacion del E-PRTR, como podria ser el
caso de los factores de emision propios desarrollados por un Complejo.

@ Ademas de los cédigos presentados, la Guia recoge otros cddigos que no han sido incluidos aqui por su dificil
aplicacion préctica:
- PER: En el caso de que la Administracién prescriba un método concreto en licencias o permisos.
- NRB: En el caso en el que un texto o norma legal prescribe un método para un contaminante y Complejo
concreto.
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* El cédigo E se basa en estimaciones no normalizadas, fundamentadas en
hipotesis 6ptimas o en opiniones o experiencias de expertos, segun métodos. Esta
categoria también se aplica si se utilizan previsiones por falta de metodologias de
estimacioén reconocidas o directrices de buenas practicas, y en especial en
ausencia de estdndares 0 normas internacionales para la estimacién de
emisiones.

En la Tabla que se muestra a continuaciéon se resumen los cédigos anteriores,
especificando cudles de ellos se aplican a cada método de medicién o célculo®”
empleado.

Posteriormente en la ficha, se presentan los campos que describen la metodologia
propiamente dicha:

Descripcién: Se define concisamente cudl es la metodologia empleada, incluso
explicitando valores concretos de factores de emisién a considerar (cuando sean de
aplicacion) y detallando la fuente bibliogréafica de referencia.

Cuantificacion: Se explicitan aquellas férmulas o expresiones que, en funcién de los
datos definidos en el campo anterior, derivan en la obtencién cuantitativa de los
valores de emision.

Observaciones: Se recogen comentarios generales acerca de la metodologia
descrita, prestando especial interés a los indices de confianza o fiabilidad del método
y estableciendo las oportunas comparaciones entre factores de emisidon cuando la
busqueda bibliografica realizada ofrece diversos valores.

@ Cuando los datos comunicados se basen en estimaciones (“E™), de acuerdo con el Reglamento E-PRTR, no es
necesario comunicar el nombre del método utilizado.
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TABLA 1
DESIGNACION DEL METODO UTILIZADO PARA LA DETERMINACION DE
EMISIONES/TRANSFERENCIAS FUERA DEL EMPLAZAMIENTO

Método utilizado para la determinacién de emisiones/transferencias Designacion del
fuera del emplazamiento método utilizado

Métodos de medicidn

Designacion abreviada

Normas o estandares a escala internacional @
de la norma relevante

Método de medicién prescrito con anterioridad por las autoridades
competentes en una licencia o un permiso de explotacion de dicho PER
complejo (PERmit)

Método de medicién vinculante nacional o regional prescrito por un acto

legal para un contaminante y el complejo en cuestion (National or Regional NRB
Binding measurement methodology)
Método de Medicién Alternativo equivalente a las normas de medicion ALT

CEN/ISO existentes (ALTernative measurement method)
Método de medicién cuyo rendimiento estd demostrado mediante

Materiales de Referencia Certificados y aceptado por las autoridades CRM
competentes (Certified Reference Materials)
Otros métodos de medicion (OTHer measurement methodology) OTH
Métodos de calculo
Método de calculo reconocido a escala internacional Designacion abreviada
del método utilizado
Segun las directrices para el seguimiento y la comunicacion de - ETS
emisiones de GEIl en virtud del Plan de Comercio de Emisiones
Desarrollado segun las directrices IPCC - IPCC
Procedente de EMEP/CORINAIR - CEPE-ONU/EMEP
Método de calculo prescrito con anterioridad por las autoridades
competentes en una licencia o un permiso de explotacion de dicho PER

complejo (PERmit)

Método de calculo vinculante nacional o regional prescrito por un acto legal
para un contaminante y el complejo en cuestion (National or Regional NRB
Binding calculation methodology)

Método de balance de materia aceptado por las autoridades competentes

(MAss Balance method) MAB
Método de célculo especifico del sector a nivel europeo (Sector Specific
Calculation) SSC
- CONCAWE
Otros métodos de calculo (OTHer calculation methodology)
EPA OTH

NPI (Australia)

@ ver APENDICE.
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2. Numeracion

Con la intencion de desarrollar una sistematica de aplicacion lo mas general posible, se
ha creado un conjunto de fichas para todos y cada uno de los contaminantes sefialados en
PRTR-Espafia para los apartados correspondientes a refinerias de petrdleo y gas, grandes
instalaciones de combustion ademas de los nuevos contaminantes aportados por el
R.D. 508/2007. La generacion de fichas no se ha hecho extensiva a aquellos contaminantes que,
por su origen o naturaleza, han sido justificadamente excluidos del alcance de este estudio
conforme al andlisis contenido en el Anexo VI.

Para la identificacion de las fichas, se ha utilizado un sistema de tres valores separados
por barras, situado en la esquina superior derecha de cada ficha. El primer valor hace referencia
al contaminante en cuestion siguiendo el orden del Real Decreto 508/2007 (ej.: 1 para metano, 2
para mondéxido de carbono, etc). El segundo valor hace referencia a la fuente de emision
considerada como origen (ej.: en el metano, el 1 es para la combustién en hornos y calderas, el 2
para turbinas, el 3 para motores, etc). Por ultimo, el tercer valor identifica la metodologia concreta
propuesta en esa ficha para cuantificar el contaminante sefialado por el primer valor y emitido por
la fuente identificada a través del segundo.

3. Ordenacion de las metodologias. Preferencias

Debe aclararse que ni el orden con el que se han presentado las diversas metodologias
(para un mismo contaminante y fuente de emision) ni el cddigo que las acompafia hacen
referencia a la precisién del método, al no existir una relacion uniforme entre la metodologia y la
precision de la cifra de emisiones resultantes. Es exclusivamente en el campo “observaciones”
donde se muestra el indice de confianza del método propuesto o las precauciones a tener en
cuenta para que el resultado de la metodologia a aplicar sea de la maxima fiabilidad.

En cuanto a los criterios a seguir a la hora de elegir entre las metodologias propuestas
(en aquellos casos en los que para un mismo contaminante y una misma fuente haya mas de
una), seguidamente se prioriza el criterio general que a juicio del equipo redactor de esta
metodologia deberia seguirse de cara a conseguir unos resultados con la maxima exactitud. Asi,
con la finalidad anteriormente expresada se entiende que la jerarquia a tener en cuenta seria:

Empleo de datos obtenidos de monitorizacion en continuo.

- Empleo de medidas puntuales.

- Empleo de balances de materia. Este tipo de metodologia, para casos como el SO,
procedente del empleo de combustibles cuyo consumo y composicién se conoce con
garantias, puede incluso considerarse como mas apropiada que los resultados

derivados de la monitorizacion.

- Empleo de factores de emision propios, basados en la experiencia de cada Complejo.
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- Empleo de factores de emision® propios del sector del refino: Factores avalados por
CONCAWE. A pesar de que CONCAWE no aporta indices de confianza para los
factores que recoge en su documentacion, es de entender que el estar incluidos en
las referencias de la sociedad que agrupa a las principales Companfias del sector a
nivel europeo es una garantia mas que suficiente para las metodologias propuestas.

- Empleo de factores de emision EMEP/CORINAIR. Dado el ambito europeo de
aplicacion del registro E-PRTR, se considera en el siguiente nivel de esta
clasificacion el empleo de los factores propuestos por la European Environment
Agency a través de su conocido Emission Inventory Guidebook®.

- Empleo de factores de emisibn EPA. Considerando la tradicion de la agencia
estadounidense del medio ambiente en el desarrollo de este tipo de informacion
(informacién en la que en no pocas ocasiones se asientan las demas fuentes de
consulta), se entiende razonable considerar este tipo de informacién como alternativa
en la cuantificacion de emisiones.

- Resto de metodologias.
4. Naturaleza de las metodologias

Es muy importante destacar que las metodologias aqui presentadas no son Gnicas ni
excluyentes. Respecto a lo primero, dada la propia concepcién del trabajo, la posibilidad de que
aparezcan nuevas tecnologias o nuevos estudios que permitan desarrollar metodologias distintas
a las aqui contenidas (o incluso corregir las ya existentes) es una variable real que esta presente
en este trabajo, siempre abierto a cualquier mejora razonada que pudiese surgir. En este sentido,
la estructuracion modular en base al sistema de fichas es una solucién éptima al permitir integrar
nuevas metodologias. De hecho, esta concepcion ha sido la que ha permitido, partiendo de la
base que en su momento se prepar6 para EPER, actualizar las fichas existentes e incorporar las
correspondientes a los nuevos contaminantes.

En cuanto al concepto de exclusion, los diversos métodos preparados para un mismo
contaminante y origen de emision no han de entenderse necesariamente como alternativas
incompatibles sino que en muchas ocasiones se podran combinar entre si para cubrir la totalidad
de focos con un origen comun.

@ En general, se prefiere el empleo de factores de emision basados en el combustible empleado a los que conllevan

la utilizacion de corrientes de proceso, por entenderse que los primeros se hallan mas directamente relacionados,
al menos en los procesos de combustién, con la emision de contaminantes.

@ De hecho, la “UNECE CORINAIR Guidance” se esta revisando en la actualidad en base al report n°. 3/07 (“Air
pollutant emission estimation methods for E-PRTR reporting by refineries”) de CONCAWE.
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5. Referencias a céalculos de caudales

Existen diversas metodologias (aquellas que se centran en la mediciéon en continuo) en
cuyo campo “descripcion” se hace referencia al calculo del volumen de humos, citandose:

A. Combustion: “Orden de 26 de diciembre de 1995"®,

B. Cracking catalitico: “el caudal de humos (Q, Nm®h) se determina mediante el empleo
de correlaciones”.

En ambos casos, la determinacién del volumen de humos se realiza a través de unos
célculos que se han querido obviar de las fichas (para dotarlas de mayor manejabilidad) y que
seguidamente se reproducen:

A. Orden de 26 de diciembre de 1995

Ven = 0,314396 - %H + 0,088931 - %C + 0,033172 - %S + 0,007997 - %N -
- 0,026424 - %0 + 0,012113 - %H,0

Ves = 0,209723 - %H + 0,088931 - %C + 0,033172 - %S + 0,007997 - %N -
- 0,026424 - %0

hp = 1 — 1/20,92 X [Ves/Ven X (20,9 (1 — ha) - % Oseco + % Oseco]

Vg= Ves X 20,9/ (20,9 - % Oseco)

Vgh = Ves X 20,9/(20,9 - % Ogeco) X 1/(1 — hp)

donde:

Ven = volumen estequiémétrico de gases humedos (Nm?kg combustible)
Ves = volumen estequiométrico de gases secos (Nm3/kg combustible)

hp = humedad media de los gases (tanto por 1)

h, = humedad absoluta del aire (moles agua/moles aire seco, tanto por 1)

% Oseco= porcentaje de oxigeno (seco)

@ Esta Orden va a ser derogada por la que actualmente estd en preparacion para el desarrollo del Real Decreto
430/2004. No obstante, puesto que el céalculo que aparece en la Orden actualmente vigente no es mas que un
célculo tedrico para determinar el volumen estequiométrico de los gases, es previsible que la futura Orden, en lo
gue a dicho calculo se refiere, se limite a reproducir el contenido de la actual.
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%H, %C, %N, %0, %H,O = porcentajes en peso, sobre bruto, de la composicion del
combustible consumido.

Vy= volumen de gases secos (Nm®/kg) para las condiciones % Oseco
Vgn = volumen de gases reales (Nm3/kg) para las condiciones % Ogeco Y p

B. Determinacion de caudal de humos en cracking catalitico

B 0,79xQ,
100-%0, —%CO-%CO, —%S0O,

Q

donde:
Q = caudal de humos efluentes de la unidad, en base seca (Nm®/h).

Q. = caudal de aire a la entrada de la unidad, en base seca (Nm%h). Se asume una
composicion del 79% (V) de N,y 21% (V) de O..

%0, = Porcentaje de O, en volumen en humos efluentes de la unidad.
%CO = Porcentaje de CO en volumen en humos efluentes de la unidad.
%CO, = Porcentaje de CO, en volumen en humos efluentes de la unidad.
%S0, = Porcentaje de SO, en volumen en humos efluentes de la unidad.
NOTA: Todos los parametros en las mismas condiciones de referencia.
6. indices de confianza. Andlisis de la Incertidumbre
En muchas ocasiones, en el campo “observaciones” aparece una letra que representa el

indice de confianza o fiabilidad para el empleo del factor de emisién propuesto. En concreto, para
los factores procedentes de EPA AP-42, el significado de los indices es el siguiente:
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TABLA 2
INDICES DE CONFIANZA PARA FACTORES EPA

INDICE CALIDAD DESCRIPCION

El factor se desarrolla en base a estudios™ (A y B) realizados en
numerosas instalaciones del sector.

El factor se desarrolla en base a un razonable nimero de estudios (A y B)
B Sobre lamedia |en instalaciones. No se constata si las instalaciones estudiadas
representan una muestra aleatoria del sector

El factor se desarrolla en base a un razonable nimero de estudios (A, B y/o
C Media C) en instalaciones. No se constata si las instalaciones estudiadas
representan una muestra aleatoria del sector.

El factor se desarrolla en base a una pequefia cantidad de estudios (A, B
D Bajo la media y/o C) en instalaciones. Posiblemente, las instalaciones estudiadas no
constituyen una muestra aleatoria del sector.

El factor se desarrolla en base a estudios C y D. Posiblemente, las
instalaciones estudiadas no constituyen una muestra aleatoria del sector.

El factor se desarrolla a partir de hip6tesis no apoyadas en documentacion
gue permita adjudicar un indice de los vistos anteriormente.

A Excelente

E Pobre

u® Sin determinar

Fuente: Capitulo 4. Evaluating the Uncertainty of Emission Estimates. Emission Inventory Improvement Program (US EPA
1996)

El tipo de estudio (tests) también lleva un indice de confianza aparejado. Ver Tabla 3.

No aparece en la referencia anterior, pero si en numerosas publicaciones EPA, como en los documentos “Locating
and Estimating” o FIRE (Factor Information Retrieval Data System).

(€3}
*)

En la Tabla anterior se mencionan indices para el tipo de estudio realizado para el
desarrollo del factor. En la Tabla 3 se presenta el significado de los mismos.

TABLA 3
INDICES DE CONFIANZA PARA ESTUDIOS PARA DESARROLLOS
DE FACTORES DE EMISION (EPA)

INDICE DESCRIPCION

Tests desarrollados a través de metodologias bien fundadas vy
suficientemente detalladas para una adecuada validacion

Tests desarrollados a través de metodologias generales, pero sin suficiente
detalle para una adecuada validacion

Tests desarrollados en base a metodologias nuevas o no contrastadas, o
con carencias significativas de informacion

Tests desarrollados en base a métodos generalmente no aceptados, pero
D que si pueden proporcionar un orden de magnitud para la emision
considerada

A

B

Fuente: Capitulo 4. Evaluating the Uncertainty of Emission Estimates.
Emission Inventory Improvement Program (US EPA 1996)

En cuanto a los factores de emisién cuya fuente bibliografica ha sido “Libro Guia
EMEP/CORINAIR”, no se han encontrado indices de confianza salvo para determinados
contaminantes, tal y como se muestra en la Tabla 4, donde sé6lo se han mantenido las categorias
SNAP mas relacionadas con el trabajo aqui presentado.
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TABLA 4
INDICES DE CONFIANZA PARA FACTORES EMEP/CORINAIR

Categoria SNAP SO, | NOy [ VOC | CO | NHz | HM/POP*

Instalaciones de combustién de Centrales térmicas,

. A B C B - D
Cogeneracion...
Combustién industrial A B C B - D
Procesos industriales B C C C E E

* Metales pesados y contaminantes organicos persistentes

Fuente: Apartado 4.3.3. “Default uncertainty ranges”. Good Practice Guidance for CLRTAP Emission
Inventories 2004.
Part B General Methodology Chapters. EMEP/CORINAIR Emission Inventory Guidebook
2006.

Por ultimo, en la Tabla 5 se definen por defecto los rangos de incertidumbre asociados a
cada rango cualitativo (letra). Los rangos de incertidumbre se han obtenido de la “EU Guidance
Report on Supplementory Assessment under EC Air Quality Directives”, en donde se han
definido para aplicaciones en métodos de calidad del aire.

TABLA 5
DEFINICION INDICES DE CONFIANZA EMEP/CORINAIR

Rango de

Puntuacion Definicién .
error tipico

Estimacién basada en un gran nimero de mediciones hechas a lo largo de
A un gran nimero de instalaciones, de forma que son totalmente 10-30%
representativas del sector.

Estimacion basada en un gran nimero de mediciones efectuadas a un gran

B nuamero de instalaciones, de forma que representan a una gran parte del 20-60%
sector.
Estimacion basada en las mediciones efectuadas a un namero reducido de

C instalaciones representativas, o juicio de ingenieros expertos basados en un 50-150%

numero de hechos relevantes.

Estimacion basada en mediciones individuales o en célculos de ingenieria
D . , 100-300%
derivados de un nimero de hechos relevantes.
Estimacién basada en circulos de ingenieria derivados simplemente de una | Otro orden de

serie de hipotesis. magnitud

Fuente: Apartado 4.3.3. “Default uncertainty ranges”. Good Practice Guidance for CLRTAP Emission
Inventories 2004.
Part B General Methodology Chapters. EMEP/CORINAIR Emission Inventory Guidebook 2006.
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Apéndice: Lista de de métodos de medicion de emisiones a la atmoésfera y
al agua reconocidos a escala internacional*

A continuacion se reproduce la Tabla recogida en el Apéndice 3 de la “Guia para la
implantacion del E-PRTR”. En esta tabla se recogen los métodos analiticos recomendados para
la totalidad de los contaminantes PRTR (no solo los del Refino o Grandes Instalaciones de
Combustién), no incluyéndose los contaminantes aportados por el RD 508/2007.

NOTA - Los distintos pasos de estos métodos de medicion (muestreo, transporte y almacenamiento, pre-tratamiento,
extraccion, analisis y cuantificacion, comunicacion de informacion) estan normalizados en una o varias normas. Para
las emisiones a la atmdsfera, las normas citadas generalmente cubren todos los pasos de los métodos de medicion.
Para las emisiones al agua, las normas citadas generalmente cubren el paso de cuantificacion y analisis. Las "normas
generales (G1- G7)" listadas al final de esta tabla facilitan directrices sobre los demas pasos. Asimismo, entre estas
normas se incluyen normas (G6, G7) sobre cuestiones como la competencia de laboratorios, incertidumbres, etc. La
ausencia de normas CEN o ISO en esta tabla no siempre significa que no existan procedimientos relevantes, de hecho
es posible que ya se esté trabajando en esos temas en CEN o ISO.

Norma EN o ISO Norma EN o ISO
) Emisiones ala Emisiones al agua
Namero atmoésfera {ver mas abajo los
N° CAS Contaminante (ver mas 3bajc| los nombres nombres BbI"E.‘ViEldGS}
abreviados)

Morma IS0 en proceso de
elaboracion por parte del
1 |74-82-8 Metano (CH.) ISOITC 146/SC 1/ WG 22
{a titulo informativa)
Mondxido de carbono EN 15058:2004

(CO) ISO 12039:2001
124-38-9 | Dioxido de carbono (CO.) |1SO 12039:2001

Hidrofluorocarburos (HFC)

2 |630-08-0

MNorma IS0 en proceso de
10024-97- | - . . elaboracion por parte del
5 Oxido nitroso (N2O) ISOITC 146/SC 1/ WG 19

{a titulo informativa)

8 |7664-41-7 | Amoniaco (NHa)

Compuestos organicos EN 13649:2001
7 volatiles distintos del
metano (COVDM)

] EN 14792:2005
Oxidos de nitrogeno .

8 (NOXNO2) ISO 11564:1998

ISO 10849:1995

9 Perfluorocarbonos (PFC)
Hexafluoruro de azufre
10|2551-62-4 (SFe)

* - " " . . - - - -
En el caso de emisiones de contaminantes incluidas en varias caregorias de contaminantes, debera facilitarse
informacion sobre cada nuna de estas categorias.
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ND

Ndmero
CAS

Contaminante

Morma EN o I1SO

Emisiones a la
atmosfera
(ver mas abajo los nombres
abreviados)

Norma EN o I1SO

Emisiones al agua
(ver mas abajo los
nombres abreviadas)

11

Oxidos de azufre
(50,/50;)

EN 14791:2005
1SO 7934:1989
ISO 7935:1992
ISO 11632:1998

12

Nitrogeno total

EN 12260:2003
EN IS0 11805-1:1958

13

Fosforo total

EN ISO 15681-1:2004
EN IS0 15681-2:2004
EN ISO 11885:1997
EN IS0 6878:2004

14

Hidroclorofluorocarburos
(HCFCs)

15

Cloroflucrocarburos (CFC)

16

Halones

17

Arsénico y compuestos
{como As)

EN 14385:2004

EN IS0 119691996
EN 26585:1992

18

Cadmio y compuesios
{como Cd)

EN 14385:2004

EN ISO 59561:1985
EM ISO 11885:1997

19

Cromo y compuestos
{como Cr)

EN 14385:2004

EN 1233:1996
EN ISO 11885:1997

20

Cobre y compuestos
{como Cu)

EN 14385:2004

EM IS0 11885:1997

21

Mercurio y compuestos
{como Hg)

EN 13211:2001
EN 14884:2005

EM 1483:1997
EM 12338:1098
EN 13506:2001

Segun el nivel de
concentracion

22

Niquel y compuestos
{comao Ni)

EN 14385:2004

EM IS0 11885:1997

23

Plomo y compuestos
{como Pb)

EN 14385:2004

EM IS0 11885:1997
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Divisiéon de Medio Ambiente

Norma EN o 1S0O Nerma EN o SO
] Emisiones ala Emisiones al agua
Nidmero atmésfera (ver mas abajo los
M CAS Contaminante I:VE.'F mas abaj.;j los nombres nombres abreviados}
abreviados)
24 Zincy compuestos (como EN ISO 11885:1997
Zn)
25 ;59?2_6& Alaclor o
26309-00-2 |Aldrina EM IS0 6468:1996
27 1912-24-9 | Atrazina -— EN IS 106895:2000
28|57-74-9 Clordano
291143-50-0 [Clordecona
301470-90-6 |Clorfenvinfos —
31 35535_84' Cloroalcanos, Cyg-Cia o
3212921-88-2 |Clorfenvinfos —
33 |50-29-3 DDT EN IS0 6468:1996
_ EN ISO 103011997
341107-06-2 |1 2-dicloroetano (DCE)
EN IS0 15680:2003
_ EM IS0 103011997
35| 75-09-2 Diclorometano (DCM)
EN IS0 15680:2003
36 |60-57-1 Dieldrina EN ISO 6468:1996
37330-54-1  |Diurén - EN ISO 11369:1997
28 115-29-7 |Endosulfan — EN IS0 6468:1996
39|72-20-8 Endrina EN IS0 6468:1996
40 Compuestos organicos - EN 150 9562:2004
halogenados (como AQX)
41| 76-44-3 Heptacloro EMN 150 6468:1996
42 1118-74-1 |Hexaclorobenceno (HCB) EN ISO 6468:1996
Hexaclorobutadieno —
43 |87-68-3 (HCBD)
1,2345 6 EM IS0 6468:1996
44 1608-73-1 |-hexaclorociclohexano
(HCH)
45| 58-89-9 Lindano EMN IS0 6468:1996
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Divisiéon de Medio Ambiente

Morma EN o ISO Norma EN o ISO
) Emisiones ala Emisiones al agua
Numero atmosfera {ver mas abajo los
Mo CAS Contaminante I:‘-’E.'F mas abaj.;j los nombres nombres EbFEViEdGS}
abreviados)
46 |2385-85-5 [Mirex
47 PCDD +PCDF (dioxinas |EM 1948-1 a -3:20086 IS0 18073:2004
+furanos) (como Teq)
48 |608-93-5 |Pentaclorobenceno EN IS0 6468:1996
49187-86-5  |Fentaclorofenaol (FCF)
CEN/TS 1948-4 EN ISO 6468:1996
50|1336.36-3 | Policlorobifenilos (PCB) | ProCv 15 1948-4)
(a tiulo informativa)
EN ISO 113691997
511122-34-9 | Simazina
EN ISO 10695:2000
_ EN IS0 15680:2003
52 |127-18-4 |Tetracloroetileno (FER)
EN ISO 10301:1997
53156-23-5  |Tetraclorometano (TCM) EN IS0 103011997
4 12002-48- | Triclorobencenos (TCB) EN IS0 15680:2003
1 (todos los isomeros)
55|71-55-6 1,1, 1-tricloroetano
56 |79-34-5 1,1,2 2-tetracloroetanc
_ _ EN IS0 15680:2003
57|79-01-6 | Tricloroetileno
ENISO 10301:1997
EN ISO 15680:2003
58 |67-66-3 Triclorometano
EN IS0 10301:1997
£918001-35-2 | Toxafeno
60 |75-01-4 Cloruro de vinilo EN ISO 15680:2003
61(120-12-7 |Antraceno ISO 11338-1a-2:2003 |EN IS0 17993:2003
EN 13649:2001 IS0 11423-1:1997
62 |71-43-2 Benceno ISO 11423-2:1997
EN IS0 15680:2003
a3 Bromodifenileteres - IS0/DIS 220322004
(FEDE)
64 Monilfenol v etoxilatos de -
MNonilfenol (NF/NPE)
65 (100-41-4 |[Etilbenceno EN ISO 15680:2003
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Divisiéon de Medio Ambiente

Norma EN o ISO MNorma EN o 1SO
) Emisiones ala Emisiones al agua
Ndmero atmésfera (ver mas abajo los
N©° CAS Contaminante I:'fE.‘F mas abaj.;j los nomhbres nombres EbFEViEdGS}
abreviados)
66|75-21-8 | Oxido de etileno
67 34123_59' Isoproturdn o
EN ISO 15680:2003
68 191-20-3 Maftaleno
EN ISOC 17993:2003
Compuestos -—- EN IS0 17353:2005
69 organcestannicos (como
Sn total)
Ftalato de bis (2-etilhexilo) EN IS0 18856:2005
70| 117-81-7 (DEHP)
711108-95-2 |Fenocles (como C total) - IS0 18857-1:2005
SO 11338-1 a-2:2003  |EN IS0 17993:2003
72 Hld_rchrburcs aromaticos 1SO 7981-1-2005
policiclicos (HAP)
ISO 7981-2:2005
73(108-88-3 |Tolueno -—- EN IS0 15680:2003
74 Tribultiestafio y -— EN 150 17353:2005
compuestos
75 Trifenilestafio y - EN SO 17353:2005
compuestos
Carbono organico total - EN 1484:1997
76 (COT) (como C total o
DQO3)
77(1582-09-8 |Trifluralina -—-
78(1330-20-T7 |Xilenos -— EN IS0 15680:2003
— EN IS0 10304-1:1995
EN IS0 10304-2:1996
79 Cloruros {como Cl total)
EN IS0 10304-4:1999
EN IS0 15682:2001
80 Cloro y compuestos EN 1911-1 a -3:2003
inorganicos (como HCI)
81(1332-21-4 | Amianto ISO 10397:1993
82 Cianuros {como CN total) -—- EN IS0 14403:2002
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Divisiéon de Medio Ambiente

Morma EN o I1SO Norma EN o 1SO
) Emisiones ala Emisiones al agua
Mdmero atmésfera {ver mas abajo los
N CAS Contaminante (ver mas abajo los nombres nombres EbFEViEdOS}
abreviados)
83 Fluoruros (como F total) -—- EN IS0 10304-1:1995
Fldor y compuestos 1SO/DIS 15713:2004 -—-
a4 inorganicos
{como HF)
Cianuro de hidroégeno -—-
85| 74-90-8 (HCN)
Morma 130 en proceso de _—
elaboracion por parte del
i ISOIMC 146/5C 1/ WG 20
86 Particulas (FM10) {disponible como proyecto de
noma de Comité CD 23210)
(a titulo informativo)
Ocfilfencles y -—
87| 1806-26-4 _ .
etoxilatos de oclilfenol
SO 11338-1a-2:2003 |EN IS0 17993:2003
88| 206-44-0 | Fluoranteno
89| 465-73-6 | Isodrina ---
90 | 36355-1-8 |Hexabromobifenilo
911191-24-2 |Benzo(g,h,i)perilenc -— EN IS0 17993:2003
NORMAS GENERALES PARA EMISIONES A LA ATMOSFERA Y/O AL AGUA
G1 Muestreo — Parte 1 Guia para el EN IS0 5667-1:1996
disefio de programas de muestrec
G2 Muestreo — Parte 10 Guia para el EN IS0 5667-10:1992
muestreo de aguas residuales
Muestreo — Parte 3 Guia para la EN 150 5667-3:1994
(53| conservacion y la manipulacion de
muestras
G4 Guia del control de calidad analitica CEN/NSO TR
para el analisis del agua 13530:1998
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Fuente de emisién fija — CEN/TS 14793
Procedimiento de validaciéon

G5| interlaboratorio de un método
alternativo frente a un método de
referencia

Requisitos generales para la
G6|competencia de laboratorios de prueba EN ISO 17025: 2005
y calibracién

GUM = Guia para la expresion de la
G7 incertidumbre (1993) publicada por
BIPM, ICE, IFCC, ISO, IUPAC, IUPAP,
OIML

CEN TS 13005 : 2000

Abreviaturas:

EN Norma europea

CEN/TS Especificacion técnica CEN

CEN/TR Informe técnico CEN

SO Norma internacional

ISO/CD Proyecto de norma de Comité ISO

ISOITS Especificacién técnica 1SO

ISO/TR Informe técnico 1SO

1ISO/DIS Proyecto de norma ISO sujeto a consulta publica

ISO/FDIS Proyecto de norma ISO sujeto a adopcion por votacion formal
PrxXXX Proyecto de norma (a titulo informativo)

--- no obligatoriedad de comunicar informacion segun el E-PRTR

Nombres de Nermas

Normas EN (ISO)

EN 1233:1996: Water quality - Determination of chromium - Afomic absorption spectrometric methods

EN 1483:1997: Water quality - Determination of mercury
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EN 1484:1997: Water analysis - Guidelines for the determination of total organic carbon (TOC) and dissofved
organic carbon (DOC)

EN 1911-1:1998: Siationary source emissions - Manual method of determination of HC!I - Part 1. Sampling of
gases

EN 1911-2:1998. Stationary source emissions - Manual method of determination of HCI - Part 2: Gaseous
compounds absorption

EN 1911-3:1998: Stationary source emissions - Manual method of determination of HCI - Part 3: Absorption
solutions analysis and calculation

EN 1948-1:2008: Siationary source emissions — Determination of the mass concentiration of PCDDs/PCDFfs
and dioxin-like PCBs — Part 1. Sampling of PCDDs/PCDFs

EN 1948-2:2006: Stationary source emissions — Determination of the mass concentration of PCDDs/PCDFs
and dioxin-like PCBs — Part 2: Extraction and clean-up of PCDDs/PCDFs

EN 1948-3:2006: Stationary source emissions — Determination of the mass concentration of PCDDs/PCDFs
and dioxin-like PCBs — Part 3: [dentification and quantification of PCDDs/PCDFs

prCEN/TS 1948-4:xxxx: Stationary source emissions -- Determination of the mass concentration of
PCDD/PCDF and dioxin-like PCBs - Part 4: Sampling and analysis of dioxin-like PCBs

EN 12260:2003: Water quality — Determination of nitrogen — Determination of bound nitrogen (TNb), following
oxidatfon to nitrogen oxides

EN 12338:1998: Water quality — Determination of mercury — Methods after enrichment by amalgamation
ENV 13005:1999: Guide to the expression of unceriainty in measurement

EN 13211:2001: Air quality - Stationary source emifssions - Manual method of determination of the
concentiration of total mercury

EN 13506:2001: Water quality - Determination of mercury by atomic fluorescence spectromeiry

EN 13649:2001: Stationary source emissions - Determination of the mass concentration of individual gaseous
organic compounds - Activated carbon and solfvent desorption method

EN 14385:2004: Stationary source emissions - Determination of the total emission of As, Cd, Cr, Co, Cu, Mn,
Ni, Pb, Sh, Tl and V

EN 14791:2005: Stationary source emissions - Determination of mass concentiration of sulphur dioxide -
Reference method

EN 14792:2005: Stationary source emissions — Determination of mass concentration of nitrogen oxides (NCZ2)
— Reference method: chemiluminescence

CENITS 14793:2005: Stationary source emission - Intralaboratory validation procedure for an alternative
method compared to a reference method

EN 14884:2005: Awr quality - Stationary source emissions - Determination of total mercury: Automated
measuring systems

EN 15058:2004: Stationary source emissions - Reference method for the determination of carbon monoxide in
emission by means of the non-dispersive infrared method

EN 26595:1992/AC:1992: Water quality; determination of total arsenic; silver diethyldithiocarbamate
spectrophofometric method (ISC 6595:1982)

EN IS0 5667-1:2005: Calidad del agua. Muestreo. Parfe 1: Gufa de disefio de los programas de muestreo y
técnicas de foma de muestra (revision de ISO 5667-1:7980 e 150 5667-2:1991)

EN IS0 5667-3:2003: Calidad del agua. Muestreo. Parte 3: Direcfrices para la preservacion y manejo de las
muestras de agua

EN ISO 5667-10:1992: Calidad del agua. Muestreo. Parte 10: Guia para el muestreo de aguas residuales
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EN ISO 5961:1995: Calidad del agua. Determinacion de cadmio por espectrometria de absorcion atdmica

EN IS0 6468:1996: Calidad del agua. Determinacion de ciertos insecticidas organociorados, bifenilos
policlorados y clorobencenos. Método por cromatografia de gases con exiraccion liquido-liguido

EN IS0 6878:2004: Calidad de agua. Determinacion del fésforo. Método espectro-metrico con molibdato
aménico

EN IS0 9562:2004: Calidad del agua. Deferminacion de compuestos organfcos halogenados. absorbibles
(AOX)

EN IS0 10301:1997: Calidad del agua. Determinacion de hidrocarburos halogenados aftamente volatiles.
Mefodos por cromatografia de gases

EN ISO 10304-1:1995: Calidad del agua. Determinacion de iones fluoruro, cloruro, nitrito, ortofosfato,
bromuro, nitrato y sulfato disueltos, por cromatografia en fase liguida. Parte 1. Método aplicable a aguas
débilmente contaminadas

EN IS0 10304-2:1996: Calfidad del agua. Determinacion de anfones disuelfos por cromalografia idnica en fase
liquida. Parte 2: Determinacion de bromuro, cloruro, nitrato, nitrito, ortofosfato y sulfato en aguas residuales

EN IS0 10304-4:1999: Calfidad del agua. Determinacion de anfones disuelfos por cromalografia idnica en fase
liguida. Parte 4: Determinacion de clorato, cloruro y clorito en aguas débilmente contaminadas

EN IS0 10695:2000: Calidad del agua. Determinacion de cierfos compuestos orgénicos nitrogenados y
fosforados sefeccionados. Métodos por cromatografia de gases

EN IS0 11369:1997: Calidad def agua. Determinacidon de ciertos agentes para ef tratamiento de las plantas.
Méfodo por cromatografia liguida de alta resolucion (HPLC) con deteccion UV tras extraccion sdlido-fiquido

EN IS0 11885:1997: Calidad del agua. Determinacion de 33 elementos por espectroscopia de emision
atémica con plasma acoplado inductivamente

EN ISO 11905-1:1998: Calidad def agua. Determinacion de nitrdgeno. Parite 1: Método por mineralizacion
oxidante con peroxidisulfato

EN ISO 11969:1996: Calidad del agua. Determinacion de arsénico. Método de espectrometria de absorcion
atdmica (técnica de generacion de hidruros)

ENV/ISO 13530:1998: Calidad del agua. Guia para el control de Ja calidad anailitica en el anélisis del agua

EN IS0 14403:2002: Calidad de agua. Determinacion del cianuro libre y del cianuro total por analisis de flujo
continuo

EN IS0 15680:2003: Calidad del agua. Determinacion de ciertos hidrocarburos aromaticos moniciclicos,
naftaleno, y algunos compuesios clorados utilizando purga y frampa y desorcion térmica

EN IS0 15681-1:2004: Calidad def agua. Determinacion de ortofosfato y fosforo total por analisis en flujo (FIA
y. CFA). Parte 1: Método por anélisis de inyeccion en flujo (FIA)

EN ISO 15681-2:2004: Calidad def agua. Determinacion de ortofosfato y fosforo total por analisis en flujo (FIA
y. CFA). Parte 1: Método por anélisis en flujo continuo (CFA)

EN IS0 15682:2001: Calidad del agua. Determinacion de cloruro por analisis en flujo (FIA y CFA) y deteccion
fotomeétrica o potenciométrica

EN ISO/NEC 17025:2005: Requisifos Generales para la Competencia de Laboratorios de Prusba y Calibracion

EN IS0 17353:2005: Calidad del agua. Determinacion de compuestos organicos seleccionados. Método por
cromatografia de gases

EN IS0 17993:2003: Calidad del agua. Determinacion de 15 hidrocarburos policiclicos arométicos (PAH) en
agua mediante. HPLC con deteccion fluorescente después de extraccion liguido-liguido

EN 1SO 18856:2005: Calidad del agua. Determinacion de determinados ftalatos mediante cromatografia de
gases/espectroscopia de masas

Normas ISO

SO 7934:1989: Emisiones de fuentes estacionarias. Determinacion de la concentracion masica de didxido de
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azufre. Método del perdxido de hidrégeno/perclorato de bario/torina

1S0O 7935:1982: Emisiones de fuentes estacionarias. Determinacién de la concentracion masica de dioxido de
azufre. Caracteristicas de funcionamiento de los métodos automaticos de medida

ISO 7981-1:2003: Water quality - Determination of polycyclic aromatic hydrocarbons (PAH) - Part 1:
Determination of six PAH by high-performance thin-layer chromatography with fluorescence detection after
liquid-liquid extraction

1SO 7981-2:2005: Water quality - Determination of polycyclic aromatic hydrocarbons (PAH) - Part 2:
Determination of six PAH by high-performance liquid chromatography with fluorescence detection after liquid-
liquid extraction

1ISO 10397:1993: Emisiones de fuentes estacionarias. Determinacion de las emisiones en una planta de
asbestos. Método de medicion por contaje de fibras

1S0 10849:1296: Emisiones de fuentes estacionarias. Determinacion de la concentracion masica de dxidos de
nitrégeno. Caracteristicas de funcionamiento de los sistemas automaticos de medida

150 11338-1:2003: Emisiones de fuentes estacionarias. Determinacion de hidrocarburos aromaticos
policiclicos gasesos y particulados. Parte 1: Muestreo

ISC 11338-2:2003: Emisiones de fuentes estacionarias. Determinacion de hidrocarburos aromaticos
policiclicos gasesos y particulados. Parte 2: Preparacion de la muestra, purificacion y determinacion

1SC 11423-1:1997: Water quality - Determination of benzene and some derivatives - Part 1. Head-space gas
chromatograhic method

1ISO 11423-2:1997: Water quality - Determination of benzene and some derivatives - Part 2: Method using
extraction and gas chromatography

150 11564:1298: Emisiones de fuentes estacionarias. Determinacion de la concentracion masica de dxidos de
nitrégeno. Método fotométrico de la naftiletilendiamina (NEDA).

1S0O 11632:1998: Emisiones de fuentes estacionarias. Determinacién de la concentracion masica de didxido
de azufre. Método de cromatografia idnica

1S0O 12039:2001: Emisiones de fuentes estacionarias. Determinacion de mondxido de carbono, didxido de
carbono y oxigeno. Caracteristicas de funcionamiento y calibracion de los sistemas automaticos de medida

ISO/FDIS 15713:2006: Stationary source emissions - Sampling and determination of gaseous fluoride content

1ISC 18073:2004: Calidad del agua - determinacion de tetra a octa cloro dioxinas y furanos — Método de
dilucidn de isétopos HRGC/HRMS

ISO 18857-1:2005: Calidad del agua. Determinacion de alquilfenoles seleccionados. Parte 1: Método para
muestras no filtradas usando extraccion en fase liquido-liquido y cromatografia en fase gaseosa con
deteccion selectiva de masa

ISO/DIS 22032:2004: Water quality - Determination of selected polybrominated diphenyl ethers in sediment
and sewage sludge - Method using extraction and gas chromatography/mass spectrometry

ISO/CD 23210:2005: Stationary source emissions — Determination of low PM10/PM2,5 mass concentration in
flue gas by use of impactors

Ademas de las “normas generales (G1-G7)” listadas anteriormente, para el caso de
monitorizacion en continuo merece mencion especial la norma UNE-EN 14181 Emisiones de
fuentes estacionarias. Aseguramiento de la calidad de los sistemas autométicos de medidas,
version oficial en espafiol de la Norma Europea EN 14181:2004, elaborada por el Comité
Europeo de Normalizacion (CEN).
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A continuacion se reproduce parte del contenido de la misma:
INTRODUCCION

Esta norma describe los procedimientos de garantia de calidad necesarios para
asegurar que un Sistema Automéatico de Medida (SAM), instalado para medir emisiones
al aire, es capaz de cumplir los requisitos de incertidumbre de los valores medidos
establecidos en la reglamentacion, por ejemplo Directivas europeas 2000/76/CE,
2001/80/CE o legislacion nacional, y de forma mas general por las autoridades
competentes.

Para conseguir este objetivo se definen tres Niveles diferentes de Garantia de Calidad
(NGC1, NGC2 y NGC3). Estos Niveles de Garantias de Calidad cubren la aptitud de un
SAM para su funcién de medida (por ejemplo, antes o durante el periodo de compra del
SAM), la validacién del SAM después de su instalacion, y el control del SAM durante su
operacién en funcionamiento en una planta industrial. También se define un Ensayo
Anual de Seguimiento (EAS).

La evolucion de la aptitud del SAM y su procedimiento de medida se describen en la
Norma EN ISO 14956 (NGC1), donde se da una metodologia para calcular la
incertidumbre total de los valores medidos del SAM. Esta incertidumbre total se calcula a
partir de la evaluaciébn de todos los componentes de la incertidumbre de las
caracteristicas de su funcionamiento individual.

1. OBJETO Y CAMPO DE APLICACION

Esta norma europea especifica los procedimientos para el establecimiento de los
Niveles de Garantia de Calidad (NGC) para los Sistemas Automaticos de Medida (SAM)
instalados en plantas industriales, para la determinacion de los componentes y otros
parametros del gas efluente.

Esta norma especifica:

- un procedimiento (NGC2) para calibrar el SAM y determinar la variabilidad de los
valores medidos, obtenidos por €él, de manera que se demuestre la aptitud del SAM
para su aplicacion, después de su instalacion;

- un procedimiento (NGC3) para mantener y demostrar la calidad requerida de los
resultados de medicion durante la operacion normal de un SAM, verificando que las
caracteristicas del cero y rango son consistentes con las determinadas durante el
NGC1;

- un procedimiento para los Ensayos Anuales de Seguimiento (EAS) del SAM a fin de
evaluar (i) que funciona correctamente y su funcionamiento permanece valido y (ii)
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que su funcién de calibracion y variabilidad se mantiene como se determind
anteriormente.

Esta norma se disefié para usarse después de que el SAM ha sido aceptado de acuerdo
con los procedimientos especificados en la Norma EN 1SO 14956 (NGC1).

Esta norma se restringe a la Garantia de Calidad (GC) del SAM y no incluye la GC de la
captacion de datos y sistemas de registro de la planta.
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ANEXO Il

METODOLOGIA PARA LA DETERMINACION
DE CONTAMINANTES HIDRICOS

Atendiendo a la naturaleza del vertido al medio hidrico, caracterizada fundamentalmente
por llevarse a cabo a través de muy pocos puntos (completamente determinados y concretos), se
entiende que la metodologia a considerar para este medio sea totalmente distinta al sistema de
fichas empleadas para el medio atmosférico.

El hecho de que el vertido se produzca a través de emisarios o conducciones de
desagie posibilita en gran medida el empleo de determinaciones analiticas a la hora de
cuantificar la carga de contaminantes en el vertido.

Este es el motivo de que la determinacién de contaminantes al medio hidrico se centre
en la obtencién de valores empiricos medidos en el efluente final.

No obstante lo anterior, se recuerda que el registro E-PRTR, en comparaciéon con EPER,
ha multiplicado notablemente el nimero de contaminantes a considerar, al menos en teoria:

TABLA 1
CONTAMINANTES A REPORTAR AL MEDIO HIDRICO

ACTIVIDAD EPER E-PRTR PRTR-Esparia"”
Refino 17 26 44
Grandes instalaciones de combustion 14 19 37

@ En Espafia, el Real Decreto 508/2007 amplia, respecto a E-PRTR, el nUmero de sustancias de las
gue hay que informar.

Otra cuestion de interés a considerar es el actual desarrollo de medidas analiticas para
multitud de parametros que antes no eran determinados. En efecto, como consecuencia de los
reportes a EPER asi como de la entrada en vigor de las Autorizaciones Ambientales Integradas,
los programas de vigilancia ambiental, por lo que a los efluentes se refiere, han ganado
notablemente en complejidad, motivo por el cual en la actualidad se dispone de analiticas mucho
mAas extensas que unos afos atras.

En base a estas consideraciones, los contaminantes al medio hidrico se trataran en tres
grandes grupos:
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A) Contaminantes presentes de un modo significativo en los efluentes.

Estas sustancias incluyen a aquellos contaminantes que, en base a determinaciones
realizadas en los diversos Complejos analizados se encuentran o pueden
encontrase por encima de los limites de deteccion de métodos de medida de
reconocido prestigio.

B) Contaminantes no detectados en el efluente.

Este segundo grupo de sustancias estaria integrado por aquellas para las cuales no
existe una bibliografia que permita excluirlas con claridad de las sustancias
relacionadas con los procesos que se desarrollan en un Complejo de Refino. No
obstante, en base a las distintas campafias de medida que han sido realizadas en los
diversos Centros analizados, se consideran excluidas de las necesidades de
informacion al no haberse encontrado en los efluentes analizados (por debajo de
limites de deteccion de métodos internacionalmente aceptados).

C) Contaminantes ajenaos al proceso productivo.

En este Ultimo grupo se encuentran aquellas sustancias que por su propia naturaleza,
origen o aplicacion no se encuentran relacionadas directa o indirectamente con
los procesos gue tienen lugar en una Refineria y por lo tanto se consideran
excluidos de las obligaciones de informacién. Dichas sustancias han sido
identificadas generalmente mediante el empleo de bibliografia técnica
monograficamente dedicada a los contaminantes en cuestion, habiéndose incluso
realizado determinaciones analiticas en alguno de los Complejos analizados para un
numeroso grupo de estas sustancias que han venido a ratificar lo apropiado de la
exclusion realizada.

En las Tablas siguientes se muestran los contaminantes considerados en este
documento (presentes en la sublista del Refino™, o aportados por el R.D. 508/2007) clasificados
segun la tipologia anterior: A, B o C.

CONTAMINANTES GRUPO A
(POTENCIALMENTE PRESENTES EN VERTIDO)

Nitrégeno total HAP
Fasforo total CoT
Zinc Cloruros
AOX Cianuros
Dioxinas y furanos Fluoruros
Benceno DQOW
Fenoles

* Incluidos en R.D. 508/2007

@ | a sublista de Grandes Instalaciones de Combustién no aporta nuevos contaminantes.
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CONTAMINANTES GRUPO B
(NO DETECTADOS EN EFLUENTE)

Division de Medio Ambiente

Arsénico Tolueno

Cadmio Xileno (e isémeros™)
Cromo Fluoranteno

Cobre Benzo(ghi)perileno
Mercurio Benzo(a)pireno™
Niquel Benzo(b)fluoranteno™
Plomo Benzo(k)fluoranteno™
Etilbenceno Indeno (123cd)pireno™

@ Incluidos en R.D. 508/2007

CONTAMINANTES GRUPO C
(AJENOS AL PROCESOPRODUCTIVO)

Diclorometano

Isémeros del triclorobenceno™

Pentaclorobenceno

Isémeros de bromodifenilétores™

Isémeros del DDT™

@ Incluidos en R.D. 508/2007
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ANEXO IV

CONSIDERACION DE RESIDUOS EN PRTR-ESPANA

Como es sabido, uno de los aspectos novedosos que recoge el nuevo registro PRTR-
Espafa es la obligatoriedad de informar acerca de la capacidad de generacion de residuos de las
instalaciones afectadas por la nueva normativa, o mas concretamente, de la transferencia de
residuos que origina la actividad de los establecimientos incluidos en el ambito de aplicacién.

En referencia a la citada transferencia de residuos, deben considerarse dos aspectos a
diferenciar:

- Residuos transferidos
- Residuos gestionados

Ambos tipos responden a una filosofia y a unas exigencias distintas en cuanto a la
naturaleza de la informacion a presentar, por lo que seguidamente se pasa a analizar de forma
independiente cada uno de los grupos anteriores.

1. RESIDUOS TRANSFERIDOS

El titular de un Complejo tiene la obligacion de informar de las salidas de residuos
(residuos transferidos hacia otras instalaciones sean o no de tratamiento final'¥) que tienen lugar
en su instalacion.

Estas necesidades de informacion han de cumplirse, para los residuos catalogados
como peligrosos, siempre y cuando se rebasen las 2 toneladas/afio, y en el caso de los no
peligrosos, cuando se superen las 2.000 toneladas/afio. Ambas cantidades, y en especial la
correspondiente a residuos peligrosos, se entienden como susceptibles de ser superadas con
relativa facilidad por parte de los Complejos afectados.

a) Residuos peligrosos

En referencia a los residuos peligrosos, tan sélo se debera informar de las toneladas®
gue anualmente abandonan el Complejo, sin necesidad de especiacidon alguna. No
obstante, habra que distinguir entre residuos destinados a recuperacién (Codigo R
segun orden MAM/304/2007) o a eliminacion (Cédigo D segun la citada orden),
indicando el método mayoritariamente empleado para su cuantificacién. En caso de

@ A excepcion, como se vera después, de las operaciones de eliminacién de “tratamiento de suelo” o “inyeccion
profunda”.

@ Residuos expresados en toneladas y con tres cifras significativas, como en la totalidad de la informacién a
suministrar en el campo de la transferencia de residuos, sean o no peligrosos.

IN/MA-07/0386-002/03
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aquellos residuos destinados a tratamientos que puedan contemplar operaciones tanto
de recuperacion como de eliminacion, se consignara el codigo R o D al que se destine
mas del 50% de los residuos, y en caso de duda, se utilizara el cédigo D.

Por otro lado habra que distinguir aquellos residuos que sean transferidos mas alla del
ambito del territorio nacional. En tal caso, habra que informar de manera individual para
cada destinatario final, el cual ha de quedar perfectamente identificado a través de su
nombre y direccion.

b) Residuos no peligrosos

En referencia a los residuos no peligrosos, la informacién a suministrar sera en todo
igual a la del caso de no peligrosos, salvo en lo tocante a transferencias transfronterizas,
gue no habran de ser especificadas.

Asi, habrd que consignar, para los residuos destinados a su eliminacion por un lado
(cédigo D) y los destinados a recuperacion por otro (codigo R), las toneladas (con tres
cifras significativas) transferidas, asi como el método utilizado para la cuantificacion.

Para mayor claridad, se adjunta seguidamente una Tabla en la que se representa la
informacion que ha de consignarse en el caso de la transferencia de residuos.

IN/MA-07/0386-002/03
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En relaciéon a la Tabla anterior es de interés hacer dos observaciones:

El Real Decreto 508/2007, de 20 de abril, por el que se regula el suministro de
informacién sobre emisiones del Reglamento E-PRTR y de las Autorizaciones
Ambientales Integradas aporta en su Anexo Il un cuadro acerca de qué informacion
debe consignarse en el caso de la transferencia de residuos. En este cuadro no
aparece la necesidad de indicar el “método utilizado” para la cuantificacion de los
residuos, a pesar de que este requisito es claramente indicado por la Guia para la
implantacién del E-PRTR de la Direccion General del Medio Ambiente de la Comision
Europea.

Atendiendo al Anexo Ill del citado Real Decreto 508/2007, también es necesario
aportar el coédigo de la Lista Europea de Residuos (LER) para cada una de las
cantidades de residuos de las que se informa.

Por ello, es de entender que en la practica no sera posible informar de los
residuos de manera agrupada como la Guia Europea establece (diferenciando
s6lo entre los destinados a recuperacion -codigo R- y los destinados a eliminacion
-codigo D-), de manera que cada Centro debera informar de las cantidades
individualizadas de cada residuo particular generado.

A continuacién se expone un ejemplo que muestra como debe informarse sobre los
datos de transferencia de residuos fuera del emplazamiento®.

TABLA 2. EJEMPLO DE NOTIFICACION DE RESIDUOS

RESIDUOS PELIGROSOS CA(S;%)AD LER METODO DESTINO
Residuo 1 (filtros) 1,20 150202 Pesada (M) D
residuo 2 (carb6n activo) 5,26 190110 Pesada (M) D
Residuo 3  (disolventes 0,820 140603 Pesada (M) R
organicos no halogenados)

Residuo “i"

RESIDUOS PELIGROSOS CA(t’\/I;—%[;')AD LER METODO DESTINO
Residuo 1 (lodos efluente) 227 070112 Pesada (M) D
Residuo 2 (chatarra) 15,2 170407 Pesada (M) R
Residuo ‘"

En el caso de los residuos peligrosos transferidos al extranjero, la informacién se amplia
con los datos propios del gestor final del residuo, tal y como se muestra en la Tabla 3.

@ Ejemplos extraidos de la Guia para la implantacion del E-PRTR.
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TABLA 3

Division de Medio Ambiente

EMPLAZAMIENTO DE RESIDUOS PELIGROSOS A OTROS PAISES

COMUNICACION DE INFORMACION SOBRE TRANSFERENCIAS FUERA DEL

Operacion Nombre del Direccion del Dlgz(r:](t:;gndgel
Cantidad de Método responsable de responsable de L,
LER o . M/CI/E L iy - recuperacion/
(t/afio) tratamiento utilizado | larecuperacion/ | larecuperacion/ L .
) L It . it eliminacion en
de residuos eliminacién eliminacién .2
cuestion
sun Street, Sun Street,
Sunshine Flowertown south Flowertown
130205 15 R M Por peso Components Ltd. | PP12 8TS, Reino south, PElZ
. 8TS, Reino
Unido .
Unido
Kings Street, Planta de
Kingstown, residuos
Highlands, AB2 energéticos de
BEST 1CD, Reino Unido | Kingstown,
070101 4 D M Por peso Environmental Kinas  Street,
Ltd. Kingstown,
Highlands, AB2
1CD, Reino
Unido
Kings Street, Planta de
Kingstown, incineracion de
BEST Highlands, AB2 Queens, Crown
070199 30 D M Por peso Environmental 1CD, Reino Unido | Street,
Ltd. Queenstown,
EF3 4GH,
Reino Unido

En base a las necesidades informativas que el registro PRTR-Espafia exige en
referencia a los residuos, la metodologia a sequir para el reporte de dicha informacion debe
basarse necesariamente en el empleo de documentaciébn como la Declaracion Anual de
Productor de Residuos o informacion equivalente. Este tipo de documentacion (ya disponible en
Refinerias) recoge las toneladas de cada residuo peligroso generadas, particularizando por
cbdigo LER, indicando los datos del gestor (por lo que es facilmente discriminable una posible
transferencia al extranjero).

Ademads, recoge la identificacion del residuo segun las Tablas del Anexo | del Real
Decreto 952/1997, de 20 de junio, por el que se modifica el Reglamente para la Ejecucion de la
Ley 20/1986, de 14 de mayo, Basica de Residuos Toxicos y Peligrosos, aprobado mediante Real
Decreto 833/1988, de 20 de julio. Se recuerda que la Tabla 2 de dicho Real Decreto recoge los
cbédigos D o R que corresponden a la operacion que se realizard sobre el residuo, cadigos
coincidentes con los contenidos en la Orden MAM/304/2002.
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Por tanto, la informacion a aportar en materia de residuos peligrosos sera facilmente
extraible de las Declaraciones Anuales (una vez diferenciadas las transferencias transfronterizas,
caso de haberlas) sin mas que considerar cada residuo individual, su cddigo LER, y su cédigo D
oR.

En el caso de residuos no peligrosos, dado que éstos no suelen aparecer en esta
documentacion (salvo en el caso de Catalufia, como se vera posteriormente) habra de recurrirse
a otro tipo de registros que a nivel particular pueda llevar cada Refineria, bien para
cumplimentacion de Declaraciones Medioambientales, bien para seguimiento de gestores, del
propio municipio, etc.

Por altimo, se cita el caso de Catalufia por disponer de una aplicacién propia para la
cumplimentacion de los residuos anuales generados. Dicha aplicacién recoge tanto los residuos
peligrosos (“especiales”) como los no peligrosos (“no especiales”), sefialando el gestor que los
recibe, por lo que no se hace necesario recurrir a informacion adicional para cumplimentar el
registro PRTR-Espaia. Como particularidad, en esta aplicacion aparece el método de gestion
(para discriminar si es una operacion de eliminacion D o recuperacion R), pero no conforme a la
Orden MAM/304/2002, sino en base al Decreto 92/1999, de 26 abril, de modificacion del Decreto
34/1996, de 9 de enero, por el que se aprueba el Catalogo de Residuos de Cataluiia. La
nomenclatura de este Decreto (apartados 2B y 2C de su Anexo) recoge una serie de codigos T
para las operaciones de eliminacién y cédigos V para las de recuperacion. A pesar de que las
operaciones concretas no coinciden con las de la Orden MAM/304/2002, dado que PRTR-
Espafia tan soélo precisa distinguir si el residuo es eliminado o recuperado, la informacion
contenida en este tipo de documentacion es totalmente valida para los fines perseguidos, sin
mas que considerar por un lado los residuos con codigo T (equivalente a D) y por otro los de
coédigo V (equivalente a R), previa segregacion de residuos especiales (peligrosos) y no
especiales (no peligrosos).
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2. EMISIONES AL SUELO

Como una de las novedades mas destacables del nuevo registro, se encuentra la
necesidad de informar de las emisiones al suelo que puedan darse, explicitando la especiacién
correspondiente para un total de 79 sustancias®.

No obstante, tal comunicacién sélo es preceptiva a los contaminantes en residuos que
son sometidos a dos operaciones de eliminacion muy concretas, ninguna de las cuales se
desarrolla en el sector del Refino:

A) Tratamiento en medio terrestre (por ejemplo, biodegradacién de residuos liquidos o

lodos en el suelo, etc): Cédigo D2 de la Orden MAM/304/2002. Tal y como se indico
con anterioridad, se excluye de estas técnicas el landfarming, atendiendo como se
citd en su momento a que la propia “Guia para la Implantacién del E-PRTR” recoge
en su apartado 1.1.8.3 dedicado a las emisiones al suelo que “el extendido de fangos
y estiércol se consideran operaciones de valorizacion, y por tanto, no deben
comunicarse como emisiones al suelo”.

B) Inyeccion en profundidad (por ejemplo, inyeccién de residuos bombeables en pozos,

minas de sal, fallos geologicos naturales, etc): Cédigo D3 de la Orden
MAM/304/2002.

En los casos anteriores, habria que informar de las cantidades anuales (expresadas en
kg, con tres cifras significativas) de las 79 sustancias que se pudiesen encontrar en el residuo en
cuestion, sefialando adicionalmente si se han medido, calculado o estimado y detallando el
método concreto utilizado.

No obstante, hay dos cuestiones particulares que deben sefalarse:

En principio, no deberian comunicarse las emisiones accidentales de contaminantes
al suelo (como por ejemplo, los derrames), a diferencia de lo que ocurre con los
contaminantes al medio atmosférico y al medio hidrico. En este punto se sefiala que
aungue la “Guia para la implantacion del E-PRTR” recoge explicitamente tal
circunstancia, la Tabla ejemplo de emisiones al suelo del Anexo Il del Real Decreto
508/2007 dispone de un campo para “emisiones accidentales”, por lo que se entiende
gue en caso de que haya habido situaciones episodicas de contaminacion de suelos
derivadas de accidentes, el Complejo afectado deberia informar de la hipotética
presencia de aquellos de los 79 contaminantes que habrian sido susceptibles de ser
emitidos al suelo.

@ E-PRTR contempla 61 sustancias de las que hay que informar respecto a emisiones al suelo. Sin embargo, el Real
Decreto 508/2007, de 20 de abril, por el que se regula el suministro de informaciéon sobre emisiones del
Reglamento E-PRTR y de las autorizaciones ambientales integrales, afiade 18 nuevos contaminantes al suelo de
los que seria preciso informar.

IN/MA-07/0386-002/03
29 de febrero de 2008 V-7



Division de Medio Ambiente

Metodologia PRTR-Espafia

- No existen sublistas para las actividades particulares en el caso de las emisiones al
suelo, de manera que no hay una “preseleccidon” de entre todos los contaminantes, de
aguellos que puedan ser mas propios del Refino de Petrdleo.

Para el supuesto considerado en el que hubiese que informar de contaminacién al suelo
por accidente es de entender que la Unica metodologia fiable seria proceder a la
determinacién analitica de las especies a notificar.

No obstante, como se ha visto con anterioridad el listado es desmesurado, con un total
de 79 substancias (18 aportadas por el Real Decreto 508/2007), de las que no se realiza ninguna
particularizacion en funcién de cada actividad concreta. Una gran cantidad de estas sustancias,
pueden considerarse como no asociadas a los procesos de refino, por lo que a priori podrian no
considerarse a la hora de realizar una determinacion analitica en una muestra de suelo.
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ANEXO V

EMISIONES ACCIDENTALES

Tal y como se ha visto con anterioridad, una de las novedades que PRTR-Espafa
introduce respecto a EPER es la necesidad de informar acerca de las emisiones accidentales,
las cuales se definen como “aquellas emisiones que no son deliberadas, habituales u
ocasionales generadas o resultantes de desarrollos incontrolados durante el transcurso o el
funcionamiento de las actividades que se realicen en el emplazamiento del Complejo”.

Dado lo complejo de la problemética, la Guia para la implantacion del E-PRTR recoge
que “Los titulares de Complejos estan obligados a especificar cualquier informacién relacionada
con emisiones accidentales cuando se disponga de dicha informacion (...)". La propia Guia
recoge cOmMo en casos particulares, “podra ser imposible obtener informacion sobre todos los
contaminantes relevantes en base a estimaciones”, aunque ofrece como posibilidad general de
calculo trabajar sobre la base de la determinacion de cantidades residuales en conducciones o
recipientes o considerando la duracion de una emision accidental y asociandola a los indices de
flujo asumidos.

Una vez hecho este planteamiento inicial, se pretende en este ANEXO establecer una
metodologia que permita estimar (realmente, en base a la terminologia de PRTR-Espafia seria
calcular), las emisiones que al aire o al agua puedan tener lugar en un Complejo de Refino como
consecuencia de la ocurrencia de accidentes.

Para ello, es de entender que las herramientas a emplear coincidan en mayor o menor
medida con las que se utilizan en el desarrollo de la documentacion relacionada con el &mbito de
los Accidentes Graves (SEVESO). No obstante, existe una gran diferencia y es que en relacion a
la notificacibon PRTR-Espafia, los accidentes que habria que evaluar se corresponden a
situaciones reales que han ocurrido durante el periodo del que se quiere informar, por lo que la
evolucion del escenario que ha dado lugar al accidente es totalmente conocida.

Asi, debe empezar por sefialarse como en la practica se pueden limitar los escenarios
susceptibles de ocurrir en un Complejo de Refino a tres, entendiendo por escenario aquella
situacion que puede dar lugar a un accidente. Los escenarios concretos serian:

- Fuga de gas inflamable y/o téxico

- Fuga de liquido inflamable y/o toxico

- Condiciones explosivas en un ambiente confinado

De los tres escenarios anteriores, los dos primeros desembocaran en un tipo u otro de
accidente en funcién de las diversas evoluciones que pueden tener. El tercer escenario sélo
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puede dar lugar a un tipo de accidente, conocido como VCE (vapour cloud explosion), es decir la
deflagracion explosiva de una nube de gas inflamable que se halla en un espacio confinado.

Respecto a los dos escenarios correspondientes a fugas (bien de liquidos, bien de
gases), se procede a definir completamente las evoluciones que pueden tener lugar para cada
accidente ocurrido, aplicando la técnica del arbol de sucesos, independientemente de la gran
diversidad de parametros que afectan al posible desarrollo de un accidente.

Asi, en las Figuras que a continuaciébn se muestran, se presentan los arboles de
sucesos para las fugas de gases inflamables y/o téxicos (Figura 1) y para las fugas de liquidos
inflamables y/o tdxicos (Figura 2). A partir de estas figuras se puede ver como a partir del
escenario inicial se pueden tener distintas evoluciones, llegandose a un accidente final Unico,
cuyas emisiones seran las que se evallen finalmente.
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De la observacion de la evolucién de los escenarios de las figuras anteriores se deduce
que en general, los accidentes que pueden tener lugar en una Refineria son:

A) Jet fire (dardo o lengua de fuego, llama estacionaria de difusién de gran longitud y
poca anchura, como la producida por un soplete oxiacetilénico. Es provocada por la
ignicién de chorros turbulentos).

B) UVCE (unconfined vapour cloud explosion, deflagracion explosiva de una nube de
gas inflamable que se halla en un espacio amplio, cuya onda de presién alcanza una
sobrepresiébn maxima del orden de 1 bar en la zona de ignicién).

C) Flash fire (Illamarada, llama progresiva de difusion premezclada con baja velocidad de
llama que no produce onda de presion).

D) Pool fire (incendio de charcos, se aplica a una combustion estacionaria con llama de
difusion de un liquido en un recinto descubierto de dimensiones dadas).

E) BLEVE (boiling liquid expanding vapour explosion, estadillo producido por el
calentamiento externo de un recipiente que contiene un liquido a presion, al perder
resistencia mecénica el material de la pared y estanqueidad bruscamente).

F) VCE (vapour cloud explosion, como UVCE, pero en este caso la deflagracion ocurre
en un gas inflamable que se halla confinado).

G) Dispersion segura o nube toxica (cuando el gas fugado o evaporado no deflagra y se
dispersa en la atmoésfera).

Una vez presentados los distintos accidentes que en general pueden tener lugar en un
Complejo, se analizaran los mismos bajo el punto de vista PRTR-Espafia, es decir, para conocer
cémo cada uno de ellos puede derivar en incremento de emisiones al medio atmosférico o al
medio hidrico.

1. MEDIO ATMOSFERICO

Desde el punto de vista de la emisidon de contaminantes a la atmdsfera, los accidentes
pueden organizarse a su vez en dos grupos, por un lado los que implican combustién (jet fire,
UVCE, flash fire, pool fire, BLEVE y VCE) y por otro, los que no la conllevan (dispersién segura o
nube toxica).
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1) Jet fire, UVCE, flash fire, pool fire, BLEVE y VCE.

En el primer caso, dado que de un modo u otro el gas involucrado en el accidente
experimenta una combustién, parece logico suponer que los contaminantes a
considerar sean los tipicos de combustion.

Para evaluar la emision concreta de contaminantes se recomienda el empleo de
modelos de calculo, entre los que se puede citar EFFECTS.

Effects ("Modelling the effect of accidental release of hazardous substance”), es un
software desarrollado por TNO y basado en los fundamentos incluidos en el Manual
de consecuencias de fugas de productos peligrosos denominado “Methods for the
calculation of the physical effects of the scape of dangerous material —liquids and
gases-”, conocido como Yellow Book. En el programa EFFECTS se encuentran
implementados los siguientes modelos:

Modelos de fugas.

- Fuga de gas.
Fuga desde un deposito/linea.
Fuga desde una linea de gran longitud.

- Fuga de gas licuado.
- Fuga desde un depdsito o linea.
Fuga bifasica.
Fuga de gas licuado.
Fuga en forma de spray de un gas licuado a presion.
Fuga con flash instantanea.

- Fuga de liquido.
Fuga desde un depésito o linea.

Modelos de evaporacién desde charco.

- Evaporacion desde suelo.
Liquido en ebullicion.
Liquido sin ebullicion.

- Evaporacion desde agua.
Liquido soluble sin ebullicion.
Liquido insoluble sin ebullicién con flotacion.
Liquido insoluble en ebullicién con flotacion.
Liquido insoluble en ebullicion sin flotacion.

IN/MA-07/0386-002/03
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Modelos de dispersion.

- Dispersion gas neutro.
Fuga instantanea.
Fuga semicontinua.
Fuga continua.

- Dispersion gas denso.
Fuga instantanea.
Evaporacién desde charco.
Dispersiéon desde un jet.

- Dispersion con chorro libre turbulento.
Modelo de explosiones Multi Energy.
Modelos de radiacion desde fuegos.

- BLEVE.

- Charco.

- Dardo de fuego de una fuga de gas.
- Dardo de fuego de una fuga bifasica.

En el caso concreto que se analiza, es decir, la generacién de contaminantes tipicos
de combustion, los Unicos parametros que se necesita conocer son los siguientes:

- Sustancia fugada: para los fines perseguidos, basta conocer la composicion
elemental de la misma

- Caudal de sustancia fugada (kg/s)
- Tiempo de ocurrencia de la fuga

En caso de no conocerse el caudal y el tiempo de la fuga, podria aportarse
directamente la masa total fugada, lo cual implicaria considerar que toda la masa
fugada habria explotado (situacion mas desfavorable). Por el contrario, si se
aportasen los dos parametros anteriores (caudal y tiempo), podria calcularse la
cantidad estimada de sustancia que se ha encontrado entre los limites de
inflamabilidad, ya que debe decirse que es usual que no toda la sustancia
involucrada en el proceso termine finalmente explotando. Como es natural, de
llegarse a conocer la cantidad fugada que no ha participado en el proceso de
combustion, deberia reportarse la cantidad de sustancias (incluidas en las sublistas)
presentes en el gas, ya que éstas habrian sido directamente emitidas al aire (ver
caso de dispersion segura o nube toxica).
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2) Dispersién segura o0 nube téxica.

En el caso de la dispersién segura o nube téxica parece evidente considerar que la
totalidad del gas fugado debe considerarse como contaminante emitido al medio
atmosférico. Para cuantificar la emisién basta con conocer el caudal fugado, el tiempo
de duracién de la fuga y naturalmente, la sustancia fugada, datos todos ellos de los
gue es de entender deben disponerse, al menos a posteriori. Asi, conocida la
composicion de la fuga y los kg de gas fugados, la determinacién de las sustancias a
reportar seria inmediata.

Es necesario sefialar que en este caso, al no existir ningln tipo de reacciéon quimica,
los Unicos contaminantes que podrian estar presentes en un accidente de este tipo
son los que por si mismos pueden formar parte del proceso productivo de Refineria y
por tanto encontrarse en las corrientes manipuladas. De entre la sublista de
contaminantes el medio atmosférico para el sector del refino, las principales
sustancias susceptibles de estar presentes en este tipo de accidentes podrian ser:

- CH,

- CO; (en caso de existir unidades de recuperacion de CO,)

- NH;

- COVDM

- CeHe

- PCB'’s (en caso de accidente en equipos eléctricos que los contengan. VER
FICHA 50/2/01)

2. MEDIO HIDRICO

En el caso de los accidentes con repercusiones al medio hidrico, la metodologia es
mucho mas directa, ya que los accidentes que dan lugar a un vertido que alcance el medio
receptor (cauce, mar) se computan directamente.

Notese que en caso de vertidos accidentales al suelo, no hay obligacion de reportar (en
cuanto a transferencia de contaminantes al suelo), tal y como recoge la Guia para implantacion
del E-PRTR, por lo que este hipotético vector no deberia en principio ser considerado, salvo en el
caso de que el vertido percolase a través del suelo y alcanzase un flujo de agua subterranea. No
obstante, a pesar de lo que la citada Guia recoge, se sefiala que el Real Decreto 508/2007, de
20 de abiril, por el que se regula el suministro de informacion sobre emisiones del Reglamento E-
PRTR y las autorizaciones ambientales integradas, en su Anexo lll, apartado 5, recoge un campo
para la notificacion de emisiones accidentales al suelo.

De todos modos, incluso la afeccién sobre flujos subterraneos seria muy discutible. Tal
afirmacion se basa en el empleo de software como por ejemplo VLEACH (desarrollado por la
EPA), modelo unidimensional de diferencias finitas que permite estimar el impacto en aguas
subterrdneas debido a la movilizacibn y migracion de contaminantes organicos en suelos
porosos.
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Pues bien, el empleo de este tipo de software permite comprobar cémo las escalas
temporales (afios) que se manejan son tales que se puede considerar que un derrame puntual,
sobre el que se actla en un corto plazo de tiempo mediante la retirada del propio vertido y de las
capas superficiales del terreno que hayan podido verse afectadas, no tiene efecto sobre la
transferencia de contaminacién a cursos de aguas subterraneas.

En cualquier caso, las actuaciones anteriores podrian dar lugar a un fenémeno de
transferencia de contaminacién al suelo, cuestion ésta que quedaria sobradamente cubierta en
base al contenido del Anexo IV (se recuerda que el concepto “tierras contaminadas por
hidrocarburos” es un integrante tipico de las declaraciones de productor de residuos de
Refinerias).

Una vez hechas las puntualizaciones anteriores, los accidentes resultantes con vertido
al medio hidrico podrian ser:

1) Vertido directo a cauce o al mar.

En este caso, conocida la sustancia y la cantidad fugada (caudal y tiempo de
fuga), bastaria con aplicar el porcentaje masico del contaminante a reportar (es de
entender que la sustancia vertida es conocida) sobre la emision masica total de la
sustancia fugada. Entre los contaminantes que podrian estar presentes en el
vertido, destacar como el més tipico, el COT, atendiendo a que la préactica
totalidad de las corrientes involucradas en los trasiegos o procesos productivos de
una Refineria son de naturaleza hidrocarburada.

2) Agua Contraincendios.
En el caso de que haya habido un incendio, éste habrd dado lugar a un efluente

liguido altamente contaminado ya sea por las propias sustancias que hayan
originado el accidente como por los propios medios empleados en la extincion.
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ANEXO VI

EXCLUSIONES

Se presenta el siguiente ANEXO con la finalidad de excluir del alcance de este trabajo
determinados contaminantes que en base a su propia naturaleza pueden considerarse ajenos a
los procesos productivos que tienen lugar en un Complejo de Refino.

Dichos contaminantes son:

- Isémeros del DDT (incluidos por R.D. 508/2007, agua)

- Isémeraos del triclorobenceno (incluidos por R.D. 508/2007, agua)
- Isémeros del bromodifeniléter (incluidos por R.D. 508/2007, agua)
- Diclorometano (incluido en sublista del refino, agua)

- Pentaclorobenceno (incluido en sublista del refino, agua)

- Hidroclorofluorocarburos (incluido en sublista del refino, aire)

- Hidrofluorocarburos (incluido en sublista del refino, aire)

- Tricloroetileno (incluido en sublista de G.I.C., aire)

- Hexafluoruro de azufre (incluido en sublista de G.I.C., aire)

- Talio (incluido por R.D. 508/2007 aire)

El objetivo de este ANEXO es identificar en base a bibliografia especializada el origen
de las emisiones de los compuestos en cuestion, comprobandose adicionalmente cédmo estas
fuentes de emision no se hallan presentes en las unidades que integran las Refinerias
espafiolas.

Para configurar este ANEXO, se han preparado tantos informes como sustancias se han
considerado, estando constituido cada uno de ellos por una breve descripcion del contaminante,
indicacion de cémo se produce y a qué uso se destina, analisis exhaustivo de las fuente de
emision y por ultimo, las referencias bibliograficas que sustentan toda la informacién anterior.
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NOTE

ABSTRACT

This report is the first revision of CONCAWE Report 3/07, which itself replaced
Report No. 9/05R Air Pollutant Emission Estimation Methods for EPER and PRTR
Reporting by Refineries. It provides algorithms to permit emission estimates to be
made by refineries to meet the reporting requirements of the European Pollutant
Release and Transfer Register (E-PRTR) regarding pollutant emissions to air.

KEYWORDS

Air pollution, refineries, E-PRTR, emission factors, sources.

INTERNET

The controlled version of this report is available as an Adobe pdf file on the
CONCAWE website (www.concawe.org) and the latter should be checked for
updates. New and updated information provided in this version is summarised in
Appendix 2.

Considerable efforts have been made to assure the accuracy and reliability of the information
contained in this publication. However, neither CONCAWE nor any company participating in
CONCAWE can accept liability for any loss, damage or injury whatsoever resulting from the use
of this information.

This report does not necessarily represent the views of any company participating in CONCAWE.
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SUMMARY

With the introduction of the public domain databases of pollutant releases - EPER
(European Pollutant Emission Register) and its successor E-PRTR (European
Pollutant Release and Transfer Register) - there is a need for reliable and consistent
emissions data in the oil industry sector.

The E-PRTR Regulation requires that annual emissions of key species are reported
where those emissions exceed a minimum threshold.

This Report provides the estimation algorithms and emission factors for uncontrolled
releases of air pollutants from stationary sources at oil refineries which CONCAWE
recommends for E-PRTR reporting purposes, where measurements have not been
undertaken. The emission estimation algorithms are fully referenced and the
emission factors provided in a consistent metric unit base.

CONCAWE has previously published Report No. 9/05 (and a revised version 9/05R)
Air Pollutant Emission Estimation Methods for EPER and PRTR Reporting by
Refineries.

Report No. 9/05R was submitted to the European Commission and the European
Environment Agency and is referenced as a source of sector specific calculation
methods in the EU (2006) Guidance Document for the Implementation of the
European PRTR.

It was updated in 2007 by Report No. 3/07 Air Pollutant Emission Estimation
Methods E-PRTR Reporting by Refineries. This provided new and revised factors
and algorithms and focused on the reporting requirements of the E-PRTR
Regulations.

This current report updates Report No. 3/07 and contains some additional
algorithms and new and updated emission factors. A change log is presented in
Appendix 2.

It is expected that future refinements to the emission factor database will be made.
This document is therefore a "snapshot" of the present knowledge. Before using
this report, the version number should be compared with the control copy which is
posted as an electronic document on the CONCAWE web-site (www.concawe.org).
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1. INTRODUCTION

The European Directive 96/61/EC on integrated pollution prevention and control
(IPPC) [1] mandated the publication of a regularly updated pollutant inventory. The
European Pollutant Emission Register (EPER) required the reporting of a number of
pollutants, both to air and water, from all facilities listed in Annex 1 of the IPPC
Directive.

The EPER requirements have been succeeded by those of the European Pollutant
Release and Transfer Register (E-PRTR) Regulation [2]. This implements at EU
level the UNECE PRTR Protocol which was signed in 2003 in Kiev [3]. The first
report of the E-PRTR will be for the year 2007 and reporting will be annually
thereafter. The E-PRTR is more extensive than EPER in a number of respects. For
example, the list of pollutants is enlarged and the amount of information required to
be reported concerning emissions and transfers of pollutants has increased.
Guidance on the implementation of the E-PRTR has been provided by the European
Commission [4]. The list of air pollutants and their threshold values above which
emissions must be reported are given in Appendix 1.

With regard to the data submissions for these Registers, CONCAWE identified three
issues that require attention by the oil refining sector:

1. The data submitted should be reliable, in the sense that they represent as
accurately as possible the actual pollutant emissions. Over-estimation of
emissions is clearly to be avoided. Moreover, under-estimation can give a false
impression of what pollution emissions levels can be reached under realistic
circumstances.

2. Data should be consistent between comparable sources within the industry.

3. The sharing of best practices in terms of emission factors is important in order to
improve the quality of the reporting.

To address these issues the CONCAWE Air Quality Management Group initiated a
review of the published emission factors for those air pollutants which may be
emitted in excess of the reporting threshold values from stationary sources found at
the majority of European refineries.

It was noted that there were no emission estimation guidelines for each and every
one of the pollutants to air from refineries which may possibly require reporting
under the regulations. Although guidance is provided in the European Environment
Agency Emission Inventory Guidebook [5] for the major air pollutants, estimation
methodologies are not available for all of the E-PRTR listed pollutants.

On the other hand, for some pollutants such as non-methane volatile organic
compounds (NMVOCs) there are a number of different estimation methodologies
being used by European refineries e.g. protocols produced by the US EPA [6] and a
number of nationally agreed methods such as that published by the UK Energy
Institute [7].

CONCAWE, therefore, published Report No. 9/05 and its first revision No. 9/05R [8]
which comprised a compendium of emission factors, with associated references, for
the uncontrolled release of air pollutants. The compendium could not be fully
comprehensive as emission factors are not available in the public domain for all
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sources and/or pollutants. CONCAWE, however, considered this to be the most
appropriate set of emissions factors for the refining sector.

Report No. 9/05R was replaced by Report No. 3/07 [9], which focused on the
requirements of the E-PRTR and contained additional algorithms and updated
emission factors.

This current report is the first revision of Report No. 3/07. It provides the estimation
algorithms which CONCAWE recommends for E-PRTR reporting purposes where
measurements have not been undertaken.

The report does not consider the estimation of accidental or non-routine (e.g. due to
maintenance) releases to air. Guidance in reference [4] recommends that
emissions from such releases should be estimated by sites on an ad-hoc basis
using whatever data are available and the most appropriate methods considered for
the circumstances. Nor does it provide guidance on estimating emissions from
mobile sources.

The emission factors provided are for uncontrolled releases. Reported emissions
must take account of any abatement equipment installed e.g. wet gas scrubbers,
electrostatic precipitators, etc.

Where emission factors are available, algorithms are provided for sources found in
the majority of European refineries. There are some emission sources for which
estimation algorithms are not provided in this report e.g. coke calciners. Refineries
should review all of the sources of air pollutants on-site and establish if there are
any additional sources from those listed in this report which may require emission
estimates to be made for E-PRTR reports.

CONCAWE has previously published reports on non-methane volatile organic
compound (NMVOC) emissions from refineries and other downstream oil industry
sources. However Report No. 85/54 [10] which was widely used by Industry is now
out of date and is no longer available. Although marketing terminals and service
stations are not subject to E-PRTR reporting requirements, for completeness this
current report provides NMVOC emission estimation algorithms which are
applicable to gasoline storage and handling at these facilities.

A summary of the changes to the algorithms and emission factors given in Report
No. 3/07 is provided in Appendix 2.
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2. EMISSION ESTIMATION METHODOLOGIES

There are a number of sources of emission estimation methodologies:

¢ Oil industry associations e.g. CONCAWE, API, etc.

¢ Oil companies that have published methods in the professional press

e National and international environmental authorities e.g. US EPA,
European Environment Agency, etc.

¢ International organisations e.g. IPCC, etc.

o European Commission.

Methodologies published by the national and international organisations may be non
oil-industry sector specific.

Only those estimation methods which are currently in the public domain were
considered for inclusion in this report. The methodologies were considered in the
following order of preference to determine those most representative for oil industry
sources:

e Methods published by the oil industry
o Sector specific methods published by national and international authorities
¢ Non-sector specific methods.

Reported E-PRTR emission data must include a code to identify the type of
estimation methodology used. The classification codes are simple letters:

Class M: emission data are based on measurements. Additional calculations
are needed to convert the results of measurements into annual emission
data. Emissions can be derived from continuous or discontinuous
measurements of pollutant concentrations. Alternatively, they can be
determined based on the results of short term or spot measurements.

Class C: emission data are based on calculations using activity data (e.g. fuel
used, production rate) and emission factors or mass balances.

Class E: emission data are based on non-standardised estimations derived
from best assumptions or expert guesses that are not based on publicly
available references or good practice guidelines.

Where data are measured or calculated, the method of measurement and/or the
calculation method must also be provided in the E-PRTR data submission.

The EU Guidance document [4] provides a list of the internationally approved or
“equivalent” methodologies that should be used and the method names to be
included in the E-PRTR submission. One of the accepted equivalent methodologies
is a “European-wide sector specific calculation method, developed by industry
experts, which has been delivered to the European Commission, to the European
Environment Agency and the relevant international organisations”. The EU
Guidance document [4] references CONCAWE Report No. 9/05R [8] which has
been submitted to the EC and EEA. This current report is a replacement for Report
No. 9/05R and hence use of the algorithms in this report can be considered to be an
approved calculation methodology: data could then be reported using the letters “C”
and method name acronym “SSC” (sector specific calculation).
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3. POLLUTANTS

There are sixty air pollutants which must be reported under the E-PRTR
requirements if their respective annual emission threshold values are exceeded at a
facility. All of these are shown in Appendix 1, with their threshold values.

The EU Guidance Document on E-PRTR Implementation [4] provides indicative lists
of the pollutants likely to be emitted on a sector specific “activity” basis. In addition
to having its own specific sectoral activity of “mineral oil and gas refineries”, the Oil
Industry also uses combustion units with ratings in excess of 50 MW. These are
included in the sectoral activity classified within the PRTR Regulation [2] as “thermal
power stations and other combustion installations”.

Those pollutants on the sector specific indicative lists within the EU Guidance
Document for these two activities are listed in Appendix 1.

Information was requested from the CONCAWE member companies in 2002
concerning the emissions of air pollutants from refineries reported either internally or
externally. Appendix 1 lists those pollutants which had been estimated, by at least
one of the nine companies who responded, to exceed the E-PRTR reporting
thresholds.

Appendix 1 indicates that the pollutants included on the two EU indicative lists are
almost identical to those on the oil industry list. The difference is the addition of two
pollutants on the combustion installation list: dioxins/furans and trichloroethylene.

Trichloroethylene (TRI) is not a product of combustion; its major use is as an
organic solvent for industrial degreasing. The inclusion of this pollutant on the
sector specific indicative list for combustion installations appears to be due to an
anomaly in the EPER database. Only one facility classified as "Combustion
installation > 50 MW" reported emissions of TRI, but these would appear to be from
the process of manufacturing rubber tyres and tubing at the site and not as a by-
product of combustion. This report, therefore, does not consider this pollutant
further.

This report provides algorithms to estimate the emissions of all of the other
pollutants on the indicative lists in the EU Guidance for refineries and combustion
installations rated in excess of 50 MW.

Anthracene and naphthalene are two pollutants that are known to be emitted by
refineries, but are not on the sector specific indicative lists. A review of the
emissions of these pollutants is provided in Appendix 3. It is shown that, even for
the largest refineries, neither anthracene nor naphthalene emissions are likely to
exceed their E-PRTR reporting threshold values.

Sites should review their processes and emission sources to establish if there is the
potential for any of the other E-PRTR air pollutants to be released in excess of their
reporting thresholds.
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41.

4.2.

EMISSION SOURCES

REFINERIES

This report divides the sources found within the majority of refineries, for which
emission factors are available in the public domain, into the following categories:

e Combustion

e Process vents
e Storage

¢ Loading

e Miscellaneous

Combustion sources considered comprise:
o Boilers

Furnaces

Fired waste heat boilers

CO boilers

Gas turbines

Gas engines

Diesel engines

Incinerators

Flares

O O O O O O O O

Process sources included are:

o Hydrogen plants

o Fluid coking units

o Fluidised catalytic cracking units
o Catalytic reforming units

Miscellaneous sources included are:
o Process drains
Oil-water separators
Fugitive emissions from pressurised pipe work and components
Refrigeration systems
Use of SFg

O O O O

There are some sources which are only found in a limited number of refineries for
which algorithms are not given in this report. One example for which emission
factors are available [11] is coke calcining.

GASOLINE MARKETING FACILITIES

Neither marketing distribution terminals nor service stations are regulated under the
terms of the IPPC Directive [1] and hence are not required to submit E-PRTR
reports.

Emission estimates for distribution terminals and service stations may, however, be
made by oil companies for their own environmental reporting purposes.

Emissions from distribution terminals are primarily NMVOCs due to the storage and
loading of refined products, in particular gasolines. Emission estimation methods for
sources of NMVOCs at terminals are provided in Appendix 4.1.
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Some terminals have small steam raising boilers e.g. to heat heavy oil storage
tanks. The algorithms provided in this report can be used to estimate combustion
emissions from these facilities.

Unlike refineries and terminals, storage at service stations is in underground
horizontal tanks. Emissions occur from these due to the displacement of vapours
during filling and the evaporation of the stored gasoline. Emissions also occur due
to the filling of automobile fuel tanks and from minor drips and spills during those
operations. Estimation methods for NMVOC emissions from these sources are
provided in Appendix 4.2.
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5.1.

EMISSION ESTIMATION ALGORITHMS

INTRODUCTION

Algorithms are provided for the E-PRTR air pollutants which may exceed their
emissions reporting thresholds. The level of emissions depends upon the refinery
crude throughput, the process units installed, fuels consumed, type of equipment in
use, procedures in place, etc.

Algorithms are given on a pollutant by pollutant basis in Sections 7 to 30, in the
order of the pollutant list in Appendix 1.

Algorithms are also provided in Appendix 3 for two additional pollutants
(anthracene and naphthalene). It is demonstrated that the emissions of neither of
these pollutants are likely to exceed their E-PRTR reporting thresholds.

Estimation algorithms are given for the sources of each pollutant. A reference is
provided for each method, with additional details where considered appropriate.

If no pollutant algorithm is provided for a source, it is because:

¢ emissions of the pollutant do not occur from that source;

e emissions are considered negligible; or

e no published algorithm has been found or considered appropriate for
sources at refineries.

Table 1 indicates those sources for which pollutant algorithms are provided in this
report.

Emission factors are given in scientific units to 3 significant figures i.e. 5.67E+03 is
equivalent to 5670.

It should be noted that data submitted in E-PRTR reports should be expressed in
kg/year and with three significant digits, e.g. 123 000, 17.9, 2.10.
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5.2.

5.3.

5.4.

EMISSION FACTORS DERIVED FROM MEASUREMENTS WITH DATA
BELOW THE LIMIT OF DETECTION

A few emission factors were originally derived from measurements where, if the
values measured were all below the limit of detection, those data points were set at
the limit of detection level. Where possible, in this report these factors have been
identified and the following rule used to adjust them:

o Where all data points were below the measurement detection limit, the
emissions factor has been set to zero (i.e. it is considered that the
source is not proven).

Where both the averages of data points above and below the limit of detection (the
‘detect’ and ‘non-detect’ values) are provided in a reference, along with the number
of data points used to derive these, a weighted value as calculated below has been
used in this report.

o Weighted factor = [(average detect value x number of detect samples) +
(average non-detect value x number of non-detect samples x detect
ratio)] / total number of samples

where detect ratio = number of detect samples / total number of samples.
Reference: [12], Section 7.4.7

Where only the average of the detect and non-detect values and the detect ratio is
provided in a reference, a weighted value as calculated below has been used in this
report.

o Weighted factor = [(average value x detect ratio) + {(average value / 2) x
(1 - detect ratio)}]

All algorithms where these adjustments have been made are identified in the text.

TREATMENT OF DATA WHERE MEAN AND MEDIAN VALUES
AVAILABLE

In references [11], [13] and [14], both the mean and median values of pollutant
emission data sets are provided. A small number of the data sets used to determine
emission factors are highly skewed, resulting in mean values dominated by a few
very high values that are not representative of the majority of readings. Where the
mean value exceeds the median value by more than a factor of ten, the median has
been considered a more realistic value and has been used in this report. In all other
cases the mean value has been used.

All algorithms where the median value has been used are identified in the text.

OVERVIEW OF COMBUSTION ALGORITHMS
For many of the pollutants arising from combustion sources the published emission
factors are one of the following types:

a) Mass per unit volume combusted (EFyo,)
b) Mass per energy consumed (EFycy)
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5.4.1.

10

To provide a consistent approach within this report, algorithms using emissions
factors based on EFycy are provided. This type of factor enables emissions to be
calculated for fuels which are widely different in composition to those for which
EFvoL was originally determined. Where published factors are only in the form of
EFvoL, the values of EFycy have been calculated using default values for the fuels.
Where appropriate, this is noted within the text. Details, along with the default fuel
heating values used in this report, are provided in Appendix 5.

Heating Values

In the USA, the norm is to use Higher Heating Value (HHV) (or Gross Calorific
Value) for a fuel, whilst in Europe the Net Calorific Value (NCV) (or Lower Heating
Value - LHV) is usually quoted. In this report all heating values quoted are NCVs
and all emission factors involving heat energy require the use of the corresponding
fuel NCV, unless otherwise quoted.

NCV = HHV x Correction Factor for heat of vaporisation of water in the fuel

For liquid fuels:
NCV = HHV x 0.95

For gaseous fuels:
NCV = HHV x 0.9

Reference: [15], Section 3.6.3
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6.1.

6.2.

6.3.

EMISSION CONTROLS

OVERVIEW

The algorithms provided in this report (with the exceptions identified in Sections 6.2
and 6.3) assume that no emission reduction control equipment (e.g. flue gas
desulphurisation system, vapour recovery unit, etc.) is installed in vent lines, stacks
or flues.

Calculated emissions must, therefore, take account of any emission controls. The
algorithm to be used is:

Emissions reported = Uncontrolled emissions x (1 — [EFF x ONTIME] / 10 000)

where:

EFF = Average percentage efficiency of emission reduction control equipment over
reporting period.

ONTIME = Percentage of the time that the emission reduction equipment is
operational when required during the reporting period.

Where there are two or more emission control devices in series impacting a
particular pollutant (e.g. for particulates: cyclone plus electrostatic precipitator) then
the effect of each device on the pollutant emissions must be taken into account. For
example, if two devices are installed, with respective efficiencies of EFF, and EFF,
and operating times of ONTIME, and ONTIME,, then the algorithm is:

Emissions reported = Uncontrolled emissions x {(1 — [EFF; x ONTIME,] / 10 000) x
(1 — [EFF, x ONTIME,] / 10 000)}

For vapour recovery units (VRUs) designed to reduce NMVOC emissions from
loading operations, algorithms are also provided where the average vent emission
concentration is known but not the overall VRU efficiency.

PARTICULATE EMISSIONS FROM CATALYTIC CRACKING UNITS

The algorithms for particulate (PM4o) and metals emissions from these units assume
that there are cyclone systems installed inside the regenerator vessel to separate
the catalyst particles from the hydrocarbon vapours. If additional cyclones or other
emission abatement devices such as electrostatic precipitators are installed external
to the regenerator then the effect of these additional controls to reduce emissions
must be taken into account in the reported emission level.

EMISSIONS FROM CATALYTIC REFORMING UNITS

There are limited references to emissions from catalytic reforming units (CRUSs).
The emission factors quoted in this report for CO and SOy are from reference [14].
This paper uses combined emissions data from a number of units. As some of
these units may have emission abatement controls installed, the factors may not
truly represent uncontrolled emissions.

A review of the emissions for particulates and metals using the factors in reference
[14] for a very high throughput CRU indicated that the estimated emissions were
very small relative to other sources of these pollutants in a large refinery. No factors
for these pollutants have therefore been provided.

11
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71.

12

METHANE (CH.)

Estimation methods are provided for emissions due to:
e Combustion of fuels

e Destruction of gaseous streams in incinerators and flares
¢ Venting to atmosphere of uncontrolled blowdown systems

COMBUSTION OF FUELS

Mass emitted (kg) = (EFncy X M x NCV) / 1000

where:

EFncv = Emission factor (in g/GJ)
M = mass of fuel combusted (in tonnes)
NCV = net calorific value of the fuel combusted (in MJ/kg)

Values for the emission factor EFycy are provided in Table 2.

Table 2 CH,4 Emission Factors for Combustion Sources
SOURCE FUEL EFncy REF
g/GJ
Boilers and Furnaces Distillate (gas oil) 6.98E-01 [15] Section 4,
<10 MW Table 4.4a
(for CO Boilers and Refinery Fuel Oil 1.43E+00 [15] Section 4,
Fired Waste Heat Table 4.4a
Boilers only applies to .
e LPG 9.63E-01 [15] Section 4,
the support fuel firing) Table 443
Natural Gas 1.08E+00 [15] Section 4,
Table 4.4a
Refinery Fuel Gas - 3.26E-01 [15] Section 4,
hydrogen gas content Table 4.4a
< 65% viv
Refinery Fuel Gas - 2.39E-01 [15] Section 4,
hydrogen gas content Table 4.4a
= 65% viv
Boilers and Furnaces Distillate (gas oil) 1.68E-01 [15] Section 4,
10 MW to 100 MW Table 4.4a
Refinery Fuel Oil 3.02E+00 [15] Section 4,
Table 4.4a
LPG 9.63E-01 [15] Section 4,
Table 4.4a
Natural Gas 1.08E+00 [15] Section 4,
Table 4.4a
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711,

SOURCE FUEL EFncy REF
g/GJ
Boilers and Furnaces Refinery Fuel Gas - 3.26E-01 [15] Section 4,
10 MW to 100 MW hydrogen gas content Table 4.4a
< 65% viv
Refinery Fuel Gas - 2.39E-01 [15] Section 4,
hydrogen gas content Table 4.4a
= 65% viv
Boilers and Furnaces Distillate (gas oil) 9.05E-01 [15] Section 4,
> 100 MW Table 4.4a
Refinery Fuel Oil 8.45E-01 [15] Section 4,
Table 4.4a
Natural Gas 1.08E+00 [15] Section 4,
Table 4.4a
Refinery Fuel Gas - 3.26E-01 [15] Section 4,
hydrogen gas content Table 4.4a
<65% viv
Refinery Fuel Gas - 2.39E-01 [15] Section 4,
hydrogen gas content Table 4.4a
= 65% viv
Gas Turbine’ Natural Gas 4.11E+00 [15] Section 4,
Table 4.5
Gas Engine Natural Gas 5.97E+02 [15] Section 4,
4-stroke, Lean Burn Table 4.5
Diesel Engine2 Diesel Fuel 3.67E+00 [15] Section 4,
Large, Stationary Table 4.5
Incinerator Support LPG 9.63E-01 [15] Section 4,
Fuel or Flare Pilot Fuel Table 4.4a
Natural Gas 1.08E+00 [15] Section 4,
Table 4.4a
Refinery Fuel Gas - 3.26E-01 [15] Section 4,
hydrogen gas content Table 4.4a
<65% viv
Refinery Fuel Gas - 2.39E-01 [15] Section 4,

hydrogen gas content
2 65% viv

Table 4.4a

Notes:

1. Factor derived from turbines operating at high (= 80%) loads.
2. Factor is derived from data from one engine with 9% CHa by weight in the exhaust gas.

Other Fuels

In the absence of specific emission factors for other gaseous fuels (e.g. low joule
gas) it is recommended to use the value of EFycy for natural gas from Table 2.

13
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7.2,

7.21.

7.21.1.

7.21.2.

7.2.2,

7.3.

14

DESTRUCTION OF GASEOUS STREAMS

Flares

The following algorithms are for emissions from the combustion of the flare gas. For
emissions from the combustion of the pilot gas fuel used to initiate flare combustion,
use the algorithms in Section 7.1.

Flare Stream Details Known

If the mass and composition of the flare stream are known:
Mass emitted (kg) = 5.00E-00 x M x MF¢y,

where:
M = total mass of gas flared (in tonnes)
MFcns = mass fraction of methane in gas flared

This algorithm assumes that 0.5% of the hydrocarbons remain unburned in “well
designed and operated flares, such as in refineries”.

Reference: [15], Section 4.4, Figure 4-2.

Flare Stream Details Unknown

If the mass and composition are not known and a flare gas recovery system is not
installed, a conservative factor based on refinery feed can be used:

Mass emitted (kg) = 2.28E-05 x Refinery Feed (in m®)
Reference: [15], Section 4.4, Table 4-7.

If a flare gas recovery system is installed it can be considered to be an emissions
control device. The equation in Section 6.1 can be used (with EFF = flare gas
recovery system efficiency) to adjust the emissions estimate obtained from the
algorithm above.

Incinerators

For all incinerator gas streams, use the algorithm in Section 7.1 with an emission
factor EFncy equal to that for natural gas combustion in a furnace.

For emissions from the combustion of the auxiliary fuel used to support incineration,
also use the algorithm in Section 7.1.

FUEL GAS SYSTEMS

Fugitive emissions can occur from the components e.g. valves, flanges, etc., in fuel
gas lines containing methane. Emissions may be determined from leak monitoring
surveys where CH,4 concentrations are measured, or calculated using equipment
component counts (see Section 13.5). Where neither of these is available, a
conservative emissions estimate can be obtained from:
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7.4.

Mass emitted (kg) = 3.00E-01 x M x MFcp,4
where:

M = total mass of fuel gas combusted (in tonnes)
MFcns = mass fraction of methane in fuel gas

Reference: [16], Appendix E.

UNCONTROLLED BLOWDOWN SYSTEMS

The gaseous emissions from blowdown systems in EU refineries are recovered
and/or flared.

If these controls are not operational and all of the emissions are released to
atmosphere, the total hydrocarbons emissions can be conservatively estimated
using the factor provided in reference [6], Table 5.1-1. This reference states that
methane comprises less than 1% by mass of the total hydrocarbon emissions.

15
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CARBON MONOXIDE (CO)

Estimation methods are provided for emissions due to:
e Combustion of fuels
e Destruction of gaseous streams in incinerators and flares
o Partial burn regeneration of fluidised catalytic cracking units (FCCUs)
[ )

Regeneration of catalytic reforming units

COMBUSTION OF FUELS

Mass emitted (kg) = (EFxcy * M x NCV) / 1000

where:

EFncv = Emission factor (in g/GJ)
M = mass of fuel combusted (in tonnes)
NCV = net calorific value of the fuel combusted (in MJ/kg)

Values for the emission factor EFycy are provided in Table 3.

Table 3 CO Emission Factors for Combustion Sources
SOURCE FUEL EFncy REF
g/GJ
Boilers and Furnaces Distillate (gas oil)’ 1.62E+01 [17] Section 1.3,
<10 MW Table 1.3-1
(for CO Boilers and Refinery Fuel Oil’ 1.51E+01 [17] Section 1.3,
Fired Waste Heat Table 1.3-1
Boilers only applies to 2 .
e LPG 3.71E+01 [17] Section 1.5,
the support fuel firing) Table 1 5-1
Natural Gas 3.93E+01 [17] Section 1.4,
Table 1.4-1
Boilers and Furnaces Distillate (gas oiI)’ 1.62E+01 [17] Section 1.3,
10 MW to 100 MW Table 1.3-1
Refinery Fuel oil’ 1.51E+01 [17] Section 1.3,
Table 1.3-1
LPG? 3.71E+01 [17] Section 1.5,
Table 1.5-1
Natural Gas 3.93E+01 [17] Section 1.4,
Table 1.4-1
Boilers and Furnaces Distillate (gas oil)1 1.62E+01 [17] Section 1.3,
> 100 MW Table 1.3-1
Refinery Fuel oil’ 1.51E+01 [17] Section 1.3,
Table 1.3-1
LPG? 3.47E+01 [18] SCC
10101002
Natural Gas 3.93E+01 [17] Section 1.4,
Table 1.4-1
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8.1.1.

8.2.

8.21.

8.21.1.

SOURCE FUEL EFncy REF
g/GJ
Gas Turbine’ Distillate (gas oil)4 1.49E+00 [19] Section 3.1,
Table 3.1-1
Natural Gas 3.92E+01 [19] Section 3.1,
Table 3.1-1
Gas Engine5 Natural Gas 2.66E+02 [19] Section 3.2,
4-stroke, Lean Burn Table 3.2-2
Diesel Engine Diesel Fuel 3.85E+02 [19] Section 3.4,
Large, Stationary Table 3.4-1
Incinerator Support LPG? 3.71E+01 [17] Section 1.5,
Fuel or Flare Pilot Fuel Table 1.5-1
Natural Gas 3.93E+01 [17] Section 1.4,
Table 1.4-1
Notes:
1. Reference [17], Table 1.3-1, note e states that CO emissions may increase by factors

of 10 to 100 if the unit is improperly operated or not well maintained.

2. Factor is for propane combustion.

3. Factor derived from turbines operating at high (= 80%) loads.

4. Factor provided in reference [19] was derived using HHV of 139 MBtu/10° US gal.
5. Factor derived from engines operating at < 90% load.

Other Fuels

In the absence of specific emission factors for other gaseous fuels (e.g. refinery fuel
gas, low joule gas) it is recommended to use the value of EFycy for natural gas from
Table 3.

DESTRUCTION OF GASEOUS STREAMS

Flares

The following algorithms are for emissions from the combustion of the flare gas. For
emissions from the combustion of the pilot gas fuel used to initiate flare combustion,
use the algorithms in Section 8.1.

Flare Stream Details Known

If the mass and composition of the flare stream are known:
Mass emitted (kg) = 1.77E-01 x M x NCV

where:

M = mass of flare gas combusted (in tonnes)

NCV = net calorific value of the flare gas combusted (in MJ/kg)

Reference: [20], Section 4.2.1, Table 8.

17
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Flare Stream Details Unknown

If the mass and composition are not known and a flare gas recovery system is not
installed, a conservative factor based on refinery feed can be used:

Mass emitted (kg) = 1.20E-02 x Refinery Feed (in m3)

Reference: [21], Activity 090203, Section 8, Table 2.

If a flare gas recovery system is installed it can be considered to be an emissions
control device. The equation in Section 6.1 can be used (with EFF = flare gas

recovery system efficiency) to adjust the emissions estimate obtained from the
algorithm above.

Incinerators

For all incinerator gas streams, use the algorithm in Section 8.1 with an emission
factor EFncy equal to that for natural gas combustion in a furnace.

For emissions from the combustion of the auxiliary fuel used to support incineration,
also use the algorithm in Section 8.1.

CATALYTIC CRACKING UNIT REGENERATORS

CO is produced during the regeneration process and depends upon its severity.
Emissions from partial burn regeneration are normally controlled with a CO boiler.

It is anticipated that EU refineries will estimate CO, emissions from FCCUs using
the algorithm in Section 9.3. In this case, the CO emissions will be determined
from measurements of flue gas flow and CO concentration.

Where the method in Section 9.3 is not used, CO emissions can be estimated using
the following:

Full Burn Regeneration

CO emissions are deemed to be negligible.

Partial Burn with CO Boiler
CO emissions are deemed to be negligible.

Reference: [6], Table 5.1-1.

Partial Burn without CO Boiler
If there is no CO boiler in operation:
Mass emitted (kg) = 3.92E+01 x Volume of fresh feed to unit (in m®)

Reference: [6], Table 5.1-1.
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8.4.

CATALYTIC REFORMING UNITS
Mass emitted (kg) = 4.16E-02 x Volume of feed to unit (in m3)

Reference: [14], Table 1. This reference uses data from a number of units with
varying degrees of abatement equipment installed — see Section 6.3. It also
provides data on the number of data points both above and below the limit of
detection. The emission factor is a weighted value using both sets of data — see
Section 5.2 of this report.

19
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CARBON DIOXIDE (CO5)

Estimation methods are provided for emissions from:

e Combustion of fuels
Destruction of gaseous streams in incinerators and flares
Catalytic cracking unit regenerators
Other catalyst regeneration e.g. in catalytic reforming units
Fluid and Flexi-cokers
Hydrogen plants

European refineries must estimate their CO, emissions under the terms of the EU
greenhouse gas emission allowance trading scheme [22]. Reference [23] sets out
detailed guidelines for the monitoring and reporting of CO, emissions.

COMBUSTION

Reference [23] specifies that CO, emissions from combustion installations be
calculated by multiplying the energy content of each fuel used by an emission factor
and an oxidation factor (default value equal to one). This requires the NCV of each
fuel to be determined along with activity-specific emission factors.

The algorithm provided below applies the fundamental principle of complete
stoichiometric combustion using the value of carbon content of the fuel. This
approach reduces the emission calculation uncertainty as only carbon content has
to be determined instead of values for both NCV and emission factor,

Mass emitted (kg) = 1000 x M x MFcareon X CFCuw

where:

M = mass of fuel burnt (in tonnes)

MF carson = mass fraction of carbon in fuel

CFCmw = Molecular weight conversion from C to CO, = (44.01/12.01) = 3.664

Thus for refinery oil and gaseous fuels:

Mass emitted (kg) = 3.664E+03 x M x MFcargon

DESTRUCTION OF GASEOUS STREAMS

Flares

The following algorithms are for emissions from the combustion of the flare gas. For
emissions from the combustion of the pilot gas fuel used to initiate flare combustion,
use the algorithm in Section 9.1.

Flare Stream Details Known

If the mass and composition of the flare stream are known, use algorithm in
Section 9.1, where:

M = mass of flare gas burnt (in tonnes)

MFcarson = mass fraction of carbon in flare gas
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9.2.1.2.

9.2.1.3.

9.2.2.

9.3.

[23] specifies this methodology for CO, reporting purposes by European refineries.

Flare Stream Composition Unknown
If the composition of the flare gas stream is not known, a conservative factor based
on the combustion of ethane can be used:

Mass emitted (kg) = 3.93E+00 x Volume of gas flared (in m3)

Reference: [23], Annex I, Section 2.1.1.3 (b).

Flare Stream Details Unknown

If both the mass and the composition of the flare gas stream are not known and a
flare gas recovery system is not installed, a conservative factor based on refinery
feed can be used:

Mass emitted (kg) = 3.14E+00 x Refinery Feed (in tonne)
Reference: [24], Section 3, Table 5.

If a flare gas recovery system is installed it can be considered to be an emissions
control device. The equation in Section 6.1 can be used (with EFF = flare gas
recovery system efficiency) to adjust the emissions estimate obtained from the
algorithm above.

Incinerators

Use algorithm in Section 9.1, where:
M = mass of gas incinerated (in tonnes)
MFcarson = mass fraction of carbon in gas incinerated

CATALYTIC CRACKING UNIT REGENERATORS

Reference [23] requires that emissions shall be calculated by a material balance
approach, taking into account the state of the input air and the flue gas. Note that for
CO, reporting, all CO in the flue gas shall be reported as CO,.

[25] provides the following algorithm:

Mass emitted (kg) = (AR + SR) x (VF¢o, + VF¢o) X CONyoL x TIME
where:

AR = Air blower capacity (in m*minute)

SR = Supplemental oxygen addition rate (in m*minute)

VFco2 = Volume fraction of CO,in flue gas

VFco = Volume fraction of CO in flue gas (prior to CO boiler if installed)

CONyo. = Volume conversion factor at 15 C = 44 / MCF

MCF = Molar conversion factor at 15 C = (22.4 x 288 / 273) = 23.631 m*/kgmole
TIME = time blower operated (in minutes)

21
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Thus:

Mass emitted (kg) = 1.86E+00 x (AR + SR) % (VF¢o, + VF¢o) * TIME
Reference: [15], Section 5.2.1, equation 5-4.

FCCU With CO Boiler

Mass emitted (kg) = 1.86E+00 x (AR + SR) x (VF¢o, + VFco) x TIME

FCCU Without CO Boiler

Mass emitted (kg) = 1.86E+00 x (AR + SR) x VFco; x TIME

OTHER CATALYST REGENERATION

CO, is produced during the catalyst regeneration in reforming and hydro-processing
units.

Flue Gas Flow and Composition Known

Reference [23] specifies that the method provided in Section 9.3 should be used.

Flue Gas Details Unknown

The following algorithm conservatively assumes complete stoichiometric combustion
of the carbon in the coke deposited on the catalyst. In practice there will be small
emissions of CO (see Section 8.4).

Mass emitted (in kg) = 3.66E+03 x CR x MFcarp * Feed

where:

CR = Mass ratio of coke produced per feed

MFcare = Mass fraction of carbon in coke

Feed = Feed to unit (in tonnes)

Reference: [15], Section 5.2.4.

COKERS

There are several varieties of cokers in use in refineries, including delayed cokers,
fluid cokers, and flexi-cokers.

Delayed cokers will not have CO, emissions, other than from their process heaters
[15]. These should be calculated using the fuel combustion algorithm in Section 9.1.

Fluid cokers and flexi-cokers may have a CO, vent resulting from the coke burner.

Reference [23] specifies that the method provided in Section 9.3 should be used for
flexi-cokers.
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For cokers where flue gas flow and composition are unknown:
Mass emitted (in kg) = 3.66E+03 x CR x MFcarg * Feed
where:

CR = Mass ratio of coke produced per feed

MFcarg = Mass fraction of carbon in coke

Feed = Feed to unit (in tonnes)

Reference: [15], Section 5.2.3.

If the burner off-gas is burned as a low joule gas fuel, the subsequent emissions
should be calculated using the fuel combustion algorithm in Section 9.1.

9.6. HYDROGEN PLANTS

CO, is produced during the hydrogen production process.

9.6.1. Feed Composition Data Known

Reference [23] specifies that emissions should be calculated from the carbon
content of the feed gas.

Mass emitted (kg) = 3.66E+03 x MFcarpg * Feed
where:

MFcare = mass fraction of carbon in feed gas
Feed = Feed to unit (in tonnes)

9.6.2. Feed Composition Data Unknown

If the composition of the feed gas is not known, a conservative factor based on an
ethane feed can be used:

Mass emitted (kg) = 2.90E+03 x Feed to unit (in tonnes)

Reference: [23], Annex Ill, Section 2.1.2.2 (b).

23
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HYDROFLUOROCARBONS (HFC)

Hydrofluorocarbons (HFCs) may be used as refrigerants in refinery thermal
exchange equipment.

Emissions are assumed to equal the amount used during the reporting period to top-
up systems to replenish losses due to uncontrolled leakage.

Mass emitted (kg) = Mass used to top-up refrigerant systems (in kg)

Usage where the systems have been fully or partially drained and refrigerants
collected for recycling or destruction should not be reported.
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11.

11.1.

NITROUS OXIDE (N;0)

Estimation methods are provided for emissions from:
e Combustion of fuels
e Destruction of gaseous streams in incinerators

COMBUSTION OF FUELS

Mass emitted (kg) = (EFncy * M x NCV) /1000

where:
EFncv = Emission factor (in g/GJ)

M = mass of fuel combusted (in tonnes)
NCV = net calorific value of the fuel combusted (in MJ/kg)

Values for the emission factor EFycy are provided in Table 4.

Table 4 N,O Emission Factors for Combustion Sources
SOURCE FUEL EFncy REF
g/GJ
Boilers and Furnaces Distillate (gas oil) 8.40E-01 [15] Section 4,
(for CO Boilers and Table 4.4a
Fired Waste Heat Refinery Fuel Oil 1.60E+00 [15] Section 4,
Boilers only applies to Table 4.4a
the support fuel firing) - I o~ 4.33E+00 [15] Section 4,
Table 4.4a
Natural Gas 1.03E+00 [15] Section 4,
Table 4.4a
Natural Gas (where 3.00E-01 [15] Section 4,
low NOy burners Table 4.4a
fitted)
Gas Turbine’ Natural Gas 1.43E+00 [15] Section 4,
Table 4.5
Gas Engine Natural Gas Not [15] Section 4,
4-stroke, Lean Burn Detected’ Table 4.5
Diesel Engine Diesel Fuel 2.21E+00 [15] Section 4,
Large, Stationary Table 4.5
Incinerator Support LPG 4.33E+00 [15] Section 4,
Fuel or Flare Pilot Fuel Table 4.4a
Natural Gas 1.03E+00 [15] Section 4,
Table 4.4a

Notes:

1.

operating at high (= 80%) loads.

Factor based on limited source tests on a single turbine with water-steam injection and

25
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2. Compound was not detected. The emission factor stated in reference [15] represents the
detection limit. For the purposes of this report the emission factor is considered to be zero
as source not proven (See Section 5.2 of this report).

Other Fuels
In the absence of specific emission factors for other gaseous fuels (e.g. refinery fuel

gas, low joule gas) it is recommended to use the value of EFycy for natural gas from
Table 4.

DESTRUCTION OF GASEOUS STREAMS IN INCINERATORS

For all incinerator gas streams, use the algorithm in Section 11.1 with an emission
factor EFncv equal to that for natural gas combustion in a furnace.

For emissions from the combustion of the auxiliary fuel used to support incineration,
also use the algorithm in Section 11.1.
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12.

12.1.

12.1.1.

12.1.2.

12.2.

AMMONIA (NH;)

Estimation methods are provided for emissions from:
¢ Selective Non-Catalytic NOx Reduction (SNCR) systems
o Selective Catalytic NOx Reduction (SCR) systems
¢ Refrigeration systems
e Catalytic Cracking Unit Regenerators

NOx REDUCTION SYSTEMS

Ammonia is produced as a by-product by SCR and SNCR systems installed in flues
to reduce NOx emissions.

SNCR
The emission algorithms are:

Mass emitted (kg) = 3.50E-01 x Vg,
or
Mass emitted (kg) = 2.88E+02 x Vgas

where:
Vo = Volume of oil combusted in device connected to SNCR (in m3)
Veas = Volume of gas combusted in device connected to SNCR (in million m3)

Reference: [26], Section 5.4, Table 5-5.

SCR
The emission algorithms are:

Mass emitted (kg) = 1.70E-01 x Vg,
or
Mass emitted (kg) = 1.46E+02 x Vgas

where:
VoL = Volume of oil combusted in device connected to SCR (in m3)
Veas = Volume of gas combusted in device connected to SCR (in million m3)

Reference: [26], Section 5.4, Table 5-5.

REFRIGERATION SYSTEMS
Ammonia may be used as a refrigerant in refinery thermal exchange equipment.

Emissions are assumed to equal the amount used during the reporting period to top-
up systems to replenish losses due to uncontrolled leakage.

Mass emitted (kg) = Mass used to top-up refrigerant systems (in kg)

27
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Usage where the systems have been fully or partially drained and refrigerants
collected for recycling or destruction should not be reported.

CATALYTIC CRACKING UNIT REGENERATORS

NH; is produced during the regeneration process and depends upon its severity.
Emissions from partial burn regeneration are normally controlled by a CO boiler.

Full Burn Regeneration
Emissions are deemed to be negligible

Reference: [27], Section 9.3.4.

Partial Burn with CO Boiler
Emissions are deemed to be negligible

Reference: [27], Section 9.3.4.

Partial Burn without CO Boiler
If there is no CO boiler in operation:
Mass emitted (kg) = 1.55E-01 x Volume of fresh feed to unit (in m3)

Reference: [26], Section 4, Table 4.1.
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13.

13.1.

NON-METHANE VOLATILE ORGANIC COMPOUNDS (NMVOC)

Estimation methods are provided for emissions from:

e Combustion of fuels
Destruction of gaseous streams in incinerators and flares
Catalytic cracking unit regenerators
Fluid cokers
Components under pressure e.g. pumps and valves (“fugitives”)
Process drains
Oil-water separators
Loading of mobile containers (rail-cars, road tankers, ships and barges)
Storage tanks
Venting to atmosphere of uncontrolled blowdown systems
Uncontrolled bitumen blowing

The driver for reporting VOC emissions is photochemical production of ozone.
Methane has a negligible photochemical reactivity. In Europe this compound is
therefore excluded from the “basket” of reactive VOCs which are collectively
referred to as non-methane volatile organic compounds (NMVOC). The US EPA
also considers ethane to have a significantly low reactivity. A number of emission
factors developed by the EPA, therefore, are for non-(methane and ethane) VOCs.
Those NMVOC emission factors provided in this section which exclude ethane
emissions are identified.

COMBUSTION OF FUELS

Mass emitted (kg) = (EFncy* M x NCV) / 1000

where:

EFncv = Emission factor (in g/GJ)

M = mass of fuel combusted (in tonnes)

NCV = net calorific value of the fuel combusted (in MJ/kg)

Values for the emission factor EFycy are provided in Table 5.

Table 5 NMVOC Emission Factors for Combustion Sources
SOURCE FUEL EFncy REF
g/GJ

Boilers and Furnaces Distillate (gas oil) 1.10E+00 [17] Section 1.3,

<10 MW Table 1.3-3
(for CO Boilers and Refinery Fuel Oil 3.41E+00 [17] Section 1.3,

Fired Waste Heat Table 1.3-3

Boilers only applies to 7 .

e LPG 3.96E+00 [17] Section 1.5,

the support fuel firing) Table 1 51
Natural Gas? 2.58E+00 [17] Section 1.4,

Table 1.4-2

29
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SOURCE FUEL EFncy REF
g/GJ
Boilers and Furnaces Distillate (gas oil) 6.47E-01 [17] Section 1.3,
10 MW to 100 MW Table 1.3-3
Refinery Fuel Oil 8.45E-01 [17] Section 1.3,
Table 1.3-3
LPG’ 3.96E+00 [17] Section 1.5,
Table 1.5-1
Natural Gas?® 2.58E+00 [17] Section 1.4,
Table 1.4-2
Boilers and Furnaces Distillate (gas oil) 2.46E+00 [17] Section 1.3,
> 100 MW Table 1.3-3
Refinery Fuel Oil 2.29E+00 [17] Section 1.3,
Table 1.3-3
LPG? 2.27E+00 [18] SCC
10101002
Natural Gas® 2.58E+00 [17] Section 1.4,
Table 1.4-2
Gas Turbine?? Distillate (gas oil)* 1.86E-01 [19] Section 3.1,
Table 3.1-2a
Natural Gas 1.00E+00 [19] Section 3.1,
Table 3.1-2a
Gas Engine’ Natural Gas 5.64E+01 [19] Section 3.2,
4-stroke, Lean Burn Table 3.2-2
Diesel Engine5 Diesel Fuel 3.71E+01 [19] Section 3.4,
Large, Stationary Table 3.4-1
Incinerator Support LPG’ 3.96E+00 [17] Section 1.5,
Fuel or Flare Pilot Fuel Table 1.5-1
Natural Gas? 2.58E+00 [17] Section 1.4,
Table 1.4-2

Notes:

1.

arowbd

NMVOCs.

Other Fuels

Factor is for propane combustion. Derived by subtracting the emissions factor for
methane from that for total organic compounds.

Factor excludes ethane emissions.
Factor derived from turbines operating at high (= 80%) loads
Factor provided in reference [19] was derived using HHV of 139 MBtu/10® US gal.
Based on data from one engine with exhaust gas TOC composition by weight of 91%

In the absence of specific emission factors for other gaseous fuels (e.g. refinery fuel
gas, low joule gas) it is recommended to use the value of EFycy for natural gas from
Table 5.
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13.2.

13.2.1.

13.2.1.1.

13.2.1.2.

13.2.2.

13.3.

DESTRUCTION OF GASEOUS STREAMS

Flares

The following algorithms are for emissions from the combustion of the flare gas. For
emissions from the combustion of the pilot gas fuel used to initiate flare combustion,
use the algorithm in Section 13.1.

Flare Stream Details Known

If the mass and composition of the flare stream are known:

Mass emitted (kg) = 5.00E-00 x M x MFyuvoc

where:
M = total mass of gas flared (in tonnes)
MFnmvoc = mass fraction of NMVOC in gas flared

This algorithm assumes that 0.5% of the hydrocarbons remain unburned in “well
designed and operated flares, such as in refineries”.

Reference: [15], Section 4.4.

Flare Stream Details Unknown

If the mass and composition are not known and a flare gas recovery system is not
installed, a conservative factor based on refinery feed can be used:

Mass emitted (kg) = 2.00E-03 x Refinery Feed (in m®)

This factor is for total unburned hydrocarbons. Comparison with the emission factor
for methane (Section 7.2.1.2) indicates that methane is assumed to constitute
about 1% by mass of the total unburned hydrocarbons.

Reference: [21], Activity 090203, Section 8, Table 2.

If a flare gas recovery system is installed it can be considered to be an emissions
control device. The equation in Section 6.1 can be used (with EFF = flare gas

recovery system efficiency) to adjust the emissions estimate obtained from the
algorithm above.

Incinerators

For all incinerator gas streams, use the algorithm in Section 13.1 with an emission
factor EFycv equal to that for natural gas combustion in a furnace.

For emissions from the combustion of the auxiliary fuel used to support incineration,
also use the algorithm in Section 13.1.

CATALYTIC CRACKING UNIT REGENERATORS

NMVOCs are produced during the regeneration process. Emissions from units
operating with partial burn regeneration are normally controlled with a CO boiler.

31
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Full Burn Regeneration

Emissions are deemed to be negligible

Partial Burn with CO Boiler
Emissions are deemed to be negligible

Reference: [6], Table 5.1-1.

Partial Burn without CO Boiler
If there is no CO boiler in operation:
Mass emitted (kg) = 6.30E-01 x Volume of fresh feed to unit (in m®)

This factor is for total hydrocarbons (THC). Reference [6] states that, overall, less
than 1% by mass of THC emissions is methane.

Reference: [6], Table 5.1-1.

FLUID COKERS
If the off-gas is not fed to a CO boiler, or it is not in operation:
Mass emitted (kg) = 4.60E-02 x Feed to unit (in m3)

Reference: [20], Section 4.2.1, Table 8.

FUGITIVE EMISSIONS FROM PRESSURISED COMPONENTS

Emissions can occur due to leakage past seals on components installed in
pressurised pipework or process plant e.g. valves, pumps, flanges, etc.

Emission estimates can be made by:

e Measuring the VOC concentration adjacent to potential leak points and
estimating the emission flux using correlation equations or emission factors.

o Detecting leaks using optical gas imaging.

e Using average emission factors for individual types of components and their
process service, where the number of components is known.

¢ Using a conservative overall emission factor based on refinery throughput.

Note that this Section does not deal with emissions from low pressure equipment
such as drains, oil-water separators, loading systems and product storage tanks.
Emission estimation methodologies for these sources are provided separately — see
Sections 13.6, 13.8 and 13.9.
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13.5.1.

13.5.1.1.

13.5.1.2.

Leak Detection Surveys Undertaken

Leaking components can be identified either using a conventional hydrocarbon
monitor to measure the VOC concentration adjacent to potential leak points or an
optical gas imaging (OGI) camera can be used to visualise gas leaks remotely.

This report does not provide details of the measurement methods. A CONCAWE
Report [28] provides a comparative review of conventional and OGI techniques for
leak detection.

Conventional Hydrocarbon Monitor

This method requires the “screening” of leak sources by measuring the
concentration of VOCs at the surface of each potential source using a conventional
hydrocarbon monitor. The local VOC concentration (“screening value”) at the
surface of a leak source is converted into an emission flux using a correlation
equation or emission factors.

Details of the methodologies and the calculation of emissions are provided by the
US EPA [29] and in the European CEN Standard on fugitive emission estimation
[30].

Optical Gas Imaging Camera

In this method emissions are estimated using a “leak” / “no-leak” criterion where the
emission factor used depends on the "leak" detection sensitivity of the camera. The
emission factors for each equipment type for specified camera detection limits are
provided in Table 6.

The emissions can be calculated for each equipment type and service using:
Mass emitted (kg) = [(FLeak * Nieak) * (Fno-Leak X Nno-Leak)] * TIME

where:

FLeak = Emission factor for leaking components according to the detection limit of
the camera

N eak = Number of components identified as leaking

Fno-Leak = Emission factor for non-leaking components according to the detection
limit of the camera

Nno.Leak = Number of components identified as not leaking

TIME = Time that the equipment is in operation and pressurised (in hours).

Details of the methodology and the calculation of emissions are provided in
Concawe report 6/08 [28] and in reference [31].
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Table 6 Leak/No-Leak Emission Factors where optical gas imaging (OGI)
is used to detect leaks

Equipment Factor Type Emission Factor for Specified OGI Leak
Type Definition for different camera sensitivity
settings
kg/hr/source
3 g/hr 6 g/hr 30 g/hr 60 g/hr

Valves Leak 5.50E-02 7.30E-02 | 1.40E-01 | 2.00E-01

No-Leak 1.90E-05 4.30E-05 | 1.70E-04 | 2.70E-04
Pumps Leak 1.40E-01 1.60E-01 | 3.10E-01 | 3.50E-01

No-Leak 9.60E-05 1.30E-04 | 5.90E-04 | 7.50E-04
Flanges Leak 2.90E-02 4.50E-02 | 8.80E-02 | 1.20E-01

No-Leak 2.60E-06 4.10E-06 | 1.00E-05 | 1.40E-05
All other Leak 5.60E-02 7.50E-02 | 1.50E-01 | 2.10E-01
components I No-Leak 7.00E-06 | 1.40E-05 | 5.10E-05 | 8.10E-05

Reference: [31]

Definitions of “Service”

Reference [30] provides the following definitions for “service”:

e Gas service: equipment which in use contains process fluid that is in the
gaseous state at operating conditions.

o Light liquid service: equipment which in use contains hydrocarbon streams of
which at least 20% wt has a vapour pressure in excess of 0.3 kPa at 20°C.
For example, this includes automotive and aviation gasolines and crude oil. It
excludes products such as kerosenes and gasoils.

Leak Detection Surveys Not Undertaken

Component Data Available

Where no monitoring (or only a partial survey) has been undertaken, the emissions
from un-surveyed equipment can be calculated using:

Mass emitted (kg) = Fcomp X N x TIME

where:

Fcomp = Average emission factor for the particular equipment type as in Table 7.

N = Number of pieces of equipment grouped in the relevant category according to
the equipment type, service and operation.

TIME = Time that the equipment group is in operation and pressurised (in hours).

This algorithm is conservatively high as it assumes that the product contained within
the equipment components wholly comprises NMVOCs i.e. it does not account for
non-NMVOC components contained within the fugitive emission. However, the non-
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NMVOC emissions will mainly be methane e.g. from fuel gas, and this has the
lowest density of the hydrocarbons emitted. For fuel gas systems this can be
compensated for; see Section 7.3 for methane emission estimation. Moreover, the
number of equipment components in pipelines containing low concentration
NMVOC streams (e.g. low joule gas) is generally a very small percentage of the
total components on a refinery.

Table 7 Average Emission Factors for Components
Equipment Type Service Emission Factor
kg/hr/source
Valves Gas 2.68E-02
Light Liquid 1.09E-02
Pump seals Light Liquid 1.14E-01
Compressor seals Gas 6.36E-01
Pressure relief valves Gas 1.60E-01
Flanges and non-flanged connectors All 2.50E-04
Open-ended lines All 2.30E-03
Sampling connections All 1.50E-02

Reference: [30]

Component counts

The count can be based on up-to-date piping and instrumentation diagrams,
equipment lists, operating manuals or physical component counts. The count
should include spare components if these are filled with process fluid and are
pressurised.

If actual counts are not available, an extrapolation can be made from published
information. Reference [32] cites an example of a US refinery of 52 500 m3/day
capacity having 11 500 valves, 46 500 flanges, 350 pump seals, 70 compressor
seals and 100 relief valves.

Alternatively, reference [27], Section 3.4.1, Table 3-1, provides the following
“average” refinery data:

Emission Source Gas Liquid
Component

Valves per pump or 133 41
compressor

Flanges per valve 4.1 4.1

Mixer seals per mixer - 1

Pump seals per pump - 1.35

Compressor seals per 2 -
compressor
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No Component Data Available

A conservative emission factor can be used if no data on components are available:
Mass emitted (kg) = 2.00E-01 x Refinery feed (in tonnes)

Reference: [5], Chapter 1.B.2.a.iv, Table 3-6.

OILY-WATER COLLECTION AND TREATMENT SYSTEMS

Contaminated waste water systems principally comprise process drains and a water
treatment facility, such as a gravity separator. The emissions from oily-water
systems vary significantly with time, depending, for example, on the amount and
volatility of the entrained oil, waste water temperature, flow, etc.

Emissions can be estimated for the entire system using complex models available
as software packages (see Section 13.6.1).

Alternatively, the emissions from the process drains and the separator systems can
be estimated separately (see Sections 13.6.2 and 13.6.3).

Emission Estimation Models For Entire System

There are a number of complex estimation models available to calculate emissions
from waste water systems. They aim to estimate average emission rates of
individual species for each of the system components, collectively permitting the
determination of the overall emissions from a refinery wastewater collection and
treatment system.

The US EPA has developed a freely available computer program model called
WATERS9 [33]. This is Windows based and consists of analytical expressions for
estimating air emissions of individual waste constituents in waste water collection,
storage, treatment, and disposal facilities. Reference [34] provides the mathematical
equations used in this model.

It should be noted that the input data demands of the model are large and require
considerable sampling and analyses to be undertaken. However, it is likely that the
increased level of characterisation of the hydrocarbons present in the refinery's
waste water will lead to more accurate estimation of emissions than the more simple
emission factor approach.

Process Drains

The following algorithm provides an estimate for emissions from the entire refinery
process drain system in oily-water service. Note that drain systems on clean water
(with minimal potential for contact with oil) and storm water are excluded.

Process drains and junction boxes are normally fitted with an emission control
device such as a water seal or sealed cover. An assessment needs to be made to
establish how many of the drain covers are unsealed and vent directly to
atmosphere.

Mass emitted (kg) = 3.20E-02 x N x TIME
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where:
N = number of unsealed drain openings in the refinery process drain system.
TIME = period of emission estimate in hours (for E-PRTR annual reports = 8760)

This factor excludes ethane emissions.

Reference: [27], Section 7.5, Table 7-3.

Oil-Water Separators

Emissions from separators can be determined using simple emission factors which
are known to give conservatively high estimates. Alternatively, an algorithm can be
used for uncovered gravity separators which requires, as a minimum, data on
separator inlet flow and entrained oil concentration. Sampling and analysis thus
have to be undertaken and due to the temporal variability of the input parameters
the estimation accuracy will depend on the frequency of testing.

Gravity Separator - where separator inlet monitoring data available

An estimate for the emissions from uncovered API type separators is provided by:

Mass emitted (kg) =1.00E-04 x D x V x (574 X Tamg — 5.15 x Tpp +38.6 x Tyyw +
33.6) x TIME

where:

D = liquid density of evaporated hydrocarbons (kg/m3). If unknown, [36] provides a
default average value of 660 kg/m®

V = flow rate of hydrocarbons entering the separator (m®/h). Calculated from data on
waste water flow and concentration of hydrocarbons in the waste water.

Tams = ambient water temperature (°C)

Top = 10% distillation point (°C). If unknown, [36] provides a default average value of
150°C

Tww = Waste water temperature (°C)

TIME = period of emission estimate in hours (for E-PRTR annual reports = 8760)

Reference: [35], developed in reference [36], Section 5.2.

Where a cover is fitted to a gravity separator, the emissions abatement efficiency
can be assumed to be 97% [27].

Simple Algorithms

These algorithms assume emissions to be dependent solely on the type of
separator installed.

Mass emitted (kg) = EFSEP x VOLWATER
where:

EFsep = Emission factor for the type of separator given in Table 8.
VOLwaTter = Volume of waste water treated by the separator (in m3).

37
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Table 8 Emission Factors for Oil-Water Separators
SEPARATOR TYPE EMISS;ION FACTOR (EFsgp)’
kg/m” waste water treated
Gravity type — uncovered? 1.11E-01
Gravity type — covered 3.30E-03
Gravity type — covered and connected to flare 0
DAF® or IAF* — uncovered’ 4.00E-03
DAF or IAF — covered® 1.20E-04
DAF or IAF — covered and connected to flare 0

Notes:

1. These factors exclude ethane emissions

2. Measurements on uncovered gravity type waste water treatment plants at two Canadian
refineries varied by two orders of magnitude [27]. The factor provided here was confirmed
by the greater of these measurements

DAF = Dissolved air floatation type

IAF = Induced air floatation type

The emission factors for these types of separator apply where they are installed as
secondary treatment systems.

orw

Reference: [27], Section 7.5, Table 7-3.

Emissions from basins and ponds that handle clean water or storm water are
considered negligible.

For ponds temporarily storing oily-water, use the emission factor for an uncovered,
gravity type separator from Table 8.

COOLING WATER TOWERS

Emissions from cooling water towers are considered negligible as sound refinery
engineering practice ensures that oil is prevented from entering these systems.

Guidance on estimating emissions if a heat exchanger oil leak has occurred and
monitoring data are unavailable is provided in reference [27], Section 7.7.5.

LOADING OF MOBILE CONTAINERS

Emissions from the loading of mobile containers (i.e. road tankers, rail tank cars,
barges and marine tankers) depend upon the type of container being loaded and the
degree of saturation of the vapour in the cargo tank. For example, uncontrolled
emissions from road tankers depend upon the mode of loading (i.e. top loading with
a drop pipe through an open hatch or bottom loading through pipework connected
on the tanker) and if the tanker delivers product to a facility with a “vapour
balancing” system installed. In this type of system, the vapours displaced from the
storage tank being filled by the tanker are fed back into the tanker compartment to
“balance” the off-loaded product. The tanker thus returns to the loading facility with
the compartments filled with vapour.
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Emissions from loading can be controlled with a vapour recovery unit (VRU) or
thermal oxidiser. Algorithms for VRUs are given below. Emissions from thermal
oxidisers can be calculated using the algorithms listed in this report for incinerators.

Uncontrolled Emissions
Mass emitted (kg) = EF oap X VOL, oap X TVP

where:

EF oap = Emission Factor from Table 9, depending on loading mode.
VOL 0ap = Volume of product loaded (in m3).

TVP = True Vapour Pressure of product at loading temperature (in kPa).

Reference: [7], Section 3.

For gasolines, TVP can be calculated from:

TVP = RVP x 10[(7.047E-06 x RVP + 1.392E-02) x TEMP + (2.311E-04 x RVP — 5.236E-01)]

where:
RVP = Reid Vapour Pressure (in kPa)
TEMP = product loading temperature (in degrees Centigrade)

Reference: [7], Appendix 1.

Table 9 NMVOC Emission Factors for Loading of Mobile Containers
LOADING MODE EMISSION FACTOR
EFoap
kg/m*/kPa
Road Tanker, Bottom Loading 8.60E-03
No Vapour Balancing during Previous Off-Loading '
Road Tanker, Top Loading 9.40E-03
No Vapour Balancing during Previous Off-Loading '
Road Tanker, Bottom or Top Loading 2 28E-02
Vapour Balancing during Previous Off-Loading '
Rail Tanker, Top Loading 1.08E-02
Rail Tanker, Bottom Loading’ 1.05E-02
Marine tanker - typical cargo tank condition?? 3.91E-03
Barge - typical cargo tank condition®? 7.45E-03
Notes:

1. During the top loading of rail tankers emissions occur from the open loading hatch both
before and after loading [7]. As there is no open hatch during bottom loading of a rail
tanker, this factor assumes no pre- or post-loading emissions.

2. Value corrected from that published in [7].

3. These factors are for typical cargo tank vapour conditions. For other situations (e.g. tank
gas freed or ballasted, previous cargo non-volatile, etc.) specific emission factors are
provided in reference [6], Table 5.2-2 for the loading of gasoline with a TVP of 55 kPa.
These factors should be prorated for the value of the TVP of the product loaded.
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Emissions Controlled with a Vapour Recovery Unit (VRU)

VRUs may be fitted with a continuous emissions monitor (CEM) or the recovery
efficiency may be known from tests.

VRU Fitted with a CEM
Mass emitted (kg) =1.00E-03 x MEASconc X VOL oap * (1 -TVP/ 100)

where:

MEASconc = Measured VRU vent concentration (in g/m®)

VOL_oap = Volume of product loaded (in m®)

TVP = True Vapour Pressure of product at loading temperature (in kPa)

Reference: [7], Section 3.2.

VRU Efficiency Known

Emissions should be calculated using the algorithm in Section 6.1.

STORAGE TANKS

Emissions from storage tanks comprise two components:

e Working loss; emissions due to the tank being filled (displacing vapours
above the product stored) or emptied (evaporation of product “clingage” on
tank internal walls)

e Standing losses: emissions due to the expansion of the vapour space in
fixed roof tanks due to vapour temperature or pressure changes and
leakage past equipment (e.g. seals, still wells, etc.) fitted to floating roofs.

Floating Roof Tanks

Floating roof tanks can be of the following types:
e External floating roof (EFR)
o EFR fitted with domed cover
¢ Internal floating roof (IFR)
- fitted with open vents in the fixed roof
- fitted with vents in the fixed roof which can be closed e.g.
pressure/vacuum valves, connected to a vapour recovery unit, etc.

For all of these tank types except IFR tanks which are not freely vented, use the
latest edition of reference [37]. For IFR tanks fitted with vents which can be closed,
guidance is provided in reference [38] which shows that emissions from closed-vent
internal floating roof tanks are approximately 5% less than emissions from internal
floating roof tanks with open vents determined in accordance with [37].

Methodologies to estimate the emissions when the roof has landed on its legs and is
no longer floating on the product are provided in reference [39].

Vertical Fixed Roof Tanks (VFRT)

For these tanks in normal service, use the latest edition of reference [40].
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VFRTs Connected to a Vapour Holding Tank (VHT)

A vapour holding tank comprises a fixed roof tank containing a flexible diaphragm.
Where connected to a storage tank, a correctly sized VHT stores any emissions
from the tank due to the rise in vapour temperature during the day, and then
releases these vapours back to the tank as it cools at night. The VHT, therefore,
controls the “standing losses”.

Emissions, therefore, can be assumed to equal only the “working losses”.

Aboveground Horizontal Tanks

For these tanks, use the latest edition of reference [41], Section 7.1.3.1.

Underground Tanks

Use the algorithms for service station storage tanks provided in Appendix 4.2.

Tank Cleaning

Guidance on the estimation of evaporative emissions during tank cleaning is
provided in reference [42].

Storage Tanks - General Comments

Reference [41] normally contains the latest versions of references [37], [39] and
[40]. Emission calculation software utilising the algorithms in reference [41] is
available from the US EPA via their website, http://www.epa.gov, or on a CD-ROM
[43]. This CD also contains the EPA publication AP-42 Compilation of Air Pollutant
Emission Factors and references [29], [34].

It should be noted that some options are provided in the algorithms in references
[37] to [41] to cover the state of equipment; e.g. degrees of rust on tank internal
shells, tightness of floating roof seals, etc. Users of the algorithms, therefore, must
ensure that the factors utilised to derive emissions for a particular tank are
appropriate. In particular, the API states that the algorithms are only ‘applicable to
properly maintained equipment under normal working conditions’

UNCONTROLLED BLOWDOWN SYSTEMS

The gaseous emissions from blowdown systems in EU refineries are recovered
and/or flared.

If these controls are not operational and all of the emissions are released to

atmosphere, the total hydrocarbons emissions can be conservatively estimated
using the factor provided in reference [6], Table 5.1-1.

UNCONTROLLED BITUMEN BLOWING

The gaseous emissions from bitumen blowing in EU refineries are controlled, for
example using scrubbers and incinerators.

41
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Where these controls are not operational and all of the emissions are emitted to
atmosphere, the emissions can be estimated using the factor in reference [21],
Activities 040101 & 040102, Section 8.2.1, Table 8.2.
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14.1.

NITROGEN OXIDES (NOx)

Estimation methods are provided for emissions of NOy from:
e Combustion of fuels
e Destruction of gaseous streams in incinerators and flares
e Catalytic cracking unit regenerators

COMBUSTION IN BOILERS AND FURNACES

NOyx emissions from combustion comprise two components:

e Thermal NOy; this is the thermal fixation of molecular nitrogen and is
generally a function of flame temperature, residence time and oxygen
concentration in the flame zone

e Fuel NOy; this is the result of the direct oxidation of the nitrogen in liquid fuels
or the non-inert nitrogen containing species in gaseous fuels.

The following methodology is outlined in more detail, with an example, in reference
[44].

Total NOx Emissions = Thermal NOyx + Fuel NOy
Thermal NOy

Thermal NOx Mass emitted (kg) = 1.00E-03 x TNF x M x HHV

where:
TNF = Thermal NOx factor (in g/GJ)
M = Mass of fuel combusted (in tonnes)
HHV = Higher heating value of the fuel combusted (in MJ/kg)
For liquid fuels
HHV =1.05 x NCV
For gaseous fuels
HHV =1.11 x NCV
where NCV = Net calorific value (in MJ/kg)

TNF = Fgase % Fuz2 % FcontroL * Fpreneat ¥ FHzo * FLoap * Feurn

Fease is the base fuel factor. This accounts for differences in flame temperature due
to fuel composition and is therefore dependent on the type of fuel burnt. Values for
different fuels are given in Table 10.

Table 10 Values for Fgase
FUEL Fease (9/GJ) (HHV)
Methane, Natural Gas, LPG 56
Refinery Fuel Gas 69
Low Joule Gas 30
Refinery Fuel Oil, Distillates 56
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Fi2is the adjustment factor for the amount of hydrogen gas in the fuel.

For all liquid fuels, methane, natural gas and LPG: F, = 1.0

For other refinery gaseous fuels, values for F,, are given for some hydrogen
concentrations in Table 11. These can be used to extrapolate for other

compositions.

Table 11 Values for F,

FUEL H, CONCENTRATION Fu

% viv
Refinery Fuel Gas 0-23 1.00
33 1.04
43 1.09
63 1.25
83 1.46
Low Joule Gas 0-14.7 1.00
247 1.04
34.7 1.09
54.7 1.25
74.7 1.46

FcontroL IS the adjustment factor for at-the-source control technologies, including

burner type. Values are given in Table 12.

Table 12 Values for FeontroL

CONTROL TECHNOLOGY FconTroL

None 1.00

Low NOX burner, staged fuel 0.33

Low NOX burner, staged air 0.60

Ultra-low NOx burner 0.30

Flue Gas 0% 1.00

Recirculation 5% 0.60

10% 0.40

15% 0.30

20% 0.20
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Fereneat is the adjustment factor for the average air preheat temperature. Values
are given in Table 13.

Table 13 Values of Fpreneat
AIR PREHEAT TEMPERATURE FprenEAT
Degrees C

<38 1.00
38 1.00
93 1.10
149 1.32
204 1.60
260 1.86

F“z° is the adjustment factor for the moisture content of the combustion air. Values
are given in Table 14.

Table 14 Values of FHZO
MOISTURE CONTENT Fu,0
kg H,0 / kg dry air

0 1.00

0.01 0.79

0.02 0.67

0.03 0.53

0.04 0.41

0.05 0.29

FLoap is the adjustment factor for the loading of the combustion unit. For dual fuel
firing, the load is calculated using the total thermal input. Values are given in

Table 15.
Table 15 Values of Foap
LOAD (% of design) FLoap
40 0.55
60 0.70
80 0.85
100 1.00
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Fgurn is the adjustment factor for the burner intensity, a measure of the heat release
per volume of burner space. There is no precise measure for burner intensity.
Where no combustion unit information on intensity is available, in general high
intensity burners are used for packaged boilers and pyrolysis furnaces and low
intensity burners are used for all other fired heaters and boilers. Where furnace
(radiant cell) volume is known, then the classification can be ascertained from:

e High intensity is > 700 KW/m®
e Low intensity is < 30 kW/m®

Values for Fgyry are given in Table 16.

Table 16 Values for Fgyrn
BURNER INTENSITY Fgsurn
High 1.8
Low 1.0
Fuel NOy

Fuel NOy Mass emitted (kg) = 1.00E-03 x FNF x M x HHV

where:

FNF = Fuel NOy factor (in g/GJ)

M = Mass of fuel combusted (in tonnes)

HHV = Higher Heating Value of the fuel combusted (in MJ/kg)

FNF = (1.00E+04 x MPyitrocen X CFNuw % Fnzcontent ) / HHV

where:

MPnitrocen = Mass Percentage of Nitrogen in the fuel combusted

CFNmw = Molecular weight conversion from N to NO, = 46 / 14 = 3.286

Frnzcontent = Adjustment factor for nitrogen content. Values are given in Table 17.

Table 17 Values for FNZCONTENT
FUEL NITROGEN Fn2conTENT
% m/m .
Uncontrolled Burner | Low-NOx burner with
staged air

<0.05 1.00 1.00
0.05 0.87 0.86
0.1 0.78 0.75
0.3 0.53 0.43
0.5 0.38 0.30
1.0 0.32 0.25

Notes:
1. Reference: [45] - value corrected from that published in reference [44].
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Combining the above equations:
Fuel NOX Mass emitted (kg) = 32.86 x MPyitroceN ¥ Fnacontent X M

where:

MPnitrocen = Mass Percentage of Nitrogen in the fuel combusted (see note below).
Fnzcontent = Adjustment factor for nitrogen content. Values are given in Table 17.

M = Mass of fuel combusted (in tonnes)

Note: the mass percentage of nitrogen in gaseous fuels only relates to the nitrogen
bound in the combustible components in the fuel (e.g. ammonia) and does not apply
to molecular nitrogen (N,) where present as a gaseous fuel component.

Reference: [44].

GAS TURBINES

Natural Gas Combustion

Mass emitted (kg) = 1.53E-01 x M x NCV
where:

M = mass of fuel gas burnt (in tonnes)

NCV = net calorific value of the fuel burnt (in MJ/kg)

Reference: [19], Table 3.1-1. Factor derived from turbines operating at high loads
(= 80%).

Distillate Oil Combustion

Mass emitted (kg) = 3.98E-01 x M x NCV
where:

M = mass of distillate oil burnt (in tonnes)

NCV = net calorific value of the fuel burnt (in MJ/kg)

Reference: [19], Table 3.1-1. Factor derived from turbines operating at high loads
(= 80%).

GAS ENGINES (4 STROKE, LEAN BURN)
Mass emitted (kg) = 4.05E-01 x M x NCV
where:

M = mass of fuel gas burnt (in tonnes)

NCV = net calorific value of the fuel burnt (in MJ/kg)

Reference: [19], Table 3.2-2. Factor derived from engines operating at < 90% load.
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DIESEL ENGINES (LARGE, STATIONARY)
Mass emitted (kg) = 1.45E+00 x M x NCV
where:

M = mass of diesel fuel burnt (in tonnes)

NCV = net calorific value of the fuel burnt (in MJ/kg)

Reference: [19], Table 3.4-1.

COMBUSTION OF AUXILIARY AND PILOT FUELS

Auxiliary fuels are used to support combustion in, for example, CO boilers and
incinerators. Pilots are used to initiate combustion in flares.

Mass emitted (kg) = 6.22E-02 x M x NCV
where:

M = mass of auxiliary/pilot fuel burnt (in tonnes)
NCV = net calorific value of the fuel burnt (in MJ/kg)

This assumes emissions are equivalent to burning natural gas with dry combustion
air in an uncontrolled furnace — see Section 14.1.

Reference: [44].

DESTRUCTION OF GASEOUS STREAMS

Flares

The following algorithms are for emissions from the combustion of the flare gas. For
emissions from the combustion of the pilot gas fuel used to initiate flare combustion,
use the algorithm in Section 14.5.

Flare Stream Details Known

If the mass and composition of the flare stream are known:
Mass emitted (kg) = 3.22E-02 x M x NCV
where:

M = mass of flare gas burnt (in tonnes)
NCV = net calorific value of the flare gas burnt (in MJ/kg)

Reference: [20], Section 4.2.1, Table 8.

Flare Stream Details Unknown

If the mass and composition are not known and a flare gas recovery system is not
installed, a conservative factor based on refinery feed can be used:
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Mass emitted (kg) = 5.40E-02 x Refinery Feed (in m3)

Reference: [21], Activity 090203, Section 8, Table 2.

If a flare gas recovery system is installed it can be considered to be an emissions
control device. The equation in Section 6.1 can be used (with EFF = flare gas

recovery system efficiency) to adjust the emissions estimate obtained from the
algorithm above.

Incinerators

For all incinerator streams use the algorithms in Section 14.1, assuming that the
‘fuel’ is low joule gas and that FconTroL, FrreneaT, FLoap @and Fgurn all have a value of
1.00

For emissions from the combustion of the auxiliary gas fuel used to support
incinerator combustion, use the algorithm in Section 14.5.

CATALYTIC CRACKING UNIT REGENERATORS
For CCU regenerators, both with and without CO boilers:
Mass emitted (kg) = 2.04E-01 x Volume of fresh feed to unit (in m3)

Reference: [6], Section 5.1, Table 5.1-1.
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SULPHUR HEXAFLUORIDE (SFg)

Emissions of sulphur hexafluoride (SFg) may occur due to its use as a tracer gas or
from leaks from high voltage electrical equipment where this gas is used as an
insulator.

Emissions are assumed to equal the amount used and not recovered during test
procedures and/or the mass used to top-up or refill equipment.

Mass emitted (kg) = Mass used (in kg)
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OXIDES OF SULPHUR (SOx)

The E-PRTR requires estimates of the total oxides of sulphur (SO, and SOj;)
reported as SO..

Estimation methods are provided for emissions from:
e Combustion of fuels
e Destruction of gaseous streams in incinerators and flares
e Catalytic cracking unit regenerators
¢ Catalytic reforming units

COMBUSTION
For all fuel combustion, the following algorithm applies:

Mass emitted (kg) = 1000 x M x MFgx SFyw

where:

M = mass of fuel burnt (in tonnes)

MFs = mass fraction of sulphur in fuel

SFuw = Molecular weight conversion from S to SO, = 64/32
This assumes that all the sulphur in the fuel is converted to SO..
For refinery oil and gaseous fuels:

Mass emitted (kg) = 2.00E+03 x M x MFs

Reference: [20], Section 4.1.1.1.

DESTRUCTION OF GASEOUS STREAMS

Flares

The following algorithms are for emissions from the combustion of the flare gas. For
emissions from the combustion of the pilot gas fuel used to initiate flare combustion,
use the algorithm in Section 16.1.

Flare Stream Details Known

If the mass and composition of the flare stream are known, use algorithm in
Section 16.1, where:

M = mass of flare gas burnt (in tonnes)

MFs = mass fraction of sulphur in flare gas
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16.2.1.2.

16.2.2.

16.2.2.1.

16.3.

52

Flare Stream Details Unknown

If the mass and composition are not known, a conservative factor based on refinery
feed can be used. This assumes that a flare gas recovery system is not installed:
Mass emitted (kg) = 7.70E-02 x Refinery Feed (in m3)

Reference: [21], Activity 090203, Section 8, Table 2.

If a flare gas recovery system is installed it can be considered to be an emissions
control device. The equation in Section 6.1 can be used (with EFF = flare gas
recovery system efficiency) to adjust the emissions estimate obtained from the
algorithm above.

Incinerators

For all incinerator gas streams, including that from a sulphur plant if the gas
composition is known, use the algorithm in Section 16.1, where:

M = mass of gas incinerated

MFs = mass fraction of sulphur in gas incinerated

For emissions from the combustion of the auxiliary gas fuel used to support
incinerator combustion, also use the algorithm in Section 16.1.

Sulphur Plant Tail Gas Incinerator
For a sulphur plant, if the composition of the gas stream is unknown, emissions can
be determined from the sulphur balance across the plant.

Mass emitted (kg) = [(100 - ERCgr¢) / ERCgre] X PROD % SFyy x 1000

where:

ERCeggr = recovery efficiency (in %)

PROD = sulphur production (in tonnes)

SFuw = Molecular weight conversion from S to SO, = 64/32

Reference: [46], Section 8.13, Table 8.13-1.

CATALYTIC CRACKING UNIT REGENERATORS

For CCU regenerators, the emissions can be determined using coke sulphur content
data. If these are not available, a less accurate emission factor can be used.

Where DeSOy catalyst additive is used, the abatement effect of this on the
emissions should be taken into account using the algorithm in Section 6.1 with the
value of EFF being the SOy percentage removal efficiency.

The following emission estimation algorithms are applicable both with and without
CO boilers.
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16.3.1. Sulphur retention on coke known
Mass emitted (kg) = 2.00E+03 x M x MFsreep X MFscoke
where:
M = mass of feed to unit (in tonnes)
MFsreep = mass fraction of sulphur in feed
MFscoke = mass fraction of MFsrgep contained in coke

Reference: [27], Section 15.3.1.4.

16.3.2. Sulphur retention on coke not known
Mass emitted (kg) = 1.41E+00 x Volume of fresh feed to unit (in m®)

Reference: [6], Section 5.1, Table 5.1-1.

16.4. CATALYTIC REFORMING UNITS
Mass emitted (kg) = 3.63E-03 x Volume of feed to unit (in m®)

Reference: [14], Table 1. This reference uses data from a number of units with
varying degrees of abatement equipment installed — see Section 6.3.
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17.

54

HYDROCHLOROFLUOROCARBONS (HCFC)

Hydrochlorofluorocarbons (HCFCs) may be used as refrigerants in refinery thermal
exchange equipment.

Emissions are assumed to equal the amount used during the reporting period to top-
up systems to replenish losses due to uncontrolled leakage.

Mass emitted (kg) = Mass used to top-up refrigerant systems (in kg)

Usage where the systems have been fully or partially drained and refrigerants
collected for recycling or destruction should not be reported.
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18. ARSENIC (As)

Estimation methods are provided for emissions from:
e Combustion of fuels
e Destruction of gaseous streams in incinerators
e Catalytic cracking unit regenerators
e Fluid cokers

18.1. COMBUSTION OF FUELS

Mass emitted (kg) = (EFncy* M x NCV) / 1000

where:

EFncv = Emission factor (in g/GJ)

M = mass of fuel combusted (in tonnes)

NCV = net calorific value of the fuel combusted (in MJ/kg)

Values for the emission factor EFycy are provided in Table 18.

Table 18 As Emission Factors for Combustion Sources

SOURCE FUEL EFncv REF

g/GJ
Boilers and Distillate (gas oil) 1.81E-03 [17] Section 1.3,
Furnaces Table 1.3-10
(for CO Boilers and | Refinery Fuel Oil 3.98E-03 [17] Section 1.3,
Fired Waste Heat Table 1.3-11
Boilers only applies "\t ol Gas 9.37E-05 | [17] Section 1.4,
to the support fuel 1
firing) Table 1.4-4
Refinery Fuel Gas 3.43E-04 [11], [47]1
Gas Turbine Distillate (gas oil) Not [19] Section 3.1,
detected? Table 3.1-5

Incinerator Support | Natural Gas 9.37E-05 [17] Section 1.4,
Fuel or Flare Pilot Table 1.4-4
Fuel

Notes:

1. Reference [11] is base document, but reference [47] provides the same emission factors
to more significant figures.

2. Compound was not detected. The emission factor stated in reference [19] is based on
one half of the detection limit. For the purposes of this report the emission factor is
considered to be zero as source not proven (See Section 5.2 of this report).

18.2. DESTRUCTION OF GASEOUS STREAMS IN INCINERATORS

For all incinerator gas streams, use the algorithm in Section 18.1 with an emission

factor EFycy equal to that for fuel gas combustion in a furnace.

For emissions from the combustion of the auxiliary fuel used to support incineration,

also use the algorithm in Section 18.1.
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18.3.

18.4.

56

CATALYTIC CRACKING UNIT REGENERATORS

Mass emitted (kg) = 1.39E-05 x Volume of fresh feed to unit (in m3)

This algorithm has been derived from speciation data for total particulate matter in
CCU vents. It is for a unit with cyclone systems installed inside the regenerator

vessel — see Section 6.2.

Reference: [20], Section 4.2.3, Tables 10 and 11.

FLUID COKERS
Mass emitted (kg) = 2.16E-03 x Volume of fresh feed to unit (in m3)

This algorithm has been derived from speciation data for total particulate matter in
fluid coker vents.

Reference: [20], Section 4.2.3, Tables 10 and 11.
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19.

19.1.

19.2.

CADMIUM (Cd)

Estimation methods are provided for emissions from:
e Combustion of fuels
e Destruction of gaseous streams in incinerators
e Catalytic cracking unit regenerators

COMBUSTION OF FUELS

Mass emitted (kg) = (EFncy* M x NCV) / 1000

where:
EFncv = Emission factor (in g/GJ)

M = mass of fuel combusted (in tonnes)
NCV = net calorific value of the fuel combusted (in MJ/kg)

Values for the emission factor EFycy are provided in Table 19.

Table 19 Cd Emission Factors for Combustion Sources
SOURCE FUEL EFncy REF
g/GJ
Boilers and Furnaces Distillate (gas oil) 1.36E-03 [17] Section 1.3,
(for CO Boilers and Table 1.3-10
Fired Waste Heat Refinery Fuel Oil 1.20E-03 [17] Section 1.3,
Boilers only applies to Table 1.3-11
the support fuel firing) "\ - ral Gas 516E-04 | [17] Section 1.4,
Table 1.4-4
Refinery Fuel Gas 7.12E-04 [11], [47]
Gas Turbine Distillate (gas oil)? 2.17E-03 [19] Section 3.1,
Table 3.1-5
Natural Gas® 3.31E-03 [18] SCC
20200201
Refinery Fuel Gas® 2.52E-03 [11], [47]
Incinerator Support Natural Gas 5.16E-04 [17] Section 1.4,
Fuel or Flare Pilot Fuel Table 1.4-4

Notes:

1.

2.

to more significant figures.

Factor derived from turbines operating at high (= 80%) loads.

Reference [11] is base document, but reference [47] provides the same emission factors

Factor provided in reference [19] derived using HHV of 139 MBtu/10° US gal.
3. Factor has an EPA quality rating of “U” (unrated).
4. Factor derived from gas turbines without duct burners.

DESTRUCTION OF GASEOUS STREAMS IN INCINERATORS

For all incinerator gas streams, use the algorithm in Section 19.1, with an emission

factor EFncv equal to that for fuel gas combustion in a furnace.
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19.3.

58

For emissions from the combustion of the auxiliary fuel used to support incineration,
also use the algorithm in Section 19.1.

CATALYTIC CRACKING UNIT REGENERATORS

Mass emitted (kg) = 6.25E-05 x Volume of fresh feed to unit (in m®)

This algorithm has been derived from speciation data for total particulate matter in
CCU vents. It is for a unit with cyclone systems installed inside the regenerator

vessel — see Section 6.2.

Reference: [20], Section 4.2.3, Tables 10 and 11.
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20.

20.1.

CHROMIUM (Cr)

Estimation methods are provided for emissions from:
e Combustion of fuels
e Destruction of gaseous streams in incinerators

COMBUSTION OF FUELS

Mass emitted (kg) = (EFncy * M x NCV) /1000

where:
EFncv = Emission factor (in g/GJ)

M = mass of fuel combusted (in tonnes)
NCV = net calorific value of the fuel combusted (in MJ/kg)

Values for the emission factor EFycy are provided in Table 20.

Table 20 Cr Emission Factors for Combustion Sources
SOURCE FUEL EFncy REF
g/GJ
Boilers and Furnaces Distillate (gas oil) 1.36E-03 [17] Section 1.3,
(for CO Boilers and Table 1.3-10
Fired Waste Heat Refinery Fuel Oil 1.48E-02 [111, [47]
Boilers only applies to .
- Natural Gas 6.55E-04 [17] Section 1.4,
the support fuel firing) Table 1 4-4
Refinery Fuel Gas 2.74E-03 [11], [471"°
Gas Turbine Distillate (gas oil)3 4.98E-03 [19] Section 3.1,
Table 3.1-5
Natural Gas’ 6.35E-03 [18] SCC
20200201
Refinery Fuel Gas® 6.26E-03 [11], [47]"2
Incinerator Support Natural Gas 6.55E-04 [17] Section 1.4,

Fuel or Flare Pilot Fuel

Table 1.4-4

Notes:

1.

2.

3.

the value of the detect ratio — see Section 5.2 of this report.

Factor derived from turbines operating at high (= 80%) loads.

Reference [11] is base document, but reference [47] provides the same emission factors
to more significant figures.
The detect ratio reported in [11] is < 1.0. This emission factor is a weighted value using

Factor provided in reference [19] derived using HHV of 139 MBtu/10° US gal.

Factor has an EPA quality rating of “U” (unrated).
Factor derived from gas turbines without duct burners.
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20.2. DESTRUCTION OF GASEOUS STREAMS IN INCINERATORS

For all incinerator gas streams, use the algorithm in Section 20.1 with an emission
factor EFncy equal to that for fuel gas combustion in a furnace.

For emissions from the combustion of the auxiliary fuel used to support incineration,
also use the algorithm in Section 20.1.
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21, COPPER (Cu)

Estimation methods are provided for emissions from:
e Combustion of fuels
e Destruction of gaseous streams in incinerators
e Catalytic cracking unit regenerators
e Fluid cokers

21.1. COMBUSTION OF FUELS

Mass emitted (kg) = (EFncy * M x NCV) / 1000

where:

EFncv = Emission factor (in g/GJ)

M = mass of fuel combusted (in tonnes)

NCV = net calorific value of the fuel combusted (in MJ/kg)

Values for the emission factor EFycy are provided in Table 21.

Table 21 Cu Emission Factors for Combustion Sources
SOURCE FUEL EFncy REF
g/GJ
Boilers and Furnaces Distillate (gas oil) 2.72E-03 [17] Section 1.3,
(for CO Boilers and Table 1.3-10
Fired Waste Heat Refinery Fuel Oil 1.19E-02 [111, [47]
Boilers only applies to
the support fuel firing)
Natural Gas 3.98E-04 [17] Section 1.4,
Table 1.4-4
Refinery Fuel Gas 2.22E-03 [11], [47]
Gas Turbine Natural Gas? 3.31E-02 [18] SCC
20200201
Refinery Fuel Gas® 1.97E-02 [11], [47]
Incinerator Support Natural Gas 3.98E-04 [17] Section 1.4,
Fuel or Flare Pilot Fuel Table 1.4-4

Notes:

1. Reference [11] is base document, but reference [47] provides the same emission factors
to more significant figures.

2. Factor has an EPA quality rating of “U” (unrated).

3. Factor derived from gas turbines without duct burners.

21.2. DESTRUCTION OF GASEOUS STREAMS IN INCINERATORS

For all incinerator gas streams, use the algorithm in Section 21.1 with an emission
factor EFycy equal to that for fuel gas combustion in a furnace.

For emissions from the combustion of the auxiliary fuel used to support incineration,
also use the algorithm in Section 21.1.
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21.3.

21.4.

62

CATALYTIC CRACKING UNIT REGENERATORS

Mass emitted (kg) = 1.39E-04 x Volume of fresh feed to unit (in m3)

This algorithm has been derived from speciation data for total particulate matter in
CCU vents. It is for a unit with cyclone systems installed inside the regenerator

vessel — see Section 6.2.

Reference: [20], Section 4.2.3, Tables 10 and 11.

FLUID COKERS
Mass emitted (kg) = 1.50E-05 x Volume of fresh feed to unit (in m3)

This algorithm has been derived from speciation data for total particulate matter in
fluid coker vents.

Reference: [20], Section 4.2.3, Tables 10 and 11.
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22.

22.1.

MERCURY (Hg)

Estimation methods are provided for emissions from:

e Combustion of fuels

e Destruction of gaseous streams in incinerators
e Catalytic cracking unit regenerators

e Fluid cokers

COMBUSTION OF FUELS

Mass emitted (kg) = (EFncy * M x NCV) / 1000

where:

EFncv = Emission factor (in g/GJ)

M = mass of fuel combusted (in tonnes)

NCV = net calorific value of the fuel combusted (in MJ/kg)

Values for the emission factor EFycy are provided in Table 22.

Table 22 Hg Emission Factors for Combustion Sources
SOURCE FUEL EFncy REF
g/GJ
Boilers and Furnaces | Distillate (gas oil) 1.36E-03 [17] Section 1.3,
(for CO Boilers and Table 1.3-10
Fired Waste Heat Refinery Fuel Oil Not [11], [47)
Boilers only applies Detected’
:’i?-i:wge) support fuel Natural Gas 1.22E-04 [17] Section 1.4,
Table 1.4-4
Refinery Fuel Gas 8.60E-05 [11], [471%°
Gas Turbine Distillate (gas oil)4 5.43E-04 [19] Section 3.1,
Table 3.1-5
Natural Gas® 3.17E-03 [18] SCC
20200201
Refinery Fuel Gas® 7.31E-03 [11], [47)
Incinerator Support Natural Gas 1.22E-04 [17] Section 1.4,
Fuel or Flare Pilot Table 1.4-4
Fuel

Notes:

1.

Compound was not detected. Emission factor stated in reference [11] represents the
detection limit. For the purposes of this report the emission factor is considered to be
zero as the source is not proven (See Section 5.2 of this report).

Reference [11] is base document, but reference [47] provides the same emission factors
to more significant figures.

The detect ratio reported in [11] is < 1.0. This emission factor is a weighted value using
the value of the detect ratio — see Section 5.2 of this report.

Factor derived from turbines operating at high (= 80%) loads.

Factor provided in reference [19] derived using HHV of 139 MBtu/10° US gal.

Factor has an EPA quality rating of “U” (unrated).

Factor derived from gas turbines without duct burners
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22.2,

22.3.

22.4.

64

DESTRUCTION OF GASEOUS STREAMS IN INCINERATORS

For all incinerator gas streams, use the algorithm in Section 22.1 with an emission
factor EFncy equal to that for fuel gas combustion in a furnace.

For emissions from the combustion of the auxiliary fuel used to support incineration,
also use the algorithm in Section 22.1.

CATALYTIC CRACKING UNIT REGENERATORS

Mass emitted (kg) = 6.95E-05 x Volume of fresh feed to unit (in m3)

This algorithm has been derived from speciation data for total particulate matter in
CCU vents. It is for a unit with cyclone systems installed inside the regenerator

vessel — see Section 6.2.

Reference: [20], Section 4.2.3, Tables 10 and 11.

FLUID COKERS
Mass emitted (kg) = 3.00E-05 x Volume of fresh feed to unit (in m®)

This algorithm has been derived from speciation data for total particulate matter in
fluid coker vents.

Reference: [20], Section 4.2.3, Tables 10 and 11.
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23.

23.1.

NICKEL (Ni)

Estimation methods are provided for emissions from:
e Combustion of fuels
e Destruction of gaseous streams in incinerators
e Catalytic cracking unit regenerators
e Fluid cokers

COMBUSTION OF FUELS

Mass emitted (kg) = (EFncy * M x NCV) / 1000

where:

EFncv = Emission factor (in g/GJ)

M = mass of fuel combusted (in tonnes)

NCV = net calorific value of the fuel combusted (in MJ/kg)

Values for the emission factor EFycy are provided in Table 23.

Table 23 Ni Emission Factors for Combustion Sources
SOURCE FUEL EFncy REF
g/GJ
Boilers and Furnaces Distillate (gas oil) 1.36E-03 [17] Section 1.3,
(for CO Boilers and Table 1.3-10
Fired Waste Heat Refinery Fuel Oil 1,03E+00 [111, [47]
Boilers only applies to .
e Natural Gas 9.85E-04 [17] Section 1.4,
the support fuel firing) Table 1 4-4
Refinery Fuel Gas 3.60E-03 [11], [47]"2
Gas Turbine Distillate (gas oil) Not [19] Section 3.1,
detected® Table 3.1-5
Natural Gas* 5.48E-02 [18] SCC
20200201
Refinery Fuel Gas® 7.93E-02 [11], [47]
Incinerator Support Natural Gas 9.85E-04 [17] Section 1.4,
Fuel or Flare Pilot Fuel Table 1.4-4

Notes:

1. Reference [11] is base document, but reference [47] provides the same emission factors
to more significant figures.

2. The detect ratio reported in [11] is < 1.0. This emission factor is a weighted value using
the value of the detect ratio — see Section 5.2 of this report.

3. Compound was not detected. The emission factor stated in reference [19] is based on
one half of the detection limit. For the purposes of this report the emission factor is
considered to be zero as the source is not proven (See Section 5.2 of this report).

4. Factor has an EPA quality rating of “U” (unrated).

5. Factor derived from gas turbines without duct burners.
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23.2.

23.3.

23.4.

66

DESTRUCTION OF GASEOUS STREAMS IN INCINERATORS

For all incinerator gas streams, use the algorithm in Section 23.1 with an emission
factor EFncy equal to that for fuel gas combustion in a furnace.

For emissions from the combustion of the auxiliary fuel used to support incineration,
also use the algorithm in Section 23.1.

CATALYTIC CRACKING UNIT REGENERATORS

Mass emitted (kg) = 6.12E-04 x Volume of fresh feed to unit (in m3)

This algorithm has been derived from speciation data for total particulate matter in
CCU vents. It is for a unit with cyclone systems installed inside the regenerator

vessel — see Section 6.2.

Reference: [20], Section 4.2.3, Tables 10 and 11.

FLUID COKERS
Mass emitted (kg) = 5.70E-04 x Volume of fresh feed to unit (in m®)

This algorithm has been derived from speciation data for total particulate matter in
fluid coker vents.

Reference: [20], Section 4.2.3, Tables 10 and 11.
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24,

24.1.

LEAD (Pb)

Estimation methods are provided for emissions from:
e Combustion of fuels
e Destruction of gaseous streams in incinerators
e Catalytic cracking unit regenerators
[ )

Fluid cokers

COMBUSTION OF FUELS

Mass emitted (kg) = (EFncy * M x NCV) / 1000

where:
EFncv = Emission factor (in g/GJ)

M = mass of fuel combusted (in tonnes)
NCV = net calorific value of the fuel combusted (in MJ/kg)

Values for the emission factor EFycy are provided in Table 24.

Table 24 Pb Emission Factors for Combustion Sources
SOURCE FUEL EFncy REF
g/GJ
Boilers and Furnaces Distillate (gas oil) 4.07E-03 [17] Section 1.3,
(for CO Boilers and Table 1.3-10
Fired Waste Heat Refinery Fuel Oil 4.56E-03 [17] Section 1.3,
Boilers only applies to Table 1.3-11
the support fuel firing) - "\ - iral Gas 234E-04 | [17] Section 1.4,
Table 1.4-4
Refinery Fuel Gas 1.79E-03 [11], [47]
Gas Turbine Distillate (gas oiI)2 6.34E-03 [19] Section 3.1,
Table 3.1-5
Refinery Fuel Gas® 1.36E-02 [11], (471"
Incinerator Support Natural Gas 2.34E-04 [17] Section 1.4,

Fuel or Flare Pilot Fuel

Table 1.4-4

Notes:

1.

to more significant figures.

Factor derived from turbines operating at high (= 80%) loads.

reference [19] derived using HHV of 139 MBtu/10° US gal.

Factor derived from gas turbines without duct burners.
The detect ratio reported in [11] is < 1.0. This emission factor is a weighted value using

the value of the detect ratio — see Section 5.2 of this report.

Reference [11] is base document, but reference [47] provides the same emission factors

Factor provided in
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24.2,

24.3.

24.4.

68

DESTRUCTION OF GASEOUS STREAMS IN INCINERATORS

For all incinerator gas streams, use the algorithm in Section 24.1 with an emission
factor EFncy equal to that for fuel gas combustion in a furnace.

For emissions from the combustion of the auxiliary fuel used to support incineration,
also use the algorithm in Section 24.1.

CATALYTIC CRACKING UNIT REGENERATORS

Mass emitted (kg) = 3.20E-04 x Volume of fresh feed to unit (in m3)

This algorithm has been derived from speciation data for total particulate matter in
CCU vents. It is for a unit with cyclone systems installed inside the regenerator

vessel — see Section 6.2.

Reference: [20], Section 4.2.3, Tables 10 and 11.

FLUID COKERS
Mass emitted (kg) = 4.50E-05 x Volume of fresh feed to unit (in m®)

This algorithm has been derived from speciation data for total particulate matter in
fluid coker vents.

Reference: [20], Section 4.2.3, Tables 10 and 11.
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25.

25.1.

25.2.

ZINC (Zn)

Estimation methods are provided for emissions from:
e Combustion of fuels
e Destruction of gaseous streams in incinerators
e Catalytic cracking unit regenerators
e Fluid cokers

COMBUSTION OF FUELS

Mass emitted (kg) = (EFncy * M x NCV) / 1000

where:

EFncv = Emission factor (in g/GJ)

M = mass of fuel combusted (in tonnes)

NCV = net calorific value of the fuel combusted (in MJ/kg)

Values for the emission factor EFycy are provided in Table 25.

Table 25 Zn Emission Factors for Combustion Sources
SOURCE FUEL EFncy REF
g/GJ
Boilers and Furnaces Distillate (gas oil) 1.81E-03 [17] Section 1.3,
(for CO Boilers and Table 1.3-10
Fired Waste Heat Refinery Fuel Oil 4.93E-02 [111, [47]
Boilers only applies to .
e Natural Gas 1.36E-02 [17] Section 1.4,
the support fuel firing) Tablo 1.4-4
Refinery Fuel Gas? 2.55E-02 [11]
Gas Turbine Refinery Fuel Gas® 2.38E+00 [11], [47]
Incinerator Support Natural Gas 1.36E-02 [17] Section 1.4,
Fuel or Flare Pilot Fuel Table 1.4-4

Notes:

1. Reference [11] is base document, but reference [47] provides the same emission factors
to more significant figures.

2. Factor represents median value as the ratio of mean to median value > 10. See
Section 5.3.

3. Factor derived from gas turbines without duct burners.

DESTRUCTION OF GASEOUS STREAMS IN INCINERATORS

For all incinerator gas streams, use the algorithm in Section 25.1 with an emission
factor EFncv equal to that for fuel gas combustion in a furnace.

For emissions from the combustion of the auxiliary fuel used to support incineration,
also use the algorithm in Section 25.1.
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25.3.

25.4.

70

CATALYTIC CRACKING UNIT REGENERATORS

Mass emitted (kg) = 1.18E-04 x Volume of fresh feed to unit (in m3)

This algorithm has been derived from speciation data for total particulate matter in
CCU vents. It is for a unit with cyclone systems installed inside the regenerator

vessel — see Section 6.2.

Reference: [20], Section 4.2.3, Tables 10 and 11.

FLUID COKERS
Mass emitted (kg) = 4.50E-05 x Volume of fresh feed to unit (in m3)

This algorithm has been derived from speciation data for total particulate matter in
fluid coker vents.

Reference: [20], Section 4.2.3, Tables 10 and 11.
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26.

26.1.

DIOXINS AND FURANS (PCDD AND PCDF)

Dioxins and furans are only produced during combustion processes under specific
conditions and where chlorine is present. Estimation methods are provided for
emissions from:

e Combustion of fuel oil

e Catalytic reforming units

The emission factors for each of the 17 isomers of PCDD and PCDF have been
multiplied by the Toxic Equivalence Factor (TEF) in Table 26 to give the emission
factor in g I-TEQ (Toxic Equivalent to the most toxic isomer 2,3,7,8-CDD).

COMBUSTION OF FUEL OIL

Mass emitted (kg) = (EFncy * M x NCV) / 1000

where:

EFncv = Emission factor (in g I-TEQ/GJ)

M = mass of fuel combusted (in tonnes)

NCV = net calorific value of the fuel combusted (in MJ/kg)

Values for the emission factor EFycy are provided in Table 26

Table 26 Emission Factors for PCDD and PCDF from Fuel Oil Combustion

ISOMER I-TEF Emission Factor Emission Factor
Ib/MMBtu (HHV) g I-TEQ/GJ (NCV)

Dioxin 4D 2378 1 Not detected 0’

Dioxin 5D 12378 0.5 Not detected 0’

Dioxin 6D 123478 0.1 Not detected 0’

Dioxin 6D 123678 0.1 2.50E-12 1.13E-10
Dioxin 6D 123789 0.1 2.50E-12 1.13E-10
Dioxin 7D 1234678 0.01 2.12E-11 9.59E-11
Dioxin 8D 0.001 5.10E-10 2.31E-10
Furan 4F 2378 0.1 5.54E-12 2.51E-10
Furan 5F 12378 0.05 Not detected 0’

Furan 5F 23478 0.5 Not detected o’

Furan 6F 123478 0.1 2.48E-12 1.12E-10
Furan 6F 123678 0.1 1.86E-12 8.42E-11
Furan 6F 123789 0.1 Not detected 0’

Furan 6F 234678 0.1 3.74E-12 1.69E-10
Furan 7F 1234678 0.01 9.79E-12 4.43E-11
Furan 7F 1234789 0.01 Not detected 0’

Furan 8F 0.001 4.86E-11 2.20E-11
TOTAL 1.24E-09
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Notes:

1. Compound was not detected. The emission factor stated in reference [11] is based on the
detection limit. For the purposes of this report, the emission factor is considered to be
zero as the source was not proven (See Section 5.2 of this report).

Reference: [11].

CATALYTIC REFORMING UNIT REGENERATORS

There are very few data available for the emissions from these units. The US EPA
[48] provides emission factors derived from tests on two units with different modes
of catalyst regeneration — continuous and semi-regenerative.

Continuous Regeneration Mode

Mass emitted (kg I-TEQ) = 1.91E-11 x Volume of feed to unit (in m3)
Semi-Regenerative Mode

Mass emitted (kg I-TEQ) = 6.35E-15 x Volume of feed to unit (in m®)

Reference: [48], Section 5.4.
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27.2.

BENZENE (C¢He)

Benzene is emitted as a constituent of VOC evaporative or leakage (fugitive)
emissions and from the combustion of flare streams, fuels e.g. in boilers and
furnaces, and coke in FCCU regenerators and cokers.

Combustion emissions are typically negligible compared to fugitive emissions.

Fugitive emissions are diffuse in a large facility like a refinery. Although those from
pressurised equipment can be determined from speciation data for each stream in
the refinery and leak monitoring surveys, this requires considerable effort and does
not cover emissions from systems such as tanks, drains, oil-water separators, etc.
One measurement technique is to monitor occasionally the composition of NMVOCs
in the ambient air at the fence line to determine the average benzene mass fraction.

Where this technique is not undertaken, an estimation method for fugitives is
provided using a default value for the mass fraction of benzene. For completeness,
algorithms are also provided for the minor sources.

SPECIATED FENCELINE NMVOC DATA AVAILABLE

In general, VOC fugitive sources are numerous but individually small e.g. from
valves, drain systems, etc. To determine the benzene emitted by a facility, one
approach is to take occasional ambient air samples at regular points around the
boundary fence and establish the average benzene mass fraction of the NMVOCs
measured. Care must be taken in the positioning of the samplers to ensure that
they are not located near to local emission sources that may skew the results. Full
details of a methodology are given in reference [49].

The mass of benzene emitted by the facility is then calculated from:

Mass emitted (kg) = SUMCALC\mvoc ¥ MFgenzene

where:

SUMCALCymvoc = sum of the individual calculated masses of NMVOCs emitted (in

kg) within the facility, as per Section 13.
MFgenzene = Mass fraction of benzene (from fence line monitoring survey).

NO SPECIATED FENCELINE NMVOC DATA AVAILABLE

Where fence line monitoring is not undertaken, a value of MFgenzene = 1.72% mass
can be used.

Mass emitted (kg) = 1.72E-02 x SUMCALCymvoc

where:

SUMCALCymvoc = sum of the individual calculated masses of NMVOCs emitted (in
kg) within the facility, as per Section 13.

Reference: [27], Section 15.5.3, Table 15-7.
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ESTIMATION BY SOURCE

For completeness, algorithms are provided below for combustion sources and
uncontrolled blowdown systems. The emission from the following combustion
sources are typically negligible compared to fugitive sources:

¢ Combustion of fuels

e Destruction of gaseous streams in flares

e Catalytic cracking unit regenerators

e Fluid cokers

If some or all of the following algorithms are used, then the emissions are:

Mass emitted (kg) = Sum of emissions using algorithms below + Sum of
emissions from all other sources using algorithms in Section 27.1 or 27.2

Combustion of Fuels

Mass emitted (kg) = (EFncy X M x NCV) / 1000

where:

EFncy = Emission factor (in g/GJ)

M = mass of fuel combusted (in tonnes)

NCV = net calorific value of the fuel combusted (in MJ/kg)

Values for the emission factor EFycy are provided in Table 27.

Table 27 Benzene Emission Factors for Combustion Sources
SOURCE FUEL EFncy REF
g/GJ
Boilers and Furnaces Refinery Fuel Oil 6.47E-04 [17] Section 1.3,
(for CO Boilers and Table 1.3-9
Fired Waste Heat Natural Gas 9.84E-04 [17] Section 1.3,
Boilers only applies to Table 1.3-9
th rt fuel firi
& support fuel firing) - g i ery Fuel Gas 2 13E-03 [11]"2
Gas Turbine’® Distillate (Gas Oil)* 2.49E-02 [19] Section 3.1,
Table 3.1-4
Natural Gas 5.73E-03 [19] Section 3.1,
Table 3.1-3
Gas Engine Natural Gas 2.10E-01 [19] Section 3.2,
4-stroke, Lean Burn Table 3.2-2
Refinery Fuel Gas 6.21E-01 [11], [471°
Diesel Engine Distillate (Gas Qil) 3.22E-01 [11], [471°
Large, Stationary
Incinerator Support Natural Gas 9.84E-04 [17] Section 1.3,
Fuel or Flare Pilot Fuel Table 1.3-9

Notes:

1. Factor represents the median value as the ratio of mean to median value > 10. See

Section 5.3.
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2. The detect ratio reported in [11] is < 1.0. This emission factor is a weighted value using
the value of the detect ratio — see Section 5.2 of this report.

Factor derived from turbines operating at high (= 80%) loads.

Factor provided in reference [19] derived using HHV of 139 MBtu/10° US gal.

Reference [11] is base document, but reference [47] provides the same emission factors
to more significant figures

ok w

Destruction of Flare Streams

The following algorithms are for emissions from the combustion of the flare gas. For
emissions from the combustion of the pilot gas fuel used to initiate flare combustion,
use the algorithm in Section 27.3.1.

Flare Stream Details Known

If the mass and composition of the flare stream are known:

Mass emitted (kg) = 5.00E-00 x M x MFggyz

where:
M = total mass of gas flared (in tonnes)
MFgenz= mass fraction of benzene in gas flared

This algorithm assumes that 0.5% of the hydrocarbons remain unburned in “well

designed and operated flares, such as in refineries”.
Reference: [15], Section 4.4.

Flare Stream Details Unknown

If the mass and composition are not known and a flare gas recovery system is not
installed, a conservative factor based on refinery feed can be used:

Mass emitted (kg) = 1.66E-06 x Refinery Feed (in m®)

Reference: Derived from [21], Activity 090203, Section 8, Table 2, and
[20], Section 4.22, Table 9.

If a flare gas recovery system is installed it can be considered to be an emissions
control device. The equation in Section 6.1 can be used (with EFF = flare gas

recovery system efficiency) to adjust the emissions estimate obtained from the
algorithm above.

Catalytic Cracking Unit Regenerators

Full Burn Regeneration

Emissions of NMVOCs, and hence benzene, are considered negligible.

Partial Burn with CO Boiler

Emissions of NMVOCs, and hence benzene, are considered negligible.

Reference: [6], Table 5.1-1.
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Partial Burn without CO Boiler

If the off-gas is not fed to a CO boailer, or it is not in operation:
Mass emitted (in kg) = 8.04E-04 x Mass of coke burnt (in tonnes)
Reference: [13], Table 1. This reference provides data on the number of data points

both above and below the limit of detection. The emission factor is a weighted value
using both sets of data — see Section 5.2 of this report.

Fluid Cokers

Emissions Controlled with CO or Fired Waste Heat Boiler

Emissions of NMVOCs, and hence benzene, are considered negligible.

Reference: [6], Table 5.1-1.

Non-Controlled Emissions

If the off-gas is not fed to a CO or fired waste heat boiler, or it is not in operation:
Mass emitted (in kg) = 1.75E-04 x Feed to unit (in m3)

This assumes that benzene makes up 0.38% by mass of the VOCs in the vented
gas.

Reference: [20], Section 4.2.1, Table 8 and Section 4.2.2, Table 9.

Uncontrolled Blowdown System

The gaseous emissions from blowdown systems in EU refineries are recovered
and/or flared.

If these controls are not operational and all of the emissions are released to
atmosphere, the benzene emissions can be conservatively estimated using the
factor provided in reference [6], Table 5.1-1 to determine total hydrocarbon (THC)
emissions and assuming that benzene makes up 0.38% by mass of the THCs in the
blowdown gas (reference [20], Section 4.2.2, Table 9).
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POLYCYCLIC AROMATIC HYDROCARBONS (PAH)

The E-PRTR requires the total emissions of the four PAHs listed below:

e Benzo(a)pyrene

e Benzo(b)fluoranthene

e Benzo(k)fluoranthene

¢ Indeno(1,2,3-cd)pyrene

Estimation methods are provided for emissions from:
e Combustion of fuels
e Destruction of gaseous streams in incinerators
e Catalytic cracking unit regenerators

Speciated values are provided for the four individual PAHs in addition to the

summation of the emission factors.

Emission factors for total PAH emissions are available for the combustion of
distillate fuel in gas turbines (reference [19], Section 3.1, Table 3.1-15) and for flare
gas (reference [20], Section 4.2.2, Table 9). These factors are not reproduced in
this report as E-PRTR requires the emissions to be reported of only a limited

number of the total PAH compounds.

COMBUSTION OF FUELS

Mass emitted (kg) = (EFncy* M x NCV) / 1000

where:

EFncv = Emission factor (in g/GJ)

M = mass of fuel combusted (in tonnes)

NCV = net calorific value of the fuel combusted (in MJ/kg)

Values for the emission factor EFycy are provided in Sections 28.1.1 to 28.1.5.

Refinery Fuel Oil Combustion in Boilers and Furnaces

Table 28 PAH Emission Factors for Fuel Oil Combustion
PAH EFncv
g/GJ
Benzo(a)pyrene 0’
Benzo(b)fluoranthene 3.670E-06°
Benzo(k)fluoranthene 0’
Indeno(1,2,3-cd)pyrene 0’
Total 3.67E-06
Notes:

1. Compound was not detected. The emission factor stated in reference [11] represents the
detection limit. The emission factor is thus considered to be zero as the source is not

proven (See Section 5.2 of this report).
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2. The detect ratio reported in [11] is < 1.0. This emission factor is a weighted value using
the value of the detect ratio — see Section 5.2 of this report.

For CO boilers and fired waste heat boilers, the algorithm should only be applied to
the support fuel fired.

Reference: [11], [47].

Gas Combustion in Boilers and Furnaces

Natural Gas
The emission factors for all four of the PAHs stated in reference [17], Table 1.4-3

represent detection limit values. The emission factors are thus considered to be
zero as the source is not proven (See Section 5.2 of this report).

Refinery Fuel Gas

Table 29 PAH Emission Factors for Refinery Fuel Gas Combustion in
Boilers and Furnaces
PAH EFncv
g/GJ
Benzo(a)pyrene 6.688E-07"2
Benzo(b)fluoranthene 1.137E-06"2
Benzo(k)fluoranthene 6.306E-07"2
Indeno(1,2,3-cd)pyrene 6.306E-07"2
Total 3.07E-06

Notes:

1.  Ratio of mean to median value > 10. Median value used. See Section 5.3.

2. The detect ratio reported in [11] is < 1.0. This emission factor is a weighted value using
the value of the detect ratio — see Section 5.2 of this report.

For CO boilers and fired waste heat boilers, the algorithm should only be applied to
the support fuel fired.

Reference: [11], [47].
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28.1.3. Gas Combustion in Gas Turbines
Table 30 PAH Emission Factors for Gas Combustion in Gas Turbines
PAH EFyncv
g/GJ’
Benzo(a)pyrene 0?
Benzo(b)fluoranthene 1.576E-06°
Benzo(k)fluoranthene 1.113E-06°
Indeno(1,2,3-cd)pyrene 8.360E-07°
Total 3.53E-06
Notes:
1. Emission factors for gas turbine without duct burners.
2. No data available.
3. The detect ratio reported in [11] is < 1.0. This emission factor is a weighted value using
the value of the detect ratio — see Section 5.2 of this report.
Reference: [11], [47].
28.1.4. Gas Combustion in Gas Engines
Table 31 PAH Emission Factors for Gas Combustion in Gas Engines
PAH EFyncv
g/GJ’
Benzo(a)pyrene 1.615E-057
Benzo(b)fluoranthene 1.486E-042
Benzo(k)fluoranthene 2.408E-04°
Indeno(1,2,3-cd)pyrene 5.446E-05
Total 4.60E-04
Notes:

1. Emission factors for 4-stroke, lean-burn gas engine.
2. The detect ratio reported in [11] is < 1.0. This emission factor is a weighted value using
the value of the detect ratio — see Section 5.2 of this report.

Reference: [11], [47].
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28.1.5. Distillate Oil Combustion in Diesel Engines

Table 32 PAH Emission Factors for Distillate Oil Combustion in Diesel
Engines
PAH EFncy
g/GJ’
Benzo(a)pyrene 1.127E-04%
Benzo(b)fluoranthene 4.888E-04°
Benzo(k)fluoranthene 9.640E-052
Indeno(1,2,3-cd)pyrene 1.815E-047
Total 8.79E-04
Notes:

1. Emission factors for large stationary engine with stack gas oxygen concentration < 13%.
2. The detect ratio reported in [11] is < 1.0. This emission factor is a weighted value using
the value of the detect ratio — see Section 5.2 of this report.

Reference: [11], [47].

28.1.6. Incinerator Support Fuel and Flare Pilot Fuel

Use values of EFycy provided in Section 28.1.2.

28.2. DESTRUCTION OF GASEOUS STREAMS IN INCINERATORS

For all incinerator gas streams, use the algorithm in Section 28.1, with values of
EFncv provided in Section 28.1.2.2.

28.3. CATALYTIC CRACKING UNIT REGENERATORS
Mass emitted (kg) = EFrcc X Mass of coke burned (in tonnes)

where:
EFrcc = emission factor from Table 33

Table 33 PAH Emission Factors for CCU Regenerators
PAH EFecc
Benzo(a)pyrene 7.072E-07
Benzo(b)fluoranthene 1.223E-06
Benzo(k)fluoranthene 8.212E-07
Indeno(1,2,3-cd)pyrene 6.238E-07
Total 3.38E-06

Reference: [13], Table 1. This reference provides data on the number of data points
both above and below the limit of detection. The emission factor is a weighted value
using both sets of data — see Section 5.2 of this report.
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CHLORINE AND INORGANIC CHLORINE COMPOUNDS

The E-PRTR requires estimates of the emissions of chlorine and inorganic chlorine
compounds reported as HCI.

The major source of these pollutants is the catalytic reforming unit.

CATALYTIC REFORMING UNITS

The source of these compounds is the reactivation of the catalyst in the catalytic
reforming unit. The catalyst is reactivated, following the burning off of coke
deposits, using chlorine, chlorinated compounds or a chlorinated solvent. The
emissions can be abated, for example using a caustic or water wash system,
chloride trap or driers where HCI is present in water vapour.

A review of data from units without flue gas abatement systems installed indicate
that for very high throughput units the emissions may be greater than the E-PRTR
reporting threshold of 10 000 kg/year. For units with abatement systems the
emissions were below the threshold value.

There are emission factors related to reformer feed rate for both chlorine and HCI
available in reference [14], Table 1. This reference uses combined data from
reformer units both with and without flue gas abatement systems installed. Due to
the corresponding very wide scatter of emissions data, the emission factor for HCI
has a variance between the median and average values of four orders of
magnitude.

It is not possible, therefore, to provide reliable emission factors for uncontrolled
emissions from the reformer catalyst reactivation process.

The uncontrolled emissions could be estimated from knowledge of the mass of
chlorine or chlorinated compound injected, the efficiency of the reactivation process
and any conversion of the compound that takes place during the activation process.

For reporting purposes, the calculated mass emitted needs to be converted to
equivalent mass of HCI. This is obtained by multiplying the mass of chlorinated
compound emitted by the ratio of the molecular weight of HCI to the molecular
weight of the compound.

81



@@[ﬁ]@@W@ report no. 1/09

30.

30.1.

82

PARTICULATE MATTER WITH DIAMETER <10 um (PMo)

Estimation methods are provided for emissions of PMq due to:
e Combustion of fuels
e Destruction of gaseous streams in incinerators and flares
e Catalytic cracking unit regenerators
o Fluid cokers

PM,o is defined by the UNECE Task Force on Emission Inventories and Projections
as particulate matter which is measured after passing through a size selective inlet
with a 50% efficiency cut-off at 10 ym aerodynamic diameter. Emission factors
derived from US EPA reference sources are for ‘filterable’ particulate matter i.e.
collected on or prior to a filter of an EPA Method 5 (or equivalent) sampling train.

COMBUSTION OF FUELS

Mass emitted (kg) = (EFncy X M x NCV) / 1000

where:

EFncy = Emission factor (in g/GJ)

M = mass of fuel combusted (in tonnes)

NCV = net calorific value of the fuel combusted (in MJ/kg)

Values for the emission factor EFycy are provided in Table 34.

Table 34 PM;, Emission Factors for Combustion Sources
SOURCE FUEL EFncy REF
g/GJ

Boilers and Furnaces Distillate (gas oil) 3.49E+00 [17] Section 1.3,

<10 MW Table 1.3-7
(for CO Boilers and Refinery Fuel Qil Alg. A [17] Section 1.3,

Fired Waste Heat - see below Table 1.3-7

Boilers only applies to 7 .

e LPG 9.89E-01 [17] Section 1.5,

the support fuel firing) Table 1.5-1
Natural Gas 8.90E-01 [17] Section 1.4,

Table 1.4-2
Boilers and Furnaces Distillate (gas oil) 3.23E+00 [17] Section 1.3,

10 MW to 100 MW Table 1.3-6
Refinery Fuel Oil Alg. B [17] Section 1.3,

- see below Table 1.3-5
LPG’ 9.89E-01 [17] Section 1.5,

Table 1.5-1
Natural Gas 8.90E-01 [17] Section 1.4,

Table 1.4-2
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SOURCE FUEL EFncy REF
g/GJ
Boilers and Furnaces Distillate (gas oil) 3.23E+00 [18] SCC
> 100 MW 10100501
Refinery Fuel Oil Alg. C [17] Section 1.3,
- see below Table 1.3-4
LPG? 7.84E-01 [18] SCC
10101002
Natural Gas 8.90E-01 [17] Section 1.4,
Table 1.4-2
Gas Turbine’® Distillate (gas oil)* 1.95E+00 | [19] Section 3.1,
Table 3.1-2a
Natural Gas 9.08E-01 [19] Section 3.1,
Table 3.1-2a
Gas Engine Natural Gas 3.68E-02 [19] Section 3.2,
4-stroke, Lean Burn Table 3.2-2
Diesel Engine Diesel Fuel 2.24E+01 [19] Section 3.4,
Large, Stationary Table 3.4-2
Incinerator Support LPG’ 9.89E-01 [17] Section 1.5,
Fuel or Flare Pilot Fuel Table 1.5-1
Natural Gas 8.90E-01 [17] Section 1.4
Table 1.4-2
Notes:
1. Factor is for both butane and propane combustion
2. Factor is for propane combustion
3. Factors based on combustion turbines using water-steam injection.
4. Factor provided in reference [19] derived using HHV of 139 MBtu/10°® US gal.

Algorithms for refinery fuel oil

A. EFney = (17.47 x MASS%S) + 5.772
B. EFncv = (24.229 x MASS%S) + 8.004
C. EFncv = (19.937 x MASS%S) + 6.586

where:

MASS%S = Percentage mass of sulphur in fuel oil (%)
(i.e. if the fuel contains 1.2% sulphur, then MASS%S = 1.2)

Other Fuels

In the absence of specific emission factors for other gaseous fuels (e.g. refinery fuel
gas, low joule gas) it is recommended to use the value of EFycy for natural gas from
Table 34.
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DESTRUCTION OF GASEOUS STREAMS

Flares
For a non-smoking flare, the emissions of PMo can be assumed to be negligible.

Reference: [20], Section 4.2.1, Table 8.

Incinerators

For all incinerator gas streams, use the algorithm in Section 30.1 with an emission
factor EFncv equal to that for natural gas combustion in a furnace.

For emissions from the combustion of the auxiliary fuel used to support incineration,
also use the algorithm in Section 30.1.

CATALYTIC CRACKING UNIT REGENERATORS
Mass emitted (in kg) = 5.49E-01 x Feed to unit (in m‘°’)
Reference: [20], Section 4.2.1, Table 8.

This algorithm is for a unit with cyclone systems installed inside the regenerator
vessel — see Section 6.2.

FLUID COKERS
Mass emitted (in kg) = 7.65E-01 x Feed to unit (in m®)

Reference: [20], Section 4.2.1, Table 8.
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APPENDIX 1 E-PRTR AIR POLLUTANTS

Table A1.1 lists the air pollutants that must be reported under the E-PRTR Regulation if annual
emissions exceed the threshold values shown. It indicates those pollutants on the sector specific
indicative lists in the EU Guidance Document [4] which are considered “likely” to be emitted by
refineries and combustion installations (> 50 MW). It also shows those pollutants which have
been estimated by at least one refinery to exceed the E-PRTR reporting threshold.

Table A1.1 List of E-PRTR Air Pollutants
POLLUTANT REPORTING POLLUTANT ON POLLUTANTS
THRESHOLD INDICATIVE LIST ESTIMATED BY
kg/year Ref [4], Appendix 5 OIL INDUSTRY
Mineral Combustion THAT MAY
Oil and Gas | Installations I-ErﬁCREEESDHOPEgSR
Refineries (> 50 MW)
Methane (CHa) 100 000 X X X
Carbon monoxide (CO) 500 000 X X X
Carbon dioxide (CO>) 100 000 000 X X X
Hydrofluorocarbons (HFCs) 100 X X X
Nitrous oxide (N20) 10 000 X X X
Ammonia (NH3) 10 000 X X X
Non-methane volatile organic 100,000 X X X
compounds (NMVOCs)
Nitrogen oxides (NOx) 100 000 X X X
Perfluorocarbons (PFCs) 100 - - -
Sulphur hexafluoride (SFg) 50 - X X
Sulphur oxides (SOx) 150 000 X X X
Hydrochlorofluorocarbons 1 X X X
(HCFCs)
Chlorofluorocarbons (CFCs) 1 - - -
Halons 1 - - i
Arsenic + compounds 20 X X X
Cadmium + compounds 10 X X X
Chromium + compounds 100 X X X
Copper + compounds 100 X X X
Mercury + compounds 10 X X X
Nickel + compounds 50 X X X
Lead + compounds 200 X X X
Zinc + compounds 200 X X X
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POLLUTANT REPORTING POLLUTANT ON POLLUTANTS
THRESHOLD INDICATIVE LIST ESTIMATED BY
kglyear Ref [4], Appendix 5 OIL INDUSTRY
Mineral Combustion E);rgléogDMPAFITR
Oil and Gas | Installations THRESHOLDS
Refineries (> 50 MW)
Aldrin 1 - - -
Chlordane 1 - - -
Chlordecone 1 - - -
DDT 1 - - -
1,2-dichloroethane 1000 - - -
Dichloromethane 1000 - - -
Dieldrin 1 - - -
Endrin 1 - - -
Heptachlor 1 - - -
Hexachlorobenzene 10 - - -
1,2,3,4,5,6- 10
hexachlorocyclohexane
Lindane 1 - - -
Mirex 1 - - -
PCDD + PCDF (dioxins and 0.0001 - X -
furans) (as TEQ)
Pentachlorobenzene 1 - - -
Pentachlorophenol 10 - - -
Polychlorinated biphenyls 0.1 - - -
(PCBs)
Tetrachloroethylene 2000 - - -
Tetrachloromethane 100 - - -
Trichlorobenzenes 10 - - -
1,1,1-trichloroethane 100 - - -
1,1,2,2-tetrachloroethane 50 - - -
Trichloroethylene 2000 - X2 -
Trichloromethane 500 - - -
Toxaphene 1 - - -
Vinyl chloride 1000 - - -
Anthracene 50 - - |3
Benzene 1000 X X X
Ethylene oxide 1000 - - -
Naphthalene 100 - - 3
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POLLUTANT REPORTING POLLUTANT ON POLLUTANTS
THRESHOLD INDICATIVE LIST ESTIMATED BY
kglyear Ref [4], Appendix 5 OIL INDUSTRY
THAT MAY
Mineral Combustion EXCEED PRTR
Oil and Gas | Installations THRESHOLDS
Refineries (> 50 MW)
Di-(2-ethyly hexyl) phthalate 10 - - -
Polycyclic aromatic 50 X X X
hydrocarbons (PAHs) 4
Chlorine + inorganic 10 000 X X X
compounds (as HCI)
Asbestos 1 - - -
Fluorine + inorganic 5000 - - -
compounds (as HF)
Hydrogen cyanide (HCN) 200 - - -
Particulate matter < 10 micron 50 000 X X X
diameter (PM1o)
Hexabromobiphenyl 0.1 - - -
TOTALS 22 25 23
of 60 E-PRTR air pollutants

Notes:

1. These halocarbons have been banned under EU Regulations [50] and would not be used to top-up
existing equipment.

2. Trichloroethylene is not a product of combustion. The inclusion of this pollutant in the indicative sector
specific list of air pollutants for thermal power stations and other combustion installations in reference
[4] appears to be due to an anomaly in the EPER database.

3. The possible magnitude of emissions of anthracene and naphthalene are reviewed in Appendix 3.

4. Benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene and indeno(1,2,3-cd)pyrene.
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APPENDIX 2 UPDATES IN EMISSION ALGORITHMS AND FACTORS

The following changes in emission algorithms and factors have been made from the predecessor
CONCAWE report No. 3/07 [9].

Carbon Monoxide

Updated emission factors:
- LPG combustion in boilers and furnaces rated < 10 MW and between 10 and 100 MW.

Carbon Dioxide

Updated oxidation factor:
- All fuel combustion.

New algorithms:
- Flare gas combustion where stream composition is unknown.
- Hydrogen plant where composition of feed is known.

Revised algorithm:
- Hydrogen plant where composition of feed is unknown.

Non-Methane Volatile Organic Compounds

New emission factors
- for optical gas imaging systems used for detection of leaks from pressurised components.

Updated emission factors:

- LPG combustion in boilers and furnaces rated < 10 MW and between 10 and 100 MW.

- fugitive emissions from pressurised components where component counts are not available.
- loading of marine tankers and barges.

New algorithms:

- emissions from pressurised components using optical gas imaging.

- emissions from uncovered gravity separators.

References to new methodologies:

- emissions from waste water treatment systems.

- emissions from internal floating roof tanks with vents that can be closed.
- emissions from tank cleaning.

Nitrogen Oxides

Updated emission factors:
- adjustment factor for amount of hydrogen in the fuel.

Oxides of Sulphur

New algorithm:
- catalytic cracking unit regenerators where the sulphur content in the coke is known.

Arsenic

Updated emission factor:
- natural gas combustion in all sizes of boilers and furnaces.
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Cadmium

Updated emission factors:

- natural gas combustion in all sizes of boilers and furnaces.
- natural gas combustion in gas turbines.

Chromium

Updated emission factors:

- natural gas combustion in all sizes of boilers and furnaces.
- natural gas combustion in gas turbines.

Copper

Updated emission factors:

- natural gas combustion in all sizes of boilers and furnaces.
- natural gas combustion in gas turbines.

Mercury

Updated emission factors:

- natural gas combustion in all sizes of boilers and furnaces.
- natural gas combustion in gas turbines.

Nickel

Updated emission factors:

- natural gas combustion in all sizes of boilers and furnaces.
- natural gas combustion in gas turbines.

Lead

Updated emission factor:
- natural gas combustion in all sizes of boilers and furnaces.

Amended emission factor (deleted):
- natural gas combustion in gas turbines.

Zinc

Updated emission factor:
- natural gas combustion in all sizes of boilers and furnaces.

Amended emission factor (deleted):
- natural gas combustion in gas turbines.

Benzene
Updated emission factors:
- natural gas combustion in all sizes of boilers and furnaces.

- natural gas combustion in gas engines.
- catalytic cracking unit regenerators: partial burn without CO boiler.
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PAHs

Updated emission factors:

- natural gas combustion in all sizes of boilers and furnaces.

- catalytic cracking unit regenerators.
Particulate Matter

New emission factors:
- LPG combustion in all sizes of boilers and furnaces.

Anthracene (Appendix 3)

Updated emission factors:
- catalytic cracking unit regenerators.

Naphthalene (Appendix 3)

Updated emission factors:
- catalytic cracking unit regenerators.
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APPENDIX 3 ANTHRACENE AND NAPHTHALENE

Anthracene and naphthalene are pollutants known to be emitted by refineries, but neither is
included on the sector specific indicative lists in the EU E-PRTR Guidance [4]. Emission
estimation methods for these two pollutants are provided in this Appendix. It is demonstrated
that emissions of neither pollutant are likely to exceed their respective E-PRTR reporting
threshold, even at the largest of refineries.

A3.1

A3.11

ANTHRACENE

Estimation methods are provided for emissions from:
e Combustion of fuels
o Fluidised catalytic cracking units

Combustion of Fuels

Mass emitted (kg) = (EFncy * M x NCV) / 1000

where:

EFncv = Emission factor (in g/GJ)

M = mass of fuel combusted (in tonnes)

NCV = net calorific value of the fuel combusted (in MJ/kg)

Values for the emission factor EFycy are provided in Table A3.1.

Reference: [11].

Table A3.1 Anthracene Emission Factors for Combustion Sources
SOURCE FUEL EFncv 9/GJ REF

Furnaces and Boilers Refinery Fuel Oil 9.37E-07 [11], [47]1
Gas 2.26E-06 [11], [47]

Gas Turbine? Gas 1.64E-05 [11], [47]

Gas Engine Refinery Fuel Gas 1.17E-04 [11], [47]1

4-Stroke, Lean-Burn

Diesel Engine Distillate (Gas Oil) 5.43E-04 [11], [47]1

Large, Stationary3

Notes:

1. Reference [11] is base document, but reference [47] provides emission factors to more
significant figures.

2. Factor derived from gas turbines without duct burners.

3. Factor for stack oxygen concentration < 13%
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A3.1.2 Catalytic Cracking Unit Regenerator
Mass emitted (kg) = 3.06E-06 x Mass of coke burned (in tonnes)

Reference: [13], Table 1. This reference provides data on the number of data points
both above and below the limit of detection. The emission factor is a weighted value
using both sets of data — see Section 5.2 of this report.

A3.1.3 Emissions from a Very Large Refinery

To establish if anthracene could be emitted in excess of the E-PRTR reporting
threshold, emissions have been calculated for a very large refinery. A survey by
CONCAWE identified that the most fuel consumed at a European refinery was
8.4E+07 GJlyear, of which 3.6E+07 GJ was due to fuel oil use. The same refinery
has a FCCU with a capacity of 2.9E+06 m3/year, with a resultant coke burn of about
140 000 t/year.

e Fuel oil combusted = 3.6E+07 GJ/year

e Fuel gas combusted = 4.8E+07 GJ/year

e FCCU coke combusted = 1.4E+05 tonnes/year
The emissions from this very large refinery would be:

Emissions from oil and gas combustion
= [(9.37E-07 x 3.6E+07) + (2.26E-06 x 4.8E+07)] x 1.0E-03 = 1.42E-01 kg
Emissions from coke burn = 3.06E-06 x 1.4E+05 = 4.28E-01 kg

Total emissions = 0.57 kg/year

These emissions are significantly less than the E-PRTR reporting threshold of
50 kglyear.

A3.2 NAPHTHALENE
Estimation methods are provided for emissions from:

e Combustion of fuels
o Fluidised catalytic cracking units

A3.2.1 Combustion of Fuels

Mass emitted (kg) = (EFncv * M x NCV) / 1000

where:

EFncv = Emission factor (in g/GJ)

M = mass of fuel combusted (in tonnes)

NCV = net calorific value of the fuel combusted (in MJ/kg)
Values for the emission factor EFycy are provided in Table A3.2.

Reference: [11].
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Table A3.2 Naphthalene Emission Factors for Combustion Sources
SOURCE FUEL EFncy 9/GJ REF
Furnaces and Boilers Refinery Fuel Oil 1.83E-04 [111, [47]
Gas 1.86E-04 [11], [47]
Gas Turbine Distillate (Gas Oil)? 1.58E-02 [19], Section 3.1,
Table 3.1-4
Gas’ 3.48E-04 [111, [47]
Gas Engine Refinery Fuel Gas 5.54E-02 [111, [47]
4-Stroke, Lean-Burn
Diesel Engine Distillate (Gas Qil) 5.75E-02 [11], [47]7
Large, Stationary’

Notes:

1. Reference [11] is base document, but reference [47] provides emission factors to more
significant figures.

2. Factor derived from turbines operating at high (= 80%) loads.
Factor provided in reference [19] derived using HHV of 139 MBtu/10° US gal.

3. Factor derived from gas turbines without duct burners.

4. Factor for stack oxygen concentration < 13%

A3.2.2 Catalytic Cracking Unit Regenerator
Mass emitted (kg) = 5.59E-05 x Mass of coke burned (in tonnes)
Reference: [13]], Table 1. This reference provides data on the number of data

points both above and below the limit of detection. The emission factor is a
weighted value using both sets of data — see Section 5.2 of this report.

A3.2.3 Emissions from a Very Large Refinery
To establish if naphthalene could be emitted in excess of the E-PRTR reporting
threshold, emissions have been estimated for the very large refinery described in
Section A3.1.3.

e Fuel oil combusted = 3.6E+07 GJ/year
o Fuel gas combusted = 4.8E+07 GJ/year
e FCCU coke combusted = 1.4E+05 tonnes/year

The emissions from this very large refinery would be:
Emissions from combustion
= [(1.83E-04 x 3.6E+07) + (1.86E-04 x 4.8E+07)] x 1.0E-03 = 1.55E+01 kg
Emissions from FCCU coke burn = 5.59E-05 x 1.4E+05 = 7.83E+00 kg

Total emissions = 23.3 kg/year

These emissions are less than the E-PRTR reporting threshold of 100 kg/year.
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APPENDIX4 NMVOC EMISSIONS FROM GASOLINE MARKETING

FACILITIES

Neither marketing distribution terminals (i.e. road tanker gasoline loading facilities which are not
located on a refinery site) nor service stations are regulated under the terms of the IPPC
Directive [1] and hence are not required to submit E-PRTR reports.

Algorithms are provided in this Appendix, however, as emission estimates for distribution
terminals and service stations may be made by oil companies for their own environmental
reporting purposes.

A4

A411

A4.1.2

A413

Ad414
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DISTRIBUTION TERMINALS

The major sources of emissions at terminals are the storage and loading of
gasolines. As there is negligible methane in refined transport fuels, it can be
assumed that there are no emissions of CH,.

Storage Tanks

Use the methodologies provided in Section 13.9.

Loading of Mobile Containers

Use the methodologies provided in Section 13.8.

Fugitive Emissions from Components

Emissions can occur due to leakage past seals, flanges, etc., on components
installed in product pipelines and loading systems e.g. pump seals, connectors.

The emissions from fugitives at terminals are very much lower than at refineries
because the systems do not operate at such high pressures. The emission factors
provided in Section 13.5, which were derived from measurements on refinery
process plants, should therefore not be used to estimate fugitive emissions at
distribution terminals. Equivalent emission factors for terminal equipment are
provided in reference [29], Table 2-3. Emissions from this source are typically less
than 1 tonne/year for high throughput terminals.

Oil-Water Separators

The emission factors provided in Section 13.6 have been derived from
measurements on oil-water separators at refineries and are not appropriate for
facilities at distribution terminals due to the differences in inlet conditions.

Emissions can be considered to be negligible if good maintenance and operating
procedures are in place.
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A4.2

SERVICE STATIONS

Algorithms are provided for the following sources:
e Storage tanks
e Automobile refuelling

Gasoline vapour emissions at service stations can be controlled using “vapour
balancing” techniques:-

Storage tank filling: When the storage tank is filled the vapours normally
vented to atmosphere can be fed back into the tanker cargo tank
(compartment) from which the gasoline is being off-loaded. This technique is
called “Stage 1b” vapour balancing.

Automobile Refuelling: When an automobile is being refuelled, the vapours
normally vented to atmosphere from the fuel tank can be fed back to the
service station storage tank from which the gasoline was dispensed. This
technique has been mandated in the majority of EU countries and is called
“Stage 2” vapour balancing. An alternative, which has been mandated in the
USA, is to enlarge the carbon canister fitted on the automobile to control fuel
system hot-soak emissions so that refuelling emissions can also be captured.

Other emissions comprise storage tank “breathing” due to evaporation of the
gasoline in the tank, and drips and minor spillage during automobile refuelling.

The emissions can be estimated from:

Mass emitted (kg) = EF x VOLp,sp X TVP

where:

EF = Emission Factor from Table A4.3 depending on source and activity.
VOLpsp = Volume of gasoline dispensed (in m3).

TVP = True Vapour Pressure of gasoline at storage temperature (in kPa).

Reference: [7], Section 4.

Table A4.3 NMVOC Emission Factors for Service Stations
SOURCE / ACTIVITY EMISSION FACTOR (EF)
kg/m®/kPa
Storage Tank Filling without Stage 1b 2.44E-02
Filling with Stage 1b in 1.10E-03
operation
Breathing 3.30E-03
Automobile Refuelling | Refuelling with no 3.67E-02
emission controls in
operation
Refuelling with Stage 2 in 3.70E-03
operation
Drips and minor spillage 2.20E-03
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Gasoline TVP can be calculated from:
TVP = RVP x 1 0[(7.047E-06 % RVP + 1.392E-02) x TEMP + (2.311E-04 x RVP — 5.236E-01)]

where:
RVP = Reid Vapour Pressure (in kPa)
TEMP = Gasoline storage temperature (in degrees Centigrade)

If the storage tank temperature is unknown, for the estimation of annual emissions
TEMP can