UNIVERSITAT ROVIRA 1| VIRGILI

ENVIRONMENTAL TAX ON PRODUCTS AND SERVICES BASED ON THEIR
CARBON FOOTPRINT: THE CASE OF SPAIN

Eskinder Demisse Gemechu

ADVERTIMENT. L'accés als continguts d'aquesta tesi doctoral i la seva utilitzacié ha de respectar els drets
de la persona autora. Pot ser utilitzada per a consulta o estudi personal, aixi com en activitats o materials
d'investigaci6 i docéncia en els termes establerts a 'art. 32 del Text Refds de la Llei de Propietat Intel-lectual
(RDL 1/1996). Per altres utilitzacions es requereix l'autoritzacié prévia i expressa de la persona autora. En
gualsevol cas, en la utilitzacié dels seus continguts caldra indicar de forma clara el nom i cognoms de la
persona autora i el titol de la tesi doctoral. No s'autoritza la seva reproduccio o altres formes d'explotacié
efectuades amb finalitats de lucre ni la seva comunicacio publica des d'un lloc alié al servei TDX. Tampoc
s'autoritza la presentacio del seu contingut en una finestra o marc alié a TDX (framing). Aquesta reserva de
drets afecta tant als continguts de la tesi com als seus resums i indexs.

ADVERTENCIA. El acceso a los contenidos de esta tesis doctoral y su utilizacibn debe respetar los
derechos de la persona autora. Puede ser utilizada para consulta o estudio personal, asi como en
actividades o materiales de investigacion y docencia en los términos establecidos en el art. 32 del Texto
Refundido de la Ley de Propiedad Intelectual (RDL 1/1996). Para otros usos se requiere la autorizacion
previa y expresa de la persona autora. En cualquier caso, en la utilizacién de sus contenidos se debera
indicar de forma clara el nombre y apellidos de la persona autora y el titulo de la tesis doctoral. No se
autoriza su reproduccion u otras formas de explotacion efectuadas con fines lucrativos ni su comunicacién
publica desde un sitio ajeno al servicio TDR. Tampoco se autoriza la presentacion de su contenido en una
ventana o marco ajeno a TDR (framing). Esta reserva de derechos afecta tanto al contenido de la tesis como
a sus resumenes e indices.

WARNING. Access to the contents of this doctoral thesis and its use must respect the rights of the author. It
can be used for reference or private study, as well as research and learning activities or materials in the
terms established by the 32nd article of the Spanish Consolidated Copyright Act (RDL 1/1996). Express and
previous authorization of the author is required for any other uses. In any case, when using its content, full
name of the author and title of the thesis must be clearly indicated. Reproduction or other forms of for profit
use or public communication from outside TDX service is not allowed. Presentation of its content in a window
or frame external to TDX (framing) is not authorized either. These rights affect both the content of the thesis
and its abstracts and indexes.




UNIVERSITAT ROVIRA I VIRGILI
ENVIRONMENTAL TAX ON PRODUCTS AND SERVICES BASED ON THEIR CARBON FOOTPRINT: THE CASE OF SPAIN
ESKINDER DEMISSE GEMECHU

ENVIRONMENTAL TAX ON PRODUCTS AND
SERVICES BASED ON THEIR CARBON
FOOTPRINT: THE CASE OF SPAIN

DOCTORAL THESIS

DEPARTMENT OF CHEMICAL ENGINEERING
UNIVERSITAT ROVIRA I VIRGILI

Eskinder Demisse Gemechu

Supervised By
Dr. Francesc Castells
Dr. Isabela Butnar

March 2013


http://www.etseq.urv.es/
http://www.urv.cat/
http://www.etseq.urv.es/aga/Equipo/CV%20E%20DEMISSE.dwt

UNIVERSITAT ROVIRA I VIRGILI
ENVIRONMENTAL TAX ON PRODUCTS AND SERVICES BASED ON THEIR CARBON FOOTPRINT: THE CASE OF SPAIN
ESKINDER DEMISSE GEMECHU



UNIVERSITAT ROVIRA I VIRGILI
ENVIRONMENTAL TAX ON PRODUCTS AND SERVICES BASED ON THEIR CARBON FOOTPRINT: THE CASE OF SPAIN

ESKINDER DEMISSE GEMECHU

UNIVERSITAT ROVIRA | VIRGILI

Chemical Engineering Department
C/ Paisos Catalans, 26

43007 - Tarragona, Spain

Tel: (+34) 977 55 8553

Fax: (+34) 977 55 9621

CERTIFICATE

This is to certify that the thesis entitled:

“Environmental tax on products and services based on their

carbon footprint: the case of Spain” submitted and presented
by Mr. Eskinder Demisse Gemechu to the Chemical Engineering De-
partment of Universitat Rovira i Virgili towards partial fulfillment of
the requirements for the degree of Doctor of Philosophy in Chemical,
Environmental and Process Engineering is carried out by him under
our supervision and guidance, and that it fulfills all the requirements

to be eligible for the International Doctorate label.

Tarragona, January 25, 2013

Dr. Francesc Castells Dr.Isabela Butnar
Professor and Lecturer at Environmental Scientist at
Chemical Engineering Department Unilever

Universitat Rovira i Virgili London, UK



UNIVERSITAT ROVIRA I VIRGILI
ENVIRONMENTAL TAX ON PRODUCTS AND SERVICES BASED ON THEIR CARBON FOOTPRINT: THE CASE OF SPAIN
ESKINDER DEMISSE GEMECHU



UNIVERSITAT ROVIRA I VIRGILI
ENVIRONMENTAL TAX ON PRODUCTS AND SERVICES BASED ON THEIR CARBON FOOTPRINT: THE CASE OF SPAIN
ESKINDER DEMISSE GEMECHU

Examination Board Members

Dr. Gumersindo Feijoo Costa (Professor)
Group of Environmental Engineering and Bioprocesses
Universidade de Santiago de Compostela

Santiago de Compostela, Spain

Dr. Maria Llop Llop (Associate Professor)

Research Centre on Industrial and Public Economics (CREIP)
Department of Economics

Universitat Rovira i Virgili

Reus, Spain

Dr. Richard Simon Josef Tol (Professor)
Department of Economics

University of Sussex

Brighton, United Kingdom

External Reviewers

Dr. Guido Sonnemann (Professor)

Life Cycle Assessment and Sustainable Chemistry (CyVi)
Institut des Sciences Moléculaires

Universit Bordeaux 1

Talence, France

Dr. Richard Simon Josef Tol (Professor)
Department of Economics

University of Sussex

Brighton, United Kingdom



UNIVERSITAT ROVIRA I VIRGILI
ENVIRONMENTAL TAX ON PRODUCTS AND SERVICES BASED ON THEIR CARBON FOOTPRINT: THE CASE OF SPAIN
ESKINDER DEMISSE GEMECHU



UNIVERSITAT ROVIRA I VIRGILI
ENVIRONMENTAL TAX ON PRODUCTS AND SERVICES BASED ON THEIR CARBON FOOTPRINT: THE CASE OF SPAIN
ESKINDER DEMISSE GEMECHU

TO MY BELOVED FAMILY, SPECIALLY TO MY WIFE
SELAME AND MY LITTLE ANGEL BLEINE.



UNIVERSITAT ROVIRA I VIRGILI
ENVIRONMENTAL TAX ON PRODUCTS AND SERVICES BASED ON THEIR CARBON FOOTPRINT: THE CASE OF SPAIN
ESKINDER DEMISSE GEMECHU



UNIVERSITAT ROVIRA I VIRGILI
ENVIRONMENTAL TAX ON PRODUCTS AND SERVICES BASED ON THEIR CARBON FOOTPRINT: THE CASE OF SPAIN

ESKINDER DEMISSE GEMECHU

Acknowledgements

I would like to express my sincere gratitude to my supervisors Dr.
Francesc Castells and Dr. Isabela Butnar for their continuous sup-
port, patience, motivation, enthusiasm, and immense knowledge that
helped me develop my PhD. I also owe sincere and earnest thankful-

ness to Dr.Maria Llop for her advice and candid help in my thesis.

I would also like to thank Dr. Marta Schuhmacher for her encourage-

ment and every support during the last three years in the group.

My sincere thanks also go to Dr. Sangwon Suh for offering me three
months of research stay at Bren School of Environmental Science &

Management, University of California.

I would like to acknowledge Goma-Camps S.A.U for providing me
the main data both for process-based LCA and hybrid application.
Special thanks to Mr. Jordi Goma-Camps and Mr. Alfred Pons for
their support. The work would not have been possible without their

cooperation.

I would like to show my gratitude to the Ministerio de Educaciéon y
Cultura, Generalitat de Catalunya and to the Department of Chemical
Engineering of Universitat Rovira i Virgili for the financial supports
to carry out this PhD thesis.

I extend my sincere word of thanks to my colleges: Ana Passuello, Fa-
tima Rubab, Francesc Fabrega, Joaquim Rovira, Montserrat Marqués,

Maria Jose Amores, Montse Mari, Neus Roig and Vikas Kumar.

Special thanks to Nuria Juanpere and Merche Maurin for their candid

help during the last three years at URV. Supports from the doctoral



UNIVERSITAT ROVIRA I VIRGILI
ENVIRONMENTAL TAX ON PRODUCTS AND SERVICES BASED ON THEIR CARBON FOOTPRINT: THE CASE OF SPAIN

ESKINDER DEMISSE GEMECHU

committee and all other administrative staffs of the chemical engi-

neering department of the URV are thankfully acknowledged.

I am so grateful to my friends (Habesh@tarragona) for the good time
we have spent together. You are not just friends, but more as a family.

I am so lucky to have you all around.

My greatest thanks go to my lovely wife, daughter and family back
home for their patience, encouragements and continuous support dur-

ing my study.

Finally, T thank the Almighty God for giving me the strength and

patience to work through all these years.



UNIVERSITAT ROVIRA I VIRGILI
ENVIRONMENTAL TAX ON PRODUCTS AND SERVICES BASED ON THEIR CARBON FOOTPRINT: THE CASE OF SPAIN

ESKINDER DEMISSE GEMECHU

Summary

From the publication of the Kyoto Protocol in 1997, the issue of cli-
mate change has been increasingly subject to policy debates. Several
market instruments, such as the EU ETS, taxes on pollution, etc. have
been introduced aiming to achieve the GHG emissions targets of the
Kyoto Protocol, i.e. by 2020 reduce GHG emissions 20% below their
level in 1990. In this line, the main aim of this thesis is to investigate
the definition of an environmental tax on products based on their car-
bon footprint and to analyze the potential impacts of introducing the
tax. These impacts are analysed both in terms of emissions reduction
and change in public welfare. The analysis focuses on Spain, but it
also considers trade with other countries and its effects on the carbon

footprint of products consumed in Spain.

The carbon footprint of products and services can be estimated either
through process-based LCA or by using economic IO approaches. This
thesis applies the two methods concluding that IO approaches are
more appropriate than process-LCA for economy-wide carbon foot-
printing exercises. However, the research here highlights that 1O is-
sues such as the aggregation of sectors and product grouping in the
IO databases, the treatment of international transport, and the ad-
justment of prices from one to another year of analysis, could induce
important errors in the estimation of product carbon footprint. To
overcome these issues, this work recommends using [O-based hybrid
models or EIO-LCA which conserve product specific data in an 10
framework, easily applicable to economy-wide environmental policy

analysis.
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Based on the carbon footprints of products, an environmental tax is
defined. The research highlights the significance of considering non-
CO, GHG emissions in environmental tax policies. Despite the fact
that CO, is the most important GHG and it is in the spotlight of
most climate change mitigation actions, there are also other gases
with higher global warming potential which are usually not consid-
ered. Sectors such as Mining of coal and lignite; extraction of peat,
Agriculture, livestock and hunting and the Food sectors are among the
sectors most responsible for the emission of a considerable amount of
non-CO, GHGs in the Spanish economy. An environmental tax ap-
plied to these sectors would vary considerably if GHG emissions other

than CO, were considered.

The potential impacts of the taxation are assessed by using a Leontief
price model, which allows the introduction of the tax on selected sector
to induce changes in the production price. The effects of the tax
both on the economy, on the environment and on the society are
estimated. The results show that there is a clear trade-off between the
environment, economy and society. The environmental and economic
goals cannot be met at the same time with the environmental taxation
unless there is a way in which the public revenues could be used to

compensate those who are negatively affected by the tax.

The thesis also addresses the issue of international trade and its im-
plications on climate change mitigation. Such issues have been over-
looked by the Kyoto Protocol, i.e. emissions due to international
trades were not explicitly treated, resulting in carbon leakages. The
thesis analyzes the emissions embodied in the Spanish imports and the
responsibilities of the Spanish economy by using a fully integrated
MRIO model. The empirical results reveal that Spain is a net im-
porter of CO, emissions and China is the most polluting exporter to
Spain. These results evidence a clear carbon leakage, as energy and
emission intensive products are shifted to be produced in developing

countries which are not signatories of international climate change
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policies. This suggests the need to go beyond the Kyoto Protocol and
apply a border adjustment CO, tax on products which are imported

from countries which are not covered by such Protocols.
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Resumen

Desde la publicacion del Protocolo de Kyoto en 1997, el tema del

cambio climatico ha estado cada vez mas sujeto a debates politicos.

Para alcanzar los objetivos de emisiones de gases de efecto invernadero
(GEI) del Protocolo de Kioto, se han introducido varios instrumentos
de mercado como el comercio de derechos de emisién de la Unién Eu-
ropea (o EU ETS), los impuestos sobre la contaminacién, etc. Mas
concretamente, se pretende para el ano 2020 una reduccion de los GEI
de un 20% por debajo de su nivel en 1990. En esta linea, el objetivo
principal de esta tesis es investigar la definicién de un impuesto am-
biental a los productos en funcién de su huella de carbono y analizar
los impactos potenciales de la introduccién de este impuesto. Estos
impactos se analizan tanto en términos de reduccién de las emisiones
como en el cambio en el bienestar publico. El andlisis se centra en
Espana, pero también se considera el comercio con otros paises y sus
efectos sobre la huella de carbono de los productos que se consumen

en Espana.

La huella de carbono de los productos y servicios puede calcularse a
través de técnicas de andlisis del ciclo de vida (ACV) basado en pro-
cesos o utilizando métodos en base a IO econdémico. Esta tesis utiliza
los dos métodos, concluyendo que los enfoques IO son mas apropia-
dos que los procesos ACV para aplicaciones de calculo de huella de
carbono en sectores econdémicos en general. Sin embargo, la investi-
gacién pone de relieve que cuestiones relacionadas con 10O, como la
agregacion de sectores y la agrupacion de productos en las bases de
datos IO, el tratamiento del transporte internacional y el ajuste de los

precios de un ano para otro de analisis, podrian inducir importantes
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errores en la estimacion de la huella de carbono del producto. Para
superar estos problemas, este trabajo recomienda el uso de modelos
hibridos basados en 10 o EIO-LCA que conservan especificaciones de
productos de datos en un marco IO, facilmente aplicable a anélisis de

politica ambiental en sectores econémicos.

Se ha definido un impuesto medioambiental basado en la huella de
carbono de los productos. Este estudio pone de relieve la importancia
de considerar las emisiones de GEI distintas del CO, en las politicas
fiscales ambientales. A pesar del hecho de que el CO, es el GEI mas
importante y es el centro de atencién de la mayoria de las acciones
de mitigacion del cambio climatico, también hay otros gases con alto
potencial de calentamiento global, que generalmente no se consideran.
Sectores como la mineria del carbdén y el lignito, extraccion de turba,
agricultura, ganaderia, caza y sectores de alimentos son uno de los
sectores mas responsables de la emision de una cantidad considerable
de GEI distintos del CO, en la economia espanola. Un impuesto am-
biental aplicado a estos sectores variaria considerablemente si fuesen

también consideradas las emisiones de GEI a parte del CO,.

Los impactos potenciales de la tributacién se han evaluado mediante el
uso de un modelo de precios de Leontief, que permite la introduccién
del impuesto sobre el sector seleccionado para inducir cambios en el
precio de produccion. Se han estimado los efectos de los impuestos
tanto sobre la economia, el medio ambiente y en la sociedad. Los resul-
tados muestran que hay un claro equilibrio entre el medio ambiente, la
economia y la sociedad. Los objetivos ambientales y econémicos no se
pueden cumplir al mismo tiempo con la fiscalidad ambiental, a menos
que hubiera alguna manera de que los ingresos publicos pudieran uti-
lizarse para compensar a aquellos que se ven afectados negativamente

por el impuesto.

La tesis aborda también la cuestién del comercio internacional y sus
implicaciones en la mitigacion del cambio climético. Estas cuestiones

han sido pasadas por alto por el Protocolo de Kyoto, i.e., devido a
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que las emisiones de las operaciones internacionales no fueron tratadas
de forma explicita, esto ha dado lugar a fugas de carbono. La tesis
analiza las emisiones incorporadas en las importaciones espanolas y
las responsabilidades de la economia espanola mediante el uso de un
modelo completamente integrado, MRIO. Los resultados empiricos
revelan que Espana es un pais importador neto de las emisiones de
CO, y China es el exportador méas contaminante para Espana. Estos
resultados muestran una clara fuga de carbono, por el hecho de que
la manufactura de productos energéticos y de emisiones intensivas se
desplaza a paises en desarrollo que no son signatarios de las politicas
internacionales de cambio climatico. Esto sugiere la necesidad de ir
mas alla del Protocolo de Kyoto y aplicar un ajuste sobre el CO,, en
los productos importados de paises que no estén cubiertos por dichos

Protocolos.
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1.1 General Introduction

1.1 General Introduction

The ever accelerating growth of global economy, which is not consistent with
environmental and social needs, has resulted in irrational resource exploitation
and environmental deterioration. Decoupling the environmental impacts from
economic growth yet remains the unresolved challenge faced by both economists
and environmentalists. Global warming is one of the univocal examples proven
to be caused by human activities (IPCC, 2007). Unsustainable consumption and
production patterns! are considered as one of the major driving forces of anthro-
pogenic greenhouse gas (GHG) emissions. Therefore, attention should be paid
to both producers’ and consumers’ behaviors and how they can be changed in
order to reduce their impacts and to build a sustainable environment. The issues
of consumption and production as driving forces of climate change have been
put on international agenda since the Rio Earth Summit in 1992 (UN, 1992).
The Rio Earth Summit on Environment and Development identified unsustain-
able patterns of consumption and production as major causes of the continued
deterioration of the global environment, particularly in developed countries. It
declared that sustainable development and high quality of life could be achieved
when States should reduce and eliminate unsustainable patterns of production
and consumption and promote appropriate demographic polices (UN, 1992). Ten
years later, the world’s political leaders gathered in Johannesburg in 2002 at the
UN’s World Summit on Sustainable Development (WSSD). The commitments
in Rio Earth Summit were renewed in Johannesburg by deciding that chang-
ing unsustainable patterns of consumption and production should be one of the
three overarching objectives of sustainable development (UN, 2002). A ten-year
Framework of Programs (10YFP) was called for in support of national and re-
gional initiatives to accelerate the shift towards SCP. The Marrakech Process was

established with the aim of supporting the development of 10YFP called for in

!The most prominent definition of Sustainable Consumption and Production (SCP) is the
one proposed at the 1994 Oslo Roundtable on Sustainable Production and Consumption. It
defines as “use of goods and services that respond to basic needs and bring a better quality of
life, while minimising the use of natural resources, toxic materials and emissions of waste and
pollutants over the life cycle, so as not to jeopardise the needs of future generations”. Source:
Norwegian Ministry of the Environment (1994) Oslo Roundtable on Sustainable Production
and Consumption (http://www.iisd.ca/consume/o0slo004.html)
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Johannesburg and the implementation of SCP. Following the Marrakech Process,
a number of regions have implemented SCP frameworks. EU has been taking
important action towards achieving the SCP main goals, i.e., to ensure sustain-
able economic development while reducing environmental degradation through
increasing the efficiency of resource use. The Action Plan on Sustainable Con-
sumption and Production and on Sustainable Industrial Policy (SCP/SIP), which
was launched in July 2008 could be a good example (EC, 2008b). The SCP/SIP
Action Plan comprises different directives and policy instruments so as to advance
SCP by further improving the environmental performance of products and by
promoting demand for sustainable goods. These includes: the Ecodesign Direc-
tive which sets EU-wide consistent rules on ecodesign requirements for improving
the environmental profile of energy related products (EC, 2009); the Energy La-
belling Directive that establishes a framework for harmonized product labelling
so as to provide information for consumers aiming at shifting the market from
energy-intensive products toward more efficient products (EC, 2010); the Green
Public Procurement (GPP), which provides guidance on how to reduce the envi-
ronmental impacts caused by public sector consumption and stimulate innovation
in environmental technologies, products and services; and market-based economic

mstruments.

Market-based economic instruments can play an important role in promoting
SCP (ETC/RWM and EEA, 2007). A wide range of economic tools have been
used in EU in relation to SCP, which includes fees and charges, environmental
taxes and subsidies, tradable permits, deposit-refund systems amongst others
(Watson et al., 2009). Being price is one of the most determinants of consumer
choices; economic instruments can provide incentives for the consumption of more

sustainable products.

The EU Emissions Trading System (EU ETS) is one of the best examples of
economic instruments that are applied to the implementation of SCP policy. It is
the largest international scheme for trading GHG emissions allowance to combat
climate change (Ellerman and Buchner, 2007). The EU ETS was launched in
January 2005 and now it is in its third phase, which will run from 2013 to 2020 and

supposed to ensure a 21% lower emissions compared with its first implementation
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in 2005. The working principle of EU ETS is ‘cap-and-trade’ in which a limit is set
on the total GHG emissions that could be released by the installations' under the
scheme. The permits which can be traded are then allocated to all participants
for free. When the emissions exceed the allowance then an installation should buy
allowances from others and similarly if the emissions are lower than the allocated

allowance, then the installation can sell to others.

Alternative to tradable permit is environmental tax. According to the economic
theory, environmental taxes are often considered as a Pigovian tax (Helm, 2005).
The concept behind tax introduction is linked with externality. In economics,
externality is referred to as “situations when the effect of production or con-
sumption of goods and services imposes costs or benefits on others which are not
reflected in the prices charged for the goods and services being provided” (Khe-
mani and Shapiro, 1993). When there is negative impact to the environment such
as pollution, the social cost will be higher than the private cost (producer), know
as market failures. Environmental tax is used to correct market failures by inter-
nalizing negative externalities and letting the market to play its role in changing
consumers’ purchasing patterns. Because the costs imposed on the society are
internalized by introducing environmental tax, both producers and consumers

will be aware of the full cost of pollution.

From both conceptual and theoretical point of views, tradable permit and envi-
ronmental taxes share similarity as policy instruments to ensure climate change
mitigation. However, from practical point of view, environmental taxes seem more
advantageous than the tradable permit (Norregaard and Reppelin-Hill, 2000).
One of the advantages of environmental taxes is price fixing. The prices of pol-
lution; for example,(GHG or CO, emissions) are fixed, which is not the case in

tradable permit. Being it is quantity oriented system; tradable permit fixes the

!The EU ETS scheme includes a wide range of factories or power plants. For CO, emis-
sions power and heat generation; energy-intensive industry sectors including oil refineries, steel
works and production of iron, aluminum, metals, cement, lime, glass, ceramics, pulp, paper,
cardboard, acids and bulk organic chemicals; and commercial aviation are included. GHG
emissions such as N,O from production of nitric, adipic, glyoxal and glyoxlic acids and PFCs
from aluminum production are also covered by the scheme.
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total amount of targeted emissions reduction and allows the price of the emis-
sions to fluctuate as a result of market forces. The volatility of the permit price
is one of the challenges the current EU ETS is facing. Due to the prolonged eco-
nomic crisis in EU, which began in 2008, the EU ETS suffers from the growing
allowance surplus. From 2008 to 2012, the second phase of EU ETS, the price
of EU allowance has showed a remarkable sink, from 20 and 30€ per ton CO, to
6.5€ per ton CO, (Sartor, 2012). This price volatility of tradable permit system
could have a disruptive effect as it does not encourage carbon-saving investments
(investment in alternative fuels and energy efficient technologies or R&D) that
have high start-up-costs. The other advantage of environmental tax is its revenue
generation potential compared with the free allocation case in tradable permit
system. The revenue from the tax could be used to adjust the distortional effects
of the taxation on the society. Simplicity and transparency are also other ad-
vantages of environmental taxation over the traditional ‘cap-and-trade’ system.
The later, relatively requires administrative structure while the former could be
treated in an already established and developed taxation systems. More impor-
tantly the ‘cap-and-trade’ system is based on the direct emissions principle in
which an entire responsibility is given to the producers. However, consumers
should also be responsible for the emissions associated with their consumption.
This perspective can be reflected through the application of environmental tax
on products and services based on their emission intensities. In this line, this
thesis, therefore, aims at developing a model to calculate environmental tax of
products and services based on their carbon footprint and assess the potential
impacts of taxation. Traditional Life Cycle Assessment (LCA), Environmental
Input-Output (EIO) and hybrid-IOLCA models will be used as methodological
tools to assess carbon footprint of products and services. The carbon footprint
results then will be translated into environmental taxes. Both the social and en-
vironmental effects of the defined taxes are assessed through the use of Leontief
price model. Finally the implication of international trade in such environmental
policy application are addressed by using Multi-regional input-output (MRIO)

models.
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1.2 Hypothesis

The best method to estimate the carbon footprint of a product or service is
LCA. One of the hypotheses of this work was that it is possible to design an
environmental tax proportional to the carbon footprint of products and services
at national level. Other hypothesis was that the introduction of the tax would
lead to the reduction of Spanish national GHG emissions. And finally, that it
is necessary to apply an environmental tax to imported products, to make local

businesses more competitive on international markets.

1.3 Objectives

1.3.1 General Objective

The general objective of the thesis is to define and calculate environmental tax
associated with the life cycle GHG emissions of products and services in the

Spanish economy and estimate the impacts of its introduction in Spain.

1.3.2 Specific Objectives

The general objective was met through accomplishing the following specific ob-

jectives:

e identification of the most appropriated method to assess GHG emissions of

products and services in the Spanish economy,
e design of an environmental tax based on estimated carbon footprints,

e assess the economic and social impacts of environmental tax implementation

in the Spanish economy, and

e assess effects of environmental tax application on imported and exported

goods and services.
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1.4 Outline of The Thesis

The thesis is organized into nine chapters including the general introduction pre-

sented in the first chapter. The outline of each chapter is presented as follow:

Chapter 2 provides a general review and descriptio