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Abstract The reduction of CO, emissions requires the combination of measures
that prevent the emission of this compound in the electrical and industrial sector.
Each region will have different characteristics that should be accentuated to apply
the most viable technologies. In this case, a study is carried out in the North of Spain,
where a potential CO; store is located and, in this work, the development of a cluster
CCS is studied, which is defined as the region with minimum CO, emissions. In this
case, the connection of different industrial nodes with the storage is studied, and a
cluster CCS definition methodology is proposed. Those nodes that are economically
and/or environmentally unviable in connection with the geological storage may apply
other technologies for direct or indirect use of CO,.

1 Introduction

Global warming is one of the biggest challenges that humanity must solve: the use
of fossil fuels since the industrial era has led to a greater presence of greenhouse
gases in the composition of the Earth’s atmosphere. The greatest evidence, recorded
in the observatory of Mauna Loa (USA), where the milestone of exceeding 410 ppm
of CO; in the atmosphere was reached, was exceeded last February 2019. And what
is worse, the rate of growth is between 2 and 3 ppm CO, per year.

In this way, and if no measures are taken to stop this increase, the 450 ppm
CO, equivalent limit established after the Paris Protocol (COPS21, 2015) for the
entire twenty-first century to keep the temperature rise to less than 2 °C will be
clearly exceeded. The energy transition is emerging as the main vector to reduce
CO; emissions—considering not only the electricity sector, but also transport. The
promotion of renewable sources will be the main development in the OECD countries.
However, the forecasts of the International Energy Agency predict a continuous use
of fossil fuels as the main primary energy in the coming decades.
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Fig. 1 Technologies considered to reduce greenhouse gas emissions

According to Fig. 1, the different strategies for the mitigation of CO, emissions
in large stationary sources are described. Carbon dioxide capture and storage (CCS)
or carbon capture and use (CCU) is recognized as one of the most promising options
to mitigate the increase of atmospheric carbon dioxide concentration [1].

The study of a particular region and CO; sources should include the consideration
of a wide range of technologies. In this case, the study and development of a cluster
in the North of Spain, where there are different emission sources distributed by the
region—with different characteristics and emission volumes—and a potential CO,
storage has been defined (structure defined by the Geological and Mining Institute
of Spain, and named Villameriel).

2 Carbon Capture and Storage, CCS

The CCS technology is considered for the significant reduction of CO, emissions
in large emission sources [2]. The European Union regulated the emissions of six
industrial sectors [3] in order to promote the decarbonization of these sectors.

The CCS technology is composed of three clearly differentiated phases: (i) cap-
ture, (ii) transport and (iii) storage of CO,. Among the three phases, the last one
requires a local solution to the emitting focus—considering that the competitive
CO, capture technology can be developed anywhere in the world—which requires
a country or region strategy.
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2.1 CO; Capture

Current CO; capture technology (first generation) is adapted from gas separation pro-
cesses already in industrial use [4, 5]. Technologies may be classified according to:
pre-combustion, oxy-fuel and post-combustion. Various processes can be envisaged
for separation of the CO, contained in a gas mixture. They are based on chemi-
cal, physical or hybrid absorption, adsorption, membranes separation or cryogenic
separation [6].

2.1.1 Pre-combustion

The pre-combustion capture systems are characterized by eliminating CO, before
the synthesis gas enters the turbine. The capture process is initiated by processing the
fuel in the gasifier with water vapour and air or oxygen to produce the synthesis gas,
which is composed mostly of carbon monoxide and hydrogen. This is then further
converted to more hydrogen through the water-gas shift (WGS) reaction, resulting
in high pressure CO, and H,. Separation of these two components allows for the
storage of CO,, while H, can be used for a number of processes, such as power
generation [7]. Finally, CO, is captured by a physical sorbent-based system.

The processes for CO, capture prior to combustion have a greater complexity than
those after combustion. However, the products generated in pre-combustion have
more favourable conditions for separation, high pressure and CO, concentration, as
well as a higher efficiency.

2.1.2 Oxy-combustion

This capture process consists of carrying out the combustion in the presence of an
oxidizer, pure oxygen or CO,—0O, mixture, instead of air to carry out the reaction.

The flue gas obtained from this system consists mainly of CO, and H,O and
is accompanied by minor quantities of N, SOy, NOy, Ar and Hg. The CO, con-
tent varies from 70 to 95%v/v in the oxy-fuel combustion, which is beneficial for
the CO, capture and reduction of flue gas emission. Besides enriching the flue gas
with CO,, oxy-fuel combustion also has some other inherent advantages, like high
combustion efficiency, low volume of flue gas, low fuel consumption and less NO,
formation [8]. This is being dependent on the process configuration, air in-leakages,
fuel characteristics and the purity of O,.
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2.1.3 Post-combustion

Post-combustion capture systems separate CO, from combustion gases (mainly nitro-
gen), after the reaction of the primary fuel with air. Therefore, flue gas condition is
defined by a low concentration in CO; and a large flow:

— Thermal power station (MW), coal: 12-14% CO, and volumes above 5 Mt
COy/year.

— Combined cycle power plant (MW), natural gas: 5-7% and volumes above 3 Mt
CO,/year.

This technology can be used for existing installations based mainly on chemical
absorption processes and based on amines that have an affinity for acidic compounds

[9].

2.2 CO; Transport

To a greater or lesser extent, CO, must be transported from the emitting source to
the geological CO; store, thus being necessary to deploy a CO, transport network
[10]. For the correct sizing of the CO, pipeline, it will be necessary to consider:

— COj, should be transported in supercritical conditions (31.1 °C and 7.38 MPa) since
in these conditions, the CO, shows optimal characteristics for transport: viscosity
of a gas and a density of a liquid. In the operation of CO; ducts, the most common
is a lower temperature and a higher pressure than stipulated in the supercritical
behaviour parameters of CO,, obtaining a very similar behaviour [11].

— Acidic character of CO,, which can degrade some components of the transport
system: elastomers, valves and others could be affected. The presence of other
compounds such as water will aggravate the acid character of the fluid transported
[12].

2.3 CO; Storage (CCS)

The geological storage of carbon dioxide is a technology directly applicable through
experience in exploration and production of oil, gas, coal, waste injection and pro-
tection of groundwater. The retention time of CO; is hundreds to millions of years
in stable structures, although the biggest drawback is the lack of knowledge of the
potential and geographical location of these structures [2].

The objective is the permanent confinement of CO, in geological formations in
safe, health and environmental conditions, in order to reduce anthropogenic CO,
emissions into the atmosphere.

There are two fundamental requirements:
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e The existence of pairs of geological storage/seals formations, with sufficient thick-
ness and extension, and under structural conditions, guarantees the confinement
of the storage.

e Injection of CO, must be carried out at more than 800 m depth to ensure that CO,
is in supercritical state due to hydrostatic pressure. In addition, this fact optimizes
the storage capacity of CO, since in supercritical conditions it behaves like a
gas but much denser and occupies much less volume. The most common types of
geological storage are usually: depleted oil and gas reservoirs, deep saline aquifers
and non-exploitable coal reservoirs.

The way in which CO, moves is very conditioned by the characteristics and the
heterogeneity of the storage. There is migration due to mobility difference, because
supercritical CO, is less viscous than water, which generates greater mobility and
displacement of water. A vertical flow is also generated by the density difference
between saline water and CO, in the supercritical state which is quite significant,
since the density of CO, at 35 °C and 100 bar is 0.71281 g/ml.

Depending on the geological and migratory characteristics of the store, the fol-
lowing trapping mechanisms can be classified [13, 14]:

e Structural and stratigraphic trapping. Physical confinement of CO,, considering
different layout of the storage and seal formations.

e Hydrodynamic trapping which is produced by CO, and water displacement
throughout the storage formation.

e Residual trapping which occurs in the intergranular space due to capillarity forces.

e Dissolution trapping which is produced by dissolving the CO, in the water of the
formation.

e Mineral trapping which is produced by the chemical fixation by reactions of the
CO, with the storage rock and the water formation.

2.4 CO, Utilization (CCU)

Nowadays, many industrial applications demand CO; as a fluid for different uses. It
demonstrates that CO; is a useful, versatile and safe product.

Life cycle assessment is the only normalized methodology to quantify the environ-
mental impact of a product or a process. Although the CO, utilization technologies
have the potential to reduce CO, emissions by at least 3.7 gigatonnes per year (Gt/y)
[15], which are the environmental impacts of the different uses of CO,? Life cycle
assessment is the methodology proposed to evaluate those impacts.

The Carbon Sequestration Leadership Forum [16] classified the technologies into
three main categories: resource recovery (e.g. enhanced gas and oil recovery), non-
consumptive (reuse) applications and consumptive applications. In the following,
reuse and consumptive applications are going to be taken into account.
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24.1 Reuse (Non-consumptive) Applications

Technologies may be classified according to the CO;-use:

— Use of CO,; for desalination (5 kg of supercritical CO, would produce 50 kg of
potable water),

— Use of CO, as a working fluid (i.e. coal cleaning; heat transfer fluid in power
systems; transport media in freight pipelines; recovery or rare earth elements,
treating hazardous waste via solvent extraction and others),

— Production of fuels and chemicals (i.e. gasoline, distillate fuel (diesel), methanol,
acrylic acid, polyethylene carbonate (plastics), urea production, formic acid, algal
fuels).

Non-consumptive CO,-use applications have an indirect CO; reduction benefit
in the form of production of freshwater or valuable minerals, higher efficiency or the
displacement of fossil fuels.

2.4.2 Consumptive Applications

These applications involve the formation of minerals, or long-lived compounds from
CO; leading to net-carbon sequestration by “locking-up” carbon. The primary ben-
efits from the consumptive uses are comprised of avoided CO, emissions (use of
mineral carbonates, and various by-products such as hydrogen, chlorine and aggre-
gate) and the sale of the mineral carbonates and by-products.

Cuéllar-Franca and Azapagic [17] reviewed the life cycle environmental impacts
of different carbon capture, storage and utilization technologies. Their conclusion is
that the option that has lower Global Warming Potential (GWP) is CCS, estimated
in 276 kg COz_eq/t COy-removed-

The worst CCU option was the production of dimethyl carbonate, DMC (GWP
is 216 times higher than CCS), followed by biodiesel production (with a GWP four
times higher). Carbon mineralization has a GWP 2.9 times higher, and enhanced oil
recovery has a GWP 1.8 times higher than CCS. Although the CCS studies suggest
that the GWP from power plants can be reduced by 63—82%, other environmental
impacts as acidification and human toxicity are higher with than without CCS.

They conclude that the GWP of CCS is significantly lower than of the CCU
options, but its other environmental impacts are higher compared to CCU except from
DMC production. However, they propose to develop guidelines for the application
of the LCA methodology to CCS and CCU technologies due to the inconsistencies
in the system boundaries and functional units.
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3 Case of Study: North of Spain

3.1 Cluster Description

According to Directive 2009/31/CE [18], a geological storage of CO, must guarantee
access to third parties. In this way, the operation model should be based on the search
for a suitable geological structure [19]. For this reason, the strategy to define a cluster
must consider all the industries in a determined region. Economic and environmental
conditions will limit the capacity to store totally the CO, emissions, but the aim of
the cluster is to minimize these emissions; for this reason, not only CCS technology
will be considered: some other technologies would be considered such as direct or
indirect utilization of CO,.

3.2 Villameriel Area

The structure object of the modelling is located in the Duero basin, being described
in the ALGECO?2 project of the Geological and Mining Institute of Spain [20]. The
available preliminary information is based on: analysis of surface geology, seismic
sections and stratigraphic column of the well Villameriel-1 (Fig. 2).

After the study of the geological formations, the storage formation in the Utrillas
formation can be described [21]: alternation of sands and clays with conglomerates

e

LOMA DEL UCIETA \ »

TRILLO DE WLLAVELA

Fig. 2 North of Spain as a case of study: potential development of a zero-emission cluster
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Fig. 3 Left: Utrillas sample, outcrop and right: optical microscopy of the sample (petrography
analysis)

in the base with an average porosity of 14% with a thickness of 150 m and with
a salinity of 60,000 ppm of NaCl.,. The seal of the formation described above is
formed by a formation consists of clays and marls of texture and varied constitution
and an average thickness of 100 m (Fig. 3).

The structure is defined as a sequence of sub-horizontal layers, with an extension
of 105 km? and whose theoretical storage volume is set at 118.5 million tons of CO,
(Eq. 1).

Theoretical capacity of CO, geological storage formations (IEA GHG)

Volume(Mt CO,) = RV - Storage ., - pco, - Seff (D

Since RV is the total volume of rock (in this case: 7074 x 10° m?), considering also
a net storage (Storagene) of 60% and porosity of 14%. The CO, density (pco,) value
is set at 650 kg/m> and, the storage efficiency coefficient (Sef) of 0.3 (dimensionless).

With the density considered and knowing the geothermal gradient of the basin
(25.5 °C/km), the proposed training can be considered as feasible storage.

3.3 CO; Transport: Storage Connection with Emission
Sources. Cluster Definition

To carry out this study, the CO, sources regulated by Directive 2003/87/EC [22]
and Directive 2009/29/EC have been taken into account. The region under study has
several CO, emission sources, which could be representative for the case of Spain
and Europe (Table 1).

According to the transport criteria [ 10], aspects such as environmentally protected
spaces, populations and infrastructures that could be affected by the development of
CO, transport should be considered.



Carbon Storage and Utilization as a Local Response ... 283

Table 1 Industries and CO, sources considered in this study

Source Location CO; emissions (t/y) 2017
Power Thermal plant, Compostilla Leén-Ponferrada | 2,800,000
Power Thermal plant, La Robla Ledn-La Robla 1,620,000
Cement plant, La Robla Ledn-La Robla 721,000
Cement plant, Lemona Vitoria 484,800
Cement plant, Cosmos(Toral de los Vados) Leon-Ponferrada 440,000
Cement plant, Rezola - HeidelbergCement Vitoria 364,566
Group

Cement plant, Portland Navara estacién 363,555
Cement plant, Portland Valderrivas Palencia 248,000
Energy Works Vitoria 150,267
Energy Works Aranda Burgos 117,000
Enercrisa Burgos 116,000
Montefibre Hispania Burgos 96,200
Minera Santa Marta Burgos 33,000
Biodiesel Olmedo Palencia 32,000
Adisseo Espafia Burgos 27,100
Bridgestone Hispania Burgos 20,400
Kronospan Chemicals Burgos 11,500
SMP Automotive Technology Palencia 4110
Maxam Europe Burgos 4100

3.3.1 Cluster CCS: Zero Emissions in the Industry

The potential storage of CO, is considered in the present study where according to
the data (storage capacity and emitters), it can be established that the Villameriel
warehouse would allow establishing a region with zero industrial CO, emissions
during the next 15 years.

The transport of CO, and its viability are the stages that will allow to reach this
zero-emission objective. To this end, the formulas indicated by the International
Energy Agency will be established where it is possible to determine the cost of this
stage and, in this way, determine the optimal CCS cluster.

The calculated cost includes those related to the existence of possible pumping
stations, whose costs are added to the costs per km of pipeline. The installation
of these pumping stations is justified by comparing the costs of their installation
against the existence of longer pipes and consequently larger in diameter and greater
thickness.

CO;-pipeline investment



284 B. Llamas et al.

Invpipe =(C1-L+C2+(C3-L—-C4)-D
+(C5-L — C6) - D2) x 10° - TF )

Diameter of the CO,-pipeline

F 0.5
vxm x0.25%p

D=—-———— 3)
0.0254
The investment costs related to pumping stations, to recompress CO, during long-
distance transport, is independent of its flow. The costs of these pumping stations are,
therefore, considered constant and estimated at 7 M</200 km for onshore compress
station.
Compression Station Investment

InVBS = InVBS-norm - L (4)

The energy consumption for the intermediate compression station is calculated
considering an average pressure difference for each station of AP =4 MPa, a density
of carbon dioxide of 800 kg/m? and a pump efficiency of 75%. The energy consumed
by the station is 6.7 kJ/kg (1.9 kWh/t CO,) for every 200 km of pipeline.

Energy Consumption

P — » "y 5
P DiStBs ( )

The annual costs will be the sum of the annualized investment costs and the
operating expenses, and others can be determined by the Eq. 6.
Annual Cost, CO,-pipeline

ACInvesH-O&M = —PMT(DC, LT, IIleipe + IIIVBs)
+ FOMPipe - Invpjpe + FOMBS - Invgs (6)

In this last step, transport costs (expressed in €/t CO;) are calculated by dividing
the annual costs by the total volume of carbon dioxide transported, according to the
following equation:

Cost of CO, transport

AC

SC= ————
F - Spery - LF

+CP+P, L )
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CO, European Emissions Allowances (EUA)

€£/tCOo,
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Fig. 4 Evolution of the CO, European Emission Allowances prize

3.4 EU Emissions Market

The European Union Emissions Trading Scheme creates an incentive or economic
disincentive that pursues an environmental benefit that several industrial sectors,
defined by Directive 2003/87/EC [22] collectively, reduce CO, emissions. The price
of emission rights is closely linked to the environmental and economic policies that
produce changes in energy consumption. At present, the quotation of the emission
right is in clear growth (Fig. 4) after 5 years of stability (2012-2017). It seems
clear that the reform agreed by the European Union in the framework of reducing
emissions, which seeks to reduce the emission rights existing in this market as of
2019, has caused the cost of the tonne of CO, to have increased [22].

The forecasts made here indicate that during the year 2019, the reference price of
€30/t CO, will be reached. However, in the present study, and in order to develop the
cluster zero emissions, quote scenarios of 30, 50 and 100 €/t CO, will be considered.

4 Results: Cluster Definition

4.1 Economic Analysis

For this study, two variables are considered: volume of emissions and distance source
emitter-warehouse. In this case, the differentiation between sectors—all those consid-
ered by Directive 2003/87/EC [22]—is not considered, since according to the Euro-
pean Directive 2009/31/EC [18] access to third parties must be guaranteed. Together
with the first study in Llamas et al. [4, 10], it is considered the most favourable
centralized transport compared to point-to-point transportation.

In this case, four scenarios are considered:
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1. Transportation and conduction of CO, produced by all the industries considered
in the project.

2. Transportation and conduction of CO, produced by the industries belonging to
the centralized networks that carry the greatest volume.

3. Transportation of the CO, generated by the most relevant facilities in the region
(more than 400,000 t CO,/year).

4. Transport of the CO, produced by the power generation plants and the cement
plants of the same centralized network.

A geographical information system (GIS) has been built that allows analysing
and defining up to five different nodes within the cluster under study, defined by the
compression points, which are defined by Table 2.

The cost associated to CO; transport phase is shown in Table 3. It is possible to
differentiate each emitter in a specific node.

4.2 Environmental Analysis

CCS activities have the potential to affect the environment. Although each project
must be analysed in detail to identify the potential environmental impacts, a brief
description of this potential impacts associated with transport will be done. Transport
of CO, through pipelines would probably be the main way of transport [23].

Leakages could occur through pipeline corrosion, physical external impacts (i.e.
through agricultural practices) or through inadequate sealant materials. Small leak-
ages could be unnoticed and could pose environmental problems to soil, water and
flora through acidification.

Surficial water quality could be affected in the preoperational phase due to
discharges during the pipelines testing, causing the surficial water acidification.
The groundwater hydrogeology could be affected through the construction of the
pipelines if groundwater is shallow. Moreover, the groundwater could get acidified
due to an uncontrolled emission of CO, during transport, which could let to the
lixiviation of metals of the surroundings. The abnormal liberation could also reduce
the pH of soils, resulting in oxygen-depleted soils and in the mobilization of heavy
metals. This would reduce the soil quality and could result in toxic conditions for
flora.

CO,; emissions during the operation of the pipeline could let to the deposition
of impurities of the CO, stream in the surrounding environment and could cause a
reduction in the quality of the air, being worse in calm weather conditions. Local
air quality changes may have implications for human beings, flora and fauna. Any
significant release of CO, has the potential of accumulate in the surface, posing a
risk for humans in the affected area.

Due to these potential impacts, a careful selection of the place, design and route
of CO, transport must be done. The construction phase is important to detect the
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Table 2 Different pipeline routes considering different nodes in a cluster
Flow Distance: Diameter
(kg/s) source (inch)
centralized
point (km)

NET 1 | 42°4750.10"N| 5°37'14.29”0 | Fabricade | 22.86 10.00 5.31
Cementos
de la Robla
Central 51.37 10.00 7.96
Térmica de
La Robla

NET 2 | 42°1'36.77"N | 4°23’52.49"0 | Produccién 1.01 81.98 1.12
Biodiesel
Olmedo
Energy 3.71 71.77 2.14
Works
Aranda
SMP Auto- 0.13 10.07 0.40
motive
Technology
Cementos 7.86 10.95 3.11
Portland
Valderrivas

NET 3 | 42°59'26.15”"N| 2°40'58.84”0 | Montefibre 3.05 39.48 1.94
Hispania
Cementos 11.53 42.13 3.77
Portland
Cementos 11.56 29.50 3.78
Rezola -
Heidel-
bergCe-
ment
Group
Energy 4.76 14.07 242
Works
Cementos 15.37 25.01 4.35
Lemona

NET 4 | 42°24/33.30"N| 3°37'37.77"0 | Maxam 0.13 20.91 0.40
Europe
Kronospan 0.36 741 0.67
Chemicals
Bridgestone |  0.65 6.37 0.89
Hispania
Adisseo 0.86 9.97 1.03
Espana

(continued)
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Table 2 (continued)

Flow Distance: Diameter
(kg/s) source (inch)
centralized
point (km)
Minera 1.05 36.00 1.14
Santa
Marta
Enercrisa 3.68 40.20 2.13
NET 5 | 42°36'41.53"N 6° 34’ 6.35”0 | Cementos 13.95 16.40 4.15
Cosmos
(Toral de
los Vados)
Central de 88.79 4.30 11.26
Compos-
tilla

Table 3 Cost of the CO, pipeline, considering different nodes in a cluster

CO; Source Length (km) | Diameter (inch) | Invpjpe (€)

Maxam Europe 20.91 0.40 3,684,720 €
Kronospan Chemicals 7.41 0.67 2,756,037 €
Bridgestone Hispania 6.37 0.89 2,687,034 €
Adisseo Espafia 9.97 1.03 2,943,552 €
Minera Santa Marta 36.00 1.14 4,792,360 €
Enercrisa 40.20 2.13 5,228,123 €
Produccién Biodiesel Olmedo 81.98 1.12 8,048,796 €
Energy Works Aranda 71.77 2.14 7,577,796 €
SMP Automotive Technology 10.07 0.40 2,935,541 €
Cementos Portland Valderrivas 10.95 3.11 3,103,195 €
Montefibre Hispania 39.48 1.94 5,145,142 €
Cementos Portland 42.13 3.77 5,716,437 €
Cementos Rezola - HeidelbergCement Group | 29.50 3.78 4,675,000 €
Energy Works 14.07 242 3,302,929 €
Cementos Lemona 25.01 4.35 4,395,245 €
Fabrica de Cementos de la Robla 10.00 5.31 3,169,991 €
Central Térmica de La Robla 10.00 7.96 3,415,778 €
Cementos Cosmos (Toral de los Vados) 16.40 4.15 3,631,093 €
Central de Compostilla 4.30 11.26 2,925,343 €
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possible ways of leakage. The pipeline route selection has to avoid high population
densities and sensible places.

To reduce the risks associated with CO, pipelines leakages, a manage-
ment/security plan must be implemented to set out the operational requirements,
and the inspection, supervision, and emergency protocols. Pipelines should be mon-
itored by internal inspection, external corrosion checks and leak detection (where
possible) and regular foot and air patrols. The early detection of a leakage should
initiate a planned reparation to stop the leakage and repair the damage.

5 Conclusions

According to the work presented here, progress is being made in defining a local
development model to address the reduction of CO, emissions in the industrial sector.

In this case, the existence of a potential geological storage of CO, offers the
possibility of studying the possible development of the cluster, understood as a region
with low industrial CO, emissions. The different nodes that make up the cluster are
defined as that group of industries located in a local area.

In this case, the viability of addressing the development of nodes with large emis-
sions in the region is studied, discarding those nodes that have little representation
in the volume of CO, emissions (below 10% of the total emissions of the emission
sources). Considering those emissions and industries, it might be possible to apply
other technologies for CO; use, thus avoiding the transport of CO; to the emitting
source.

The feasibility of studying each cluster in a particular way has been demonstrated,
proposing solutions based on its characteristics. Again, CO, transport and storage
technology are considered as the most attractive solution in the reduction of CO,
emissions in large stationary sources.

According to the present work, the geological structure (with a theoretical capacity
of 100 Mt CO,) which could be considered in the north of Spain, might generated a
business case of up to 3000 x 10° € (considering 30 €/t CO, of the cost of the CO,
European Emission Allowance). This economic model should attract new industries
and emitters, considering a free CO, emissions area, thanks to the CO, geological
storage considered in the present work.
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