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Abstract: This article presents a comparative analysis of the technology status of CCS (carbon capture and storage) in Japan and
Brazil. Japan’s GHG (greenhouse Gas) emissions are declining while Brazil’s are increasing. Among ESTs (environmentally sound
technologies) the potential of GHG mitigation of CCS has gained prominence. The research identifies the main activities and
positions of the actors involved in CCS technology implementation in Japan and Brazil, and contrasts and compares reasons for the
large-scale use of the CCS technologies in the two countries. This analysis is based on a literature review and a field survey done to
collect primary data via visits to organizations and experts. This data was enhanced by an analysis of patent deposits in the area of
CCS in the two countries in last 20 years. As regards the legal framework for climate change, and for CCS in particular, while
responses to the main international decisions can be found in Japan, in Brazil this is not the case. In Japan the public sector has an
effective participation together with private sector and civil society. In Brazil CCS activities are conducted by the private sector
which is in turn putting pressure on civil society in particular academia. Currently, Japan is focusing on CCS capture technologies,
while Brazil is focusing on CCS storage technologies. In summary, the CCS framework is being more efficiently carried out in Japan
than in Brazil.

Key words: CCS technology, environmentally sound technologies, climate change, Japan and Brazil.

1. Introduction R&D and E&I, there is governance, which is
understood in this work as the sum of individuals and
institutions, public and private, common affairs, in
particular GEG (global environmental governance)
which constitute the intersection of global governance
with environmental affairs [1]. Within this context,
there are increasing worries about sustainable
development that according to the WCED (world
commission on environment and development) is the
“development that meets the needs of the present
without compromising the ability of future
generations to meet their own needs” [2].

A milestone in sustainable development and

environmental impacts on the planet was the UNCED

: _ ) (United Nations conference on environment and
Ph.CD(_)’";SSZZ?SAn?ie?é’st:h%gptifgr?g gg?:;;o O?at(':séi (222;3:)? development) held in Rio de Janeiro, Brazil in 1992,

dioxide) in geological reservoirs and oil & gas regulation. At this conference the global environmental system
E-mail:george@camaraconsultoria.com.br.

Over the last two decades considerable effort in
S&T (Science & Technology), R&D (Research &
Development) and E&I (Engineering & Innovation)
has been directed to issues regarding CO, (carbon
dioxide) emissions and their consequences on the
climate of the planet. With the advance of monitoring
technologies and simulators of climate change both
the public sector as well as the private sector or
non-profit organizations tend to agree about the
impacts of anthropogenic activities on the climate of
the planet.

Associated with and supporting the efforts in S&T,
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and sustainable development [3] were discussed.
Twenty years later, another conference is held,
Rio+20. At this conference, the UN (United Nations)
focused on renewing commitment to sustainable
development and expressing the determination to
pursue green economy in the context of sustainable
development and poverty eradication. The UN further
affirms the resolve to strengthen the institutional
framework for sustainable development. Together, the
proposed actions should fill the implementation gaps
and achieve greater integration among the three pillars
of sustainable development—the economic, the social
and the environmental [4]. In its new perspective, the

Science & Technology and Climate Change:

UN have introduced the term green economy.
According to the UNEP (United Nations Environment
Programme), a green economy can be defined as one
that results in improved human wellbeing and social
equity, while significantly reducing environmental
risks and ecological scarcities [5].

According to the UN in its document Rio + 20 “The
Future We Want” many issues are highlighted as
important for a sustainable future but they about
advances and gaps in the current global structure. Fig. 1
shows the main areas that the UN highlight about
Science & Technology and Climate Change; Governs
and States; Private Sector and Framework.

*Recognizing that the interface between science and policy-making should be enhanced;

* Climate change is one of the greatest challenges of our time;

* Urgent implementation of all the agreements reached;
*Encouraging international initiatives and partnerships;

* Recognizing the importance of strengthening the scientific. technological and innovation capacities of countries to promote

sustainable development;

* Agree to strengthen international cooperation conducive to investment and technology transfer, development and diffusion.

Private Sector:

* Acknowledge the important role in
moving;

*Strongly encourage to show
leadershipin advancing;

* Call for a global policy framework;
* Urge all major groups to share their
experiences.

Framework:

* Business and industry, with governments,
workers and trade unions and other stakeholders
—to develop green economy roadmaps:
*Building green economies will require new
investments, new skills formation, technology development,
transfer and access, and capacitybuilding in all countries;

*Needs to provide support to developing countries in this regard and agree:

Governs and States:

* Recognizing efforts;

* Incorporated environmental and
social issues into  economic
policies;

* The essential role the need to fully
integrate them into all levels of
decision;

* Each country, respecting specific
realities and should work for low-

catbon  development, together
cooperatively and join with all
stakeholders;

» Still in the early stages of building
green economies and can leam from
one another.

* Positive experiences in developing

Fig. 1 Main UN highlights in Rio+20 for Science & Technology and Climate Change; Governs and States; Private Sector;

Sources of financing ; Innovative instruments of finance for building green economies;
Eliminate subsidiesthat have considerable negative effects; International collaborative
research on green: Creation of Centers of Excellence as nodal points for green
technology R&D, and: Supporting developing countries’ scientists and engineers

to foster their efforts to develop green local technologies.

and Framework.

Source: Own elaboration based on a reference index [4].

a green economy in some countries;
* A mix of policies and measures
tailored to each country’s needs and
preferences will be needed;
» Widespread use of
planningtools.

energy
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The UN recognizes that a considerable effort has
been made by countries, private sectors and civil
society to achieve sustainability, but the transition
from a model of the high-carbon intensive to green

economy will require more synergy between all actors.

The transition will probably require extensive use of
all the solution technologies available as well as effort
in the other areas with education and political
solutions.

More specifically, climate change and the currently
available technologies recognized for combating CO,
emissions such as renewables, nuclear energy, power
generation efficiency & fuel switching, end-use fuel
switching, end-use electricity efficiency and end-use
fuel efficiency, the potential of CO, mitigation of CCS
(carbon capture and storage) have gained prominence.

CCS technologies are defined as a process that
consists of separating, collecting and concentrating the
CO, emitted by stationary sources, transporting it to a
suitable storage site, and storing it at the site for a long
period, thus isolating it from the atmosphere [6].
Specifically for storage of CO, the potential storage
methods include geological storage, ocean storage
(direct release into the ocean water column or onto the
deep seafloor), and industrial fixation of CO, in
inorganic carbonates [6].

Bachu and McEwen [7] noted that various terms
are used to describe CO, storage: CO, sequestration
is used in USA, CO; storage is used by UN agencies
and in Europe, and terms such as CO, removal and
CO, disposal are also used. Among the CO, storage
options, one that is in demonstration stage is
geological storage. The IPCC [6] defines geological
reservoirs as a subsurface body of rock with
sufficient porosity and permeability to store and
transmit fluids.

Although it is a technology which is very energy
intensive and inefficient [8], CCS is
important due to the fact that it can be implemented at
existing and future sites. Furthermore, according to

resource

the IEA (International Energy Agency), CCS can
control emissions in the short to medium term using
technologies that are currently available or likely to
become commercially available. Adequate CO,
capture and storage can contribute to a 19%
worldwide reduction in the total CO, emissions by
2050 (in blue map scenario), this would represents
11.78 Gt (gigatonnes) in 2050 in relation the baseline
emissions 62 Gt [9]. In a specific CCS study carried
out by IEA in 2009 [10], it was said that in 2020 in
non-OECD countries there would be 50 out of the 100
CCS projects worldwide and in 2050 the forecast is
2,210 out of 3,400 projects worldwide.

However, among the solution technologies
available perhaps the wide use of CCS technologies is
the most complex as it does not depend on the efforts
of one actor alone, but on united efforts. The success
of the implementation of CCS technologies involves
the public sector, private sector and civil society.
When one of these actorsis not involved due to
principles or other priorities, it is certain that CCS
projects will be unsuccessful.

Understanding the public sector as governments
and its regulatory agencies, and the private sector as
companies, and finally, civil society as academy,
NGOs (Non Governmental Organizations), and
society, Fig. 2 shows the main issues identified for
CCS synergy among these actors.

In many cases the synergy for large-scale use of
CCS varies according to each country. Principally,
when a comparative analysis of the CCS technologies
status for implementation on a large scale between
developed countries (Annex 1 of Kyoto Protocol) and
developing countries (non-Annex of Kyoto Protocol)
is made, according to Roméan, CCS becomes a
political and strategic issue, rather than simply a
technological solution to a problem [11]. It is
therefore important to analyze the evolution and
success or failure for CCS large-scale use in Annex 1
and non-Annex countries.
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Fig. 2 The main issues for finding the CCS synergy between the actors.

Source: Author’s own.
1.1 Justifications and Methods

This article supports the thesis that the large-scale
use of CCS technologies will only be successful if
there is synergy between actors principally in
developing countries. Furthermore, the research
group’s understanding is that the large-scale use of
CCS technologies is critical for changing the current
model of high-carbon intensive activity to green
economy. Batista [12] suggests that before new and
better environmental technologies become the norm,
the market has to go through a transition period
between the old modes of production using
end-of-pipe  technologies, and cleaner
technologies, while seeking environmental practices
that promote cleaner development. Thus, in any
analysis of the diffusion of CCS technologies in
developing countries it is vital to identify the gap and
propose the solution for problems such as regulatory
framework and synergy between the actors with
reference to developed countries.

This article shows a comparative analysis between
the current situations of CCS technology
implementation in Japan and in Brazil. Japan was

new,

chosen because among the developed countries it does
not have a demonstrative or commercial large-scale
CCS project, which makes it a special referential
comparative for developing countries that are at the
same stage, unlike other developed countries such as
the USA, Canada or Norway which are more
advanced in CCS technology implementation on a
large-scale. The choice of Brazil is associated with the
current economic status of the country; the forecast is
for increased energy requirements in association with
population increase, the recent discovery of the large
pre-salt cluster oil & gas field, and the Brazilian
capacity for CO, storage.

The research was carried out in two countries using
exploratory, descriptive and analytical research
methods that focus on qualitative and quantitative data.
Primary data were collected through visits to
companies/institutions, and  consultations  with
specialists such as researchers and stakeholders.
Indirect observations came from participating in
discussions and lectures on the subject of study and in
forums with  domain  experts.  Furthermore,
participating in official meetings, with the approval of
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the relevant authorities, and recording the results was
very useful. Secondary data such as institutional
documents, reports, studies and projects were
collected from various resources and analyzed, this
datawas supplemented by a patent deposit analysis on
CCS technologies in the two countries over the last
twenty years.

This paper provides an introduction that addresses
the most recent concepts and issues about climate
change and global environmental governance. After
the introduction, the current situation related to CO,
emissions in the two countries in question are
described. The results and discussions are shown
through the comparative analysis of the CCS
technologies in Japan and Brazil from the perspectives
of the public sector, private sector and civil society.
Finally, the paper concludes with an overview of the
outcome and main gaps found.

2. Current Situation Related with GHG
Emissions in Japan and Brazil

The countries researched are currently among the
10 biggest economies in the world. Fig. 3 shows the
GDP (Gross Domestic Product) of Japan and Brazil in
comparison with the other main economies in the
world. Japan is the second economy among developed
countries and Brazil is the fourth among developing
countries. Another important aspect is population
growth. While Japan’s population is stable and
decreasing, Brazil’s population is increasing. This is
illustrated in Fig. 4%

As regards GHG (greenhouse gas) emissions, both
countries have published their GHG national
inventory, however, Japan due to being an Annex 01

! Information collected from US Central Intelligence Agency
(CIA), site accessed in  May/2012 of “The World
Factbook”(ISSN 1553-8133) in:
https://www.cia.gov/library/publications/the-world-factbook/ra
nkorder/2001rank.html.

2 Information collected from National Institute of Population
andSocial Security Research, site accessed in May/2012:
http://www.ipss.go.jp/index-e.asp, and from Instituto Brasileiro
de Geografia e Estatistica, site accessed in May/2012:
http://www.ibge.gov.br.

4 0

14.00 mTrillions of U.S. Dollars (US$)

8.00 4.389

J
Fig. 3 Gross domestic product (purchasing power parity)

per Country plus European Union in 2011 by CIA.

Source: Author’s own based on data from CIA.
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=
=
K

Fig. 4 Population forecast in 2050.

Source: Author’s own based on data from by National Institute
of Population and Social Security Research and Instituto
Brasileiro de Geografia e Estatistica—IBGE.

annually elaborate its GHG national inventory [13]
and Brazil elaborated in 2009 a more complete GHG
national inventory [14]. Furthermore, both countries
reported their GHG emissions for UNFCCC (United
Nations framework convention on climate change)
according to Kyoto Protocol. Because Japan is in
Annex 01 of Kyoto Protocol it has a GHG emissions
target with year reference in 1990. The target given to
Japan for the first commitment period (five years from
2008 to 2012) is to reduce average emissions of
greenhouse gases by 6% from the base year (1990 for
carbon dioxide, methane and nitrous oxide, and 1995
for HFCs, PFCs and sulfur hexafluoride).

Brazil does not have a target because it is not in
Annex of Kyoto Protocol, but in 2010 the Brazilian
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government sent its NAMASs (Nationally Appropriate
Mitigation Actions) to the UNFCCC. In this document
the Brazilian Government established its GHG
emissions target for reducing between 36.1% and 38.9%
projected GHG emission for 2020. Fig. 5 shows the
GHG emissions situation in Japan and Brazil
according to national inventories and the UNFCCC
documents ® elaborated with the GWP (global
warming potential)values.

It can be seen in Fig. 5 that there are differences
between Japan’s GHG emissions and Brazil’s GHG
emissions. The line for Japan indicates that the effort
to reduce GHG emissions has had results and it can
fulfill the established targets. While for Brazil, the line
indicates that there is an increase in GHG emissions
and it will require great effort to fulfill the established
targets.

It is also interesting to examine CO, emissions per
capita. CO, emissions per capita in Japan in 2009
were 8.98 tonnes [13] while in Brazil CO, emissions
per capita in 2005 were 9.10 tonnes [14]. It is
important to emphasize that the population in Brazil
will continue to increase until 2020 (Fig. 4) and the
Japanese population will remain stable. This means
that Brazil will have to work harder to reduce GHG
emissions. Another aspect that needs to be analyzed in
Brazil’s current GHG emission situation is the
growing need for energy. According to the National
Energy Plan-2030 [15], in 2030Brazil will need 557
MTOE (Mega tonnes of oil equivalent) which would
be an increase of 237% in 23 years (in 2007, 239

*The country targets adopted in this work were obtained from
official documents issued bythe Embassy of Japan in Germany
(Note Verbale) to UNFCCC in January 26, 2010, and from the
Embassy of the Federative Republic of Brazil to UNFCCC in
January 29, 2010. The Japanese document establishes a 25%
emission reduction in 2020 (base year-1990), which is
premised on the establishment of a fair and effective
international framework in which all major economies
participate and in agreement with those economies on
ambitious targets. After the Great East Japan Earthquake in
2011 and the nuclear power plant accident in Fukushima the
Japanese Government submitted the document Clarification of
Quantified Economy-Wide Emission Reduction Targets to
UNFCCC.

MTOE was supplied). In this plan the proportion of
renewable power generation will increase from 46%
in 2007 (110 MTOE) to 46.5% in 2030 (259 MTOE).
The highest growing energy source is natural gas
which will rise from 9.29% in 2007 to 15.5% in 2030.
This is related to the recent discovery of oil & gas
fields offshore called the pre-salt cluster with reserves
currently estimated at 14 billion barrels [16]. This
discovery will put Brazil among the biggest
hydrocarbon producers in the world. However, the
initial test in pre-salt reservoirs, specifically at Tupy,
show that the presence of CO, in natural gas is
between 8%-12% [17]. This percentage is considered
significant in comparison with the composition of
other hydrocarbons.

To achieve the national GHG emissions reduce
targets, Brazil has elaborated a legal framework for
climate change. In this legal framework, Brazil
launched the National Plan on climate change that
resulted in national policy on climate change that
established the GHGs emissions reduction targets, two
climate change funds and the Brazilian Panel on
climate change. This framework is shown in Fig. 6,
and it is possible to observe that the Brazilian legal
framework for climate change is recent, e.g., the
national plan was launched in 2007 and the national
policy in 2009 after COP15 in Copenhagen.

In addition to the framework for legal climate
change, there are other initiatives in Brazil in the
energy sector operated by the Brazilian Government.
Although these initiatives are older than the national
plan on climate change, they are very important.
Among these initiatives, a few can be highlighted,
such as CT-Petro (R&D in oil and gas sector) created
in 1999, PROINFA-Alternative Energy Source
Incentive Program, created in 2002, PROCEL
(National Energy Conservation Program), created in
1985 and Federal Oil & Gas and Biofuels Agency
(ANP)-Ordinance humber 10 from 1999.

The Japanese legal framework for climate change
issues began in 1990 with the action plan to arrest
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Comparative GHG Emissions between Japan and Brazil
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.

Fig. 5 Comparative GHG emissions between Japan and Brazil.

Source: Author’s own.
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global warming. In 1993 the Guideline for Measures
to Prevent Global Warming (National Guideline 93)
was established. After the adoption of the Kyoto
Protocol by the Japanese government the Law
Concerning the Promotion of Measures to Cope with
Global Warming was formulated in 1998. In this year,
the review in Energy Conservation Law was made and
the Act on Promotion of Global Warming
Countermeasures was approved. In 2002, the Act on
Promotion of Global Warming Countermeasures and
Energy Conservation Law were amended after the
ratification of the Kyoto Protocol by the Japanese
Government.

After entering the Kyoto Protocol, the Japanese
government launched the Kyoto Protocol Target
Achievement Plan in 2005 and another amendment in
Energy Conservation Law was made. The plan was
partially revised in 2006 and totally revised in 2008.
In July 2008, the Japanese government launched the
Action Plan for Achieving a Low-carbon Society.

It is important to emphasize the other Japanese
governmental initiatives for the main sectors
responsible for GHG emissions, these include the
Basic Act on Energy Policy, Biomass Nippon Strategy,

Status of CCS Technology in Japan and Brazil: A Comparative Analysis

Strategic Technology Roadmap (Energy Sector), Law
Concerning the Rational Use of Energy, Top Runner
Programme and Cool Earth Innovative Energy
Technology Programme. In Japan there are
obligations stipulating target reductions on local
governments and co-operation with developing
countries.

It can be seen that the Japanese legal framework for
climate change basically follows the main
international climate change events. Fig. 7 shows in
chronological order the relationship  between
international climate change events and the evolution
of the Japanese legal framework for climate change.
The development of Japan’s overall policy framework
to tackle climate change has been a slow, gradual
process [18], unlike what has happened in Brazil.

3. Comparative Analysis of the CCS
Technologies in Japan and Brazil

There are currently 5 CCS project in operation
around the world (in Salah/Algeria, Sleipner and
Snghvit/Norway,  Rangely/United  States, and
Weyburn-Midale/Canada and United States) [19].
Inthese projects all CCS parts, namely capture,

Marrakesh Entered into force First period of
Rio 92 - UNFCCC Kyoto Protocol Accords of Kyoto Protocol Kyoto Protocol
1992 1097 2001 2005 2008 - 2012
AV 1993 A 1998 v 2002 v 2006 v .
Action Plan to Guideline for Law Concerning Amend in Act on KEyoto Protocol Partially revised Totally revised the
Arrest Global Measures to the Promotion of Promotion of Target the Kyoto Protocol Eyoto Protocol
Warming Prevent Global Measures to Cope Global Warming Achievement Plan Target Target
Warming with Global Countermeasures Achievement Plan | | Achievement Plan

Act on Promotion
of Global Warming
Countermeasures

Amend inEnergy
Conservation Law

Conservation Law

-

Other Initiatives of the Japanese Government

Fig. 7 Policies and strategies on climate change in Japan.

Source: Author’s own based on Fig. 2 form.
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separation, transport and storage are contemplated.
According to the IEA (International Energy Agency)
19-43 projects will be in operation by 2020. Among
these projects the Japanese government have
committed themselves to 1-2 projects worth 0.1
billion US$ [19].

The IEA Greenhouse Gas R&D Programme
(IEAGHG) in its study “IEAGHG, “Global Storage
Resource Gap Analysis for Policy Makers”, 2011/10,
September, 2011.” presented a list of selected CCS
projects for 2020 recommendation. The projects were
selected from available databases (IEAGHG, Global
CCS Institute, MIT, Bellona, Scottish Centre CCS and
CO,CRC) on the basis of their current status in
February 2011 for bankability status on the 2015-17
horizon [20]. 124 potential bankability CCS projects
were selected, 3 in Brazil and none in Japan.

In the IEA Blue Map scenario, it is expected that
CCS technologies will capture over 10 Gt of CO,
emissions in 2050, with an accumulative storage of
around 145 GtCO, from 2010 to 2050 [10]. The CO,
storage capacity of the world, considering all
geological storage options, is between 1,678 Gt (lower
estimate) and 101,100 Gt (upper estimate), including
storage options that are not economical [6]. The
geological storage capacity in Japan is 146.1 GtCO,
[21] and the capacity in Brazil is more than 2,035
GtCO, [22]. Table 1 shows the geological storage
capacity potential in the IEA Blue Map scenario, with
the five projects in operation, Japan and Brazil’s
potential capacity and the world capacity.

Table1 Geological storage potential capacity.

It can be observed in Table 1 that the geological
storage capacity potential of Japan and Brazil can to
have a important contribution for reducing GHG
emissions due to the economic situation and,
consequently, the existing anthropogenic stationary
GHG emission sources. However, the CCS activities
in both countries are recent in comparison with other
countries such as the US, Canada or Norway. In Japan,
CCS activities began in 1988 with the investigation on
“Direct Ocean Disposal of Carbon Dioxide” in several
laboratories [21]. While in Brazil, CO; injection tests
were carried out in 1991 by Petrobras [23].

Currently, both the countries have done several
CCS activities such as R&D, roadmaps and pilot
projects. The pilot project carried out in Nagaoka,
Japan injected CO, from 2003 to 2005 into a gas field
onshore [24] and another pilot project was carried out
near the Yubari city, in the Ishikari Coal Basin in
Hokkaido. Both were small-scale projects.

In Brazil there are two pilot projects. The Petrobras
Miranga Project contemplates three different storage
scenarios: EOR (enhanced oil recovery), depleted gas
reservoir and saline aquifer [25]. The CEPAC (Centre
of Excellence in Research on Carbon Storage) carried
out another Brazilian pilot project with support from
Petrobras and Copelmi (a Brazilian coal-producing
company). The CEPAC Carbometano Porto Batista
Project is being developed to investigate ECBM
(enhanced coal bed methane recovery) [25].

While the CCS activities are at similar stages, there
are relevant differences in the application of the CCS

Geological storage capacity potential GtCO,

CCS participation in IEA Blue Map scenario (accumulative from 2010 to 2050) 145.000
CCS participation in IEA Blue Map scenario (2050) 11.780
The five current projects in operation* (total estimated CO, storage capacity) 0.111
Geological storage potential capacity in Japan 146.100
Geological storage potential capacity in Brazil 2,035.000
World geological storage potential capacity (lower estimate) 1,678.000
World geological storage capacity potential (upper estimate) 101,100.000

Source: Author’s own.

* Data collected from publication “benchmarking worldwide CO, saline aquifer injections” by A.Hosa, M.Esentia, J. Stewart and S.
Haszeldine, from Scottish Center for Carbon Capture and Storage. March 2010.
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technologies. In Japan the public sector has an
effective participation together with private sector and
civil society whereas in Brazil CCS activities are
carried out by the private sector, which is in turn
putting pressure on the civil society in particular
academia. Although CCS is not receiving the
necessary attention from the Brazilian public sector,
the development of CCS technologies is important in
order to pursue a low carbon economy in Brazil. CCS
technologies are considered one of the most
significant measures for emission reduction in the
Brazilian industrial sector [26].

3.1 Public Sector

Public sector interest in several issues concerning
CCS via policies, strategies and actions to address the
issue in question can be found, especially with regard
to GHG emission issues. Countries have had to take a
position in international forums such as the COP
(Conference of Parties). For example, CCS inclusion
under CDM (clean development mechanism) and
recently at COP sixteen held in Cancun/Mexico CCS
technologies were considered eligible under CDM, but
before the decision, the UNFCCC had consulted
several countries and organizations about this
inclusion.

The Japanese government supported the adoption
for the inclusion of CCS under CDM. In addition to
CCS efforts being led by developed countries, there
has also been a rapid spread of CCS technologies
among developing countries. The CCS under CDM
will enable the effective transfer of the technological,
human and financial resources from developed
countries to developing countries [27]. The Brazilian
government is not against the use of CCS, however, it
believes that CCS is not eligible as CDM for several
reasons. These include the lack of expertise in the
implementation of CCS in developing countries, the
high costs of dissemination and technology transfer,
the evaluation of environmental impact, as well as the
process being capital and technology intensive [28].

According to the Brazilian government, CCS is
typically a transitional technology for use in the
passage of an economy based on fossil fuels
transitioning towards a low-carbon intensity economy.
The Brazilian government recognizes that CCS may
be useful. Thus, CCS technology could be considered
a bridge until countries have full confidence in
renewable energy. However, the CCS under CDM
would result in perverse incentives for increased
production of fossil-fuel energy in developing
countries, which would enhance the existing
technological gap between the developed and
developing world [28].

The Brazilian climate change national plan
stipulates that the CCS technologies have to be and
will be developed by the Brazilian private sector to
continue to be able to sustain its viability. The
magnitude of GHG emissions, due to growth in the oil
and gas industry in next few years, will require the use
of large scale mitigation technologies as CCS
technology. However, costs are still very high,
requiring more investment in new and cheaper
technologies. Besides, it is a technology which is in
development and new ways to promote it must be
found [29].

This work understands that the government’s
participation in the promotion of CCS technologies
cannot resume with only the private sector responsible
for implementation of the technology. For the success
of the CCS technologies it is necessary that the
government promote a favorable environment. This
should be composed of Policies and Laws (GHG
emissions reductions targets), regulatory framework,
participation in international agreements, investments,
CCS technologies priorities in mitigation technologies,
support in R&D and pilot projects, and if possible, the
development of a carbon trade scheme and taxes. It
can be said that government participation is critical for
the success of CCS technologies.

According to IEA [30], CCS technologies are
critical for achieving the targets of the 2 degrees
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scenario (energy technology perspectives 2012 2°C
Scenario). The current funding and policy
environment represents a very serious challenge, as
sustained effort by governments around the world is
needed to promote CCS. The number of large,
integrated operational projects remained constant
throughout 2011, which was the result of new projects
entering the development pipeline and cancellations of
existing projects. Given the high capital cost, risks
associated with initial projects and the fact that CCS is
motivated primarily by climate policy, the technology
needs strong government backing by way of CO,
emissions-reduction policies and dedicated
demonstration funding [30].

Table 2 shows the main work done by the Japanese
and Brazilian governments to impulse the
implementation of CCS technologies related to the
main CCS technology issues. From an overview of the
number and importance of the work in Japan it can be
seen that the Japanese government is more interested
in the implementation and diffusion of CCS
technologies.

As major world events related to GHG emissions
directly reflect the policies and laws of Japan, the
same can be said of CCS technology. The main CCS
policy that the Japanese government established in
July 2008 (Action plan for achieving a low-carbon
society) is connected to the G8 decision in June 2008
in Hokkaido, Japan. In this meeting, the G8 decided to
support the recommendations of the IEA and the
CSFL (Leadership Forum on Carbon Sequestration)
for the execution of 20 projects involving CCS on a
large scale, because they believed that CCS would
play a critical role in combating climate change and
meeting energy security challenges [31]. It is
necessary to highlight that this G8 decision did not
influence the Brazilian government’s position on CCS
technologies.

After primary data collection of the organizations, it
is possible to say that the Japanese government’s main
structure for CCS technologies is composed of the

METI (Ministry of Economy, Trade and Industry),
responsible for policies, guidelines  and
implementation of the large-scale demonstration
projects. Supervised by METI, there is the
NEDO(New Energy and Industrial Technology
Development Organization) that conducts various
activities focusing on research and development
related to oil-alternative energy technology,
technology for the efficient use of energy, and
industrial technology, in particular about CCS
technologies conducting the zero-emission coal
thermal power technology development project, and
the RITE (Research Institute of
Technology for the Earth).

RITE was launched in July 1990 to implement the
Japanese government plan “New Earth 21” as a
foundation based on the civil code. Currently RITE is
considered an institution of public interest. RITE
recognizes the global warming problem and considers
the key factor as being the economic development of
developing countries. However, another important
factor is the barrier set to nuclear expansion since the
accident of Fukushima Daiichi. RITE focuses on
developing technologies for mitigating global
warming, particularly those of CCS. Nowadays RITE
is carrying out the Nagaoka CCS demonstration
project, CO, geological storage capacity study,
research on separation technologies: membranes and
absorbents, ocean sequestration R&D and workshops
and symposium®. The other public research institution
is the National Institute of AIST (Advanced Industrial
Science and Technology) which is carrying out
research into CO, storage and fixation capability
evaluation, underground storage and
sequestration.

In addition to R&D in Japan, the Japanese
government has established international partnerships
and bilateral agreements with a focus on CCS
technologies: APP (asia-pacific partnership on clean

Innovative

ocean

® Data collected from interviews and organizations publication
as the institutional journal “RITE Today”, 2012, VVol. 7 Annual
Report in http://www.rite.or.jp/index_e.html, accessed in May,
2012.
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Table 2 Government participation CCS critical issues and intensity.

Japan(evidence)

CCS  issues
intensity

&

Brazil(evidence)

London convention, London protocol, United Nations convention on
the Law of the Sea, United Nations framework convention on climate
change, Kyoto protocol, APP(Asia-pacific partnership) on clean
development and climate, MARPOL (international convention for the
prevention of pollution from ships), CSLF (carbon sequestration
leadership forum).

International
agreements

Law concerning the promotion of measures to cope with global
warming, Kyoto protocol target achievement plan, cool
earth-innovative energy technology program and action plan for
building a low carbon society.

London convention, United Nations convention on the
law of the sea, United Nations framework convention
on climate change and Kyoto protocol, MARPOL
(international convention for the prevention of pollution
from ships), CSLF (carbon sequestration leadership
forum).

Policies and

strategies

7

National plan on climate change

(CCSs technologies have to be, and will be, developed
for the Brazilian’s private sector)

National policy on climate change.

Marine pollution act (law relating to the prevention of marine pollution
and marine disaster) and desirable safety and environmental standarts
for the implementation of CCS.

Framework
regulatory

The Japanese government has budgeted US$116 million for study on
large-scale CCS demonstration since fiscal year 2008 (FY 2008).
Government subsidy via the Japan CCS company US$ 208.2 million.
Australian callide oxyfuel project US$32 million.

Existing tax incentives avaliable from the MOE for the development of
technology to combat global warming (inclusive CCS technologies).

No actions evidenced

Investments

Action plan for building a low carbon society, 2008:
—CCS technology has the potential for roughly 30 percent of Japan
emissions, and in the steelmaking process, which accounts for roughly

—Japan will work to resolve issues such as enhancing environmental
impact assessments and monitoring, putting legislation in place and
ensuring public approval.

Strategic technology roadmap (Energy Sector)-Energy; technology
vision 2100-METI, 2005; Cool earth-innovative energy technology
program-MET]I, 2008; Energy plan-METI, 2010.

No CO2 tax

MOE ETS (Ministry of environmental)

Trial ETS (Japanese government)

Tokyo ETS (Tokyo metropolitan area)

The keidanren scheme (Japan federation of economic organizations)-no
governmental initiative.

Ministry of economy, trade and industry-METI

Research Institute of innovative technology for the earth-RITE (METI)
CCS research group-ISTPEB (METI)

National institute of advanced industrial science and technology-AIST.

No actions evidenced

Priorities

. Land Use-Amazon deforestation and cerrado
10 percent; o
Japan will commence verification test on large scale at an early stage deforestation;
P ; - g_ y stag Agriculture  and  cattle-raising-pasture  recovery,
from 2009 onward and implementation by 2020; . . - . :
Agriculture-cattle  integration,  No-till  farming,

According to national policy on climate change the
Brazil priorities are:

Biological nitrogen fixation;

Energy-energy efficiency; biofuel implementation use,
Energy  supply expansion of hydroelectricity,
alternative source;

Other-ironworks-replace coal with charcoal

No CO2 tax

Carbon
markets

CDM (clean development mechanism)-via designated
operational entity-MCT (ministry of the science and
technology).

BM&F (brazilian mercantile and futures exchange)-no
governmental initiative.

Institution
with focus on

Nagaoka CCS demonstration project (RITE).
Yubari pilot project, Hokkaido (JCOAL-METI),
CCS large scale use from 2015 onwards.

R&D on ocean sequestration by
(NEDO-RITE).

Workshops and symposiums (RITE).
Combined IGCC and CCS feasibility study, Fukushima (Japan CCS
Co.-NEDO).

Tomakomai project (Japan CCS Co.)

Kitakyushu project (Japan CCS Co.)

Nakoso-lwaki OKki project (Japan CCS Co.)

“Moving Ship Method”

No actions evidenced

Pilot project

There are CCS pilot projects in Brazil but these projects
has not direct participation of the Govern

tax of 1% on oil & gas production has be invested in

Indirect incentives for oil & gas private sector
companies as Petrobras via ANP Ordinance 10/99-set a

R&D.
Federal and States R&D Agencies (CNPg, CAPES,
FINEP, FAPESP, FAPESB, etc.)

Legend:

[Moderate compliance | [Low compli

[ High compliance |

ance |

[No focus on CCS technologies

I No actions evidenced

Source: Author’s own.

development and climate), The Global CCS institute
(the Japan regional office opened in February 2012),
Japan-EU  cooperation on energy technology,

Japan-US CCS cooperation meeting, joint statement
on the enhancement of cooperation on climate change
and energy security by the Japanese and Australian
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governments, demonstrative project of oxyfuel CCS in
Australia, demonstration study on CCS-EOR for coal
fired power plants in China, feasibility study of CCS
and EOR in Indonesia by METI.

3.2 Private Sector

The private sector is led by profit. Nowadays with
the increase in discussions about environmental issues
the private sector is taking this into consideration.
This is due to an increased awareness in the private
sector about social responsibility and/or public image.
According to Porter and Brown [32], the productive
sector has historically been seen as an opponent of
national environmental policies and global and
environmental issues, and as a threat to
competitiveness due to the imposition of additional
costs. However, most of the R&D in environmental
technologies can be found in the private sector.

The participation of the private
environmental technologies should be supported by
public sector via a well-built structure political and
strategies. If the public sector wants to impose taxes,
fines, and a legal framework, then it has to clarify
priorities, make public investment and create
incentives and market instruments such as carbon
markets. As well as this, it is important to create an
atmosphere of innovation in order to attract the private
sector to large-scale use of
technologies as this is the main sector responsible for
the spread of environmental technologies.

The development of CCS technologies in Japan has
occurred with interaction between the public sector
and private sector. Government policies and strategies
have a direct influence on the private sector. For
example, after the launch of the “Cool Earth 50” by
the government in May 2007, the steel industry and
the public sector co-organized the initiative COURSE
50 (COyultimate reduction in steelmaking process by
innovative technology for cool earth 50). COURSE 50
is composed of six steel companies, NEDO and a joint
implementation  with  seven

sector in

environmental

universities, two

companies and RITE. The active participation of the
government in R&D CCS technology activities has
also occurred in other private sectors such as energy,
principally in coal powered energy. There are
subsidies via METI and NEDO for JCOAL (Japan
Coal Energy Center).

Many actions for the development of CCS
technologies in Japan traditionally have focused on
CO, capture and separation from stationary sources. In
May 2008, the private sector founded Japan CCS Co.
Ltd. (JCCS). JCCS is composed of 36 shareholder
companies: 11 electricity companies, 4 petroleum, 5
engineering, 4 petroleum resource developing, 5
trading, 2 iron and steel, 2 gas utilities, 1 chemical, 1
nonferrous metal and cement and 1 steel pipe industry.
These companies are responsible for providing
investment and personnel. JCCS is contracted by the
Japanese government via METI and NEDO for the
development of CCS projects. Furthermore, JCCS
interacts directly with civil society through their
research actions. Fig. 8 shows the framework of the
JCCS project. Currently the main projects are the site
characterization for CO, storage (Tomakomai project,
Kitakyushu project, Nakoso-lwaki OKi project) and
the Combined IGCC and CCS Feasibility Study in
Fukushima.

Data collected from national laws and a visit to
Global CCS Institute.

The interaction between the public sector and the
private sector in Japan can be seen here. This
interaction is not via fines or taxes but via investment
and incentives. The Japanese private sector also
participates in multinational CCS projects such as in
Salah in Algeria and it has also done international
partnerships such as in the Callide Oxy Fuel Project.
Table3 shows the main CCS technology work done by
the Japanese private sector.

In Brazil CCS technologies have been developed
mainly in the oil and gas sector, but the public sector
alsohasa direct influenceon actions. In 1999 the
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Fig. 8 Project framework.

Source: Image provided by Japan CCS Co during visit at company.

Federal National Agency for Oil, Gas and Biofuel
(ANP) established (regulation 10/99) the obligation
for oil and gas companies to invest 1% of their oil and
gas production in R&D®. The main oil and gas
company that invests in CCS technologies in Brazil is
Petrobras. Between 2006 and 2009 the company
invested $30 million in climate change and CCS
technologies. Additional investments of $200 million
are expected for the 2010-2015 period [33].

The company is currently developing CO, capture

6 ANP ordinance number 10/99 in
http://nxt.anp.gov.br/nxt/gateway.dll/leg/folder_portarias_
anp/portarias_anp_tec/2001/abril/panp%2058%20-%202001.x
ml (accessed in May 2012).

projects with approximately 10 Brazilian universities
focusing on adsorption, modeling and technology
capture simulation, inorganic membranes, chemical
looping, ionic liquids, metal organic framework,
nanostructured solids and CO, chemical conversion’.
The company has a pilot project in Bahia State
which is supported by the Brazilian coal industries
and National Council for Scientific and Technological
Development (CNPQ), an agency linked to the MCT
(Ministry of Science and Technology). Another pilot

" Presentation by Viviana C.B.G. Coelho, Environmental and
Social Responsibility. Petrobras employee, on August 29th,
2011 at 9th International Conference-Brazil Energy and Power,
2011-Houston, TX.
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Table 3 Status of the Japanese companies in CCS.

169

internationals project

India, Middle East,
Europe, North Sea

Industries Ltd.)

Petrobras also contributes to the|Country or region |Company Description

development and operation of the

thematic network on climate change

(Rede CLIMA), which focuses on

technical cooperation and financial

support for science and technology

organizations nationwide. Created in

2008 by the National Institute for space

research and the ministry of science and

technology, the network comprises 12

institutions and aims to develop national

capacity in carbon capture, transport

and storage areas [33]. Fig.9 presents

the R&D Brazilian network for CCS

technologies. Project name or action.

Eagle IGCC project Japan J-Power Capture test by chemical absorption
(2007-2009) and by physical absorption
(2010-2013). Funded by NEDO.

Osaki coolgen Japan Osaki coolgen{IGCC + carbon capture plant (net electric

corporation output: 170MW) to be constructed by 2019.

Callide oxy fuel project Japan IHI Co., J-Power, mitsui|Demonstration project in Australia. The

Australia and JCOAL callide oxyfuel project is a joint venture
between CS energy, the Australian coal
association, xstrata coal, schlumberger and
Japanese participants, J-Power, Mitsui and
IHI corporation. The project has also
received financial support from the
Australian, Queensland and  Japanese
governments.

Course 50 (JISF) Japan Kobe steel Ltd., JFE|Developing technologies to reduce CO,

steel Co., Nippon steel|emissions by 30% from steelmaking process.
Co,, Nippon  steel|Two technologies: “CO, capture from blast
engineering Co.,|furnace gas” & “Hydrogen reduction of iron
sumitomo metal Ind. and|ore”. NEDO investments.

Nisshin steel Co.

Participation in the “In Salah project” |Algeria JGC Corporation JGC is a part of the In Salah project
providing project engineering, procurement
and construction.

Participation in national and|Japan, Malaysia,|MHI (Mitsubishi Heavy|The MHI is the leading Japanese technology

provider for post-combustion carbon capture.

and Korea
Bilateral agreements Japan Mitsubishi Alliance of Mitsubishi (Japan) and Battelle
us (US).
New projects India NTPC  Ltd.—Toshiba|lndia’s largest power producer, commenced
corp in India very preliminary discussions with Toshiba
Corp to build a pilot project in India for
capturing and storing carbon emissions.
Victoria Australia Nippon steel|Under their regional development victoria
engineering program, the victorian government has
provided $2 million to Nippon steel
engineering to investigate the feasibility of
coal to synthetic gas technology.
Gorgon joint venture project Australia JGC corporation JGC are one of the project partners who were

awarded the “FEED (Front-End Engineering
Design) and an option for EPCM (the
engineering, procurement and construction
management) Contract” by the Gorgon LNG
Joint Venture Project in Western Australia.
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Table 3 continued

Participation in national and
internationals project

Japan, North
America and
Europe.

Hitachi

Contract to build the steam turbine for
Canada’s  saskpower  boundary  dam
integrated CCS demonstration project. It had
carried out pilot scale test of
post-combustion technology with Tokyo
electric power company in early 1990s. In
recent years, it closed contracts in North
America and Europe. In the area of Oxy-fuel
combustion, it had carried out a FEED study
on Coal fired power plant with FORTUM
oy. in Finland. It is also the supplier for
EAGLE IGCC project.

Feasibility study of CCS-EOR in China |China

Toyota

Toyota studied a feasibility of CCS-EOR in
China in cooperation with the research
institute of innovative technology for the
earth from year 2006 to 2007. Toyota
reported the findings and result of the study
to METI.

Projects for CO, storage

Japan

Japan CCS Co.

Tomakomai project, Kitakyushu project,
Nakoso-lwaki Oki project and combined
IGCC and CCS feasibility study, Fukushima.

Source: Author’s own. Data collected in visit to Global CCS Institute Japan Regional Office.

Brazilian Ministries

(MCT, MMA,
MME. etc.)

Brazilian

Governmental 0il & Gas Agency for Oil, Gas
Research & Companies and Biofuels (ANP)
Investing : P
Development $1%mR&D\ Ordinance 10/99.
Agencies (CNPQ,
CAPES, FINEP, e . . .
’ ’ +Joint industrial projects with
energy companies and
CENPES International operators.
(Petrobras R&D Center) » Multiclient projects -
Petrobras ] * PROCLIMA. COZPIPETRANS;
*PROCO2. CO2QUALSTORE;
+ Investments (2010-2015): CO2 Capture Project (CCP).
US$ 200 million. » Strategic alliances:
(National and International
CCS Technologies R&D institutions).
R&D in Brazil * Participation in international

Federal National

Fig.9 Basic organization for development of the CCS technologies in Brazil.
Source: Author’s own based on Ref. [33] and presentations by Petrobras employees in technical conferences. A main way to check
the status of R&D in a country is to analyze their patent deposits. Here the definition drawn up by the UNFCC with the WIPO
(World Intellectual Property Organization) about IPC (International Patent Classification) Green Inventory should be highlighted.
The IPC Green Inventory was developed by the IPC Committee of Experts by WIPO to facilitate the search for patent information

relating to ESTs (Environmentally Sound Technologies) as listed by the UNFCCC [34].

institutions:
(IPIECA, CSLF, WBCSD).
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project in Rio Grande do Sul State is being carried out
by the CEPAC (Centre of Excellence in Research on
Carbon Storage). In addition, the company participates
in international CCS projects and alliances.

In the IPC the green inventory has a specific topic
about pollution control which focuses on carbon
capture and storage technologies. Altogether there are
nine IPC codes related to CCS Technologies. After
analysis, the codes can be associated with specific
CCS areas (capture or storage). However, it was not
possible to associate the codes to the CCS transport
area.

With the CCS technologies IPC green inventory
codes, a search was made in the European Patent
Office® for the Japanese and Brazilian patent deposits
in the last twenty years. The search was made in
several patent offices worldwide and was referenced
with the applicant and the publication date. The data
were analyzed by amount of the patents deposited by
country as the actors contribution. For the actor
contributions in the public sector, the patents related
to public agents with CCS technologies relations in
Japan were RITE, AIST and Agencies, and in Brazil,
CNPqg, FINEP and CAPES were considered. For the
private sector, all patents related to companies,
company partnerships or private associations were
considered. For Civil Society the patent deposits made
by university, research centers, persons or NGOs
(nongovernmental organizations) were considered. It
is important to highlight that there are patent deposits
made by partnerships between actors, in this case, the
analysis considered the main applicant. Fig. 10 shows
the research results.

The data analyses demonstrate that the private
sector is the main actor in R&D and E&l CCS
technologies given the number of patent deposits in
the last twenty years. While in Japan the actors focus
on CCS technology capture and separation, in Brazil

8Search done in “Espacenet—patent search”,
http://worldwide.espacenet.com/advancedSearch?locale=en_EP
(concluded on May 21st).

the focus is on CCS technology storage. Among the
nine codes, Brazil has more patent deposits than Japan
in two codes and these two codes are more related
with storage activities. It is important to highlight that
Petrobras is the main applicant, e.g., in E21B 41/00
code in Brazil, of 19 deposits Petrobras accounted for
16 and in E21B 43/16 code of 18 Brazilian deposits,
Petrobras accounted for 15.

It can also be seen that in Japan the number of the
patent deposits increased in the period from 2004 to
2012. This indicates the effective
participation of the Japanese public sector with
specific policies and strategies for climate change and
ESTs such as the Law Concerning the Promotion of
Measures to Cope with Global Warming, Kyoto
Protocol Target  Achievement  Plan, Cool
Earth-Innovative Energy Technology Program and
Action Plan for Building a Low Carbon Society. On
the other hand, in Brazil an emphasis on the Qil and
Gas sector can be noticed due to ANP’s ordinance
10/99. One important consideration that is the ANP
ordinance 10/99 does not focus on CCS technologies
but in general on R&D for the oil and gas sector, the
companies are responsible for the allocation of
resources.

increase

3.3 Civil Society

The participation of civil society in CCS
technologies projects occurs in two ways or via the
actors as universities, nonprofit institutions and NGOs
or via communities and community associations.
However, the focus of the actors concerning CCS
technologies is  different.  Traditionally, the
universities focus on S&T, R&D and education while
other actors focus on benefits and losses, land use and
its value, environmental issues and health and safety
issues.

With regard to R&D in academia or nonprofit
organizations, it was possible to verify its main field
of interested in CCS technologies. The analysis was
made by collecting information during the visits to
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Civil Society 0 0
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E21B 43/16 Private Sector 11 16 11 18
Civil Society 1 2
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Public Sector 1 0
F25J 3/02 Private Sector 50 1 51 2
Civil Society 0 1

Fig.10 Patent deposits from 1992 to May 2012 of the CCS technologies in IPC green inventory made by Japan and Brazil.
Source: Author’s own.
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organizations, identifying the organizations involved
in CCS projects or via analysis of patent deposits.
There are organizations which focus on more than one
CCS area and these organizations normally have a
specific center for each area, and in this study case,
each organization was recognized in analysis in terms
of their area of focus. Fig. 11 shows the main
academic and non-profit organizations involved in
R&D CCS technologies with a focus on policies,
capture and storage.

Another important aspect that needs special
attention in CCS technologies is education. It is
necessary to educate the public as well as the
communities about CCS. For the CCS projects to be
successful it is necessary to carry out educational
activities, discussions at specific forums, workshops,
and create a specific educational structure between the
actors to establish and to provide a synergy between
them. According to the Global CCS Institute 26 CCS
projects around the world have been canceled or
delayed due to issues such as regulatory, financial,
technical and public acceptance issues [36].

For the experts, CCS technology issues can be
addressed at congresses or workshops specifically
organized to discuss the technologies. This is being
done in both countries, in Japan by RITE or academia,
e.g., UNU (United Nations University) or non-profit
organizations such as IGES (Institute for Global
Environmental Strategies). In Brazil the main events
have been organized by Petrobras and the Brazilian
Petroleum, Gas and Biofuels Institute which is a
non-profit private association.

For communities it is necessary to take action with
a focus on increasing the peoples’ understanding of
CCS technologies via the public sector or the private
sector. Furthermore, there is a need for local actions
involving the community associations and residents.
An example of this in Japan is the Tomakomai CCS
Project conducted by JCCS and supported by the
public sector. In April 2008, Civil Society organized
the “Tomakomai CCS Promotion Council”, which

Japan Brazil | Japan Brazil Japan Brazil Japan  Brazil
Policies Capture Storage/ Total
Ivonitoring

Fig. 11 Academics or non-profit organizations involved in
R&D CCS technologies and its “focus on” in Japan and
Brazil.

Source: Author’s own based in data collected in visits,
presentations by Petrobras employees at technical conferences
and reference [35].

was established in Tomakomai city. The council is
composed of local government authorities, industries,
local fishing cooperative and experts and is aimed at
the promotion of the CCS project [37]. In this research,
no actions promoting CCS technologies involving the
communities or communities associations were found
in Brazil.

4. Conclusions

This study has attempted to analyze the area of CCS
technologies in Japan and Brazil. Current climate
change policies of both countries were considered and
as Japan and Brazil have responded to the requests of
the GEG in the last twenty years in particular about
the large scale use of CCS technologies. The main
public and private sector action related to CCS
technologies was analyzed as well as the response of
civil society to public and private sector stimulus.

Initially, in the GHG emission context, the trends in
GHG emission reduction vary between the countries.
If Japan keeps on the current course, it will probably
reach the targets set, while Brazil, due to trends in
population and economic situation of the country, will
possibly need to expand its GHG emission reduction
efforts. Brazil’s potential to reduce GHG emissions
should aim to put the country in a favorable situation
on the GEG. To do this, it is important to explore the
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maximum potential of ESTs.

In Brazil the industrial sector alone is expected to
increase its emissions from 180 MtCO2e per year in
2005 to 360 MtCO2e per year in 2030 in the base case
scenario [26]. The use of CCS technologies in critical
industrial sectors such as steel, chemical, oil &gas and
cement. It is important to contribute to Brazil’s
performance in GHG emission reduction but there is a
lack of policies and strategies on the part of the
Brazilian government to stimulate the private sector to
do this.

In addition, the Brazilian government should carry
out other important actions such as offering incentives
in R&D for industrial sectors and encouraging
promotion and discussion with communities. In
addition, the elaboration of a framework specific to
CCS technologies among the actors would promote
the large-scale use of the CCS and attract foreign
investments. The experience in the oil & gas sector
could be a reference for the other industrial sectors.
Due to the government incentives for R&D in the oil
& gas sector, advances in CCS storage technologies
have been made and this sector can be considered as a
reference compared to other industrial sectors.

The government in Brazil does not support CCS
technologies via investments, polices and strategies
while in Japan, on the other hand, the government
focuses on CCS technologies in an attempt to reach
the targets set. However, the Japanese public and
private sectors need to pay attention to R&D and E&I
in CCS storage technologies. In the current situation
for large-scale use of the CCS technologies in Japan,
it can be said that Japan is a purchaser of the CCS
storage technology while at the same time being a
supplier of the CCS capture technologies. As regards
the CCS framework between the actors in Japan, it has
been carried out well because it has led to intensive
interaction among actors.

Due to the importance of CCS technologies in
combating GHG emissions, demonstrated by the
G08’s decision in 2008, it is important to emphasize

the need to carry out new research in the short term,
e.g., the comparative analysis between CCS projects
implementation in Japan and Brazil. This research has
attempted to express the current situation of CCS
technologies and indicate what areas require greater
attention on the part of the actors involved.
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