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secure that emissions will be reduced and also that there will be 
no significant threat to human health or to ecosystems (Hawkins, 
2003). Carbon dioxide transport and storage will have to be 
monitored to ensure there is little or no release to the atmosphere 
but monitoring issues are still being debated. For example, can 
the anticipated low rates of CO2 release from geological storage 
be detected by currently available monitoring techniques? Who 
will do this monitoring (IEA GHG, 2004b)? How long should 
monitoring continue after injection: for periods of decades or 
centuries (IEA GHG, 2004c)?

1.7		  Implications for technology transfer and 
sustainable development

1.7.1	 Equity and sustainable development

The climate change issue involves complex interactions between 
climatic, environmental, economic, political, institutional, 
social, scientific, and technological processes. It cannot be 
addressed in isolation from broader societal goals, such as 
equity or sustainable development (IPCC, 2001a), or other 
existing or probable future sources of environmental, economic 
or social stress. In keeping with this complexity, a multiplicity 
of approaches has emerged to analyze climate change and 
related challenges. Many of these incorporate concerns about 
development, equity, and sustainability, albeit partially and 
gradually (IPCC, 2001a). 
	 Sustainable development is too complex a subject for a 
simple summary; the study of this field aims to assess the benefits 
and trade-offs involved in the pursuit of the multiple goals of 
environmental conservation, social equity, economic growth, 
and eradication of poverty (IPCC, 2001a, Chapter 1). Most of 
the studies only make a first attempt to integrate a number of 
important sustainable development indicators and only a few 
have considered the implications for CCS (Turkenburg, 1997). 
To date, studies have focused on short-term side-effects of 
climate change mitigation policies (e.g., impact on local air 
and water quality) but they have also suggested a number of 
additional indicators to reflect development (e.g., job creation) 
and social impact (e.g., income distribution). CCS also poses 
issues relating to long-term liability for possible unintended 
releases or contamination which may have inter-generational 
and, in some cases, international consequences24. Further 
studies will be needed to develop suitable answers about CCS. 
In particular, long-term liability must be shown to be compatible 
with sustainable development.
	 There are various viewpoints relating to climate policy: 
one is based on cost-effectiveness, another on environmental 
sustainability, and another on equity (Munasinghe and Swart, 

24 Some legislation is already in place which will influence this: for example 
both the London Convention (Article X) and its 1996 Protocol (Article 15) 
contain provisions stating that liability is in accordance with the principles of 
international law regarding a state’s responsibility for damage caused to the 
environment of other states or to any other area of the environment. Similarly, 
regional agreements such as the OSPAR Convention incorporate the ‘polluter 
pays’ principle (Article 2(b)).

2005). Most policies designed to achieve the mitigation of 
climate change also have other important rationales. They can 
be related to the objectives of development, sustainability and 
equity. ‘Conventional’ climate policy analyses have tended 
to be driven (directly or indirectly) by the question: what is 
the cost-effective means of mitigating climate change for the 
global economy? Typically, these analyses start from a baseline 
projection of greenhouse gas emissions and reflect a specific set 
of socio-economic projections. Equity considerations are added 
to the process, to broaden the discussion from global welfare 
as a single subject to include the effects of climate change 
and mitigation policies on existing inequalities, amongst and 
within nations. The goal here goes beyond providing for basic 
survival, extending to a standard of living that provides security 
and dignity for all. 
	 Ancillary effects of mitigation policies may include 
reductions in local and regional air pollution, as well as indirect 
effects on transportation, agriculture, land use practices, 
biodiversity preservation, employment, fuel security, etc. 
(Krupnick et al., 2000). The concept of ‘co-benefits’ can be used 
to capture dimensions of the response to mitigation policies 
from the equity and sustainability perspectives in a way that 
could modify the projections produced by those working from 
the cost-effectiveness perspective. As yet, little analysis has 
been reported of the option of CCS in these respects.
	 Will CO2 capture and storage favour the creation of 
job opportunities for particular countries? Will it favour 
technological and financial elitism or will it enhance equity by 
reducing the cost of energy? In terms of sustainable development, 
does the maintenance of the current market structures aid those 
countries that traditionally market fossil fuels, relative to those 
that import them? Is this something which mitigation policies 
should be developed to assist? There are no simple answers to 
these questions but policymakers may want to consider them. 
However, no analysis of these aspects of CCS is yet available. 
Furthermore, the mitigation options available will vary from 
country to country; in each case, policymakers have to balance 
such ancillary benefits with the direct benefits of the various 
options in order to select the most appropriate strategy. 

1.7.2	 Technology transfer

Article 4.5 of the UNFCCC requires all Annex I countries to 
take ‘All practicable steps to promote, facilitate and finance, 
as appropriate, the transfer of, or access to, environmentally 
sound technologies and know-how to other parties, particularly 
developing countries, to enable them to implement provisions of 
the convention.’ This applies to CCS as much as it does to any 
other mitigation option. This was precisely stated in the declaration 
issued at COP 7 (UNFCCC, 2001). Paragraph 8, item (d) states: 
‘Cooperating in the development, diffusion and transfer (…) and/or 
technologies relating to fossil fuels that capture and store GHGs, 
and encouraging their wider use, and facilitating the participation 
of the least developed countries and other Parties not included in 
Annex I in this effort’
	 In achieving these objectives of the Convention, several key 
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elements will have to be considered (IPCC, 2001a). These are 
discussed in the IPCC Special Report on Technology Transfer (IPCC, 
2000c), which looked into all aspects of the processes affecting the 
development, application and diffusion of technology. This looks at 
technology transfer for the purposes of adapting to climate change 
as well as for mitigation. It looks at processes within countries and 
between countries, covering hardware, knowledge and practices. 
Particularly important are the assessment of technology needs, the 
provision of technology information, capacity building, the creation 
of an enabling environment, and innovative financing to facilitate 
technology transfer. 
	 Although no academic examination of CCS in these respects 
has yet been undertaken, some remarks can be made in general 
about this mitigation option.

1.7.2.1	 Potential barriers
Technology transfer faces several barriers, including intellectual 
property rights, access to capital, etc. As with any new technology, 
CCS opens opportunities for proprietary rights. As it will rely 
on the development and/or integration of technologies, some of 
which are not yet used for such purposes, there is considerable 
scope for learning by doing. Several developing countries are 
already taking an active interest in this option, where they 
have national resources that would allow them to make use of 
this technique. For example, Deshun et al. (1998) have been 
looking at the related technique of CO2-EOR. Some of the key 
technologies will be developed by particular companies (as is 
occurring with wind power and solar photovoltaics) but will the 
intellectual property for CCS be accumulated in the hands of a 
few? CCS will involve both existing and future technologies, 
some of which will be proprietary. Will the owners of these 
rights to be willing to exploit their developments by licensing 
others to use them? At present it appears to be too early to 
answer these questions.
	 Given that the essential parts of CCS systems are based 
on established technology, it can be expected that it will be 
accessible to anyone who can afford it and wants to buy it. 
Several companies currently offer competing methods of 
capturing CO2; pipelines for CO2 and ships are constructed 
today by companies specializing in this type of equipment; the 
drilling of injection wells is standard practice in the oil and gas 
industry, and is carried out by many companies around the world. 
More specialist skills may be required to survey geological 
reservoirs; indeed, monitoring of CO2 underground is a very 
new application of seismic analysis. However, it is anticipated 
that, within a short space of time, these will become as widely 
available as other techniques derived from the international 
oil and gas industry. Making these technologies available to 
developing countries will pose similar challenges as those 
encountered with other modern technological developments. 
This shows the relevance of the UNFCCC declaration on 
technology transfer quoted above to ensure that developing 
countries have access to the option of CO2 capture and storage. 

1.7.2.2	 Potential users
CO2 emissions are rising rapidly in some developing countries; if 

these countries wish to reduce the rate of increase of emissions, 
they will want to have access to a range of mitigation options, 
one of which could be CCS. Initially it seems likely that CCS 
would be exploited by countries with relevant experience, such 
as oil and gas production25, but this may not be the case in other 
natural resource sectors. Will there be fewer opportunities for 
the transfer of CCS technology than for other mitigation options 
where technologies are in the hands of numerous companies? 
Or will the knowledge and experience already available in 
the energy sector in certain developing countries provide an 
opportunity for them to exploit CCS technologies? Will CO2 
capture and storage technologies attract more interest from 
certain developing countries if applied to biomass sources26? If 
there is a year-round supply of CO2 from the biomass processing 
plant and good storage reservoirs within reasonable distance, 
this could be an important opportunity for technology transfer. 
As yet there are no answers to these questions.

1.8	 Contents of this report

This report provides an assessment of CO2 capture and storage 
as an option for the mitigation of climate change. The report 
does not cover the use of natural sinks to sequester carbon since 
this issue is covered in the Land Use, Land Use Change and 
Forestry report (IPCC, 2000b) and in IPCC’s Third Assessment 
Report (IPCC, 2001a). 
	 There are many technical approaches which could be used 
for capturing CO2. They are examined in Chapter 3, with the 
exception of biological processes for fixation of CO2 from flue 
gases, which are not covered in this report. The main natural 
reservoirs which could, in principle, hold CO2 are geological 
formations and the deep ocean; they are discussed in Chapters 
5 and 6 respectively. Other options for the storage and re-use of 
CO2 are examined in Chapter 7. 
	 Chapter 2 considers the geographical correspondence of 
CO2 sources and potential storage reservoirs, a factor that will 
determine the cost-effectiveness of moving CO2 from the place 
where it is captured to the storage site. A separate chapter, 
Chapter 4, is dedicated to transporting CO2 from capture to 
storage sites.
	 The overall cost of this technology and the consequences of 
including it in energy systems models are described in Chapter 
8. Some of the other requirements outlined above, such as 
legality, applicable standards, regulation and public acceptance, 
are discussed in detail at the appropriate point in several of 
the chapters. Governments might also wish to know how this 
method of emission reduction would be taken into account in 
national inventories of greenhouse gas emissions. This area is 
discussed in Chapter 9. Government and industry alike will be 
interested in the accessibility of the technology, in methods of 
financing the plant and in whether assistance will be available 

25 In 1999, there were 20 developing countries that were each producing more 
than 1% of global oil production, 14 developing countries that were each 
producing more than 1% of global gas production, and 7 developing countries 
producing more than 1% of global coal production (BP, 2003). 
26 For further discussion of using CCS with biomass, see Chapter 2.
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from industry, government or supra-national bodies. At present, 
it is too early in the exploitation of this technology to make 
confident predictions about these matters. Three annexes 
provide information about the properties of CO2 and carbon-
based fuels, a glossary of terms and the units used in this report. 
Gaps and areas for further work are discussed in the chapters 
and in the Technical Summary to this report. 
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