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Chapter 38

CAPTURE AND SEPARATION TECHNOLOGY GAPS
AND PRIORITY RESEARCH NEEDS

Helen R. Kerr

BP, plc., Sunbury-on-Thames, UK

ABSTRACT

This final chapter summarizes the major conclusions and results of the CCP’s capture and separation
technology development projects. It provides a look forward to Phase II of the CCP and future research needs.

Separation technology challenges include:

. A fundamentally different approach to post-combustion capture. The CCP saw some potential for novel
integrated approaches for separation with advanced solvents.

. Pre-combustion decarbonization to make hydrogen at very large scale as a precursor to a hydrogen-based
combustion system. A systems analysis and comprehensive approach to the major components of a
hydrogen fuel system are needed.

. Oxygen-fired combustion. Combustion in either oxygen-enriched air or pure oxygen offers the advantage
of reduced NOx and SOx emissions while producing a highly concentrated CO2 stream for sequestration.
Oxygen production is a major need and challenge – at the needed scale and costs. Chemical looping
combustion that combines oxygen production with combustion may have great promise. It needs
comprehensive study to determine its future potential.

Public policy, incentives and regulatory activities by the various governments will be a substantial
challenge for those attempting to sequester CO2. Worldwide governmental actions must be monitored and
accounted for in future technical developments.

INTRODUCTION

The volume you have just studied describes the work on capture and separation technologies completed
through the efforts of the CCP team and contractors to the project during the past 4 years. It represents the
combined efforts of several hundred people from around the world who completed over one hundred studies
in a very short period of time.

Some of the studies were cut short—even before they might have produced good results—because of the basic
premise of the CCP. The CCP was intended to jump-start technology development and to identify
commercially feasible technologies that could be implemented in the next decade. It was not intended to be a
venue for exploratory and fundamental research that might deliver commercially ready technology decades in
the future.

Some studies published here were “unsuccessful” because they did not lead to a commercialisable process
by the definitions used in the CCP. That does not mean that the technology has no value, it means that it
would not be ready for use by 2010, it might only work in a few niche applications, or could not meet the
high cost reduction standards set at its current stage of development.
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This chapter will identify areas where further research is needed and will outline the tentative goals of the
CO2 Capture Project—Phase 2 (CCP2) program that will follow on. The CCP leadership hopes that the
areas noted here will provide opportunities and encouragement for researchers in their future work.

The CCP have uncovered the potential for huge cost savings in the capture of CO2 in a relatively short
span of time by bringing industrial knowledge, skills, and management capability to drive this important
technology along at an unprecedented speed. Potential cost reductions of about 60% compared with base
case technology (amine scrubbing) were attained in a little over 2 years. These results (Figure 1) could not
have been achieved without the help and dedication of the over 70 contracting organisations who
performed the work in partnership with the CCP technical teams. The CCP is confident that the pace of
delivery and further cost reductions will be identified in CCP2.

CO2 CAPTURE PROJECT—PHASE 2 PLANS

The CCP program is continuing with most of the current team in place. Current membership is: BP,
ChevronTexaco, Eni, Hydro, Shell and Suncor. Negotiations are taking place with a number of other
potential participants. The project is likely to open up to a broader group of participants through associate
memberships. Funding is confirmed from the Norwegian Government and applications have been made, or
will be made, to the United States Government and to the European Community.

The major goals of the CCP2 program going forward are:

1. International industry and government partners cooperatively direct and fund the development of CO2

capture and storage technologies with the aim of advancing the science and expanding the potential
scope of implementation.

2. Identify best practices and reduce uncertainties associated with geological storage of CO2.
3. Identify and develop technologies to reduce the cost of capture of CO2 emissions by 50–75% from the

2000 baseline:
a. Achieve cost target of capture and storage of $20–30 per ton of CO2

b. Include cost target in terms of dollars per KWHR power generated
4. Increase public acceptance and awareness of CO2 capture and storage.

Figure 1: CCP Capture—CO2 Avoided Cost Reductions (Preliminary data, 630% cost estimates, top two

CCP technologies cost reduction data points).
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The objectives are then to:

. Further develop CO2 capture technologies with aim to reduce cost and technical uncertainties prior to
demonstration through parallel R&D studies with sequential pilots to be evaluated on a case by case
basis. The CCP will stop technology development when success is achieved.

. Develop industry guidelines for secure, cost-effective CO2 geological storage; addressing issues such as
site selection, risk assessment, well integrity, monitoring, verification and abandonment

. Establish an extended network including resources to CCP for CO2 storage demonstrations.

Success factors used to measure performance against objectives for CCP2 include:

. One or more capture technologies is available to pilot (with at least 50% cost reduction from 2000
baseline) in retrofit and new-build applications.

. Delivered a strategy for the future demonstration of at least one capture technology.

. A set of proposed industry standards has been created for storage, monitoring, verification and
abandonment.

. Geological storage is accepted in emissions trading schemes (i.e. EU ETS 2008-12).

. A network is established for information sharing among storage demonstrations

. . 40% of CCP2 cash spend is provided by co-funders to demonstrate the partnership between
governments and industry.

This means that the CCP2, if successful, will have:

. Progressed CCP1 (CO2 Capture Project Phase 1) technologies to improve performance and reduce
uncertainties (of timing, development risk and cost);

. Understood and included promising new technologies;

. Developed by the end of 2004 an R&D strategy for pilot testing, such that technologies are ready for
sequential piloting when the time is right (market and participant-driven);

. Developed a portfolio of technologies on parallel tracks

The expected schedule and timeframe are to continue with ongoing R&D in 2004, reducing uncertainty
on scale-up and other issues identified as being in need of more work in CCP1. At the same time, the
teams will begin detailed workscope preparation for pilot scale performance tests to be considered on
a case by case basis as results from the R&D phase for each technology dictate. The economic model
that was applied with great success in CCP1, enabling us to evaluate and compare technology
performance on a common basis, will be applied as technologies are tested in further project stagegates.
It will also be made available for other projects outside the CCP to enable their performance to be
assessed on the same basis. Some pilot tests may commence during CCP2 which has a tentative end date
of 31st December 2008.

The plan is to issue requests for proposals in these areas, for R&D in the first instance and pilot testing that
could follow if R&D success criteria are met. The proposals and contractors will be matched to the
appropriate funding opportunity. For new ideas or technologies that have been developed outside of CCP1,
the plan is to compare them on the same basis that CCP1 technologies were judged and any that are
competitive will be considered by the Executive Board for inclusion in the CCP2 program.

TECHNOLOGIES NEEDING MORE FUNDAMENTAL RESEARCH
AND IN-DEPTH STUDY

Certain technologies that the CCP supported but were dropped because they were not likely to meet our short-
term goals may prove valuable in future CO2 mitigation options with further development. These include:

. Kvaerner membrane. The membrane as tested allowed a small amount of solvent to leak through. This
meant that an additional plant would have to be constructed to deal with that small amount of solvent. New
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membranes that do not let solvent pass through would improve performance economics considerably and
may bring this technology back in the race.

. Sulphur tolerant membranes for separating hydrogen from CO2. The aim was to develop sulphur tolerant
membranes for use in the water–gas shift process that also had very high permeability to hydrogen. Some
membranes developed were sulphur tolerant but did not have the needed hydrogen flux rates and so were
abandoned. If membranes are developed that can overcome this problem, a whole new area of application
for the technology which has already demonstrated high potential cost reductions for non-sulphur (sweet)
syngas could open up for sulphur containing (sour) sour service.

SEPARATION TECHNOLOGY GAPS AND CHALLENGES

The CCP attempted a comprehensive look at pre-commercial and commercial technologies that might be
applied to CO2 capture and storage. Even given the excellent work and results of our teams, there is still a
need for investment in:

Post-combustion separation and capture. The huge investment and inventory of existing plants emitting
CO2 means that separation of CO2 from flue gases will have to be commercially practiced at some time. A
fundamentally different approach to post-combustion capture is needed. Areas where we saw potential are
novel integrated approaches to the process system design coupled with new advanced solvents.

Pre-combustion de-carbonisation—hydrogen. Large-scale hydrogen production will bring with it the need
for a hydrogen infrastructure and the systems to make hydrogen fuelling practical. A systems analysis and
comprehensive approach to the major components of the hydrogen fuel system are needed. Areas in which
we believe effort is required are:

. Hydrogen/CO2 separation membrane production at scale and life cycle assessment;

. Support systems for these membranes and the reactors to carry them;

. Conversion of gas turbines for hydrogen firing;

. And in all areas sulphur tolerance to expand the range of fuel applications.

Oxyfiring. Combustion in either oxygen-enriched air or pure oxygen offers the advantage of reduced NOx

and SOx production along with the described characteristics for producing a highly concentrated separated
CO2 stream.

The CCP1 chemical looping combustion program results were highly encouraging as this technology could
be applied to large-scale heaters and boilers. Promising materials have performed well in over 300 h of
continuous testing. Particle performance testing is needed to understand the potential full-scale attrition rate
and the costs for replacement and disposal of spent particles. The search for cheaper particles or particles
with low attrition rates should continue. Application of chemical looping technology to gas turbines would
require the development of effective and economic filtration of the fluid stream supplying the turbine.
A detailed economic feasibility study of chemical looping combustion processes is recommended before
significant further development is undertaken. This study is not in the scope of the CCP2 program.

FUEL SOURCES: COAL, OIL, GAS

The CCP has been largely focused on petroleum and chemical industry systems—because of the areas of
expertise in the team and because of the focus on geologic storage. Since coal is, and will remain, a key fuel
for electricity generation for at least another century; it is necessary to engage the coal industry in
development of capture and storage systems. Bringing these diverse stakeholders together is a major
challenge for the team. Areas where common effort would be beneficial are:

. membranes for hydrogen and CO2 separation (including sulphur tolerant membranes);

. a common approach to economic performance assessment;

. understanding the benefits of oxyfiring and issues around heater and boiler conversion;

658



. retrofitting any CO2 capture technology;

. transportation issues;

. monitoring, verification, and public acceptance of geologic storage.

POLICY, INCENTIVES, AND REGULATORY CLIMATE

Commercialisation of CO2 capture and storage systems will be expensive and add to the economic and
political risk for all parties. Parallel to its technology development, the CCP should continue its
engagement of policy makers and other stakeholders to ensure an economic, and stable future for CO2

storage. Governments and regulators need help in understanding the technology options provided by CCP,
and other, research programs to enable them to make good choices for demonstration projects and, in the
longer term, full-scale geologic CO2 storage. They also need assistance in understanding their options in
the context of eligibility of geologically stored CO2 for credits in approved trading schemes. This
acceptance may be crucial to help bridge the wide economic gap that capture and storage projects face
today. It also may be vital to accelerating the rate at which industry can respond to the climate
stabilisation challenge.

CONCLUSIONS

We have made great progress but there are real gaps in our knowledge. Key questions include:

. Can the laboratory performance of hydrogen–CO2 separation membranes be maintained in large scale
testing and manufacture?

. Can CO2 capture technologies be retrofitted to existing operations in a practical way from both cost and
operability viewpoints?

. Can existing gas turbines be fitted for hydrogen firing service in a practical way?

. Can chemical looping combustion technology be acceptable to power generators in boiler and heater
application?

. How much further can we push the limits on post-combustion capture technology?

RECOMMENDATIONS

. The CCP recommends that urgent consideration be given to scale up and manufacture hydrogen
separation membranes with CO2 capture. In particular, durability testing and membrane support
development are needed. At the earliest sensible opportunity, perform large scale demonstration tests to
uncover any weaknesses in the technical approach and to identify further opportunities for cost savings.

. One of the largest costs in post-combustion CO2 capture is the heat exchange processes needed to cool
the flue gas to the operating temperature range of current commercial solvents. Significant opportunities
exist to re-examine the approach to heat recovery and to design integrated systems while continuing to
develop improved solvents.

. Chemical looping combustion technology offers considerable cost savings for fired heaters and boilers. It
provides a second benefit through much reduced NOx production and emissions. However, the particle
strength needs to be improved and attrition rates for particles must be established through exhaustive
testing to ascertain their stability and to possibly lead to further cost reductions.
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