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The IEAGHG Post Combustion Conference (PCCC) series has 
proved to be a very important gathering for post-combustion 
capture experts to share their knowledge, findings and 
expertise. The success of 1st Post combustion capture conference 
(PCCC1) in Abu Dhabi, 2011 and the previous 12 International 
Post Combustion Capture Network workshops held between 
2000-2009 have showed the credibility of this conference series. 
Hence, PCCC2’s aim was to continue to provide a forum to 
discuss the various issues related to post-combustion capture 
technologies and to review their development status. PCCC2 
also gave the opportunity to encourage technology providers 
and developers to share their experiences and knowledge.
The PCCC2 conference took place on 17th-20th September 2013 
at Hotel Grand Terminus, Bergen, Norway. This conference was 
sponsored by the Norwegian programme for Power Generation 
with Carbon Capture and Storage (CLIMIT), Shell and Shaanxi 
Yangchang Petroleum (Group) Corp. Ltd.  
In addition to the conference a special session on ‘Milestone 
Mongstads 1st Year Anniversary’ was organized to mark the end 
of the1st year of operation of CO2 demonstration plants at CO2 
Technology Centre Mongstad (TCM). The Anniversary event also 
provided the PCCC2 delegates the opportunity to visit the CO2 
Post Combustion Capture Pilot Plants located at TCM, Mongstad 
Refinery on 20th September 2013. 

Technical Steering Committee

The Conference content was  overseen by a Steering Committee comprising of the following 
members: 

•	 Dr. John Topper, IEAEPL, UK
•	 Prof. Hallvard Svendsen, NTNU, Norway
•	 Dr. Paul Feron, CSIRO, Australia
•	 Prof. Gary Rochelle, University of Texas, USA
•	 Prof. Paitoon Tontiwachwithikul, University of Regina, Canada
•	 Mr. Kevin McCauley, Babcock and Wilcox, USA
•	 Dr. Prachi Singh, IEAGHG, UK
•	 Mr. Nils Røkke, SINTEF, Norway

Cover photo shows the capture plant at TCM, courtesy of CLIMIT
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Introduction

CO2 Capture Pilot Plant located at CO2 
Technology Centre Mongstad, Aker 

Solutions
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Conference Statistics
The PCCC2 conference was attended by 148 participants from around the world. PCCC2, was located 
in Europe and as a result showed higher number of participants came from Norway and EU countries, 
however, there were around 55 participants from outside of Europe, including South Asian countries such 
as Japan, China, South Korea as well as from Western Asian countries like Kuwait and UAE. 

The PCCC2 conference gave the opportunity for researchers to share their knowledge with both academia 
and industry. IEAGHG received very positive response from PCCC2 participants. Overall PCCC2 attendees 
seemed very pleased with the event and value for money. The special event ‘Milestone Mongstad’ as 
part of PCCC2 was highly appreciated. All participants were overwhelmingly in favour of continuing this 
conference series in future.
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The graph below represents the conference topics and percentage of papers presented in each topic. 
These were presented during 13 technical sessions and a dedicated poster session.

A total of 78 papers were presented throughout the 3 days, from which 49 as oral and 29 as poster 
presentations.
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Dr. Paul Feron , Research Program Leader CSIRO, Australia

Dr Feron gave a presentation on the Australian perspective for post combustion 
capture technology and highlighted the associated challenges. Australia 
is the world’s 2nd largest coal exporter and most of Australia’s electricity is 
produced from pulverised coal fired boilers (52% black coal, 23% brown coal 
in 2009-10). The CO2 emission of around 170 Mt CO2/annum is coming from 
around 60 flue gas streams. Currently in Australia there are different post 
combustion capture pilot plants in operation such as  Tarong, Munmorah/
Vales Point on black coal based power plants; and Hazelwood and Loy Yang 
on brown coal based power plants. 

Paul stressed “When considering development of post combustion capture technology, the main focus 
points are improving energy efficiency, making it affordable and striving for zero harm to the environment.”

“In Australian context development of SO2/CO2 process concept is also very important.” 

“It is necessary to continue efforts in development of next-generation post combustion technologies such 
as adsorbents, membranes, advanced liquid absorbent systems.” 

Tore Amundsen, CEO, Gassnova, Norway

Mr Amundsen gave a key note speech during the Milestone Mongstad 
event focusing on the Mongstad experience during its first year of 
operation and highlighted the importance of R&D in CCS. Two different 
post combustion capture technology based pilot plants run by Aker 
Solutions and Alstom at TCM have evaluated various aspects of post 
combustion capture process such as technology performance, plant 
operation, environmental impact etc. during their first year of operation. 

Mr Amundsen emphasised the importance of TCM in order to reduce the 
cost, bridge the gap between R&D and commercial deployment, and increase 

confidence in the CO2 post combustion capture technology.
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Keynote Speakers

Dr. Paitoon Tontiwachwuthikul, Professor, University of Regina, 
Canada
Dr. Paitoon Tontiwachwuthikul, gave his insight on the current status and 
future trends of the post combustion carbon capture technologies for North 
America and Asia region. 

Paitoon commented  “China is now in an early stage of demonstration phase 
for CCS and requires technology improvement and market development.”

“Countries such as Indonesia, Malaysia, Thailand, Vietnam in southeast Asia 
(short term opportunities for carbon capture are present in Natural Gas 
Processing and when considering medium term opportunities Coal based 
power plant are most suitable.” 

“A game changer solvent for CO2 absorption will be having steam requirement of ~0.5 tonne steam/ tonne 
CO2 (or less) compared to currently available solvents steam requirement of 1.4 – 1.2 tonne steam/tonne 
CO2.”

“Future post combustion capture technologies shall focus on lowering further steam requirement of <1 
tonne steam/tonne CO2.”
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Sponsor Speakers
Dr. Paul-Emmanuel Just, R&D Team Lead, Shell Cansolv, Canada

Dr Just’ presentation focused on Shell Cansolv activities in post combustion 
capture technology development and pilot plant application worldwide. 
Currently Shell is actively participating in major Carbon Capture and Storage 
(CCS) projects around the world. Shell is participating in already in operation 
Aker amine based pilot plant at TCM, Mongstad refinery, Norway; major post 
combustion capture projects being constructed are Boundary Dam & Quest 
in Canada; Gorgon in Australia; and under planning project Peterhead in 
UK. These projects are capturing CO2 from different emission sources such 
as Peterhead and Lanxess (South Africa) from Natural gas based power 
generation, Boundary Dam from coal based power generation. During 
development of one of the important post combustion capture demonstration project Boundary Dam, 
Canada several important lessons were learned. 

Paul-Emmanuel stated the key lessons from the Boundary Dam project are:

•	 “Rectangular/square geometry and concrete structure (with acid resistant lining) for absorber 
shows similar behaviour when compared to conventional absorber and shows lower cost”

•	 “Complete mapping of emission points in the process and stream characterization is very 
important. in the capture plant”

Dr. Henry Liang, Research Adviser at Shaanxi Yanchang Petroleum 
(Group) Co. Ltd., China

Dr. Liang gave information on the activities undertaken for CO2 Capture, 
Utilisation and Storage (CCUS) by Shaanxi Yanchang Petroleum (Group) Co. 
Ltd. in China. Northern Shaanxi province is a large area rich in oil, gas, coal, salt 
resources and recent industrial development shows the need to implement 
CCS. Moreover,  the large amounts of injection water required for oil production 
increases the possibility of drought in the area. Hence, CO2 utilization in 
enhanced oil recovery showed an opportunity for application of CO2 capture. 

Currently Shaanxi Xinghua Xin Ke Qi Ti Business is capturing CO2 to produce 
food grade liquid CO2 of 80,000tons/year; as well as in 2012 50,000 tons/year CO2 was captured by Shaanxi 
Yanchang Petroleum Yulin Coal Chemical Company. Shaanxi Yanchang China Coal Yulin energy & chemical 
industry plan to finish capturing 360,000tons/year CO2 at the end of 2013. 

Henry stated “The main focus for Shaanxi Yanchang Petroleum Ltd is to develop low-cost CO2 capture & 
storage and effective EOR technology as well as reinforce international cooperation and share knowledge 
on technologies of CCUS.”

Conference Sponsors
IEAGHG would like to thank:

•	 TCM DA and Gassnova SF for sponsoring and organization of Milestone Mongstad 1st Year 
Anniversary Event and Dinner on 17th and 18th September and CLIMIT for the organisation of site 
visit, CO2 Demonstration Plant at TCM, Mongstad Refinery. 

•	 Shell and Shaanxi Yangchang Petroleum (Group) Corp. Ltd. for sponsoring the conference.
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Milestone Mongstad 1st Year 
Anniversary Event 
This event marked the successful first year operation of the world’s largest CO2 capture technology test 
center (TCM). This event examined the experience gained from TCM planning and construction and in 
particular the results from its first year of testing of two promising post combustion capture technologies 

from Aker and Alstom. 
The speakers of this event 
were from the owners and 
management of TCM, Aker 
Solutions, Alstom, Statoil, 
Shell and Department 
of Energy (DOE) USA. 

Over the last year TCM 
have seen a series of major 
advancements in reducing 

the cost and the technical, environmental and financial risks of implementing CO2 capture technology. 
Mr Frank Ellingsen, Managing Director, TCM mentioned that it is great to see the technology vendors 
Alstom and Aker Solutions discussing their technological advancements from their time spent with TCM. 

The presentations at Milestone Mongstad Event introduced learnings from the two CO2 demonstration 
plants at TCM: testing for Aker Solutions in our Amine Plant and for Alstom in our Chilled Ammonia Plant (CAP). 

The two technology demonstrations have been overlaid onto TCM’s core utility infrastructure; which 
provides access to 100,000 tonnes CO2 per year of simulated coal and gas-fired CO2 flue gases; from a gas-
fired Combined Heat and Power plant (CHP) and a refinery cracker.  
The key achievements from the Amine and Chilled Ammonia plant include gaining operational experience 
from more than 7,000 hours of testing with more than 90% of uptime.
 In terms of reducing technical risk of carbon capture, TCM highlighted the following achievements:

•	 Developing documented and transferable experiences on the operation, start-up, shut down, 
emergency shut downs etc., which is available to the CCS community

•	 Developed and verified simulation tools for the total facility based on Ammonia and 
Monoethanolamine (MEA), to be used in the planning, operation and evaluation of day to day 
activities at TCM

•	 Established an available analytical laboratory tool box
•	 Operated with zero injuries and environmental impacts
•	 Developed a toolbox for process monitoring including emissions
•	 Extensive research into possible effect of amines. More than 55 external studies have been 

performed
•	 Established a test centre network with national and international institutes and research 

organisations 

At this event, TCM also discussed a two month MEA test, which is under planning to create increased 
understanding of amines.  Creation of test results from TCM will provide base line performance criteria for 
the technology vendors to establish a complete benchmark and reference point for comparison to future 
amine plant users.
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In terms of reducing financial risk the tests have confirmed successful operations of a scaled up plant, 
including:

•	 CAP plant- a significant process development from a precipitating system to a solution based 
technology and further energy optimization and design modification for preventing salt 
precipitation

•	 Amine plant- important input with respect to material selection. Gasket material needs to be 
replaced in certain areas. Material selection for key components are verified  

•	 Achieved knowledge from two different construction methods (modular and on site construction)

Presenters at the Milestone Mongstad event from left to right: Tore Amundsen, Gassnova; Frank Ellingsen, TCM DA; 
Marie Anheden, Aker Clean Carbon; Per Ivar Karstad, Statoil; Bill Spence, Shell; Mark Ackiewicz, US DOE
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The Way Forward for Post Combustion 
Capture Technology

CO2 removal from flue gas by absorption in an 
amine based solvent process is one of the leading 
technologies for post combustion capture. Since 
the start of the IEAGHG PCC network in 2000 there 
has been continuous research efforts to reduce the 
energy penalty and cost of CO2 avoidance for the 
CO2 absorption process. This work has focused on 
improvements in solvent characteristics, modifications 
to the process flow scheme and heat integration.

With regard to solvent development, different 
amine based solvents have been developed such 
as precipitating 2-Amino-2-methyl-1-propanol 
(AMP) + carbonate solvent process; activators such 
as Piperazine and Triethylenetetramine have been 
used to improve absorption rate for existing solvents 
such as Monoethanolamine, 2-amino-2-methyl-1-
propanol, Diethanolamine etc. The focus for these 
newly developed solvents is on improving CO2 

absorption rate, absorption capacity and heat of regeneration. It is also important to focus on developing fundamental data 
such as: vapour liquid equilibrium, absorption rate constant, enthalpy of absorption, heat capacity for newly developed solvents 
at real process conditions and especially at the stripper conditions (~120°C and ~1.5 Bara). 

Various process modifications have been proposed 
regarding the process improvements in the 
literature such as: Heat pump distillation with a 
Split flow process, Absorber Intercooling, Split flow 
process, Matrix stripping, Multi stage stripping, 
Lean Vapour recompression etc. Currently the 
evaluation of these process improvements focuses 
mainly on the energy requirement for CO2 capture 
plant and for conventional amine based solvent 
(Monoethanolamine). However, it is also important 
to focus on evaluating these process improvements 
on the basis of the process economics as well as for 
improved solvents. In the current state of power 
plant operation, it is also important to evaluate 
these process improvements on the basis of plant 
dynamics and process control during full and part 
load conditions.
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Important factors to be considered when developing a 
solvent for CO2 absorption.
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The environmental impact of the amine based 
CO2 absorption process is an important area to 
be further understood. In order to avoid amine 
emissions to the atmosphere, it is important first to 
develop an understanding of the different amine 
based solvents degradation rates under real process 
conditions. Further, it is also important to develop 
suitable emission monitoring technologies such 
as Fourier transform infrared spectroscopy (FTIR). 
Aerosols can be present in the treated gas leaving 
the absorber which can be reduced by having 
suitable plant operational conditions such as 
water wash temperature control to minimise 
aerosol emissions. Further evaluation of flue gas 
filters and their effectiveness in avoiding aerosol 
emissions needs to be performed. Moreover, 
other options such as an acid wash on top of the 
absorber, maintaining a suitable acid wash liquid 
pH and salt concentration can also be an effective 

method to reduce emission of other alkaline components (e.g. MEA, degradation products, etc.) Another suitable emission 
reducing technology demonstrated at pilot plant scale is to have an adsorption bed above the absorber which will require no 
additional liquid stream; no waste stream generated and will have very little pressure drop. This adsorption bed technology has 
been tested successfully at RWE Pilot plant Niederaussem, Germany.

There are several solvent based pilot plant and 
demonstration projects currently in operation/
construction/planning around the world. 
These pilot plant operations have successfully 
demonstrated the applicability of the amine 
based solvent CO2 absorption process. They have 
also identified improvements in the technology 
which will result in reducing both the capital 
and operational costs. Also, from these pilot 
plants robust procedures, operating guarantees 
and competitive performance have been 
developed. These pilot plant tests have provided 
invaluable knowledge for incorporation into the 
full commercial deployment of PCC technology.
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Key Messages from various Pilot Plant 
and Demonstration Projects
During the conference, several key messages became apparent from the presentations given by the Pilot 
Plant and Demo Project operators. These were: 

•	 Early and extensive stakeholder engagement is important during process design
•	 Use of proven technology increases project sucess rate
•	 System optimization (fit for purpose) and integration are important to minimize the life cycle cost
•	 During plant operation it is important to work closely with all relevant partners such as operators, 

manufactureers/suppliers, environmental agencies, authorities; to develop measurement and 
control standards in order to further increase confidence in post-combustion capture technology
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2nd and 3rd Generation Post Combustion 
Capture Technology
The current state of development of post combustion 
capture technologies shows an increase in research 
and development activities for 2nd and 3rd generation 
technologies. Solvent based technologies such as the use of 
enzymes (carbonic anhydrase (CA)) as an activator together 
with an amine based solvent show promising results by 
increasing the absorption rate and reducing the cost of 
the process. However it is necessary to further evaluate 
these new solvent mixtures under real process conditions 
especially at higher temperatures and pressures in a pilot 
plant.

Moreover, degradation of these mixtures such as enzymes 
and amine based solvents under real process conditions 
needs to be understood early on. Another promising solvent 
based process is biphasic or phase separation solvent 
system, these solvents help in reducing the regeneration 
energy due to stream splitting after the liquid liquid phase 
separation (LLPS) stage which reduces the amount of rich 

solvent sent for stripping. Activities to perform pilot 
plant tests under real process conditions for biphasic 
solvents e.g. Octavius project IFP DMX-1 process are 
under evaluation to be tested at Enel’s Brindsi pilot 
plant, Italy.

Membrane contractors are another one of the 
promising 2nd/3rd generation technologies which 
increases the surface area for absorption resulting in 
reduced capital and operation costs. Currently there 
been some pilot plant tests performed for membrane 
contractors such as the pilot plant at EDP power 
plant, Portugal. Moreover hybrid processes such as 
membrane and cryogenic process; a hollow fiber 
contained liquid membrane (CLM) system with the CA 
immobilized in a liquid membrane etc. have also been 
developed. Hence there has been an improvement in 
membrane material and this technology is coming to 
the stage of pilot plant demonstration.



CO2 removal by adsorption process also shows potential in reducing 
cost. Currently CO2 adsorption process is being tested in pilot 
plants such as Kawasaki CO2 capture plant (KCC) which is based 
on fixed bed adsorbent with a capacity of capturing 10tCO2/day 
from a pulverized coal plant. It has been confirmed that KCC plant 
nearly halves the energy consumption for heat when compared to 
MEA based process. Improvements in adsorbents characteristics 
have been developed one of which is pelletized sorbents which 
enables addition of other materials such as a catalyst or oxygen 
carrier (calcium looping process) in the adsorbents stucture.

Therefore, current trends show that 2nd and 3rd generation post 
combustion capture technologies are coming to the stage of 
pilot plant testing which  will help in improving further these 
technologies and lowering the cost of CO2 capture.

On 20th September all attendees from PCCC2 had the opportunity to visit the two pilot plants at CO2 Test Centre Mongstad 
(TCM). After arrival at TCM delegates first received a detailed presentation of the site through a 3D simulation of both pilot 
plants, Aker Clean Carbon and Alstom, Chilled Ammonia (CAP). During the presentation visitors had the opportunity to ask 
questions and  discuss the plant design, operation and environmental issues. Then it was into the high vis safety kit and visitors 
were given an intensive tour of both pilot plants. In this tour visitors had the opportunity to go a bit closer to the pilot plant 
and see the plant equipment such as heat exchanger, absorber, regenerators, ductwork, reboilers, utilities, direct contact 
coolers, process control equipment, sampling equipment etc. TCM is considering on having another pilot plant from 2nd and 3rd 
generation post combustion capture technology. IEAGHG is grateful to TCM for giving delegates the opportunity to visit the 
facility and such a warm welcome.

Site Visit to CO2 Test Centre Mongstad 
(TCM)

•	 Material 
improvements 
such as resistance 
for  impurities 
present in flue gas

•	 Lower material 
Cost

•	 Pilot plant testing 
using real flue gas 

•	 Environmental 
impact

•	 Process integration 
and dynamics

•	 Suitability in 
power generation 
& heavy industries

Evaluation required for 2nd and 3rd Generation Post Combustion Capture
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Key Messages from PCCC2
PCCC2 conference gave an insight on the current stage of development for different post combustion 
capture technologies and future directions. Following are some of the key messages from PCCC2 

•	 When developing amine based solvent for CO2 absorption , focus shall not only on improving 
solvent CO2 absorption characteristics but also on solvent environmental impact and cost.

•	 Different process configurations for amine based CO2 absorption process will also need to be 
evaluated on the basis of process economics and dynamics.

•	 Future post combustion capture technologies should focus on lowering their steam requirement 
to less than 1 tonne steam/tonne CO2.

•	 Solvent based 2nd and 3rd generation post combustion capture technologies e.g. enzymes, 
ionic liquid, biphasic liquids; should be evaluated at real process conditions, as well as on their 
environmental impact.

•	 Current state of development shows that 2nd and 3rd generation post combustion capture 
technologies are coming to the stage of pilot plant testing; which will help in improving the 
technology and will build confidence in these technologies.
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