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ABSTRACT 
 
A reason why aqueous ethanolamine (MEA) is still considered a benchmark solvent for CO2 
capture by some, despite of its relatively high energy consumption and relative instability 
compared to other solvents, is the abundance of knowledge and public data on MEA performance 
and chemistry. With more than 50 identified degradation compounds and successful attempts to 
find all nitrogen “lost” through MEA degradation in these degradation compounds, one can say 
that the mass and nitrogen balance of MEA during degradation, is closed. MEA is, however, no 
longer the solvent of choice for post-combustion CO2 capture, but rather replaced with more stable 
and more energy efficient solvents and solvent blends. One of the most frequently used solvents 
that is non-proprietary, is an aqueous mixture of piperazine (PZ) and 2-amino-2-methylpropan-1-
ol (AMP), mostly known by the name CESAR1, as it was developed during the EU project CESAR 
(CO2 Enhanced Separation and Recovery) from 2008 to 2011. Despite many contributions from 
several research environments in the past decade on identification of degradation products and 
mechanisms of their formation, there still seems to be many compounds that need to be identified. 
CESAR1 is very stable during long-term operation and does not degrade much, especially 
compared to MEA (1). Still, it is important to elucidate the degradation paths that this solvent takes 
when it first decomposes, to find out if the degradation compounds it may form are of any concern 
to the environment or smooth operation of the plant. Acquiring the missing knowledge about 
CESAR1 degradation will facilitate safe and predictable operation of the CO2 capture process. It 
might not be necessary to always keep track of all components in the solvent, but we must identify 
all its constituents once and for all, to find out which ones of them require close monitoring. Some 
of these may pose a threat to the environment, such as certain carcinogenic nitrosamine 
compounds, others can be problematic for the operation i.e., being corrosive or acting as 
degradation catalysts or foaming agents. 
 
Continuing the work of (2–8) we are aiming to complete the whole CESAR1 degradation picture 
through efforts in the Norwegian CCS Research Centre (NCCS) and the newly started Horizon EU 
project AURORA. To do this, a substantial effort is in process to develop analytical methods for 
identification and quantification of more compounds, mechanisms must be elucidated and samples 
from laboratory and pilot scale will be studied.  



 
 
T. Wang (7) managed to identify 47% of the nitrogen containing compounds after oxidative PZ 
degradation and 57% of them for AMP, meaning that there were still significant amounts of 
oxidative degradation products from laboratory scale experiments missing to identify and quantify. 
Many of these were suggested in the thesis, but their presence in the degraded amines has yet to 
be confirmed or disproved. CESAR1 forms the degradation component that each amine forms 
separately (8), but also new products are expected in the blend of the two.  
 
We are developing methods for the identification and quantification of 41 suspected degradation 
compounds, in addition to already having in-house methods for quantifying some degradation 
compounds found in either AMP, or PZ, whereof at least 20 have never been identified or 
quantified in these mixtures, and many of MEA’s degradation products. Looking for these new 
compounds in used CESAR1 from laboratory-scale degradation experiments, as well as CESAR1 
used for pilot-scale testing with real flue gas, will bring us closer to closing the knowledge gaps 
on CESAR1 degradation.  
 
At the Trondheim CCS conference, we want to present the status of this work at this point, where 
we expect to have analysed some samples from laboratory-scale oxidative degradation 
experiments. We will discuss the compounds found with suggested formation routes and say 
something about their potential consequences for the operation and safety of the CO2 capture 
process. 
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