
 
 
Preparatory note for meeting with the Norwegian Minister of Environment, Erik 

Solheim, on 28. Feb. 2011. 

 

By:  Frederic Hauge, Bellona 

Oslo 27
th

 Feb. 2011 

 

Regarding amine emissions and related derviates at the TCM / full-scale 

capture unit for CO2 at Mongstad. 

 

The Bellona Foundation has, through its work with CCS, considered the use 

of amines as an important technology. 

 

Recently, the use of amines for CO2 capture has raised questions regarding the 

health implications of emissions. With the conversion of amines, 

potentially damaging nitrosamines and nitramides
1
 can be created 

• when unreacted amines are exposed to UV radiation in the atmosphere
2
 

• when methylamines reacts with NOx
3
 

• from the transformation products (other types of amines) derived 

from reactions in the absorption process  

 

An application for emission permits related to the Test Centre in Mongstad (TCM) 

has been filed but its consideration is not yet concluded. 

 

The Norwegian Parliament has moreover requested an accounting for the full-scale 

CO2 capture facility at Mongstad, which was due by Christmas 2010, but has now 

been postponed until Easter, with a possible extension until the summer 2011.  

 

On September 27
th

 2010, Statoil sent a letter to the Norwegian Ministry of 

Petroleum and Energy, in relation with the State Budget for 2011. In this letter, 

Statoil expressed concern about the harmful effects of the 

use of amines, and recommended that other options for CO2 capture were 

considered. 

Behind Statoil's concern lay the TCM emission permit application and the requested 

emission permits for *amines (i.e. amines, nitrosamines, nitramides).
4
   

                                                 
1 The mutagenic and carcinogenic properties of aliphatic nitramines (the relevant kind of nitramides) 
seem generally much lower than for corresponding nitrosamines 
2 CSIRO studies also conclude that UV radiation has a larger effect than thermic changes 
3 The IEA (et al) conclude in its studies that the level of NOx in the flue gas to a large extent influences 
the creation of nitrosamines. ”NDELA may form from DEA which is an impurity or result of NOx 
induced degradation of MEA. Results indicate ca. 0.5 ppmw Nitrosamine NDELA in all samples 
exposed to NOx (25-50 ppmv)” http://www.ieaghg.org/index.php?/environmental-impacts-of-amine-
emission-during-post-combustion-capture.html  



 

Tolerance limits at TCM were set based on the following conservative assumptions: 

- Immediate 10% conversion of amines with the potential to form nitrosamines 

- No decomposition of nitrosamines in the atmosphere or water 

- All nitrosamines end in water 

- Only used tolerance levels for one type of nitrosamine (N-Nitrosodimethylamine) 

 

Statoil believes that EPA levels and norms for ground 

concentration of *amines will be exceeded by full-scale CO2 

capture at Mongstad. Their reference values have been reached by basing the 

calculations on a 40-fold increase of the amount of flue gas. This linear method for 

emission increase estimation for *amines 

deviates significantly from NILU simulations. 

 

Statoil has scaled up TCM by a factor of 40 because the flue gases are assumed to 

increase to such a level at a full-scale unit as compared to TCM. Their conclusion is 

hence that ground levels of *amines increase correspondingly. However, this is not a 

given fact. Acknowledged methodology through simulations and numeric 

calculations must be applied. This is confirmed by the ACC commissioned study 

conducted by NILU to calculate what a 40-fold increase of flue gas would mean for 

*amine ground levels. NILU conducted new simulations and the results showed a 5-

fold, and not a 40-fold increase of ground *amine levels as compared to TCM 

emissions. 

 

Statoil thus used as their base parameters and preconditions which Bellona claims 

are erroneous. These then form a false basis for the conclusions which have been 

drawn. New information and documentation
5
 has come to light which must be 

considered when ground *amine levels are assessed. 

 

The NILU simulation results were submitted to the Climate and Pollution Agency 

(Klif), the Ministry of Petroleum and Energy, Gassnova and Statoil. However, this 

seems to have had no influence for the emission permit application. 

 

Another example showing that the TCM emission permit application is not a relevant 

basis for an emission permit application for a full-scale unit is that the TCM 

application is based on a test with a relatively high concentration of dimethylamine. 

This test was conducted at the Risavika unit in Feb. 2009.  

 

SINTEF and NILU have later conducted a series of measurements which have not 

shown any concentrations exceeding the detection limit level for dimethylamine. 

Most likely, the single measurement showing a higher concentration was caused by a 

contaminated sample
6
. It is this sample that forms the base for the TCM emission 

permit application, and it was selected because of uncertainty about real levels and 

                                                                                                                                            
4 In the 27th Sep letter, Statoil uses the TCM emission permit application as a base. 
5 E.g. the ADA study and the NILU simulations 
6 The cause of contamination is assumed to be amine residues from an earlier test phase for CO2 
capture 



the resulting desire to use conservative estimates. These estimates have later been 

shown as unrealistic. Based on the recent knowledge, it is thus right to base the 

emission assessments for a full-scale unit on the detection limit level for 

dimethylamine. 

 

Dimethylamines and trimethylamines can be transformed into nitrosamines in air, 

and the significant share of dimethylamine makes it the dominating factor. In the 

emission permit application for TCM, the degree of transformation for methylamine 

is assumed to be 10 %, and for nitramides 7 %. This conversion degree is highly 

relevant for the resulting levels of nitrosamines. 

 

A project named ADA has been commenced by Gassnova, Shell, Statoil, the 

University of Oslo and NILU. The purpose is to study the transformation of *amines 

into nitramides and nitrosamines. Bellona is aware that the ADA results show that 

the transformation degree amounts to 5 %, not 7 %
7
 as earlier assumed. The results 

from the Valencia simulations were ready in January 2011, but have not yet been 

published to give the researchers time to finalise the work. Bellona demands that 

these results are published with immediate effect. 

 

If one assumes emissions according to the detection limit level for dimethylamine 

and calculate a transformation degree of 0.6 % for nitrosamines and 5 % for 

nitramides, along with the NILU simulations for ground levels, the amine 

concentration at a full-scale unit is reduced by a factor of 100 compared to the 

calculations on which the TCM application is based. Moreover, it is worth noting that 

the decomposition periods for amines in air are highly relevant. The swifter the 

decomposition, the less amines are left for conversion into nitrosamines. In the TCM 

application, an assumption is made that the emitted amines are 100 % stable and 

thus not decomposed. The ADA results show that the amines are decomposed much 

quicker, and that they disappear between 15 minutes and 2 hours after emission, 

dependent on climatic conditions. Hence, the amines available for transformation 

into nitramides and nitrosamines are steeply decreased. 

 

The base for Statoil’s concern from 27
th

 Sep. 2010 must therefore be corrected and 

amended accordingly: 

 

• Results from the NILU modelling of ground adjacent concentrations of 

nitrosamines 

• The correct level for calculation of emissions of methylamine is the detection 

limit level, not a single measurement from Risavika 

• A conversion degree of 0.6 % for dimethylamine and 5 % for nitramide, ref. 

unpublished results from the ADA project 

• A much shorter decomposition period in the atmosphere, also ref. ADA 

 

                                                 
7 The ADA study has different UV radiation conditions than in the Bergen area. Location specific 
studies must be conducted in order to learn about the speed of decomposition in West Norway (which 
is likely to be somewhat slower than in Valencia) 



The NOx-levels in the flue gas to be cleansed have a high impact on the creation of 

nitrosamines. These damaging pollutions are simple to cleanse or diminish through 

separate cleansing steps or an optimisation of the process. In the TCM application, 

Statoil writes that emission concentrations from 2009 can be estimated to 15 ppm 

NOx. In the application, Statoil furthermore argues that they will be able to reach 

operational values of 9 ppmv NOx in 2009. The company moreover writes that “the 

environmental benefit of SCR cleansing in the CHP unit will be marginal, locally as 

well as regionally, given that operational values of 9 ppmv NOx are attainable”.
8
  

Bellona believes that the Ministry of Enviroment must consider further action 

related to operational values for NOx on existing turbines, as well as action such as 

the implementation of SCR or similar cleansing at Mongstad with regard to future 

CO2 cleansing. 

 

Bellona has already at an earlier stage raised this issue, e.g. in the September 2009 

report “Amines Used in CO2 Capture – Health and Environmental Impacts”. Bellona 

has moreover long been working with this issue through its work in the EU 

Technology Platform ZEP. 

 

Conclusion 
Bellona believes the amine question to now be clarified to such an extent that it can 

no longer form an argument against the use of amine-based technology at a full-

scale CO2-capture unit at Mongstad.
9
 Bellona cannot see that the issues raised 

around the emission of amines are strong arguments for a halt to full-scale CO2 

capture at Mongstad. The knowledge discussed above clearly shows that Statoil’s 

letter of 27
th

 September 2010 provides an erroneous scientific basis for further 

discussion and procedure. In Statoil’s 10
th

 February letter to the Ministry of 

Petroleum and Energy, nitramides are highlighted as a potentially bigger health 

hazard than nitrosamines. There is no base for such claims, as nitramides are 

significantly less dangerous to human health. 

                                                 
8 http://www.klif.no/nyheter/dokumenter/mongstad_soknad_statoil150605.pdf 
9 Erik Gjernes, Senior Adviser at Gassnova SF, on 7th January 2011 gave a presentation during the 
Gassnova/NTNU/Tekna course Kursdagene 2011, titled ”Climit projects related to amines and 
environment”, where he went far in dismissing the health hazard connected to amines as clarified to 
such an extent that they no longer form a significant issue. 


