


What we did? 





Foam invented

Obviously: mistakes

Invention of foam Concentration method which
actually does dilution x 1000



Analysis…
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Emissions to air, three
reasons to measure, 
carbon capture process:

1. Health and environment
2. Monitoring of CO2
3. Status of the process

So what is new?



Analogue baseline from history:

Waste incineration



Kyläsaari Waste incineration plant
1960-1983

DIRECTIVE 2000/76/EC OF THE EUROPEAN 
PARLIAMENT AND OF THE COUNCIL 
of 4 December 2000 
on the incineration of waste

Emission limits set for:
Total dust
NOx
SO2
CO
TOC
HCl
HF
Metals + Hg
PCDD/F compounds (0,1 ng/m³n I-TEQ)



In practise, PCDD/F are not released any more…



20.9.2016 Hakkila, Vantaa, Finland





White-tailed eagle (Picture: WWF Finland)



Source: WWF Finland



Source: WWF Finland



Total number of:

- PCDD congeners: 75 
- PCDF isomers: 135

total 210 pcs

7,6 % of PCDD/F has selected to represent the
overall concentration of compound group.

PCB’s, PAH, oxy-PAH, phenols etc…



16 pcs. total



Measurement of WI flue gas:

- Standards available globally
- Routine analysis in the lab with

suitable mass spectometer



Post combustion carbon capture process

Statoil/Steinar Pedersen 2010



Formation of 
impurities

Solvent

• Absorption liquid
• Impurities in raw 

material

Primary degradation 

• “Small compounds”
• Aldehydes
• Ammonia

Secondary 
degradation 

• N-Nitrosamines
• Nitramines

• Solvent specific
• ”generic”



generic” N-nitrosamines, EPA-521”





. Challenge

Number of nitrosamines is enormous
Nitrosamine composition depends on solvent
-> representative list is not available
Composition of solvents is non-disclosed
information
Solvent specific N-NO’s are not necessarily
easily available

What should be analysed?



”Emissions from TCM shall not lead to calculated concentration of the 
sum of nitrosoamines and nitramines exceeds 0.3 ng/m³ for air 
concentrations…”



. Solution

Total nitrosoamine concentration (TONO)

What are the compounds and health effect?

Genereric N-NO’s with additional compounds + 
solvent specific N-NO’s
= Total N-NO’s

Nitramines?



Comparison
raditional

Compounds mainly formed (or
released) at high temperature

Chemically stable

Samping and analysis: EN 
standards available

Samples can be sent to several
accredited laboratories

Result intepretation set by
l i l ti

Carbon capture
- Compounds formed even at low
temperatures

- N-NO formation in sampling and 
storage is possible

- No validated standards available

- One accredited and commercial
laboratory in Europe

- No existing practise to limit values
diffi lt t if



Picture: Amines Used in CO2 Capture

Monitoring of CO2



Traditional power plant:
Burned Carbon in Fuel – carbon in ash 
CO2 emission 

Carbon capture plant:
Burned Carbon in Fuel – carbon in ash – captured CO2
CO2 emission 

Maximum overall uncertainty to CO2 emission is 2.5 %



emission = Flow rate (m/s) x Area (m2) x Concentration (g/m3)

rtainties in EN or ISO standard methods:

ow rate (pitot): ≈ 3 %
ea (1 point laser) ≈ 1 % (no shape error in the duct!)

O2 concentration (IR-absorption) ≈ 5 % 

> 2.5 %





Thank you for your attention
and co-operation!


