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In Denmark and Sweden: 
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since 1 January 2013



Methods used for determination of annual fossil CO2 
emissions from WtE plants in DK and SE

Plant 
cate-
gory

Emission 
of fossil 
CO2
(tonnes/ 
year) 

Method for 
deter-
mination

Methodology permitted
Max. 

uncer-
tainty

A < 50,000 Calculation 
approach 

Standard, country specific emission factors used for 
fossil CO2 emission: 
Denmark:  37.0 ton fossil CO2 per TJ fuel. 
Sweden: 

‐ 30.2 ton fossil CO2 per TJ fuel (household 
waste).

‐ 36.8 ton fossil CO2 per TJ fuel (industrial waste).

± 7.5 % 
(95 CI)

B ≥ 50,000 Monitoring 
approach

Denmark:
1. Carbon 14 based measurement method 
2. Mass balance method

Sweden:
No guidelines given with respect to approved/permitted 
methods. The main two methods used are the carbon-
14 method and the mass balance method. 

± 7.5 % 
(95 CI)



Radiocarbon method for determination of the 
annual emission of fossil CO2

AMS AMS

2 2 2



Content of carbon-14 in biogenic and fossil
carbon

Fresh biomass: 100 % 14C 

Fossil carbon: 
0 % 14C 

Wood, straw, paper, 
cardboard, waste
food etc.

Plastics, paint, oil
products



Emission of fossil CO2 from waste incineration plants

More fossil carbon in the waste →
less 14C in the emitted CO2



Methodology described in EN ISO 13833



Long term sampling and analysis of 14C by Liquid 
Scintillation Counting (LSC)

Transfer of CO2 from sample 
to scintillation cocktail

Analysis by LSC

The ratio of biogenic CO2 is calculated on
the basis of analyses of reference 
materials: 
• Zero (fossil CO2), e.g. K2CO3
• 100% bio-CO2
• All samples are spiked with known

amounts of 14C (traceable to NIST 
standard)

14C

Sampling of CO2 from 
stack gas (4 or 8 weeks/sample)



Calculation of the ratio of biogenic carbon to 
total carbon in the sample

Where

pmCsample =   the percentage of carbon in the sample that is of biomass origin, relative to the total mass  
of carbon in the sample

DPMsample =   the number of disintegrations per minute measured during LSC for the sample [min-1]
DPMbackground =   the number of disintegrations per minute measured during LSC for a sample 100% fossil 

carbon (without carbon of biomass origin)[min-1]
ε =    the total counting efficiency of the LSC detection, measured by spiking the sample with a 

reference sample of known 14C abundance (including all quenching and geometry effects)
MCO2, sample =    mass of carbon dioxide in the sample [g]. 
CratCCO2 =    the mass ratio between carbon and carbon dioxide in a CO2 molecule (=0.2729). 
C =    a constant representing the number of disintegrations per gram carbon of biomass origin =                       

13.65 [min-1·g-1]
pmCref =    a reference value representing the level of 14C in the biomass used, given as an index value 

relative to the 14C content in the atmosphere before 1950. 



Monthly results from 9 Danish incinerator lines
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Share of fossil CO2 emitted from Danish WtE plants 
Monthly results 2013-2015

A B C D E F G H I



Monthly results from 9 Swedish incinerator lines
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Share of fossil CO2 emitted from Swedish WtE plants: 
Monthly results 2013‐2015

K L M N O P Q R S



Seasonal variations? 



Annual averages: DK and SE
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Annual averages DK: Low/high categories
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Total uncertainty related to the annual
emission of fossil CO2

2RSD

ܷሺܧ, 2ሻܱܥ݂ ൌ ටܷሺ݂2ܱܥሻ2 ൅ ܷሺ2ܱܥݐ݋ݐሻ2 ൅ ܷሺܳ݇ܿܽݐݏ  			ሻ2ݏܽ݃
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Uncertainty budget: FORCE C14 method

(*) GUM workbench software calculation

(*)



Uncertainty budget for total, annual fossil CO2
emission from WtE plant (example)

Based on samples with ≈ 38 % fCO2 Unit Uncertainty 
(95 CI level)

Usample bCO2 = Usample fCO2 (2xSD)
Absolute uncertainty for each monthly sample

pmC ± 3.0 

Uannual bCO2 = Uannual fCO2 (2xSD)
Absolute uncertainty for avg. of 12 samples 

= (Usample fCO2)/SQRT(12)

pmC ± 0.9

2xRSD f-CO2

Relative uncertainty related to avg. of 12 samples
% relative ± 2.3

2xRSD totCO2 (example) % relative ± 5.0

2xRSD Q(røggas)   (example) % relative ± 5.0
U(E,fCO2) 
Relative uncertainty related to calculated, total annual fCO2 emission

% relative ± 7.4

rfCO2

CO2

Qstack

fCO2
TOTAL

Requirement of max ±7.5% uncertainty fulfilled



Conclusions (1)

• Significant monthly variations of fCO2 ratios observed
for most incinerator lines

• fCO2 ratios generally lower in winter months
• The annual averages of fCO2 ratios generally been 

constant
• The overall averages for all the Danish plants were 

similar to the Swedish overall annual averages. 
• Low fCO2 ratios observed at three Danish WtE lines. 



Conclusions (2)

• The radiocarbon method defined in EN ISO 13833 
proved to be a useful tool for WtE plants in Denmark 
and Sweden.

• The uncertainty of the reported, annual emissions 
met the ETS requirements of max. 7.5%. 



Thank you for your attention!


