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Introduction

A considerable part of the electricity production in Denmark is based on decentralised Combined Heat and Power production plants < 25MWe (CHP plants) and thus well documented emission factors for CHP plants are required for the annual Danish emission inventories. Improved emission factors have been estimated based on existing emission measurements (~200 plants) as well as on emission measurements carried out within the project (36 plants). Emission factors are estimated for municipal waste incineration plants, CHP plants combusting wood and straw, natural gas and biogas fuelled (reciprocating) engines and natural gas fuelled gas turbines. 

The project was carried out for Eltra – the independent electricity transmission system operator in western Denmark. The work was performed by Danish Gas Technology Centre (DGC), dk-Teknik Energy & Environment, the Danish National Environmental Research Institute (NERI) and DFF. 

Methods

Existing emission data sets

In the beginning of the project a large number of emission measurement data sets for CHP plants were collected. The emission measurements which were carried out at an earlier time by the project partners dk-Teknik and DGC were included as well as data collected in a questionnaire survey. 

Energy statistics

The fuel consumptions of district heating and power producing plants are each year reported by the plant owners to the Danish Energy Authority (DEA). A fuel consumption database for the year 2000 was made available to the project by the DEA.   

Plant types

The DEA database of decentralised CHP plant was extended with information on plant design and flue gas cleaning technology. Thus the selection of the plants on which emission measurements were to be carried out was based on knowledge on plant designs of most CHP plants and on the distribution of the existing emission measurement datasets. 

Emission measurements

Emission measurements were performed on 36 CHP plants: 5 municipal waste incineration plants, 2 CHP plants combusting wood, 3 CHP plants combusting straw, 13 gas engines using natural gas, 7 gas engines using biogas, 6 natural gas driven gas turbines.

The emission measurements carried out within the project included more pollutants than the existing emission measurements. E.g. PAH and dioxin emission measurements were included in all the project measurements performed at municipal waste incineration plants. All measurements were performed at full load of the plants. 

Estimation of emission factors

The emission factors are based on full load emission measurements. Emission measurements from days with exceptional operation as e.g. ignition error in gas engines or breaking of a filter bag, are included.  

The estimated emission factors are calculated as fuel consumption weighted average. 
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· EMFtype is the emission factor of the plant type [g/GJ] 

· EMFi is the emission factor for plant i [g/GJ]

· Qi is the fuel consumption rate in the year 2000 (DEA)

· n is the number of plants on which emission measurements have been carried out for the considered pollutant

For some plant types/pollutants emission factors are calculated for subgroups of plant types and then the emission factor for the main plant type is based on these emission factors and knowledge of total fuel consumption in each subgroup of plants.




Results
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Fuel consumption in different plant types

Fuel consumption rates for Danish CHP plants 2000 are shown in Figure 1.

[image: image3.wmf]Natural gas 

engines

46%

Wood CHP

6%

Straw CHP

4%

Municipal 

waste 

incineration 

CHP

29%

Gas turbines

12%

Biogas 

engines

3%



Figure 1 Fuel consumption of CHP plant types in Denmark
Emission factors

Emission factors for the CHP plant types are shown in Table 1. Aggregated emission factors for CHP plants and central power plants are also shown.  

Table 1 A selection of the emission factors for decentralised CHP plants
Emission


Unit
Natural gas engines
Biogas engines
Gas turbines
Municipal waste CHP
Straw CHP
Wood CHP
Dec. CHP plants
Central Power plants

NOx 
g/GJ
168
540
124
124
131
69
154
133

CH4   
g/GJ
520
323
1,5
<0,6
<0,5
<2,1
248
3

NMVOC
g/GJ
117
14
1,4
<1
<0,8
<3,4
55
2

CO
g/GJ
175
>273
6
<8
63
79
98
12

N2O  
g/GJ
1,3
0,5
2,2
<1,3
1,4
<0,8
1
3

TSP
g/GJ
0,76
2,63
0,10
<2,02
3,97
7,94
1,6
3,0

PM10
mg/GJ
189
451
61
1126
133
1944
0,6
2,5

PM2,5
mg/GJ
161
206
51
1084
102
1226
0,5
2,1

PAH (Benz[a]pyrene-eq.)
mg/GJ
<0,023
<0,003
<0,005
<0,006
<0,154
<0,008
<0,020
-

- Benzo[a]-pyrene
mg/GJ
0,003
0,001
0,001
<0,0009
<0,022
<0,003
<0,003
0,020

- Benzo[b]-fluoranthene
mg/GJ
0,042
0,001
0,001
<0,002
0,157
0,002
<0,026
0,091

- Benzo[k]-fluoranthene
mg/GJ
0,024
<0,0004
<0,002
<0,0008
<0,091
<0,003
<0,015
0,018

- Indeno[1,2, 3-cd]pyrene
mg/GJ
0,006
<0,0011
<0,003
<0,0009
<0,023
<0,002
<0,004
0,030

SO2 
g/GJ
x
19
x
<24
47
<1,8
10
41

As
mg/GJ
x
x
x
<6,8
<2,1
<2,4
2,2
0,6

Cd
mg/GJ
x
x
x
<4,8
<0,8
<1
1,5
0,2

Cr
mg/GJ
x
x
x
<2,5
<1,6
<2,4
0,9
1,7

Cu
mg/GJ
x
x
x
<10,1
<1,7
<2,7
3,1
1,2

Hg
mg/GJ
x
x
x
<7,4
<0,6
<0,8
2,2
1,7

Ni
mg/GJ
x
x
x
<4,8
<1,7
<2,4
1,6
5,8

Pb
mg/GJ
x
x
x
<123
<6,2
<3,7
36,3
2,2

Dioxin
(g/GJ
x
x
x
0,157
0,022
0,001
0,047
-

Emission factors for subgroups of CHP plants

The emission factors spread considerably between plants within the same CHP plant type. For each CHP plant type subgroups of plants have been defined. Fuel consumption and emission factors of the subgroups have been estimated and Figure 2 shows a selection of the emission factors. Emission factors for municipal waste incineration is estimated for 3 different flue gas cleaning designs. Emission factors for natural gas engines are estimated for 19 different gas engine types, biogas engines for 6 different manufactures and gas turbines for 4 different manufactures. 

Municipal waste CHP plants
Gas turbines
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Natural gas engines
Biogas engines
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Figure 2 Selection of emission factors for subgroups of CHP plants
Comparison to emission factors for power plants

Emission factors for Danish decentralised CHP plants have been compared to emission factors for Danish power plants >25MWe. A selection of the results is shown in Figure 3.
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Figure 3 Comparison of emission factors for power plants and for decentralised CHP, selection of pollutants
Comparison to total Danish emissions

The emissions from CHP plants have been compared to the total Danish emissions. The Pb emission from decentralised CHP plants accounts for 38% of the overall Danish Pb emission. The emission of Cd, Hg and As also accounts for more than 15% of the overall Danish emission. Other pollutants for which CHP plants are a considerable emission source are CH4 (6%) and NOx (7%). 

Conclusions

Emission factors for CHP plants < 25MWe have been estimated based on a large number of emission measurements. Emission factors have been estimated for gas engines, gas turbines and for CHP plants using the fuels wood, straw or municipal waste.

Gas engines have relatively high emission factors for CH4, NMVOC and CO. Further biogas driven gas engines have a high NOx emission factor. CHP plants combusting straw have the highest emission factors for PAH and SO2. Municipal waste incineration plants have the highest emission factors for heavy metals and dioxin, but also a relatively high emission factor for particulate matter. The CHP plants combusting wood have relatively high emission factors for particulate matter.

Emission factors for decentralised CHP plants have been compared to emission factors for Danish power plants >25MWe. The emission factors for CO, CH4 and NMVOC are considerably higher for decentralised CHP plants than for power plants. This is due to the relatively high gas engine emission factors for these pollutants. Emission factors for Cd and Pb are also considerably higher for decentralised CHP plants than for power plants. The NOx emission factors for power plants and for decentralised CHP plants respectively do not differ considerably. 
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