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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 PM emission factors for CHP plants are required for the annual Danish emission inventories. As part of an emission measurement program for these plants PM emission measurements have been performed on 16 Danish CHP plants. Improved PM emission factors have been estimated based on existing emission measurements as well as on emission measurements performed within the project. Emission factors have been estimated for municipal waste incineration plants, CHP plants combusting wood and straw, natural gas and biogas fuelled (reciprocating) engines and for 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 (now part of FORCE Technology), the Danish National Environmental Research Institute (NERI), Risø National Laboratory and DFF. 

Methods

Existing emission data sets

In the beginning of the project existing emission measurement data sets for CHP plants were collected. Only TSP emission data for municipal waste incineration plants were available whereas all other data sets were performed as part of the project. 

Energy statistics

The fuel consumption 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. The DEA database of decentralised CHP plants was extended with information on plant design and flue gas cleaning technology. 

Emission measurements

The existing emission measurements only included TSP whereas most of the emission measurements performed within the project included TSP, PM10, PM2.5 and PM1. Thus the selection of the plants on which emission measurements were to be carried out, was based on knowledge on plant designs for most of the CHP plants and on the distribution of the existing emission measurement data sets.

Altogether, TSP emission measurements were available from 30 plants and 12 emission data sets were available for PM10, PM2.5 and PM1. All measurements were performed at full load of the plants. 

The number of plants from which emission measurements were available is shown in Table 1. For municipal waste incineration plants TSP emission data were available from 16 plants representing 69% of the total fuel consumption in this CHP plant category.

Table 1 Number of PM emission data sets
Number of emission measurements 

(PM emission data available from plants representing x% of the total fuel consumption)
TSP
PM10 
PM2.5 
PM1 

Natural gas engines
4 (2%)
3 (1,3%)
3 (1,3%)
3 (1,3%)

Biogas engines
1 (0,2%)
1 (0,2%)
1 (0,2%)
1 (0,2%)

Gas turbines
2 (6%)
2 (6%)
2 (6%)
2 (6%)

Straw CHP
5 (61%)
1 (14%)
1 (14%)
1 (14%)

Wood CHP
3 (53%)
2 (44%)
2 (44%)
2 (44%)

Municipal waste CHP
16 (69%)
3 ( 26%)
3 ( 26%)
3 ( 26%)

 - Municipal waste CHP, ESP WET
8 (68%)
1 (15%)
1 (15%)
1 (15%)

 - Municipal waste CHP, ESP WET FB 
3 (80%)
1 (27%)
1 (27%)
1 (27%)

 - Municipal waste CHP, SD (CYK) FB
2 (78%)
1 (62%)
1 (62%)
1 (62%)

Estimation of emission factors

Emission factors for each of the six plant categories have been estimated as fuel consumption weighted average. Further, emission factors for municipal waste incineration have been estimated for three different types of flue gas cleaning devices.

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.  
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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

Results

Fuel consumption for Danish CHP plants

Distribution of fuel consumption for Danish CHP plants in year 2000 are shown in Figure 1.

[image: image2.wmf]Natural gas 

engines

46%

Wood CHP

6%

Straw CHP

4%

Municipal 

waste 

incineration 

CHP

29%

Gas turbines

12%

Biogas 

engines

3%



Figure 1 Distribution of fuel consumption for CHP plant types in Denmark
Emission factors

PM emission factors for the CHP plant types are shown in Table 2. Aggregated emission factors for CHP plants and large power plants combusting coal are also shown in the table.

In Denmark the PM emission factors for decentralised CHP plants are lower than for large power plants combusting coal. However, the emission factors differ considerably between the different CHP plant types.  

The highest emission factors are found for CHP plants combusting wood. The TSP emission factor is also relatively high for straw combustion. The TSP emission factor for municipal waste incineration plants is <2,0 g/GJ and this relatively low emission factor is a result of efficient flue gas cleaning in these plants. The PM emission factors for gas turbines are imperceptible and the emission factors for natural gas fuelled engines are also relatively low (<1 g/GJ). The emission factors for biogas fuelled engines are higher than for natural gas fuelled engines due to the high sulphur content of biogas. 

As shown in Table 1 the TSP emission factor for municipal waste incineration is based on a large number of emission measurements whereas some of the other emission factors are based on only a few emission measurements and thus more uncertain.  

The TSP emission measurements on a given plant were not performed on the same day as PM10, PM2.5 and PM1 emission measurements. This might be the reason for the unexpected ratio between TSP and the other PM emission factors found for some of the plant categories. Further, some of the TSP emission measurements were below detection limit. 

Table 2 PM emission factors for decentralised CHP plants
Emission


TSP
PM10 
PM2.5 
PM1 
Unit

Large Power plants combusting coal (2002)
3,7
3,0
2,5
-
g/GJ

Dec. CHP plants
1,64
0,55
0,48
0,43
g/GJ

Natural gas engines
0,76
0,19
0,16
0,14
g/GJ

Biogas engines
2,63
0,45
0,21
0,13
g/GJ

Gas turbines
0,10
0,06
0,05
0,04
g/GJ

Straw CHP
3,79
0,13
0,10
0,08
g/GJ

Wood CHP
7,94
1,94
1,23
1,03
g/GJ

Municipal waste CHP
<2,02
1,13
1,08
1,00
g/GJ

Municipal waste 

Whereas the TSP emission factor was based on emission factors for each of the plant sub categories the PM10, PM2.5 and PM1 emission factors were based on an estimate for the plant category as a whole. This was chosen due to the very limited number of emission measurements for fine particulate matter.

The TSP emission factor for Danish municipal waste incineration plants has been estimated to be 2 g/GJ. 

All Danish CHP plants combusting municipal waste are equipped with either electrostatic filter (29%), fabric filter (33%) or both (31%). Some plants are also equipped with cyclone. Table 3 shows that the plants equipped with fabric filter (FB) have a considerably lower emission of PM than the plants only equipped with electrostatic filter (FB) and/or cyclone (CYK). 

Table 3 PM emission factors for municipal waste incineration plants
Emission


Fuel consumption [TJ]
TSP 1)
[g/GJ]
PM10 [g/GJ]
PM2.5 [g/GJ] 
PM1 [g/GJ]

Municipal waste CHP
22214
2,02
1,126
1,084
1,003

 - ESP WET
8046
4,2
5,427
5,273
4,889

 - ESP WET FB 
6025
0,5
0,024
0,013
0,008

 - SD (CYK) FB
5079
0,8
0,017
0,002
0,001

 - Other
3065
1,2
-
-
-

1. TSP emission measurements were not performed at the same time as the other PM emission measurements 

Wood and straw
Emission measurements were performed at two plants combusting wood and one plant combusting straw. One plant was equipped with fabric filter and the two other plants were equipped with electrostatic filter. PM emission from the plant equipped with fabric filter was very low.

One of the electrostatic filters was not in normal operation during the emission measurement. However, this defective operation of the flue gas cleaning system will occur from time to time and thus the emission measurement was included in the data. The emission from this plant was approximately 30 times the normal emission level of the plant.

Gas turbines and gas engines

PM emission measurements were performed at two gas turbine plants and the PM emission turned out to be negligible. 

PM emission measurements were performed at three natural gas fuelled engines. Almost all gas engines installed in Denmark are lean-burn 4-stroke engines, either open chamber engines or pre-chamber engines. The emission measurements were performed at one open chamber engines and at two pre-chamber engines. The major part of the PM emissions from gas engines originates from the consumption of lube oil. There seems to be a connection between lube oil consumption of the engine and the PM emission. A major part of the PM emission consisted of relatively large lube oil aerosols. 

PM emission measurements were only performed at one biogas fuelled engine. This engine was a lean-burn open chamber engine. The high sulphur content of biogas lead to a somewhat higher emission factor for biogas fuelled engines than for natural gas engines. Analysis of the particulates showed that 90% of the trace elements was sulphur.  

Total Danish emissions from CHP plants

The emissions from CHP plants are shown in Table 4. The emissions have been compared to the total Danish emissions and to emission from stationary combustion plants. 

Table 4 PM emission in Denmark, 2000
Emission


TSP
PM10 
PM2.5 
Unit

Total Danish emissions 1)
33736
22392
14755
tonnes

Stationary combustion plants 1)
5697
4993
4321
tonnes

CHP plants < 25MWe 
124
42
36
tonnes

- Natural gas engines
26,5
6,6
5,6
tonnes

- Biogas engines
5,8
1,0
0,5
tonnes

- Gas turbines
0,9
0,6
0,5
tonnes

- Straw CHP
12,6
0,4
0,3
tonnes

- Wood CHP
33,6
8,2
5,2
tonnes

- Municipal waste CHP
44,8
25,0
24,1
tonnes

1. Data reported in 2004. Recalculation of the PM emission from wood combustion in residential plants will increase the total emission reported in 2005.

For CHP plants municipal waste incineration is the largest PM emission source. Natural gas fuelled engines and CHP plants combusting wood are also considerable emission sources. However, when compared to the total Danish PM emission, CHP plants are a very small emission source accounting for less than 0,4%. Even when compared to the emission from stationary combustion plants CHP plants <25MWe are not a major source accounting for less than 3%. 

Conclusions

Improved PM emission factors have been estimated for Danish CHP plants < 25MWe based on a extensive measurement programme. 

The estimated emission factors for municipal waste incineration were relatively low due to effective flue gas cleaning but still it was the main CHP emission source. The highest PM emission factor was estimated for CHP plants combusting wood. 

References

1. Nielsen, M, Illerup, J. B. 2003. Emissionsfaktorer og emissionsopgørelse for decentral kraftvarme, Eltra PSO projekt 3141, Kortlægning af emissionsfaktorer fra decentral kraftvarme, Delrapport 6, Faglig rapport fra DMU, nr. 442, 2003. (In Danish with an english summary). Available on the internet at: http://www2.dmu.dk/1_viden/2_Publikationer/3_fagrapporter/rapporter/FR442.pdf
2. Fogh, C. L., Prip, H. 2003. Kortlægning af emissioner fra decentrale kraftvarmeværker, Delrapport nr. 5 om måling af fine partikler. (In Danish). Available on the internet at: http://www.eltra.dk/media/showMedium.asp?14809_LCID1030

National Environmental Research Institute  (NERI)  
P.O. Box 358,  DK-4000 Roskilde, Denmark

http://www.dmu.dk 
[image: image3.png]





_1125053757.unknown

