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Appendix 5 Fugitive emissions from fuels

Methodology and references

Fugitive emissions from solid fuels (1.B.1.c)

Storage and handling of coal:

Coal mining is not occurring in Denmark, but power plants use a considerable amount of coal. CH4 emission from storage and handling of coal is included in the Danish inventory. 

The CH4 emission inventory is based on tier 1 in IPCC Guidelines for National Greenhouse Gas Inventories: Reference Manual. The CH4 emission occurring in Denmark is assumed to be half the post-mining emission. 

Coal import refers to the official Danish energy statistics. In inventories for the years 1990-1999 country of origin of the imported coal and underground fraction of each country is taken into account. The emission factor from the 1999 inventory have been applied to the 2000 and 2001 inventories. 

Table 1 CH4 emission factor of coal storage and handling in Denmark

Year
Emission factor 1)
Unit

1990
336
g/Mg coal imported

1991
310
g/Mg coal imported

1992
327
g/Mg coal imported

1993
458
g/Mg coal imported

1994
477
g/Mg coal imported

1995
485
g/Mg coal imported

1996
485
g/Mg coal imported

1997
485
g/Mg coal imported

1998
430
g/Mg coal imported

1999
474
g/Mg coal imported

2000
474
g/Mg coal imported

2001
474
g/Mg coal imported

1) ½ of total post mining emission factor

Fugitive emissions from natural gas (1.B.2.b)

Natural gas transmission and distribution:

Inventories of CH4 emission from gas transmission and distribution is based on annual environmental reports from the Danish gas transmission company, DONG and on a Danish inventory for the years 1999-2001 reported by the Danish gas sector (transmission and distribution companies). The inventories from the Danish gas sector for the years 1999-2001 are based on the work carried out by Marcogas and the International Gas Union (IGU). 

In 1990-1999 fugitive CH4 emissions from storage facilities and the gas treatment plant are included in the transmission emission factor below. In 2000-2001 they are registered separately and added. 

Table 2 CH4 emission from natural gas transmission

TRANSMISSION

1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001

Transmission rate Mm3
1)
2739
3496
3616
3992
4321
4689
5705
6956
6641
6795
7079
7289

CH4 emission Mg
2)

310
93
186
151
536
183
235
156
191
86
157

CH4 IEF kg/Mm3
3)
88,619
88,619
25,653
46,642
34,981
114,272
36,000
33,784
23,490
28,109
12,149
21,539

1) In 1990-1997 transmission rates refers to Danish energy statistics, in 1998 transmission rate refers to the annual environmental report of DONG, in 1999-2001 emissions refers to DONG/Danish Gas Technology Centre

2) In 1991-95 CH4 emissions are based on the annual environmental report from DONG for the year 1995. In 1996-99 the CH4 emission refers to the annual environmental reports from DONG for the years 1996-99. In 2000-2001 the CH4 emission refers to DONG/Danish Gas Technology Centre 

3) IEF=Emission/transmission_rate. In 1990 the IEF is assumed to be the same as in 1991
Table 3 Additional fugitive CH4 emissions from natural gas storage facilities and venting in gas treatment plant


2000
2001

Gas treatment plant
7,55 Mg
0 Mg

Gas storage facilities
76,48 Mg
72,68 Mg

Table 4 CH4 emission from natural gas distribution

DISTRIBUTION

1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001

Distribution rate Mm3
1)
1574
1814
1921
2185
2362
2758
3254
3276
3403
3297
3181
3675

CH4 emission Mg
2)









43
49
56

CH4 IEF kg/Mm3
3)
14,561
14,561
14,561
14,561
14,561
14,561
14,561
14,561
14,561
13,042
15,404
15,238

1) In 1999-2001 distribution rates refers to DONG / Danish Gas Technology Centre / Danish gas distribution companies, In 1990-98 distribution rates are estimated from the Danish energy statistics. Distribution rates are assumed to equal total Danish consumption rate minus the consumption rates of sectors that receive the gas at high pressure. The following consumers are assumed to receive high pressure gas: Town gas production companies, production platforms and power plants
2) Danish Gas Technology Centre / DONG/ Danish gas distribution companies
3) In the years 1999-2001 IEF=CH4 emission / distribution rate. In 1990-1998 an average IEF of 1999-2001 is assumed.
In the data transfer, from the Danish emission database to the CRF, CH4 emission from gas transmission and distribution have unintentionally been added. Thus CH4 from both transmission and distribution have been included in the CRF source category Transmission. The activity data stated in the CRF table is misleading, please refer to the distribution and transmission data above. The error will be corrected in future inventories. 

In the year 2001 the length of transmission pipelines including offshore pipeline is 1439 km. The length of distribution pipelines is 19550 km (cast iron 0 km, steel 2442 km, plastics 17108 km). Two natural gas storages are in operation in Denmark. In 2001 the gas input was 399 Mm3 and the withdrawal was 491 Mm3.

Off-shore activities - Production of oil and gas (CRF: 1.B.2.b  SNAP: 050303):

The emissions of VOC from offshore activities have been estimated to be about 2000 tons/year, of this 350 tons/year NMVOC and 1630 tons/year CH4. The estimates are made from 1994 to 2001 and the uncertainty of the emission data is very high. A project is going on to make consistence emission inventories from 1990 to 2001 for oil and gas production including emissions from gas terminals and ships. Emissions from flaring are included in ’Stationary combustion plants’, Appendix 4.

Fugitive emissions from oil (1.B.2.a)

Oil Refineries – Petroleum products processing:

In the production process at the refineries a part of the volatile hydrocarbons (VOC) is emitted to the atmosphere. It is assumed that CH4 accounts for 1 % and NMVOC for 99% of the emissions. The VOC emissions from petroleum refinery processes cover non-combustion emissions from feed stock handling/storage, petroleum products processing, product storage/handling and flaring. SO2 is also emitted from the non-combustion processes and includes emissions from products processing and sulphur recovery plants. The emission calculations are based on information form the Danish refineries and the Energy statistic (Table 6).

Recalculation and changes

Coal mining and handling

The coal import 1990-2000 has been recalculated based on the new energy statistics. 

Natural gas

The CH4 emission from transmission and distribution has been recalculated. Both emission factors and activity rates have been updated according to new knowledge.

Uncertainty

Estimation of uncertainty is based on the Tier 1 methodology in IPCC Good Practice Guidance (GPG) /2/. The uncertainty of greenhouse gas emissions and the uncertainty of total Global Warming Potential (GWP) is shown in Table 5. 

Table 5 Uncertainty of greenhouse gases

Pollutant
Uncertainty of emission inventory [%]
Uncertainty of emission trend [%]

CO2 
16
56

CH4 
80
102

N2O 
52
56

GWP
22
73

The uncertainty of activity rate (coal import) for fugitive emissions from solid fuels is assumed to be 2% referring to GPG page 2.77. The uncertainty of the post mining emission factor is assumed to be 200% also referring to GPG. 

Uncertainty of activity rates for oil and gas activities is 15% referring to GPG page 2.92. The uncertainty of emissions factors for CO2 is the uncertainty of emissions factors for flaring. This emission factor uncertainty is 5% (GPG page 2.15). Uncertainties of CH4 and N2O emission factors are both assumed to be 50%. 

Table 6 Uncertainty of activity rates and emission factors


Uncertainty

Activity rate
Uncertainty Emission factor

Solid fuel, CO2
2
200

Oil and gas, CO2 
15
5

Oil and gas, CH4 
15
50

Oil and gas, N2O 
15
50

Table 6. Oil Refineries. Processed crude oil, emissions and emission factors:

[image: image1.wmf]1990

1991

1992

1993

1994

1995

1996

1997

1998

1999

2000

2001

Crude oil (1000 Mg)

7263

7798

8232

8356

8910

9802

10522

7910

7906

8106

8406

8284

CH4 emission (Mg)

37

39

42

43

57

48

62

45

45

45

50

44

CH4 emission factor (g/Mg)

5,094314

5,001282

5,102041

5,146003

6,397306

4,89696

5,892416

5,689001

5,69188

5,551443

5,948132

5,311444

NMVOC emission (Mg)

3667

3937

4203

4219

5855

4546

5875

4547

4558

4558

4983

4338

NMVOC emission factor (g/Mg)

504,8878

504,873

510,5685

504,9067

657,1268

463,7829

558,3539

574,842

576,5242

562,2995

592,7909

523,6601
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