Annex 6.2 Additional information to be considered as part of the NIR submission (where relevant) or other useful reference information – Greenland/Faroe Islands

6.2.1 CO2 emissions in Greenland and the Faroe Islands
In the Faroe Islands a major work was made in 2002 to produce a revised and more comprehensive greenhouse gas inventory as required by the IPCC guidelines (Lastein et al., 2003). The work comprised emission estimates of CO2, CH4 and N2O for the years 1990-2001.

An update of this work has recently been made (Heilsufrøðiliga Starvsstovan, 2005). The results reported in the latter work are however incomplete as regards the emission sources included, and thus the current 2002 estimate is used also for 2003 and 2004. 
The significant increase in CO2 emissions from 1998 to 2001 is mainly due to more fuel use in the fishery, public electricity and manufacturing industry sectors, while the CH4 and N2O emission increases (the Faroe Islands) are due to rising activity in the agricultural sector. 

For Greenland the inventory has been expanded to include emissions from agriculture and consumption of F-gases and the pollutants CH4, N2O, HFCs, CO, NMVOC and NOx. However, fossil fuels are still the most important sources of greenhouse gases in this region. Figures for CO2, CH4, and N2O emissions from 1990 to 2004 and for HFCs for 1995-2004 are given in the table below. The inventory is based on information from e.g. KNI Pilersuisoq, Statoil, Nukissiorfiit Årsoversigt 2004, Grønlands Kommando (Greenland Command) and Konsulenttjenesten for Landbrug (Consultancy for Agriculture). The methodology applied is described in Annex 6.2.1.
Table 1 Estimation of greenhouse gas emissions in Greenland and the Faroe Islands 1990-2004.

	
	Greenland
	Faroe Islands

	
	Gg CO2
	Mg CH4
	Mg N2O
	HFCs
Gg CO2-eq.
	Gg CO2
	Mg CH4
	Mg N2O

	1990
	625
	769
	27,5
	
	709
	853
	73

	1991
	610
	775
	27,2
	
	682
	885
	78

	1992
	596
	776
	26,8
	
	650
	881
	78

	1993
	5461
	777
	25,6
	
	536
	875
	73

	1994
	496
	779
	24,4
	
	544
	906
	79

	1995
	535
	785
	25,5
	0,060
	541
	909
	81

	1996
	598
	783
	26,7
	0,080
	578
	904
	81

	1997
	618
	782
	27,2
	0,39
	559
	935
	86

	1998
	579
	762
	26,2
	0,71
	616
	908
	83

	1999
	594
	732
	26,7
	1,27
	645
	920
	87

	2000
	667
	690
	28,3
	1,85
	699
	959
	97

	2001
	617
	681
	27,0
	2,93
	791
	973
	101

	2002
	579
	647
	25,7
	3,86
	791
	973
	101

	2003
	637
	673
	27,0
	4,70
	791
	973
	101

	2004
	670
	678
	28,4
	5,35
	791
	973
	101


1. The CO2 emission for 1993 is intrapolated.
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6.2.2 Methodology applied for the GHG inventory for Greenland
The GHG inventory for Greenland includes the following sectors:

· Energy sector

· Industrial processes (consumption of F-gasses)
· Agriculture (sheep)

· Solid waste management (incineration without energy recovery, disposal, and open burning)

The applied methodology do to a large degree follow the methodology applied in the Danish inventory, however, the availability of data – especially site specific data – do allow the same equations to used for all the sectors. The actual methodology is described below for the different sectors. The data handling and calculations were performed by use of the IPCC excel tool (version 1.1). The excel tool were modified/extended to cover all relevant processes and calculations were corrected where it was found necessary.
Energy sector
The inventory covering the energy sector has been performed according to the IPCC tier 1 methodology. The CO2 emission has been calculated by using the methodology included in the IPCC software. This methodology implies use of C content per fuel type (default) and fraction of carbon oxidised (default); see the equation below. 
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where:

Actfuel =
activity; consumption of fuel a

EFC, fuel =
C emission factor for fuel a

Ox =

oxidation factor
The emissions of CH4, N2O, NOx, CO, and NMVOC have been calculated at sector/fuel level by using IPCC default emission factors combined with measured/Danish EF for waste incineration (with energy recovery). The equation applied for each pollutant is:
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Industrial processes
The inventory covering industrial gasses has been performed according to tier 2 with estimates of the actual emissions. Information on emission of industrial gasses is only available from 1995 onwards.
Agriculture

Agriculture is sparce in Greenland due to climatic conditions, however sheeps are considered to contribute to emission of greenhouse gasses. Enteric fermentation and manure management is assumed to contribute to emission of CH4 and nitrogen excretion is assumed to contribute to emission of N2O.

The equations used are presented below.
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The applied emission factors are presented in Table 1.
	Table 1 Applied emission factors1 for agriculture.

	
	Enteric 
fermentation
kg CH4/head/year
	Manure 
management
kg CH4/head/year
	Nitrogen 
excretion
kg N/head/year

	Sheep
	17,17
	0,32
	16,87

	1. The emission factors are adopted from the Danish inventory (Illerup et al., 2006).


The IPCC default for EFN2O: 0,02 kg N2O-N/kg N has been chosen.

Solid waste management

The solid waste management in Greenland can be divided in the following processes:
· Waste incineration with energy recovery 

· Waste incineration without energy recovery

· Managed waste disposal combined with open burning

· Un-managed waste disposal combined with open burning
Information on amount of waste produced per year, amount of waste treated in the different processes, distribution between household and commercial waste, composition of the household waste and commercial waste, respectively, were provided by Ministry of Environment and Nature, Nuuk, Greenland; see Table 2. The distribution of waste between different treatment options after correction for open burning is presented in Table 3. The calculations are based on the information given in Table 2.
	Table 2 Composition of municipal waste before and after open burning.

	Fraction (%)
	Household waste2
	Commercial waste2
	Weighted
	After open burning
	Weighted (after open burning)
	DOC3
	DOC weighted (after open burning)

	
	%
	%
	%
	
	%
	
	

	Paper/cardboard, dry
	81
	20
	11,8
	2,37
	7,66
	0,4
	3,06

	Paper/cardboard, wet
	101
	7
	9,04
	1,81
	5,85
	0,2
	1,17

	Plastics
	71
	9
	7,64
	1,53
	4,94
	0
	0

	Organic waste
	441
	34
	40,8
	8,16
	26,4
	0,2
	5,28

	Other combustible
	17,51
	16
	17,0
	3,40
	11,0
	0,2
	2,20

	Glass
	7,51
	31
	6,06
	6,06
	19,6
	0
	0

	Metal
	3,51
	31
	3,34
	3,34
	10,8
	0
	0

	Other, non combustible
	11
	5
	2,28
	2,28
	7,37
	0
	0

	Hazardous waste
	1,51
	31
	1,98
	1,98
	6,40
	0
	0

	Total
	100
	100
	100
	30,9
	100
	
	0,12

	%
	0,684
	0,324
	
	0,85
	
	
	

	1. Measured values.

2. Source: Ministry of Environment and Nature, Nuuk, Greenland.

3. Source: Illerup et al. (2006).

4. Distribution of household and commercial waste.

5. Share of combustible waste burned at waste disposal sites.


	Table 3 Waste management in Greenland. Waste for disposal is corrected for open burning.

	
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002
	2003
	2004

	6A1 Managed waste disposal corrected for open burning
	5,61
	5,70
	5,74
	5,78
	5,85
	5,95
	5,93
	5,92
	5,66
	5,19
	4,35
	4,38
	4,16
	4,45
	4,19

	6A2 Unmanaged waste disposal corrected for open burning
	1,34
	1,37
	1,36
	1,36
	1,35
	1,29
	1,21
	1,16
	1,06
	1,00
	0,91
	0,87
	0,85
	0,84
	0,83

	Waste incineration, energy recovery
	6,90
	6,99
	7,05
	7,09
	7,34
	7,55
	7,73
	7,82
	7,97
	9,78
	12,9
	13,2
	14,5
	14,0
	15,3

	Waste incineration
	0,00
	0,00
	0,00
	0,00
	0,06
	0,22
	0,79
	1,24
	2,67
	2,92
	3,14
	3,31
	3,40
	3,42
	3,45

	Open burning
	15,5
	15,8
	15,9
	16,0
	16,1
	16,2
	15,9
	15,8
	15,0
	13,8
	11,7
	11,7
	11,2
	11,8
	11,2

	Total
	29,38
	29,83
	30,02
	30,19
	30,68
	31,21
	31,60
	31,98
	32,37
	32,71
	33,09
	33,52
	34,07
	34,53
	35,01


The calculation of anaerob degradation at the waste disposal sites is done by use of the tier 1 methodology i.e. by using the following equation:
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where:

MSW =
amount of waste disposed of at managed/un-managed disposal sites

MCF =
methane correction factor

DOC =
degradable organic carbon

F =

fraction of methane in landfill gas

OX =

oxidation factor

The emission factors aaplied in the calculation of emissions from incineration of waste with and without energy recovery and open burning are based on measured emissions combined with IPCC default emission factors and Danish emission factors; see Table 4.
	Table 4 Emission factors for incineration of waste.

	 
	CO2-fossil
	CO2-biogenic
	CH4
	N2O
	NOx
	CO
	NMVOC
	SO2

	 
	Kg
	kg
	g
	g
	g
	g
	g
	g

	EF DK1
	 
	 
	 
	 
	 
	 
	 
	 

	 /GJ
	17,6
	94,5
	6
	4
	164
	10
	9
	67

	 /t wet
	185
	992
	63,0
	42,0
	1 722
	105
	94,5
	704

	IPCC2006
	 
	
	
	
	
	
	
	 

	Continuous/semi-cont.
	 
	
	
	50,0
	
	
	
	 

	Batch, stoker
	 
	
	60,0
	60,0
	
	
	
	 

	Open burning  /t dry
	 
	
	
	150
	
	
	
	 

	Open burning  /t wet
	 
	
	
	106
	
	
	
	 

	Measured, incineration2
	 
	
	
	
	
	
	
	 

	Medium plants  /t wet
	 
	
	
	
	3 210
	224
	
	693

	Small plants  /t wet
	 
	 
	 
	 
	3 074
	31 880
	 
	 

	Applied EF
	 
	 
	 
	 
	 
	 
	 
	 

	Waste incineration  /t wet
	185
	992
	60,0
	50,0
	3 210
	224
	
	693

	Waste incineration  /GJ
	17,6
	94,5
	5,7
	4,8
	305,7
	21,4
	9,00
	66

	Waste incineration, Village plant  /t wet
	185
	992
	60,0
	60,0
	3 074
	31 880
	94,5
	693

	Open burning  /t wet
	185
	992
	60,0
	213
	3 074
	31 880
	94,5
	693

	1. Source: Illerup et al. (2006).

2. Source: Ministry of Environment and Nature, Nuuk, Greenland.


Summary

Time series for the greenhouse gasses – see Table 5 – and for the different sectors – see Table 6 – as well as summary tables for the years 1990, 1995, and 2004 are presented below. CO2 is accounting for more than 95% of the emission of greenhouse gasses and the emission of greenhouse gasses is mainly related to the energy sector.
	Table 5 Time series for emission of greenhouse gasses from 1990-2004.

	
	
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002
	2003
	2004

	CO2
	Gg
	630
	615
	601
	551
	500
	540
	603
	623
	584
	599
	672
	622
	583
	642
	670

	CH4
	Gg CO2-eq.
	16,2
	16,3
	16,3
	16,3
	16,4
	16,5
	16,4
	16,4
	16,0
	15,4
	14,5
	14,3
	13,6
	14,1
	14,2

	N2O
	Gg CO2-eq.
	8,52
	8,42
	8,32
	7,94
	7,57
	7,89
	8,27
	8,42
	8,12
	8,29
	8,77
	8,37
	7,96
	8,38
	8,80

	HFC
	Gg CO2-eq.
	
	
	
	
	
	0,025
	0,077
	0,39
	0,71
	1,26
	1,85
	2,93
	3,85
	4,69
	5,35

	SF6
	Gg CO2-eq.
	
	
	
	
	
	0,0359
	0,0034
	0,0034
	0,0033
	0,0033
	0,0033
	0,0032
	0,0032
	0,0032
	0,0031

	Total
	Gg CO2-eq.
	655
	640
	626
	575
	525
	565
	628
	649
	609
	625
	697
	648
	609
	670
	698


	Table 6 Time series for emission of greenhouse gasses from 1990-2004 within different sectors.

	
	
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002
	2003
	2004

	Energy
	Gg CO2-eq.
	633
	618
	603
	552
	502
	541
	605
	625
	585
	601
	675
	625
	586
	645
	673

	Industry
	Gg CO2-eq.
	
	
	
	
	
	0,06
	0,08
	0,39
	0,71
	1,27
	1,85
	2,93
	3,86
	4,70
	5,35

	Agriculture
	Gg CO2-eq.
	10,6
	10,6
	10,6
	10,6
	10,6
	10,6
	10,6
	10,6
	10,6
	10,6
	10,9
	10,6
	10,1
	10,3
	10,9

	Waste 
management
	Gg CO2-eq.
	11,5
	11,7
	11,8
	11,8
	11,9
	12,1
	12,1
	12,1
	11,8
	10,9
	9,39
	9,44
	9,05
	9,53
	9,09

	Total
	Gg CO2-eq.
	655
	640
	626
	575
	525
	565
	628
	649
	609
	625
	697
	648
	609
	670
	698


1990
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CATEGORIES Emissions Removals

P A P A P A

Total National Emissions and Removals 630 0 0,769 0,027 5,02 4,58 1,16 0,01 0 0 0 0 0 0

1 Energy

Reference Approach

(1)

0

Sectoral Approach

(1)

627 0,033 0,015 4,97 4,08 1,16 0,00

          A  Fuel Combustion 627 0,03 0,015 4,97 4,08 1,16

          B  Fugitive Emissions from Fuels 0 0 0 0 0 0

2  Industrial Processes 0 0 0 0 0 0 0 0 0 0 0 0 0

3  Solvent and Other Product Use 0 0 0

4  Agriculture 0,350 0,011 0,00 0,00

5  Land-Use Change & Forestry (2) 0 (2) 0 0 0 0 0

6  Waste 2,87 0,39 0,0016 0,048 0,49 0,0015 0,011

7  Other (please specify) 0 0 0 0 0 0 0 0

Memo Items:

International Bunkers 0 0 0 0 0 0 0

     Aviation 0 0 0 0 0 0 0

     Marine 0 0 0 0 0 0 0

CO

2 

Emissions from Biomass

0

P = Potential emissions based on Tier 1 Approach.  A  =  Actual emissions based on Tier 2 Approach.
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CATEGORIES Emissions Removals

P A P A P A

Total National Emissions and Removals 540 0 0,785 0,025 4,50 4,74 1,17 0,01 0 0,025 0 0 0 0,036

1 Energy

Reference Approach

(1)

0

Sectoral Approach

(1)

537 0,029 0,013 4,45 4,21 1,16 0,00

          A  Fuel Combustion 537 0,03 0,013 4,45 4,21 1,16

          B  Fugitive Emissions from Fuels 0 0 0 0 0 0

2  Industrial Processes 0 0 0 0 0 0 0 0 0,025 0 0 0 0,036

3  Solvent and Other Product Use 0 0 0

4  Agriculture 0,350 0,011 0,00 0,00

5  Land-Use Change & Forestry (2) 0 (2) 0 0 0 0 0

6  Waste 3,03 0,41 0,0017 0,050 0,52 0,0016 0,011

7  Other (please specify) 0 0 0 0 0 0 0 0

Memo Items:

International Bunkers 0 0 0 0 0 0 0

     Aviation 0 0 0 0 0 0 0

     Marine 0 0 0 0 0 0 0

CO

2 

Emissions from Biomass

0

P = Potential emissions based on Tier 1 Approach.  A  =  Actual emissions based on Tier 2 Approach.
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 (Gg CO2-eq.)

CATEGORIES Emissions Removals

P A P A P A

Total National Emissions and Removals 670 0 0,678 0,028 5,83 6,14 1,55 0,01 0 5,35 0 0 0 0,0031

1 Energy

Reference Approach

(1)

0

Sectoral Approach

(1)

667 0,038 0,016 5,79 5,67 1,55 0,00

          A  Fuel Combustion 667 0,04 0,016 5,79 5,67 1,55

          B  Fugitive Emissions from Fuels 0 0 0 0 0 0

2  Industrial Processes 0 0 0 0 0 0 0 0 5,35 0 0 0 0,0031

3  Solvent and Other Product Use 0 0 0

4  Agriculture 0,357 0,011 0,00 0,00

5  Land-Use Change & Forestry (2) 0 (2) 0 0 0 0 0

6  Waste 2,71 0,28 0,0014 0,045 0,47 0,0014 0,010

7  Other (please specify) 0 0 0 0 0 0 0 0

Memo Items:

International Bunkers 0 0 0 0 0 0 0

     Aviation 0 0 0 0 0 0 0

     Marine 0 0 0 0 0 0 0

CO

2 

Emissions from Biomass

0

P = Potential emissions based on Tier 1 Approach.  A  =  Actual emissions based on Tier 2 Approach.
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