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[bookmark: _Toc17883147]Definitions 

Baseline: GHG emissions reduction from a project activity are quantified relative to baseline emissions for the project duration. Baseline GHG emissions are derived from the baseline scenario. The baseline scenario is a continuation of current peatland condition category and hence a continuation of current GHG emissions (‘business as usual’).

Carbon Dioxide equivalent: The universal unit of measurement used to indicate the global warming potential of greenhouse gases. It is used to evaluate the impacts of releasing (or avoiding the release of) different greenhouse gases, expressed as the equivalent amount of Carbon Dioxide. In this document this is expressed as CO2e. 

For this handbook the IPCC 5th Assessment Report conversion factors have been used. This is including Climate Feedback effects. [footnoteRef:1] [1:  Climate Feedback effects refer to the feedbacks caused by Global Warming. For example, the increase in moisture in the air, which will raise temperatures beyond the initial impact of releasing the original Greenhouse Gas. 
Without Climate Feedback effects these conversions would be CH4 – 28, N2O – 265. ] 


	Gas
	CO2e Conversion factor

	CO2 (Carbon Dioxide)
	1

	CH4 (Methane)
	34

	N2O (Nitrous oxide)
	298


Table 1: GHG Equivalents 

Carbon Footprint: This is the emissions of an activity or product, and a shorthand for describing its climate footprint. 
Ecosystem Services: The diverse range of services that we derive from the natural environment. Four categories of ecosystem service have been identified: provisioning; regulating; cultural and supporting.

GEST: Greenhouse Gas Emission Site Types - A combination of plant species indicating long-term water table depths and other characteristics relevant to GHG fluxes (e.g., peat type, pH, nutrient status), associated with annual mean GHG fluxes of carbon dioxide and methane (expressed as CO2e) based on literature or country-specific measurements. In absence of vegetation, water table depth is used as the main proxy[footnoteRef:2] [COUWENBERG ET AL. 2011] [2:  Couwenberg, J. et al. (2011): Assessing greenhouse gas emissions from peatlands using vegetation as a proxy. Hydrobiologia 674: 67–89.] 



Global Warming Potential: is a measure of how much heat a greenhouse gas traps in the atmosphere up to a specific time horizon, relative to carbon dioxide. It compares the amount of heat trapped by a certain mass of the gas in question to the amount of heat trapped by a similar mass of carbon dioxide and is expressed as a factor of carbon dioxide (whose GWP is standardized to 1). Commonly a time period of 100 years is used. 

Greenhouse Gas (GHG): A collective term for gases that are causing the warming of the Earth’s atmosphere that is leading to climate change. From six gases mentioned in the Kyoto Protocol, carbon dioxide; methane; nitrous oxide are of interest in peatlands.

Leakage: GHG emissions occurring outside the project boundary as a result of the project e.g. displacement of agricultural activities might result in peatland degradation or intensification of use of non-degraded peatlands elsewhere

Net Ecosystem Exchange (NEE): This is the measure of how much carbon is released or stored by an ecosystem over a year. This is a net figure as all ecosystems will both release and absorb carbon. For example, a system may absorb carbon dioxide but release methane. The Net Figure is the balance between the release and storage. A Negative figure indicates that more Carbon is stored than released. This measure will be expressed as CO2e, or CO2e (Carbon Dioxide Equivalent.) 
Shunt Species: Species with an Aerenchyma can allow methane to pass through them (acting as a ‘shunt’ or ‘chimney’) directly to the atmosphere, rather than passing through the aerobic zone in the topsoil.  
[image: ]
Figure 1 – The carbon cycle of soil
[bookmark: _Toc17883148]Introduction
A central part of the CANAPE project is to improve management of peatlands to reduce their contribution to climate change and to improve their resilience to its effects. A range of activities across the participating partners in CANAPE addresses these objectives. In order to report the result of the efforts, the changes in GHG emissions from the project sites need to be measured. 
The task has therefore been to search for a common method that is operational in the field and introduces a simple way to estimate the GHG emission from the project sites. The GEST (Greenhouse gas Emission Site Type) method is a simple way to estimate the GHG emission from peat soils using the vegetation as a proxy. However, the project activities across the CANAPE project include several different types of restoration activities, from reed bed development in lakes to restoration of raised bogs. GEST is not applicable for aquatic environments. Using GEST alone is not possible if the goal is to end up with comparable data. Furthermore, restoration activities often include preparation works that can influence the total carbon budget of the project.
This handbook includes data that in combination with GEST or used alone can provide values for estimating changes in GHG emission as a result of the restoration activities.
The CANAPE partners have prepared this handbook and it is designed to address the projects of CANAPE. The project steering group of CANAPE will consider if the handbook could be made accessible for users outside CANAPE. This handbook may also form the basis for a carbon pocket guide for laymen. 
The descriptions in each section of the handbook are based on research made by the project partners and may not be considered as complete.
[bookmark: _Toc17883149]Background to Carbon Measurement in Wetlands 
This section is an excerpt from the Carbon Accounting methodology developed in Interreg NWE Carbon Connects[footnoteRef:3] [3:  Elfering, E., J. van Belle, J. Geurts, G.-J. van Duinen & C. Fritz 2019. Outline CO2 monitoring scheme for land management. https://docs.google.com/document/d/19mKX7SoV_2WzH2h2uxQk0KXGLFsJUVZTrMNep4Vdaus/edit#heading=h.gk3qiuwo2ww] 

Carbon in peatlands
Wetlands (peatlands and other lands with organic and wet soils) are crucial in maintaining the Earth’s carbon balance as they contain soils with high organic carbon content. Although peatlands only occupy 3% of the land area of the world, they contain 500 - 700 gigatonnes of carbon in their peat. This is twice the total amount of carbon in the biomass of all the world's tropical rain forests[footnoteRef:4]. The enormous soil carbon stock is the most important characteristic of peatlands. Consequently, peatlands are the most space-effective carbon store of all terrestrial ecosystems. In the boreal zone, peatlands contain on average seven times more carbon per m-2 than other ecosystems. [4:  Page, S.E. & Baird A.J. 2016. Peatlands and Global Change: Response and Resilience. Annual Review of Environment and Resources 41:35-57] 

Peat is preserved by water saturation. As long as peatlands are water logged, the carbon remains stored virtually forever. This carbon store grows slowly but steadily by the addition of fresh plant material, which is converted into peat. In this way, thick layers of peat are deposited over time.
Effects of human activities
Human activities on peatlands (e.g. drainage, agriculture, forestry, peat extraction.) and their effects (e.g. oxidation of soil organic matter) significantly affect the carbon and nitrogen balance and, thus, the GHG emissions and nutrient removal from these lands. The actual magnitude of human-induced emissions and nutrient removal from peatlands depends on numerous variables, including soil and peat type, type of land use of land use conversion, peatland size, management practice, vegetation composition, water table depth, growing season length, salinity, precipitation, and temperature.
 GHG effects of draining
Draining peatlands lowers the water table and increases the oxygen content of the soil, and therefore increases carbon dioxide (CO2) emissions. Methane (CH4) emissions from drained peatlands are generally negligible because the soil carbon is preferentially oxidized to CO2. However, methanogenesis (the forming of methane) may take place in drainage ditches with a higher water table causing significant emissions of CH4 to the atmosphere. Drained peatlands can also emit significant amounts of N2O from nitrogen in the organic matter in the soil, or from nitrogen added by fertilization. Losses of particulate and dissolved organic carbon in drainage waters from peatlands can also be significant. From a GHG perspective this is important, as this is a potential source of CH4 emissions.
GHG effects of rewetting
Rewetting peatlands raises the water table again, decreases CO2 emissions, and rapidly decreases N2O emissions to almost zero. But rewetting increases CH4 emissions compared to the drained state, as the oxygen level in the soil drops and methanogenesis starts again. As a rule of thumb, substantial amounts of methane are produced only when easily degradable organic material is amply available and water levels rise above 10 cm below surface, or when peat is inundated. When water levels are lower, most of the methane produced in deeper layers is broken down to CO2 in the upper, oxygen containing soil layer. So called shunt species increase methane emissions, even if water levels are lower than 10 cm below surface. Shunt species are plant species that have cell structures to facilitate gas exchange between the soil and the air. This provides a direct route for diffusion of methane to the air, bypassing the oxygen containing soil layer, and thus preventing breakdown of methane to carbon dioxide. 
[image: ]
Figure 2. Relationship between (ground) water level and emissions of carbon dioxide (CO2), methane (CH4) and nitrous oxide (N2O). Above: measurements and regression lines per gas species. Below: total global warming potential (from Wichtmann et al. 2016[footnoteRef:5]). [5:  Wichtmann, W., Ch. Schröder & H. Joosten 2016. Paludiculture – productive use of wet peatlands. Schweizerbart Science Publishers, Stuttgart, Germany] 


Agricultural management/use of peatlands
Change in peatland management can have both direct and indirect effects on GHG emissions. For instance, increasing the water table can reduce crop production, or it can reduce the amount of livestock can be fed off the peatland area. This reduces agricultural production.
When agricultural production is reduced as a consequence of rewetting peatland, extra agricultural production elsewhere may be required to keep up total agricultural production. This can lead to conversion of unused land to agricultural land, or it can lead to increased production on land already used for agriculture. Conversion to agricultural land can lead to drainage of peatlands (outside the rewetted area), leading to GHG emissions. If agricultural intensification takes place on peat soil by further lowering groundwater levels GHG emissions may increase. If rewetting leads to changes in GHG emissions elsewhere (through land use change or land use intensification) this affect the CO2 emission reduction through the rewetting project. This transfer of emissions is known as leakage. 
For livestock, the starting point in most countries is that farmers will keep their original number of livestock after rewetting and possibly import roughage from elsewhere to substitute reduced feed production. If this happens there is no impact on emissions from livestock. However, there will be extra CO2 emission due to the supply of roughage, which may offset the CO2 reduction achieved by rewetting. If the amount of livestock is reduced, this will reduce total livestock emissions of the project.
A wetter peatland is managed differently from a conventional deeply drained area. With higher groundwater levels, farmers usually cannot access the land in early spring or in autumn. Also, crop production will usually be lowered, which reduces the need for mowing. This reduces CO2 emissions from agricultural machinery. On the other hand, during the months that a farmer can access the land management may be intensified.

Scenario’s, baselines and horizons
GHG-accounting using GEST uses a scenario approach: one compares how carrying out the project will change GHG-emissions by estimating emissions over a certain time scale. To determine the relative GHG impact of changes resulting from the project, the GHG-effect of the change needs to be compared to a no-change baseline. This baseline can either be based upon the current situation or on a reference situation. Preferably the current situation (i.e. the situation before the start of the project) is monitored and translated to a baseline scenario. The baseline scenario describes what the future development of the area would be if the project were not carried out, for the project crediting period. The baseline levels are then used to compare with carbon emissions generated from changes by the project due to change in peatland management, i.e. drainage, rewetting, extraction, and restoration.
The time horizon is the length of time over which a project runs. Land Use and Land Cover Change (LULUC) projects have a duration of at least 10 years, and preferably longer up to 30-50 years. The no change scenario and the scenario with the project have to be compared over the duration of the time horizon.
Additional sources of emissions
Ideally one would also take into account emissions which do not result from oxidation of the peat soil, but do result from the project. These include (but are not limited to) the GHG emitting from removed topsoil, but also the GHG-emissions from the machinery that carry out the actual removal of the topsoil. So called leakage effects also need to be included, i.e. the emissions that are displaced by displacing productive use of the parcel of peat land. An example is where a farmer rewets a piece of land, but then intensifies usage of another parcel to keep up farm level production of fodder for cows. Also, GHG emissions from machinery need to be included, and – especially in Sphagnum farming – CH4 emissions form ditches used for water management. Carbon that is exported from the project site with water flows needs to be taken into account, etc.
Example scenario analysis
Figure 3 shows an example of a comparison of a GEST-scenario of a rewetting project compared with a business as usual scenario. This scenario analysis was carried out to calculate tradeable C-credits, which is not something we will do in CANAPÉ. But calculation of the emissions reductions from soils in CANAPE’s pilot sites is the same as is used for carbon trading. Note that the emission after rewetting is compared to a baseline to calculate avoided emissions. One result of this is that no emission (from peat) is avoided after all the peat would have been oxidized and emitted in the reference scenario.

 
Figure 3. Example of a comparison of a rewetting project with a business as usual scenario, for a site that was first slightly rewetted and where management was extensified in 2003, and then was further rewetted and converted to paludiculture in 2018. The starting situation is an intensively used pasture. From 2037 onward no further C-credits are generated, meaning there is no further reduction of emissions from the rewetting project. This is because all the carbon in the peat soil has been labelled as avoided emission.

[bookmark: _Toc17883150]How to use this guide and calculate results 
This guide sets out simple steps to approximate the GHG savings of a rewetting project. The three basic steps involved are; 
1. Calculate the Current Emissions of your site
2. Calculate the Carbon Cost of converting your site
3. Calculate the Emissions of your site in the end state. 
4. Calculate the overall benefit of the project
Step 1 – Determine current carbon emissions of the existing site 
Identify the site type
a. If Lake, refer to Section on lake emissions 
b. If other, refer to the GEST methodology 
c. If your site has ditches, apply the methodology on ditches. 

The current carbon emissions should be calculated and recorded using the relevant methodologies. 

NB: If your site has previously been used for agricultural purposes and Nitrogen fertiliser has been applied, please refer to the section in the C-CONNECTS manual on nitrogen. 
Step 2 – Determine the Carbon Cost of Construction 
Count the Cost of converting the landscape; 
a. Soil Removal
b. Tree & Shrub Removal 
c. Fuel used in modification 
Step 3 – Determine the end state Carbon Emissions 
a. If appropriate, use the GEST Method to determine the emissions 
b. If your restored site has ditches, apply the methodology on ditches. 
c. If the site is being used for paludiculture, identify emissions likely to arise from harvesting and other agriculture activity. 
d. If the site is being used to produce products that are lower carbon than products they are replacing (for example Bioenergy), carry out a Life Cycle Analysis.
e. Identify any carbon “leakage” from the project. 
Step 4 – Calculate the savings 
	Starting Emissions (A)
	

	Conversion Emissions (B)
	

	End Emissions (C)
	

	Reference Period (D) 
	30 years



(A*30) – B – (C*30) = Total Saving. 
The reference period of 30 years is chosen on the basis that by 2050, all of Europe should be carbon neutral, with no further anthropogenic emissions. Therefore, on the basis of 2020-2050 being 30 years, this is a reasonable reference period for the project. 
For converting to CANAPE Project Results 
The CANAPE Result Indicator is measured in “Tons of CO2e/year.” Therefore for project reporting, an annual figure will have to be produced. For this, divide the Total Saving by 30. This will represent the average saving, and spread the “cost” of the conversion across the entire period. 
Maximum amount of savings 
There cannot be more savings than there is carbon left in the soil on the site. In degraded sites, with shallow peat, it may be that in a “business as usual” scenario, all the peat would be mineralised and all the carbon lost in less than 30 years. In these situations, reporting the annual savings over 30 years would overstate the benefit of the project. 

[bookmark: _Manual_for_GEST][bookmark: _Toc17883151]
GEST Method
This is adapted and extended from the Carbon Accounting methodology developed in Interreg NWE Carbon Connects[footnoteRef:6] [6:  Elfering, E., J. van Belle, J. Geurts, G.-J. van Duinen & C. Fritz 2019. Outline CO2 monitoring scheme for land management. https://docs.google.com/document/d/19mKX7SoV_2WzH2h2uxQk0KXGLFsJUVZTrMNep4Vdaus/edit#heading=h.gk3qiuwo2ww] 

What is GEST?
The GEST method is developed by John Couwenberg et al. (2011), and updated in 2019, at the University of Greifswald. The GEST method uses vegetation as proxy to determine the emissions from peat soils. GEST is an acronym for Greenhouse gas Emission Site Types, see table 3 for the list of GES-Types and associated CO2 and CH4 emissions. The idea behind it is that CO2 emissions from peat and vegetation composition are largely affected by the same conditions: water levels and other site factors such as nutrient availability and ratios between nutrients, and soil microbial communities. The disadvantage of this method is that not all managed peatlands have ‘naturally occurring’ vegetation, and intensively managed vegetation may reflect management rather than site factors. Therefore, under circumstances in which vegetation is managed or otherwise may be expected not to be in equilibrium with site factors, hydrological monitoring is additionally performed. The resulting information on groundwater levels can be used to validate GES-Types identified from vegetation. Next to this, the change in groundwater level resulting from the project forms an important basis on which to base the estimated change in GES-Type following project implementation. 
[bookmark: _Scenario’s,_baselines_and]Data needed to determine GHG-emissions
Table 2 shows which data is needed to determine GHG-emissions for terrestrial sites, for both the baseline scenario and the project scenario. Table 2 shows the moisture classes that are used in GEST2, and table 3 lists CO2 and CH4 emissions per site type.


Table 2 – Overview of the data required to assess GHG-emissions from soils, before (‘baseline’) and after (‘project’) rewetting.
	
	Units
	Baseline
	Project

	Area of the project site
	Ha
	X
	X

	(Ground)water level: mean for wet season & mean for dry season (see table 3)
	cm above soil surface
	X
	X

	Vegetation: Dominant and aspect determining species (see table 4)
	n/a
	X
	X

	Peat depth (up to 2 m)
	M
	X
	X

	Carbon content of peat (total peat depth up to 2 m)
	tonnes/ha
	X
	X


Soil moisture classes and water tables are characterized by WLw (long termed, median watertable in the wet season), WLd (long termed, median watertable in the dry season) and WD (deficit of water supply). Seasonal fluctuations of moisture are indicated by a combination of different moisture classes (e.g. 5+/4+ reflects a WLw of 5+ and a WLd of 4+). Strongly fluctuating moisture is indicated by a tilde (e.g. 3~ reflects a WLw in the range of 4+ and a WLd in the range of 2+). The dry types (2- and lower) are characterized by the water shortage plants experience during the growing season.


Table 3 – Moisture classes uses in GEST v2 (Joosten et al. 2015[footnoteRef:7], after Koska et al., 2001)[footnoteRef:8]. [7:  Joosten, H. , K. Brust, J. Couwenberg, A. Gerner, B. Holsten, T. Permien, A. Schäfer, F. Tanneberger, M. Trepel & A. Wahren 2015. MoorFutures. BfN-Skripten 407, Federal Agency for Nature Conservation, Bonn, Germany]  [8:  Koska, I, Succow, M, Clausnitzer, U., Timmermann, T., Roth, S. (2001): Vegetationskundliche Kennzeichnung von Mooren (topische Betrachtung). In: Succow, M., Joosten, H. (eds.): Landschaftsökologische Moorkunde. Schweizerbarth, Stuttgart. Pp. 112 – 184.] 


	Soil moisture class (GEST v2)
	Water tables in relation to surface (+ above, - below)

	 
	WLw
	WLd

	7+
	Upper sublitoral
	+250 to +140 cm
	+250 to +140 cm

	6+
	Flooded (lower eulittoral)
	+150 to +10 cm
	+140 to +0 cm

	5+
	Wet (upper eulittoral)
	+ 10 to – 5 cm
	+0 to -10 cm

	4+
	Semi wet (very moist)
	-5 -to -15 cm
	-10 to -20 cm

	3+
	Moist
	-15 to -35 cm
	-20 to -45 cm

	2+
	Moderate moist
	-35 to -70 cm
	-45 to -85 cm

	2-
	Moderate dry
	< 60 l / m2
	 

	3-
	Dry
	60 – 100 l / m2
	 

	4-
	Very dry
	100 – 140 l / m2
	 

	5-
	Extremely dry
	>140 l / m2
	 




Table 4 below sets out the different site types and their associated emissions. See Couwenberg et al. (2011) for a description of the methodology, but this 2nd version is fully updated and revised based upon new data. The 2nd version has not yet been published; n is the number of measurements the emission is based upon.

Table 4 – Greenhouse gas Emission Site Types version 2 (Couwenberg et al. unpubl.).
	[bookmark: RANGE!A1:H47]N°
	GEST v2
	Soil Moisture Classes
	CH4 (tonnes CO2-eq/ha/yr)
	CO2 (tonnes/ha/yr)
	Total C-flux (tonnes CO2-eq/ha/yr)

	
	
	
	GWP
	n
	GWP
	n
	GWP

	
	Grassland
	
	
	
	
	
	

	G1
	Dry to moderately moist grassland
	(2~), 2+, 2- 
	-0.01
	24
	31.44
	16
	31.5

	G2
	Moist grassland
	3+, 3+/2+
	0.01
	48
	19.37
	38
	19.5

	G3
	Moist to very moist grassland
	4+/3+
	0.03
	3
	13.46
	4
	13.5

	G3f
	Periodically flooded grasslands
	4~, 3~
	-0.05
	3
	13.46
	-
	13

	G3s
	Moist to very moist grassland with shunt  species
	4+/3+, 3~, (3+, 3+/2+)
	0.75
	7
	13.46
	-
	14

	G3m
	Moist to very moist acidic Molinia meadows
	4+/3+
	4.85
	6
	6.45
	-
	11.5

	G4
	Very moist grassland
	4+, 4~
	0.39
	7
	6.45
	3
	7

	G4s
	Very moist grassland with shunt species 
	4+
	2.1
	4
	6.45
	-
	8.5

	G5
	Wet grassland
	5+/4+
	0.05
	3
	-3.89
	5
	-4

	G5s
	Wet grassland with shunt species
	5+, 5+/4+, (4~)
	2.93
	4
	-3.89
	-
	-1

	
	Cropland
	
	
	
	
	
	

	A1
	Dry to moderately moist arable land
	2+, 2-
	0.08
	11
	41.69
	10
	42

	A2
	Moist arable land
	3+, 3+/2+
	0.17
	6
	23.44
	4
	23.5

	
	Unmanaged
	
	
	
	
	
	

	U1
	Moist bare peat
	3~, 3+
	0.03
	2
	8.99
	2
	9

	U2
	Moist bog heath
	3+
	0.25
	10
	12.33
	5
	12.5

	U3
	Moist Reeds
	3+, (3~)
	0.04
	1
	2.77
	2
	3

	U6
	Very moist bog heath
	(5+/4+), 4+
	0.92
	6
	4.67
	5
	5.5

	U7
	Very moist forbs and sedges
	(5+/4+), 4+, (4+/3+)
	0.25
	5
	12.56
	6
	13

	U8
	Very moist Sphagnum lawn
	(5+/4+), 4+
	1.5
	12
	-4.3
	11
	-3

	U9
	Very moist tall sedges
	(5+/4+), 4~, 4+, (4+/3+)
	1.6
	12
	10.72
	4
	12.5

	U10
	Wet bare peat
	5+/4+
	0.22
	3
	1.34
	3
	1.5

	U11
	Wet meadows and forbs
	5+
	7.35
	2
	-3.89
	-
	3.5

	U12
	Wet small sedges with mosses
	5+ (4+)
	4.72
	23
	-1.99
	15
	2.5

	U13
	Wet sphagnum lawn
	5+, (5+/4+)
	5.25
	6
	-3.02
	6
	2

	U14
	Wet tall reeds
	(5~), 5+, (5+/4+)
	6.47
	10
	0.21
	2
	6.5

	U15
	Wet tall sedges
	5~, 5+, (5+/4+)
	9.49
	3
	1.03
	2
	10.5

	U16
	Wet bog heath
	6+/5+, 5+, (5+/4+)
	17.8
	1
	-0.01
	7
	18

	U17
	Very wet tall sedges and Typha
	6+, 6+/5+
	6.81
	8
	-1.08
	8
	5.5

	U18
	Very wet Phragmites reeds
	6+, (6+/5+, 5~)
	12.44
	12
	-12.38
	8
	0

	U19
	Wet to very wet Sphagnum hollows
	6+, (5+)
	11.81
	8
	-4.58
	8
	7

	U20
	Flooded tall reeds (> 20 cm above surface)
	6+
	28.29
	30
	-32.74
	6
	-4.5

	
	Special GESTs
	
	
	
	
	
	

	S1
	Dry to moderately moist grassland on peaty soils (Anmoor)
	2-, 2+/2-, 2+
	-0.05
	9
	46.09
	14
	46

	S2
	Dry to moderately moist arable land on peaty soils(Anmoor)
	2+, 2-
	0.07
	8
	35.11
	12
	35

	S3
	Cropland (2+) flooded in summer (wet year)
	3+
	10.29
	1
	22.61
	1
	33

	S4
	Grassland (2+/3+) flooded in summer (wet year) 
	(5+), 5+/4+, (4+)
	26.02
	7
	-0.13
	6
	26

	S5
	Simulated harvest (Paludiculture)
	(5+), 5+/4+
	3.08
	3
	11.46
	3
	14.5

	S6
	Wet tall reeds (dry year)
	(5+/4+), 4~, 4+
	0.79
	7
	10.72
	-
	11.5

	
	
	
	
	
	
	
	

	S8[footnoteRef:9] [9:  NB: These numberings are provisional, pending publication of the final GESTv2 methodology.  ] 

	Very wet reeds with lateral import of organic matter
	6+, 6+/5+, (5~, 5+)
	42.27
	18
	2.39
	18
	44.5

	S9
	Ditches in low intensity grassland
	6+
	3.17
	3
	+/- 0
	-
	3


[bookmark: _Steps_to_determine]
Sphagnum Farming and GEST

Sphagnum farming is the cultivation of peat mosses (Sphagnum spp.) aiming for the production and harvest of peat moss biomass. This “wet farming” conserves the peat body and gives sustainable, climate friendly income to farmers. In this context, carbon sequestration of Sphagnum is also of great interest.

To evaluate the GHG effect of the whole Sphagnum farm, emissions originating from the peat of the dams must be added to the emissions of the production strips and ditches. The variability of the site must also be considered, with an account made of the removal of the harvest of sphagnum. 
Ditches 

Determine the area of the ditches, and apply the method in the section “Carbon Emissions from Ditches” to calculate their emissions. 

Dams
The emissions from the dams or bunds surrounding a sphagnum growing area should also be considered. These are likely to have a lower water level compared to their surface, and to be a continued source of CO2. 
Normal Condition 

Once the sphagnum lawn is established, the GEST category will either be U8 or U13 depending on the water depth on the site. 

Harvest Year
For harvest years, apply S5. This should only be applied for the years when a harvest would take place. If an annual emissions figure is being calculated, then an average should be calculated based on the number of years between each harvest. 
So if the harvest is once every 5 years, and a normal year corresponding to U8, the average yearly emissions would be emissions would be;
 = Average yearly emissions

Carbon Sequestration in GEST

The carbon sink of a mire is shown by a negative value for the combined CO2eq/h/yr figure in the GEST methodology. In the GESTv2, very moist sphagnum lawns and flooded reeds are shown as having the greatest carbon sequestration. However the majority is peatland ecosystems are effectively a GHG source over 100 years. 

The long term GHG reducing of peatlands relies on the short life of Methane in the atmosphere (12.4 years). Over 20 years it has an impact 86 times that of CO2, 28 times over 100 years, and 7 times over 500 years. With bogs and mires forming over thousands of years, the long term climate impact is to reduce CO2. 
It is noteworthy that the carbon sink function of healthy, therefore wet, mires and bogs is greater than the GHG reduction. Several types of bogs and mires are short term GHG sources, but do store more carbon then they emit. This is results from the high GHG-potential (on a short term) of methane. GESTv2 type U12 Wet small sedges with mosses for instance, has a net GWP of 2.5 tonne CO2-eq/ha/yr, while it has a net C-flow of -0.4 tonne C/ha/yr. 
[bookmark: _Toc17883152]Carbon Emission from Lakes and marginal reedbed 
Introduction
This section covers the restoration of former reedbeds, where these have eroded to open water, or the creation of new reedbeds in areas of open water. This section looks at two types of emergent fen vegetation, Phragmites australis (Common Reed) and Typha (Cattail or Bullrush). 

The estimated emissions from shallow lakes are based on comparatively small amounts of research, and therefore whilst this section can be used to give a rough estimate of savings, it should not be considered scientifically rigorous. According to the meteorological convention, a negative NEE flux indicates a net CO2 uptake into the ecosystem. 
The emerging Fen Vegetation will likely fall into GESTv2 categories U14-15, U17-18 and U-20. The table below gives indicative figures, but the site type will need to be checked in detail against GESTv2. 
Approach
1. Determine existing emissions per ha of open water at the lake
2. Determine likely plant species to colonise site based on final water level
3. Determine the emissions saving. 
For simplicity, the CANAPE project will use the estimates in the table below. For more detail on how the emissions for shallow lakes have been developed, see the section below.  
Table 5 – Conservative model net ecosystem-atmosphere exchange of GHG’s from wetlands. Ratio of 1:28 for methane (CO2 to CH4) used to generate CO2 equivalent (IPCC 2014)
	Habitat type
	CO2 t ha-1 yr-
	CH4 t ha-1 yr-1
	CH4 
tCO2eq/ha/yr-
	Combined tCO2eq/ha/yr

	Shallow lake
	2.24
	0.53
	14.84
	17.08

	U14 – Wet Tall Reeds
	0.2
	
	6.47
	6.5

	U15 – Wet tall sedges
	1.03
	
	9.49
	10.5

	U17 – Very wet tall sedges and Typha
	-1.08
	
	6.81
	5.5

	U18 – Very wet Phragmites reeds
	-12.38
	
	12.44
	0

	U20 – Flooded tall reeds (>20cm above the surface)
	-32.74
	
	28.29
	-4.5


Shallow Lake Carbon Emissions 
Comparatively little information exists in terms studies that have calculated NEE for shallow freshwater lakes. Ducharme-Riel et al. (2015) report 224 g CO2 m-2 yr-1 as annual NEE of a eutrophic lake in Canada.  Franz et al (2016) found that a newly formed shallow waterbody was also a net source of CO2, producing 158 g m-2 yr-1. In the same study, net CH4 emissions from the open water area were around 4-fold higher than from emergent vegetation stands accounting for 53 and 13 g CH4 m-2 yr-1 respectively. In most wetland and shallow lake cases methane (CH4) emissions are greater under anoxic conditions and in terms of global warming potential (GWP) outperform the shift towards CO2 uptake, at least in the short term. 
It is understood that long-term measurements are necessary to evaluate the impact of future ecosystem development on GHG emissions, but that for the timescale of the CANAPE projects, one set of standard figures is needed to be used.
Based on the range of reported values and taking the most conservative example, for CANAPE the NEE values in Table 5 are used. The emergent fen types on which the average is based are found in table 6 below. 
[bookmark: _Carbon_Loss_from][bookmark: _Toc17883153]Topsoil Removal 
In many restoration projects there is often a need to remove the topsoil for the creation of naturally functioning wetland. This removal may also reduce the methane emissions after rewetting, as it reduces the available nutrients for methanogenesis. 
To calculate the carbon loss, estimate the amount of soil removed (in cubic metres) that will not be rewetted in a different location (for example, being used to build up additional reedbed at a lake edge). Multiply this by the average carbon content of the soil. 
NB: Carbon and CO2 are not interchangeable. 1kg of Carbon will convert to 3.7kg of CO2, due to the addition of the oxygen atoms. 
A default figure of 47kg[footnoteRef:10] of carbon per cubic metre (equivalent to 174kg CO2) can be used if it is not possible to carry out a detailed assessment of the density of the peat. However this is an estimated based on a review of a wide collection of literature, and will likely not reflect conditions at your site. This figure would not be reliable enough to certify carbon credits, for example.  It also may overstate the surface carbon, where the peat is already partly degraded.  [10:  Richard Lindsay, Peatbogs and Carbon, A Critical Synthesis 2010, page 52] 

For example, a 10 cm removal of topsoil would be 1,000m3. Using the figure of 47kg/m3, this would imply 47 tonnes of carbon, or 173 tonnes of CO2.     
Soil sampling to determine the Carbon stock
This section is based on the C-Connects methodology.  If the site is already known to be a peatland site then steps 1-3 can be skipped. 
1. Start with field observation of peat – as a cheap method. 

2. Take  5-10 soil cores of the upper 30 cm per sublocation to estimate probability that area is rich in peat. Start in the centre of the area/former peat extension! The 5-10 soil samples can be pooled per sublocation and will be used as spatial variability samples.

3. adjust soil sample network to lower elevation areas that are more likely to have accumulated organic soils, avoid excavations  and include geomorphology/landscape history in the sampling plan.

4. take at least 1 soil profile per 3 ha for in-depth sampling, ideally to a depth of 100 cm (>4 cm diameter) with at least 3 (pooled) samples: 0-20 cm, 20-50 cm,  50-100 cm.

5. use a soil corer, Edelmann hand auger, or a combination of a gouge auger (https://en.eijkelkamp.com/products/augering-soil-sampling-equipment/bi-partite-gouge-auger-set-sa.html) for the upper 30-50 cm and a Russian peat corer for deeper/wetter layers (https://en.eijkelkamp.com/products/augering-soil-sampling-equipment/peat-sampler.html).  If not available even a monolith (0-30 cm) can be extracted with a spade.

6. determine bulk density (BD) of the (pooled) soil samples. I.e. the 0 – 20 cm sample, 20 – 50 cm sample, etc. Sample volume must be assessed by knowing the volume of the soil auger/corer and/or monolith extracted by a spade. BD is the mass of soil solid phase (Ms) divided by the total soil volume (Vt). The total volume of soil is the sum of the volume of soil solid phase and the volume of soil pores (air filled and water filled) in an undisturbed (as in the field) condition. The BD determination of peat soils in principle is the same as that of mineral soils, but the sampling and handling procedures are different because of the different properties of the two types of soils. Ms is determined from oven dry weight at 70°C for 48 hours or more, until constant weight is achieved (no reduction in sample weight when the samples are dried for a longer time). Often the samples taken from the field are very wet and when a sub-sample is taken for drying it tends to cause substantial errors in the BD measurement. For that reason, usually the whole sample taken with a peat auger is quantitatively transferred into an aluminium can for drying at 70°C for 48–96 hours to reach the constant weight. Agus et al. (2011) states that BD values of peat soils generally range between 0.03 and 0.3 g/cm3 . However, within a peat profile, sometimes pockets may exist which are nearly empty of peat and filled with water, with a BD of < 0.01 g/cm3 . This condition is often found in natural peat forests. By contrast, the BD of a peat surface layer under several years of agricultural use may increase to as high as 0.3 to 0.4 g/cm3 . BD is determined in the laboratory by a gravimetric method of weighing the oven dry weight of a known volume of peat. The samples used for the analysis may be samples taken using a peat auger, ring sample or cubical sample as long as the sample volume can be determined easily. According to Maswar (2011), division by a correction factor of 1.136 is needed to correct for compaction that occurs at the sampling stage. This correction factor was established by comparison of auger samples and large blocks of peat obtained from soil pits and is considered to represent the real condition in the field.

7. determine the C content by dry combustion and/or the organic matter content by loss on ignition (LOI). 
[bookmark: _Carbon_Costs_of][bookmark: _Toc17883154]Carbon Costs of Construction 
Where substantial machinery is used for the construction process, there will be a CO2 cost. The main cost will be the fuel burned by the machinery used on site, however there may also be costs related to the transport of machinery. 
Table 6 – Fuel to CO2 Conversions[footnoteRef:11].  [11:  Greenhouse gas reporting: Conversion factors 2019 -  https://www.gov.uk/government/publications/greenhouse-gas-reporting-conversion-factors-2019 ] 

	Fuel (Litres)
	Kg CO2e

	Diesel 
	2.6

	Petrol 
	2.2

	Gas Oil 
	2.9



Where the fuel used on site is known, this is a simple calculation, multiplying the amount of fuel burned by the conversion factor. 
Where it is not known, then the time spent working, and the vehicle make and model should be noted, and an estimate of its fuel use per hour obtained. This will only give a partially accurate figure, as the fuel use depends on how hard the machine is working. 
[bookmark: _Carbon_Loss_from_1][bookmark: _Toc536702920][bookmark: _Toc17883155]Carbon Loss from removal of Trees and Bushes 
[bookmark: _Toc536702921]Introduction
In many restoration projects there is often a need for removing solitary trees, bushes or hedges or even smaller sections of forest as part of the preparing activities. This document aims to exemplify the loss of carbon by removing trees and bushes in projects where there is a need for calculating the total CO2 balance in a project. 
Clearance activities connected to nature restoration can include the following elements, which will be described in this document:
Woods
Solitary trees
Hedges
[bookmark: _Toc536702922]Approach
In this document a simple approach is used to calculate the potential carbon loss from clearance of hedges, solitary trees and smaller woods. Calculation of biomass volume of wood multiplied by values of carbon content collected from literature studies.
The approach only shows a method to calculate CO2 content in biomass and does not relate to the end use of the wood (energy, decay, construction material, etc.)
The approach does not include possible CO2 emissions connected to felling activities or processing of wood (use of machinery). 
[bookmark: _Toc536702923]Steps to calculate CO2 content in biomass
· Determine the Volume
· Conversion of volume to dry matter
· Calculate the carbon content of the dry matter. 
[bookmark: _Toc536702924]

Woods
Determining the Volume
In traditional forest management an operation plan describes the various species of trees in different sectors in the forest, their age and specifies the volume of wood per hectare related to species density in the stands. 
If the volume of wood isn’t known (from the operation plans) it is possible to determine the volume using the following elements (The Danish Environmental Protection Agency, 2005[footnoteRef:12]): [12:  https://www2.mst.dk/udgiv/publikationer/2005/87-7614-697-9/html/kap02.htm] 

· The height of the tree in meters
· The diameter (d) of the trunk measured 1,3 meters above ground
· The cross sectional area (g), called the base area, determine by the equation

The volume is the calculated by 
Volume = height * cross sectional area * form factor
The form factor is needed to correct for the fact that the diameter of the tree is getting smaller in the top. The form factor in typical Danish stands lies between 0,50 – 0,60. 
Conversion of volume to dry matter
To convert the volume of wood (m3) for conifer and deciduous trees to content of CO2 in the total biomass (trunk, branches, leaves/needles, stumps and roots) is used a range of conversion factors.
First step is to convert the volume in m3 to tons dry matter. Table 1 shows specific factors for bulk density for a range of Danish tree species. The values are based on a publication from The Danish Environmental Protection Agency.

	Species
	Bulk density (tons dry matter/m3 fresh volume)

	Spruce
	0,38

	Sitka spruce
	0,37

	Nobilis
	0,38

	Douglas fir
	0,41

	Scotch pine 
	0,43

	Mountain pine
	0,48

	Contorta
	0,37

	Larch
	0,45

	Beech
	0,56

	Oak
	0,57

	Ash
	0,56

	Maple
	0,49

	Birch
	0,51

	Elm
	0,46


Table 6 covers the bulk density of various tree species. More of them do not naturally grow in peatlands. However, they are mentioned here since they might occur as planted vegetation on drained peatlands. 
To get the total biomass the bulk density has to be multiplied with an expansion factor that converts the density to biomass for the whole tree including roots, branches and twigs.. 
Expansion factors are shown in table 7 for deciduous and conifer trees, respectively.
Table 7: conversion factors for bulk density for various tree species. 
	Species
	Expansion factor

	Deciduous trees
	1,2

	Conifers
	1,8


Calculation of CO2 content
With a carbon content very close to 50 % of the dry matter weight and  a conversion factor from carbon-C to CO2 of 3,67, the amount of CO2 in various trees can be estimated. Calculated for Birch and Spruce gives a content of 1,2 tons CO2/m3. 
Willow grown as energy source (Van Bussel, 2006[footnoteRef:13]) shows a CO2 content around 0,85 tons CO2/m3. [13:  Lenny van Brussel, 2006. The potential contribution of a shortrotation willow plantation to mitigate climate change  Wageningen University] 

[bookmark: _Toc536702925]Solitary trees
The literature found regarding calculation of CO2 content in solitary trees is limited. The values described in the following are based on one inventory from Barritskov property[footnoteRef:14]. They have used the following assumptions: [14:  https://nst.dk/media/nst/Attachments/Kulstofp%C3%A5BarritskovStatusogpotentialer.pdf] 

· The tree species used is Oak
· The expansion factor is 1,2 (deciduous trees)
· There is calculated with a 30 % increase in biomass because of an unimpeded photosynthesis compared to dense stands in forests. 
They found that the content of CO2 in oak trees with an age variation from 105-150 years (volume per tree from 2,85 m3 to 7,17 m3) had a CO2 content of 4,65 – 11,68 tons, corresponding to 1,6 tons CO2/m3. 
[bookmark: _Toc536702926]Hedges
Hedges planted as windbreakers on agricultural land are often established in three rows with a typical width of 5 meter. The hedges are typically thinned after 15-20 years and again every 10 years. The following table shows the content of CO2 per 100 meters of a 3-rowed hedge at different ages. The data are from an inventory from Barritskov property. The CO2 content increases linearly the first 25 years and levels out on an average content of 11,6 tons CO2 per 100 meters of hedge.
Table 8: Tons CO2 in various ages of hedge. From “Kulstof på Barritskov – Status og potentialer. 2005”
	Year after planting
	Tons CO2/100 m hedge

	5
	2,86

	10
	5,72

	15
	8,58

	20
	11,44

	25
	14,30

	40
	11,62

	50
	11,62

	60
	11,62


[bookmark: _Carbon_Emission_from][bookmark: _Carbon_Emissions_from][bookmark: _Toc17883156]Carbon Emissions from Ditches 
Introduction
Wet conditions within peatlands favor CO2 sequestration. But they also promote the production of methane (CH4) through anaerobic decomposition of organic matter by bacterial methanogenesis in waterlogged surfaces or shallow fresh water bodies like lakes or ditches (figure 3). 

[image: ]
Figure 4: Production, re-oxidation and emission of CH4 from vegetated peatlands (from Couwenberg, J. 2009: Methane emissions from peat soils.Ede. 14 p.)


Because CH4 has a larger impact per kg than CO2, small-areas “hotspots” like drainage ditches and their margins can be responsible for a significant portion of the GHG emissions of a given site[footnoteRef:15] (see table 9.)  [15:  Teh, Y.A., Silver, W.E., Sonnentag, O., Detto, M., Kelly, M., Baldocchi, D.D. (2011): Large Greenhouse Gas Emissions from a Temperate Peatland Pasture. Ecosystems 14: 311–325] 


The amount of CH4 emitted is a balance of two counteracting processes: methanogenesis in anoxic conditions and methane oxidation to CO2 in aerated zones. In situ, the drivers of CH4 emission are the water body (hydraulic conditions, temperature, trophic status), vegetation and soil characteristics in the bottom of the ditches (depth, trophic status). A high and stagnating water table with abundant algal growth is an indicator of high CH4 emissions. The algal growth provides ideal substrates for anaerobic methanogenics[footnoteRef:16] [footnoteRef:17] Also, temperate peatlands are likely to have greater overall GHG emissions than boreal counterparts because they experience warmer conditions and longer growing seasons. [16:  Hyvönen, N.P., Huttunen, J.T., Shurpali, N.J., Lind, S.E., Marushchak, M.E., Heitto, L., Martikainen, P.J. (2013): The role of drainage ditches in greenhouse gas emissions and surface leaching losses from a cutaway peatland cultivated with a perennial bioenergy crop. Boreal Environment Research 18: 109–126]  [17:  Schrier-Uijl, A.P., Veraart, A.J., Leffelaar, P.A., Berendse, F., Veenendaal, E.M. (2011): Release of CO2 and CH4 from lakes and drainage ditches in temperate wetlands. Biogeochemistry 102:265–279] 


On the other hand, fast flowing ditches in blanket bogs may have low CH4 emissions due to short water residence times, thus reducing possible methanogenesis. A similar reaction can be found in deep ditches, when the water depth reaches the mineral soil with low nutrient levels. Deeper water bodies usually have less degradable organic matter for methanogenesis and because of the longer transport pathway more oxidation of CH4 occurs[footnoteRef:18]  [18:  Cooper, M. D.A., Evans, C.D., Zieliński, P., Levy, P.E., Gray, A., Peacock, M., Norris, D., Fenner, N., Freeman, C. (2014): Infilled ditches are hotspots of landscape methane flux following peatland re-wetting. Ecosystems, 17/7: 1227-1241] 


Approach 
For a holistic approach of GHG balance, emissions of infilled ditches (vegetated with aerenchymatous shunt species[footnoteRef:19]) must be included, too. Also be aware, that intensive drainage of peat soils upstream can lead to high GHG emissions in your ditch. [19:  Ibid. ] 

For calculations of emissions from ditches, peatland ecosystems should be classified in three classes: 
· peatland (natural, restored, cutover)
· meadows
· forests 
The annual CH4 emission of drained peatlands depends on the proportion of active ditches to the total drained area and the kind of ecosystem.
· Define ecosystem type (peatland, meadow, forest)
· Estimate the area covered by active ditches per landscape unit
· Multiply the area of drainage ditches with average annual CH4-emissions:
· Meadow: 75 g CH4 x m-2 x a-1
· Peatland: 50 g CH4 x m-2 x a-1
· Forest: 135 g CH4 x m-2 x a-1
· To convert estimated CH4 emissions in CO2e use 1 CH4 = 28 CO2

Table 9: CH4-emissions of ditches with different types of land use.
	Ecosystem
	Location
	CH4 emission
(mg x m-2 x h-1)
	CH4 emission
(g x m-2 x a-1)
	Reference

	Meadows
	NL
	1.2 – 39.3 (mean: 18.8)
	10.5 – 344.3 (164.7)
	Schrier-Uijl et al. (2011)

	meadow (eutroph. fen, intensively mgmd)
	NL
	4.5 - 7
	39.4 – 61.3
	Schrier-Uijl et al. (2010)

	meadow (eutroph. fen, extensively mgmd)
	NL
	4.5 – 5.3
	39.4 – 46.4
	Schrier-Uijl et al. (2010)

	meadows
	NL
	5.6
	49.1
	Hendriks et al. (2007)

	forestry
	FI
	15.7 (up to 25 in summer)
	137.5
	Minkinnen and Laine (2006) 

	peatland
	CAN
	5.8 (up to 38.2 in summer)
	50.8 
	Bubier et al. (1993)

	peatland (restored)
	CAN
	5.7
	49,9
	Waddington and Day (2007)

	peatland (cutover)
	CAN
	3.9
	34.2
	Waddington and Day (2007)

	boreal fen (natural)
	FI
	up to 8
	up to 70.1
	Huttunen et al. (2003)







[bookmark: _Carbon_Savings_–][bookmark: _Toc17883157]Carbon Savings – CANAPE Products 

[bookmark: _Toc535844814]Introduction

This section aims to summarise the process to follow for carrying out a Product Life Cycle Analysis (LCA), identifying the savings in CO2 from using CANAPE products, and point to existing guidance and data that can be used for this process. 
This can be used to determine additional CO2 savings from project activities, alongside changes in land use. However it does not list the full steps for a certifiable saving that can be advertised to consumers. 
The following CANAPE products have the potential to achieve CO2 savings when compared to products currently on the market; 
· Sphagnum Moss
· Compost 
· Charcoal
· Biochar
· Bioenergy
[bookmark: _Toc535844815]Standards
The following standards exist carrying out Lifecycle Analysis of products. 
	International
	United Kingdom
	Germany 
	Netherlands
	Denmark
	Belgium

	BS EN ISO 14044:2006
	BSI PAS 2050
	DIN EN ISO 14044
	
	DS/EN ISO 14040:2008
	



An introductory guide to the British Standards Institute PAS 2050 is available here. 
http://shop.bsigroup.com/upload/shop/download/pas/pas2050.pdf
An introduction to the Danish Standards Institute is available here:
https://webshop.ds.dk/da-dk/emner/energi-og-miljø
The ISO standard is not freely available. 
[bookmark: _Toc535844816]Approach
There are two approaches to calculating a carbon footprint: Cradle to Gate, and Cradle to Grave. 
· Cradle to Gate describes the emissions in producing the product.
· Cradle to Grave describes the emissions in producing and using the product. 
When promoting a product to consumers, the Cradle to Grave should be used, as it allows them to calculate their own carbon footprint The difference between the Cradle to Gate emissions and the Cradle to Grave emissions may be substantial, for example, with certain peat substrates 80% of the emissions occur as it breaks down in the consumer’s greenhouse or garden, with 20% - 30% occurring in the production process.[footnoteRef:20]  [20:  Climate Footprint – Klasmann Deilmann - https://klasmann-deilmann.com/en/sustainability/climate-footprint/ - accessed 28/10/2019] 

[bookmark: _Toc535844817]Basic Principles
In order to demonstrate the emissions savings of a product, there are two steps to take.
Firstly the CO2 emissions of your own product must be calculated. There are a range of ISO standards that are applicable, and countries will generally present their own standard as well. There is currently no EU wide standard.

The second step is to demonstrate the CO2 emissions of the product that you are displacing. For some sectors, such as electricity and heat, there are already well documented figures for the emissions. For others, such as Charcoal, the industry is more opaque and figures are not in the public domain. 
Biogenic Carbon 
“Biogenic Carbon” is the carbon dioxide released from biological sources, either via burning or decomposition. Emissions from these sources are treated differently to emissions from “fossil” carbon sources, as it was more recently removed from the atmosphere. In general, these are not treated as new emissions for fast growing biomass such as reed or grass. 

When considering wood biomass, the issue is more complex. The general approach is to ask whether the harvesting of wood biomass reduces the overall woodland coverage, or is part of the normal woodland/conservation management. If there is no change to woodland management, then there is not considered to be an increase in emissions[footnoteRef:21].  [21:  Matthews et al, Review of literature on biogenic carbon and life cycle assessment of forest bioenergy, 2014
https://ec.europa.eu/energy/sites/ener/files/documents/2014_05_review_of_literature_on_biogenic_carbon_report.pdf ] 

The discounting of emissions only applies when considering CO2 emissions, when methane or N2O is emitted from biogenic sources this must be considered as they are more potent gases than CO2 for climate change purposes. [footnoteRef:22] [22:  See “Bioenergy” section of UK Government Conversation Factors for explanation https://www.gov.uk/government/publications/greenhouse-gas-reporting-conversion-factors-2018] 

Disposal
When considering the Cradle to Grave emissions, product disposal is also a factor. For example, when considering paper, 75% of its potential emissions occur if it is sent to landfill as opposed to being incinerated or recycled.[footnoteRef:23] This arises because the methane from decomposition in landfill has a higher level of emissions than the production process. Recycling or incinerating eliminates these methane emissions. 

Summary of steps to carry out a Life-Cycle Analysis (LCA) [23:  Yue et al, Carbon Footprint of copying paper: Considering temporary carbon storage based on life cycle analysis, 2016] 

· Determine the Functional Unit
· Assess the Carbon Impact
· Calculate saving compared to existing products

Determining the Functional Unit
The functional unit is an expression of the carbon emission per unit of production. This will always be CO2e/unit. For CANAPE, it is recommended to use kg CO2e/unit, although in other contexts gCO2e or tCO2e are used, depending on the scale of emissions.
For example;
	Product
	Possible Functional Unit

	Energy (Heat or electricity)
	kg CO2e / kWh

	Substrates
	Kg CO2e /kg
or
Kg CO2e/m3


 
Carrying out the Life-Cycle Analysis
The 2nd step is to assess the carbon impact of your product.  There are 4 areas where carbon emissions can be created. These are 
· Raw Materials 
· Manufacture
· Distribution
· Consumption
Raw materials refer to the carbon used to produce the materials that will be used in making the product – this would include the fuel used to harvest materials such as sphagnum and transport it to the processing site, as well as any emissions from the land it is harvested from. 
Manufacture is the carbon produced by making the product – this may include the electricity used to power machinery, or gas burned to operate a dryer. If there is packaging with the product, this can be included but is likely to a marginal part of its impact.
Distribution – this is the carbon involved in the transport of a product to the consumer. 
Consumption – This is the carbon released through use of the product. For example, if the product cannot be recycled and has to be sent to landfill, then the impact of this process should be included. 
Example horticultural substrates
The carbon footprint of peat based substrates depends on the emissions of processing, transports (from mining site to factory, to consumer), packaging and to a large extent of disposal. Identical raw material can have different carbon footprint depending on the distance to the sales markets (cf. table 7: Baltic White Peat vs. Baltic White Peat processed / sold in Germany).
Table 7: CO2-Balances of different substrates[footnoteRef:24] [24:  Grießer, S. (2016): Torfersatzsubstrate für den Erwerbsgartenbau – Ein Beitrag für nachhaltige Landnutzung in Niedertsachsen. Ph.D. Thesis. Chair of Landscape Ecology of  University of Vechta´. 143 p.] 

	 
	 
	White Peat (Baltic)
	White Peat (Baltic, processed / sold in NW-Germany)
	White Peat (northwest Germany)
	Black Peat (Northwest Germany)
	Green waste compost

	Raw material
	kg CO2eq / m3
	11,4
	11,4
	11,4
	12
	15,3

	Transportation
	
	0,5
	2,9
	0,5
	1
	1,6

	Processing
	
	11,6
	11,6
	14
	16,2
	1,1

	Packaging
	
	8,3
	8,3
	8,3
	8,3
	8,3

	Consumption / Disposal
	
	89
	89
	59,3
	117,5
	0 *

	 
	 
	120,8
	123,2
	93,5
	155
	26,3


*Calculated as climate neutral “renewable resource”

Calculating the Saving
To establish the savings achieved by the CANAPE products, a counterfactual has to be produced. This is then compared to the CANAPE product to estimate the carbon saving. 
(Cf -Cp) × Up = Total Saving 

Cf = Counterfactual product footprint
Cp = CANAPE Product footprint 
Up = Units produced 

For example, if energy from the grid has an impact of 0.2kgCO2e/kwh, and the bioenergy has an impact of 0.05kgCO2e, then the calculating would be as follows; 
	Grid emissions (CO2e/kwh)
	0.2

	Bioenergy emissions (CO2e/kwh)
	0.05

	Saving per kwh
	0.15

	Energy used
	100kwh

	Total saving 
	15Kg CO2e



[bookmark: _Toc535844818]Application to CANAPE Products
[bookmark: _Toc535844819]Sphagnum Moss
Functional unit = kg CO2e/m3
	Raw Materials 
	

	Transport of equipment to grow and harvest sphagnum
	

	Use of Equipment 
	

	Transport of Material to processing site 
	

	Land use emissions 
	

	Processing 
	

	Drying Material  
	

	Other Processing 
	

	Distribution 
	

	Transport to customer
	

	Consumption
	

	
	



The consumption of Sphagnum Moss as a substrate, or as another product (such as decorations or wound dressings) should not result in additional emissions, provided its breakdown is in aerobic conditions, and not in a landfill. 
Carbon Saving 
The main carbon saving arises from displacing existing products. Potential emissions for peat base substrate are;
	White Peat Cradle to Grave[footnoteRef:25] [25: < https://klasmann-deilmann.com/en/sustainability/climate-footprint/> Climate Footprint page of Klasmann Deilmann] 

	198.9kg CO2e/m3

	Black Peat Cradle to Grave
	236kg CO2e/m3



[bookmark: _Toc535844820]Compost
The LCA of compost is relatively complex. An effective composting operation should not generate new carbon (beyond use of energy for collecting and processing), however if the compost heap is not well aerated there is a risk of methane being created. 
Carbon savings could arise from; 
a) Offsetting peat based substrates in the market
b) Not sending material to landfill. 
	Raw Materials 
	

	Harvest and transport of material to the site
	

	Processing 
	

	Handling Material
	

	Power for aerator (if used)
	

	Methane Produced 
	

	Distribution 
	

	Transport to customer
	

	Consumption
	

	
	



The consumption of Compost as a substrate should not result in additional emissions, provided its breakdown is in aerobic conditions, and not in a landfill. 

Replacing substrate will depend on the quality, however even if the quality is not at the level of peat based substrates, marketing can still include the benefits of using peat free compost, and the savings that it achieves. 
[bookmark: _Toc535844821]Charcoal
Carbon savings for charcoal will be very hard to measure. The main savings come from the not transporting the material as far, and from not destroying rainforest. The charcoal market is generally not very open, so a comparable LCA is difficult. Shipping by sea will be limited carbon cost for a standard bag of Charcoal due to the efficiency of marine transport. 
Functional unit = kg CO2e/kg
	Raw Materials 
	

	Harvesting of feedstock
	

	Transport of Material to processing site
	

	Processing 
	

	Emissions from burn
	

	Transport of equipment to processing site
	

	Distribution 
	

	Transport to customer
	

	Consumption
	

	Burning Charcoal*
	


*As the Charcoal carbon is biogenic in source, only other emissions would be problematic. 
Retort vs Kiln 
There are two basic methods of producing Charcoal. One involves the use of a Kiln, and the other a device known as a retort. 
The process of making charcoal involves heating wood in a low oxygen atmosphere. This results in a release of methane. In a kiln this is simply vented into the atmosphere. This is not simply biogenic carbon, as methane is more potent than the CO2 released by burning wood.
In a retort, the methane is directed back into the process, and is converted back into CO2 by burning. This substantially reduces the carbon footprint of creating charcoal. 
Method of production is generally not listed on Charcoal products, in some countries that export charcoal to the EU may still produce large amounts by kiln. 
[bookmark: _Toc535844822]Biochar
Biochar, unlike other CANAPE products, has the potential to be carbon negative. However whilst the process of converting biomass to stable carbon may store the carbon over the long term, emissions from long supply chains can outweigh the CO2 saving. 
Functional unit = kg CO2e/kg
	Raw Materials 
	

	Harvesting of feedstock
	

	Transport of Material to processing site
	

	Processing 
	

	Emissions from burn
	

	Transport of equipment to processing site
	

	Distribution 
	

	Transport to customer
	

	Consumption
	

	Carbon Stored
	



Biochar locks away carbon, so sale of biochar may have a demonstrable benefit compared to burning onsite or leaving for compost. The precise benefit depends on the production method. The main factors to consider are; 
· The efficiency of Charcoal retort in burning methane released by the pyrolysis process.  If there is unburned methane this creates a GHG emission, as it is more potent than the CO2 that was removed by the biomass in growing. 
· The temperature the charcoal was formed at – in general the higher the temperature the more stable the biochar. This will increase the length of time that the carbon remains locked away in the soil
· The distance in the supply chain. The amount of carbon stored is more than negligible, but long transport distances from harvest sites to incorporate sites by petrol or diesel powered vehicles will result in more emissions than are stored by the biochar. 
Example
The link below gives an example of a LCA carried out for a system in a North American Forest (the analysis starts on page 8 of the PDF)
https://www.fs.fed.us/rm/pubs_journals/2017/rmrs_2017_bergman_r001.pdf
[bookmark: _Toc535844824]Bioenergy 
Functional unit = kg CO2e/kwh
Consumption – CO2 from burning of biomass is not counted, however there are always some other gases such as N2O and CH4 released. Therefore a small emission will be recorded[footnoteRef:26].  [26:  See “Bioenergy” section of UK Government Conversation Factors for explanation https://www.gov.uk/government/publications/greenhouse-gas-reporting-conversion-factors-2018 ] 

	Raw Materials
	

	Transport of equipment for harvesting feedstock
	

	Use of Equipment 
	

	Transport of Material to burn site
	

	Raw Materials
	

	Preparation of Material (drying, briquetting etc.)
	

	Distribution 
	

	Transport to consumer (ignore if burned at processing site)
	

	Consumption
	

	Any non-CO2 emissions from burning*
	


*These emissions consist of N2O and Methane. For example, burning reed is given as 0.004 KgCO2e/Kwh – a saving of 98% compared to burning gas (not taking into account emissions in production such as fuel for cutting). 
Carbon saving
If the energy is used for electricity and sold directly onto the grid, or the energy is used locally replacing the grid energy, it will depend on the average emissions of that grid. This will depend on the country. As the energy grid gets cleaner, the savings will decline, and overtime there may cease to be savings. For example, in the UK between 2010 and 2018 the CO2 per Kwh fell by 40%, so biomass savings are reducing. 
If replacing heat, then it will depend on the fuel source being replaced (gas or oil for example). 
EXAMPLE 
Wetland Biomass to Bioenergy report – Phase 3 – Page 48 lists a LCA for burning reeds converted to briquettes, demonstrating a headline net CO2 reduction figure of 92.2%. 
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/497998/AB_Systems_Final_Redacted_Report_1_4.pdf

[bookmark: _Toc535844825]
Useful Links
	Conversion factors for CO2 reporting 
	https://www.gov.uk/government/collections/government-conversion-factors-for-company-reporting

	BSI PAS 2050 Standard for assessment of Life Cycle GHG
	http://shop.bsigroup.com/upload/shop/download/pas/pas2050.pdf

	CO2e/Kwh per Member State of the EU up until 2016. 
	https://www.eea.europa.eu/data-and-maps/indicators/overview-of-the-electricity-production-2/assessment-4



Carbon Figures
	Electricity [footnoteRef:27] [27:  Figures for 2016 are taken from EEA “Overview of electricity production in Europe” <https://www.eea.europa.eu/data-and-maps/indicators/overview-of-the-electricity-production-2/assessment-4>] 

	

	UK Grid (2018)
	0.28307 kgC02e/Kwh

	Belgian Grid (2016)
	0.1696 kgC02e/Kwh

	German Grid (2016)
	0.4408 kgC02e/Kwh

	Dutch Grid (2016)
	0.5052 kgC02e/Kwh

	Danish Grid (2016)
	0.1661 kgC02e/Kwh

	Heating fuels 
	

	Natural Gas
	0.20437 KgCO2e/Kwh

	LNG
	0.20437 KgCO2e/Kwh

	Oil
	0.25963 KgCO2e/Kwh

	Grass/Straw
	0.01314 KgC02e/kwh*

	Reed[footnoteRef:28] [28: https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/497998/AB_Systems_Final_Redacted_Report_1_4.pdf] 

	0.004 KgcO2e/Kwh*

	Waste Disposal 
	

	Landfill: Green waste
	0.579 kgCO2e/kg


*these figures are based on the methane and nitrogen emissions from burning. The CO2 is not counted as this was recently removed from the atmosphere. 

[bookmark: _Toc17883158]
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[bookmark: _Toc17883159]ANNEX: Other Methods as Supplement to GEST
[bookmark: _Toc530432]Introduction
This chapter gives examples on alternative methods to quantify carbon sequestration in peat soils and the GHG balance.
The two examples mentioned below are not unique but are examples of methods that either will be used in the CANAPE project or has been considered used. These examples must therefore not be seen as a complete list of alternative methods.

[bookmark: _Toc530433]Semi-field mesocosm experiment
The GHG balance in soil as a response of variations in soil water level can be quantified by incubating intact soil cores in a controlled semi-field mesocosm experiment. Intact soil cores are collected by pushing PVC cylinders (diameter, 30 cm; height, 60 cm) into the soil from the location of interest and afterwards installed in a semi-field facility (see figure 1 and 2 below). 
A more precise description of the experimental setup can be found in Karki et al., 2015.
Gas flux measurements are carried on a fortnightly interval for a whole year. I.e. approximately 25 measurements.  
The experimental setup takes into account the spatial variation in net emission of GHG within the fields. Furthermore, it is possible with this experiment to obtain a quantitative value for carbon sequestration potential and compare the potential from other soil types. 
[image: ]
Figure 1: Schematic diagram of mesocosm setup. From Karki et al., 2015





[image: ]
Figure 2: Experimental setup with drip irrigation system in each container around the collar. Photo to the right shows insulation of whole setup during winter. From Karki et al., 2015.

In a coming Danish experimental setup the experiment focuses on the potential of Danish peatlands to mitigate GHG emissions by reverting from drained agricultural management to rewetted conditions with cultivation of water-tolerable perennial plants (paludiculture). The intra- and inter-site specific variation in the GHG mitigation potential of rewetting peatlands will be investigated for five different peatland in Denmark. The effect of dedicated biomass production after rewetting on the GHG mitigation potential will also be assessed. It is hypothesised that current peatland properties such as pH, humification and content of nutrients in the peat soil significantly influences the GHG (CO2, CH4 and N2O) emissions under drained and rewetted conditions. 
A total of 75 soil mesocosms will be obtained from five different Danish agricultural peatlands. The mesocosms will be set up in the semi-field facility at AU Foulum under drained (GWT – 40 cm) and rewetted (GWT -5 cm) conditions. Investigations for first three of the five peatland sites listed below are financed primarily by the CANAPE project and the reminder two sites by the PeatWise project. 
The mesocosms from each site will have three different treatments, each with five replicates: 
1.	Bare soil, -40 cm water table depth (baseline scenario)
2.	Bare soil, -5 cm water table depth (to evaluate soil respiration rates for a rewetted scenario)
3.	Cultivated with Reed canary grass (RCG), -5 cm water table depth, two cuts in June and September including fertilisation with 100 kg N ha-1 for each cut (paludiculture scenario).
For all three treatments, the grass sod is removed at arrival i.e. top 3-5 cm living biomass.
GHG emissions (CO2, CH4, and N2O) will be quantified with about two-week intervals over the course of a full year using opaque chambers.
Daily climate variables will be derived from the local weather station at AU Foulum, and soil temperature at specified depths will be measured either continuously with loggers or at the time of GHG sampling.
Assessment of chemical and physical soil properties including pH, bulk density, total carbon (C) and nitrogen (N), total organic carbon (TOC) as well as the peat decomposition according to Van Post for each site at the time of mesocosm collection.
Above ground biomass yield of the vegetated mesocosms will be determined after each cut.

[bookmark: _Toc530434]Principles for assessment of net ecosystem exchange (NEE) of CO2:

NEE = ER – GPP
NEE = (SR + PR) – (NPP + PR)
NEE = SR – NPP
Where 
ER = ecosystem respiration
SR = soil respiration (CO2 flux assessed from bare soil mesocosm)
PR = plant respiration
NPP = net primary production (C in biomass harvest + estimates of C in below ground biomass)
Methane (CH4) emission will be measured from both bare and vegetated soil in order to calculate the complete Net Ecosystem Carbon Balance (NECB).
Nitrous oxide (N2O) will also be analysed in the gas samples to be able to estimate a complete annual GHG balance of the peat soil in the context of its global warming potential (GWP) before and after rewetting.
[bookmark: _Toc530435]Eddy Covariance method
Eddy Covariance is a very useful technique to measure and calculate gas fluxes in the atmosphere. With this method it is possible to get a net picture of the CO2 exchange for an entire area every second, 24 hours a day for all years in the measuring period. Using an analysis of CO2 data together with auxiliary data such as light, humidity, day length, temperature, etc. it is possible to analyse for underlying gross fluxes. If there already exists a model for estimating the carbon budget of the area, an analysis of data from the Eddy Covariance technique will be able to verify or reject the model. 
[image: Billedresultat for eddy covariance]
Figure 3: The measurement equipment is installed on a tower or pole to be able to cover as large an area as possible. Figure from LI-CORE Bioscience.
Other methods
Direct methods to measure CO2-emissions on site
a) Chamber method.[footnoteRef:29] This is a well-established direct measurement of CO2 and CH4 by placing an airtight sealed chamber on the soil surface and monitoring the exchange between the soil/vegetation and the atmosphere for some time. To measure emitted gases, the chamber has to be evacuated discontinuously for sampling and subsequent and analyses in the lab. The chamber method enables measurements on small, well defined surfaces of a few dm2 up to 1 m2. It is suitable for measurements of small fluxes are small e.g. dry environments or winter conditions) and when direct environmental responses are of interest, e.g. treatment studies). [29:  Livingston, G. P. and Hutchinson, G.L. (1995): Enclosure-based measurements of trace gas exchanges: applications and sources of error. In: Matson, P. and Harris, R. (eds): Biogenic Trace Gases: Measuring Emissions from Soil and Water. Blackwell, Oxford: 14–51.
Drösler, M. (2005): Trace gas exchange and climatic relevance of bog ecosystems, southern Germany. PhD thesis, Technische Universität München. 179 p.] 

[image: THGmessung#2]

b) Eddy Covariance (= Eddy Correlation) method[footnoteRef:30] (widely used, non-intrusive and continuous measurement of CO2 and CH4 with fast responding, highly precise infrared-sensors (“IRGA”) attached to a small tower (6 – 14 m). Fluctuations in gas concentrations and vertical wind exchange are recorded from near surface in different layers of the lower atmospheric boundary layer. Eddy Covariance method allows measure of gas fluxes on a large scale (hectares) and covering long-time observations. The high-tech instrumentation makes use of this method expensive and tricky, especially for measurements of gases with low concentration or at small fluxes. [30:  Baldocchi, D. D., Hicks, B.B.0 and Meyers, T.P. (1988): Measuring biosphere-atmosphere exchanges of biologically related gases with micrometeorological methods. Ecology 69: 1331–1340.
Lenschow, D. H. (1995). Micrometeorological techniques for measuring biosphere-atmosphere trace gas exchange. In Matson, P. and Harris, R. (eds): Biogenic Trace Gases: Measuring Emissions from Soil and Water. Blackwell, Oxford: 126–163.

] 





Table 1 summarizes advantages and disadvantages of different approaches for measuring directly trace gas fluxes between peatlands and the atmosphere.

Table 1: Advantages and disadvantages of different approaches for measuring trace gas fluxes between landscapes and the atmosphere. The extent to which a system is suitable or not can range between ++ to −−, in which ++ stands for very suitable or low and −− stands for unsuitable or high (adapted from Drösler et al (2008)).[footnoteRef:31] [31:  Drösler, M., Freibauer, A., Christensen, T., Friborg, T. (2008): Observation and status of peatland greenhouse gas emission in Europe. In: The Continental-Scale Greenhouse Gas Balance of Europe (Dolman, H., Valentini, R. & Freibauer, A. (eds). Ecological Studies 203: 237–255.] 

[image: ]


Indirect methods
a) Assessment of emissions by registration of subsidence (observation of annual or longer periods loss of peat height and known bulk density allows to estimate the losses of carbon roughly; rule of thumb: 1 mm  2,25 t CO2 / ha. Important: awareness of irreversible loss of height due to mineralization of peat and reversible loss of height due to compaction / shrinkage and swelling of peat
b) Laboratory measurements of substrates (in vitro respirometer-measurement of CO2emission of peat samples in response to environmental impacts; extrapolation of lab data on field scale)

c) Modelling (e.g. PEP-Model „peatland emissions predictor“; estimation of CO2emissions with help of numerical models basing on lab data on CO2emissions of peatlands and their hydrological and thermic properties)

Most of the mentioned methods to measure or assess cover only a part of relevant GHG sources. For this, proper and complete GHG balances mostly have to combine several approaches. It must be ensured that depending of a chosen method, missing GHG emissions will be assessed additionally and that there will be no duplications in calculations. 
LORCA – Long-term average rates of carbon accumulation 
Introduction

In the long run mires are elevating on average approx. 1  0.8 mm x a-1 [Tolonen, K., Turunen, J. (1996)]. By undisturbed growth for hundreds or thousands of years, a huge depot of carbon has been built up. Today, peatlands contain disproportionally more carbon than other terrestrial ecosystems. On average they store at least 3.5 times, in boreal zones even up to 7 times more carbon than any other ecosystems: (sub)polar peatlands contain about 360 t C x ha-1, boreal peatlands store 1120 t C x ha-1 [Joosten, H., Couwenberg, J. (2008)], thick layered fens may reach up to 2000 t C x ha-1.
Contrary to forests whose functions as carbon sink are limited by their climax stadium (balance of growth and decay), mires may act as continuous sinks of carbon as long as climatic conditions enable an ongoing accumulation of peat. The most common measure of this long-term carbon sequestration is described by LORCA (long-term average rate of carbon accumulation). This value is of great importance in climate debate. Table 2 summarizes LORCAs of typical peats resp. vegetational units. 

Table 2 : Long-term average rates of carbon accumulation (LORCA) of mires in Europe and North America (compiled from: Tolonen, J., Turunen, K. (1996), Koppisch, D. (2001), Byrne et al. (2004), Prager et al. (2006)]

	Mire type
	Region
	LORCA
g C x m-2 x a-1
	Reference

	Fen
	Finland
	15
	Tolonen & Turunen (1996)

	Fen
	Finland
	9.6
	Tolonen & Turunen (1996)

	Fen
	Finland
	14.7
	Tolonen & Turunen (1996)

	Fen
	Finland
	19.2
	Tolonen & Turunen (1996)

	Fen
	Finland
	24.9
	Tolonen & Turunen (1996)

	Fen
	Sweden
	16
	Klarqvist (2001)

	Fen
	Finland
	5.6
	Pitkänen et al. (1999)

	Fen
	Finland
	16.9
	Turunen et al. (2002)

	Fen
	Great Britain
	6 - 17
	Maltby & Crabtree (1976)

	Fen
	Great Britain
	56 - 96
	Maltby & Crabtree (1976)

	Fen (Alder carr)
	Germany
	28 - 127
	Prager et al. (2006)

	Fen (Sedge / Bryales)
	Germany
	22 - 164
	Prager et al. (2006)

	Fen (Sedges)
	Germany
	24 - 38
	Prager et al. (2006)

	Fen (Reed)
	Germany
	75
	Prager et al. (2006)

	Bog
	Russia
	31.4
	Botch et al. (1995)

	Bog
	Russia
	17.2
	Turunen et al. (2001)

	Bog
	Finland
	24
	Tolonen & Turunen (1996)

	Bog
	Finland
	16.7 – 22.3
	Mäkilä (1997)

	Bog
	Finland
	10.2
	Pitkänen et al. (1999)

	Bog
	Finland
	20.8
	Turunen et al. (2002)

	Bog
	Estonia
	29.5
	Tolonen & Turunen (1996)

	Bog
	USA (Maine)
	20.5
	Tolonen & Turunen (1996)

	Bog
	USA
	135 - 158
	Wieder et al. (1994)

	Bog
	Canada
	27 - 70
	Kuhry & Vitt (1996)

	Bog
	Finland
	35.2
	Tolonen & Turunen (1996)

	Bog
	Finland
	17.2
	Tolonen & Turunen (1996)

	Bog
	Finland
	20.8
	Tolonen & Turunen (1996)

	Bog
	Finland
	18.3
	Tolonen & Turunen (1996)

	Bog
	Finland
	24.7
	Tolonen & Turunen (1996)

	Bog
	Finland
	18.1
	Tolonen & Turunen (1996)



[bookmark: _Hlk6479811]LORCAs in the subarctic, boreal and temperate zone generally vary from 10 to 40 g C x m-2 x a-1, but may reach 100 - 200 g C m-2 x a-1 in temperate peatlands (Prager et al. (2006)]. Table 2 shows peat building vegetational units storing 0.06 up to 1.6 t C x ha-1 x a-1. The cited Finnish investigations show long-term carbon sequestration much higher in bogs (0.2 t C x ha-1 x a-1) than in fens (0.15 t C x ha-1 x a-1) and almost double in southern mires as compared with those in the northern Boreal zone. A similar magnitude of sequestration can be found in NE-German peatlands close to nature. Here, some vegetational units like alder carrs or lawns of sedge grass with bryales show exceptional high long-term sequestration [Prager et al. (2006)]. 

Approach

LORCAS are strongly dependent on pedogenesis and stratification. In principle, LORCA is calculated by dividing the total carbon mass in a column of peat by the number of years the column represents. 

Steps to calculate LORCA
The essential input data are
· Determination of the age (years) of the sample
· Determination of the mean depth of the site
· Determination of the dry peat bulk density
· Determination the carbon concentration of visible peat types
C storage of peatlands/mires is sometimes overestimated due to false estimates used for dry peat bulk density. For boreal mires, mean dry bulk densities are about 91 g x dm-3 with C concentrations ranging from 40% to 58%. Mean depths of mires in Finland, Germany, Norway, Poland, Russian Karelia, Sweden and Ukraine vary from 1.5 - 2.0 m (cited in: [Byrne et al. (2004)]).
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Byrne, K.A., Chojnicki. B., Christensen, T.R., Drösler, M., Freibauer, A., Friborg, T., Frolking, S., Lindroth, A., Mailhammer, A., Malmer, N., Selin, P., Turunen, T., Valentini, R., Zetterberg, L. (2004): EU Peatlands: Current Carbon Stocks and Trace Gas Fluxes. GeoBiosphere Science Centre Lund. 58 p.
Joosten, H., Couwenberg, J. (2008): Peatlands and Carbon. In: Assessment on Peatlands, Biodiversity and Climate Change: Main Report (Parish, F., Sirin, A., Charman, D., Joosten, H., Minayeva, T., Silvius, M., Stringer, L. eds.)). Wetlands International, Wageningen. pp 99 – 118.
Koppisch, D. (2001): Torfakkumulationsraten. In: Landschaftsökologische Moorkunde (Succow, M., Joosten, H. (eds.)). Schweizerbart Publishers, Stuttgart. pp 13 – 17.
Prager, A., Barthelmes, A., Joosten, H. (2006): A touch of tropics in temperate mires: on Alder carrs and carbon cycles. Peatlands International 2006/2: 26 - 31.
Tolonen, K. Turunen, J. (1996): Accumulation rates of carbon in mires in Finland and implications for climate change. The Holocene 6/2: 171 – 178.

Sphagnum farming
Sphagnum farming is the cultivation of peat mosses (Sphagnum spp.) aiming for the production and harvest of peat moss biomass. This “wet farming” conserves the peat body and gives sustainable, climate friendly income to farmers. In this context, carbon sequestration of Sphagnum is of great interest, too.
LORCA values for Sphagnum lawns are in the range from 0.14 up to 0.89 t C x ha-1 x a-1 [Prager et al. (2006)]. This demonstrates a high sequestration rate (and productivity!) compared to “natural” systems (boreal bogs: 0.2 t C x ha-1 x a-1, see chapter above), what may be explained by a managed water table optimal for Sphagnum growth and carbon accumulation.
[bookmark: _Hlk6484293]First greenhouse gas balances are presented for the Hankhausen Sphagnum farming experiment (former bog grassland) [Günther et al. (2017)]. Already immediately after installation the production area with different Sphagnum species were net annual GHG sinks (-5 to -9 t CO2e x ha-1 x a-1). But meanwhile, the irrigation ditches of the site emitted larger amounts of CH4, resulting in a net GHG release of about 11 t CO2e x ha-1 x a-1 (it is not clear whether these CH4-emissions represent GHG emissions of the Sphagnum site, because the irrigation water stems from the surrounding intensively-used pasture). The GHG effect for production strips and ditches was -683154 g CO2e x g-1 x m-2 and 1118604 g CO2e x g-1 x m-2, respectively (mean from first two years).
To evaluate the GHG effect of the whole Sphagnum farm, emissions originating from the peat of the dams must be added to the emissions of the production strips and ditches. In this configuration the experimental site field would emit 2.5 t ha-1 x a-1 CO2e. By modifications of the irrigation system and reduction of dams, a target of -1.9 t ha-1 x a-1 and -4.1 t ha-1 x a-1 CO2e seems to be feasible.
The authors stress that for a complete GHG balance of Sphagnum farms the complete production cycle must be included. Most of the CO2 assimilated by the mosses will be released to the atmosphere if the biomass is used as a horticultural substrate. A net GHG sink of the Sphagnum farming would turn into a small GHG source.
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Figure 2.1.1 Processes in the biocarbon cycle.
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