


APPENDIX 6

Appendix 6a.  Half-lives and decay constant of first-order decay for different wood products (IPCC 2014). The half-life of short lifetime construction wood is based on assumption that formwork wood has a half-life of 0.5 years.
	Product groups
	Half-life value 
	k

	
	
	

	
	
	

	Virgin wood chips (for energy)
	0.0
	0.000

	Cascaded short lifetime construction wood (for particleboard) 
	25.5
	0.027

	Cascaded demolition wood (for particleboard)
	60
	0.012

	Industrial residues (for particleboard) 
	25
	0.028

	Industrial residues (for pulp) 
	2
	0.347

	Sawnwood (for construction)
	35
	0.020

	Sawnwood (for infrastructure)
	0.5
	1.386



Appendix 6b. Carbon inflow and carbon stock (kt of C)
	Baseline
	Particleboard +
	Particleboard ++
	Forest ++
	Energy ++

	Inflow 
	Stock
	Inflow
	Stock
	Inflow
	Stock
	Inflow
	Stock
	Inflow
	Stock 

	85.4
	0.0
	85.4
	0.0
	85.4
	0.0
	85.2
	0.0
	91.0
	0.0

	0.0
	0.0
	1.3
	46.4
	1.3
	46.4
	1.3
	46.4
	1.3
	46.4

	0.0
	0.0
	1.9
	163.8
	1.9
	163.8
	1.9
	163.8
	1.9
	163.8

	27.5
	990.5
	27.5
	990.5
	27.5
	990.5
	24.3
	876.7
	24.3
	876.7

	186.5
	538.0
	186.5
	538.0
	186.5
	538.0
	186.5
	538.0
	186.5
	538.0

	184.2
	9301.9
	182.3
	9206.4
	182.3
	9206.4
	179.6
	9068.3
	179.6
	9068.3

	1.3
	0.9
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	
	10831.3
	
	10945.0
	
	10945.0
	
	10693.2
	
	10693.2














Greenhouse gas emissions

Greenhouse gas emissions were converted to CO2 equivalents per harvested ton of wood (kg of CO2 equivalents/t) and the three most significant greenhouse gasses were selected, carbon dioxide (CO2), nitrogen dioxide (N2O) and methane (CH4). Global warming potential (100 years period, GWP100) was used to convert each gas to equal with kg of carbon dioxide. The impact of CH4 on climate change is 25-fold and the impact of N2O on climate change is 298-fold compared to CO2, which is standardized to 1 (IPCC 2006; Lindroos et al. 2012). GHG emission value for each process is calculated by using different formulas for transportation, machinery and industrial activity (Formulas 1, 2 and 3).

		(1)

Where: 
= Greenhouse gas emissions per incoming unit of wood. The emissions value is used for processes as harvesting operations and construction.
 = Greenhouse gas factor for the fuel and used machine type
 = Fuel consumption in time i
 = Productivity in time i
 = Energy equivalent factor for fuel

 		(2)
Where: 
 = Greenhouse gas emissions factor for transportation. Factor is calculated for one incoming unit of wood to the process
 = Greenhouse gas factor for the fuel and used machine type
 = Fuel consumption per km with an empty freight
 = Fuel consumption per km with a full freight
 = Freight volume
 = Distance
 = Energy equivalent factor for fuel


 		(3)
Where: 
 = Greenhouse gas emissions per (process) incoming unit of wood. If there is more than one fuel type used for a certain process, the GHG emission value is their sum.
 = Greenhouse gas factor for the fuel and used machine type
 = Fuel consumption in time i
 = Process incoming material in time i
 = Energy equivalent factor. The energy content of the used fuel

Appendix 6c. The emission factors for a specific fuel and machine type. The global warming potential (GWP) index for CO2 is 1, N2O 298 and CH4 25.
	 Machine
	Diesel
	Woody biomass
	Residual oil
	Black liquor
	Data source

	Excavator (stump lifting)
	0.07422
	
	
	
	(Lindroos et al. 2012, IPCC Guidelines for National Greenhouse Gas Inventories 2006, VTT Lipasto 2014)

	Crane (construction)
	0.07424
	
	
	
	(Lindroos et al. 2012, IPCC Guidelines for National Greenhouse Gas Inventories 2006, VTT Lipasto 2014)

	Forest machine (harvesting operations and fertilization)
	0.07428
	
	
	
	(Lindroos et al. 2012, IPCC Guidelines for National Greenhouse Gas Inventories 2006, VTT Lipasto 2014)

	60 t truck (transportation)
	0.06733
	
	
	
	(Lindroos et al. 2012, IPCC Guidelines for National Greenhouse Gas Inventories 2006, VTT Lipasto 2014)

	Chipping machine (chipping processes)
	0.07423
	
	
	
	(Lindroos et al. 2012, IPCC Guidelines for National Greenhouse Gas Inventories 2006, VTT Lipasto 2014)

	Power plant (these factors used also for particleboard- and solid wood product production)
	
	0.11114
	0.07775
	
	(Lindroos et al. 2012, IPCC Guidelines for National Greenhouse Gas Inventories 2006, Statistics Finland 2015, Tsupari et al. 2006)






Appendix 6d. Energy equivalents for different fuel types (Alakangas 2000).
	Fuel type
	GJ/t

	Diesel
	41.5

	Dry sawdust
	19.1

	Heavy residual oil
	41.1

	Light residual oil
	42.5

	Wood chips (fresh)
	7 (average)

	Bark
	7 (average)

	Black liquor
	12.4



Appendix 6e. Fuel consumption and hour productivities of diesel machines.
	Diesel machines
	Fuel consumption
	Productivity process unit/h
	Reference

	Fuel consumption truck 60 t empty l/km
	0.31
	x
	(Nylund et al. 2005; Ikonen et al. 2007)

	Fuel consumption truck 60 t loaded l/km
	0.53
	x
	(Nylund et al. 2005; Ikonen et al. 2007)

	Fuel consumption truck 19 t empty l/km empty
	0.27
	x
	(VTT Lipasto 2014)

	Fuel consumption truck 19 t loaded l/km
	0.36
	x
	(VTT Lipasto 2014)

	Collecting harvest residues l/h
	12.20
	10.60
	(Rieppo & Örn 2003; Laitila et al. 2012)

	Crushing and chipping of stumps l/h
	93.00
	36.00
	(Kärhä et al. 2010; Laitila et al. 2013)

	Chipping of harvest residues chipping l/h
	93.00
	62.00
	(Kärhä et al. 2010; Laitila et al. 2013)

	Pre-commercial thinnings (energywood) l/h
	11.00
	6.00
	(Laitila et al. 2012)

	Lifting of stumps (excavator) l/h
	18.00
	10.00
	(Laitila et al. 2012)

	Chipping of energywood l/h
	57.00
	56.00

	(Kärhä et al. 2011; Laitila et al. 2013)

	Regeneration fellings l/h
	12.20
	15.00
	(Kärhä et al. 2003; Rieppo & Örn 2003)

	Intermediate fellings l/h
	12.20
	8.50
	(Rieppo & Örn 2003; Heikkilä et al. 2005)

	N fertilization l/h
	15.00
	4.55
	(Mäkinen et al. 2006)



Appendix 6f. Fuel use in industrial processes
	Process
	Wood fuels
	Residual oil (heavy)
	Residual oil
(light)
	Black liquor
	Reference

	Particleboard factory t/m3
	0.0234
	0.0061
	0.0002
	x
	(The Puhos Board Oy 2008)

	Sawmill t/m3
	0.0877
	0.0007
	x
	x
	(The Versowood Oy 2009)

	Energy generation MJ/kWh
	3.6000
	0.2194
	x
	x
	(The Vapo Oy 2008)




Appendix 6g. Transportation freight volumes and distances for processes. Distances are estimated by using average transportation distances (Strandström 2014) and google road map.
	Process name
	Process unit
	Freight volume (in a process unit)
	Distance km
	Reference

	Transporting stumps to the power plant
	m3
	30
	98
	(Ikonen et al. 2007; Ihalainen & Niskanen 2010; Strandström 2014)

	Transportation of sawlogs to the sawmill
	m3
	50
	98
	(Ikonen et al. 2007; Ihalainen & Niskanen 2010; Strandström 2014)

	Transporting woodchips from harvest residues to the power plant
	m3
	44
	98
	(Ikonen et al. 2007; Ihalainen & Niskanen 2010; Strandström 2014)

	Transporting woodchips from small trees to the power plant
	m3
	44
	98
	(Ikonen et al. 2007; Ihalainen & Niskanen 2010; Strandström 2014)

	Transportation to construction companies (NK)
	m3
	50
	70
	(Ikonen et al. 2007; Ihalainen & Niskanen 2010; Strandström 2014)

	Transportation of woodchips (to Particleboard factory)
	m3
	123
	50
	(Ikonen et al. 2007; Strandström 2014; Kainulainen 2016)

	Transportation of sawdust (to particleboard factory)
	m3
	135
	50
	(Ikonen et al. 2007; Strandström 2014; Kainulainen 2016)

	Transporting by-products to pulp mill
	m3
	123
	50
	(Ikonen et al. 2007; Strandström 2014; Kainulainen 2016)

	Transportation to construction companies (particleboard): NK
	m3
	50
	70
	(Ikonen et al. 2007; Strandström 2014; Kainulainen 2016)

	Transportation to waste station (demolition waste)
	t
	15
	35
	(Ikonen et al. 2007)

	Transportation to waste station (construction waste)
	m3
	38
	35
	(Ikonen et al. 2007)

	Transportation to the furniture industries
	m3
	50
	87
	(Ikonen et al. 2007)

	Transportation to waste sorting station (furniture waste)
	m3
	38
	46
	(Ikonen et al. 2007)

	Transportation to the power plant (Kainuu)
	t
	15
	230
	(Ikonen et al. 2007)

	Transportation to the particleboard factory
	t
	15
	68
	(Ikonen et al. 2007)







Production costs

Productive costs include cost types such as material, labor and energy costs (taxes excluded). Other and non-productive costs include cost types such as maintenance, lubricant, tier, fuel and insurance costs. Production cost value for each process is a sum of all costs per incoming unit of wood to the process.

Appendix 6h. Energy and raw material costs
	Fuel/raw material
	EUR
	Reference

	Diesel €/l
	0.55
	(The Öljy- ja biopolttoaineala ry 2016)

	Light residual oil €/l
	0.50
	 (The Neste Oil 2016)

	Heavy residual oil €/l
	0.65
	 (The Neste Oil 2016)

	Forest energy biomass €/kwh
	0.02
	(Metsäkustannus Oy)

	Roundwood (average) €/m3
	51.00
	(Metsäkustannus Oy)

	Waste wood €/t
	39.52
	(Myllymaa et al. 2008)

	Particleboard €/m3 
	121.60
	(The Green Net Finland ry 2005)

	Sawnwood €/m3
	152.00
	 (Saarelainen 2011)

	By-products €/t
	39.52
	(Myllymaa et al. 2008)

	Formaldehyde melamine resins €/t
	140.00
	 (INEOS Melamines 2013)

	Grid electricity €/kWh
	0.06
	(The Fortum Oy 2016)





Appendix 6i. Labor and other productive costs (Maintenance costs, lubricant costs, tier costs, fuel, insurance etc.) Fuel costs are separated. 
	Process
	Other productive costs (transport)
€/km
	Labor cost 
€/h
	Other productive costs 
€/h
	Reference

	Transportation processes
	0.26
	29.70
	x
	(Official Statistics of Finland 2012; Palomäki 2013)

	Harvesting operations
	x
	29.11
	22.01
	 (Laitila et al. 2010)

	Stump lifting
	x
	25.76
	21.28
	 (Laitila et al. 2010)

	Roadside chipping
	x
	36.96
	89.32
	 (Laitila et al. 2010)

	Crushing and chipping of stumps
	x
	93.36
	225.62
	(Laitila et al. 2010)









Appendix 6j. Other non-productive costs as IT, storing and insurances.
	Process
	Labor costs
€/process unit
	Other productive costs €/process unit 
	Waste management cost €/process unit
	Reference

	Energy generation (forest energy biomass/by-products)
	4.88x103
	2.42x103
	x
	(Lauhanen & Laurila 2008; Official Statistics of Finland 2012)

	Energy generation (waste wood)
	4.88x103
	1.56x103
	x
	(Lauhanen & Laurila 2008; Official Statistics of Finland 2012)

	Construction
	595.81
	x
	42.00
	(Official Statistics of Finland 2012; Puhas Oy 2016)

	Waste management
	27.50
	7.50
	x
	(Myllymaa et al. 2008; Official Statistics of Finland 2012)

	Cleaning process at the particleboard factory
	2.42
	0.66
	x
	(Myllymaa et al. 2008; Official Statistics of Finland 2012)

	Sawmilling
	12.77
	1.93
	x
	(Lauhanen & Laurila 2008; Official Statistics of Finland 2012)

	Particleboard production
	8.51
	1.93
	x
	(Lauhanen & Laurila 2008; Official Statistics of Finland 2012)

	Furniture production
	383.97
	253.75
	x
	(Loukasmäki 2009)




Employment

Employment in fulltime equivalents were estimated for transportation and stump lifting based on distances and hour productivities (Equation 4). For other processes FTE was taken from literature.

		(4)
Where:
 = FTE/incoming material in process unit
 = Full time equivalent, 1732 hours/a
 = Productivity in time i




Appendix 6k. Estimated fulltime equivalents. Other FTE:s are taken from literature and are presented in Appendix 5.
	Process
	FTE/process unit

	Transportation of sawnwood
	3.77x10-5

	Transportation of stumps
	6.99x10-5

	Transportation of harvest residues and energy wood to energy generation
	4.76x10-5

	transportation of woodchips (by-product)s to particleboard factory
	8.73x10-6

	Transportation of sawdust (by-products) to particleboard factory
	7.92x10-6

	Transportation of waste woodchips to particleboard factory
	9.42x10-5

	Transportation of waste woodchips to Kainuu
	2.57x10-4

	By -products to pulp mill
	8.73x10-6

	Transportation of particleboard to furniture factory
	3.72x10-5

	Transportation of furniture from waste collection point to waste sorting station
	2.62x10-5

	Transportation of sawnwood to construction companies
	3.23x10-5

	Transportation of particleboard to construction companies m3
	2.99x10-5

	Transportation of short lifetime construction wood to waste sorting station
	2.00 x10-5

	Transportation of demolition wood to waste sorting station
	4.99 x10-5

	Lifting of stumps
	5.77 x10-5
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