Differences between the Generic Linoleum BEES model and the Forbo BEES model

The first column lists the life cycle step, the second column how that step was modeled for the generic linoleum, and the third how that step was modeled for the Forbo product.  The forth column highlights the major differences between the two systems and the fifth column lists which system is likely to have the largest inventory values for each particular step.

The goal of this analysis is to present to CML and Forbo how the original BEES model was developed, and to attempt to narrow some of the gaps between the two so that they are more easily comparable.

	Life Cycle Step
	BEES Please
Generic System
	CML
Forbo System
	Differences
	Largest Inventory

	Tall Oil Production
	Not in Generic System
	ETH data for the production of paper and tall oil (transport by sea freighter and train).
	Not included in Generic model
	Forbo

	Jute Production
	Electricity for spinning and weaving only (transport 10000 km tanker+800 km by truck in India and Europe, from CML)

Waste production from CML
	Supplier data provided by Forbo (transport from by sea freighter from India to Rotterdam + truck transport in India and Europe)
	More detailed data, with more transportation, for Forbo data.  
	Forbo

	Limestone Production
	Full life cycle data for limestone quarrying, based on BUWAL data with US energy data (transport 1300 kg.km rail)
	Only diesel use based on supplier data for mining.  For grinding, fuel oil use, particulate emissions and waste from supplier.  Transport included but not specific.
	More detailed data for the Generic model.
	Generic

	Linseed Oil Production
	Linseed Growing: Based on data for soybean growing (1990 USDA), with data for Potash, Superphosphate, Ammonium Nitrate and Energy from US data.



Diesel: 0.65 MJ/kg
Linseed Oil Crushing: Based on data for soybean crushing with US energy and steam data.  Mass allocation to production of oil (transport 1500 kg.km rail and 7000 kg.km tanker).
	Linseed Growing: Based on supplier data, with info on diesel use for tractors, N and P fertilizer production, and pesticide production (as emission).  Transport based on transport from Canada to Europe of seed.

Diesel: 2.17 MJ/kg
Linseed Oil Crushing: Supplier data on energy use (gas) to produce oil.  (tanker/truck transport from crushing facility to Forbo).  Economic allocation to linseed oil production (57%).
	More detail for Forbo model, with more transport.  Economic allocation likely allocates more emissions/energy to linseed oil.
	Forbo

	Nitrogen fertilizers (linseed production)
	10%N evaporates as NH3, 0.1% as N2O
	1%N evaporates as NH3, 1% as N2O
	
	

	Gum Rosin Production
	Energy Use only (transport 10,000 km tanker)
	Supplier data for gum production.  Economic allocation for gum rosin (transport from Indonesia by tanker, in Indonesia by truck and in Europe by truck)
	More detailed data for Forbo model, plus more transport included.
	Forbo

	Titanium Dioxide Production
	Based on TiO2 production from the sulfate process, with HCl (direct synthesis) as a raw material (transport diesel truck 500 miles)
	Based on supplier data for TiO2 production (sulphate process, Ti-ore, natural gas use, heavy metal and Nox emissions, and transport), LCI data from PE Germany (no specified) and data from one supplier on the chloride process.
	Inclusion of different processes may make the Forbo data more detailed, but not certain.
	Unknown

	Wood flour Production
	Based on confidential site-specific sawdust production inventory (transport 100 km rail).  Mass allocation of inventory to sawdust.
	Based on supplier data for forestry and milling (transport weighted average of supplier data).  Economic allocation between wood and sawdust.
	Allocation between wood and sawdust different, economic allocation likely to allocate less to sawdust.
	Generic

	Acrylic Lacquer Production
	Based on blend of acrylic acid and methanol (no energy or emissions) (transport 500 miles diesel truck)
	Based on supplier data, but no information on raw material production.
	Manufacturing data more detailed for Forbo, raw material data more detailed for Generic model.
	Unknown

	Linoleum Raw Materials Ratio
	Based on ratio of materials from “Life-cycle assessment of flooring materials” Jonsson, Tillman, & Svensson, 1995.
	Based on Forbo specific ratio.
	Forbo data is likely more accurate.
	Unknown

	Linoleum Production
	Energy use, waste production and air emission based on CML and Forbo’s environment report.  Energy data is Dutch (natural gas and electricity)
	Detailed production data from Forbo.  Energy data is Dutch.  Waste scraps are disposed of via incineration.
	Forbo data is more detailed and likely more accurate.
	Forbo

	Linoleum Installation
	Assuming waste of 6% of linoleum and adhesive during installation.  Tile is 2.9 kg/m2 and 2.5 mm thick.  Adhesive is Styrene Butadiene (straight blend of butadiene and styrene, no manufacturing data) that is applied 1.15 g/cm3 and 0.0025 mm thick.
	Assumption of 6% of linoleum waste.  The tile is 2.5 mm thick and 2.9 kg/m2.  Lifetime of linoleum is 20 years.  Adhesive production is included.
	More waste but longer life for Forbo product.  
	None

	Linoleum Use
	Application of Acrylic lacquer four times per year at 0.5 g/ft2.  Lifetime is assumed to be 18 years.
	Application of wax 6 times per 20 years at 0.04 kg/m2 of sealer and 0.02 kg/m2 of stripper.
	More lacquer usage for Forbo model.
	Forbo

	End-of-Life
	Linoleum considered to be landfilled at end of life – no model for landfill included
	Linoleum incinerated at end of life but for the BEES model they were accounted for as waste.
	None
	None


