Village Green Project

Conversion Factors, Calorific Value and Carbon

A Handy Reference Guide
Please note that some figures are not consistent, due to varying methods and assumptions used by different sources.
1. Woodfuel Volumes and Weights
Basic conversion factors and abbreviations
1 m3  = 35 cubic ft. 1m length = 3.28 ft
m3 = cubic meter; t = tonne (1000kg); MC = moisture content

Rough calculations for volume and weight of wood

1 m3 of fresh (ie wet) timber (solid volume) weighs about 1 t 

1 m3 of solid volume is equivalent to 2.5m3 'bulk' volume of chopped firewood is equivalent to 1.49m3 stacked volume of chopped firewood (1) 

Stacked softwood logs(wet):1 m3 = 0.7 t or 1 t = 1.5 m3
Stacked hardwood logs(wet): 1 m3 = 0.75 t or 1 t = 1.4 m3 (2) 

Fresh softwood logs have an MC of approx 60%; fresh hardwood logs have an MC of approx 45% (3)
Stacked softwood logs(dry):1 m3 = 0.28 t or 1 t = 3.6 m3
Stacked hardwood logs(dry): 1 m3 = 0.42 t or 1 t = 2.4 m3 (2) 

Seasoned wood chips (at 25% MC) have a bulk density of between 150-250kg/m3 depending on species (ie 1 m3 weighs 150-250kg)(4)
Bulk bags
A bulk bag (c.1 m3) of wet logs weighs c. 0.4t; 

dry softwood logs 0.26t (ie 4 bags = 1t); dry hardwood logs 0.32t (ie 3 bags = 1t) 

Trailer-loads
How to calculate the amount of logs in a loose-packed trailer-load

Length x Width x Height of the trailer gives you the volume (add 10-25% to volume if the logs are mounded above the top of the trailer).  

To convert to weight (tonnes):

Wet wood (soft and hard) - multiply volume (in cubic metres) by 0.4

Dry Wood (hardwood) - multiply volume (in cubic metres) by 0.32

Dry wood (softwood) - multiply volume (in cubic metres) by 0.26

Other measures of wood

Firewood is sold in North America in cords (and used to be here), which are 4 feet wide × 4 feet high × 8 feet long. 1 Cord equals 128 cubic ft or 3.6 m3
In France, firewood is sold in steres, which are 1 cubic metre stacked (equivalent to approx 0.6 cu m solid and 0.6 tonnes) (5)
2. Heat delivery and Price comparisons

Dry wood for burning in a log stove should have MC under 20%.  Air dry is usually 10-20%.  Kiln-drying is needed to reach MCs below 10%.

All MC calculations are on a wet weight basis (ie weight of dried log/weight of fresh (wet) log).  MC is sometimes given as dry weight basis (ie weight of dried log/weight of completely dry log (0% moisture) but this is misleading.
Effect of Moisture Content (MC) on heat delivery of wood (6)
	Wood MC (%)
	Calorific value (MJ/kg)

	0
	19.6

	10-12
	17.2

	30
	12.4

	50
	7.6


1 MJ=0.278kWh
Typical log fuel costs in Village Green Area

	
	price per 1m3 
	Approx Weight
	Cost per tonne
	Calorific value
	Pence per kWh

	Bulk bag
	£
	tonnes
	£
	kWh/t
	

	Hardwood(dry*)
	£75.00
	0.42t
	179
	4,170
	4.5

	Softwood(dry*)
	£55.00
	0.26t
	212
	4,170
	5


*Est 20% MC

Other fuel costs for comparison (7)
	Fuel
	Price per unit
	kWh per unit
	pence per kWh

	Wood chips (30% MC)
	£80 per tonne
	3,500 kWh/t
	2.3p/kWh

	Wood pellets
	£185 per tonne
	4,800 kWh/t
	3.9p/kWh

	Natural gas
	4.1p/kWh
	1
	4.1p/kWh

	Heating oil
	44p per litre
	10 kWh/ltr
	4.4p/kWh

	LPG (bulk)
	40p per litre
	6.6 kWh/ltr
	6.1p/kWh

	Electricity
	13.3p/kWh
	1
	13.3p/kWh


Woodburning stove standard purchase and installation costs
Approximate average prices as at March 2010

	Item
	Details
	Approx cost inc VAT

	Price of a 4 kW woodstove
	Mild steel (eg Charnwood)
	£500

	
	Cast Iron (eg Morso)
	£700

	Stove to chimney connection
	mild-steel register-plate, 2ft pipe, 900 tee plus parts for fitting
	£170

	Installation of stove and connection: 


	installing stove on an existing and adequate fireplace opening/hearth and fitting horizontal registerplate with soot access door and rear exit from stove into 90 degree tee.
	£150

	Chimney lining (6" diam, 2 storey (8 metre) chimney
	Isokern pumice thermocrete liner
	£450

	
	metal liner (inc backfill)


	£350

	Chimney lining installation
	varies with condition of chimney, ease of access, etc
	£500 approx

	External chimney
	supply and installation block-built thermocrete or isokern chimney external chimney
	approx £1000


 3. Carbon

Carbon emissions associated with transport (8)

	Transport method
	Grammes CO2 per tonne-km

	Inland
	30.9

	Maritime
	13.9

	Rail
	22.8

	Road
	123.1

	Light Duty Vehicle
	397.4

	Heavy Duty Vehicle
	92.0


Carbon emissions of different fuels for heating (Adapted from 9)
These represent figures for the carbon or carbon dioxide emitted by full combustion of each fuel, per unit of energy. Note that life cycle CO2 emissions depend strongly upon details of supply chains, production techniques, forestry or agricultural practice, transport distances, etc. Logs can be treated as (locally produced) woodchips

	Fuel
	Net calorific value (MJ/kg)
	Carbon content (%)
	Direct CO2 emission from combustion
	Approx. life cycle CO2 emissions (inc prodn)(10)
	Annual total CO2 emissions to heat a typical house
(20,000 kWh/yr)

	
	
	
	kg/GJ
	kg/MWh
	kg/GJ
	kg/MWh
	kg

	Hard coal
	29
	75
	95
	345
	134
	484
	9680

	Oil
	42
	85
	73
	264
	97
	350
	7000

	Natural gas
	38
	73
	70
	253
	75
	270
	5400

	LPG
	46
	82
	65
	234
	90
	323
	6460

	Electricity
(UK grid)
	-
	-
	128
	460
(2)
	150
	530
	10600

	Wood chips
(25% MC) Fuel only
	14
	37.5
	98
	354
	2
	7
	140

	Wood chips
(25% MC) Incl boiler
	14
	37.5
	98
	354
	7
	25
	500

	Wood pellets
(10% MC wood waste)
	17
	45
	97
	349
	4
	15
	300

	Wood pellets
(10% MC) Incl boiler
	17
	45
	97
	349
	9
	33
	660


Refs:

1
www.ecodyfi.org.uk/energy/DyfiEcoWdFfinl.htm

2
www.alternativetechnology.info/woodburning.htm 
3
www.reforestingscotland.org/projects/fuelwood.php
4
www.woodenergyltd.co.uk/technical/wood-fuels/wood-chips.ashx

5
Wikipedia

6
Dyke. A. & Mackay. H. (2002) The Science of Wood as a Fuel.  Reforesting Scotland Journal 28

7
www.biomassenergycentre.org.uk/portal/page?_pageid=75,59188&_dad=portal&_schema=PORTAL

8
www.biomassenergycentre.org.uk/portal/page?_pageid=75,20043&_dad=portal&_schema=PORTAL     Source: European Environment Agency TERM 2003 27 EEA 

9
www.biomassenergycentre.org.uk/portal/page?_pageid=75,163182 &_dad=portal&_schema=PORTAL

10
Life cycle analysis data from: Carbon and energy balances for a range of biofuels options Elsayed, MA, Matthews, R, Mortimer, ND. Study for DTI URN 03/836 and: Comparison of energy systems using life cycle assessment A special report for the World Energy Council July 2004 www.electricity-guide.org.uk/fuel-mix.html 
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