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Introduction 

Woody biomass is widely utilised as feedstock for heat, electricity and cogeneration plants. 

In future it could also be sought by developers of biofuel processing plants, biorefineries 

and hydrogen production plants, but will compete with other biomass sources (OECD, 

2004). Wood process residues are usually free on site (or even have a negative disposal 

cost) and are often readily utilised for heat and power, but residues from pruning, thinning 

and harvesting are often left in the forest. It is difficult to determine the delivered costs 

($/GJ or $/t) of this fuelwood feedstock at a bioenergy conversion plant gate since there 

are many variables of plant location, transport distance, and methods and machinery used 

in the entire supply chain. Bioenergy conversion facilities also often operate with uncertain 

fuel supplies because the low value fuelwood currently available could become more 

valuable feedstock for newly developing markets.  

 

The efficiency of conversion in bioenergy plants tends to be lower than for similar fossil 

fuel plants due to variations in feedstock quality, especially moisture content, and the 

typical smaller plant capacities since they are often constrained by feedstock availability 

(although the world’s largest bioenergy plant in Finland generates 265MW electricity, 

100MW steam and 60 MW of district heat). The market potential for woody biomass is also 

constrained by the challenges for plant developers to obtain long term feedstock supply 

contracts and resource consents for plant construction. Hence less plants have been built 

than had been earlier envisaged. This paper examines how these issues relate to the 

carbon mitigation potential of using fuelwood for bioenergy. 

 

Supply chain 

The prime objective should be to deliver the woody biomass to the power plant as cheaply 

as possible but in an acceptable form and quality in terms of moisture content, soil 

contamination and desired particle size. Poor decisions relating to the choice of harvesting, 

transport and processing equipment, or poor matching of the various components of the 

fuel supply chain, can lead to unacceptably high costs and unacceptable fuel quality. This 

in turn can lead to problems in the operation of the conversion plant and possible 



increases in emissions. To compete with fossil fuels biomass must have a relatively low 

value. Hence minimising the supply chain costs is imperative to become cost competitive. 

 

Harvesting techniques for one forest may not suit another due to variations in terrain, soil 

type, tree form and size. For traditional systems the stemwood is first extracted then the 

leftover “arisings” remaining in the forest or at the landing are collected as a separate 

operation for use as biomass. Such harvesting methods could be adapted to harvesting 

thinnings or purpose grown energy forests. There is however a growing trend towards 

“integrated harvesting” of stemwood and arisings for co-products linked in one process.  

  

A key interaction exists between transport costs, maximising payloads, moisture content, 

and particle size, as well as the energy balance and the rate of burn, fermentation or 

hydrolysis depending on the conversion system used (Sims, 2003). This interaction can be 

illustrated by a 40 m3 capacity high sided, truck and trailer unit with a 26 t maximum 

payload. When used for carrying wet biomass between 50 to 70% moisture content (mc 

wet basis) (Fig. 1a) the load is weight constrained whereas below around 50% mcwb it 

becomes volume constrained and the energy carried per load remains between 200 to 250 

GJ. The delivered cost ($/t) increases with lower moisture content due to a lighter load (Fig 

1b) but the more important $/GJ cost initially reduces then stabilizes when the load is 

below around 50% mcwb (Hall et al., 2004). 

 

Insert Figure 1 

 

Larger capacity plants involve more vehicle movements and additional transport costs 

(Table 1) but economies of scale can be more significant (Dornburg and Faaij, 2000). 

 
Insert Table 1 
 
Detailed modelling studies of transport options have been carried out to compare a range 

of systems. For example a New Zealand study showed delivered costs ranged between 

$2.2 and $5.7/GJ when selecting different supply chain equipment for harvesting, 

collecting and delivering the biomass to deliver the same forest arisings to an energy plant 

in the Nelson region (Fig. 2). The arisings purchased for $20/odt, were sourced from local 

forests with an average transport distance to the plant of 80km (Hall et al., 2004).  

 

Insert Figure 2 

 



Another study in Australia (Stuckley et al., 2003) analysed two supply systems for woody 

biomass produced either as a short rotation coppice crop or from forest thinnings in wet or 

dry regions (Fig. 3). Machine capacity and cost estimates including labour are shown. 

 

Insert Figure 3 

The delivered costs of short rotation coppice, excluding the biomass purchase price, 

ranged between US$0.9 /GJ over a 10km transport distance in a wet region with a 2 year 

rotation to around US$1.4/GJ at 40kms in a drier region with a 4 year rotation. Thinnings 

could be harvested and delivered for between US$ 1.0/GJ where forest yields are good 

and average transport distances are below 80kms, but are over US$1.8/GJ in less 

prductive regions where the collection radius is 150kms. The short lead time to provide 

feedstock from short rotation crops within 2 to 4 years after establishment, compared with 

8 to 17 years after planting for forest thinnings was a major advantage. 

 

Conversion technologies  

A wide range of conversion technologies are under continuous development to produce 

bioenergy carriers for both small and large scale applications. Combustion for heat and 

steam generation remains the state of the art. Biomass pellet and briquette heating 

systems for domestic and small industrial heat supply are increasing due to their 

convenience and the potential for developing countries to export their surplus biomass 

since pellets are portable, flowable, have consistent quality, low moisture content, and high 

energy density (www.WorldBioenergy.se, 2006).  

 

Worldwide more than 150 coal-fired power plants in the range 50-700 MWe now have 

operational experience of co-firing with up to 15% biomass by energy content, at least on a 

trial basis. Technical risks associated with co-firing can be reduced to an acceptable level 

through proper selection of biomass type and matching co-firing technology.  

 

Biomass integrated gasification combined cycle (BIGCC) systems, and pyrolysis to bio-oil 

remain close to commercial maturity but await further technical breakthroughs including 

gas clean up and increased efficiency and reliability. Gasification has a relatively high 

conversion efficiency (40-50%) when used to generate electricity using a gas turbine or 

less with a gas engine. Several pilot and demonstration projects have been evaluated with 

varying degrees of success. The gas produced can also be used as feedstock for a range 

of liquid biofuels. 

 



Biofuels for transport 

Concerns about conventional oil availability and prices have created interest in biofuels. 

They are near-term alternatives (as are coal and gas-to-liquids), whereas hydrogen may 

only become available in the medium to long term. Second generation bioethanol and 

synthetic diesel from Fischer Tropsch processing, both using ligno-cellulosic feedstocks, 

remain relatively high cost options (Fig. 4). However technology development and larger 

scale plants by 2030 could lower production costs to $0.23-0.65/litre gasoline equivalent 

for bioethanol and $0.70-0.85/lge for synthetic diesel.  

 

Insert Figure 4 

 

Market potential 

The role that fuelwood will play in the future global mix of consumer energy supply will 

depend on the ability to overcome barriers that inhibit project development and commercial 

investment. Project implementation has often been constrained by fuel availability, high 

capital costs, poor public image, and resource consent processes. More active 

involvement by bioenergy industry associations has been undertaken in the past few years 

to nurture and promote the fledgling sector, overcome barriers, lobby policy makers, and 

gain enhanced market deployment. 

 

For a project to be “bankable”, the investor must have confidence that it will proceed 

satisfactorily without delays and will continue to operate profitably over a long term period. 

In this regard several broad questions need to be answered by bioenergy project 

developers, stakeholders, decision makers and investors. 

• What types and amounts of sustainably produced biomass resources are procurable? 

• What suitable supply chain and conversion technology developments available now, or 

in the near future, will enable environmentally acceptable bioenergy products and 

energy carriers to be generated more efficiently than at present? 

• What impacts will the increased use of biomass in a region have on water supplies, the 

environment, and social issues of employment, health, equity and development? 

• What level of investment will be needed to establish the proposed bioenergy project, 

not just for plant construction, operation and fuel purchase but also for obtaining the 

necessary resource consents and negotiating the numerous related legal contracts? 

• What markets for the bioenergy products exist now or will be established in the future? 

• Is the level of risk from investing in such a business acceptable given its greenhouse 

gas (GHG) mitigation potential? 



 

Bioenergy plants are likely to become most popular in the 5–100MWth range, though many 

heat projects will be below 5MWth. The global trend towards distributed energy may 

provide further opportunities for cost reductions due to technical learning and capital/labour 

substitution. For example capital investment costs for a high pressure, biomass, direct 

gasification combined-cycle plant up to 50MWe are estimated to fall from over US$2M /MW 

to around US$1.1M /MW by 2030, with operating costs, including delivered fuel supply, 

also declining to give generation costs around US$0.10 to 0.12 /kWh. Commercial 

bioenergy options using small-scale steam turbines, Stirling engine systems etc., can 

generate power for between US$0.07 to 0.12 /kWh with the opportunity to further reduce 

the capital costs by mass production and experience (Sims, 2003).  

 

Good practice guidelines  

Developing a bioenergy plant can be a challenging process. Securing reliable and cost 

effective supplies of biomass feedstocks, produced in a sustainable manner over the 

operating life of the plant, can prove to be difficult. The development of bioenergy projects 

could be facilitated by providing good practice guidelines for use by policy makers, local 

resource consenting authorities, plant developers and biomass feedstock suppliers so that 

proposals for a range of bioenergy projects can proceed expediently and in an appropriate 

manner. This will help to ensure that the biomass sector maintains its reputation of being 

responsible with regard to minimising the potential environmental and social impacts that a 

project might bring to a community.  

 

Bioenergy projects are usually considered to be environmentally acceptable in that they 

provide renewable sources of energy with low or even zero GHG emissions. However as 

for any energy project, they can also have local impacts so they are not always readily 

acceptable to members of the local community. As well as evaluating the economic 

viability of a project, a developer will therefore need to consider any related social issues 

together with the local, national and even international environmental impacts (Fig. 5). This 

will require consultation with the local community together with local and regional resource 

consenting bodies such as local councils. Related social issues such as community 

cohesion, employment, rural development and health benefits, can be of equal importance. 
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Bioenergy projects can range from a small, local on-farm 10kW heating plant to a large 

scale 400MW commercial cogeneration plant. Therefore not all projects will experience the 

same issues relating to their development process. There will also be major variations in 

the regulations imposed by local, regional and national governments. Consequently not all 

issues can be equally relevant for even similar bioenergy schemes so a step-by-step guide 

for planners and developers is not realistic. However producing a set of broad guidelines to 

aid bioenergy developers could be warranted to increase the rate of deployment (IEA, 

2006). Many basic principles will need to be addressed by local decision makers in order 

to produce their own specific planning guidelines and regulations to suit local conditions. 

To undertake good practice, these issues will need to be considered by project developers, 

even for a small scheme on private property.  

 

Carbon mitigation 

Education and access to more information about climate change is creating a greater 

awareness of forest residues as a part solution. It has encouraged companies, 

communities and individuals to respond and could result in a greater uptake of biomass 

projects. The choice of measure to test their competitiveness and compare their GHG 

mitigation potential depends on the limiting factor. If the biomass resource is limited then 

CO2 avoidance /t biomass should be maximized by displacing the most carbon intensive 

fuels. Where land use is constrained a comparison of CO2 /ha is of interest, and where 

financial support subsidies are necessary, assessing $ /tCO2 avoided is paramount, taking 

into account co-benefits (Sims et al., 2006).  

 

Life cycle analyses are imperative to compare GHG mitigation potentials. Total energy 

output/input ratios of a system need to be positive but in addition the carbon balances 

need careful scrutiny. The use of biomass is often constrained by cost. Fossil fuels remain 

the fuel of choice where useful energy services can be produced cheaper than from a 

conversion facility fuelled by biomass. In future however carbon trading imposing a value 

for carbon on society would increase the cost of fossil fuels and therefore make carbon 

neutral biomass more competitive (Sims et al., 2003). 

 

Conclusions 

Modern biomass is anticipated to provide a significant contribution to the global primary 

energy supply during the coming decades, particularly for developing countries to meet 

their sustainable development goals and economic growth. To meet the GHG mitigation 



potential by 2030 that bioenergy from fuelwood holds however will require more rapid 

project deployment than has recently been the case. 

  

Fuelwood suppliers will need to identify the optimum system to deliver the biomass to the 

conversion plant to be competitive with other fuels. Potential investors in bioenergy 

facilities will be cautious about projects with a lifecycle of 15-20 years where there is 

uncertain fuel availability at no fixed prices, and hence the project is exposed to market 

risks. Therefore negotiating long term contracts with fuel suppliers to maintain security of 

supply and reliable fuel quality is recommended to reduce these risks.  

 

Over the next decades, as the carbon dioxide mitigation benefits of biomass become 

better understood by investors and carbon emissions trading expands, an increase in the 

total installed capacity of woody biomass-fuelled plants, including cogeneration facilities for 

heating and cooling and biofuels processing, is expected. To gain public acceptance the 

resource must be sustainable and renewable and the conversion plants operated with 

minimal impacts on the environment. 

 

Many potential investors in bioenergy projects do not have a good understanding of all the 

technical, social and environmental issues. More ready access to good practice guidelines 

providing information on fuel supply and quality issues, conversion plant design and 

technology choice, and system economics will assist the understanding. This will enable 

good quality plant of appropriate design to be built at the right price in order to gain a good 

return on investment and to match the sustainably produced biomass fuels available. 
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Table 1. Typical transport requirements to meet biomass demands for various size and 

type of plants with land area requirements for forests or purpose grown energy crops. 

 
Type of 
bioenergy 
plant 

Capacity Biomass fuel 
required  
(odt* / year) 

Vehicle 
movements to 
plant 

Land area required  
for forests and  
energy crops 

Small heat <250 kWth Up to 130 10 -30 / yr 12 - 16% if 1 km radius 
Large heat 250kWth – 1 MWth 130-500 40 -100 / yr   4 - 5%   if 2 km radius 
Small CHP <250 kWe Up to 900 90 -200 / yr   1- 2%    if 5km radius 
Medium CHP 250kWe – 1 MWe 900-6000 1 -5 / day   7-10%   if 5 km radius 
Large CHP 1MWe – 35 MWe 5000 – 250,000 5 -75 / day & night   6-10%   if 30km radius 
* oven dry tonnes 



        (a)      (b) 

Figure 1. The delivered energy costs ($/t and $/GJ) of woody biomass at various moisture 

contents using a 26t maximum payload truck based on a cartage distance of 35kms and a 

charge of $0.60/t/km. (Note: New Zealand $: NZ$1 ~ US$0.60). 
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Figure 2.   Summary of costs ($NZ) of delivered forest arisings to the bioenergy 

processing plant gate using 8 collection and transport system options. 



 

 

Figure 3. Selected systems for harvesting short rotation coppice crops and plantation 

forest thinnings with assumed machine capacities, moisture contents and work rates. 

 

 

 

 

Figure 4. Comparison between current and future biofuels costs versus gasoline and 

diesel ex-refinery (fob) prices based on a range of crude oil prices over a 16 month period.  



Figure 5. Successful development of a bioenergy project requires consideration of a range 

of environmental issues by all stakeholders for both large and small scale plants.  

 


