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operational efficiency and integration into traditional supply chains. It was 
concluded that economic, environmental and social dimensions of sustainability 
are highly interconnected and that bioenergy value chains must generate profits 
also for biomass suppliers in order to create sustainable feedstock supplies for 
growing biomass markets.  
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1.0 INTRODUCTION 

Climate change mitigation efforts, the increasing scarcity and cost of fossil fuels, and concerns 
over energy security have brought forests and other sources of bioenergy into focus in the 
global energy discussion. Accordingly, several countries have set targets to increase the share 
of renewable energy sources as a climate change mitigation option (Asikainen et al. 2010). For 
example, EU countries are required to produce 20% of their energy by 2020 from renewable 
sources, including bioenergy, and it is anticipated that a large share of this will come from 
forest-based biomass. The Renewable Energy Directive (RED) promotes the use of forest 
biomass for energy purposes (European Commission 2008), but meeting the EU`s 2020 targets 
calls for more measures and strategies that enhance the effectiveness and profitability of 
biomass feedstock supply.  

In many countries, such as Finland, U.S. and Canada, there is a need to restructure and 
diversify the forestry sector. In the 2000s, the price of many pulp and paper products 
decreased dramatically, whereas the price of energy products increased. In the U.S. industrial 
sector, however, the amount of wood energy produced was driven mainly by the pulp and 
paper industry demonstrating the linkages between the different sectors (Aguilar et al. 2011 a 
and b). Wood-based bioenergy has the potential to become a growth industry for the forest 
sector in a number of countries (Vogt et al. 2005). In Finland, for instance, the value of pulp 
and paper production was much higher in the beginning of this millennium than that of wood-
based energy generation, but the difference has diminished continuously during this century’s 
first decade (Hetemäki 2008). 
 
The international trade of bioenergy is an important part in a global forestry and energy 
sector, especially in Europe, North America and Southeast Asia. The use and trade of wood-
based fuel is increasing, mainly driven by policies and commercial driving forces (Hillring 
2006). In addition, Junginger et al. (2008) conclude that sustainable production of biomass will 
have an increased influence on the international bioenergy trade. 
 
Bioenergy projects must be economically viable for the different actors in the value chain 
(Lunnan et al. 2008).Woody biomass used for energy generation must be able to compete with 
other uses, e.g., pulp and paper, at the same time the energy produced from biomass must be 
as cheap as or cheaper than energy produced from competing energy sources. The costs of 
energy feedstocks and market prices of energy products are changing all the time, and the 
cost of fossil fuels, especially, show large variations. 
 

 In recent years, more and more attention has focused on the economic viability of biomass 
producing companies and the overall economic sustainability of forest biomass production. 
The share of solid fuel feedstocks, such as biomass, in the operation costs of a typical energy 
plant is often 60-80% (Heiskanen & Flyktman 2005). Therefore, the competitiveness of 
biomass-based energy generation strongly depends on the cost and quality of feedstock 
supply. Nonetheless, the economic dimension of bioenergy sustainability has not been 
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addressed to the extent that the ecological and social dimensions have been in recent 
sustainability discussions. To address this disparity, this paper focuses on the dimensions and 
levels of economic sustainability and the factors affecting the economic outcome of forest 
biomass supply for energy production.  

 
2.0 SUSTAINABILITY CRITERIA OF BIOMASS FEEDSTOCK SUPPLY 

Sustainable development describes an approach to planning and decision-making that aims at 
achieving long-term and lasting positive impacts on environment, society and economy. The 
World Commission on Sustainable Development report in 1987 and the United Nations 
Conference on Environment and Development in 1992 both contributed toward the current 
understanding of sustainability, which has the three dimensions: economic, environmental and 
social (Figure 1). Cultural values are also very important to consider, especially in 
communities characterized by high cultural, ethnic and racial diversity. The major elements of 
sustainability are characterized by a high degree of interaction and there is often much 
overlap between them.  

 

 

Figure 1. Dimensions of bioenergy sustainability 
(World Commission on Environment and Development 1987). 
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Sustainability can be understood in different ways, depending on how the three dimensions of 
sustainability interact with each other and how resources and capital are managed (Hill 2011).  
  Strong sustainability requires that each type of natural resource or capital be preserved 

independently.  This implies that the different types of capital and resources may 
complement, but not replace each other. For example, economic benefits cannot 
substitute for a loss of biodiversity or other natural resources.  

  Weak sustainability means that the total capital of the system is preserved, but 
economic, environmental and social capital can be substituted for one another (Hill 
2011, Asikainen 2011). Weak sustainability in the forest sector may imply that if a forest 
is harvested and there is damage which reduces the environmental capital, the system 
can still be considered sustainable if there is an increase in other forms of social or 
economic capital (e.g. increased employment or wealth creation), and the sum of all 
changes is positive (Lunnan et al. 2008).  

  Sensible sustainability means that the total capital is preserved, but there are critical 
limits for each type of capital below which the capital must not fall (Asikainen 2011). 
These critical limits can be defined for both individual capital and for ecosystems, but 
defining where these limits lie can be problematic (Lunnan et al. 2008, Hill 2011). 

 
In the forest sector, the first concept of sustainability was developed in the 18th and 19th 
centuries in terms of sustained yield and the model of the normal forest (Lunnan et al. 2008). 
The contemporary view of sustainable forestry and forest management recognizes that in 
addition to timber and biomass products, forests provide many social, environmental and 
other economic benefits as well (Freer-Smith 2007).  
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 Figure 
2. Sustainable bioenergy production (Pingoud & Forsstöm 2009). 

 
International and national drivers and energy policies advance sustainable bioenergy use and 
set the goals for climate change mitigation and energy use (Figure 2). The recent drivers of 
woody biomass use and bioenergy production worldwide include energy supply and security, 
greenhouse gas mitigation and economic development (FAO 2010). For biomass supply chains 
to be sustainable, issues concerning emission reduction, economic efficiency and sustainable 
energy production have to be considered. Sustainability of the feedstock supply chain requires 
that benefits from forest biomass obtained in the present do not compromise the 
opportunities for future generations to meet their needs (Lunnan et al. 2008).  

Sustainable sources of woody biomass may include natural and managed forests, dedicated 
energy crops and non-forest trees. By-products and wood waste from the forest industry may 
be another sustainable source of woody biomass for energy (FAO 2010, Lunnan et al. 2008). 
The ability to grow successive rotations of timber without productivity losses contributes to 
the profitability of forestry and sustainability (Freer-Smith 2007). Sustainable forest 
management is a pivotal element of sustainable energy production and it is critical that 
possible adverse effects, such as biodiversity losses do not outweigh the benefits of the 
bioenergy production and use. Bioenergy production is considered sustainable if biomass 
utilization levels do not exceed growth over time. This ensures that forests act as a carbon 
sink, which may cancel out CO2 emission from wood-based energy production (Figure 2).  
 
Sustainability can be assessed at a local, national or international level. At the local level, 
biomass production and harvesting improves local employment and increases tax revenues to 
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communities (Hubbard et al. 2007).  Forest biomass production contributes to economic 
development, particularly in low-income countries, by supporting local economies through 
biomass harvesting, employment, and greenhouse gas credits (FAO 2010). Nationally, it also 
helps to improve energy supply security. On a global scale, substituting fossil fuels with 
biomass helps by reducing CO2-emissions and reducing the use of non-renewable fossil fuels.  
 
There are also a number of potentially adverse effects that must be taken into consideration 
in order for biomass production, supply and utilization to be considered sustainable (Lattimore 
et al. 2009, FAO 2010). Main concerns relate to maintaining long-term soil fertility, managing 
watersheds, maintaining biodiversity, and mitigating climate change (Asikainen 2011). 
Biodiversity concerns arise at both species and landscape levels (Lunnan et al. 2008). Concepts 
of social and environmental sustainability and the role of ‘governance’ such as voluntary 
certification systems are discussed further in sections 6-8. 
 

3.0 DEFINITIONS OF ECONOMIC SUSTAINABILITY 

Economic sustainability in this context is concerned with long-term stability and balance. The 
activity is considered economically sustainable when production or activity delivers more 
benefit than cost over its complete life cycle, and all environmental, social, and economic 
factors are taken into account (Hardisty 2010). Companies must ensure that while operating 
and pursuing profits in the short term, business operations are not causing harm to the local 
and global environment over the long term. Operating in short quarter-based timescales, 
companies cannot always guarantee proper decision-making, economically sustainable 
operations and long-term profitability. Strategic planning in 2-5 year periods and stability in 
business operations are required for creating local welfare and prosperity. In sustainability 
assessments, business operations and profitability are reviewed in 5-15 year periods (Doane & 
MacGillivray 2001).  

The objective of economically sustainable business production is not only to obtain long-term 
profitability, but also to produce positive external effects and benefits to society and the 
environment. Companies are able to make positive contributions to their local community, 
broader society and even planet as a whole when they act in a sustainable way (Doane & 
MacGillivray 2001). Economic sustainability is thus strongly connected to other dimensions of 
sustainability, and is defined in the context of social and environmental impacts. Using this 
principle, the economic benefits of bioenergy should be maximized, and long-term economic 
viability should be maintained (FAO 2010). 

Economic sustainability can be analyzed either through internal functions of the company or 
by the external effects on society and environment (Table 1.). From the internal point of 
view, the financial performance of a company and capability to manage assets are the most 
important factors leading to economic sustainability. Analysis of the external implications of 
economic sustainability management focuses on the company`s influence on the wider 
economy and how the company manages social and environmental impacts (Table 1.). In a 
survey conducted by Buchholz et al. (2009), microeconomic sustainability was considered the 
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most important economic criterion among bioenergy experts. Microeconomic sustainability 
implies the company`s ability to maintain long-term profitability. 

In most scenarios and calculations, measures of microeconomic sustainability are presented in 
monetary terms through which the added value can be analyzed (Table 1). Gross profit and 
gross profit margin, production costs and return on investment (ROI) are common parameters 
used. Macroeconomic factors such as employment effects, other social effects and climate 
change mitigation can also be examined. In this report, the main focus is on costs, as costs are 
more relevant than prices when the overall attractiveness of biomass is being reviewed. Prices 
tend to be local, hard to predict and therefore, hard to use as a basis for cost-competitiveness 
analysis.  

In addition to positive external effects, external costs should be included in the overall 
economic sustainability assessment. External costs are planned or unplanned environmental 
and social impacts that are the result of a process or activity despite attempts at mitigation 
(Hardisty 2010). External costs and economic sustainability are re-enforced by public policies 
and subsidies, such as in the case of agricultural production or fossil fuels. In fossil fuel 
production, external costs are especially high, which makes renewable energy economically 
more sustainable. Even though fossil fuels are cheaply available in the market, high CO2 
emissions, other air pollutants during production process and other significant life-cycle 
external costs (including the mining footprint) severely disadvantages fossil fuels and 
especially coal compared to other forms of energy (Hardisty 2010).  

 

 

 

Table 1. Measures of economic sustainability and added value generation (adapted from Doane & 
MacGillivray 2001) 

<Criteria<<<<<<<Criteria Indicator Added value 
Profitability  Level of profit  

Profit margin 
Production costs  

Benefits to the local and 
national economy  
Macroeconomic 
sustainability 
Microeconomic 
sustainability  

Investments and investment 
level  

Fixed costs  
Return on Investment (ROI) 
Number of new investments made  

Economic growth  
Macroeconomic 
sustainability 
Microeconomic 
sustainability  

Employment  Annual wages (€)  
Number of people employed to 
the sector  
Number of jobs available  
Quality of employment  

Welfare 
Economic growth  
Macroeconomic 
sustainability  
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Outsourcing and supply chain 
management  

Raw material/fuel costs  
Procurement costs  
Outsourcing costs  

Improved profitability  
Microeconomic 
sustainability  

Environmental  management 
and policies  

Price of emission allowance  
Costs of emission trade 
Subsidy levels and mechanisms  

Decrease in CO
2
 emissions  

Environmental 
sustainability 
Microeconomic 
sustainability  

 
Forest biomass is a local fuel, which competes on global markets. Supply chain efficiency and 
costs are critical to consider when evaluating the economic sustainability of forest biomass 
supply. Costs related to silviculture and managing forest resources are not included in this 
economical assessment.  

Bioenergy supply chains generally consist of four interrelated phases: feedstock production, 
which includes procurement and logistics of the feedstock, feedstock-to-bioenergy conversion, 
and bioenergy distribution. The end-use (e.g. energy production) can also be included into the 
value chain analysis (Figure 3).  

 

Figure 3. Biomass feedstock supply value chain (FAO 2010). 
 

The main phases in the biomass supply chain are as follows; identifying the potential biomass 
resources and purchasing of the woody biomass, harvesting, forwarding to the roadside, 
comminution, long-distance transport to the plant and receiving and handling the biomass at 
the plant site. The main factors determining the cost of forest biomass are long-distance 
transportation to the plant or terminal, moisture content of the fuel and stumpage price of 
the wood. The cost structure is also dependent on energy market fluctuations and labour and 
machine costs throughout the supply chain. In Scandinavian countries, the location of the 
comminuting phase in the whole supply chain affects the total costs of feedstock supply 
(Fagernäs et al. 2006).  

Economic sustainability of forest biomass energy has four major criteria:  

 beneficial use,  

 economic viability,  

 economic equity, and 

 property rights and landowner expectations (FAO 2010). 

Procurement Logistics
Feedstock‐
to‐bioenergy 
conversion

Distribution End use
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Under these criteria, several indicators can be measured (Table 2). These include production 
costs, cost-competitiveness of woody biomass as compared to competing energy resources, 
and employment effects of bioenergy production, among others.  

Table 2. Sustainability of wood fuels and bioenergy (FAO 2010). 
Criterion Indicators 

Beneficial use Direct and indirect benefits outweigh the 
cost 

Efficiency in supply chain 

Most beneficial use of woody biomass 

Economical viability Cost-competitiveness of wood fuels and 
bioenergy as compared to competitive 
energy recourses 

Profitability of bioenergy production 

Economic equity Fair distribution of economic benefits 
among all stakeholders along the 
woodfuel supply chain  

Added value in supply chain 

Accessibility and affordability of wood 
fuels to local residents  

Employment opportunities 

Prosperity and property rights 

 

  

Institutional requirements to avoid illegal 
harvesting and overexploitation of forest 

 

To ensure that the key issues related to bioenergy production and feedstock supply are fully 
recognized and addressed, they need to be analyzed within a rational framework. The 
capacity to apply criteria and indicator schemes to an operation varies according to the scale, 
location and a range of other factors pertaining to the operation in question, e.g. availability 
and accessibility of information and cost of production (FAO 2010). 

 

4.0 DIMENSIONS OF ECONOMIC SUSTAINABILITY 

The amount of bioenergy that consumers are demanding in the market and the fuel prices 
they are willing to pay define the limits of economic sustainability for biomass feedstock 
supply. Several internal and external factors affect economic sustainability. Several of these 
are examined in this section to illustrate their impacts on the economic sustainability of 
feedstock supply.  
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The price of competing fuels will set a limit on the willingness of consumers to pay for 
biomass. Prices can be affected by different support mechanisms for biomass such as feed-in 
tariffs, subsidies and increased CO2 taxes set for competing (often fossil) fuels.   

The monetary inputs described, such as investment costs of machinery and direct operating 
and labour costs are the defining factors affecting profitability of supply chains. In the long 
term, machine technology, logistics and fuel storage management can be developed to reduce 
investment costs and capital tied up in storage. In addition, seasonal variations in demand 
affect the profitability of supply chains and the utilization rate of machines, which can have a 
large impact especially in smaller companies.  

4.1 Impacts of Emission Trade on Feedstock Supply in the EU 

Global CO2 emissions from fossil fuels have increased dramatically in recent years. During 
2009, the economic recession in developed countries decreased CO2 emissions, but in 2010 
emissions began to increase again through growing consumption of fossil fuels in some of the 
larger developing countries (Figure 4). The combustion of coal accounts for 43% of global CO2 
emissions,  37% of emissions were from oil and 20% from gas (IEA 2011, BP Statistical review 
2011). 

 

Figure 4. Global CO2 emissions increased 5.8% from 2009 to 2010 (BP Statistical review 2011). 
 

Various EU policies, directives and regulations are aimed at ensuring a sustainable energy 
production in Europe and diminishing the dependence on imported fuels. In the Green Paper 
the European Commission sought views on the proposed objective of 20%  renewable energy 
shares (RES) toward the EU`s gross inland energy consumption by 2020 (Fagernäs et al. 2006). 
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The Intergovernmental Panel on Climate Change (IPCC) is also analyzing global greenhouse gas 
emission adaptation and mitigation options. Key mitigation technologies and practices for 
forest sector include the use of bioenergy when replacing fossil fuels. Since bioenergy 
production and use is considered to be nearly carbon neutral within the emission-trading 
scheme, energy producers` ability to buy biomass has increased and, consequently, increased 
the demand for woody biomass.  

In economic sustainability assessments, the effect of emission trading is analyzed by how it 
benefits society. Emission trading systems encourage large heat and power plants to produce 
energy with CO2 neutral fuels when it is more cost efficient than fossil fuels. Whether emission 
trading is effective in increasing the use of bioenergy depends on several features of the 
scheme design, including the carbon price and the permit allocation method (Tuerk et al. 
2011).  

The emission trading system does not  directly affect woodfuel prices. Instead, emission trade 
works as a support mechanism, which can enhance the competitiveness of woody biomass by 
increasing the plants` paying capability for wood fuels as compared to fossil fuels. During 
recent years, the EU`s efforts toward CO2-emission mitigation, the aim to utilize regionally 
available fuels as well as increasing costs for fossil fuels have  increased support globally for 
wood combustion (Brunner et al. 2012). In Europe, wood-based bioenergy is subsidized in a 
way which effectively out-competes fossil fuels (Olsson 2012). Fossil fuels are typically used in 
peak load boilers, and therefore fossil fuels and wood-based bioenergy are rarely direct 
substitutes. This means also that emission trade mechanism, which affects fuel cost in the 
production phase, has no significant affect on wood fuel and chip prices (Olsson 2012). In 
some cases, emission trading can distort local markets by reducing the availability of woody 
biomass for plants beyond the emission trading system and wood procurement networks, 
especially when the CO2 prices peak (Karttunen et al. 2008). 

As the CO2 price increases, the variable costs for both gas and coal-based power plants rise 
because an emission allowance is needed for each unit of CO2 emitted (Tuerk et al. 2011). As 
a result, the wood-paying ability of energy producers increases and the gate price of forest 
biomass and chips rises (Fagernäs et al. 2006). Consequently, the prices of fuel chips has been 
following the price of CO2 allowances, and in general prices have increased during past 4-5 
years at the same pace (Figure 5).  
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Figure 6. Primary production of renewable energy in selected countries (Eurostat 2011). 
 

Simultaneously, small plants (<20 MW) in Finland began to use more wood, but could not 
create enough demand to keep the supply chain running smoothly. Smaller plants tried to use 
peat as much as possible, which caused problems in many facilities because their combustion 
technology were not designed for large proportions of peat. High volatility in demand caused 
an inefficient use of supply capacity.  

In general, both supply and demand of forest biomass are inelastic. This means that in a 
certain region over a certain time period, plants consume a specific amount of biomass, which 
has to be supplied by the local producers. In theory, the emission trading mechanism increases 
the demand elasticity of forest biomass especially in large energy facilities using mixed fuels 
because it raises the cost of using fossil fuels relative to wood. The demand shifts from 
renewable sources to fossil fuels when CO2 prices are low and back into renewable, forest 
biomass when prices are high. In practice, this is only an option for plants that are able to 
take a range of fuels. Decisions regarding a short-term fuel switch to biomass are based on the 
so-called “Short Run Marginal Costs (SRMC)”. When there is a carbon price, CO2 costs, which 
depend on the fuel specific CO2 emissions as well as the CO2 price have to be added to the 
SRMC. With no carbon price, coal has the lowest SRMC of all options (Tuerk et al. 2011).  

On the supply side, price increases and additional market supply are not necessarily 
connected. Supply feedstock chains cannot react to demand fluctuations quite as fast as the 
demand changes. Recently, CO2 prices have been descending, which could decrease biomass 
demand in plants using multiple fuels. This would be reflected in an increase in regional 
supply of forest biomass for energy use. 
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Figure 7. Solid biomass primary energy production growth in EU in 2000-2010 (Eurostat, EurObserv`ER 
2011). 

 

Use of woody biomass in energy production has continued to grow, driven mainly by EU`s 20% 
renewable target (Figure 7). During the past ten years, the use of woody biomass has 
increased mainly due to CHP installations in Nordic countries and Germany and Austria 
somewhat as well (Fagernäs et al. 2006). In these countries, the majority of solid biomass 
used is from forests. In North America, woody biomass accounts for about 3% of USA`s and 6% 
of Canada`s energy production (UNECE 2011). Canada and USA are major suppliers of woody 
biomass feedstock, primarily pellets, to the EU. The highest proportion of energy produced 
from woody biomass is in the Nordic countries and Austria, where 11-18% of total primary 
energy is supplied from woody biomass (Figure 8). 
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Figure 8. Share of woody biomass in primary energy supply (Aquilar et al. 2011a). 
 

Scenario studies show that goals set in the EU for wood-based energy and material use would 
lead to 47 million m3 increased wood demand in 2020 and that this is more than forests in the 
region are able to supply (Asikainen 2011). In the Scandinavian region, the potential demand 
has clearly exceeded the realized regional supply and competition for biomass resources has 
elevated the fuel prices as a result of municipal heating plants competing with traditional 
forest industry (Ranta et al. 2007). Large heat and power facilities are able to secure woody 
biomass with procurement contracts, which reduces the amount of available energy wood for 
small and medium size energy facilities in the sector (ET Bioenergy 2005).  

4.2 Competing Fuels – World Markets and Economic Cycles 

In order to be competitive, energy produced from forest biomass must be as cheap as or 
cheaper than energy produced from competing fuels. The profitability of different alternatives 
must be assessed for the entire life expectancy of the energy production plant. Overall 
profitability and costs can vary a great deal depending on local conditions. Fuel demand and 
costs (€/MWh) depend on heating value, operational hours and efficiency. Biomass-based 
production is usually more costly to build, but cheaper to operate than a fossil fuel based 
plant (Alakangas & Flyktman 2001). Plants designed for wet biomass are usually more 
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expensive than plants using dry biomass. On the other hand, dry biomass is typically more 
expensive than wet biomass.  

Currently, wood-based energy production is not cost-competitive with fossil fuel-based energy 
production; carbon credits and subsidy measures are required to overcome the cost advantage 
of coal (Kumar et al. 2003). With current fossil fuel prices and production technologies used to 
make wood-based bioenergy, supply chains and conversion technologies require further 
research, development and optimization. 
 
However, the costs in these calculations are constantly changing; in particular the cost of 
fossil fuels show large variation (Lunnan et al. 2008). Changes in the world economy reflect 
strongly in global energy consumption and energy prices. Oil remains the world`s most 
commonly used fuel, at 33.6% of global energy consumption (Figure 9). Coal consumption grew 
by 7.6% in 2011 and coal now accounts for 29.6% of global energy consumption. (BP Statistical 
review 2011) The 2009 recession was also reflected in fossil fuel markets and consumption 
decreased temporarily (Figure 9). 
 

 
Figure 9. World primary energy production (Mtoe). Oil is the dominant fuel in the world market for all 

regions except Europe and Eurasia, where natural gas is the leading fuel (IEA 2012). 
 
In 2010, the global energy market grew more rapidly than the economy for a second 
consecutive year and global energy consumption realized the strongest growth since 1973 (BP 
Statistical review 2011). Fossil fuel consumption increased in 2010 in all regions, especially in 
Asia. The Asia Pacific region lead in global energy consumption, accounting for 38.1% of total 
energy consumed. China`s share of global energy consumption is the world largest at 20.3%. 
China`s energy consumption is mainly dependant on coal; in 2010, China accounted for two-
thirds of global growth in coal consumption and consumed 48.2% of world`s coal (BP Statistical 
review 2011). 
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In 2011, the tsunami in Japan and unrest in the Middle East disturbed fossil fuel production 
and trade flows, which caused rising fuel prices. Oil prices have risen globally (Figure 10) 
while the natural gas and coal prices have varied by region. Higher crude oil prices feed into 
higher energy prices and increase costs in energy production for companies, which can 
enhance the cost-competitiveness of wood fuels compared to fossil energy sources. 
 

 
Figure 10. Crude oil price development 2008-2011, dollars. (European Economic Forecast 2011). 

 
With limited substitution possibilities in the short run, the oil-price increase has an immediate 
negative effect on wealth and income creation (European Economic Forecast 2011). By the 
end of 2012, the world economy is heading towards yet another period of slow growth, which 
might affect the fossil fuel consumption and prices in the future. Although the price of woody 
biomass isn`t dependent on world economic cycles, demand for energy and purchasing 
capability of the energy producing plants is. Although fossil fuel prices are an important driver 
of bioenergy development, unrefined wood markets are still mainly national in operation and 
the influence of the forest products industry seems to be more important than oil price 
fluctuations (Olsson 2012, Kranzl et al. 2012). The connection between oil prices and wood 
fuel prices is not very strong, especially in Scandinavian countries (Olsson 2012). However, oil 
prices are likely to influence wood fuel markets over the long term. Higher oil prices mean 
greater incentives for energy consumers and producers to invest in other forms of energy, 
which means a long-run increase in the demand for wood fuels (Olsson 2012). If CO2 taxes and 
fossil fuel prices continue to rise, the demand for woody biomass is likely to grow as 
investments in biomass-based energy production become more cost-competitive. 
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International bioenergy trade plays an important role within the global energy market. The 
global solid and liquid biomass trade for energy has increased in the 2000s.  The total trade 
volume of bioenergy products such as wood chips for energy, wood pellets, bioethanol and 
biodiesel has increased substantially between 2000 and 2010. For example, the solid biomass 
trade exceeded 300 PJ in that same time period (Junginger et al. 2012). Kranzl et al. (2012) 
predict a strong increase in total international biomass trade between 2010 and 2050 by a 
factor of 20 to 90, depending on trade barriers and drivers. 
 

 
Figure 11: Wood chip trade flows for energy in Europe in 2011 (Lamers et al. 2011). 

 
4.3 Impacts of Support Measures 

Since markets tend to emphasize short-term gains over long-term profit, ensuring the long-
term economic sustainability of bioenergy production requires the assistance of non-market 
mechanisms (FAO 2010). Transaction costs are typically large when a new market develops 
and decrease as the market begins to mature (Lunnan et al. 2008). To overcome market 
weaknesses of the developing bioenergy sector, policy-makers in the climate and energy 
sector apply multiple policy instruments simultaneously (Kautto et al. 2011). Support policies 
can be described as either demand or supply side policies. In the bioenergy sector, regulatory 
policies and fiscal incentives such as feed-in tariffs and subsidies are used to influence fuel 
choice, subsidize production costs and to support technology investments (Table 3). Direct 
subsidies are used on the supply side to stimulate biomass harvesting and enhance its 
profitability. Some policies are also designed to change consumption and consumer behavior. 
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Another public policy tool is to support research and development (R&D), but this does not 
affect the market directly. 

Table 3. Policies for renewable energy production (REN21 2012) 

 

Regulatory policies Fiscal incentives 
Public 
financing 

Fe
ed

-i
n 

ta
ri

ff
s 

El
ec

tr
ic

 u
ti

li
ty

 q
uo

ta
 

ob
li
ga

ti
on

/R
PS

 

N
et

 m
et

er
in

g 

Bi
of

ue
l 
ob

li
ga

ti
on

/ 
m

an
da

te
 

H
ea

t 
ob

lig
at

io
n/

 
m

an
da

te
 

R
en

ew
ab

le
 e

ne
rg

y 
ce

rt
if

ic
at

es
 (

RE
C
) 

C
ap

it
al

 s
ub

si
dy

, 
gr

an
t,

 o
r 

re
ba

te
 

In
ve

st
m

en
t 

or
 p

ro
du

ct
io

n 
ta

x 
cr

ed
it

s 

R
ed

uc
ti

on
 i
n 

sa
le

s,
 

en
er

gy
, 

C
O

2,
  
ot

he
r 

ta
xe

s 

En
er

gy
 p

ro
du

ct
io

n 
pa

ym
en

t 

Pu
bl

ic
 i
nv

es
tm

en
t,

 l
oa

ns
, 

or
 

gr
an

ts
 

Pu
bl

ic
  
co

m
pe

ti
ti

ve
 

bi
dd

in
g 

Argentina •   •   • • • • • • 

Australia *   *  • •    •  

Austria •   •  • • •   •  
Belgium  * • •  • • • •    
Brazil    •     •  • • 
Canada * * • •   • • •  • • 
China • •  • •  •   • • • 
Czech 
Republic 

•   •  • • • •  • • 

Denmark •  • •  • • • •  • • 
Estonia •   •   •  • •   
Finland •   •  • •  • •   
France •   •  • • • •  • • 
Greece •   •   • • •  •  
Germany •   • •  • • •  •  
Hungary •   •   •  •  •  
Ireland •    * •      • 
Italy • • • • • • • • •  • • 
Japan • • •   • •    •  
Latvia •   •     •  • • 
Lithuania •          •  
Mexico   •  •   •   • • 
Netherlands    •  • • • • •   
New 
Zealand 

      •      

Norway    •  • •  •  •  
Poland  •  •  • •  •  • • 
Portugal • • • • •  • • •  • • 
Russia      • •      
Spain •   • •  * • •  •  
South Africa       •     • 
Switzerland •      •  •    
Sweden  •  •  • • • • •   
United 
Kingdom 

• •  •  •   • • •  

United * * * • * • • • • • • • 
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States 

*= policies are implemented on state- or province level, but not nationally 
 
More than half of the countries involved with IEA (see http://www.iea.org/countries/) have 
included information and education measures in their energy policies to stimulate the 
development of a skilled workforce (Roos 2002). Although highly mechanized and developed 
harvesting methods require fewer employees than less mechanized methods, the lack of an 
adequate workforce can be a barrier to economically sustainable biomass wood supply.  The 
shortage of skilled harvester drivers remains a problem especially in Nordic countries, where 
the cut-to-length harvesting method requires more education and experience to be 
productive. These information and education policies aim at inducing more young people into 
forest education and increase the number of skilled workers.  
 
4.3.1 Direct Subsidies for Feedstock Production 

Direct subsidies lower the costs of harvesting and create a so-called push-effect that increases 
the supply of woody biomass (McKenzie & Sershun 2010). Subsidies related to the production 
and harvesting of woody biomass are rare in the EU (Anon 2008). In Finland and Sweden, 
bioenergy has received longstanding government policy support and direct subsidies for 
biomass procurement (Lunnan et al. 2008).  

Subsidies are offered for thinning and chipping of small-sized energy wood as a form of the so-
called Kemera-subsidy in Finland. Subsidies enable feedstock chains based on whole tree chips 
to be competitive (Figure 12 a&b). State subsidies for feedstock harvesting are 7 €/m3 and 
4.25 €/m3 for chipping (Ericsson et al. 2004, Laitila et al. 2010). There are strict limits for the 
eligibility of young stands and all together less than 10% of forest chips produced receive 
subsidies annually. In France, tax incentives are also available to carry out forestry work to 
allow for greater timber and biomass extraction (Anon 2008). 
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Figure 12a. The cost structure of forest chip supply chains without subsidies in Finland 

(Pöyry 2006). 
 

 
Figure 12b. Subsidies improve the profitability in whole tree feedstock supply chains (Pöyry 2006). 

 
In the USA, Federal and State governments have helped create markets for renewable energy 
through tax incentives and mandates, but harvesting of small-sized energy wood is not 
currently subsidized. Most of the incentives and grants offered are for liquid biofuel 
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production, wind energy and solar projects (USDA 2006). Previously, grants for utilization of 
forest biomass derived from preventive treatment sites were offered, of up to $20/tonne, but 
this mechanism has since been discontinued (Hubbard et al. 2007). 
 
4.3.2 Indirect Subsidies of Green Electricity Generation 

New or developing business sectors typically experience a situation where costs constitute a 
barrier for market entry and small producers may have difficulties accessing markets. Small 
bioenergy producers or low-capacity operators in particular experience difficulties achieving 
economic sustainability because they do not have the necessary economies of scale (FAO 
2010). Supportive policies encouraging bioenergy production, including biomass-based 
electricity production are currently offered in many countries. Energy policy is also influenced 
by government ambitions to reduce energy prices by restructuring and deregulation of 
electricity markets (Roos 2002). 

Indirect subsidies and incentives can raise the profitability of biomass-based electricity 
production compared to competitive energy sources, by decoupling forest chips prices from 
CO2 price fluctuations and reducing feedstock cost fluctuations facing energy producers. 
Subsidies can create a pull-effect or demand-pull into the market, and can increase the 
biomass feedstock supply volumes (McKenzie & Sershun 2010). Subsidies for electricity 
production can include feed-in tariffs or fixed prices and tax grants for biomass-based 
electricity production.  
 
In Central Europe, fixed prices for green electricity were successful at initiating growth in the 
renewable energy sector for some technologies (particularly wind), but were much less 
successful for biomass. Overall, wood-based electricity production seems to benefit the most 
when fixed electricity prices are set at a sufficiently high level and established alongside 
additional measures to address other barriers such as planning issues or fuel supply. Canada 
offers capital and investment subsidies and feed-in tariffs at the provincial level for power 
from renewable resources. In USA, Federal renewable electricity production tax credits (PTC) 
are targeted toward electricity production. In 2012, the tax credit was 2.2¢/kWh for wind, 
geothermal, and closed-loop biomass and 1.1¢/kWh for other eligible technologies. In general, 
it applies to the first 10 years of operation (U.S Department of Energy 2012). To qualify for 
PTC, energy generation firms must sell the energy on the market at current market prices 
(Hubbard et al. 2007). 
 
In Finland, new subsidies focused on wood-based electricity production are tied to CO2 prices. 
Larger subsidies of 18€/MWh are paid when CO2 prices are 10 €/tCO2 or less and 0 €/MWh 
when CO2 price is 23 €/tCO2 or more (Figure 13). These subsidies are effective in raising the 
quantity of forest biomass used in heat and power production (Kallio et al. 2011).  
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Figure 13. Supply/use of forest chips in heat and power production under alternative CO2 prices, given 

the level of roundwood harvests in 2007 (Kallio et al. 2011). 
 
By 2020, some 25 TWh of forest chips are projected to be used for energy production in 
Finland, but this target can only be met if CO2 prices are above 25€/tCO2. Production of 
biodiesel tightens the competition over chips and diminishes the amount available for energy 
production when the CO2 prices rise (Figure 13). Subsidies focused on wood-based electricity 
production help to increase the competitiveness of chips for combustion and more biomass is 
directed to energy production (Kallio et al. 2011). 
 
To promote renewable energy production and use effectively, subsidy mechanisms must be 
carefully designed. Subsidies and tax grants distort the cost-competitiveness of different 
energy sources and affect the availability of forest resources for other competing uses (FAO 
2010).  
4.3.3 Technology Development 

Bioenergy markets are growing steadily, but new technologies and investments often need 
support to become commercially viable. Financial incentives, subsidies, taxes or tax grants are 
available in most of the IEA member countries to assist new technologies or investments in 
bioenergy production (Table 3). Investment subsidies for energy facilities can offset up to 40% 
of the eligible costs if investment is directed toward new technology (Thornley & Cooper 
2008). Investment subsidies for existing technology (e.g. renovation, moderation) can offset 
up to 30% of those costs (Alakangas et al. 2011). Investment subsidies that encourage 
increasing energy wood consumption are known as discretionary incentives. These subsidies 
are allocated mostly for small or medium-sized energy facilities and they can be applied from 
local state authorities for new renewable energy projects or to improve energy security.  
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Investment subsidies granted to renewable energy projects in Europe have helped to stimulate 
the sector, but have not resulted in sustained positive impacts. Subsidies tend to change 
frequently due to changing policies. Differences within a country and levels of subsidies 
between countries can also form barriers (Fagernäs et al. 2006).  
 
The share of biomass and biofuel investments of total renewable energy investments has 
declined during the past few years (Figures 14, 15). The downward trend has been driven by 
uncertainty over changing subsidies and energy prices.  This discourages new long-term 
investments as they are often considered too risky (Thornley & Cooper 2008). From 2007 to 
2011, the majority of new investments in the renewable energy sector have been based on 
wind or solar power and less on biomass and biofuels (Figure 14, 15).  
 

 
Figure 14. Investments made in renewable energy technologies in developed and developing countries 

in 2011 and total growth rate in 2010, $bn (Bloomberg New Energy Finance 2012) 
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Figure 15. Global financial new investments in renewable energy, quarterly trends 2004-2011, $bn. 

Since 2010, investments in biomass and biofuels have declined 12% as investments in other renewables 
have increased (Bloomberg New Energy Finance 2011). 

 
In countries where the forest bioenergy sector is well established, the impact of investment 
subsidies on sector development has been smaller than in countries in which the share of 
forest bioenergy of total primary energy production is smaller (Thornley & Cooper 2008). At 
the moment China is the lead investor in renevable energy and India displayes the fastest 
expansion rate in the world with a 62% increase in renewable investements in 2011 (Bloomberg 
New Energy Finance 2012).  
 
In 2011, developed economies finally began to strengthen their share of investment in 
renewable power and fuels after several slower years (Figure 16). However, the recent 
performance of developed economies owes a great deal to a jump in USA asset finance and a 
boom in small-scale investments in Italy and Germany (Bloomberg New Energy Finance 2012). 
In the US alone, total investments raced ahead by 57% in 2011.  
 
In countries with fewer forest resources, other barriers have remained in spite of positive 
effects from investment subsidies. In the United Kingdom, subsidies have increased biomass-
based electricity production, but barriers such as planning restrictions and fuel supply issues 
hold back additional development (Thornley & Cooper 2008). The transition to economically 
feasible, larger-scale production will demand new logistical solutions, long-term contracts and 
supply partners. Unstable markets make it difficult to sign long-term, high-volume contracts 
(Faber et al. 2005).  
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Figure 16. Global new investment in renewable energy in developed and developing countries, 2004-

2011, $bn (Bloomberg New Energy Finance 2012). 
 
Energy industries are pushing for a stable, long-term subsidy, specifically targeted at forest 
bioenergy. In many instances, a combination of policies such as green certificates, feed-in 
tariffs together with investment subsidies have proven to be the most successful approach 
(REN21 2011). 
 
4.3.4 Risks Related to Subsidies 

Policies function as key drivers as well as potential barriers for bioenergy development. 
Subsidies are needed in order for energy wood harvesting, transportation and bioenergy 
production to be competitive. For example, in Finland, energy wood procurement is not 
economically profitable at the current energy prices without state subsidies (Heikkilä et al. 
2009). The reliance on state subsidies is not economically sustainable over the long term.  
 
The lack of coherent and long-term national renewable energy policies can be seen as a 
significant barrier to renewable energy development. Inadequate and poorly coordinated 
policies slow growth in bioenergy use and could reduce the willingness of forest owners to sell 
energy wood in the market. Another potential barrier is that policies regarding different, but 
related sectors are often conflicting; a holistic approach is needed to stimulate an increased 
utilization of bioenergy and new investments (Fagernäs et al. 2006).  Often several groups 
within government are responsible for bioenergy policy, such as ministries of energy and 
environment, economy and trade, agriculture and education. This suggests that, while 
necessary, achieving an integrated, harmonized policy for bioenergy development may be 
institutionally difficult (Florin & Bunting 2009).  
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More generally, uncertainty related to changing emission reduction targets and the sharing of 
emission allowances increases the investment risk in some economies. The unequal playing 
field between countries that have agreed to reduce emission levels and countries that have 
not, affects investment conditions and companies’ willingness to use biomass. 
 

4.4 Investment in Machinery 

A complete bioenergy supply chain includes machines and vehicles for harvesting, 
transportation and processing operations. Machine costs can be divided into fixed, capital 
costs and variable, production costs. Fixed costs are harder to influence because they stay 
constant when output varies. Expensive machines incur high capital cost and must be utilized 
close to their full capacity to be economic, and therefore investments in machinery pose a 
high risk to private entrepreneurs (Asikainen et al. 2002). There are also factors which firms 
do not have any control over, such as interest rates and tax rates. High interest rates increase 
the cost of capital and entrepreneurial risk. Thus, annual productivity, capital costs and other 
operational factors considerably affect the economic sustainability of biomass procurement. 
 
Commercial operators have some control over their capital structure and should strive to 
achieve optimal use of machinery and capital. The cost of investment choices made by 
individual companies can be calculated by the relative opportunity cost of forgoing the next 
best alternative. When an asset such as capital is used for one purpose, the opportunity cost is 
the value of the next best purpose the asset could have been used for. Opportunity cost can 
be included in risk assessment analysis, but is not treated as an actual cost in annual financial 
statements. 
 
Cost structures of the machines differ considerably between regions due to differences in 
labor, fuel and investment costs. European and Scandinavian countries utilize forest biomass 
on a larger scale than the United States.   Harvesting technology and organizational structure 
used in the feedstock chains are also different (Table 4).  
 

Table 4. Machine investment costs (Jylhä et al. 2010, McNeel et al. 2008, and Pulkki 2012) 
Investment  cost on the machinery 
North America Feller 

buncher 
Grapple 
skidder 

Stroke  
delimber 

Slash 
bundler 

Biomass 
truck 

Purchased price 
US$ 

260 000 – 
400 000 

225 000 350 000 250 000 130 000 

Salvage value (% 
of price) 

25 25 25 25 25 

Economic life 
(years) 

5 5 5 5 5 

Europe Harvester Forwarder Biomass 
truck 

Timber 
truck 
and trailer 

 

Purchased price € 350 000 225 000 278 000 223 000  

Salvage value (% 40 40 40 40  
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of price) 

Economic life 
(years) 

4.6 4.6 4.6 4.6  

 
In Europe, mechanized harvesting using harvester-forwarder chain or harwarder (single 
machine for harvesting and forwarding) is the dominant method of forest bioenergy 
harvesting.  Harvesting can also be carried out by manual logging, in which forwarders are 
used for roadside transportation (Laitila 2012). Currently, most of the bioenergy produced is 
currently from logging residues, small trees and otherwise unmerchantable wood. Logging 
residues are collected when merchantable wood is harvested. Small-sized energy-wood and 
otherwise unmerchantable wood is harvested from thinning, treatment sites or as an 
integrated harvesting together with industrial wood using whole tree method or cut-to-length 
method. Stumps are collected from final felling sites, mainly in the Scandinavian region 
(Andersson et al. 2002).  
 
The purchase cost of a modern-day harvester-forwarder is between 450 000 € to 600 000 € 
(Table 4). Ranta et al. (2007) found that using a harvester-forwarder supply chain, the capital 
costs constitute around 17-23% of delivering costs of woody biomass in Finland. 
 
Minimizing the capital costs tied up in harvesting machinery is important since the seasonal 
variations in biomass harvesting are high. Seasonal variations affect the profitability especially 
in small and medium-sized harvesting companies. To lower investment cost and minimize 
risks, the same base machinery should be used for harvesting of forest energy as is used in 
harvesting of industrial round wood, requiring only relatively low-cost attachments, such as 
changeable felling heads. The extraction of residual biomass from the forest can be done with 
a standard forwarder that is also used for round wood (Asikainen et al. 2011).  
 
In North America, the whole-tree method, sometimes called full-tree method, is the main 
method of biomass harvesting. In this system, feller-bunchers fell and bunch timber, which is 
then transported to landing or roadside for delimbing and stocking (Pulkki 2012). A typical 
harvesting system used in full-tree harvesting would include a feller buncher, grapple skidder, 
stroke delimber and slasher. In the United States and the west coast of Canada, the majority 
of woody biomass harvesting is from logging residue. Another potential source of forest 
biomass comes from thinnings (BRDB 2008).  
 
The average investment cost for highly mechanized feedstock chains capable of handling the 
harvest and recovery of woody biomass ranges from $800 000 to $1 200 000 depending on the 
region and harvesting conditions (Table 4). Procurement and capital costs are the main 
expenses in the woody biomass harvesting and machine costs can constitute about 31 to 50% of 
delivered wood costs in the United States (McNeel et al. 2008, Hubbard et al. 2007).  Gross 
operational costs to cut and move biomass to the roadside can range from $30 to over $117 
per dry ton, depending on type of operation, terrain, and number of trees to be treated (USDA 
Forest Service 2005, Skog et al. 2006). The costs associated with cutting and skidding 
constitute about 45-50% of total costs (Leinonen 2004).  
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Thinning treatments using conventional forest harvesting equipment can become unprofitable 
when the size of trees removed is less than 8” (20.3 cm) diameter at breast height (Kluender 
et al. 1998). This makes small-diameter thinnings less cost-effective and highlights the need 
for development of better systems (BRDB 2008). Equipment designed for harvesting small 
material (mulching machines, purpose-built small-diameter harvesters) and other technologies 
need additional evaluation on costs, performance, and compatibility with fuel reduction 
objectives. Further advances in harvesting, hauling, and processing machinery would create 
cost savings and make the feedstock supply chain more viable in the future (BRDB 2008).  
 
4.5 Storage Management – Controlling Quality and Capital 

One of the most difficult tasks in biomass procurement is managing the storage of the biomass 
feedstock prior to the end use (Nurmi 1999). Forest biomass can be stored either at the 
roadside, in terminals, or on the plant site in storage units. By storing the biomass, companies 
can use stored biomass to even out seasonal employment, balance raw material supply, and 
reduce idle time.  
 
Woody biomass quality can be defined as the suitability of a certain type of wood for a 
specific purpose.   From the economic sustainability point of view, the goal is to maximize the 
added value of the products and the production process (Andersson et al. 2002). The role of 
storage and the drying process in the feedstock supply chain is critical for producing quality 
biomass and maximizing the heating value of biomass. Proper storage in uncomminuted form 
can maintain the quality of the fuel (Jirjis 1995). When the goal is to produce quality biomass 
for energy production, heating value is critical. The smaller the energy plant, the more 
important the heating value of the fuel becomes. The heating value of the fuel is determined 
by the moisture content; moisture content and particle size distribution are the most 
important physical parameters that determine fuel quality (Figure 17). 
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Figure 17.  The effect of moisture content on heating value of chips (Alakangas 2000). 

 
Moisture may be lost by drying the forest biomass in the field or in storage. A moisture content 
of as low as 30% can be reached under favorable conditions. In a case study done by Brunberg 
et al. (1998), the heating value of wood material increased by 12% during storage. The heating 
value could be further increased, but storage may also cause considerable losses of raw 
material (Stupak et al. 2008, Asikainen et al. 2002). Wood moisture content affects the cost of 
transport as well because the transported product is energy (Figure 18). The more water that 
is in the material, the lower the volume of fuel wood per load of a given weight (Andersson et 
al. 2002).   
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Figure 18. Cost savings in transportation in different moisture contents in Scandinavian procurement 

conditions. The carrying capacity of the truck is 37 000 kg and load size 48 m3 
(Hakonen & Laurila 2011). 

 
Achieving higher quality feedstock usually increases costs throughout the whole supply chain. 
For example, chips made from delimbed trees have the lowest moisture content and more 
even particle distribution, but harvesting costs of delimbed trees are higher than whole-trees 
(Stupak et al. 2008). Using terminal systems increases feedstock quality by controlling the 
moisture content and impurity levels, although these are not very cost-competitive. The most 
important disadvantages to terminal storage systems are high capital costs, high maintenance 
costs and very high storage costs.  
 
Storing also has adverse effects that may reduce the quality of the wood fuel, especially in 
large buffer storage units due to the uneven moisture distribution and uneven drying within 
the storage pile, which reduces the quality of fuel chips. Over time, the interior of the pile 
warms up and moisture condenses in the cooler outer and upper parts of the pile. Abiotic 
processes such as moisture adsorption, hydrolysis, pyrolysis, chemical oxidation and charring 
cause further dry-matter loss and generate heat. During storage, the ash content of logging 
residue chips can increase up to 50% in one year as a result of decomposition processes 
(Andersson et al. 2002).  
 
Long term storage weakens the profitability of the feedstock supply chain because large 
amounts of capital are tied up in storage for several months and degradation and dry-matter 
losses of biomass may also occur. Dry weight reduction during storage of biomass has been 
observed in many trials.  Fresh logging residue chips stored in a large pile for seven months 
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lose approximately 12% dry matter, mainly during the first few weeks (Thörnqvist and Jirjis 
1990).  
 

4.6 Seasonal Variation of Demand and Fleet Utilization 

Profitability and economic sustainability of biomass energy production are further increased 
by a constant supply of wood (Valsta & Häggblom 2009). Biomass feedstocks are produced 
relatively evenly throughout the year, but differences in the supply and demand do occur, 
especially in district heat production (Jirjis 1995). In larger plants, the demand for woody 
biomass may fluctuate according to the particular fuel mix that is used. Biomass feedstock 
supply should be based on customer demand, which means that it is in greater demand during 
the winter (Nurmi 1999). High seasonal variations may weaken the profitability of small and 
medium-sized harvesting companies and cause seasonal unemployment. 
 

 
Figure 19. Seasonal differences in supply and demand can be large in the Scandinavian region (adapted 

from Hakkila et al. 2001). 
 
In boreal regions and areas where the demand is primarily for heat, the demand curve strongly 
correlates with seasonal temperature changes and winter demand can be seven times larger 
than demand in the summer (Figure 19). In the municipal sector, the supply network of 
biomass can be geographically very patchy, making it more difficult to secure raw material 
supplies (Ranta et al. 2005). In temperate zones, biomass is also used for district cooling but 
demand variations are smaller than in boreal regions. In North America, the seasonal 
variations are much smaller than in Europe and the harvesting and pre-processing of the 
biomass are typically completed within several days (Hubbard et al. 2007, Andersson et al. 
2002).   
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Seasonal variations in demand and supply can be addressed by storing the excess biomass in 
buffer storage facilities at plant sites, terminals or at the roadside. There are three principal 
ways of solving the seasonal balance problem (Andersson et al. 2002): 
 

 Storing feedstock during periods of low demand -- sufficient storage capacity 
within a storage network guarantees that supply can meet demand during peak 
load seasons. 

 Alternative uses of storing production capacity during periods of low demand -- 
capital costs can be minimized by temporary recruitment of contractors.  

 Utilizing equipment from other operations during periods of high demand, seasonal 
use of basic machinery that is used elsewhere, e.g. agriculture -- this combines low 
capital costs in machinery and storage with flexible operational management. 

 
Buffer storage systems are used in areas where winter conditions will prevent contractors from 
supplying consistently when demand is at its peak (Nurmi 1999). The sizes of buffer storage 
units vary, but normally a two to three week reserve is stored at the plant site. The use of 
buffer storage will increase feedstock supply costs because it creates more handling and 
storage, but it also acts to increase the availability and security of forest biomass supply 
(Ranta et al. 2012). By optimizing harvesting methods, storage points and storing time in the 
supply chain, the whole feedstock supply chain can become competitive and flexible. 
 

5.0 IMPROVING THE EFFICIENCY OF BIOMASS FEEDSTOCK SUPPLY 

5.1 Operational Efficiency and Environment 

According to Pfeiffer (1967), operational efficiency can be defined as “the effectiveness with 
which human potential and capital are utilized in a production system”. Similarly, Sundberg & 
Silversides (1988) state that operational efficiency addresses “the problem to allocate in space 
and time, labor and machines, to put them to work in a rational fashion and to maintain or 
improve their efficiency”. The assumption by Sundberg & Silversides (1988) is that operational 
efficiency can be increased by addressing three crucial issues that are of a technical, social 
and economic nature. 
 
The technical issues relate to the different materials, tools, and machines that are necessary 
in order to harvest, process, and transport the biomass from the forest to the end-use facility. 
It may also include processes related to selecting, preserving, and enhancing the techniques 
used to execute the job (Sundberg & Silversides 1988). At a technical level, each link in the 
supply chain can be analyzed and improved separately in order to benefit the entire supply 
chain.  
 
Social issues that should be addressed relate to work safety, health issues, human capital, and 
work satisfaction. The aim for economic issues is to “balance the inputs of man, machines and 
other assets for performing the job so as to meet the objectives” (Sundberg & Silversides 
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1988). The underlying objective is to carry out the work at the lowest possible cost. In the 
context of this report, it means to produce energy from forest biomass that is economically 
sustainable in the short and long term.  
 
The term efficiency is vague and often associated with economic efficiency. However, in 
regards to the overall operational efficiency simply looking at economic efficiency is not 
sufficient. Ahn & Dyckhoff (1997) defined efficiency as “do[ing] the right things right” in their 
characterization of efficiency and effectiveness, which is considered a good definition for 
forest-based biomass supply chains as well. In this context, the ‘right things’ are factors that 
improve operational efficiency to make supply chains better and more efficient than the 
status quo. Foundational work to determine the ‘right things’ has been done by Pfeiffer 
(1967). Pfeiffer (1967) states that operational efficiency can be increased in several ways: by 
adapting the methods of operation, using different materials and equipment, educating the 
labor force, improving the work place through better environmental conditions and working 
climate, standardization of working methods, and the integration of operations. Finally, a 
holistic viewpoint is important to maintain since it considers the whole system as compared to 
just looking at a single operation in one environment. In the context of forest biomass for 
energy, Röser (2012) concluded that the concept of efficiency by Ahn & Dyckhoff (1997) 
should be expanded to account for the complex interrelationships of forest biomass supply. 
Röser (2012) suggests adding another dimension to the original definition, that is an 
efficiency: time ratio. The definition for operational efficiency in forest biomass supply for 
energy should therefore state “do[ing] the right things right, at the right time”. By doing the 
right things at the right time, operational efficiency can be improved with small steps that do 
not necessitate large capital investments or fundamental changes to the existing supply 
systems. 
 

 
Figure 20. The concept of the operational environment in the forest biomass for energy supply chain 

(Röser 2012). 
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The operational environment is an important aspect of operational efficiency as it affects all 
stakeholders in the biomass supply chain. The operational environment describes the 
environment in which people or a system work, but also includes the internal and external 
factors that affect everyday operations. These factors include the political and policy 
framework, the working culture in a certain region, the cultural background, exposure to 
knowledge and technology and climatic conditions. The concept of operational environment 
related to the supply of forest biomass for energy, as introduced by Röser (2012) is presented 
in Figure 20.  
 
Figure 20 illustrates the large number of factors affecting the operational environment of 
biomass supply chains. As the operational environment differs for each individual supply chain, 
each supply chain has to be planned and adapted carefully to ensure economic sustainability. 
The operational environment also includes the optimal location of the bioenergy plant, and 
consequently has a large effect on the operational efficiency of the entire supply chain. In 
some cases, the operational environment might also prevent a bioenergy operation to become 
established due to limiting factors within, for example the political or social environment.  
 
The study by Röser in 2012 underlines the importance of a thorough planning process and the 
need for optimal timing of operations for each of the different dimensions discussed above: 
technical, social and economic (Figure 21). Such details are needed to establish economically 
viable supply chains. Some of the technical considerations necessary to ensure operational 
efficiency have been discussed in section 4. 
 

 
Figure 21. Three-dimensional approach to examining and establishing forest energy 
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supply chains (Röser 2012). 
 
 The considerations are as follows: 
 
Technical considerations of operational efficiency:  

 Selection of suitable raw material according to customer demands  
 Optimal timing of the harvesting operations, and pile setup to promote debarking 

and drying 
 Selection of an optimal debarking method during harvesting  
 Selection of a proper storage system for a given feedstock and condition 
 Optimizing the process and effective equipment maintenance 
 Careful handling of the raw material before chipping 
 Use of existing, reliable, and proven technology 

 
Social considerations of operational efficiency: 

 Training and education of all actors in the supply chain 
 Implementation and uptake of new information and technology advances into 

existing and new supply chains  
 Design of holistic modern flexible supply chains, based on proven technology 
 Establishment of business models that promote trust among the different actors in 

the supply chain  
 Identification and subsequent elimination of unnecessary activities in the supply 

chain 
 Consideration of all aspects of the operational environment and its effects 

 
Economic considerations of operational efficiency: 

 Local feedstock availability and cost studies prior to establishment of plant 
 Use of existing, reliable, and proven technology 
 Holistic planning to address all aspects of the operational environment and its 

effects  
 Investment in optimal technology to produce the desired fuel quality 

 
On a regional level, Röser (2012) demonstrates that by changing some of the traditional 
organizational structures, new innovative ways of operation and organization of the work can 
be achieved. By changing or adapting these structures, it is possible to develop new business 
models to improve the efficiency of the supply systems both for roundwood and forest biomass 
for energy. New business models enable the direct elimination of unnecessary and duplicate 
processes. This is particularly interesting for regions and countries with long histories of 
forestry such as Germany, Austria and the UK.  
 
Increasing operational efficiency should focus not only on raw material selection, but also on 
increasing efficiency by modifying the elements in the supply chain when necessary, e.g. 
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chipping. This means finding the proper technologies and optimizing the maintenance 
schedule. 
  
The results by Röser (2012) demonstrate that cost effectiveness can be achieved with very 
minor modifications to existing supply chains, for example, by optimal timing of operations 
and by relying on proven technology. Increasing the operational efficiency of the forest 
biomass supply will help to establish a new supply chain and improving the existing supply 
chains. 

5.2 Optimal Location of Bioenergy Business 

Procurement costs remain the major impediment for large-scale biomass when competing with 
fossil fuels (Gan & Smith 2006). In wood-based energy production it is difficult to achieve the 
same economies of scale as fossil fuels because of the disadvantages of transporting widely 
distributed biomass to a central location (Figure 22). This weakens the economic sustainability 
of wood-based energy production (Ranta 2005). 
 

 
Figure 22. The existence of an optimum scale is illustrated by plotting c(s) = C(s). Plots of feedstock 
cost and plant costs are also shown. The dotted line c(s*) is showing the curvature of c(s) close to the 

optimum s* (Jack 2009). 
 
The greater the output of an energy-producing plant, the higher the yearly consumption and 
the higher the procurement costs of biomass will be, resulting in higher total operating costs 
(TOC) per unit of energy produced (Figure 23). When the annual consumption of forest chips in 
a single plant increases from 10 000 m3 to 100 000 m3, the mean procurement costs increases 
by 8-15% (Asikainen et al. 2001).  
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Figure 23. Estimated yearly biomass flow rate M (t/year) and total operating costs (M€, TOC) for 

different plant sizes and production processes. WNE= net electric energy power output (MW), C/ST= fluid 
bed combustor and steam turbine cycle, G/CC = fluid bed gasifier and combined gas- steam cycle 

(Caputo et al. 2005). 
 
The price of woody biomass is highly variable due to the low energy-intensity and transport 
economy. Improvements in the productivity of biomass production, harvesting, and transport 
systems are clearly the key to enhancing the bioenergy share of total energy production (Gan 
& Smith 2006). The overall cost reduction potential is estimated to be up to 25%, mainly due 
to better technology, improved harvesting techniques and optimized long-distance 
transportation (Hogan et al. 2010).  
 
When estimating the optimal plant size, the trade-off between capital costs and capacity must 
be considered. Larger plants are usually more fuel efficient, but consume more biomass, 
which increases the radius of biomass procurement and total operating costs. Correspondingly, 
the capital costs in relation to production capacity are reduced (Figure 23). The radius of the 
procurement district around the plant is defined by the annual use of forest fuels at the plant 
and the annual harvestable amount of forest fuels in the area surrounding the plant. When 
availability and procurement costs are summarized, the cumulative availability, total costs 
and marginal cost of biomass procurement can be calculated (Karjalainen et al. 2004).  
 
The costs and availability of woody biomass vary largely between countries. From an 
economical point of view, optimal stands for biomass harvesting should have a high density 
(m3ha-1) of harvestable biomass, forwarding distance should be less than 500 meters and long 
distance transportation should be less than 100 kilometers (Stupak et al. 2008). More remote 
areas may not be as economically suitable for harvesting due to higher transportation costs, 
but if demand increases these resources may have to be utilized. As biomass is transported 
further, more transportation fuel is used. Additional fuel consumption reduces the life cycle 
energy efficiency of the whole production chain and increases the life cycle carbon dioxide 
emissions, both undesirable outcomes from a sustainability point of view (Reichling & Kulacki 
2011). One possible solution is to replace large biomass plants with several smaller facilities 
closer to feedstock resources, but this may also result in higher capital costs and reduced 
operational efficiency.  
 
In principle, the cost of competing fuel defines the maximum acceptable cost of forest 
biomass. When the marginal cost of forest biomass use exceeds the mean cost of alternative 
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fuels, using biomass for energy is not economically sustainable. Optimization of the feedstock 
supply chain has therefore a significant environmental and economical value. Decreased 
procurement costs will increase the optimum scale of operations and make new volumes of 
resources available (Andersson et al. 2002).  By integrating the biomass supply chain within 
the roundwood supply chain or by using cooperative structures in biomass feedstock supply, 
management and long-distance transportation cost savings can be achieved and overall 
profitability in the supply chain increases. Networking is a means of seeking new opportunities 
for enhancing such aspects as flexibility, quality, and the reliability of deliveries (Kuitunen et 
al. 1999). 
 

5.3 Risk Management 

Financial uncertainty can be comprised of endogenous and exogenous dimensions. Endogenous 
uncertainty arises from the nature of the internal (i.e. project and organization level) 
environment. Exogenous sources of uncertainty arise at three levels: industry, competition 
and external environment. Industry level uncertainties originate primarily from financial risks 
related to technological innovations and changes in the relative prices of inputs and outputs 
(Franck 2008). Competitive risk represents the actions of competitors that cannot always be 
predicted. Uncertainty in the external environment refers to the risk present in the operating 
environment and markets. Environmental uncertainties arise from political surroundings, 
macroeconomics, social climate, and financial volatility (Franck 2008).  For companies 
involved in bioenergy production and supply, the unstable political environment and volatile 
financial conditions create uncertainties. 
 
Risk management involves identifying, analyzing and reducing the risks and possible financial 
losses. Such losses and liabilities can affect day-to-day operations, reduce profits, and cause 
financial hardship severe enough to cripple or bankrupt a small business (Franck 2008). Basic 
risks such as fires, accidents, product liabilities, and employment practices are a profound 
part of risk management in many companies, but these events usually do not drive companies 
into financial difficulties. 
 
Therefore, more attention has been paid to financial risk management—such as interest rates, 
foreign exchange rates, and risks associated with changing technology, competing fuel prices 
and unique threats concerning that particular sector (Franck 2008). For companies operating 
in biomass feedstock use and supply, large investments represent the most significant risk.  
 
A biomass supplier can manage the risks by either moderating the investment costs or 
increasing the efficiency of harvest and delivery. In conditions where seasonal variation is 
high, using the same base machinery for the harvesting of different forest products from 
industrial roundwood to energy wood reduces the financial risks, smoothes the demand peaks 
of one sector and ensures full operation of the machinery year around. Lowering the 
investment costs also reduces the barrier to entry for new operators. 
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6.0 SOCIAL VALUES 

As previously discussed, economic sustainability has a social dimension linked to it and socio-
economic impact studies are commonly used when evaluating the sustainability of biomass 
feedstock supply or bioenergy development projects. Typically, these are measured in terms 
of economic indices, such as employment, accessibility and affordability. Local socio-
economic impacts are diverse and will differ according to such factors as the nature of the 
technology, local economic structures, social profiles and production processes.  
 
One principal in sustainable supply chain management is the selection of responsible suppliers. 
The first step is to evaluate all possible suppliers in terms of their social impacts (Hutchins & 
Sutherland 2008). There is significant potential for forest products and forest bioenergy 
projects to contribute to positive social values associated with sustainable development, 
especially in poor, rural, or forest dependent communities. A company seeking to achieve 
sustainable operations should consider the entire supply chain for its products, not just those 
links that belong to its own sphere of legal responsibility.  
 
The production and use of bioenergy can benefit communities and stakeholders involved in 
direct and indirect ways. Direct benefits are both economic and social because of the net 
employment that is often generated (Richardson 2002). Bioenergy systems may influence the 
number and quality of jobs at a local level, and have profound influence on the quality of life 
in homes and communities and have an effect on affordability and accessibility of energy (Gan 
et al. 2012).  
 
In particular, creation of new and long-term employment in rural areas improves social 
welfare in the region. The use of woodfuels and other biomass resources in energy production 
can generate 20 times more local employment per energy unit than other energy alternatives. 
Direct employment comprises jobs involved in woodfuel production, transport, construction, 
operation and maintenance of plants (FAO 2010). The number of jobs and net earnings is 
influenced by the production method and organization. Manual methods and mechanized 
systems generally require different levels of employment and earnings (Borsboom et al. 2002). 
In countries with high goals for renewable energy, but relatively low availability of domestic 
biomass resources, biomass imports are increasing, and in these situations, it must be 
expected that possible net employment benefits are achieved at international scales. 
 
Accessibility and affordability of wood fuels to local residents are also key measures when 
evaluating the social sustainability of biomass production. Bioenergy is considered more 
socially sustainable than fossil fuel alternatives because the money spent on energy remains in 
the local community. In contrast, over 90% of money spent on heating oil is typically lost from 
the local economy (Borsboom et al. 2002). Bioenergy can lower the cost of heating, but the 
lack of access to woodlands can limit the viability of woodfuel systems, as for example in 
remote areas with few woody resources or in areas near conservation reserves.  
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Indirect social values are often estimated through multipliers, which are quantified by the 
ripple effects of bioenergy investments and use such as jobs and wealth generated within the 
economy (FAO 2010). Other indirect social benefits can result from local, participatory 
involvement in decision-making regarding the location of and system design for new bioenergy 
schemes. When different stakeholders and local people have the opportunity to participate in 
and influence local decision-making processes concerning bioenergy, increases in several 
important aspects of social sustainability can occur (FAO 2010). 
 
Apart from employment and rural development, there are a number of other social concerns 
in woody biomass, woodfuel, and bioenergy production (FAO 2010, Buytaert et al. 2011). 
These include, for example risks to health and worker safety, human and labour rights, food 
safety and security. Occurrence of work-related illnesses, accidents or aesthetic impacts for 
local people may occur; for example, potential health risks from airborne fungal spores and 
hyphal fragments may occur because of handling wood chips (Andersson et al. 2002). 
Companies must determine how to properly consider human and labour rights when biomass is 
produced in or exported from countries with weak protection of these rights. 
 
Social and economic impacts of bioenergy systems are complex and highly variable. Social 
values are often indistinguishable from economic ones due to the nature of the 
interrelationships. The complexity increases as economic and social values are integrated with 
environmental values. 
 

7.0 ENVIRONMENTAL VALUES 

The incorporation of bioenergy in the overall fuel mix, and associated processes of growing 
and utilizing forest biomass, generally contributes to the development of energy systems that 
are more environmentally friendly than competing fossil fuels. In many cases, the substitution 
of biofuels (used broadly here to include all solid, liquid and gaseous sources of bioenergy) for 
fossil fuels leads to reduced net greenhouse gas emissions in the short term and even more so 
in the long term (Bird et al. 2011; McKechnie et al. 2011). When reductions of greenhouse gas 
emissions are estimated using Life Cycle Assessment (LCA) techniques, emissions along the 
whole supply chain need to be considered. 
 
While development of profitable forest biomass harvesting and production systems in most 
cases will have positive synergies with the creation of greenhouse gas savings, there can be a 
trade-off between profitability and measures needed to protect other environmental values. 
As noted by Hakkila (2002), this is the result of several operational changes including planning 
and training intensity, machine design, harvest site and landscape layout, number of 
interventions, and harvest utilization standards for separating tops, branches and foliage. Such 
environmental risks associated with bioenergy production systems are addressed in a range of 
criteria and indicators, such as those proposed for biodiversity, soil and water values 
(Lattimore et al. 2009, FAO 2010). These impacts are usually associated with the first link in 
the supply chain, i.e. biomass production and associated land management.  
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The environmental effects of forest management were thoroughly reviewed by authors 
contributing to Richardson et al. (2002). This effort included an assessment of environmental 
risks and development of guidance and mitigating practices to ensure environmental 
sustainability for soil, water, and biodiversity in forests managed for bioenergy feedstocks. 
Guidance for reducing the environmental impact of bioenergy production systems proposed by 
Hakkila (2002) suggested practical alternatives, which forest managers can apply to maintain 
environmental quality while also achieving financial profitability. For example, an assessment 
of the risks associated with utilization of nutrient-rich foliage typically suggests that this 
biomass be left on site. This can be accomplished by drying logging residues on the harvest 
site for one season. Such practices require a sequence of individual harvesting operations, 
which will be more expensive compared to a single, integrated harvesting method (Hakkila 
2002). However, the amount of logging residues that should be left onsite to protect soil 
fertility may correspond to the amount of biomass that is left on the site operationally due to 
machine handling and felled-tree breakage. Nurmi (2007) reported that it was not 
operationally feasible to remove the last 30% of the aboveground biomass from mechanically 
logged sites in Finland. Experience with commercial boilers indicates that nutrient-rich 
biomass, high in ash content, causes slag accumulation on boiler tubing. This is a good 
example of consistency between environmental management objectives and feedstock 
priorities for bioenergy conversion technologies. Another example from recent research 
conducted by Gan and Smith (2010) demonstrated that on soils in the southeastern US, where 
loblolly pine growth is often limited by phosphorus availability, retaining phosphorus-rich 
crown biomass could reduce the need for applying expensive fertilizer, thus achieving 
environmental and financial objectives simultaneously. 
 
Woody bioenergy feedstocks can be collected from a wide range of forestry production 
systems ranging from extensive gathering of small amounts of fuelwood to highly intensive 
energy cropping systems with frequent interventions and total utilization of roots and tops, as 
discussed in detail by Burger (2002) and Mead and Smith (2012). As a result, the associated 
risk of significant environmental change in response to bioenergy feedstock production varies. 
The change may be positive, for example, where soil quality is improved and landscape 
diversity is increased by management practices and design. The environmental response to 
bioenergy feedstock harvesting may also be negative; for example Helmisaari et al. (2011) 
recorded growth depressions after bioenergy feedstock harvesting. 
 
Practices to maintain and enhance soil and site productivity are typically site specific due to 
differences in climate, soil and water conditions, and atmospheric deposition (Raulund-
Rasmussen et al. 2008, Stupak et al. 2008). Protective measures may result in limitations to 
biomass harvesting and production that will lead to lower profitability of the operation, for 
example if multiple operations are needed to replace integrated operations (Hakkila, 2002). 
However, protection of environmental values may also help to ensure long-term productivity 
and profitability, cf. the abovementioned studies by Gan and Smith (2010) and Helmisaari et 
al. (2011). 
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There is continual tension between the empirical knowledge and uncertainty about the 
consequences of our actions. Sometimes Adaptive Management has been adopted (e.g. see the 
FSC Boreal Standard (FSC 2004)) to provide a logical framework for incorporating validated 
best practices into current management while seeking continual improvement. Adaptive 
Management involves a commitment to monitoring and reviewing the effects of our actions 
and comparing with goals set in initial planning stages. This process has been referred to as 
the “plan-do-check-review” cycle for seeking continual improvement in a management 
system. The Adaptive Management framework as described by for example, Mayfield et al. 
(2007) also provides an opportunity for all stakeholders to have input in defining the 
management objectives, in reviewing monitoring results, and in developing a response for 
future action that might seek continual improvement in the overall management system. The 
Adaptive Framework also makes provision for the management system to take into account all 
regulations that apply (e.g. at the local and state level) so that operations will be in 
compliance with any laws. Therefore, if the intent of Adaptive Management is adopted by 
managers and conducted in an open and transparent fashion, any management system can, in 
principle, be based upon the best knowledge available, continually improve over time as new 
knowledge becomes available through research, and be in compliance with all legal 
regulations that apply. 
 

8.0 GOVERNANCE 

The movement of biomass and bioenergy products along the supply and value chain takes 
place in response to a variety of economic signals between actors who sell or buy goods and 
services. The markets that develop around such activity are affected by a variety of voluntary 
and strictly enforced laws and regulations designed to accomplish various political, economic, 
social and environmental goals. As noted in the criteria and indicators of the Montreal Process 
(Montreal Process Working Group 2005), provision of an adequate legal, policy and 
institutional framework is essential to achieve sustainable forest management. These laws, 
policies and institutions vary around the world, and a complex array of such arrangements is 
common in many countries. 
 
In the bioenergy sector, various government policies provide incentives to stimulate bioenergy 
production to achieve a variety of renewable energy policy goals. Other government policies 
that apply at local, regional and even international levels are designed to protect, maintain 
and enhance environmental quality and protect human health. Therefore, it is common to 
perceive a tension line of “checks and balances” between governance mechanisms designed to 
stimulate renewable energy development and those governance mechanisms that in effect 
restrain development as a consequence of attempting to achieve other goals.  
 
The proponents of various “checks and balances” are often from different schools of thought 
when it comes to prioritization of economic, social and environmental values, and the political 
decision making process that affects the direction of development is influenced by the relative 
“power” of the proponents of one value system versus another over time. Bioenergy supply 
chains are very strongly affected by the cumulative effects of the multiple layers of 
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governance that come into play, for example, as biomass moves along the supply chain from 
privately owned forest land in the south-eastern US, which includes a mix of uncertified and 
certified forest, to a wood pellet producer and exporter on the Atlantic coast of Georgia and 
finally to a pellet-coal co-fired power plant in Belgium (Figure 24). 
 
The objective of this section of the report is to briefly discuss the types of governance 
mechanisms that come into play along the bioenergy supply chain from producers of 
feedstocks to energy consumers. The term “governance” is used here to refer to a variety of 
best management practice guidelines, voluntary schemes and systems, and strictly enforced 
regulations that in one form or another set standards for satisfying sustainability principles 
and criteria that apply to land management activities and the energy products that consumers 
purchase. 
 

 
 

 
Figure 24. Multiple claims for exports from forestland in the southeastern USA to EU markets. At this 

point, it is uncertain if the governance mechanisms and certification schemes that ensure the 
sustainability of the US forest sector will satisfy anticipated new EU-RED standards for solid bioenergy 

feedstocks (adapted from Kittler et al. 2012). 
 
 
Forestry supply chains can involve a number of horizontally and vertically integrated actors 
(Table 5). Some of these actors contribute to the flow of biomass and bioenergy products 
along the supply chain, and others are involved in various governance roles. Examples of 
governance roles, as we currently understand the sector, include the development and 
operation of voluntary sustainability certification schemes, the activities associated with 
standards setting, certification and auditing according to these standards.  
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Other examples are the various roles that government officials play in developing and 
enforcing local to state and national and international standards of performance and 
regulations affecting operations, trade and the flow of goods and services. The business itself 
may also decide on commitment to the Triple Bottom Line (TBL, social responsibility, 
environmental soundness, and economic viability), and thus have its own systems to ensure 
protection of social and environmental values in relation to its activities. This also includes 
investors that may have systems to ensure responsible social and environmental planning of 
new projects, including for example a screening to determine if an Environmental Impact 
Assessment (EIA) is necessary (e.g. World Bank 2010). Attempts have been made to develop 
the EIA methodology for bioenergy projects (Fritsche et al. 2010). 
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Table 5. The types of roles filled by people actively involved in any aspect of the bioenergy supply 
chain, including activities designed to ensure sustainability of the bioenergy supply chain. 

Role in bioenergy 
supply chain Description 

Landowner or 
manager; biomass 
producer 

Forest owner or manager, farmer, agricultural cooperative, owners and managers 
of energy crop farms, palm oil plantations and similar actors. 

Contractor 
Entrepreneur contracted to perform activities such as planting, harvesting, 
pesticide application, transportation, etc. For example forestry or agricultural 
entrepreneurs, and transportation and storage. 

Biomass refiner Producer of secondary solid or liquid biofuel products, for example woodchips, 
pellets, vegetable oils, ethanol, biodiesel, etc. 

Trader or distributor Organization or person that buys and sells biomass or biomass products on a 
market. Such actors may also blending liquid biofuels. 

Energy producer Producer of electricity and/or heat from biofuels. 

Investor Investor in bioenergy or bioenergy related projects, e.g. International Financial 
Institutions. 

Certification scheme 
or initiatives 

Existing or newly developing organizations or initiatives setting standards for 
achieving a sustainable production of biomass, biofuels or bioenergy. 

Certifying body 
An independent, third party organization that evaluates stakeholders seeking first 
time certification, issues certificates and ensure on-going conformance with a 
certification scheme. 

Auditor 
On-the-ground auditor of certification standards aimed at achieving sustainable 
bioenergy. May be an employee of a certifying body or an independent consultant 
hired by a certifying body. 

Standards 
development 
support 

Association or partnership dealing with social and environmental standards. They 
are working with established and emerging voluntary standard systems and 
develop guidance and help strengthen the effectiveness and impact of these 
standards.  They may work with companies, non-profits and governments to 
support their referencing and use of voluntary standards, and may also define 
codes of good practice for setting social and environmental Standards (e.g. ISEAL 
alliance, GBEP, GIZ, ISO). 

Administrator 
(public authority) 

Institution that enforces laws and regulations (set by the legislator) and in 
different ways regulate actors involved in the biomass, biofuel, and bioenergy 
sector and administrates legislation and regulations related to sustainable 
bioenergy systems. For example county administrative board, municipality, etc. 

Regulator (public  
authority) 

Jurisdictional institution at the regional, state, provincial, national, or 
international  level (e.g. the European Union, countries, Bundesländer in 
Germany, states in the USA, etc.), which set laws and regulations in relation to 
aims of achieving sustainability of biomass production or the whole bioenergy 
supply chain. 

Expert 
Expert not listed above that provides advice on any aspect of sustainable 
bioenergy production systems, for example researcher, agricultural and forestry 
consultant. 

Bioenergy 
association 

Non-governmental organization actively involved in developing bioenergy systems, 
with different types of members, including economic operators on the market, 
but also e.g. consultants, researchers, and other individuals. 

Professional 
organization, society 
or association 

Non-governmental professional organization with members being economic 
operators on the bioenergy markets (e.g. forest owner, wood pellet or biofuel 
producer associations). 

NGO Non-governmental environmental organization actively involved in questions 
around bioenergy sustainability. 
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A wide variety of governance mechanisms come into play, for example along the wood pellet 
supply chain mentioned above, from south-eastern US forests to Belgian co-fired electricity 
production. Each of the actors along the supply chain may face multiple levels of governance 
mechanisms (Table 6), which range from voluntary to strictly enforced regulations. 
 

Table 6. Governance mechanisms that affect or may potentially affect the bioenergy supply chain for 
wood pellets moving from southeastern US forests to Belgian co-fired electricity production. See also 

Fig. 24. 

Bioenergy 
supply 
chain actor 

State-enforced 
regulations and 
BMPs for 
environmentally 
friendly land 
management, 
including soil, 
water and 
biodiversity 

Triple Bottom Line: 
standards and 
systems for a 
responsible business 
(e.g. Corporate 
Social Responsibility 
and procedures for 
Environmental 
Impact Assessments) 

Voluntary 
certification for 
sustainable land 
management, 
procurement, chain 
of custody (CoC), or 
sustainability along 
the whole supply 
chain 

International 
sustainability standards 
affecting import-export 
trade (e.g. 
requirements similar to 
the EU Renewable 
Energy Directivea; EU 
Timber Regulation) 

Biomass 
producer, 
forestry 

Yes; incl. voluntary 
guidelines and 
BMPs for forest 
management and 
harvesting 

Yes 

Yes; incl. self-
selected schemes 
such as American 
Tree Farm System, 
Sustainable Forestry 
Initiative, Forest 
Stewardship Council, 
or a scheme to show 
compliance with 
legislation of import 
countriesa. 

Depends on the vertical 
integration of the 
producer and standards, 
for example if proof of 
sustainable feedstock 
sourcing is required and 
a CoC is required. 

Contractor 
Yes; incl. state 
forester monitored 
application of BMPs 

Yes 

Yes, incl. self-
selected schemes 
such as Master 
Logger, Smart 
Logging. 

Depends on the vertical 
integration of the 
contracting company and 
standards. 

Biomass 
refiner Nob Yes 

Yes; CoC certification 
standards, or a 
scheme to show 
compliance with 
legislation of import 
countriesa. 

Depends if the biomass 
fuel is traded to markets 
with international 
sustainability 
requirements. 

Trader or 
distributor No Yes 

Yes; CoC certification 
standards, or 
schemes to show 
compliance with 
legislation of import 
countriesa. 

Depends if the biomass 
fuel is traded to markets 
with international 
sustainability 
requirements. 
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Energy 
producer Nob Yes 

Yes; Energy 
certification 
standards, or 
schemes to show 
compliance with 
legislationa. 

Depends if international 
standards affect the 
supply chain and 
production of the energy 
producer 

aThe EU is currently discussing whether to decide on legislative sustainability criteria for solid and 
gaseous biomass fuels used in electricity, heating and cooling, with enforcement to be concerted by 
voluntary certification systems as is the case for the EU Renewable Energy Directive for biofuels and 
bioliquids for transportation (2009/28//EC). See also Flach et al. (2012). 
bLaws regulating air quality (emission of nitrogen, sulphur, particles etc.) might however apply. 
 
While Tables 5 and 6 clearly demonstrate the complexity of actors involved and the multiple 
levels of governance affecting, for example, the flow of woody biomass to produce electricity 
with wood pellets in Europe, recent work has also highlighted the complexity of systems 
operating within any one cell of Table 6 (Stupak et al. 2007, Stupak et al. 2011; Van Dam et 
al. 2010). These authors have shown that there are more than 50 certification systems of 
relevance to the bioenergy sector. Hence, governance is increasingly complex, with the 
potential for negative impacts along the whole supply chain and overlapping jurisdictions at 
any one point in the supply chain. There is concern that, as a result, trade may be restricted 
and that individual actors may be unnecessarily “over-regulated”, with excessive costs along 
the supply chain. The rapid global proliferation of a variety of certification systems means 
that there is now a significant diversity of approaches to standards, and a diversity of 
approaches to assessments (audits and reporting), potentially resulting in consumer confusion, 
unintended negative impacts for trade, and, not surprisingly, the potential failure to achieve 
sustainability goals. This situation has led to some asking if there might be beneficial 
outcomes of checking and adjusting for consistency among the multiple levels of governance 
currently operating, and if systems might beneficially be harmonized, for example by 
establishing internationally agreed meta-standards (Van Dam et al. 2010). There is thus an 
urgent need for careful coordination among all key parties to move the sector ahead. 
 
9.0 CONCLUSIONS 

Increasing demand for renewable energy has created new possibilities for forest-based 
livelihoods and income generation by adding a new commodity to the range of products that 
can be derived from forests. The interactions among social, economic and environmental 
values are strong.  Wood-based bioenergy production and use can have a mix of positive and 
negative outcomes at local and system levels. Communities, businesses, and nations engaged 
in strategic planning for bioenergy development should anticipate the need to balance 
expected costs with benefits and should conduct trade-off analyses to find solutions that 
satisfy a range of stakeholders.  
 
The economic value of the activity must be apparent before investments in biomass 
production, supply and conversion machinery, plants and other infrastructure will effectively 
occur. The plethora of (sometimes conflicting) support measures, potential policy shifts, 
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overlapping laws and regulations, and competing certification schemes add significant 
uncertainties and costs when considering investments in the biomass supply chain.  
 
Intelligent siting and sizing of a bioenergy project is the most important key to economic 
sustainability: the availability of affordable forest biomass and absence of easily accessible 
competing fuels creates a competitive advantage for biomass in energy production. It is 
equally important that all energy produced can be sold to markets. This means that heat, 
steam and electricity produced from biomass are truly in demand and have real market value. 
 
The importance of economic sustainability has to be emphasized in international and national 
policies, roadmaps and programs for bioenergy development. It has to be present also in 
practice, when investments and operations are planned and executed. It is evident that when 
economic sustainability is not present in the bioenergy value chain, profit is not gained and 
the operation eventually shuts down. Economic sustainability is therefore necessary for added 
value creation and to properly ensure other dimensions of sustainability.  
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