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Although Tasmania, Australia's southernmost state, has a large forest resource per capita

there is no reliable information on the potential use of harvest residues, low quality logs or

processing residues for energy production. In order to address the current knowledge gap

we: i) quantified the current use and the potential sustainable supply of forest biomass in

Tasmania, ii) compared those results with the use of forest biomass in Bavaria, a compa-

rable state in Southeast Germany, and iii) analysed the low Tasmanian production of en-

ergy from forest biomass considering economic, legislative and social drivers. The current

use of forest biomass for energy (400 kt y�1 of bone dry material) represents about 6% of

Tasmania's total annual energy supply. The potential supply of forest biomass for energy

production is estimated at 1800 kt y�1 of bone dry material equivalent to about 30% of

Tasmania‘s current total annual energy supply. In contrast to Bavaria and other European

countries, forest bioenergy production is small in Tasmania relative to the available

resource and could be more than quadrupled from a resource availability perspective. A

weak domestic market for energy wood leading to low prices, the lack of political stimuli

and a low social acceptance are likely key factors. As a strong increase in market prices for

forest biomass is unlikely, political incentives are necessary in order to increase the use of

forest biomass. Addressing social acceptance will be a prerequisite for the success of ini-

tiatives or legislation to achieve this potential.

© 2015 Elsevier Ltd. All rights reserved.
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1. Introduction

Tasmania, Australia's southernmost state, has a large forest

resource per capita. Althoughabout half of the 33 000 km2 total

forest area is reserved the total annual harvest is still at about

5 hm3 (1 hm3 ¼ 1 000 000 m3) of timber corresponding to 10 m3

capita�1 [21]. In the past the majority of this harvest has been

from native forests but in the future plantations will become

themain source of timber. The bulk of the plantation estate in

Tasmania and in fact throughout south-eastern Australia has

been planted over the last 15 years, andwhether it is managed

for pulpwood or solid wood products this estate is currently

some years from maturity. As the plantation estate matures,

the potential harvest may increase [19].

The use of forest biomass for energy is comparatively small

in Tasmania and restricted to domestic firewood and some

industrial heating plants. Substantial uncertainties exist

regarding the current use and the sustainable future supply of

forest biomass feedstock for energy production in Tasmania.

The last officially published figures on firewood use date back

over 14 years [16] and a comprehensive study on industrial

biomass use for energy production is not available. Several

recent studies have investigated the potential use of biomass

for energy in Australia. These studies were either relatively

rough estimates covering large areas (whole of Australia), long

timeframes (>20 years) and awide range of possible feedstocks

(e.g. Refs. [14,19]) or detailed estimates for a potential consumer

considering the area and feedstock for a special purpose (e.g.

Refs. [23,63]). There is no reliable information on the potential

Tasmanian forest biomass for energy feedstock originating

from forestmanagement covering bothpublic andprivate land.

In contrast to the situation in Tasmania, the use of biomass

for energy has significantly increased in Europe over the last

twenty years [20]. Sweden and Finland, two European coun-

tries with a large forest resource per capita, currently produce

between 25 and 30% of their final energy consumption from

(predominantly forest) biomass [4]. The increasing use of

forest biomass for energy was stimulated by rising prices of

fossil fuels and political support for renewable energy. As a

consequence, the public and scientists are increasingly con-

cerned about overexploitation of forests and strong competi-

tion between the material and energetic utilisation of wood

from forests. Therefore several wood supply estimates have

been conducted producing a comprehensive view of the wood

supply potential for bioenergy production at the European

(overview see Ref. [20]), individual nation and region within

nation level (e.g. Refs. [30,32,62]).

In order to address the current knowledge gap about forest

biomass for energy in Tasmania we undertook a study that:

i) quantified the current use and the sustainable potential

supply of forest biomass for energy production in

Tasmania,

ii) interpreted those results in comparison to Bavaria

(a comparable state in Germany) and

iii) analysed the differences considering economic, legis-

lative and social drivers.

In this study the term “forest biomass” refers to all woody

biomass generated directly by forest management (split logs,
other low quality logs, harvesting residues) and wood pro-

cessing (e.g. shavings, sawdust, woodchips).

Tasmania can be seen as a case study for a region, where

the use of forest biomass is marginal compared to the avail-

able forest resource. The results are intended to foster a better

future utilization of forest biomass and wood in general, and

to inform forest policy development and public discussions.
2. Material and methods

2.1. Current use of forest biomass for energy

Estimates of the volumes of wood-processing residues used

for energy were based on oral or written interviews under-

taken with representatives of the wood processing industry

during May/June 2013 [44]. Between them, the participating

companies were responsible for processing more than 90% of

the total harvest in Tasmania at that time. The estimates for

domestic firewood consumption were based on data from

Driscoll et al. [16]; which were updated by Todd [56] and on

unpublished data from a wood-heater survey performed by

the Tasmanian Environment Protection Authority during the

winter of 2011. Firewood consumption was estimated by

multiplying the number of households using firewood as a

main heating source with an average household consumption

of 4.8 t y�1 of air dry material and by multiplying the number

of households using firewood as a secondary heating source

(where firewood is used as a supplement to a different pri-

mary heating source) of 2.2 t y�1 of air dry material.

2.2. Potential supply of forest biomass for energy

The potential supply of forest biomass for energy in the short

term (over the next three years) was calculated separately for

low quality logs and harvesting residues resulting from forest

management of both native forest regrowth and plantations,

and from wood processing residues (woodchips, shavings,

sawdust). Material from oldgrowth harvesting was not

included due to the low public acceptance of such harvesting

and since oldgrowth harvesting is a very small proportion of

the total harvest following signing of the Tasmanian Forests

Agreement Act in 2013.

2.2.1. Native forest regrowth
For State forests the potential supply of low quality (pulp-

grade) logs and harvesting residues from native forest

regrowth was calculated for two main forest groups ‘Tall

Native Eucalypt Forest’ and ‘LowNative Eucalypt Forest’ based

on harvest areas and volumes per area. ‘Tall’ forests are

defined as those over 34 m in height whilst ‘low’ forests are

those from 8 to 34 m tall, in accordance with past practice

[36,52]. Noneeucalypt species were not considered since they

comprise <5% of the annual harvest. Future rates of harvest

were based on the area of native forest regrowth harvested

during the 2009/10, 2010/11, and 2011/12 Australian financial

years (1 July e 30 June) derived from Forestry Tasmania's
operational database. Forestry Tasmania is a government

business enterprise charged with managing the production of

timber from the State controlled production forests.
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Oldgrowth areas were subtracted from total harvested areas

and a further 20% reduction was assumed in line with the

Tasmanian Forests Agreement Act 2013 which included a

significant increase to the reserve area. Volumes per hectare

were calculated using Forestry Tasmania's inventory data-

base. Bark, branches and leaves were considered most likely

to remain on site and were not included in the biomass for

energy estimates. Biomass of stems and coarse woody debris

for 56 forest classes and 21 inventory areas were averaged for

the two forest groups ‘Tall Eucalypt Forest’ and ‘Low Eucalypt

Forest’ (see Ref. [44] for further details). Harvest residues

available for energy production were assumed to be 15% of

total solid forest biomass, which includes live standing vol-

ume, dead standing volume and downed dead wood decay

class 1 and 2 [28]. The 15% fraction has also been used by Ref.

[19] and is based on the assumption that all <20 cm diameter

solid forest biomass is left on site to maintain site nutrient

levels and a significant fraction of >20 cm living biomass and

85% of dead solid biomass is retained on site in order to pro-

vide enough material for continuity of coarse woody debris

formation. Recovery of 15% of harvest residue volumes is

consistent with field trials where 13e17 % of total solid forest

biomass was removed [5,41]. These trials assessed the eco-

nomic recovery of fuelwood, and generally only pieces that

were large enough to be collected using a forwarder were

included; this variedwith distance from landing, with a higher

proportion of material collected close to the landing, and less

from further away. In addition to harvest residues we

considered 50% of pulpgrade logs to be available for energy

production, based on current practices in Germany concern-

ing hardwood utilisation [51].

For private forests the potential supply of low quality

(pulpgrade) logs was calculated using published harvest rates

for pulpwood for the 2009/10, 2010/11 and 2011/12 financial

years [39]. Again 50% of pulpgrade logs were considered to be

available for energy production. Available biomass from har-

vesting residues was assumed to be 45% of pulpwood harvest

using the same relationship between harvesting residues and

pulpwood as for State forests.

2.2.2. Plantations
For hardwood plantations under public management only

thinnings and clearfells before mean rotation age were

considered since there will be little mean rotation age clearf-

elling (<3% of harvesting volume) in coming years. Thinning

and early clearfell areas and the corresponding harvesting

volumes were available from internal planning processes of

Forestry Tasmania.

Private hardwood plantations aremanaged almost entirely

for pulpgrade material using short rotations (mostly 12e18

years). Since significant areas of these plantations aremature,

the potential harvest was estimated by multiplying average

annual clearfell area with estimated harvest volume per

hectare. We conservatively assumed an 18 year rotation age

and a stemwood volume of 250 m3 ha�1 [12]. Aboveground

residues (bark, branches, leaves) account for about 25e30 % of

total biomass in eucalypt plantations [38]. Only one third of

these residues (corresponding to about 10% of standing

biomass) were considered to be available for biomass energy

production due to economic and ecological restrictions ([26];
personal communication from forest growers). As for the as-

sumptions for native forest regrowth, we considered that 50%

of plantation hardwood pulpgrade logs could be available for

biomass energy production.

Future harvest rates for softwood plantations were based

on average harvest volumes for the period 2002e2011 during

which time harvesting rates have been relatively constant [2].

In contrast to the assumption for hardwood material we

assumed that pulpgrade softwood is only used for industrial

purposes (current practice) and would not be available for

energy. Available harvest residues for energywere assumed to

be 7% of the merchantable volume of sawlog and pulp logs

([25]; personnel communication from forest growers). All

small slash (<8e10 cm) was assumed to be left on site for

economic and ecological reasons.

In many regions worldwide an important fraction of wood

is salvage harvested following natural disturbances like fire,

windthrow, snow or pathogens, especially in conifer forests

[47,49]. Salvage cutting of timber can make a significant

contribution to biomass for energy because this material is

often not suitable for alternative uses. Fire is the dominant

natural disturbance in Tasmania's eucalypt forests. However,

few fires have occurred at a landscape scale since the 1930s

and trees and burned forests contain large quantities of

charcoal that makes them unattractive to harvest and pro-

cess, particularly for paper making. Furthermore most native

eucalyptus forests readily recover following wildfire. Hence,

salvage operations in Tasmania are minimal and were not

specifically included in our calculation.

2.2.3. Wood processing residues
The potential volumes of wood processing residues were

estimated based on oral or written interviews undertaken

with representatives of thewood processing industry (see 2.1).

Interviews gathered data on the amount of timber processed,

the amount of residues generated, the current use of residues

and anticipated changes in future residue use. The percentage

of residues generated during processing as well as the per-

centage potentially available for energy use was calculated

separately for the four categories: softwood sawmilling, soft-

wood chipping, hardwood sawmilling/peeling and hardwood

chipping. These percentages were then applied to the poten-

tial Tasmanian harvest volumes expected in the next 3 years

using the same four categories.

2.2.4. Conversion factors
The estimates for the current and potential use of forest

biomass for energy are in part based on volumes and in part

on mass where different materials have different water con-

tents. We used the following conversion factors to allow

estimated energy content to be presented using the common

units of energy per kg of bone dry wood:

1 m3 wood ¼ 0.50 t of dry mass (softwood),

1 m3 wood ¼ 0.55 t of dry mass (eucalypt),

1 m3 wood ¼ 1 t wood (green),

Water mass fraction of green wood: 45%,

Water mass fraction of dry wood: 15%,

Water mass fraction of bone dry wood: 0%,

Energy content: 1 kg of bone dry wood ¼ 18 MJ (5 kWh).

http://dx.doi.org/10.1016/j.biombioe.2015.04.021
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Table 1 e Forest biomass used for energy in Tasmania.

kt y�1 kt y�1 Energy equivalent

(green) (bone dry) PJ

domestic firewood 490 270 4.9

wood processing

residues

220 120 2.2

total 710 390 7.0
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3. Results

3.1. Current use of forest biomass for energy

Currently about 400 kt y�1 of bone dry forest biomass are used

for producing energy in Tasmania (Table 1). This is equivalent

to about 6% of Tasmania's total primary energy supply (110 PJ

in 2012/13, [10]). All of the biomass is used for generating

thermal energy; there are no facilities for producing electricity

from biomass. Domestic firewood for heat production is the

dominant use of forest biomass for energy, accounting for

about two thirds of the total amount. Nearly one third of the

total amount is derived from wood processing and is used for

non-domestic heating, predominantly for kiln-drying of pro-

cessed timber. Smaller amounts are used for other industrial

heating, particularly during brick manufacturing, food pro-

cessing or heating greenhouses. The production of wood pel-

lets is negligible in Tasmania. About two thirds of processing

residues are used for industrial (woodchips) or landscaping

purposes (mostly bark). A significant quantity of processing

residues (>20 kt y�1 of bone dry material) is currently not used

for energy production or industrial/landscaping purposes and

is placed into landfills or left on site.
3.2. Potential supply of forest biomass for energy

The potential supply of forest biomass for energy production

in Tasmania is estimated at 1800 kt y�1 of bone dry material

(Table 2). About 40% of this material (700 kt y�1 of bone dry

material) is derived from harvest and processing residues.

Using only these residues, bioenergy production could be

nearly doubled from the current 400 kt y�1 of bone dry ma-

terial. The residues originate in nearly equal quantities from

plantations and native forests regrowth. 1100 kt y�1 of bone
Table 2 e Potential supply of forest biomass for energy in Tasm

Pulpgrade total Pulpgrade for energya Residue

kt (green) kt (green) kt

Native forests 1050 500

Plantation

hardwood

3050 1500

Plantation

softwood

700 0

wood

processing

total 4800 2000

a 50% of hardwood pulpgrade was assumed to be available for energy us

Figures rounded to 50 kt.
dry material (corresponding to about 60% of the potential

energy wood) is pulpgrade material which is currently chip-

ped and exported. At present an important fraction of the

pulpgrade material is not used due to logistical and/or eco-

nomic restrictions. About three quarters of total pulpgrade

material originates from plantations, and one quarter from

native forest regrowth.

The potential supply of 1800 kt y�1 of bone dry material

corresponds to an energy equivalent of 33 PJ or approximately

30% of Tasmania's current energy demand (110 PJ in 2012/13,

[10]). Residues currently left in the landscape to decompose or

burnt in the open and low quality logs currently exported as

woodchips have the potential to make a significant contribu-

tion to renewable energy production in Tasmania. The above

estimates are conservative and can be regarded as aminimum

potential since all underlying assumptions (e.g. conversion

factors) are conservative and other forms of woody biomass

(landscaping, waste wood) are not considered here. In addi-

tion we assume higher standards for retention of slash to

maintain soil fertility and retention of dead wood for biodi-

versity than required by best management guidelines in

Europe or North America (for an overview see Ref. [59]). The

above estimates of potential energy production are expected

to remain relevant for several years until 2020. The potential

supply of forest biomass for energy is expected to increase in

the medium and long term due to a significant increase in

hardwood plantation production. Long term supply from

softwood plantations is expected to remain constant, while

long term supply from native forest regrowth is expected to

decrease slightly.
4. Comparing Tasmania with Bavaria

4.1. Forestry and forest industry in Bavaria and
Tasmania

This section presents a case study comparison by contrasting

Tasmanian results with data from Bavaria, a southeast

German state. The comparison allows an accurate interpre-

tation of our results and an in-depth analysis of relevant

drivers. Bavaria was selected due to similarities in Tasmania

in area, contribution of forest biomass to total energy con-

sumption and the proportion of forest management between
ania.

s for energy Total energy wood Energy equivalent

(green) kt (green) kt (bone dry) PJ

450 950 500 9

350 1850 1000 18

100 100 50 1

400 400 200 4

1300 3300 1800 33

e, softwood pulpgrade was assumed to be used for processing only.

http://dx.doi.org/10.1016/j.biombioe.2015.04.021
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Table 3 e Comparisons between Bavaria (Germany) and Tasmania (Australia). Sources [7,21].

Bavaria Tasmania

People (million) 12.5 0.5

Latitude of capital city 48� N (Munich) 42� S (Hobart)

Land (km2) 71 000 68 000

Forest area (km2) 25 000 34 000

Forest available for wood production (km2) 24 000 12 000

Main forest type Semi-natural

spruce-beech

forest

Natural and

modified natural

eucalypt forest

Wood production (hm3 y�1) 15e20 5e6

Wood production (m3 y�1 capita�1) 1.2e1.6 10e12

Forest biomass used for energy (hm3 y�1) 10 0.7

Fraction of total energy supply generated

from forest biomass (%)

5 6
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the public and private sectors (Table 3). Additionally, recent

comprehensive data is available on the domestic market for

biomass used for energy in Bavaria [24]. The use of forest

biomass for energy is widespread in Bavaria which is typical

formany European countries (Fig. 1) where the share of energy

derived from biomass is closely correlated with the available

forest resource. In the 27 member nations of the European

Union biomass contributed 8.2% of total final energy con-

sumption in 2010 or nearly 64% of European renewable energy

[4]. Two thirds of total biomass for energy production or about

50% of total renewable energy [33] was from forest biomass.

Despite Tasmania and Bavaria having a comparable for-

est area, there are significant differences between the two

states in industry configuration and markets. Bavaria is

located in the heart of Central Europe and is characterized by

a high population density (175 people km�2) leading to a

strong domestic market for wood products and bioenergy.

There are more than 1000 sawmills processing annually

11.5 hm3 wood and about 20 plants for engineered wood

products (veneer, plywood, particle boards, chemical pulp,

mechanical pulp) processing annually about 4 hm3 wood.
Fig. 1 e Share of biomass energy of final energy

consumption in the 27 countries of the European Union

(EU27) and the German state Bavaria (bold). Triangles show

the current (filled) and potential (empty) use in Tasmania

as estimated in this study. Data Source [4].
The current revenue of the wood processing industry is

estimated at 13.2 billion V [43]. Transport distances are

usually below 100 km and most of the timber produced in

Bavaria is locally processed. About one third of the raw

timber is exported to neighbouring states of Germany or

other countries, the import of raw timber from other states

or countries is about half of the exported amount. In sum-

mary the calculated fraction of timber processed in Bavaria

relative to the harvest from Bavaria's forests is between 80

and 90%.

Tasmania is an island located off the south east coast of the

Australian mainland with a low population density (7 people

km�2). Market countries with a high population density and

wood demand such as Indonesia, China or Japan are about

8000 km from Tasmania. There are 61 individual forest pro-

cessing businesses in Tasmania, most of them very small

operations. The four largest volume businesses processed

almost 90% of Tasmania's forest harvest [48]. Transport dis-

tances are generally <100 km, except for low quality logs from

southern Tasmania that must be transported closer to 200 km

to northern Tasmania following the recent closure of the

southern port facility. The majority of sawlogs enter the do-

mestic market (>90%) but their fraction of total harvest is less

than 20%. The majority of the wood produced is low quality

hardwood nowadays mostly originating from plantations.

Currently almost all low quality hardwood logs are exported

as chips into China and Japan, where the main processing

takes place.

4.2. Comparison of forest biomass resource utilization

In Tasmania the fraction of total energy supply generated

from forest biomass (6%) is only slightly higher than in

Bavaria (5%) although the annual harvest per capita is about

sevenfold higher in Tasmania (Table 3). Only 14% of the

annual Tasmanian harvest is used for generating energy.

Biomass for energy is dominated by domestic space heating

with firewood and a smaller fraction is used by industrial

boilers producing heat (Fig. 2). However, there is no biomass

plant in Tasmania and pellet production is only just begin-

ning. Quantities are small and the production of pellets from

sawdust which commenced in 2014 is expected to expand to

produce 800e900 t y�1 of pellets in 2015/2016. Although the

http://dx.doi.org/10.1016/j.biombioe.2015.04.021
http://dx.doi.org/10.1016/j.biombioe.2015.04.021


Fig. 3 e Beech and eucalypt log grades in the State Forests

of Bavaria (2011) and Tasmania (2010/11).Total volume:

beech 0.8 hm3, eucalypt: 3.3 hm3.

Table 4 e Comparison of prices (V t¡1) for forest biomass
used for energy between Bavaria and Tasmania.

Bavaria Tasmania

Hardwood energy logs (roadside) 65 a

Hardwood collecting permit

(private use)

30 3

Hardwood pulplogs (roadside) 65 25b

Firewood air dry (delivered) 200 120

Forest woodchips 80 a

Woodchips from processing

(mill door)

110 80

Wood pellets (retail) 300 430

Prices for logs sold in the forest refer to 1 t greenmaterial (first three

rows), all other prices to 1 t dry material. Prices without VAT,

conversion: 1$AUD ¼ 0.80 V.
a Currently there is no market for energy logs/forest woodchips in

Tasmania, energy logs/forest woodchips would be priced as for

pulplogs/processed woodchips.
b 15 Euro has been added to stumpage prices for Tasmania to cover

felling, snigging and stacking at roadside.

Fig. 2 e Fraction of wood supply used for energy in

Tasmania and Bavaria. Data for Bavaria from [24]; data for

Tasmania as estimated in this study.
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relative firewood consumption in Tasmania (about 1 t y�1

capita�1 of green wood) is more than double that of Bavaria

(0.4 t y�1 capita�1 of green wood), only 10% of the annual

Tasmanian harvest is used as fuelwood for private house-

holds due to the low population density. In Bavaria 55% of the

annual harvest (18 hm3 y�1 over the last 5 years) was used to

generate energy. 27% of the wood supply was used directly as

energy wood (i.e. without further processing), largely as do-

mestic firewood with a small proportion of woodchips.

Nearly the same amount of energy wood originated from

processing residues and waste wood from used wood prod-

ucts. Significant amounts of pellets are produced from pro-

cessing residues and are mostly used for heating private

households. The 680 biomass plants in Bavaria (mostly be-

tween 0.5 and 2 MW in size) use 17% of the available wood

supply with waste wood being the dominant feedstock. The

harvesting of log grades explicitly referred to as energy wood

in Tasmania is insignificant compared to Bavaria even when

taking into account considerable illegal harvesting [35]. Only

1% of total harvest from State forests in Tasmania is firewood

sold through firewood collecting permits and commercial

firewood sales compared with 36% of beech harvest from

State forests sold directly as energy wood in Bavaria (Fig. 3).

In Tasmania the total demand for firewood is small and

about 25% of the harvested tree remains on site. Most of this

material is burnt in the open during regeneration burns that

are undertaken to prepare a seedbed for the next crop [22]. In

Bavaria only 10% of the harvested tree is left on site to

decompose. While the available resource of forest biomass

for energy is extensively utilised in Bavaria our estimates

indicate that forest biomass production could be more than

quadrupled in Tasmania from a resource availability

perspective. The potential fraction of total energy production

in Tasmania from forest biomass energy of 30%, as estimated

in this study, is consistent with current circumstances in

European countries with a large forest resource per capita

(Sweden, Finland, Latvia, Lithuania and Estonia) indicating

this potential is realistic (Fig. 1).
4.3. Comparison of economic, legislative and social
drivers for forest biomass utilization for energy production

4.3.1. Prices for energy wood
There is currently no Tasmanian market for energy logs and

the fraction of timber explicitly sold as energy wood is insig-

nificant. Tasmanian prices for low grade pulp-logs and fire-

wood are � half Bavarian prices, and Tasmanian prices for

woodchips from processing are below Bavarian prices

(Table 4). In contrast prices for wood pellets are significantly

higher in Tasmania than in Bavaria. This is due to the small

volume of the pellet market in Tasmania (<10 kt y�1) and the

lack of a large scale pellet production facility in Tasmania. The

Tasmanian demand for firewood is small relative to the

annual harvest and firewood collecting permits for private use

are priced close to zero. Due to the low demand, firewood

prices are determined by transport and labour costs for

preparation with the price of the raw material itself being low

http://dx.doi.org/10.1016/j.biombioe.2015.04.021
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and having little effect on price. Due to the low Tasmanian

population density a significant rise in local firewood prices is

unlikely. The theoretical maximum consumption of domestic

firewood - assuming that all 200 000 Tasmanian households

[3] use fuelwood as a primary heating source and consume

5 t y�1 equals, at most, 20% of the annual harvest. In addition

there are few industrial heating plants and no biomass plants

generating municipal heat in Tasmania which would increase

the demand for, and hence potentially the price of, firewood,

low quality logs and woodchips. Furthermore, there is no

domestic demand for hardwood chips from an industry such

as pulp and paper making. As a consequence prices of low

quality pulpgrade logs, firewood, and woodchips are deter-

mined by their industrial use on the world market.

In contrast to Tasmania there is a strong domestic de-

mand for energy wood in Bavaria, especially from hardwood

species. Since 2005 there has been a strong increase in de-

mand for energy wood and currently about 60% of the total

beech harvest (2.5 hm3 y�1) is explicitly sold as energy wood.

The demand results predominantly from private households

using fuelwood. In addition there are more than 600 biomass

plants processing about 3 hm3 y�1 [24]. Due to the strong

demand, prices for energy wood have nearly doubled in the

last 10 years [13]. This has also entailed a significant increase

in prices for industrial wood, since industrial users such as

particleboard plants or pulpmills compete for the same

resource. Only a low proportion of low quality logs is expor-

ted to other countries, and between 2010 and 2013 Bavarian

roundwood imports and exports were about the same. As a

consequence prices for low quality industrial logs and energy

wood (firewood, woodchips) are dominated by the domestic

market rather than the world market. Even within Bavaria

there are strong differences with firewood prices next to

urban agglomerations about one third higher compared to

rural areas [55].

4.3.2. Legislative framework
Within the Renewable Energy Target (RET) scheme the

Australian Government aims to ensure that 20 per cent of

Australia's electricity comes from renewable sources by 2020.

The RET scheme primarily focuses on solar and wind systems

but electricity generated from biomass including wood resi-

dues has been recognised under the RET scheme. In 2012

wood residues originating from native forestry were excluded

from the RET scheme by the former Socialist-Green coalition

due to concerns concerning native carbon effects after native

forest harvesting, a position the current conservative federal

government plans to reverse. Since the origin of wood resi-

dues is often unclear this change had an important impact on

forest biomass projects. Another major impediment con-

cerning forest biomass for energy is missing incentives within

the RET scheme for other forms of energy such as thermal

heat, since electricity usually is not the most efficient use of

forest biomass [59]. In Tasmania government funding of forest

biomass for energy has been negligible in the past and there is

no operating biomass plant producing electricity or heat. All

private stoves and furnaces are also operating without public

subsidies.

For Germany, an increase in the share of renewable energy

to 18% is foreseen by 2020 [11]. A set of legislative frameworks
and promotional instruments governs renewable energy

development [9]. The Renewable Energies Act aims to increase

the share of renewable electricity production to 35% of total

production by 2020 and includes a guaranteed feed-in remu-

neration for power producers. The subsidies are collected via a

nationwide, standardized apportionment which currently

amounts to 6.24 V kWh�1 consumed [50]. In order to support

the planned expansion of the use of bioenergy for heat pro-

duction from 10% to 14% the Market Incentive Program for

renewable energies also promotes biomass use. For example,

a new installation of a pellet boiler, wood chip or split log

boiler is subsidized up to the value of 3500 V [6]. Exact data on

the total amount of subsidies in Bavaria concerning biomass

are not available, but a breakdown of nationwide subsidies [1]

to Bavaria according to population equals 760 million V of

public subsidies in 2013.

4.3.3. Social context
The social context of the use of forest biomass for energy in

Australia has been investigated in detail by Ref. [58]. Disputes

concerning harvesting in “native forests” have damaged the

social acceptance of forest biomass and discredited bioenergy

in Australia. According to [58] the lack of understanding and

acceptance among important stakeholders is the main reason

that implementation of forest biomass for energy in Australia

is minimal compared tomany European countries. It may also

explain why forest biomass from native forests is not pro-

moted in Australian renewable energy programs. The con-

troversy surrounding native forest harvesting has been

especially intense and long-lasting in Tasmania [31,45]. Envi-

ronmental NGO's such as the “Wilderness Society” or “Markets

for Change” fear that the use of forest biomass for energy will

increase native forest harvesting and therefore fiercely oppose

the promotion of this energy source. Even government

agencies are quite critical about the intensive use of fuelwood

[18]. Currently there are signs that environmental groups may

support regional biomass projects with a strong community

engagement. Although this may help to develop a better un-

derstanding of the possibilities of forest biomass use, such

regional projects can only process small quantities due to the

small Tasmanian population.

In Bavaria and the rest of Germany the use of forest

biomass currently has a strong social license, except from

individual local protests following “not in my backyard” in-

terests. There are many regional and community initiatives

supporting biomass use within renewable energy targets. The

German Federal Ministry of Food and Agriculture promotes

the use of bioenergy via so-called bioenergy villages and bio-

energy regions which illustrate the benefits of bioenergy use,

particularly biogas andwood [8]. However, there are signs that

scientific concerns about the trade-offs of biomass harvesting

(overview see Ref. [20]) are gaining in importance and there is

an increasing discussion about the optimal intensity of forest

management also in Bavaria [53]. Key areas of discussion are

the preservation of minimum coarse woody debris amounts,

maintenance of soil fertility and the percentage of forests

without active management. Nevertheless environmental

NGO's are not specifically addressing forest biomass use at

present [60]. Main reasons may be the trade-off between

promotion of renewable energies (a major goal of
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environmental NGO's) and a reduced harvesting intensity as

well as the widespread use of fuelwood also by

environmentalists.
5. Discussion

In contrast to Bavaria and elsewhere in Europe, the use of

forest biomass for energy is low in Tasmania and could be

more than quadrupled from a resource availability perspec-

tive. Domestic demand for forest biomass for energy is low in

Tasmania and the bulk of the forest harvest is exported as

pulpwood to other countries. Thus prices for low quality logs

are dominated by international pulpwood prices. In contrast

to the Tasmanian situation, bioenergy use significantly in-

fluences prices for low quality timber in many regions

worldwide [29,42]. Due to the increasing demand for forest

biomass feedstock for energy production prices for energy

wood reached or surpassed prices for industrial wood inmany

parts of Europe leading to strong competition between both

uses. While for the European market a further uptake in fuel

wood demand and therefore increasing prices is expected [20]

a significant domestic increase for Tasmania is unlikely.

Therefore larger quantities of forest biomass could only be

sold on the world market, e.g. as pellets. In this case prices for

forest biomass for energy must be equal or higher compared

to pulpgrade material in order to make it an attractive alter-

native for forest owners. In the past world market prices for

energy wood (pellets, woodchips) were not high enough to

absorb significant quantities of Tasmanian timber and up to

now no investor has been willing to invest in bigger bioenergy

projects.

Public subsidies would be an option to foster the use of

forest biomass for energy under marginal economic condi-

tions. In the European Union the increasing supply of

renewable energies is amajor political goal and the aim is that

by 2020, more than 20% of final energy consumption shall be

supplied by renewable energies according to the Renewable

Energy Directive 2009/28/EC. The use of (forest) biomass is

considered a major component of renewable energies espe-

cially for producing thermal energy or combined thermal and

electrical energy. As a consequence European countries have

been supporting the use of (forest) biomass though the in-

tensity varies across the European Union. Beside different

renewable energy targets and minimum obligations for bio-

energy per country, Europeanmember states have introduced

different tax exemptions, investment grants and feed-in tar-

iffs [54]. In the last few years the intensive system of public

support in the European Union has experienced increasing

criticism for economic (financial burden, too much wood

directed at bioenergy instead of solid wood), ecological (envi-

ronmental trade-offs) and social (competition with food pro-

duction) reasons [20] and this may influence the

corresponding policy. The increase of renewable energies is

also a major political goal in Australia. However, the Renew-

able Energy Target (RET) scheme of the Australian Govern-

ment with a 20% target for renewable sources for Australia's
electricity by 2020 primarily focuses on solar and wind sys-

tems. Concerning forest biomass for energy Australia is much

more conservative than Europe and corresponding public
subsidies have been insignificant up to now. One reason is

that the demand for heat (themain application for biomass) is

much lower in Australia due to a low population density and a

warmer climate. Furthermore there is an intensive discussion

about potential negative ecological effects connected with an

increased use of forest biomass, e.g. concerning carbon effects

of biomass use [15,34] or potential tradeoffs concerning water

quality or biodiversity [40]. Similar discussions are reported

from other continents [57,59] and it seems clear that this has

an impact on the social license of forest biomass for energy

and as a consequence on public subsidies.

The relatively low social license of forest biomass for en-

ergy is certainly a major impediment to more intensified use

of forest biomass for energy in Tasmania. Even the domestic

use of firewood has been under debate because of potential

adverse effects on coarse woody debris [27]. Nevertheless the

use of domestic firewood still has a positive reputation and is

an important part of the Tasmanian lifestyle. However, all

ideas concerning an intensified use of forest biomass (biomass

plants, export) are facing intensive opposition, since there is a

strong fear that intensified use of forest biomass might

intensify native forest harvesting. Here the long-lasting

Australian conflict on native forest harvesting seems to in-

fluence even the use of forest residues for energy [58]. In

Europe the use of forest biomass for heating has a strong so-

cial license. Domestic firewood has a centuries-long tradition

and is an important part of the rural lifestyle especially in

Central and Northern Europe. The strong emotional link of

people with “their” firewood may explain why potential

negative effects of intensive firewood use do not receive

attention from environmentalists. Also small/medium sized

biomass plants are usually supported by communities and in

many cases by environmental stakeholders. The bigger the

biomass-for-energy plants the more they tend to be chal-

lenged. Especially large-scale electricity generation is often

criticised by the public, especially when there is no combined

use of heat and power and energy efficiency is low. Apart from

the opposition against individual big biomass plants practical

conflicts concerning the use of forest biomass are rare,

although there is increasing scientific discussion on this topic

[17,37,46].

Tasmania has a significant forest resource which is

currently not fully utilized. Lacking domestic processing fa-

cilities, all woodchips must be exported, creating small in-

comes per ton of wood processed and few jobs [61]. Initiatives

to improve this situation should consider better wood utili-

zation in general rather than focusing only on forest biomass

for energy. In the last 10 years several so called “cluster-ini-

tiatives” were started in different German states aimed at

fostering value adding for the whole forest sector. Also in

Tasmania several attempts were made to improve wood uti-

lization from native forests, including peeling for export and

the production of Laminated Veneer Lumber. However, all

further attempts must consider the specific properties of

eucalypt timber as a hardwood species. The fraction of high

quality log grades is inherently lower in hardwood species

than in softwood species, where sawlog recovery may be as

high as 80% of the tree volume (Fig. 4). The comparison with

oak forestry in Bavaria may give an indication of realistic re-

covery rates. Oak is one of the most valuable German timbers
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Fig. 4 e Log grades in the State Forests of Bavaria (2011) and

Tasmania (2010/11).Total volume: spruce 3.5 hm3, oak

0.1 hm3, eucalypt: 3.3 hm3 Fraction of residues during

sawmilling/veneer production was assumed to be 50% for

hardwood species and 40% for softwood species.
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and high quality sawlogs are sold up tomore than 1000Vm�3.

A high recovery of sawlogs and veneer logs has been themain

target of forest management for more than 200 years. The

recovery of high quality sawlogs and veneer logs from oak

trees in the State forest of Bavaria is about 10%, total sawlog

recovery is about 30%. Hence only about 15% of the tree vol-

ume finally ends up as sawn timber/veneer when losses dur-

ing wood processing are considered (Fig. 4). The comparison

with Tasmania indicates some potential for better recovery of

more valuable eucalypt log grades. However, a sawlog/peeler

recovery above 35% is not realistic for eucalypt forestry

(plantation and native) in the foreseeable future. Even under

an optimistic scenario, more than 80% of tree volume will end

up as lowquality products. ATasmanian future forest industry

must therefore e besides trying to increase the yield of high

quality products ework towards better use of woodchips that

are currently exported and on a better use of residues that are

not used at all. According to European experiences the better

use of forest biomass for energy could make an important

contribution to the value of the whole forestry sector.
6. Conclusions

In contrast to Bavaria and other countries in Europe, forest

bioenergy production is small in Tasmania relative to the

available resource. A weak domestic market for energy wood,

the lack of political stimuli and a low social acceptance are

likely key factors. Due to the low population density in Tas-

mania, a strong increase inmarket prices for forest biomass is

unlikely in the near future. Therefore political incentives are

necessary in order to increase the use of residues and low

quality timber for energetic purposes. Besides small regional

biomass projects, the export of processed material such as

pellets or torrefied wood may offer opportunities to better

utilize the resource. Addressing social acceptance will be a

prerequisite for the success of initiatives or legislation to

achieve this potential.
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