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Executive summary
In this deliverable the sustainability of various fast pyrolysis bio-oil (FPBO) chains is studied. The FPBO
products are used as renewable fuel in accustomed oil heaters for residential heating. The analysis is
carried out for three residual feedstocks; forest residues, bark and straw. In addition, miscanthus is
included to represent a cultivated energy crop. Straw and miscanthus can be considered potential
feedstocks especially in Central-European conditions, whereas the forest residues and bark are typical
feedstocks in Nordic countries. The sustainability evaluation includes a quantitative calculation of
greenhouse gas emission (GHG) savings of the FPBO products according to the current European Union
sustainability criteria for biofuels and bioliquids, as well as according to the recently proposed Renewable
Energy Directive for years 2021-2030 (RED2 proposal). The results show that the studied FPBO chains pass
the GHG emission saving limits of 60% and 70% of the RED and RED2 proposal, respectively. The emission
saving results vary between 80% and 94%, depending on the feedstock utilised.
Furthermore, also a qualitative sustainability check is made for the studied feedstocks. Sustainability
indicators analysed are impacts on carbon stocks, biodiversity, and indirect land use change. Also the
cascading use of biomass in discussed. The sustainability check is based on the current and proposed
European Union sustainability criteria, the Commission impacts assessment studies and on other scientific
literature. The results summarise potential sustainability risks related to each feedstock studied.
Table 1: Sustainability check summary.

FPBO
feedstock:

Straw

Miscanthus

Forest residues

Bark

GHG emission
saving according
to RED and RED2
proposal
Carbon stocks

90%
Accepted according to
RED and RED2

80%
Accepted according to
RED and RED2

89%
Accepted according to
RED and RED2

94%
Accepted according to
RED and RED2

Possible impacts on soil
organic carbon
balances due to straw
harvest.
-

-

Possible impacts on soil
carbon balances in
forest due to residue
harvest.
-

-

Indirect land use
change

Biodiversity

Cascading use of
biomass

Potential ILUC risk if
miscanthus cultivation
replaces food
production.
-

-

Extensive extraction of
Collection of forest
straw may impact on
residues from forest
nutrients and soil
impacts the availability
quality, and thus have a
of deadwood and can
negative impact on
thus have a negative
biodiversity.
impact on biodiversity.
If cascading principle was strictly applied concerning biomass, the biomass feedstocks should be first
used as products (e.g. biomaterials) before their use for energy. However, it is not always possible to use
(residual) biomass for products, and the direct energy use can be an optimal solution.
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1 Introduction
1.1 Scope
The sustainability of bioenergy has been a topic of vivid discussion in recent years. The discussion has
related for example to direct and indirect land use change issues, competition on biomass feedstocks, and
the food versus fuel dilemma. Therefore, the use of residual and waste based feedstocks for bioenergy
production has often been proposed as a key solution.
The European Union (EU) Directive on promotion of the use of energy from renewable sources
(2009/28/EC, later referred to as Renewable Energy Directive, RED) was published in June 2009 (EU 2009).
In order to respond to the concerns on sustainability of biofuels, the RED introduced sustainability criteria
for liquid and gaseous biofuels used in transportation, and bioliquids used in heating and electricity
production. Only biofuels in compliance with these criteria can benefit from national support systems and
be counted in the national targets and renewable energy obligations set in RED. In 2015 the EU adapted a
so called ILUC-directive (Directive to reduce indirect land use change for biofuels and bioliquids,
((EU)2015/1513) with some modifications to RED. At the end of 2016, the EU Commission published a new
proposal of Renewable Energy Directive (referred as RED2 proposal) for the period of 2021-2030 (European
Commission 2016). RED2 proposal contains the updated sustainability criteria for liquid biofuels and sets
new criteria for solid and gaseous biofuels. These criteria concern solid biomass fuels used in plants with
over 20MW fuel capacity, and biogas used in plants with 0.5MW electricity capacity, starting after
01/01/2021.
The RED sustainability criteria are set at two levels. First, the criteria concerning the origin of raw materials
for biofuel production are qualitative – they define the land areas where bioenergy feedstock can be
produced. For example, biofuel raw materials should not be obtained from lands with high biodiversity
value, such as primary forest, land in protection, or highly biodiverse grassland. The criteria also restrict the
use of biomass from land with high carbon stocks, such as wetlands and continuously forested areas. In
addition, the agricultural feedstock should be cultivated according to the requirements for good
agricultural and environmental practices (EU 2009). RED2 proposes additional criteria for forest biomass,
concerning forest management and LULUCF (land use, land use change and forestry) requirements. These
requirements need to be met either at country level or at forest holding level.
Second, the criteria concerning the greenhouse gas (GHG) emission savings required from bioenergy
products in comparison to fossil fuels are quantitative. The GHG emission saving from the use of biofuels or
bioliquids compared to the fossil fuels should be at least 60% for biofuel plants starting after 2015. For
plants starting after 2021 and for advanced biofuels the emission saving limit is 70%. The directive sets a
method for calculating the GHG emissions of the total life cycle of biofuel products.
In addition to the RED sustainability criteria, the European Commission has adapted 19 Voluntary Schemes
that can also be used to demonstrate the compliance with the sustainability criteria. The European
Commission has also conducted several impact assessment studies highlighting the sustainability issues
related to bioenergy.

1.2 Objective
In this deliverable, a sustainability check is performed for various fast pyrolysis bio-oil (FPBO) chains under
study in the Residue2Heat project. The FPBO products are used as renewable fuel in accustomed oil heaters
for residential heating. The sustainability is studied according to the current EU RED and the proposed
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future RED2 criteria for bioliquids, but also additional sustainability aspects are covered. A quantitative
assessment is made for the GHG emission savings of FPBO fuels produced from forest residues, bark,
miscanthus and wheat straw. In addition, a qualitative, literature based sustainability check is performed.
The possible sustainability risks related to land use change, carbon stocks, biodiversity and cascading use of
biomass are recognised and discussed. The present deliverable contains following chapters: in Section 2 the
studied FPBO chains are presented, in Section 3 the GHG calculation method and the data used is
described, in Section 4 the other sustainability aspects are discussed, and finally in Section 5 conclusions
are presented.

2 The FPBO concept studied
Fast pyrolysis is a process where organic material (e.g. biomass) is heated within few seconds to a
temperature of about 475 °C in the absence of oxygen. Under these conditions hydrous organic vapours,
pyrolysis gas and charcoal are generated. The vapours are rapidly cooled and condensed into a liquid form,
so called pyrolysis oil or Fast Pyrolysis Bio-Oil (FPBO). Also valuable by-products charcoal (10-15%) and gas
(15-20%) are generated which can be used to generate process energy. Thus, the pyrolysis process is
energetically self-sustained and the fast pyrolysis bio-oil contains about 70% of the energy content of the
biomass. In the pyrolysis process, a majority of the ash and minerals is bound in charcoal and can be
removed and recycled. Therefore highly ash-containing biomass streams can be converted into low-ash
biogenic pyrolysis oil.
Various FPBO reactor configurations have been proposed, but in this study the stationary and circulating
fluidized sand bed reactors are considered as they are relatively easy to handle and their up-scaling is
rather straightforward. FPBO can be produced from a wide range of biomass or biomass residues. The final
FPBO product is storable and transportable. Here the FPBO products are used as renewable fuel in
accustomed oil heaters for space heating. Figure 1 shows examples of the first commercial size pyrolysis
plants.

Figure 1: Industrial scale fast pyrolysis production plants in Europe.
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The FBPO feedstocks studied are straw, miscanthus, forest residues, and bark. These are non-edible
cellulosic feedstocks that are listed in the part A of Annex IX of RED2 proposal, and classify under the
definition of ‘advanced biofuels’ (see Appendix I). Thus, the proposed RED2 emission saving limit of 70%
will apply after 2021. Straw and miscanthus can be considered potential feedstocks especially in CentralEuropean conditions, whereas the forest residues and bark are typical in Nordic countries. Thus the
feedstocks studied cover a regional variance in the EU. Straw, forest residues and bark can be considered as
residues as defined in RED and RED2 proposal. Under RED, fuels derived from residual feedstocks can be
included in the double counting rule (1MJ counted as 2MJs in the national renewable targets), but in the
RED2 proposal the double counting rule has been removed.
Typically, the whole life cycle of the FPBO process consists of cultivation or collection of feedstock, pretreatment and transport of biomass, fast-pyrolysis process and finally, delivery of the final product. The
basic principle of the FPBO processes studied is illustrated in Figure 2.

Figure 2: Residue2Heat FPBO concept.

3 Methods and data used
3.1 GHG calculation method
The GHG calculation according to RED and RED2 proposal is based on life cycle assessment (LCA)
framework, as the total life cycle of a product or a system is analysed – from the production of raw material
until the end use or disposal. The present study is an initial screening LCA of the climate impacts of the
FPBO products. The method presented for bioliquids in the Annex V of RED and RED2 proposal is followed
in the GHG calculation.
The relative reduction in GHG emissions achieved by replacing a fossil fuel comparator by a certain
bioliquid is defined as
EMISSION SAVING = (EF – EB)/EF,
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where
EB = total emissions from the biofuel or bioliquid;
EF = total emissions from the fossil fuel comparator.
The total emission of fossil fuel comparator has been defined in RED and RED2 proposal for transportation
biofuels and for bioliquids used for electricity production or for heating (Table 2).
Table 2: Emission saving limits and fossil fuel comparators in RED and RED2 proposal for biofuels and bioliquids. In this study,
the bolded values for heating are utilised.

Emission saving limit

RED
RED2 proposal

60%
70%

Fossil fuel comparator
for transport biofuels
(gCO2/MJ)
83.8
94

Fossil fuel comparator
for heating
(gCO2/MJ)
77
80

Fossil fuel comparator
for electricity
(gCO2/MJ)
91
183

According to RED and RED2 proposal, the total emissions of biofuel or bioliquid are calculated as a sum of
emissions from the extraction or cultivation of raw materials; annualised emissions from carbon stock
changes caused by direct land-use change; emissions from biofuel processing; emissions from
transportation and distribution; emission savings from soil carbon accumulation via improved agricultural
management; and emission savings from carbon capture and storage or replacement. The sequestration of
carbon dioxide (CO2) during the growth of biomass for biofuel raw material is considered equal to the
emission of biofuel combustion. These two CO2 flows can thus be ignored in the calculation. The RED
criteria also exclude the emissions from the manufacturing of machinery from the GHG calculation. RED
states that for biofuels produced from waste or residue raw materials the calculation of GHG emissions
starts from the collection of the raw material. This sets the system boundary for the residue based FPBO
chains studied here (straw, forest residues and bark). For miscanthus, also the emission of cultivation is
considered (Figure 3).
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Figure 3: The system boundary of the FPBO chains studied.

The functional unit of the analysis is one MJ of FBPO, and the GHG emissions are expressed as gCO2,eq/MJ.
RED and RED2 proposal state that the allocation of emissions between the products within the system
boundary should be carried out in proportion to the energy content of the products, determined by a lower
heating value (LHV). RED2 proposal states that in case of allocation between heat and electricity, exergy
allocation should be used. Both RED and RED2 proposal leave some room for interpretation when it comes
to allocation to co-product heat or electricity from a biofuel process. Here it is considered that if the excess
heat and electricity are economically useful products (e.g. heat is used for district heating), emissions can
be allocated between them and the FPBO product based on the energy content. Due to the unclear
definition of the allocation rules in the directive, the results are also calculated without allocation to coproduct heat and electricity,.
RED2 proposal states that the conversion efficiency of the end use of bioliquid (efficiency of the oil heater)
needs to be taken into account. For bioliquids, also the non-CO2 GHG emissions of combustion, CH4 and
N2O, are considered.
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3.2 Data assumptions
The data used in the GHG calculation of the FPBO products is collected from the results of the
Residue2Heat project, scientific literature and databases. The data assumptions and references used are
listed below in Tables 3-6. In Table 3, the properties of the studied feedstock are shown.
Table 3: Data on feedstock properties.
Feedstock properties

Unit

Forest
residues
(Nordic)

Bark
(Nordic)

Biomass moisture, wet basis

%

41.2

50

LHV of wet biomass

MJ biomass/kg biomass, wet

10.0

8.3

Moisture content of biomass fed
to pyrolysis reactor
LHV of biomass fed to pyrolysis
reactor
Enthalpy of vaporization of
water

%

5%

MJ biomass/kg biomass, dry
MJ/kg

Wheat
straw
(Central
European)
15

Miscanthus
(Central
European)

Source

39.6

(S2Biom 2016)

14.9

10.3

5%

5%

5%

17.7

17.9

17

17.6

(Residue2Heat D6.2
forthcoming)
(Residue2Heat D6.2
Forthcoming)
(Residue2Heat D6.2
Forthcoming)

0.02443

0.02443

0.02443

0.02443

Table 4 shows the assumptions on the process parameters. The emissions of cultivation and fertilisation are
included only for miscanthus, as for the residual feedstocks the calculation starts from the collection and
harvesting of the residues. In addition, nitrous oxide emissions are generated due to the nitrification and
denitrification processes caused by nitrogen fertilisation and micro-organism activity in soil. The nitrous
oxide emissions due to nitrogen fertilisation of miscanthus were estimated based on a conservative value
of 1 kg N2O-N/ha (Dufossé et al. 2013). Also harvesting of residues from nutrient poor soils may create a
need for additional fertilisation to replace the nutrients removed within the residues harvested. For
example, nitrogen fertilisation may be needed to compensate the nitrogen removed within the biomass
when straw or forest residues are removed from a field or a forest (Koponen et al. 2013). The nitrogen
balance in soils may become a critical issue if the removal of the residues is very intensive, or if the soil is
poor in nitrogen. Here it was assumed that no compensatory nitrogen fertilisation was needed for the
forest residue base case. However, also a sensitivity analysis was made by taking into account the emission
of nitrogen fertilisation that could be needed if forest residues were removed from nutrient poor soils. For
straw harvesting the question of nitrogen fertilisation is complex, and for example the JEC study (JEC 2014)
assumes no additional fertilisation. They conclude that if the straw was left in field, the decomposition of
the straw would also consume nitrogen from the soil. Here the guidance of the JEC-study was followed and
no compensatory fertilisation was assumed for straw.
The transportation distances for biomass were estimated to vary from 10 to 100 km. For bark the distance
was assumed to be only 10 km, as the pyrolysis process would most likely be situated close to the forestry
facility producing the bark residues. Transportation happens by trucks carrying load of 40 tons of biomass.
Also the return of the empty truck was taken into account.
The pyrolysis process is considered self-sufficient in terms of energy. Only some natural gas is used for
start-up and close down of the plant. Other minor inputs are some chemicals and lubricants for which the
emission was estimated to add-up to 0.12 gCO2/MJ of end product. Finally, the end conversion of the
pyrolysis oil to heat was evaluated to have a high efficiency of 95%. To test the impact of reduction in the
efficiency, a sensitivity analysis with 80% conversion efficiency was made.
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Table 4: Data on the feedstock cultivation, collection and transport; pyrolysis process; pyrolysis oil distribution; and end use
efficiency.
Inputs by process step:

Unit

Biomass input per MJ FPBO

kg biomass, dry/
MJ FPBO

Forest
residues
(Nordic)
0.099

Bark
(Nordic)
0.094

Wheat straw
(Central
European)
0.104

Miscanthus
(Central
European)
0.108

Source

(ResidueHeat D6.2
Forthcoming)

Biomass cultivation (Miscanthus)
Fertilisers

kg/t_miscanthus (wet)

N fertiliser

2.98

(Parajuli et al. 2015)

P fertiliser

0.20

(Parajuli et al. 2015)

K fertiliser

1.49

(Parajuli et al. 2015)

Pesticides

0.01

(Parajuli et al. 2015)

Field preparation

3.31

(Parajuli et al. 2015)

Planting

3.31

(Parajuli et al. 2015)

Fertiliser application

2.38

(Parajuli et al. 2015)

Pesticides application

0.83

(Parajuli et al. 2015)

0.0089

0.0148

0.0023

0.0023

(Koponen et al. 2013;
Mäkinen et al. 2006;
Parajuli et al. 2015)
(Koponen et al.
2013)
(Wihersaari 2005)

Energy in cultivation

MJ/t_miscanthus (wet)

Biomass collection
Diesel fuel consumption in
harvesting and baling

MJ fuel/MJ
biomass

0.0186

Diesel fuel consumption of
forwarder
N fertilisation required due to
residue harvesting
N2O from soil (direct and indirect
mechanisms)
Biomass transport

MJ fuel/MJ
biomass
kg N / t dry
matter
g N2O-N / kg N
fertiliser

0.0023

Transportation distance
(average, one way)
Fuel consumption
(wood truck full, 40t)
Fuel consumption
(truck empty)
Electiricty consumption in
crushing
Pyrolysis process

km

Natural gas in pyrolysis plant

MJ gas/kg FPBO

0.0023

2.71
16.20

11.1

(Koponen et al. 2013;
Dufossé et al. 2013)
- Estimation -

100

10

100

100

MJ/tkm

0.515

0.515

0.515

0.515

(VTT 2011)

MJ/km

12

12

12

12

(VTT 2011)

0.0006

0.001

0.003

0.003

(Mäkinen et al. 2006)

0.35

0.35

0.35

0.35

(Residue2Heat D6.2
Forthcoming)
(Residue2Heat D6.2
Forthcoming)

kWh/MJ

Lubricants & chemicals

adds up to an emission of 0.12 gCO2/MJ FPBO

Fuel delivery
Distribution and dispensing
(150 km distance)
End use efficiency

MJ fuel/MJ end
product

0.02

0.02

0.02

0.02

(JEC 2014)

Efficiency of the modern
condensing oil boilers

MJ heat/MJ fuel

0.95

0.95

0.95

0.95

(Residue2Heat D7.5)

The outputs of the pyrolysis process are described in Table 5, including the allocation factors used for
excess heat and electricity. Finally, the emission factors used in the GHG calculation are presented in Table
6.
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Table 5: Outputs of the pyrolysis process.
Outputs:

Unit

Bark
(Nordic)

kg FPBO/kg biomass

Forest
residues
(Nordic)
0.63

0.66

Wheat straw
(Central
European)
0.60

Miscanthus
(Central
European)
0.60

FPBO, Yield (mass basis)
FPBO, Yield (energy basis)

MJ FPBO/MJ biomass

0.57

0.59

0.56

0.52

FPBO, LHV

MJ FPBO/kg FPBO

16

16.2

16

15.4

Steam

% (energy basis)

29%

29%

29%

29%

Steam needed for FPBO process

% (energy basis)

12%

17%

3%

12%

Steam for third party

% (energy basis)

17%

12%

26%

18%

Electricity

% (energy basis)

2.4%

2.4%

2.4%

2.4%

Total products: FPBO + steam

MJ total

11.4

11.7

11.3

10.6

Allocation factor for FPBO

%

0.88

0.91

0.85

0.87

Allocation factor for steam

%

0.08

0.05

0.11

0.09

Allocation factor for electricity

%

0.04

0.04

0.04

0.04

Table 6: Emission factors used in GHG calculation.
Parameter

Source

Diesel fuel production

gCO2,eq/MJ

20.7

(JRC 2015)

Diesel fuel combustion

gCO2,eq/MJ

73.2

(JRC 2015)

Natural gas production

gCO2,eq/MJ

16.7

(JRC 2015)

Natural gas combustion

gCO2,eq/MJ

55.08

(JRC 2015)

Nitrogen fertiliser production

gCO2,eq /kg

5881

(Biograce v4d 2015)

P fertiliser production

gCO2,eq /kg

1011

(Biograce v4d 2015)

K fertiliser production

gCO2,eq /kg

576

(Biograce v4d 2015)

Pesticides production

gCO2,eq /kg

Lubricants & chemicals

gCO2/MJ final product

10 971
0.12

(Biograce v4d 2015)
Expert opinion

Finnish electricity

gCO2/kWh

172

(Statistics Finland 2015)

European electricity

gCO2/kWh

465

(Biograce v4d 2015)

3.3 Sustainability risk assessment
The qualitative sustainability risk assessment is done based on literature. The literature reviewed consists
of the sustainability criteria from RED and RED2 proposal, the impact assessments of the EU Commission,
the Voluntary Schemes accepted and other scientific literature. The assessment widens the scope of the
sustainability criteria in RED and covers additional sustainability aspects related to biodiversity impacts,
indirect land use change issues, impacts on carbon stocks due to biomass utilisation and cascading use of
biomass. The results are discussed in Section 4.2 under each sustainability topic and the main results are
summarised in a sustainability check table (Table 10).

06.07.2017 / D6_1_SUSTAINABLE_CHAIN_EVALUATION_1.1_VTT_20170706

11/24

4 Results
4.1 GHG emissions
The average GHG emissions of the FPBO chains studied are presented in Figure 4 and more precisely in
Table 7. The GHG emissions of the FPBO chains according to RED, and with the assumptions described in
section 3.2, vary between 4.2 - 16.3 gCO2,eq/MJ being highest for miscanthus chain due to the emissions
from cultivation (fertiliser inputs). The lowest emissions are estimated for FPBO from bark. As shown in
Table 8, all the chains pass the 60% and 70% emission saving limits of RED and RED2 proposal, with
emission saving results of 80-95%. Also the results without allocation of emissions to co-product heat and
electricity pass the emission saving limits (Table 8). The result of sensitivity analysis for forest residues, by
including the additional nitrogen fertilisation due to nutrient removal in harvested residues, shows a drop
of in emission saving result from 89% to 84%. If the final conversion efficiency for heat dropped from 95%
to 80% the RED2 emission saving results would vary between 76-93%.

Figure 4: GHG emissions of the studied FPBO chains according to RED criteria.
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Table 7: Specific emissions of the FPBO chains studied.

Allocated emissions

gCO2,eq/MJ FPBO

Emissions from biomass cultivation
N fertiliser consumption

3.75

P fertiliser consumption

0.04

K fertiliser consumption

0.18

Pesticides consumption

0.03

Fuel consumption in field preparation

0.07

Fuel consumption in planting

0.07

Fuel consumption in fertiliser application

0.05

Fuel consumption in pesticides application

0.02

Emissions from biomass collection
Diesel fuel consumption in harvesting and baling

3.1

Diesel fuel consumption of forwarder

0.4

Additional N fertilisation required due to harvesting

(1.4)

N2O from soil

(1.8)

0.3

1.3

3.06

0.3

0.5

1.1

Emissions from biomass transport
Biomass transport

1.4

0.1

0.8

1.64

Biomass grinding

0.1

0.1

1.3

1.2

Natural gas consumption in pyrolysis plant

1.4

1.4

1.4

1.4

Consumption of lubricants and chemicals

0.1

0.1

0.1

0.1

Distribution and dispensing, no allocation

1.88

1.88

1.88

1.88

Loss in conversion (RED2)

0.46

0.22

0.39

0.81

0.3

0.3

0.3

0.3

RED

8.7

4.2

7.5

15.5

RED2 proposal

9.1

4.4

7.9

16.3

Emissions from pyrolysis process

FPBO delivery

CH4+N2O from combustion
Total GHG emission

Table 8: Emission saving results of the FPBO chains studied.

Forest
residues
(Nordic)

Bark
(Nordic)

Wheat
straw
(Central
European)

Miscanthus
(Central
European)

Emission saving results
RED

%

89

95

90

80

RED2 proposal

%

89

94

90

80

Emission saving results, without allocation
RED

%

88

94

90

77

RED2 proposal

%

88

94

89

77
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The results of this study are on the same magnitude as the RED2 proposal typical and default emissions
saving values for advanced biofuels (Annex V, B). For example, the default emission saving value is 83% for
straw ethanol and 85% for Fischer-Tropsch diesel from waste wood.

4.2 Sustainability risk indication
The results of the sustainability check on the studied biomass feedstocks are discussed in the sections
below for:
 carbon stock changes;
 indirect land use change;
 biodiversity;
 cascading use of wood.
In each section, the review contains 4 parts: the RED and RED2 proposal sustainability criteria concerning
the impact category, results found from literature, and a short discussion on specific risks related to the
studied feedstocks. The qualitative RED sustainability criteria concern miscanthus, forest residues and
straw. If bark is a residue of forest industry operations, it only has to fulfil the quantitative GHG criteria (see
Article 26(1) of the RED2 proposal).
Finally, the results are summarised in the sustainability check table (Table 10). In addition, a short review of
the EU voluntary sustainability schemes has been made to recognise possible emerging sustainability
themes.
4.2.1 Carbon stocks
The sustainability indicator “carbon stocks” covers the impacts of biomass cultivation and harvesting on soil
carbon stocks and biomass carbon stocks, such as forests. The recent discussion on impacts of bioenergy
due to carbon stock changes has concerned especially the use of forest biomass for bioenergy. Below the
RED criteria concerning the carbon stocks and main findings from literature are summarised.
CARBON STOCKS:
RED criteria
In its qualitative sustainability criteria concerning the origin of biomass (Article 17(4)), RED states that biofuels and
bioliquids shall not be made from raw material obtained from land with high carbon stock, such as wetlands or some
forested areas.
RED also states that in the GHG calculation, the annualised emissions from carbon stock changes caused by land-use
change (direct land use change, e.g. forest transformed to agricultural land) need to be counted for according to the
IPCC method (Annex V, C).

RED2 proposal criteria
RED2 proposal includes the same criteria as RED, mentioned above.
In addition, new qualitative criteria for forest energy have been added to Article 26. The sustainability of forest
biomass use can be shown either at country level or at forest holding level.
Article 26(5) states that biofuels, bioliquids and biomass fuels produced from forest biomass shall meet the following
requirements to minimise the risk of using unsustainable forest biomass production:
The country level (and forest holding level) criteria:
i) harvesting is carried out in accordance to the conditions of the harvesting permit within legally gazetted
boundaries;
ii) forest regeneration of harvested areas takes place;
iii) areas of high conservation value, including wetlands and peatlands, are protected;
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iv) the impacts of forest harvesting on soil quality and biodiversity are minimised;
v) harvesting does not exceed the long-term production capacity of the forest.
Article 26(6) states that biomass from forest can be considered sustainable if the country or regional economic
integration organisation of origin of the forest biomass meets the following LULUCF requirements:
The country level criteria:
(i) is a Party to, and has ratified, the Paris agreement;
(ii) has submitted a Nationally Determined Contribution (NDC) to the United Nations Framework Convention on
Climate Change (UNFCCC), covering emissions and removals from agriculture, forestry and land use which ensures
that either changes in carbon stock associated with biomass harvest are accounted towards the country's
commitment to reduce or limit greenhouse gas emissions as specified in the NDC, or there are national or subnational laws in place, in accordance with Article 5 of the Paris Agreement, applicable in the area of harvest, to
conserve and enhance carbon stocks and sinks;
(iii) has a national system in place for reporting greenhouse gas emissions and removals from land use including
forestry and agriculture, which is in accordance with the requirements set out in decisions adopted under the United
Nations Framework Convention on Climate Change (UNFCCC) and the Paris agreement.
The forest holding level criteria:
When evidence at country level is not available, the biofuels, bioliquids and biomass fuels produced from forest
biomass can be considered sustainable if management systems are in place at forest holding level to ensure that
carbon stocks and sinks levels in the forest are maintained.
Additional criteria concerning carbon stocks may be introduced later, as Article 28(6) states that Commission may
adopt implementing acts setting out detailed technical specifications concerning the “calculation of annual
cultivation emissions and/ or emission savings caused by changes above and below-ground carbon stocks on already
cultivated land…”

Other literature
During recent years, a lively discussion has been on-going related to the climate impacts of forest bioenergy
(Matthews et al. 2014; EC 2016b). The discussion relates to: 1) the time difference between biomass combustion and
carbon sequestration back to the growing forest (so called ‘carbon debt’); 2) the ‘foregone carbon sequestration’ due
to lower levels of carbon sequestration in forests with more intensive harvests due to bioenergy targets compared to
a baseline with less intensive harvests; and 3) in respect to forest residues, the loss of slowly decaying carbon storage
which the residues or stumps would have formed in the forest if not harvested for bioenergy. These impacts can be
evaluated when the use of wood for bioenergy is compared to a baseline without the bioenergy systems (e.g. fate of
forest or forest residues without use for bioenergy). The emission impact due to these changes in carbon stocks can
be analysed with different methods and attributed to the biomass (Matthews et al. 2014).
The inclusion of the impacts due to carbon stock changes could affect the GHG balances of forest residue based
biofuels (see e.g. Holma et al. 2013; Koponen et al. 2013). The impacts depend on the circumstances of forest residue
decay in forest. However, the climate impacts of forest residue use are generally considered rather positive, as
residues would in any case decay in short time scale if left in the forest. If left unused, bark would decay fast, so the
emission impacts would be minor.

Risks related to the studied feedstocks
Forest residues & bark:
As the EU has ratified the Paris agreement and the Member States are expected to report their LULUCF emissions,
forest biomass from EU can be considered sustainable according to RED2 proposal, if the Member States respect the
criteria set for forest management. Sustainability of forest biomass from countries outside the Paris agreement or
other LULUCF commitments, probably needs to be shown at forest holding level, e.g. with different certification
schemes.
In relation to the discussion on climate impacts of forest energy, the EU Commission has considered the use of
emission factors for wood but the idea has been discarded (EC 2016b). The RED2 proposal does not propose the use
of emission factors for woody biomass. In addition, under the RED criteria the forest residues are free of emission
until their collection. However, the harvest of forest residues can have impacts on carbon stocks in forest soil.
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Miscanthus:
If no land use change occurs due to miscanthus cultivation (e.g. from forest to miscanthus field), there should not be
a large scale risk of carbon stock impacts. The miscanthus cultivation may improve the soil organic carbon (SOC)
qualities of the land, if cultivated on a former agricultural land (Don et al. 2012).
Straw:
Collection of residual organic material that is extracted from croplands affects the soil organic carbon (SOC) balance.
When straw is harvested for bioenergy, other organic soil amendments may be needed to maintain a positive SOC
balance (Don et al. 2012). SOC impacts directly to the GHG balance but also to soil fertility, erosion protection and
water and nutrient retention of soils, all of which indirectly influence the GHG balance.

4.2.2 Indirect land use change
Indirect land use change issues have been widely discussed in relation to the increased use of biofuels
(Edwards et al. 2010; EC 2010; EC 2012; EC 2016b). Indirect land use means that the biomass production for
biofuels replaces some other land uses, such as food or feed production, forcing this other land use to
move elsewhere with land use impacts. Below the RED criteria concerning ILUC and other literature are
summarised.
ILUC

RED criteria
In the earlier version of RED the ILUC issues were excluded, but the ILUC-directive (Directive to reduce indirect land
use change for biofuels and bioliquids, ((EU)2015/1513) modified RED so that the ILUC issues are now considered.
ILUC directive gave ILUC factors for certain biomass feedstocks, which are used in Commission reporting but not in
the individual GHG calculations of biofuel chains:
Table 9: ILUC factors estimated for several feedstocks from the ILUC directive and RED2 proposal, Annex VIII.

Feedstock group

Mean value

Cereal and other starch-rich crops
Sugars
Oil Crops

[gCO2,eq/MJ]
12
13
55

Interpercentile range derived
from the sensitivity analysis
[gCO2,eq/MJ]
8 to 16
4 to 17
33 to 66

RED2 proposal criteria
To reduce the risk for ILUC, in RED2 Commission has proposed a limit of 7% in 2021 and 3.8% in 2030 for the
contribution from biofuels and bioliquids, as well as from biomass fuels consumed in transport, produced from food
or feed crops (Article 7).
RED2 proposes the same ILUC factors for the same feedstocks as the ILUC-directive above. In addition, RED2 proposal
lists feedstocks for which the ILUC emission can be considered as zero. These feedstocks include the feedstocks listed
in the Annex IX of the directive (see Annex I of this report).

Other literature
Reviews of numerous studies on ILUC impacts due to bioenergy production have been made in several Commission
documents (Valin et al. 2015; EC 2012; EC 2016a; EC 2016b). The Commission impact assessment accompanying RED2
proposal concludes that emissions from indirect land use change (ILUC) can be significantly reduced through a
gradual phase out of conventional biofuels by 2030, focusing primarily on phase out of oil-crop based feedstocks that
are associated with highest ILUC impacts. In addition, a higher greenhouse gas emission saving threshold for new
biofuel installations is established (EC 2016a).
However, ILUC impacts have been studied also in relation to energy crops such as miscanthus (Tonini et al. 2012). On
the other hand, GLOBIOM study on ILUC did not find significant negative impacts for advanced biofuels produced
from short rotation coppice (Valin et al. 2015).
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Risks related to the studied feedstocks
All the feedstocks studied:
RED2 proposal Annex IX lists all the feedstocks covered by this study. Thus, according to RED2 proposal, the ILUC
emissions for the investigated feedstocks in Residue2Heat can be considered as zero.
The ILUC emissions are generally discussed in the context of feedstocks suitable for food or feed such as cereals,
sugars, and oil-crops (EC 2012; EC 2016a). The feedstocks studied here are non-edible and mostly residual, so the
ILUC impacts can be expected to be minor.
Miscanthus:
If miscanthus cultivation is assumed to replace food production, ILUC impacts can occur (Tonini et al. 2012).

4.2.3

Biodiversity

Biodiversity

RED criteria
In its qualitative sustainability criteria concerning the origin of biomass (Article 17(3)) RED states that biofuels and
bioliquids shall not be made from raw material obtained from a land with high biodiversity value, such as primary
forests, protected areas, and highly biodiverse grassland. In their reporting to the Commission, the Member States
need to estimate the impact of the production of biofuels and bioliquids on biodiversity, water resources, water
quality and soil quality.

RED2 proposal criteria
RED2 proposal presents the same criteria for biodiversity as RED, mentioned above.
Some clarifications concerning “highly biodiverse grassland” have been added, e.g. the area should be over 1ha.
Biodiversity is also mentioned in relation to forest bioenergy (Article 26(5)), stating that the impacts of forest
harvesting on soil quality and biodiversity need to be minimised.

Other literature
The Commission impact assessment accompanying RED2 proposal summarises risks related to biodiversity impacts.
The use of agricultural residues (such as straw) can cause negative impacts on soils (fertility and structure) and on
biodiversity if extracted in excessive amounts (EC 2016b). Also excessive removals of harvest residues, or the removal
of stumps, can harm soil productivity, biodiversity, and water flows (EC 2016b). The volume, diversity and continuity
of deadwood are the most important factors determining the diversity of deadwood-dependent species (e.g. beetles
and fungi) and thus have a significant impact on biodiversity and on important supporting ecosystem services
(Mazziotta et al. 2016; Hekkala et al. 2016). On the other hand, also positive impacts can occur (e.g. removal of early
thinnings can be beneficial to biodiversity, improvement of forest structure, prevention of fires, pests and diseases,
etc.). Promoting sustainable forest management in the EU and beyond reduces the risk of negative biodiversity
impacts (EC 2016b).
Positive effects of miscanthus on biodiversity have been reported in earlier studies (Emmerling & Pude 2017) but
those impacts can diminish with increasing productivity (Dauber et al. 2015). The impacts on biodiversity depend on
the assumption of the former state of the land, e.g. according to Jørgensen et al. (2014) establishing a miscanthus
production on former fallow land is better in terms of biodiversity impact than using former forest for the miscanthus
production. Miscanthus is not a native species to Europe, so there are also concerns about uncontrolled spreading of
the crop, which can be controlled by careful choice of genotype used (Lewandowski et al. 2016).

Risks related to the studied feedstocks
Straw:
Extensive extraction of straw may impact on nutrients and soil quality, and thus on biodiversity.
Forest residues:
Collection of forest residues from forest impacts the availability of deadwood and can thus have a negative impact on
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biodiversity. One option discussed in the Commission impact assessment has been limiting the use of some woody
feedstocks, e.g. stumps, due to climate and biodiversity impacts (EC 2016b). However, this has not been applied in
RED2 proposal. Guidance on forest management, e.g. limitations on the share of residues that can be collected from
a harvest site, can reduce the impacts.
Miscanthus:
Based on the literature, the impacts on biodiversity may be positive or negative depending on the area where
miscanthus is cultivated and on the maturity of the cultivation.
Bark:
No biodiversity issues identified related to the use of bark.

4.2.4

Cascading use of biomass

Cascading use means the use of biomass several times before its disposal or end use e.g. for energy
purposes (Figure 5). In principle, cascading use could benefit the efficient use of limited biomass resources,
and pave the way towards circular economy. The definition of cascading use has been interpreted
differently in several studies (Sokka et al. 2015). Cascading use of biomass has been mostly discussed in the
context of woody feedstocks (e.g. Vis et al. 2016).

Figure 5: Concept of cascading use of biomass (Source: Sokka et al. 2015).

Cascading use of biomass

RED criteria
No criteria concerning the cascading use.
In the ILUC directive (Article 22) it is mentioned that when reporting to Commission on progress in the promotion
and use of energy from renewable sources, the Member States need to consider biomass cascading principle, taking
into consideration the regional and local economic and technological circumstances.

RED2 proposal criteria
No criteria or remarks concerning the cascading use.

Other literature
The Commission assessment on cascading use of woody biomass (Vis et al. 2016) concluded that currently, the
identified measures to promote the cascading use of wood focus largely on the recovery of post-consumer wood in
line with existing circular economy and resource efficiency initiatives. Strong efforts would be needed to address the
current imbalance between material and energy uses of industrial residues where more significant potential for
cascading exists. They found that subsidies to the energy use of wood can exacerbate competition between the
energy sector and the wood product industry (e.g. panel and paper sectors), concerning especially the use of
industrial residues (i.e. sawdust) and waste wood. They also concluded that wood is a product with a strong regional
anchoring and that the different options to utilise wood should be considered specific to each context. (Vis et al.
2016)
In Commission impact assessment accompanying RED2 proposal (EC 2016b) it is indicated that Commission has
discarded the option of mandatory requirements for the cascading use of wood (i.e. prioritisation to the material use
of wood before its conversion to energy) in early stage. They have considered that due to widely differing situation
across Member States and regions, a single, biding approach at EU level wouldn't be effective. However, it is stated
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that as announced in the Circular Economy Action Plan (COM/2015/0614 final), the Commission will present a nonbinding guidance on the cascading use of wood by 2018.

Risks related to the studied feedstocks
If cascading principle would be strictly applied concerning biomass, the biomass feedstocks should be first used as
products before their use for energy (e.g. as biomaterials). A very strict interpretation could create challenges for
feedstock availability for energy (highly speculative).

4.2.5

Summary table

The discussion on sustainability issues is summarised in Table 10.
Table 10: Sustainability check summary with the most significant conclusions.

Straw
GHG emission
saving according
to RED and RED2
proposal
Carbon stocks

Indirect land use
change

Biodiversity

Cascading use of
biomass

4.2.6

Miscanthus

Forest residues

Bark

90%
Accepted according to
RED and RED2

80%
Accepted according to
RED and RED2

89%
Accepted according to
RED and RED2

94%
Accepted according to
RED and RED2

Possible impacts on soil
organic carbon
balances due to straw
harvest.
-

-

Possible impacts on soil
carbon balances in
forest due to residue
harvest.
-

-

Potential ILUC risk if
miscanthus cultivation
replaces food
production.
-

-

Extensive extraction of
Collection of forest
straw may impact on
residues from forest
nutrients and soil
impacts the availability
quality, and thus have a
of deadwood and can
negative impact on
thus have a negative
biodiversity.
impact on biodiversity.
If cascading principle was strictly applied concerning biomass, the biomass feedstocks should be first
used as products (e.g. biomaterials) before their use for energy. However, it is not always possible to use
(residual) biomass for products, and the direct energy use can be an optimal solution in some cases.

A review of Voluntary Schemes

A short review of the Voluntary Schemes1 accepted by the EU Commission (in compliance with the RED) has
been made concerning the possible arising sustainability themes. The review was limited to three schemes;
ISCC, RSB EU RED (Roundtable of Sustainable Biofuels EU RED), and 2BSvs (Biomass Biofuels Voluntary
Scheme), because these schemes have been updated during year 2016 and cover various feedstocks2.
-

1
2

ISCC: The criteria under “Commitment to an environmentally responsible production to protect
soil, water and air” are much more specific than those in RED and RED2 proposal. Rising
sustainability themes already covered by ISCC system could be e.g. criteria on cultivation of highly
invasive species and genetically modified (GM) varieties, as well as criteria on more specific plan for

http://ec.europa.eu/energy/en/topics/renewable-energy/biofuels/voluntary-schemes
https://ec.europa.eu/energy/sites/ener/files/documents/voluntary%20schemes%20overview%20table%20to%20publish_0.pdf
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water management in biomass cultivation. Also specified social criteria, such as safety issues and
compliance with human, labour and land rights and responsible community relations could gain
more attention in future. However, with residual feedstocks these issues are less relevant.
-

RSB EU RED: The criteria in additional “RSB Low iLUC Risk Biomass Criteria and Compliance
Indicators”, include possibility to use “Yield Increase approach”, which applies to any situation
where feedstock producers are able to increase the amount of harvested biomass out of a fixed
area of land (i.e. without expanding the surface of the land), e.g. by improved agricultural practises.
RSB also includes specific criteria on social issues, and a principle on food security, indicating that
biofuel operations shall assess risks to food security in the region and locality and shall mitigate any
negative impacts that result from biofuel operations.

-

2BSvs: No arising sustainability themes were recognised.

5 Conclusions
In this deliverable the sustainability of various fast pyrolysis bio-oil (FPBO) chains is studied. The analysis is
carried out for three residual feedstocks; forest residues, bark and straw. In addition, miscanthus is
included to represent a cultivated energy crop. The sustainability evaluation included a quantitative
calculation of the greenhouse gas emission (GHG) savings of the FPBO chains according to the current
European Union sustainability criteria for biofuels and bioliquids, as well as according to the recently
proposed Renewable Energy Directive (RED2) for years 2021-2030. The results show that according to the
GHG calculation methods in the current and proposed criteria, the studied FPBO chains pass the GHG
emission saving limits of 60% and 70%. With the assumptions applied in this study, the emissions savings
vary between 77-95%.
Furthermore, a qualitative sustainability check is made for the assumed feedstocks. Sustainability indicators
analysed are impacts on carbon stocks, biodiversity, and indirect land use change. Also the cascading use of
biomass was discussed. Some potential sustainability concerns related to the studied feedstocks were
recognised related e.g. to the impacts of excessive residue collection on soil carbon and biodiversity.
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APPENDIX I
List of feedstocks for advanced biofuels from Annex IX of RED2 proposal.
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Definitions in RED2 proposal:
(r)‘ligno-cellulosic material’ means material composed of lignin, cellulose and hemicellulose such as
biomass sourced from forests, woody energy crops and forest-based industries' residues and wastes;
(s)‘non-food cellulosic material’ means feedstocks mainly composed of cellulose and hemicellulose, and
having a lower lignin content than ligno-cellulosic material; it includes food and feed crop residues
(such as straw, stover, husks and shells), grassy energy crops with a low starch content (such as
ryegrass, switchgrass, miscanthus, giant cane and cover crops before and after main crops), industrial
residues (including from food and feed crops after vegetal oils, sugars, starches and protein have been
extracted), and material from biowaste
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