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Executive Summary  
 
Bioenergy has been a significant player in renewable energy generation and is expected to continue 
that role, accounting for more than half of projected renewable energy output in 2020 according to 
the national renewable energy action plans (NREAPs). 
 
Different than many other renewable energy sources biomass and bioenergy sources have a number 
of uses: food, feed, materials and energy. Besides, there are limits to the amount of biomass that can 
be produced sustainably. Therefore, it is very important to prioritise resource efficiency in bioenergy 
applications. The Biomass Policies project aims to develop integrated policies for the mobilisation of 
resource efficient indigenous bioenergy value chains that contribute towards the 2020 bioenergy 
targets set within the NREAPs, and towards the 27% renewable energy target in 2030. 
 
This report contributes to the Biomass Policies project by providing insights and recommendations 
on some of the key and cross cutting issues related to biomass and bioenergy. They have been 
addressed by model-based assessments and supporting study. The key issues addressed are: 

 The policy framework uncertainty beyond 2020 and the State Aid Guidelines. 

 The possible role of advanced biofuels in transport sector and how to support them. 

 The role of biomass co-firing, the recent trends on coal plants converting to 100% biomass. 

 The competition concerns between bioenergy sector and the bio-based products. 
 
The uncertain policy framework beyond 2020 
The Renewable Energy Directive (2009/28/EC) has been one of the key drivers for the national 
renewable energy policy support in Europe. Binding national renewable energy targets and the EU 
renewable fuel target in transport have resulted in approximately 15% of gross final energy 
consumption being met through renewable energy resources in 2013. However, the post 2020 
framework has a different nature. It has a binding renewable energy target, but at EU level only. 
There are uncertainties with respect to whether: 

 The EU collectively will reach its binding 27% RES target by 2030. 

 An overall EU target will provide the a sufficiently stimulating environment for long-term 
investments in renewable energy and infrastructure. 

 
In addition to this uncertain policy framework, the State Aid Guidelines introduced in 2014 request 
Member States to introduce policy instruments that are more market-based. A more market-based 
approach may in some cases conflict with the concept of resource efficiency. Although the Guidelines 
recognise the waste hierarchy, a least cost approach may result in utilisation of feedstocks and 
conversion technologies that are not necessarily more resource efficient but are simply cost-efficient. 
 
Advanced biofuels 
Since the introduction of the 10% binding renewable energy target in transport, biofuel consumption 
has increased significantly reaching to 5.4% in 2015. The role of advanced biofuels, however, has 
remained minimal, with the double counting instrument mainly pushing biofuels produced from used 
cooking oil and animal fats.  
 
Current policy mechanisms have not been sufficient to support the advanced biofuels industry and 
the political uncertainty beyond 2020 further decreases investors’ confidence. However, the future 
growth in advanced biofuel production depends on a stable long-term policy framework that creates 
investor confidence and provides the environment for industrial progress to improve technical and 
financial performance.  
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Investment subsidies can be effective measures to innovative technologies, for instance for the one 
of a kind plants1. However, experience has shown that they have so far not enabled the quick roll-out 
of the technologies into the market. Quota obligations, which have become common practice in 
most of the EU Member States, can be a successful measure when applied specifically for advanced 
biofuels. Besides, the development of future supply and the quota will need to be balanced over the 
years, in order to prevent volatility of the related financial incentive (e.g. in the form of the price of 
the quota-related tradable certificate). Stability of the financial incentive will be another critical 
condition for the investment case for advanced biofuels. Additionally, other measures such as duty 
breaks or production premiums could be applied to ensure the advanced fuels produced entering the 
supply chain. 
 
The ECN RESolve modelling results also highlighted the blending wall issue Europe may face in the 
near future. The modelling exercise indicate that higher diffusion of biofuels may be limited unless 
ethanol use would go beyond 10% volumetric blend, a similar issue the US has already been 
experiencing2.  
  
Biomass co-firing, converting coal plants to 100% biomass and the resource efficiency 
Biomass co-firing has been supported in a number of countries (e.g. the Netherlands, Poland, the UK) 
in Europe as one of the cheaper options to reach the renewable energy target. However, large 
demands for biomass resources, mainly wood chips and wood pellets, raise the question ‘how 
sustainable is it to burn large amounts of biomass in coal plants’. This application can, on the one 
hand, avoid a large amount of GHG emissions in a short-term least-cost manner as they replace coal 
in existing plants. On the other hand, locking biomass into existing inefficient coal plants can’t be 
sustainable on the longer term. In this respect, if they are to be used, using them only in modern, 
high efficiency plants should be ensured. Next to that, the needed biomass supply should not only 
focus on clean wood but other feedstocks such as agricultural residues. Thus, policies should 
incentivise use of other feedstock.  
 
The modelling results indicate a role of biomass co-firing of around 104 PJ by 2030, comprising 10% 
of the gross electricity consumption from biomass resources in the EU in that year. This modelling 
assumes that the existing policy support measures continue up to 2030. Poland and the Netherlands 
together comprise more than 70% of this consumption.  
 
The future role of co-firing, will, very much, depend on the climate and energy policies of each 
Member State. Many countries in Europe are phasing out coal generation. Six EU counties, viz. 
Cyprus, Luxembourg, Malta, Latvia, Estonia, and Lithuania are already coal-free in their power 
production. Belgium joined this group recently. Other governments have also stated or are discussing 
plans to phase out coal. In Germany and the Netherlands for example, there is a lively societal and 
political debate on this matter. The UK has announced plans to close all coal-fired power stations by 
2025. At the same time, there has been a massive growth in the UK with coal to biomass conversion 
in large energy companies. The main drivers have been (i) possibility to grant subsidies currently paid 
as Renewable Obligation Certificates and for the future as ‘strike prices’, (ii) the sulphur dioxide (SO2) 
emissions and the EU regulations3 permitting them. The already converted plants and the power 

                                                 
1  EC initiatives and programmes such as NER300, Horizon2020, EIBI, ERA-NET+, BBI offer public co-funding towards the capital costs of 

industrial-scale demonstrations of advanced biofuel and bioenergy. 
2  The Renewable fuels standards (RFS) created in 2007 anticipated the mandated volumes of ethanol could be absorbed in the US 

consumption of gasoline for several years. In response, the corn ethanol industry rapidly expanded and the blend wall was reached in 

2013. The ethanol production capacity was higher than demand for ethanol at a 10% gasoline blend. The Environment Protection 

Agency (EPA) acknowledged that there was a blend wall preventing the uptake of more ethanol in the fuelling system. So it proposed 

to limit ethanol levels in 2014 and 2015 to below 10 percent of the gasoline pool (Peterka, 2015). 
3  Directive 2010/75/EU of the European Parliament and the Council on industrial emissions (the Industrial Emissions Directive or IED) is 

the main EU instrument regulating pollutant emissions from industrial installations.  

http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32010L0075
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plants that are in the pipeline would need to source around 9.6 Mtonnes wood pellets per year. This 
figure corresponds to around 40% of the global wood pellet generation and the 80% of the EU wood 
pellet production in 2013. 
 
Can biomass co-firing be considered as a transition technology? 
Biomass co-firing has been indicated as a transition technology that can pave the way to the bio-
based economy (IRENA, 2013; Faaij, 2015): biomass can be refined to extract valuable sugars or 
ethanol while lower grade fractions for co-firing will reduce the costs for energy generation 
considerably. For this to happen, high volumes of biomass, stable markets and optimised supply 
chain claimed necessary and biomass co-firing can be an option to enable these markets to develop. 
Future pellet markets can be significant, also in comparison to current and future pellet use for co-
firing:  

 A simple, straight forward assumption of EU meeting its 4% transport fuel demand4 from 
biofuels produced from lignocellulosic feedstocks (wood pellets) result in a wood pellet 
demand of around 50 Mtonnes5 in 2030. 

 This amount is more than 1,8 times the current global wood pellet generation6 and around 3 
times the wood pellet demand for co-firing in 2030 according to the modelling exercise 
results. 

 
The competition dilemma 
Bio-based products (both bio-based chemicals and bio-based plastics) do not account yet for a very 
big share of biomass use. There are, however, concerns that the switch toward a bio-based economy 
will entail high demand for biomass both for bioenergy and for bio-based products such as plastics 
that are presently derived from fossil sources. Establishing a high-volume bio-based economy, 
including bio-based chemistry, bio-based plastics and composites, lubricants and others is claimed to 
result in feedstock shortages. 
 
The market analysis conducted in this study and in another project (S2Biom) indicates that the 
majority of biobased polymers & plastics, lubricants, solvents and surfactants would still be non-ligno 
based in 2020, and even in 2030. Lignocellulosic biomass demand for chemicals and materials can 
run into a few million tonnes by 2020, and more than 10 Million tonnes in 2030. These figures, 
however correspond to around 1% of the demand for conventional bioenergy and biofuels in 2020, 
increasing to a few per cents in 2030. The demand for non-ligno feedstocks (oil and starch crops) 
from the bio-based chemicals and plastics and the demand from conventional biofuels industry can, 
however, create some pressure, particularly on oil crops. Nevertheless, beyond 2025 with the 
lignocellulosic biofuels increasing its share in the market the pressure on oil crops will decrease 
again.  
 
Therefore, the competition concerns between bio-based products and bioenergy demand seems 
groundless from the bioenergy side. On the other hand, the materials side will face a demand for 
feedstock from the bioenergy sector that is significantly larger. This is probably more a synergy 
opportunity than a competition issue: when the integrated biorefinery processes producing both bio-
based products and energy carriers (fuels, power, heat) find more market outreach this issue will 
become irrelevant. While their future market outlook depends very much on the reference fossil fuel 
prices existing policy support can be tailored to support integrated biorefinery concepts to ease their 
market reach.  

 

                                                 
4  The 2030 road transport demand is derived from the PRIMES (2013) reference scenario as 12 EJ.  
5  When we assume the wood pellets to biofuels conversion efficiency around 55% 
6  In total, wood pellet production is about 28 million tonnes, comprised of 15 million tonnes used for heating in the residential and 

small-commercial sectors and 13 million tonnes of pellets used in the industrial sector for power generation, combined-heat-and-
power applications and large district heating projects. Europe is the most significant market, accounting for over 80 percent of global 
demand this year. 
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1 Introduction 

Biomass Policies project aims to develop integrated policies for the mobilisation of resource efficient 
indigenous bioenergy value chains that contribute towards the 2020 bioenergy targets set within the 
National Energy Action Plans (NREAPs) & the 27% renewable energy target defined for 2030. 
 
As input to defining and developing integrated policies for the future this document addresses some 
of the key topics, such as: 

 The climate and energy policy framework beyond 2020 and the related uncertainties. 

 The role of advanced biofuels in the transport sector and how they can be supported in the 
2030 time frame. 

 The role of biomass co-firing, the recent trends on coal plants converting to 100% biomass 
and the resource efficiency. 

 Competition concerns due to increasing demand from the energy sector and the bio-
materials sector. 

 
The following chapters are dedicated to these topics, each chapter introducing the topic, presenting 
the recent developments, and conducting analysis using the ECN’s RESolve-Biomass model. Each 
chapter ends with the conclusions and policy recommendations. Thus, 

 Chapter 2 introduces the current RES policy support and the current status of RES and 
bioenergy in the EU. This chapter also summarises the State Aid Guidelines and the 2020-
2030 policy framework and present the possible implications of these on the bioenergy 
sector.  

 Chapter 3 focuses on advanced biofuels. The current role of advanced biofuels and future 
prospects are discussed in this chapter, applying the modelling analysis. 

 Next chapter looks into the issues around biomass co-firing and presents model based 
future projection. It introduces the recent developments in the Netherlands, Poland and the 
UK and includes a discussion section on the possible role as a transition technology. 

 Chapter 5 analysis whether there could be competition in the future for feedstocks between 
the bio-based materials sector and the bioenergy sector within the time frame 2020 and 
2030. 
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2 RES in the face of an uncertain future 

 
 

2.1 Current policy support  
The Renewable Energy Directive (RED) with the legally binding 20% EU target, 10% target for 
renewable energy use in transport and the binding national renewable energy targets for 2020 has 
been the key driver for the national renewable energy polices supporting the energy markets to 
deliver the desired levels of renewable energy in the EU. The most commonly used policy 
instruments to support renewable energy are feed-in tariffs, feed-in premiums, quota obligations, tax 
exemptions, tenders and investment aid (can be partially financed from structural and cohesion 
funds). In a recent study, within the Biomass Policies project, existing policy support to increase 
bioenergy deployment has been benchmarked among 11 Member States and the results have shown 
that a perfect, one-suit-fits-all package of policy instruments doesn’t exist. The appropriate 
combinations of policy support (the optimal mix) depend on the country specifics and on factors such 
as the capacity to efficiently produce and harvest biomass feedstocks, the availability of supply 
infrastructure, the maturity of the technology, the logistics and the end use (Uslu et al, 2016). Annex 
1 presents the overview of the existing policy support measures for bioenergy sector in the 11 
Member States7.  
 

The Commission has been calling for more market exposure to be imposed on renewable energy 
producers. As the share of renewable energy grows and the renewable energy producers become 
significant players in the internal energy market, the policy instruments need to be adopted to avoid 
any market distortion. The most recent policy documents that will influence and shape the future 
policy support instruments are the State Aid Guidelines and the 2030 policy framework that are 
introduced in the following sections.  

                                                 
7  The national energy agencies of 11 MS have been contributing to the biomass Policies project and their bioenergy policies have been 

analysed in a recent benchmarking study (Uslu et al., 2016). 

Main recommendations: 

 A fundamental shift in future policy framework that favours resource efficiency 
over economic efficiency is needed. 

 Bioenergy development post 2020 needs a stable, reliable and coherent 
framework to ensure sustainable production and efficient use of biomass and 
bioenergy. 

 This should maximise the resource-efficient use of biomass. 
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2.2 State Aid Guidelines 
In 2014, with the introduction of the State Aid Guidelines the Member States are requested to move 
to more market based instruments to support their RES. As a first step, the Guidelines abolish the 
guaranteed purchase of renewable energy at fixed prices: from 2016, producers of renewable energy 
will have to sell their production on the market. They may still receive aid, but in the form of a 
premium in addition to the market price. In a second step, the new Guidelines promote the gradual 
introduction of competitive bidding as a means of granting aid to renewables. Competitive bidding 
will become compulsory in 2017, but will be preceded by a two-year pilot phase, which will allow 
Member States to adapt the system to their national circumstances (see Annex 2 for details). 
 

While the main goal is to move to auction or competitive bidding processes that are open to all 
generators producing renewable electricity the Guidelines allow technology specific tenders to 
ensure diversification. There are exceptions to this: 

 Installations of a certain size (installed electricity capacity of less than 1MW), for which the 
bidding process is not appropriate. 

Progress in RES and bioenergy 
In 2013, the combined EU share of renewable energy reached 15% as a whole (EC, 2015). Solid biomass 
was the largest contributor to renewable heat production in 2013 with 73 Mtoe of renewable heat 
produced. Roughly one sixth of the biomass heat generation is based on grid connected applications, 
while the majority is still based on decentralised units. In absolute terms, decentralised heat generation 
from biomass also grows faster than biomass heat generation from grid connected systems. Biogas plays a 
significantly smaller role among heating and cooling technologies. In 2013, 2.6 Mtoe of heat was produced 
from biogas. Germany was the biggest producer of biogas heat, with 1.3 Mtoe produced in 2013.  
 
The gross electricity generation from renewables reached 823 TWh in 2013 accounting for almost 26% of 
total EU gross electricity generation (EC, 2015). Solid renewables (wood and other solid biomass, 
excluding renewable wastes) are used in conventional thermal generation power plants: their share in 
electricity from renewable sources grew from 3.5% in 1990 to 9.5% in 2013. Bioliquids and biogas, which 
were negligible in 1990, reached 6.7% in 2013 (EC, 2015).  
 
Renewable energy deployment in the transport sector has seen less progress than in the electricity and 
heating and cooling sectors. The EU share of renewable energy in transport reached 5.4% in 2013. 
Biodiesel remains the most widely used form of renewable energy in transport with 10.3 Mtoe in 2013, 
followed by bioethanol with 2.7 Mtoe.  
 

 
Figure 1 final energy consumption in Europe: by sector with renewable share in 2014 against 2020 
target Ref: European Commission, 2015, based on Eurostae calculation. 2014 data are model based 
estimates.  
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 Installations that are smaller than 500 kWe can continue receiving feed-in tariffs. 

 For installations that are at demonstration phase. 
 
The most relevant sections of the Guidelines to bioenergy sector are as follows: 
 
Article 112, refers to food-based biofuel markets 

 In case of overcapacity, investment aid to new and existing capacity will be rejected. The 
iLUC Directive introduces a 7% cap to food-based biofuels. Thus, overcapacity can be 
considered as above 7% of the transport fuels. 

 However, investment aid can be given to convert such plants into advanced biofuel plants. 

 Investment aid can be guaranteed to advanced biofuels. 
 
Article 113, refers to operational aid to food-based biofuels 

 Operating aid can be granted to food-based biofuels up to 2020, meaning that the 
installations started operation before 31 December 2013 can be granted until the plant is 
fully depreciated (not later than 2020). 

 Aid can be given to sustainable biofuels that are too expensive to come on the market with 
supply or blending obligation only. 

 
Article, 118 refers to waste 

 Waste hierarchy is recognised and using waste, including waste heat is recognised positively.  
 
Aid also details for existing biomass plants after plant depreciation as follows: 

 Operating aid is considered compatible for existing plants beyond their depreciation period 
as O&M costs of biomass plants can still be more expensive than market prices.  

 Operating Aid for biomass plants’ depreciation is compatible with internal market, provided 
that 
o The aid is only granted to energy produced form RES. 
o It reflects only the difference between operation costs and the market price. 
o Whether operation costs are still higher need to be monitored. The monitoring 

mechanism shall take place at least annually. 

 Next to these, operation aid for biomass is compatible when the use of fossil fuels as an input 
is more economically advantageous than the use of biomass, provided that 
o The aid is granted on energy production for RES. 
o The aid compensates the difference in operation costa switch to fossil fuel would take 

place. 
o Monitor that the use of fossil fuels is more beneficial than biomass. 

 

2.3 The 2020-2030 policy framework  
The ‘2030 Climate and Energy Policy Framework’, adopted by the European Council in 2014, 
introduces a binding target of a 40% reduction of greenhouse gas (GHG) emissions until 2030 
compared to 1990, a 27% share of renewable energies in gross final energy demand and an indicative 
target of a 27% increase in energy efficiency compared to a ‘business‐as‐usual’ projection of the 
future energy demand. Contrary to the 2020 policy framework, the EU‐target for renewables will not 
be broken down into legally binding national targets. Instead, the EU‐target shall be reached by clear, 
self‐imposed commitments of each EU member state and guided by a solid governance framework as 
part of the Energy Union. In fact, the Energy Union communication informs that the new renewable 
energy package will include legislation that ensures the binding 27% renewable energy target will be 
met.  
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The Energy Union’s governance system and a new legislative framework for renewable energy will be 
elaborated and drafted in 2016. This will be followed by the EU Member States preparing their 
National Energy and Climate Plans. These plans will include, next to renewable energy plans, the 
overall energy system planning, the GHG reduction targets and the energy efficiency plans up to 
2030 and beyond.  

 

2.4 Possible implications to bioenergy sector 
In view of these significant changes in policy framework and uncertainties around the new legislative 
framework the renewables sector will certainly be effected. The Guidelines are valid up to 2020 and 
there are uncertainties whether and how they will be adopted beyond that year. Nevertheless, one 
would assume that the overall spirit of the Guidelines that is moving towards more market based 
instruments will stay unchanged. 
 
Some preliminary conclusions can be drawn as: 

 Countries moving to competitive bidding/auctioning will face many challenges in respect to 
implementation (Held et al., 2014).  
o At present, RES-support with auctions is still undergoing a learning phase and may 

require adaptation to avoid potential caveats. 
o Low implementation rates, caused e.g. by underbidding or the existence of non-cost 

barriers, are one of the main drawbacks of auctions used for RES-support. Finding a 
compromise between encouraging high realisation rates without over-restricting the 
number of market participants, proved to be a difficult task8. 

o Another challenge of auction schemes is to guarantee the continuity of support. There is 
a possible risk of stop-and-go cycles due to the one-off approval of support, which may 
again increase the risk premiums required by bidders. 

o Compared to feed-in systems, the auction introduces additional elements of uncertainty 
for project developers regarding revenues and the future realisation of committed 
projects. This in turn makes planning more difficult and can in some cases lead to higher 
risk premiums.  

o The dynamic efficiency of an auction system largely depends on the design regarding 
technology differentiation, but the downward pressure on prices tends to limit 
development possibilities of less mature technologies, at least in a technology-uniform 
design.  

o Held et al (2014) introduces a set of recommendation for the EU based on the 
international experiences in auctioning. A summary of the recommendations are 
presented in Annex 3.  

 The bioenergy sector comprises many different technologies and auctioning for plants above 
1MW can become very complex. Particularly for biogas sector, the effects can be negative. 
The management of organic wastes from the meat industry and municipal sources requires 
for instance a more expensive anaerobic digestion facility with pre-treatment processes and 
more elaborate odour control equipment. The type of facility that can process this material 
on an economic basis is normally larger than 1 MW. By using the 1 MW size as a cut-off, the 
proposal can discourage the construction of precisely the type of biogas plants called for by 
other EU Directives and policies (EBA, 2016). One way forward could be setting technology 
specific auctions that are designed for different technologies within the biomass sector for 
instance for biogas. This option, however, reduces the competitiveness element as in certain 
markets the number of players may be very limited. 

 Both the RED and the FQD will expire in 2020 and there is a high policy uncertainty beyond 
2020.  

                                                 
8  Too harsh measures to avoid underbidding may increase the risks for plant operators and therefore lead to higher risk premiums and 

policy costs. 
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 An uncertain investment climate caused by policy uncertainty will certainly hold back 
investment in bioenergy sector and prevent the development of resource efficient 
technologies. 

 

 

3 Advanced biofuels – policies to bring them to the 

market 

 
 

3.1 Current policy and the role of advanced biofuels in Europe 
The RES Directive has set a binding 10% renewable energy target for the transport sector for 2020. 
However, the progress towards this target has been slow – a 5.4% share was achieved in 2013 and 
2014 projection indicates a share of 5.7% (EC, 2015). The main reason for this slow progress was 
explained as the uncertainty caused by delay in finalisation of the policy to limit the risks of indirect 
land-use change (iLUC), and insufficient progress in deployment of alternative, second generation 
biofuels.  
 
In response to the iLUC discussions, new amendments in the RES Directive and Fuel Quality Directive 
on ILUC has been proposed in a so-called iLUC Directive, and approved by the European Parliament in 
2015. The purpose of the Directive is to mitigate the risk of possible indirect land use change 
emissions resulting from conversion of existing agricultural land into production of raw materials for 
biofuels. This amendment sets a 7% cap on food crop based biofuels and a non-binding national 
targets for advanced biofuels (0.5%). The Member States shall adopt this directive by 2017.  
 
The double counting instrument introduced in the RES Directive has encouraged the use of waste-
based biofuels produced from Used Cooking Oil (UCA) or Animal Fats (not intended for consumption) 
in some of the Member States that transposed this instrument into their national legislations. There 
are, however, countries that haven’t yet applied the double counting mechanism, such as Check 
Republic, Sweden Croatia, Spain, Italy, Poland and France. In case all these countries also apply 
double counting, the demand for used cooking oil and animal fat will significantly increase. The 
blending of non-food based ethanol and biodiesel is estimated at respectively 0.2 and 0.7 % in 2014 
(Gains, 2015). 

 

3.2 Uncertain policy framework beyond 2020 
Both the RED and the FQD will expire in 2020 and there is a high policy uncertainty beyond 2020. On 
the one hand, there are no binding national RES targets at Member States level, thus, neither a 
mandatory Member States level target nor an EU target for transport. On the other hand, without a 
stable policy framework for RES-T, or for decarbonising fuels in general, the future of decarbonising 
the transport sector is quite unclear. This is especially the case for advanced biofuels, where 
incentives are very much needed over the next two decades. The transport sector is responsible for 
around a quarter of the EU's GHG emissions, making it the second-biggest emitting sector after 

Main recommendations: 

 The future of advanced biofuel sector depends heavily on a stable and supportive long-
term policy framework that will facilitate the next generation of commercial-scale 
plants to be built and operated. 

 A strong pull through quota obligations combined with production premiums until the 
Valley of Disbelief to advanced technologies is crossed will be needed. 
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energy9. As such, it has a key contribution to make to decarbonise the European economy (EC, 2015). 
The 2030 Impact Assessment of January 2014 estimated that achieving the agreed 2030 framework 
objectives would require a contribution of 14-16% renewable energy in transport (RES-T).  

 

3.3 Current status of the advanced biofuel industry  

 
In the EU 
There are nine advanced biofuel plants operational at commercial scale in the EU (see the table 
below). Among them, only the plant in Italy is using wheat straw as feedstock. Italy has mandated the 
use of advanced biofuels. The Italian Decree requires gasoline and diesel to contain at least 1.2 % of 
advanced biofuel as of January 2018, rising to 2 % by 2022 (Gains, 2015).  
 
Commercial production of cellulosic ethanol is still relatively limited in the EU. Beside the plants in 
Italy, other commercial operations have recently been announced (Bioenergy2020+, 2016). 

 In Denmark, a first-of-a-kind commercial cellulosic demo plant of 50 ktonne/year is planned 
to be constructed in 2018. 

 In Finland a plant with a capacity of 19 ktonnes is planned to be operational using fibres from 
paper production in Helsinki. Another ethanol plant using straw is planned for 2017 with a 
production capacity of 72 ktonnes. 

 Beta Renewable is planning to use its technology for a 70 million litres cellulosic ethanol 
plant in the Slovak Republic. The start-up is expected to take place in 2017.  

 Launched in 2008, the French pilot project Futurol aims at developing a process of 
production of cellulosic ethanol. The industrialization of the process is expected in 2016, it 
will be commercialized by the French company Axens. 

 
When it comes to Fischer-Tropsch (FT) liquids most of the planned projects have been stopped or put 
on hold: 

 In Finland two projects stopped and one pilot project in Varkus put on hold. 

 In France the FT liquid plant with a 200 ktonne/year is planned for 2017. This project aims at 
using forest waste, straw and green waste. 

 Another pant in Strasbourg, in France with a 105 ktonne/year capacity was stopped. 

 The Choren FT liquid plant in Freiberg, Germany was constructed but never put into full 
operation. 

 In Germany, a plant owned by Karlsruhe Institute is operational producing bioliquids 
(capacity 0.6 ktonne/year).  

 
As introduced in Table 1 most of the plants with the annual production capacity above 20 ktonne are 
producing Hydrogenated Vegetable Oils (HVO). The main feedstock used are, in general, oil crops, 
Used Cooking Oil(UCO) and animal fat.  
 

 

                                                 
9  According to a recent publication from the EEA (EEA, 2015) transport is the only sector where emissions increased compared to 1990 

levels. 
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Table 1 Advanced biofuel plants in the EU (above 20 ktonne/year are presented) 

Country Location (city) Owner Biofuel Feedstock type Capacity 
Kton/year 

Finland Lappeenranta  UPM Biofuels HVO Tall oil   100 

Finland Porvoo 
Refinery 

Neste HVO Oil crops& 
residues 

 400 

Ireland Cork Philipps 66 HVO Oil crops& 
residues 

  40 

Italy Crescentino 
(VC)  

Beta 
Renewables  

Ethanol Lignocellulosics  40 

Italy Port Marghera  ENI HVO Oil crops& 
residues 

Soybean oil / 
Palm oil, UCO, 
animal fat 

350 

Netherlands Rotterdam Neste HVO Oil crops& 
residues 

Oil crops, UCO, 
Animal fat 

950 

Spain Bilbao Repsol HVO Oil crops& 
residues 

Palm oil 60 

Spain Cartagena Repsol HVO Oil crops& 
residues 

Palm oil 60 

Spain Gibraltar-San 
Roque  

Cepsa HVO Oil crops& 
residues 

crude palm oil, 
animal fats and 
other waste 
products 

50 

Spain La Rabida  Cepsa HVO Oil crops& 
residues 

crude palm oil, 
animal fats and 
other waste 
products 

50 

Sweden Gothenburg Preem 
Petroleum  

HVO Tall oil   20 

Reference: Bioenergy2020+ (2016). 

 
Global production and possible forecasts up to 2020 
Globally, 17 plants are reported producing advanced biofuels outside the EU (Bioenergy2020+, 2016). 
They are located in Brazil, US, Canada, China and Singapore. Almost all of them are producing 
cellulosic ethanol and almost half of global commercial-scale production capacity is located in the 
United States.  



 

14 

 
Source: http://demoplants.bioenergy2020.eu (sourced May 2016) 

 

Figure 2 presents the IEA forecast for advanced biofuel production up to 2020. As can be observed 
the main development is expected on advanced bioethanol generation rather than biodiesel.  
 

 
 
Figure 2 Advanced biofuels production forecast 2014-20 (IEA, 2016) 

 

http://demoplants.bioenergy2020.eu/
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3.4 Modelling analysis 
Two cases are run using the RESolve-Biomass model (see Box 1) in regard to the uncertainties 
surrounding biofuels within the time frame 2020 -2030.  

 Reference scenario – focuses mainly on the existing policy framework up to 2020 and 
assumes that the existing policies will remain beyond 2020. 

 High biofuels scenario– considers that biofuels will continue playing an important role in 
decarbonising the transport sector and contributing to the 40% GHG emission reduction and 
the 27% RES target in 2030. The Impact Assessment of the 2020 Climate and Energy 
framework indicates that biofuels can play a role of 14-16% in transport energy demand in 
2030. This scenario assumes that there is a dedicated quota obligation of 16% for biofuels.  

 
Both scenarios rely on the PRIMES reference scenario (2013) projections that have been run for the 
Commission. The data derived from this scenario run are as follows (Also see Annex 4). 

 The final transport demand projections up to 2030. 

 The prices for crude oil, natural gas, coal and CO2. 

 The fleet distribution up to 2030 including the role of cars run on natural gas and electric 
cars. 

 
Box 1 Introduction to RESolve-Biomass model 

RESolve-Biomass 
RESolve-Biomass determines the least-cost configuration of the entire bioenergy production chain 

through minimal additional generation cost allocation, given demand projections for biofuels, 

bioelectricity and bioheat, biomass potentials and technological progress, see Figure 3 (Lensink et al, 

2007; Lensink & Londo, 2010; Faaij & Londo, 2010). By doing so it mimics the competition among the 

three sectors for the same resources. The RESolve-biomass model includes raw feedstock production, 

processing, transport and distribution. One of the most important features of the RESolve-biomass 

model is the ability to link the national production chains allowing for international trade. By allowing 

trade, the future cost of bioenergy can be approached in a much more realistic way than when each 

country is evaluated separately.  

 
Figure 3 - Supply chain in RESolve biomass (Lensink et al, 2007) 

The prices for crude oil, natural gas, coal and CO2 have been taken from PRIMES 2013. The prices for 

fossil energy carriers are shown in Annex 4. 

 
Figure 4 and Figure 5 illustrate the modelling results for the reference and high biofuels scenario, 
respectively. The reference scenario reflects an overall biofuels share of 10.5% in 2030 whereas high 
biofuels scenario reaches a level of 12.8% biofuels in road transport. According to the modelling 
analysis the main barrier to higher diffusion of biofuels relate to the blending limitations. The model 
considers E10 and a limited amount of E85 (it was assumed that max 25% of the new cars can run on 
E85 by 2030 in the model). For biodiesel the blending considerations included are B7 for passenger 
cars and B30 and B100 for trucks. Additionally, Fischer-Tropsch (F-T) diesel and HVO can be 
substituted directly for conventional (petroleum-derived) diesel. 
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In both scenarios the 7% cap on food crop-based biofuels result in an indirect sub-target for 
advanced biofuels. This pushes HVO, biomethane and cellulosic biofuels. The role of biomethane in 
both scenarios is comparable; comprising 0.9% and 1% of the total final transport energy 
consumption for reference and high scenarios respectively. In absolute terms the amounts are 103-
123 PJ in 2030. Biomethane use is limited by the number of cars run on natural gas. Primes reference 
scenario projects that by 2030 the demand related to natural gas run cars will comprise 2.1% of EU28 
total demand for cars. In the modelling it appears that almost 84% is substituted by biomethane10. 
 
The role of lignocellulosic biofuels is limited to 2% of the total transport energy demand in the 
reference scenario in 2030. This ratio is 5% in the high biofuels scenario. Cellulosic diesel substitutes 
are limited in 2030 in the energy mix in both scenarios. This has to do with the technology reaching 
the market/commercialisation at a later stage (around 2023) whereas commercial production of 
lignocellulosic ethanol has already emerged, although still low in Europe, many plants around the 
world started producing this fuel.  
 

It is important to indicate that an advanced biofuel that enters the market in RESolve modelling is not 
a guarantee that it will also enter in practice. The results provide the argumentation that specific 
support (e.g. sub-target) will be necessary so that they also really enter the market.  
 
Utilization of biodiesel from waste is comparable in both scenarios and mainly relates to biodiesel 
generation from UCO and animal fat through conventional technologies. Once lignocellulosic biofuels 
commercialize (mainly bioethanol) significant cost reductions in this technology makes it more 
competitive when compared with HVO production from UCO and animal fat. 

 

 
Figure 4 Biofuel consumption up to 2030 according to RESolve Model reference scenario 

 

 

                                                 
10  Note that this doesn’t have to be physically, it can be via biotickets. 
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Figure 5 Biofuel consumption up to 2030 according to RESolve Model high scenario 

 
Sensitivity runs 
Next to the two scenario runs this study included sensitivity runs that look into: 

 Double counting mechanism - for both the reference and the high biofuels scenario double 
counting is assumed to continue beyond 2020. 

 The level of import - for the reference scenario we assumed the import potential is halved to 
see the effects on the biofuel mix in Europe. 

 
The results show that the double counting instrument pushes advanced biofuels further into the 
markets as compared for instance with the reference scenario. However, this results in significant 
reduction in conventional biofuels. The reduction in food crop-based biofuels is in the order of 75%. 
Increasing the ambition level combined with the double counting results in further development of 
advanced biofuels and a relatively higher share of food crop-based biofuels. Nevertheless, in both 
scenarios there is clearly a compromise when it comes to the overall volume that can enter into the 
market.  
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Figure 6 Biofuel mix in the sensitivity runs in 2030 

 
In the reference scenario, the modelling results indicate around 40% of the biofuels consumed in 
Europe to be imported from countries like Brazil and Mozambique(bioethanol), Argentina and 
Indonesia (biodiesel) since the costs of biofuel production, particularly bioethanol (food crop based) 
is much cheaper. In the import scenario the used import potentials have been halved. This resulted in 
an import biofuels share of around 29%, allowing particularly the biodiesel market in Europe to 
survive.  

 

 
Figure 7 Amount of biomass/biofuels import in 2030 according to the scenarios and the sensitivity runs 

 
Main challenges to commercialisation of advanced biofuels  
The main challenges to advanced biofuels are summarised as follows by Bole et al. (2010). 

 Securing feedstock: to profit from economies of scale, advanced biofuel production plants 
will need to be very large (requiring around a million tonnes of dry biomass a year) and will 
represent another significant demand source for woody feedstock. This is particularly 
relevant for Fischer-Tropsch processes.  

 Technology risk: includes performance level, unexpected maintenance, necessary upgrades 
etc. The most advanced second generation route is the one for lignocellulosic ethanol. 
Although, gasification-based routes and the Fischer-Tropsch processes involve mature 
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technologies, already used at commercial scale, there is very limited experience in 
integrating biomass gasification with downstream processes for the production of liquid or 
gaseous transport fuels.  

 Market risk: mainly refers to fluctuations of the feedstock and biofuel prices and the 
correlation between the two or lack of it. 

 Regulatory risk: as most biofuel production still requires policy support it is important 
whether investors and lenders consider this support as adequate and stable, or insufficient 
and unreliable.  

 
Among the many challenges the technology risk has been the most pronounced hurdle towards 
wider market deployment of advanced biofuels (Bole et al., 2010). Lack of sufficient technological 
track record has made conventional finance sources wary of funding biofuel production installations 
employing second generation technology. In this respect, the recently constructed advanced biofuel 
plants can play a vital role in demonstrating the economic and technical feasibility of producing 
commercial-scale volumes of advanced biofuels. If these projects prove successful they can reduce 
the perceived technology risk and facilitate further expansion of the sector.  
 
At present, the regulatory risk is also high as the policy framework beyond 2020 is uncertain (See 
Section 2.3).  
 
Another important challenge Europe may face beyond 2020 is the blending wall issue. The modelling 
exercise indicate that higher diffusion of biofuels may be limited unless ethanol use would go beyond 
10 % volumetric blend. The US has already been experiencing this issue. The Renewable fuels 
standards (RFS) created in 2007 anticipated the mandated volumes of ethanol could be absorbed in 
the US consumption of gasoline for several years. In response, the corn ethanol industry rapidly 
expanded and the blend wall was reached in 2013. The ethanol production capacity was higher than 
demand for ethanol at a 10% gasoline blend. The Environment Protection Agency (EPA) 
acknowledged that there was a blend wall preventing the uptake of more ethanol in the fuelling 
system. So it proposed to limit ethanol levels in 2014 and 2015 to below 10 percent of the gasoline 
pool (Peterka, 2015). 

 

3.5 Technology outlook 

While existing policies have pushed the biofuel industry in Europe the advanced-biofuels industry has 
struggled to reach commercialisation. Figure 8 illustrates the development stages of different 
advanced biofuel technologies. Despite important technological advances of the past few years, 
second generation biofuels are largely still at a demonstration stage and seem to be lacking 
investment to move toward full commercialization. The high risk seen in advanced biofuel 
companies, particularly the ones based on lignocellulosic biomass, is an important dimension 
contributing to unsteady and insufficient investment in this sector. A main conclusion of the 
qualitative and quantitative modelling analysis is that additional policy instruments are needed to 
build confidence in biofuel technologies that are in the early stages of commercialisation.  

 



 

20 

 
Figure 8 Advanced biofuels technology outlook. Source: IRENA, 2015 

 

In response to different development stages of advanced biofuel technologies the technology 
innovation curve approach and the policy instruments categorized suitable for different phases of 
technology development can be a way forward to identify the most suitable policy options. As 
illustrated in Figure 9 (IEA, 2008): 

 Any technology that is at the RD&D phase will require direct or indirect (through Public-Private 
Partnership (PPP)) RD&D funding that could reduce the investment risk. Direct investment 
subsidies, soft loans and fiscal measures can help reducing the investment costs.  

 Once the technology passes the demonstration phase they will move to the early market stage. 
The policies will aim at reducing the cost gap with the commercial scale technologies. The 
technology will go through the – learning by doing phase. Instruments most suitable to this stage 
are: 

 Feed-in tariffs or premiums and tax exemptions. 

 Quota obligations or tendering schemes. 

 Mass market : After the early market entry of a new technology, structural support may be 
required. Policies can then provide incentives directly related to the external effects, for example 
in the form of CO2 emission taxes or trading systems that are technology neutral can be more 
suitable. 
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Figure 9 Overview of policy instruments for each technology developments stage. (IEA, 2008:Adapted from Ros et al., 
(2006) 

 

3.6 Conclusions and recommendations 
 Current policy mechanisms have not been sufficient enough to support advanced biofuels 

industry. Political uncertainty beyond 2020 further decreases investors’ confidence. Additional 
policy incentives are required to grow the market for advanced biofuels that are beyond the 
existing EU ‘double counting’ incentive.  

 The future growth in advanced biofuel production depends on the stable long-term policy 
framework that creates investor confidence and provides the environment for industrial progress 
to improve technical and financial performance.  

 The investment subsidies can be effective measures to innovative technologies, for instance for 
the one of a kind plants11. However, the experience has shown that they have so far not enabled 
the quick role out of the technologies into the market. Even with support available, a number of 
NER300 projects on advanced biofuels have been withdrawn, citing uncertainty about long-term 
biofuels policy as a deciding factor (EBRT, 2016).  

 Quota obligations can be a successful measure where applied specifically for advanced biofuels.  

 Besides, the development of future supply and the quota will need to be balanced over the 
years, in order to prevent volatility of the related financial incentives )e.g. in the form of the price 
of the quota related tradable certificates). 

 Stability of the financial incentive will be another critical condition for the investment case of 
advanced biofuel. 

 Other measures such as duty breaks or production premiums could be applied to ensure the 
advanced fuels produced entering the supply chain.  

 In addition to appropriate support measures, possible issues such a blend wall limitations for 
bioethanol needs to be addressed in the future policy framework.  

                                                 
11  EC initiatives and programmes such as NER300, Horizon2020, EIBI, ERA-NET+, BBI offer public co-funding towards the capital costs of 

industrial-scale demonstrations of advanced biofuel and bioenergy. 
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4 Increasing demand for biomass: co-firing and 

converting coal plants to biomass  

 
 

4.1 Current status and future projections  
Biomass co-firing has been supported in a number of countries in Europe as one of the cheap options 
to reach the renewable energy target.  

 The Dutch scheme, Stimulering Duurzame Energieproductie (SDE+) was expanded to include 
support for the co-firing of biomass in 2015. 

 In Poland, the main bioenergy increase has been experienced in biomass co-firing supported 
through the Renewable Quota Scheme. 

 Biomass co-firing has been also supported in the UK, Denmark, Belgium12, Italy, Sweden and 
Finland. 

 
The main advantage of biomass co-firing has been stated as the greenhouse gas (GHG) emission 
reduction from coal-fired power plants by enabling power generation from biomass. Especially if they 
are burned in modern, high efficient coal-fired power plants13 they can achieve higher GHG emission 
reduction than the dedicated 100% biomass power plants with lower efficiencies (IRENA, 2013). The 
other advantage relates to the significantly lower incremental investment cost of burning biomass in 
coal-fired plants than the dedicated biomass power.  
 
Against these advantages, coal plant installed capacities are in the ranges of hundreds of MW and 
their demand for biomass feedstocks can be significant. The RESolve reference scenario run, that 
considers the continuation of existing policy support measures up to 2030, calculates the role of 
biomass co-firing around 104 PJ, comprising 10% of the gross electricity consumption from biomass 
resources in the EU. This corresponds to a biomass supply of around 12.5 Mtondry in 2030. The main 
countries utilising biomass co-firing are the Netherlands (with the 25 PJ cap in 2020 and 2030) and 
Poland (18 PJ in 2020 and 51 PJ in 2030), the two covering more than 70% of the total bioenergy 
consumption in 2030. 
 
 

                                                 
12  The coal industry in Belgium has been in a structural decline. Since 2016, there is no coal capacity in the country. 
13  The total energy efficiency can be increased even further if biomass co-firing takes place in combined heat and power (CHP) plants. 

Main recommendations: 

 Minimum conversion efficiency requirements for fossil and renewable energy plants are 

needed to safeguard against developing bioenergy options that are efficient in reducing 

GHG emissions but still inefficient in terms of resource use.  

 Biomass co-firing can contribute to securing the feedstock supply that will eventually be 

needed for bio-based economy that focuses on producing high value products and 

advanced biofuels.  

 It is, however, necessary to ensure that agricultural residues and wastes become an 
important element in the biomass supply chain to co-firing.  
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Figure 10 Biomass co-firing in the EU28 according to the RESolve Reference scenario run 

 
The future role of co-firing, will, very much, depend on the climate and energy policies of each 
Member State. Many countries in Europe are phasing out coal generation. Six EU counties, viz. 
Cyprus, Luxembourg, Malta, Latvia, Estonia, and Lithuania are already coal-free in their power 
production. Belgium joined this group recently. Other governments have also stated or are discussing 
plans to phase out coal. In Germany and the Netherlands for example, there is a lively societal and 
political debate on this matter. The UK has announced plans to close all coal-fired power stations by 
2025. 
 

Recent developments in the NL 
In the Netherlands the Agreement on Energy for Sustainable Growth (or ‘Energieakkoord’) includes a 
cap of 25 PJ gross final consumption on biomass co-firing in 2020, contributing to the 14% RES target 
in 2020. The Dutch parliament, however, has recently adopted a resolution to suspend subsidies for 
biomass co-firing until a political agreement is reached for a trajectory towards total phase-out of 
coal. The motion said support for co-firing would lead to the continued long-term use of coal and the 
prolonged shutdown of “much cleaner and sometimes brand new ” natural gas-fired facilities. As a 
result, SDE+ support for biomass co-firing would also slow the phasing out of coal. The final decision 
from the Dutch government to phase out coal and biomass co-firing altogether is awaiting. In the 
meantime, the first round of the 2016 SDE+ funding package, worth €4 Billion, is opened in March 
and includes biomass co-firing, under the governmental precondition that the subsidy will not be 
granted if the phase-out plan finally decides otherwise. The second SDE+ round will be in September.  
 

A complete closure of all coal plants in the Netherlands, and thus of co-firing opportunities, will on 
the one hand set the 2020 RES target in difficulty (with around 1%) and require more expensive 
technologies to achieve the target. On the other hand, a recent review of short-term national 
decarbonisation options identified the closure of all coal-fired power plants as the most cost-
effective measure with the highest CO2 reduction, including closure of the recently built high efficient 
modern ones (IBO, 2016). 
 

Recent developments in Poland 
Around 40% of renewable electricity is derived from co-firing in large installations in Poland. The new 
regulation in Poland (Polish Parliament, 2015) has reduced the support for co-firing power plants by 

http://www.energieakkoordser.nl/doen/engels.aspx


 

24 

50%, with the exception of some dedicated14 co-firing installations. Financial support will also be 
withdrawn in the case of co-firing high-quality wood15 (stem wood). Moreover, the NREAP envisages 
substitution of forest biomass by agricultural biomass and to curtailing financial support for co-firing 
technologies from other funding programmes (Structural Funds) (Krug et al., 2015). 
 

Recent developments in the UK- coal plants converting to burn 100% biomass  
There has been a massive growth in the UK with coal to biomass conversion in large energy 
companies. The main drivers have been (i) possibility to grant subsidies currently paid as Renewable 
Obligation Certificates and for the future as “strike prices”, (ii) the sulphur dioxide (SO2) emissions 
and the EU regulations16 permitting them. Thus, by burning biomass energy companies reduce their 
SO2 emissions from coal power stations rather than investing in expensive SO2 scrubbers. At the 
same time they receive RES subsidies. 
 
The already converted plants and the power plants that are in the pipeline would need to source 
around 9.6 Mtonnes wood pellets per year (see Table 2). This figure corresponds to around 40% of 
the global wood pellet generation and the 80% of the EU wood pellet production in 2013. Concerns 
have been raised about the large imports of biomass pellets by Drax and their potential carbon 
impacts. This have led to the UK government commissioning a report to investigate the biomass 
supply and its impacts (Hough & Ares, 2016). Next to that, the European Commission has announced 
in January 2016 that it “has opened an in-depth investigation to assess whether the UK's plans to 
support the conversion of part of the Drax coal power plant to operate on biomass are in line with EU 
state aid rules”.  
 
In the UK, there is mandatory reporting but no mandatory criteria for measuring the sustainability of 
biomass use by larger generators for electricity generation17. The NGOs have raised their concerns 
about such high demands and their sustainability impacts (Biofuelwatch, 2016; Friends of the Earth, 
2016).  
 

Table 2 presents the wood pellet demand of the major coal plants in the UK that are (planned to be) 
converted to 100% biomass. If these there plants start running on biomass their annual wood pellet 
demand will sum up to around 9.6 Mtonnes.  
 
Table 2 Wood pellet demand of the major coal plants that are (planned to be) converted to 100% biomass 

 Unit Drax Lnemouth Teesside 

Capacity  MW 645 x 3 420  300  

Wood pellet demand Mtonnes 7  1.5 1.1 

Net Calorific wood pellets = 4.8 kWh/kg ;Efficiency = 40% ;Hours of operation per year = 7000 
Source: Own calculation 

                                                 
14  Installations which are equipped with separated technological lines to supply biomass, bioliquid or biogas to the combustion chamber 

with an amount exceeding 20 per cent or fluidized bed installations with a capacity below 50 MW and which utilize at least 30 per cent 
energy from biomass, bioliquid or biogas 

15  Whole large-size trunks in three categories from 0.5 m above 
16  Directive 2010/75/EU of the European Parliament and the Council on industrial emissions (the Industrial Emissions Directive or IED) is 

the main EU instrument regulating pollutant emissions from industrial installations.  
17  The Department of Energy and Climate Change (DECC) introduced new sustainability criteria for non-domestic installations using 

biomass and biogas fuels, and producers of biomethane under the Renewable Heat Incentive (RHI) on 5 October 2015. To continue to 
receive RHI payments participants must now use fuels that meet the sustainability criteria. 

http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32010L0075
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4.2 Can biomass co-firing be considered as a transition 
technology? 

Biomass co-firing has been considered as a transition technology that can pave the way to the bio-
based economy (IRENA, 2013; Faaij, 2015): biomass can be refined to extract valuable sugars or 
ethanol while lower grade fractions for co-firing will reduce the costs for energy generation 
considerably. For this to happen, high volumes of biomass, stable markets and optimised supply 
chain claimed necessary and biomass co-firing can be an option to enable these markets to develop. 
Future pellet markets can be significant, also in comparison to current and future pellet use for co-
firing  

 Let’s assume that 4% of the 2030 biofuel demand18 is derived from lignocellulosic feedstocks 
(wood pellets).  

 The total wood pellet demand would be around 50 Mtonnes19.  

 This amount is more than 1,8 times the current global wood pellet generation20 and around 3 
times the wood pellet demand for co-firing in 2030 according to the modelling exercise 
results.  

                                                 
18  The 2030 road transport demand is derived from the PRIMES (2013) reference scenario as 12 EJ.  
19  When we assume the wood pellets to biofuels conversion efficiency around 55%. 
20  In total, wood pellet production is about 28 million tonnes, comprised of 15 million tonnes used for heating in the residential and 

small-commercial sectors and 13 million tonnes of pellets used in the industrial sector for power generation, combined-heat-and-
power applications and large district heating projects. Europe is the most significant market, accounting for over 80 percent of global 
demand this year. 

 Drax power plant converted its first unit to biomass in 2013. They have also converted a second unit 

and have plans to convert a third. However, the EC has been investigating the decision to award 

Contracts for Difference subsidies for this third one for potentially breaching the rules on state aid.  

 Ironbridge, owned by E.On, was fully converted between April and October 2013, but ran at less 

than 15% of its capacity. It suffered a major fire in February 2014 and was permanently closed in 

November 2015(Biofuel watch, 2016). 

 Eggborough: A closure announcement was made in September 2015, but a few weeks later biomass 

company announced that the plant could be saved by what it claimed was a ‘revolutionary’ new 

technology which removes salts and minerals from biomass thus allowing it to be burnt in 

unconverted coal plants. However, so far the company have failed to produce the pellets on a 

commercial scale and it appears unlikely that Eggborough will remain open after March 2016(Biofuel 

watch, 2016). 

 Lynemouth: The UK government awarded the subsidy for converting this power station to 

biomass. The contract was investigated by the European Commission for potentially breaching rules 

on state aid, but in December 2015 the Commission ruled that the subsidies complied with the rules. 

Lynemouth will receive the CfD subsidies until at least 2027. Lynemouth has been closed since 

November 2015 and in January 2016 was sold to a Czech company which owns Eggborough. There 

are uncertainties as to whether the biomass conversion would go ahead(Biofuel watch, 2016).  

 Uskmouth Power Station. This power station was closed in May 2014. It was then taken over by 

SIMEC group, who reopened it as a coal burning plant in June 2015, whilst announcing their 

intention to fully convert it to biomass and to build a pellet plant on the site. However, there is a lot 

of uncertainty about the current status of the plant.  

 A 300 megawatt biomass plant at Teesside in North Yorkshire has secured Commission approval and 

is expected to start operating in July 2018. 

 

http://europa.eu/rapid/press-release_IP-15-3601_en.htm
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 These numbers support the need for high volumes of biomass supply and biomass co-firing 
can be an option to enable this.  

 Nevertheless, it is important to ensure that such high volumes don’t jeopardise the 
sustainability principles and they don’t focus solely on clean wood but other sustainable 
value chains such as agricultural residues and wastes.  

 

4.3 Conclusions & recommendations 

 Energy production from biomass co-firing can meet around 0.2% of the gross final electricity 
consumption in 2030 in the EU, a number that is small for the total EU28 but may be 
significant for certain Member States in achieving their 2020 RES targets in a cost-efficient 
manner. 

 Converting coal-fired power plants into 100% biomass will require significant amounts of 
biomass and this can result in many sustainability issues within and outside the EU. 

 Minimum conversion efficiency requirements for fossil and renewable energy plants would 
safeguard against developing bioenergy options that are efficient in reducing GHG emissions 
but still inefficient in terms of resource use. 

 Biomass co-firing can contribute to securing the feedstock supply that will eventually be 
needed for bio-based economy that focuses on producing high value products and advanced 
biofuels. 

 It is, however, necessary to ensure that agricultural residues and wastes become an 
important element in the biomass supply chain to co-firing. 
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5 The competition dilemma 

 
 

Biomass availability and the competition among the alternative uses of biomass (food, feed, fibre, 
bio-based materials and bioenergy) have been a major concern for the development of a bio-
economy. The availability of biomass is restricted by scarcity of land, water and nutrients. The 
increasing demand for woody biomass for renewable energy generation and industrial purposes (i.e. 
sawmill industry, veneer plywood industry, pulp and paper industry, panel industry) and the demand 
for agricultural feedstocks for biofuels for transport sector and bio-based material industry can result 
in competition, particularly for certain feedstocks.  

In this section we look at the demand projections and the potential supply and analyse whether and 
how far there can be competition issues in the time frame 2020 and 2030.  

 

5.1 Feedstock demand for forest based industry versus for 
energy purposes 

 
Biomass feedstock potential assessment has been conducted by Elbersen et al. (2015) “Outlook of 
spatial biomass value chains in EU28” D2.3 of the Biomass Policies project. It includes a detailed 
analysis of biomass feedstocks from the forestry sector. The assessment includes the feedstock 
demand for material use, the firewood demand and the potential for bioenergy sector and other bio-
based products (bio-based chemicals, plastics etc.).  
 
Figure 11 illustrates the schematic representation of the assessment of biomass from stemwood and 
primary residues. The assessment includes the feedstock demand for material use, the fire wood 
demand and the potential for bioenergy sector and sectors like bio-based plastics, chemicals etc.  
 

Main recommendations: 

 Once integrated biorefinery processes producing both bio-based products and energy 
carriers (fuels, power, heat) find more market outreach the competition dilemma will 
become irrelevant. 

 Existing policy support can be tailored to support integrated biorefinery concepts to 
ease their market reach.  
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Figure 11 Schematic overview of assessment of biomass from stemwood and primary residues. 

 

Elbersen et al (2015) focuses on two scenarios that result in the following categories per scenario: 
1) A conservative scenario which only considers all stemwood that is harvested given known 

current demand for stemwood. The potential for bioenergy and other new biomaterial options 
consists in this situation of: 
a. Stemwood and residues used for fuelwood according to FAO current domestic fuelwood use 

levels as reported in statistics (2010). 
b. Residues whose availability is a direct result of the stemwood extraction rate determined by 

the demand level for stemwood. 
 
The extraction rates for related residue potentials for 2020 and 2030 are therefore also following 
current stemwood extraction levels. Part of the residues are currently used for other material and 
fuelwood uses, but many residues still remain in the forest because there is no demand for them, 
although they can be sustainably removed.  
 
2) An optimistic scenario which assumes an increased mobilisation of forest biomass through an 

increased demand for stemwood for all uses. This leads to an additionally harvestable stemwood 
and residue potential. The potential for forest biomass for all potential uses (bioenergy and other 
bio-based sectors) then consists of: 
a. Stemwood and residues used for fuelwood according to FAO current domestic fuelwood use 

levels as reported in statistics (2010).  
b. Residues whose availability is a direct result of the stemwood extraction rate determined by 

the currently conventional and known material demand for stemwood.  
c. Additional harvestable stemwood and the associated residues determined by the 

mobilisation for stemwood determined by EFISCEN and at sustainable extraction rates. 
 
Figure 12 presents the results of the primary forest biomass potential assessment for the EU28. As 
can be seen already in this analysis demand for stemwood for material use is excluded from the 
potential that can satisfy the demand for energy generation and the emerging bio-based materials 
sector.  



 

29 

 

 
Figure 12 Total stemwood and residue potential (KtonD.M.) separated in material use, fuelwood and additional 
harvestable stemwood and residues (Elbersen et al., 2015) 

 

5.2 Feedstock demand for bio-based materials versus 
bioenergy demand 

 
Bio-based materials (both bio-based chemicals and bio-based plastics) do not account yet for a very 
big share of biomass use. There are, however, concerns that the switch toward a bio-based economy 
will entail high demand for biomass both for bioenergy and for bio-materials such as plastics that are 
presently derived from fossil sources. Establishing a high-volume bio-based economy, including bio-
based chemistry, bio-based plastics and composites, lubricants and others is claimed to result in 
feedstock shortages (i.e. Carus et al., 2011). The lack of a political and economic framework in the EU 
to support the industrial material use of biomass and the existing polices promoting biofuels and 
bioenergy (i.e. the renewable energy directive) at the expense of bio-based materials. Therefore, a 
new political-economic framework to rebalance the financial support for energy and industrial 
material use of biomass is demanded (Eickhout, 2012, Carus et al, 2011).  
 
This section looks into the projected demands for bio-based materials and bioenergy (including 
biofuels for transport) as two separate sectors and assessed whether the biomass potential analysed 
within Biomass Policies project is sufficient enough to meet the demand or will there be some 
pressure for certain feedstocks to satisfy the increasing demand up to 2030.  

 It builds up on the existing market projections for bio-based products. 

 The bioenergy demand is derived from te National Energy Action Plans of the 28 Member 
States of the EU up to 2020 and the PRIMES -40%GHG emission scenario run up to 2030. 

 
Through modelling analysis, we aim at addressing the question whether there will be competition 
issues for the same resources between bioenergy sector and the bio-based materials sectors.  
 
The future developments of the bio-based materials market and the possible interactions with the 
bioenergy sector is quite complex. Within a biorefinery concept depending on the profitability one 
can produce multiple products including bio-based products, biofuels for transport or bioenergy for 
auto production.  
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In this study, we simplify this and assume that there are dedicated markets for bio-based materials 
and bioenergy (including biofuels for transport). Therefore, the results presented in the following 
sections can be interpreted as an extreme case.  
 

5.3 Modelling analysis 

 

5.3.1 Projected EU production capacity of bio-based materials and the 
demand for biomass 

European production capacity of bio-based materials is reviewed in a recent study (Londo, 2015; 
Mozaffarian, 2015) based on a number of literature (BIOCHEM, 2010; Aeschelmann & Carus, 2015; 
Damer et al,2013). This review has focused on relatively bulky chemical markets that can create 
significant biomass demand in the future. The markets included are bio-based plastics, bio-based 
surfactants, lubricants and solvents. 
 

 
 

 In total the bio-based chemicals production is assumed to be around 3.6 Million tonnes by 2020 
increasing to 5.3 million tonnes by 2030. The main biomass feedstock used assumed to be mainly 
rapeseed and wheat, and a limited amount of lignocellulosic crops. 

Bio-surfactants: Oleochemical surfactants generally are derived from plant oils, such as palm oil and 
coconut oil and from plant carbohydrates, such as sorbitol, sucrose, and glucose. These surfactants 
are used to make household detergents, personal care products, food processing products, textiles, 
coatings, pulp and paper products, agricultural chemicals, and industrial cleaners. 
 
Biolubricants: These can be either vegetable-based oils, such as rapeseed oils or synthetic esters 
manufactured from modified oils and mineral oil-based products. Example end product usage 
includes aviation, automotive, and marine applications, as well as power tool lubricants and drilling 
fluids 
 
Biosolvents: are soy methyl ester (soy oil esterified with methanol), lactate esters (fermentation-
derived lactic acid reacted with methanol or ethanol), and D-limonene, which is extracted from 
citrus rinds. One of the primary benefits of biosolvents is that they do not emit volatile organic 
compounds (VOCs) that are of concern from the perspectives of workers’ safety and adverse 
environmental impacts. Biosolvents primarily are used as degreasing agents for metals and textiles, 
and they also are used to strip household paint, to remove glue, and as diluents for paints and 
pesticides. They also are used as extraction solvents in perfumes and pharmaceuticals. 
 
Bioplastics: plastics made in whole or in part of renewable resources. They include starch plastics, 
cellulosic polymers, PLA, polytrimethylene terephthalate (PTT) from biobased 1,3-propanediol 
(PDO), polyamides (nylon), polyhydroxyalkanoates (PHAs), polyethylene (PE), polyvinyl chloride 
(PVC) from biobased PE, other biobased thermoplastics (polybutylene terephthalate (PBT)), 
polybutylene succinate (PBS), polyethylene terephthalate (PET), polyethylene-co-isosorbide 
terephthalate polymer (PEIT), polyesters based on PDO, polyurethane (PUR) from biobased polyols, 
and biobased thermosets. 
 
REF: Golden and Handfield, 2014  

 

IEA Bioenergy Task 42 “Biorefining” state: 
 
 “Biorefining is the sustainable processing of biomass into a spectrum of bio-based 
products (food, feed, chemicals, and materials) and bioenergy (biofuels, power and/or 
heat)”. 
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 Results indicate that the demand for bioplastics can be around 0.5 million tonnes in 2020, 
increasing to 2.6 million tonnes by 2030.  

 

Table 3 presents the EU production capacity of bio-based materials for 2010, 2020 and 2030.  

 
Table 3 Projected EU production capacity of bio-based materials (in million tonnes) 

 2015 2020 2030 

Plastics 0 0.5 2.6 

Lubricants 0.1 0.2 0.3 

Solvents 0.7 1.1 1.8 

Surfactants 1.6 2.3 3.2 

 
Through a back-casting calculation approach the demand for primary biomass feedstocks to satisfy 
the above presented production capacities is calculated. The results show that the bio-based 
material industry will need around 0.6 Mtonnes of lignocellulosic biomass by 2020 increasing to 1.4 
Mtonnes in 2030. It is assumed that the conventional food-crop based feedstocks will remain the 
main biomass source for this industry and the demand for wheat and sugar beet roots can be around 
8-11 Mtones in 2020, increasing up to 14-19 Mtonnes in 2030. For rapeseed the demand is 
calculated around 7 Mtonnes in 2020 increasing to around 10 Mtonnes in 2030.  

 
Table 4: Projected corresponding demand for biomass feedstocks for bio-based chemicals production (in million tonnes 

 2015 

(Mtonnes) 

2020 

(Mtonnes) 

2030 

(Mtonnes) 

Lignocellulosic biomass  0 0.6 1.4 

Starch crops (wheat, sugar beet roots) 5-11 8-11 14-19 

Oil crops (rapeseed, sunflower seed) 4.8 6.9 9.7 

*LHV for wood pellets is assumed as 17 GJ/tona.r. 
**Sugarbeet is considered with a m.c. of 80% and LHV=16.6 GJ/tondry; wheat is considered on dry bases and the LHV is considered as 
17GJ/tondry 
***Rapeseed is assumed as dry and the LHV as 19GJ/tondry.  

 

Thus, the market analysis indicates that the majority of biobased polymers & plastics, lubricants, 
solvents and surfactants would be non-ligno based in 2020, and even in 2030. Lignocellulosic biomass 
demand for chemicals and materials can run into a few million tonnes by 2020, and more than 10 
Million tonnes in 2030. These figures, however correspond to around 1% of the demand for 
conventional bioenergy and biofuels in 2020, increasing to a few per cents in 2030. 
 
The demand for non-ligno feedstocks (oil and starch crops) from the bio-based chemicals and plastics 
and the demand from conventional biofuels industry can, however, create some pressure, 
particularly on oil crops.  
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5.3.2 Modelling results – Can bio-based materials be in competition with 
the energy sector for feedstock? 

 
Figure 13 illustrates the modelling result of competition 
scenario in comparison to the reference scenario. The 
reference that is built upon the PRIMES reference 
scenario run (2013) doesn’t take into account possible 
increasing demand from the bio-based material sector. 
The modelling analysis results in 9.4% biofuels in 2020 in 
the reference scenario whereas the percentage of 
biofuels is less in the competition scenario (8.5%). The 
main reason is the reduced supply of oil crops in the 
competition scenario. A certain amount of feedstocks, 
particularly oil crops are demanded by the bio-based 
industry. Thus, the 2020 transport target appears to be 
challenging in the competition scenario. Around 2030 
this affect diminishes. Increased consumption of advanced biofuels that consume lignocellulosic 
feedstocks such a primary forestry residues and agricultural residues decrease the likely pressure and 
achieve the same amount of biofuels.  
 

  
 

 

 
Figure 14 presents the biofuel mix in Europe for the reference and the competition scenario mix. The 
modelling analysis shows a decrease in conventional biodiesel beyond 2025 and more pyrolysis diesel 
is consumed whereas in the competition scenario biodiesel consumption stays constant. In the 
reference scenario markets for boilers and CHP using liquid feedstocks (oil crops and palm oil 
imports) grow rapidly. This high demand for heat and electricity generation results also in more shift 
to pyrolysis diesel. Thus, in the reference scenario we observe a decrease in conventional biodiesel 
and increase in pyrolysis diesel after 2025. In other words: because no demand from bio-based 
industry is included in the reference scenario other energy applications are able to develop (liquid 
based boilers and CHP). These markets need time to grow, however, after 2025 they start demanding 
a large amount of palm oil. In competition scenario there is not much opportunity for those 
applications to develop and after 2025 the demand for palm oil is low and more remains for 
biodiesel. 

Figure 13 Biofuel share in the reference scenario (REF) and in the variant with competition (Competition) 

Modelling 
Modelling is based on the very broad 
assumption that the bio-based 
material production is favoured and 
the remaining feedstocks are used for 
energy production. As such, the 
feedstock demand for the bio-based 
materials is deducted from the total 
biomass supply potential. This lowered 
the feedstock supply to bioenergy 
sector.  
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Figure 14 Biofuel mix in the reference and in the competition scenario 

 

5.4 Conclusions and recommendations 
 The market analysis conducted in this study and in another project (S2Biom) indicates that 

the majority of biobased polymers & plastics, lubricants, solvents and surfactants would still 
be non-ligno based in 2020, and even in 2030. 

 The demand for cellulosic feedstock to produce bio-based materials is likely to be a very 
small fraction of the demand from bioenergy sector. 

 The demand for non-ligno feedstocks (oil and starch crops) from the bio-based chemicals and 
plastics and the demand from conventional biofuels industry can, however, create some 
pressure, particularly on oil crops. 

 Nevertheless, beyond 2025 with the lignocellulosic biofuels increasing its share in the market 
the pressure on oil crops will decrease again. 

 Therefore, the competition concerns between bio-based products and bioenergy demand 
seems groundless from the bioenergy side. 

 On the other hand, the materials side will face a demand for feedstock from the bioenergy 
sector that is significantly larger. This is probably more a synergy opportunity than a 
competition issue: when the integrated biorefinery processes producing both bio-based 
products and energy carriers (fuels, power, heat) find more market outreach this issue will 
become irrelevant. 

 While their future market outlook depends very much on the reference fossil fuel prices 
existing policy support can be tailored to support integrated biorefinery concepts to ease 
their market reach. 
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ANNEXES 
 

Annex 1 Summary of the existing support measures for biomass 
 
Table 5 Summary of the existing support measures for biomass energy in the 11 MS within the period 2009-2012 
 Electricity Heat Biofuels for transport 

AT Feed-in tariff, investment subsidies 
(waste liquor), additional premium for 
efficient CHP 

Investment subsidy for biomass heating systems and the 
connection to local and DH networks Bonus for efficient 
CHP 

Quota obligation; tax reduction/exemption 

BE Regional level (Flanders, Wallonia, 
Brussels): Green Certificates with 
guaranteed minimum prices 

Flanders: energy premium (auction system for green heat 
support); CHP certificate system (including bio-CHP); RE 
heat obligation in new buildings, offices and schools in 
Flanders (from 2014);  
Wallonia & Brussels: CHP included in Green Certificate 
system; investment subsidy to heat plants; subsidies for 
RE in buildings 

Quota obligation; tax exemption (reduced 
excise tax) – this was phased out mid 2014 

Croatia Feed-in tariff and a loan scheme  No support Quota obligation21 

Finland Feed-in tariff for forest residues22. In 
CHP production heat by fossil fuel has 
CO2 tax. Investment support., Excise 
tax return 

CO2 tax for fossil fuels, investment aid priority given for 
new innovations and small-scale heating installations 
excluding domestic appliances; CHP heat bonus 

 Quota obligation, investment aid priorities 
for 2G biofuels 

Germany Feed-in tariff. Flexibility premium for 
additional installed capacity for biogas 
and biomethane powered plants put 
into operation before 01.08.2015; 
Investment subsidy. Loan scheme 

Investment support and low interest loans for highly 
efficient renewable energy technologies; obligation to use 
RE in new buildings (min 50% for solid biomass, min 30% 
for biogas and biomethane CHP); low interest loans for 
biogas purification and construction of local heating 
networks 

Quota obligation 

Greece Feed-in tariff. Subsidy combined with 
tax exemption 

Interest free subsidies and loans; tax relief Quota obligation 

NL Feed-in premium. Tax reduction Feed-in premium; tax reduction Quota obligation; tax credits 

Poland Green certificates; tax relief; loan and 
subsidy scheme 

Investment grant Quota obligation 

Slovakia Feed-in tariff; tax relief Investment grant Quota obligation; tax credits 

Spain23 Feed-in tariff or premium (optional); 
investment subsidies 

Investment subsidy Quota obligation; tax exemption 

UK Green certificates; feed-in tariff(for 
small scale RES); Contracts for 
Difference Scheme (cfd); climate 
protection tax 

Renewable Heat Incentives(RHI) Quota obligation 

 

                                                 
21  Since the beginning of 2015 no operational incentives are available for biofuels in Croatia. 
22  The aid scheme ‘Operating aid for forest chips fired power plants’ has been recently modified in order to address potential distortion 

of competition in the future. The modification has not yet entered into force, and this is subject to Commission’s state aid approval. 
According to the modification the aid level for electricity produced with forest chips would be reduced by 40% (i.e. the reduced feed-in 
premium would be 60% of the full feed-in premium), if the forest chips are produced from industrial roundwood (i.e. logs or 
pulpwood) originating from a felling site of large-sized trees and not for industrial wood residues. 

23  Recently in Spain the remuneration scheme for renewable electricity has changed and feed-in tariff is not currently in place. 
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Annex 2 Summary of provisions on State aid for renewable energy sources 
(RES) in the EEAG (EC, 2014)24 

 
1. INVESTMENT AID  

• Notification threshold for individual measures under a scheme: €15 million per company  
• Assessment based on general compatibility criteria and common assessment principles  
 

2. OPERATING AID TO RES electricity  
• Notification threshold for individual measures under a scheme: generation capacity per site above 
250 MW  
• Duration of approval for scheme: 10 years  
• Schemes preferably open to EEA / Energy Community  
 

a) Integration in the market:  
From 2016: (for all new aid schemes and measures) Renewable electricity installations: 
• sell the electricity they produce on the market, receiving a premium in addition to the market price.  
• must compensate for short-term deviations from their scheduled generation plan  
• Receive no incentives to generate when prices are negative  

 
b) Introduction of competitive bidding  

Transitional phase 2015-2016:  
• Aid granted through competitive processes for at least 5% of the planned RES capacity  
From 2017 : 
• Aid granted through competitive processes for 100% of the planned RES capacity, except if a 
Member State demonstrates that the result would be suboptimal (e.g. limited number of eligible 
projects/sites, risk of overcompensation or of underbidding) 
 • Process open to all generators and technologies. (Reasons for exceptions include: grid stability, 
long-term potential of a new technology, need to achieve diversification of sources)  

 
c) Special regime for small installations  

• Feed-in tariffs or equivalent forms of support are allowed for installations below 3MW or 3 
generation units (wind power) or 500kW (other sources, like solar or biomass)  
• No competitive bidding process required for installations below 6MW or 6 generation Units (wind) 
or 1MW (others)  

 
3. OPERATING AID TO RES OTHER THAN ELECTRICITY  

Aid per unit of energy should not exceed the levelised costs of producing energy (LCOE) minus the 
market price of the form of energy concerned.  
The LCOE may include a normal return on capital. Investment aid is deducted. 

 

 

 

                                                 
24  http://ec.europa.eu/competition/publications/cpb/2014/016_en.pdf 

http://ec.europa.eu/competition/publications/cpb/2014/016_en.pdf
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Annex 3 Recommendations based on the lessons learned (Herald et al., 2014) 
 

 Combining tenders or auctions with feed-in systems may help control policy costs. 

 However, tender or auctions require careful design and adaptation to the objective and to 
framework conditions.  

 Practical experiences have shown that there are still several critical issues and challenges; low 
implementation rates have been identified as one of the main caveats of tender and auction 
schemes in practice. Thus, when designing tender or auction schemes, it is important to find the 
right balance between avoiding low implementation rates on the one hand and reducing 
competition too much on the other hand.  

 Typically, it is more difficult for smaller participants to be successful in an auction or tender 
procedure. Thus, additional measures for small-scale technologies may be required in order to 
ensure actor variety 

 When selectively applying auctions in Europe factors besides the auction procedure have to be 
taken into account. Assessing the adequacy and feasibility of specific auctions, the scope, the 
chosen technology, the project size, have to reflect a wide variety of context factors that will 
influence the success of auctions. 

 Penalties need to distribute risks in the most effective way, addressing different involved actors 
and their suitable responsibility in the entire process (e.g. differentiating between delays caused 
directly by project developers and public entities). 

 Technology-specific auctions have to reflect the envisaged technology mix; a more diversified 
mix increases dynamic efficiency. 

 The definition of the technologies eligible for support is crucial in order to avoid unnecessary 
windfall profits. 

 An adequate monitoring and control mechanism should be implemented. Amongst others, at the 
submission stage, project feasibility should be subject to strict checks without deterring potential 
bidders from participation in the bidding procedure. 

 When designing a volume tender with the objective of a high static efficiency, additional 
measures for less mature and innovative technologies should be implemented 

 Penalties have to be parameterised sensibly and have to be balanced with the need for adequate 
levels of competition. Other developments, such as ongoing tenders in other countries or the 
general economic situation, should be considered for the timing and design of the tender 
procedures. The participatory and flexible approach together with a very pro-active and long-
term communication strategy appears to be suitable to avoid typical implementation 
shortcomings of tender schemes. However, the open dialogue may be sensitive to lobbying 
attempts and involve certain transaction costs. 

 Bringing forward administrative and permitting issues and the organisation in a one-stop shop 
should be part of a well-designed auction or tender procedure. Generally, being in good time to 
start the entire tender process is crucial to avoid too strict time plans for bidder. 

 Realising pre-examinations of the site should be implemented in any project-specific auction of 
resource-dependent RES. This reduces uncertainty regarding the real costs of a project and 
contributes to preventing underbidding 

 Local content rules should generally be avoided and only be implemented if required for reasons 
of social acceptance. 

 Clear compliance rules are a prerequisite to encourage participation and their coherent 
implementation improves the rate of project realisation 

 The price setting rule and auction procedure must be carefully designed and adapted to the 
individual policy and market context. 
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 Additional rules are required to successfully use auctions for determining country-wide support 
level. This may include the link to resource conditions (e.g. reference yield model or link to 
wind/solar atlas) in order to partially offset different cost requirements. 

 For immature technologies such as CSP a stronger weight of technical and project experience in a 
multi-criteria auction could improve the rate of project realisation. 

 Keep documentation (requirements) clear, simple and straight forward. Avoid any requirements 
(e.g. CO2 assessment) that cannot be realised by smaller, inexperienced bidders/project 
developers. 

 
An auction should be embedded in clear and reliable time-tables with regular auction frequencies. 
The bi-annual implementation of auctions appears to be adequate for small- to medium scale 
technologies, where strategic behaviour is less likely than for larger-scale technologies. 
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Annex 4 The prices for crude oil, natural gas, coal and CO2 (PRIMES 2013) 

 

Figure 15 - Prices of fossil energy carriers. Values are expressed in €_2010/GJ 

 

Figure 16 - CO2 prices used in this study. Prices are given in €_2010/ton. 
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Annex 5 Detailed calculation of EU bio-based materials production capacity 
A back casting methodology has been applied following the below steps (see Mozaffarian et al, 2015 
and Londo, 2015): 

 Based on the literature survey define the bio-based material production capacities for 2020 
and 2030. 

 Define the biomass based share of the bio-based materials (i.e. co-polymers such as PET are 
produced from two different monomers: a bio-based and a fossil one. A weighted average 
share of biomass-based component needs to be defined). 

 Identify the most commonly used feedstock types. 

 Assume the likely share of feedstocks to produce bio-based materials. 

 And finally calculate the corresponding demand in Europe for lignocellulosic feedstock and 
conventional feedstocks. 

 
Bio-based plastics 
It was possible to define the European bio-based plastic production capacity based on the existing 
literature (BIOCHEM, 2010; Aeschelmann & Carus, 2015; Damer et al,2013; ). These studies indicate 
the production capacity in the range of 0.9 to 1.2 million tonnes. We assume the average of these, 1 
million tonnes, in the rest of the study. 
 
Many of these bio-based plastics are not for 100% produced from biomass. On the basis of detailed 
breakdowns in Damer et al (2013) a weighted average share of biomass-based component is 
assumed to be 50% for 2020. Thus, the biomass based bioplastics can be calculated as 0.5 million 
tonnes in 2020. 
  
Projections for 2030 are based on the below assumptions:  

 A growth percentage of 10% is assumed for bio-based plastics in 2020-2030. In that year, the 
share of actual biomass-based components in the plastics is assumed to have increased from 
50% to 60%. Of this, 85% is based on starch and sugar crops, and 15% is lignocellulose-based. 

 
Table 6 Projected EU production capacity of bio-based plastics (in million tonnes) 

 2020 2030 

Plastics 0.5 2.6 

 
Bio-based surfactants, lubricants and solvents 
These markets are already well-established in comparison with the bio-based plastics markets and 
they have higher bio-based consumption levels in Europe (BIOCHEM, 2010). The growth rates, 
however, are lower. Current production routes of bio-based surfactant, lucricabta and solvents are 
mostly based on vegetable oils and starch.  
 
Projectsions for 2030 are based on: 

 The growth rates for 2012-2020 from Damer et al., (2013) were extended until 2030. 

 We propose the following shares regarding feedstocks in 2030: 
- Bio-based lubricants are assumed to be 100% based on vegetable oils. 
- Solvents are assumed to be 50% based on vegetable oils, 40% based on sugars, and 10% 

based on other specific biomass feedstocks such as citrus oils. Of these sugars, we 
assume 80% still to be derived from sugar or starch crops, and 20% from lignocellulosic 
feedstocks. 
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- Bio-based surfactants are assumed to be 70% based on vegetable oils and 30% based on 
sugars. Of these sugars, we assume 80% still to be derived from sugar or starch crops, 
and 20% from lignocellulosic feedstocks.  

 
The resulting demand for bio-based chemicals in 2020 and 2030 are summarized in  
Table 7. 
 

Table 7: Projected EU production capacity of various bio-based chemicals (in million tonnes)  

 2020 2030 

Lubricants 0.2 0.3 

Solvents 1.1 1.8 

Surfactants 2.3 3.2 

 
Converting bio-bases materials into primary feedstocks 
 
The following shares regarding feedstocks are propose in 2020: 

 It is assumed that 85% of polymers and plastics are based on starch and sugar crops and 15% 
are lignocellulosic-based.  

 Bio-based lubricants are assumed to be 100% based on vegetable oils. 

 Solvents are assumed to be 50% based on vegetable oils, 40% based on sugars, and 10% 
based on other specific biomass feedstocks such as citrus oils. Of these sugars, we assume in 
2020 90% still to be derived from sugar or starch crops, and 10% from lignocellulosic 
feedstocks. 

 Bio-based surfactants are assumed to be 70% based on vegetable oils and 30% based on 
sugars. Of these sugars, we assume in 2020 90% still to be derived from sugar or starch 
crops, and 10% from lignocellulosic feedstocks.  

 
Table 8 summarises the corresponding demand for biomass feedstocks in 2020 and 2030.  
 
Table 8: Projected corresponding demand for biomass feedstocks for bio-based chemicals production (in million tonnes 

 2020 

(Mtonnes) 

2020 

(PJ) 

2030 

(Mtonnes) 

2030  

(PJ) 

Lignocellulosic biomass (m.c.10%) 0.6 10.20* 1.4 23.80 

Wheat (50%) / Sugar beet root (50%)** 7.8 12.9 PJ 
Sugarbeet 

+66 PJ wheat 

13.7 22.7 PJ 
Sugarbeet 

+116.5 PJ wheat 

Rapeseed*** 6.9 131.1 9.7 184.3 

* LHV for wood pellets is assumed as 17 GJ/tonnea.r.. 

** Sugarbeet is considered with a m.c. of 80% and LHV =16.6 GJ/tonnedry; wheat is considered on dry bases 

and the LHV is considered as 17 GJ/tonnedry. 

*** Rapeseed is considered as dry and the LHV as 19 GJ/tonne. 


