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1 Introduction 

The Biomass Policies project aims to develop integrated policies for the mobilisation of resource 
efficient indigenous bioenergy value chains to contribute towards the 2020 renewable energy 
targets and 2030 ambition, that includes a 27% binding renewable energy and a 40% GHG emission 
reduction target for the EU as a whole.  
 
This report aims to support Work Package 4 - Future policy formation towards resource efficiency- 
through qualitative and quantitative analysis using ECN models.  
 
Within D4.1 (Panoutsou, 2016) future integrated policy frameworks have been defined for the 
eleven Member States participating in this project (AT, BE, DE, EL, ES, FI, HR, NL, PL, SK, UK)1 and 
consulted with the national agencies2. In this report the financial support solutions suggested in task 
4.1 are qualitatively and quantitatively analysed. Quantitative analysis is done using the ECN RESolve 
models. The assessments are tailored to the country specific priorities that have been agreed upon 
with the national agencies of each Member State. As such, they differ in approaches. The possible 
effects of non-financial support schemes are excluded in this assessment. It is very likely that the 
complete integrated frameworks (which include other non-financial support measures) will result in 
relevant additional effects to this assessment. 
 
Current status of renewable energy sources (RES) 
An important driver for bioenergy generation is the binding national renewable energy targets laid 
down in the renewable energy directive (EC, 2009). The status of renewable energy in the EU28 
Member States in 2014 can be found in Figure 1 (Eurostat, 2016).  
 

 
Figure 1: Share of energy from renewable source in the EU Member States in 2014. Source: Eurostat 

 
According to the statistical figures of Eurostat nine Member States already achieved their 2020 
targets in 2014. Table 1 shows the status of the eleven Member States that participate in the 
Biomass Policies project. Finland and Croatia already achieved the 2020 RES target. Austria is very 
close, while the rest of the countries still have to increase their RES share in absolute terms by 2-5% 

                                                           
1  See http://ec.europa.eu/eurostat/statistics-explained/index.php/Glossary:Country_codes for the country 

codes 
2  The Biomass Policies project consortium included eleven national (energy) agencies contributing to the 

project. 

http://ec.europa.eu/eurostat/statistics-explained/index.php/Glossary:Country_codes
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(Belgium, Germany, Greece, Spain, Poland and Slovakia). The Netherlands and the UK still have a 
long way to go to achieve the 2020 RES targets. 
 
Table 1: Status of 2020 RES target achievement for the eleven participating Members States. Source: Eurostat 

Member State Status target achievement Distance to achieve target  
in absolute % 

AT Very close 0.9% 

BE Medium far away 5.0% 

DE Medium far away 4.2% 

EL Medium far away 2.7% 

ES Medium far away 3.8% 

FI Achieved - 

HR Achieved - 

NL Far away 8.5% 

PL Medium far away 3.6% 

SK Medium far away 2.6% 

UK Far away 8.0% 

 
Report outline 
Chapter 2 introduces the methodology applied with respect to how the models are used, how 
support levels are determined, and what external data input is used for the scenario analysis. 
Moreover, the waste potentials and respective scenarios are re-introduced3. In chapter 3 a brief 
overview of the priority value chains selected per Member State is presented. This is followed by 
eleven country specific chapters. These chapters cover a description of the proposed policy 
frameworks followed by the introduction of the policy support measures included in the modelling 
and the modelling results. All chapters end with the country specific conclusions and policy 
recommendations. Chapter 15 provides a short comparison of the utilization rates of the priority 
value chains among the eleven Member States. Finally, in chapter 16, main discussion points, 
conclusions and policy recommendations are presented. 
  

                                                           
3  Biomass feedstock potentials have been calculated using different scenarios in another WP. The detailed 

information can be found in D2.1 from Elbersen et al., 2016.  
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2 Methodology 

 

2.1 The models used 

 

2.1.1 RESolve-Biomass 
 
In the modelling analysis the RESolve-Biomass model plays a key role. RESolve-Biomass determines 
the least-cost configuration of the entire bioenergy production chain, given demand projections for 
biofuels, bio-electricity and bioheat, biomass potentials and technological progress. In 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 
by 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.  
 
Further details of RESolve-Biomass can be found in Appendix I. 
 

2.1.2 RESolve-E 
 
RESolve-E is a dynamic market simulation model for RES-E. The aim of the model can be stated as: 
 
“Given historical policy, current policy and assumptions about future policy, making a projection to 
the future for renewable electricity and CHP in EU Member States” 
 
The model matches national supply curves (based on costs and potentials) with policy-based demand 
curves. As such, support policies are an important parameter of this model4. This model supports the 
RESolve-Biomass model by capturing some dynamic elements of policies, such as possible delays and 
competition between different policies. Furthermore, the model includes diffusion rates of different 
renewable electricity options. This model covers the renewable electricity sector only, thus the 
electricity generation from biomass (and heat in the case of CHP) is the main focus.   
 
More details on RESolve-E can be found in Appendix II. 
 
 

2.1.3 Interaction between RESolve-Biomass and RESolve-E 
 
The models interact in the following way: 

1. RESolve-Biomass runs  with an initial demand for heat, electricity and transport fuels from 
biomass. The potentials for bio-electricity and bio-heat are sent to RESolve-E. 

2. RESolve-E runs with the potentials from RESolve-Biomass. Output is the total amount of bio-
electricity, bio-heat from CHP and a path per feedstock category and technology category. 
This information is sent to RESolve-Biomass. 

                                                           
4  For the Netherlands the model covers the SDE+ Feed-in Premium system with all technologies that are 

eligible for SDE+. Therefore, for the Netherlands the model covers renewable heat and green gas as well. 
For the Netherlands the model is one of the models used for the National Energy Outlook (Hekkenberg and 
Verdonk, 2014; Schoots and Hammingh, 2015). 
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Step 1 and 2 are repeated until a convergence is reached. This typically occurs after 3-4 iterations. 
After this convergence, RESolve-Biomass is run for the last time. All results are extracted from 
RESolve-Biomass. 
 
 

2.2 Approach to determine support levels 

 

2.2.1 Overview of approach for the measures covered 
 
The mix of financial support solutions for the selected value chains introduced in D4.1 (Panoutsou, 
2016) are as follows: 

 FiP (Feed in Premium) 

 Investment subsidy 

 Feedstock bonus 

 Soft loan. 

Feed in tariffs (FiT) are excluded from the selected measures since the State Aid Guidelines5 call for 
more market based instruments. The Guidelines abolish the guaranteed purchase of renewable 
energy at fixed price. From 2016, producers of renewable energy will have to sell their production on 
the market. They may still receive aid, however this will be 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. Feed-in tariffs, or equivalent forms of support, are allowed for installations 
below 1MW electricity or 3 generation units (wind power) of 500kW (other sources, like solar or 
biomass).   

 
The possible impacts of above measures are assessed in comparison to the existing policy support 
measures in the 11 Member States. The methodology to introduce each policy instrument is 
introduced below: 

 FiP:  The level of the FiP is based on the Dutch SDE+6 base rate, corrected for the country specific 
feedstock price, corporate tax rate and the duration of the policy. The duration of the FiP has 
been set to the same duration as the policy that is currently in place, otherwise to 15 years. The 
SDE+ base rate corresponds to a rate that is financially attractive enough for 90% of the business 
cases. 

 Investment subsidy: the level of subsidy applicable to selected conversion technologies is 
considered 30%. This level is increased to 40%, 50% and 60% when needed (i.e. in case the 
subsidy level turns out to be insufficient in the modelling analysis).  

 Soft loan: this instrument is translated into the model as a reduction of interest rates of 1%.  
 Feedstock bonus: Feedstock bonus is considered for straw to enable its mobilisation. The 

feedstock is treated as a fixed % on top of the price7.   
 

                                                           
5  http://ec.europa.eu/competition/publications/cpb/2014/016_en.pdf 
6  SDE stands for ‘Stimulation Duurzame Energieproductie’, in English ‘Stimulation Renewable Energy 

production’. 
7  Germany has been applying an additional bonus payment as feedstock. The levels were 7.84 ct/kWh 

(electricity) in 2013, in 2014: 7.68 ct/kWh and in 2015: 0 ct/kWh. 

http://ec.europa.eu/competition/publications/cpb/2014/016_en.pdf
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Intro to feed-in premium 
 
A feed-in premium (FiP) is a modification of the fixed feed-in tariff towards a more market-based 
support instrument, based on a premium that is paid on top of the electricity market price. Three 
different types of FiPs can be identified.  
 

 A fixed premium: the premium does not depend on the electricity market price and 
renewable generators are exposed to all market risks.  Depending on the electricity market 
price over and under-compensation can occur. 

 A feed-in premium with a cap and floor: introduces cap and floor prices on the market price 
plus premium. This guarantees renewable generators with a minimum price per kWh (the 
floor) and prevents overcompensation (the cap).  

 The sliding premium: the premium is a function of the electricity market price and a 
constant strike price. Strike price refers to the tariff level that on the one hand attracts RES 
investment and on the other hand avoids overcompensation. 

Table 2: Pros and Cons of main design elements of feed-in premiums 

 Pros Cons 

Fixed premium Easy to implement, with less 
administrative costs as a result 
. 

The investment risk for RE-E 
investors is higher, that 
requires higher support levels 
to compensate the risk 
premium 

FiP with cap and floor Increased investor certainty 
avoids over and under 
compensation to some degree 

 

Sliding premium Cost effective, 
Reflecting the real market 
conditions 

More complex  
Higher administrative costs to 
the governments 

 
In Europe FiP are applied in the Czech Republic, Germany and Slovenia and used as the main support 
instrument in Denmark, the Netherlands, Estonia, Finland and Slovakia. FiP have also been used in the 
past in Spain. In Finland a CO2 tax for fossil fuels in heat production has been a promotion tool for 
bioenergy. 
 
In this exercise, the Dutch SDE+ is considered as the reference for further calculations using FiP. 

A feed-in premium is in place in the Netherlands since 2008. For all eligible technologies ECN and 
DNV-GL calculate the feed-in premiums, using technology specific techno-economic parameters, 
using a levelized cost of energy (LCOE) calculation. These LCOE values are calculated using a cash 
flow spread sheet. The techno-economic parameters and the calculated feed-in premiums result in 
an advice to the Ministry of Economic Affairs. See for example the final advice for the SDE+ 2016 
(van Zuijlen and Lensink, 2015) (in Dutch) and the final advice for the SDE+ 2014 (Lensink, 2013) (in 
English). 

For the country specific value chains, where feed-in premium was selected as the preferred 
stimulation measure, the same cash flow spreadsheet has been used to calculate the feed-in 
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premiums. An important difference is that some of the national specific elements have been 
modified8.  

National specific parameters that are modified compared to the Dutch case are: 

 National specific corporate tax rates (source: KPMG) 

 Feedstock costs (determined using D2.3) 

 Duration of the policy 

 Techno-economic data (if the technology is not covered by the Dutch SDE+) 

 Capacity category (if the eligible capacity is totally different that eligible categories for the 
Dutch SDE+). 

Note that the calculated values are not suited as a basis for direct advice on appropriate feed-in 
premiums to be used in reality. For that purpose a country specific assessment of techno-economic 
parameters needs to be made. It might, for example, well be that the operation and maintenance 
costs are different because of different wages, financing parameters are different, etc. The 
parameters that were kept the same as in the Dutch case are: 

 Typical system size (if the capacity category is comparable) 

 Conversion efficiencies 

 Investment costs per unit 

 Operational and maintenance costs per unit 

 Typical full load hours 

 Assumed inflation rate 

 Other financing parameters: equity/debt ratio, return on equity, return on debt 

 Loan period, depreciation period and economic lifetime have all been kept equal to the policy 
duration. Note that the policy duration is country specific. 

 
 

2.3 Other external data inputs 

 
Several exogenous data inputs have been used for the RESolve-Biomass and RESolve-E models. The 
most important ones are covered in this section. 
 
 

2.3.1 Fossil fuel, electricity and CO2 prices 
 
The prices for crude oil, natural gas, and coal have been taken from the PRIMES Reference scenario 
2013 (EC, 2013). The prices for fossil energy carriers are shown in  
Figure 2.  The CO2 prices are taken from the impact assessment (EC, 2014) and are given in Figure 3. 
 

                                                           
8  It is necessary to highlight that the techno-economic data in the tool should have been re-designed to 

reflect the country conditions. However, this has not been done due to lack of country specific data. 
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Figure 2: Prices of fossil energy carriers. Values are expressed in €2010/GJ 

 

Figure 3: CO2 prices used in this study. Prices are given in €2010/ton 

Country specific wholesale electricity prices have also been used as an exogenous input to the 
RESolve-biomass and RESolve-E models. Values have been taken from the electricity market model 
COMPETES (van Hout, et al., 2014) as used in the Dutch National Energy Outlook 2015 (Schoots and 
Hammingh, 2015). The fossil and CO2 prices as described in section 2.3.1 have been applied to 
update electricity prices. An important restriction is that the bio-electricity production figures as 
projected in this study have not been included in the COMPETES model. The values for bio-electricity 
as used in the Dutch National Energy Outlook 2015 (Schoots and Hammingh, 2015) have been used. 
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Integral inclusion of the COMPETES model in this project falls outside the scope of this project. 
Figure 4 shows a country unweighted9 wholesale electricity price for the EU28 for illustration 
purposes. 

 

 

 

 

2.3.2 EU Biomass feedstock cost supply data 

Domestic cost supply data as provided by D2.3 of this project (Elbersen, 2015) have been used in the 
RESolve-Biomass model. To reduce computational time the 58 individual biomass types as presented 
in D2.3 have been aggregated to 38 individual biomass types for the model. The aggregation can be 
found in Appendix III. Aggregation has been applied if they fall under one group as indicated in Table 
1 of D2.3 and if they are commonly applied in the same conversion technology and if one of the 
following two criteria applies: 

1. The biomass types from the group have the same price 
2. The biomass types have a very small potential. 

An example of biomass types that have been aggregated according to the first criterion is dry 
manure (or solid manure). According to D2.3 there are four individual types: solid manure from 
poultry, cattle, pig and sheep & goats. Their potential can be significant, however, according to D2.3, 
the market price is the same for all different types. This means that the supply curve is flat. 
Furthermore, the RESolve-Biomass model doesn’t include technologies that discriminate between 
the different types of solid manure. Another argument to aggregate is non-discriminating heating 

                                                           
9  Per country the average electricity prices are volume weighted. However, in Figure 4 the countries are 

weighted equally. A large consumer like Germany is assigned the same weight as a small consumer like 
Croatia. 

Figure 4: Country unweighted yearly average whole sale electricity prices for EU28. Value are given in 
€2010/MWh 
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values and moisture contents. In D2.3 they are assumed to be the same. An example where the 
second criterion has been applied is prunings. D2.3 makes a distinction between six different types 
of prunings:  

 Apple, pear & apricot pruning 

 Cherries and other soft fruits 

 Vineyards 

 Olives 

 Citrus 

 Olive pits. 

At the EU28 level the potential of prunings and olives is very modest. They cover less than 1% of the 
domestic biomass potential. However, for Southern-European countries they form an important 
underutilized biomass potential. Therefore a compromise was made to aggregate prunings in two 
groups for the model:  

 Prunings from fruit trees 

 Prunings and pits from olives. 

 

2.3.3 Import costs supply data 

Biomass imports from outside the EU28 have been included in the analysis. The import cost supply 
data from D2.5 of this project (Fritsche and Iriarte, 2016) have been used. The import cost supply 
data from D2.5 have been supplemented with import of palm oil from South-East Asia and with 
imports of used fats and oils from Indonesia, China and the US (Spöttle, 2013). Palm oil imports are 
currently an imported feedstock, mainly for first generation (1G) biodiesel, and it is unlikely that this 
will change the coming years. Used fats and oils are currently an important commodity for the 
generation of biodiesel and HVO, partially because of the double counting mechanism for biofuels 
from waste and residues. 

 

2.3.4 Statistics 

To calibrate the model outcomes and to have a starting point resembling reality, historical data has 
been applied where available and reliable. The complication with biomass is that there are many 
types of biomass, intermediate commodities (like wood pellets), many conversion technologies and 
different types of final energy products. Furthermore, bio-energy statistics are often aggregated in 
different ways. There are definition issues and final energy can be expressed as net production, 
gross final consumption, etc. It is not always clear if a full one to one match can be made with 
statistical data and the input the model needs. In Appendix IV an overview of the main statistical 
data sources used is given. 

 

2.4 Lead times 

The proposed improved policy frameworks in Deliverable 4.1 (Panoutsou, 2016) will not immediately 
have an effect. There will be a delay, so called the lead-time. The following steps are the minimal 
requirements that need to be undertaken. Note that this is an oversimplified overview: 
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1. The proposed policy framework needs to be picked up by national policy makers 
2. The proposed policy framework needs to be put into legislation 
3. In case it concerns a financial instrument, the policy needs to be opened 
4. Project developers have to close contracts with companies that can construct the facility, 

arrange the supply of biomass, arrange financing, apply for a request, etc. 
5. In case of crops, a relevant delay is that time is needed to grow the crops 
6. Start producing the first units of energy production. 

Note that not all of these steps have to be executed one after the other. It might well be that a 
project developer already has a permit and a contract for the supply of biomass and that an existing 
support policy is smoothly replaced by the new policy. In this case the delay might be very low. 

In this task we only consider the lead-time for the selected value chains (including biomass types and 
technologies), because for those value chains we consider additional policy measures. For other 
feedstock and technologies we assume a continuation of current policies. We take the following 
pragmatic approach: 

 The financial instrument will be opened in 2017 for all value chains (step 1-3) 

 In case of a feedstock premium for residues, the technology will be the limiting factor. 
Therefore a feedstock premium is modelled to start at the year the first plant can be 
operational. For perennials the first year of additional production is assumed to be 
respectively 2019 and 2021 for grassy and woody perennials.  

 For technologies, the delay assumed for the first units of production10, after the financial 
instrument will be opened (2017), can be found in Table 3. The delay for the technologies 
corresponds to figures that are common for the Netherlands. 

Table 3: Assumed technology specific delay after a financial instrument has been opened 

Technology Delay after opening financial instrument in 
years 

Medium scale CHP 2 

Medium and large-scale boilers 2 

Small-scale boilers/stoves 1 

Medium scale wood gasification 2 

Biomass IGCC 3 

AD + CHP 2 

AD + upgrade and injection into the grid, for 
countries that already apply this 

2 

AD + upgrade and injection into the grid, for 
countries that apply this for the first time 

3 

 
 

2.5 Scenarios and policy variants 

 

2.5.1 Reference scenario and policy variants 
 
In D2.1 of this project (Elbersen et al. 2014) three different scenarios are discussed: 

                                                           
10  Also called ‘Realisation times’. 
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 A (Baseline): based on the most recent Energy Roadmap 2050-Primes reference scenario. In 
this scenario there is relatively low bioenergy consumption, but (up-dated) NREAP targets are 
reached, mainly domestic production of biomass from waste, forest residues and only very 
limited use of energy crops. Part of the bioenergy is produced from imports. The current 
sustainability criteria for biofuels are implemented.  

 B1 (High bioenergy): This scenario builds on the Energy Roadmap 2050-Primes high RES 
scenario. It involves high bioenergy consumption, strict sustainability and resource efficiency 
criteria applied at EU scale.  

 B2 (High bioenergy): This scenario also builds on the Energy Roadmap 2050-Primes high RES 
scenario. The difference with the B1 scenario, however, is that it involves strict sustainability 
and resource efficiency criteria that are not only applicable to the EU bioenergy consumption 
but also to those produced globally.  

 
These are three different possible future scenarios, for bio-energy demand and supply. Note that the 
two Primes scenarios that are mentioned (Reference and High RES) have different prices for fossil 
energy carriers and different CO2  prices. To analyse the effect of the improved policy frameworks as 
suggested in D4.1 (Panoutsou, 2016) we have chosen to stick to only one scenario for the biomass 
supply, the A (Baseline) scenario. This approach provided comparable outcomes.  
 
Since scenarios are more often related to external developments, to a large extent outside the 
control of a sector or a field, we prefer to speak of variant for the two sets of policy packages that 
we use in this analysis. In scenarios one covers the external developments; with policy variants one 
covers the variables that one can influence (via policy). So in the quantitative analysis we use two 
policy variants having one common biomass cost supply scenario, the A scenario. The two policy 
variants that we analyse are: 

 Current policies/ Reference policies. These are the policies described in D3.3 of this project 
(Uslu, 2016a). This variant is abbreviated by REF in the results chapters. 

 Improved policies / improved policy frameworks as suggested in D4.1. This variant is 
abbreviated as Pol+ in the results chapters11. 

 
The reference variant is in line with the PRIMES GHG40 scenario from the EC (EC, 2014) which results 
in 26.5% renewables in 2030. As a starting point we use exogenous demand for electricity, heat and 
transport fuels from biomass resources. Since this was not publically available for the GHG40 
PRIMES scenario, those values have been derived from an analysis conducted by TU Vienna for the 
BETTER project (Resch, et al., 2015) which was based on the same PRIMES scenario. 
 
Furthermore, below assumptions are included in the Reference variant: 

 The financial measures included in the reference scenario to promote bioenergy correspond to 
current policies and an extrapolation to the future. Note that an attempt has been made to 
include all the current policies into the models to the extent possible. Due to many capacity 
classes that exist, exemptions, clarity about eligible feedstocks and other reasons simplifications 
and aggregations had to be made. 

 The new legislation, voted in April 2015, which introduces a cap of 7% on the contribution of 

biofuels produced from “food crops”, is included in the model from 2017 onwards12. 

                                                           
11  In our quantitative analysis only financial measures have been covered. 
12  Member States have to transpose the directive into national legislation by mid-2017, and establish the 

level of their national indicative sub-targets for advanced biofuels within 18 months (end 2016 - beginning 
2017). 
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In the results chapters the reference scenario is indicated by REF in tables and graphs. The results for 
the policy variant with improved policies are indicated by Pol+. 

As mentioned above only one scenario for biomass cost supply is used, the A scenario. However, for 
organic waste it appeared to be relevant to cover the B1 and B2 scenario as well. This is described in 
section 2.5.2. 

 

2.5.2 Scenarios for organic waste separation 

Organic waste is selected as an important value chain by the project partners. Its use for energy 
purposes highly relates to the upstream processes concerning separation and redirecting of organic 
waste.  Therefore, different scenarios for organic waste management practices and the 
corresponding potentials for the future are included. 

The chains for collection, separation and consumption by end applications are presented in Figure 5. 

 

 

Figure 5 : Overview of the organic waste chains considered. Light blue rectangles are the variables used to discriminate 
between the scenarios 

The organic waste potentials for the reference scenario are described in D2.3 of this project 
(Elbersen et al., 2015). The variables that are used to discriminate between the scenarios correspond 
to the light blue rectangles: 

 The overall collection rate of waste. Note that this is already very high in the EU, but not 
100%. 

 Mixed collection versus separate collection of waste streams 



 
 

18 
 

 Mixed waste can go to waste incineration, landfilling and mechanical separation. The ratios 
can be varied 

 The energy recovery part of waste incineration can be varied 

 Mixed waste can go directly into composting, it can go to anaerobic digestion or it can first 
be digested and the remaining digestate and indigestible fraction can be used for 
composting. 

There is a hierarchy in the three scenarios A, B1 and B2 and in Figure 5: landfilling is limited and 
there is a push toward more separated organic waste. Furthermore, the separated organic waste is 
directed more towards anaerobic digestion followed by composting.  

The RESolve-Biomass uses the potentials for the different (waste) scenarios as exogenous and static. 
How much is actually used for energy conversion is determined by RESolve-Biomass.  

 

The biomass types that end up from this organic waste chain are: 

 Municipal Solid Waste (MSW) 

 Landfill gas 

 Collected Vegetables, Fruit and Garden waste (Collected VFG) 

 Organic waste from Industry. 

The matching with those categories and the categories as used by D2.3 can be found in Appendix III. 

The overall EU28 potentials per biomass type for the three different biomass scenarios can be found 
in Figure 6. As one can see the main trends are that: 

 Landfilling is going to zero in 2030, 

 The amount available for waste incineration (MSW) stays roughly stable and  

 There is a large increase in biomass available for anaerobic digestion (Organic waste from 
industry and Collected VFG).  

The country specific chapters will, however, show that this trend is not valid for all countries.  

In the modelling runs with the RESolve models, the improved policy frameworks have been applied 
for all three biomass scenarios: Pol+, B1-Pol+ and B2-Pol+.  
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Figure 6 – Organic waste potentials for different scenarios in PJ. Amounts available for 
composting are not presented in this figure 
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3 Value chains selected per Member State  

Within WP2 of the Biomass Policies project a number of bioenergy ‘value chains’ have been identified 
based on key considerations such as: 

 Existing biomass feedstock that are large in quantity but not necessarily utilised  

 Future large potentials  

 Resource efficiency considerations for the future. 
 
Deliverable 2.4 “SWOT analysis of biomass value chains” (Pelkmans, 2015) details the value chain 
selection process and conducts a SWOT analysis for each value chain. Table 4 presents the selected 
value chain per Member State. 
 
 
Table 4: Overview of selected value chains per Member State 

Type of 
feedstock 

Country Conversion technologies 

Primary forest 
residues 

AT,ES,FI, HR, PL, 
SK 

Combustion, Gasification & CHP; IGCC, pyrolysis, advanced 
biofuels 

Organic waste AT, BE, DE, EL,ES, 
FI, NL,SK, UK 

AD and upgrading to biomethane; AD (medium scale) & 
local CHP; Production of chemical building blocks (e.g. bio-
naphtha, bio-methane); Waste incineration & energy 
recovery 

Straw AT, EL, ES, HR, 
PL, SK, DE, UK 

Biochemical – lignocellulosic. Hydrolysis and fermentation; 
Combustion (medium scale - heat driven); Combustion 
(heat driven) household level (pellets); CHP district heating, 
public buildings; Pyrolysis & upgrading to diesel 

Industrial 
wood residues 
/ wood waste 

BE,FI Heat driven medium and large-scale CHP, pyrolysis, 
advanced biofuels 

Manure BE, NL, PL, UK Liquid manure: Anaerobic digestion (micro – on-farm) & 
large-scale manure treatment (mono-manure); 

Landscape care 
wood and 
prunings 

EL Combustion (as logs, pellets); Pyrolysis & upgrading to 
diesel 

Biomass crops 
– Sugar beet 

NL Biochemical - sugar/starch hydrolysis and fermentation 

Wastewater 
sludge 

HR AD and upgrading to biomethane 
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4 Austria 

 

4.1 Introduction of the future policy formation (D4.1) 

This section contains the summary of the proposed future policy for Austria as described in D4.1 
(Panoutsou, 2016). 

The aim of the integrated policy framework for biomass in Austria is to: 
“Sustain the relatively high share of biomass in the heat13 and CHP sectors through support of more 
resource and energy efficient use of forest based biomass in boilers (through support of modern boiler 
purchase, increased heat utilisation, etc.) as well as to further mobilise forest biomass and currently 
unused biomass resources (mainly straw and waste potentials)”.  
 
The key issues under consideration for biomass to meet the targets set in NREAP for 2020 and 2030 

 Generally, a stabilization of the total energy consumption, as foreseen in the NREAP, will be 
crucial for achieving the targets. Biomass use was basically already close to NREAP targets for 
bioenergy in recent years. 

 Biomass share in electricity is currently at about 90% of NREAP target. Achieving the 2020 
target requires only little additional deployment. However, many biomass and biogas plants 
are reported to be unprofitable due to increasing biomass prices and are likely to be 
decommissioned around 2020. Follow-up tariffs (granted to existing plants after the regular 
support period has expired) are considered essential to achieve the 2020-targets. To sustain 
the current share of biomass electricity after 2020 appears challenging, as many existing 
plants are expected to be decommissioned before 2030.  

 A reform of the Green Electricity Act, which is necessary in order to comply with EU guidelines 
for state aid for renewables, is intended to improve cost-efficiency of support schemes for 
renewable electricity through fostering competition between technologies. On the longer 
term, this is likely to result in a decline of biomass electricity.  

 Potential of Austrian forests is largely exploited according to forest inventory. Biomass 
imports for energy have increased in recent years. Especially in the transport sector the share 
of imported biomass is relatively high. 

 The supply with wood processing residues as well as a significant share of bioenergy 
production (auto-production) depends on future developments in the wood processing 
industries, especially sawmill industry. The sawmill industry is currently importing around 30% 
of its roundwood demand. These imports (“indirect” imports of wood residues) are required 
to sustain the current production of bioenergy. 

 Competition between energy and material uses is a highly contentious issue in Austria. 
Measures (like biomass mobilization, increased utilization of currently untapped residues and 
wastes potentials) to mitigate this issue should be on the top agenda. 

 Efficient use of the limited biomass resources (increased heat utilization in CHP, 
modernization of small biomass furnaces which account for a large fraction of biomass use in 
AT). 

 Continued deployment of modern small-scale biomass boilers (especially substitution of old 
oil boilers in rural areas), in order to sustain the relatively high share of biomass in the heat 
sector.  

                                                           
13  This is the main application of bioenergy in Austria and largely considered to be reasonable for economic 

and other reasons (e.g. high replacement of fossil fuels, low GHG mitigation cost, especially compared to 
2nd generation biofuels) 
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Government intervention is necessary 

 Bioenergy is the most important indigenous energy resource and is essential for achieving 
policy targets. 

 Wood-processing industries are key sectors of Austria’s economy and novel material biomass 
uses are expected to increase. 

 Renewable, indigenous biomass is under increased demand pressure from energy and non-
energy sectors.  

 Future bioenergy policies will have to address a range of conflicting objectives - sustainability, 
competitiveness and resource efficiency. 

 
The policy objectives and intended effects 

The aim of the integrated policy framework for biomass in Austria is to sustain the relatively high share 
of biomass in the heat and CHP sectors. This is intended to be achieved through support of more 
resource and energy efficient use of forest based biomass in boilers (through support of modern boiler 
purchase, increased heat utilisation, etc.) as well as to further mobilise agricultural (straw) and waste 
biomass potentials.  
 
In the context of reforming the renewable electricity support scheme, the intended role and 
contribution of biomass electricity to Austria’s energy supply has to be defined. Bioenergy’s unique 
feature (among “new” renewables) to provide balancing energy as well as base load electricity must 
be taken into consideration and weighted against potentially higher support costs compared to other 
(fluctuating) generation technologies.  
 
 
Table 5:  Recommended interventions for the integrated biomass policy framework for Austria 
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How the proposed policy framework has been included in the modelling is covered in the next 
section. 
 
 

4.2 What future policies for the selected value chains have 
been modelled? 

The future policies that have been included in the modelling can be found in Table 6. An explanation 
per selected feedstock/value chain can be found in the text below the table. Note that these policies 
are used for the Pol+ variant. For the Ref variant current policies have been used. 

Note that Feed-in Premium values do not correspond to CHP with a high heat share. Technology is 
dedicated electricity with heat as by-product that has been valued. Another notable fact is that the 
values can be used for modelling this task; to use the values for legislation a country specific techno-
economic assessment should be undertaken. 

Table 6: Financial policy instruments for Austria used in the modelling for selected value chains for the Pol+ variant 

Feedstock Technology supported Policy instrument Unit Support level 

Primary forest 
residues 

Medium scale wood 
gasification 

Feed-in Premium €ct/kWh 17.7 

Biomass IGCC Feed-in Premium €ct/kWh 13.4 

Straw Not technology specific 
Feedstock bonus % 50 

Organic waste 
Anaerobic digestion combined 
with upgrading to biomethane 

Investment subsidy % 90 

 
 
Primary forestry residues 

The feed-in premium levels for Austria as given in Table 6 have been calculated using the Levelized 
Cost of Energy methodology as described in section 2.2. The technology costs have been taken from 
WP2 of the S2Biom project (Lammens, et al., 2016). Note that the feed-in premiums given in Table 6 
are high. It is, however, an outcome of the assumptions made in this project and the data used. It 
might, for example, very well be that the financing parameters in Austria are more optimistic than 
assumed in our calculations. 
 
Straw 

Feedstock premiums have been applied as a percentage of the feedstock cost. A feedstock premium 
of 50% was translated in the model as a lowering of the feedstock cost by 50%. The levels have been 
determined by trial and error: at what level does the feedstock appear to be used by the model. It is 
important to highlight that such price increases could push the straw prices upward and cause 
unsustainable utilization of straw.  
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Organic waste 

As can be seen in Table 6 a very high investment subsidy of 90% was considered. Actually the 
conclusion we can already draw here is that an investment subsidy alone might not be the 
appropriate measure to stimulate anaerobic digestion of organic waste, followed by upgrading to 
methane and injection in the gas grid. Moreover, such a high level of subsidy is not realistic in real 
world conditions. It would not be accepted. The reason we included this amount in our assessment 
is that biomethane from waste can become competitive to natural gas. This is illustrated in Fig. 7. 

 

 

 

The reason why such a high investment subsidy is needed to reach break-even is because of the 
relatively high O&M costs of the process. Note furthermore that the actual gas prices are currently 
much lower, which would make reaching a financial gap of zero even more difficult. A production 
support measure, like a feed-in premium, might be a more appropriate policy instrument. 

 

4.3 Results for primary forestry residues 

The consumption of primary forestry residues in Austria for the REF and Pol+ variant is given in 
Figure 8. A very large fraction of the potential is utilized, about 95%, see Figure 117. So one could say 
that the potential of primary forestry residues in Austria is more or less fully utilized. 

Figure 7: Levelized Cost of Energy (LCOE) of biomethane production from collected Vegetables, 
Fruit and Garden waste. Value excluding an investments subsidy and including an investment 
subsidy of 90% are given. The red dashed lines correspond to the gas price for 2016 that has 
been used in this study. Values are given in €_2016 
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Therefore we don’t see any additional consumption of domestic primary forestry residues in Austria. 
Underlying figures, however, show that in the Pol+ variant there is more import of wood chips and 
wood pellets than in the REF variant: about 8 PJ more in 2030. 

Both in the REF and Pol+ variant we see a large shift of consumption of wood chips and wood pellets 
towards small and medium scale wood gasification towards 2030 (see also Figure 14 and Figure 15). 
In those figures we see that the use of gasification in the Pol+ variant is even higher. Therefore we 
see an effect of the improved policy framework as described in section 4.2. Since the domestic 
potential of primary forestry residue is almost fully exploited the additional wood chips and wood 
pellets are imported. We don’t see any use of large-scale biomass integrated gasification combined 
cycle. 
 
Besides gasification we see a very large consumption of wood chips in wood pellets in boilers in the 
residential sector. 
 
 

4.4 Results for organic waste 

 

4.4.1 Organic waste potentials for different scenarios 

The potential for landfill gas is decreasing rapidly in Austria. Therefore the next step upwards in the 
waste hierarchy, for organic waste, is a more separated collection of waste and pushing the organic 
waste from incineration to the anaerobic digestion and composting pathways, ultimately moving a 
significant fraction toward first anaerobic digestion followed by composting. This is reflected by the 
three organic waste scenarios, A, B1 and B2, as can be seen in Figure 9. Note that the amount of 
organic waste that ends up as compost is not shown in this figure. It needs to be mentioned that for 
this study we put municipal solid waste (MSW), landfill gas, organic waste from industry and 
collected vegetables, fruit and garden waste (collected VFG) under the value chain ‘Organic waste’. 
Of course there are other ways to categorize. For example, sewage sludge could be put under 
‘Organic waste’. However, in this study sewage sludge is a different value chain (wastewater sludge).  

Figure 8: Consumption of primary forest residues for energy production in Austria 
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Except from the landfill gas going to zero already in the A scenario, there is not so much change in 
the potential for MSW, organic waste from industry and collected VFG for the A scenario. It only 
covers a slight trend towards more waste for digestion; however, the total volumes are modest. 
 

 
  
 
 

Figure 9: Organic waste potentials for different scenarios for Austria 
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4.4.2 Modelling outcomes for organic waste 

In Figure 10 the consumption of organic waste in Austria according to the REF and Pol+ variants, 
assuming the scenario A, is given. In this scenario higher levels of support for digestion of organic 
waste do not have much effect. The amount of collected vegetables, fruit and garden waste (VFG) 
that is consumed is used for digestion combined with CHP. Organic waste from industry and wet 
manure are used for CHP generation in biogas plants. We don’t see conversion of organic waste to 
biomethane for injection in the gas grid coming out of the model runs. We see a slight additional 
consumption of collected VFG in 2030 in the Pol+ variant.  

 

 

When we apply the scenarios that have a higher share of organic waste that can be digested, we get 
the results as presented in Figure 11. Since less municipal solid waste (MSW) is available, it is logical 
that less is used for energy generation than in case of the A scenario. In 2030 we see some additional 
amount of digestion taking place. Again it is not applied for the generation of biomethane for the gas 
grid, but it is applied in CHP installations. Note that due to the additional separation, the total 
amount of biomass for energy will be slightly less. Going up the waste hierarchy seems a good path 
to follow for Austria. 

Figure 10: Organic waste consumption for Austria for the REF and Pol+ variants using biomass 
potentials according to the A scenario 
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4.5 Results for straw and other crop residues 

The consumption of straw and other crop residues for energy purposes is presented in Figure 12. 
Both for the REF and Pol+ variants we see a consumption of almost 2 PJ in 2020. This is about 25% of 
the total potential from straw and other crop residues (see Figure 119 in chapter 15). When the 
consumption of straw for energy is stimulated by the measures as described in section 4.2 we don’t 
see an effect on the short term (REF-2020 and Pol+-2020 are equal), but we see an effect after 2030. 
It simply takes some time before extra stimulation has its effect. In 2030 in the REF variant, we see a 
slight reduction in consumption as compared to the 2020 situation. In the Pol+ variant we see in 
increased consumption: in total 5.5 PJ (70% of the potential). 

According to the modelling results the main application of straw and stover is expected to lie in 
small-scale heating plants. 

 

Figure 11: Organic waste consumption for Austria for the B1-Pol+ and B2-Pol+ variants using 
biomass potentials according to the B1 and B2 scenarios respectively 
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4.6 Overall results for bio-energy 

 

4.6.1 Introduction 

Results are given for gross final energy consumption, since this is the quantity relevant for 
calculating RES targets according to the RED. 

The following results are provided: 

 The total final bio-energy consumption, divided into heat, electricity and biofuels 

 The technology mix for heat and electricity 

 The biofuel consumption mix 

 In the section on biofuels the biogenic % in transport 

 The amount of biomethane injected in the gas grid. 

The biomethane that counts for the renewable transport target, that is not physically used in 
transport but treated via biotickets, is presented under the biofuel section and not under the section 
on biomethane injected in the gas grid. Note that biomethane that is injected in the gas grid does 
not count directly towards the RES target, since it is not counted as final commodity. For energy in 
the end it ends up as heat, electricity and a small fraction, via the grid, in the transport sector. It is, 
nevertheless, presented here since upgrading of biogas has been mostly selected as a preferred 
technology for the selected value chains. 

 

4.6.2 Comparison with the NREAP 
In Figure 13 a comparison between the Biomass Policies results and the NREAP of Austria can be 
found. Both for 2015 and 2020 the Biomass Policies results indicate that biomass has a larger share 
than anticipated in the NREAP. As we could see in 1, Austria almost reached its renewable energy 

Figure 12: Consumption of straw and other crop residues, per crop type, for Austria according to 
the REF and Pol+ variants 



 
 

30 
 

target. This target is 34%. According to the figure biomass is expected to contribute to about 50% of 
the total RES share. 
 
In particular heat from biomass plays a more important role in 2015 and 2020 compared to the 
NREAP. Electricity is almost similar in size compared to the NREAP and in 2020 biofuels have a 
somewhat smaller volume. 
 

 

 
After 2020 we see a further increase of the bio-energy share in Austria. Biomass for heat is expected 
to remain stable and bio-electricity and biofuels are expected to grow. In the following subsections 
we will provide some more detail about the results for respectively heat, electricity and biofuels. 
 
 

4.6.3 Heat 

As we can see in Figure 14 the total amount of heat produced using biomass is not expected to 
change so much compared to the current situation. Bioheat represents 14% of the total gross final 
consumption of energy. According to Figure 14 bioheat is not expected to grow much until 2030. 
However, 14% is a high share of bioheat compared to the total gross final energy consumption.  

Figure 13: Overall bio-energy results for Austria for the REF and Pol+ variant and comparison with the NREAP 
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Towards 2030 we see a shift from traditional CHP towards gasification based CHP. After an initial 
increase of boilers we see a decrease of boilers after 2020. Apparently the rate of phasing out 
existing installations is higher than the replacement rate. 
 
 

4.6.4 Electricity 

Between 2015 and 2020 not much change can be detected in electricity produced from biomass, see 
Figure 15. The only difference is some shift from electricity only towards biomass co-firing. However, 
this trend is somewhat remarkable since in 2030 biomass co-firing seems to be phased out. Since it is 
very unlikely that for the currently existing coal power capacity there will be new investments for co-
firing, this should be considered as an unrealistic modelling outcome.  

Figure 14: Gross final consumption of heat per technology in PJ in Austria 
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After 2020 we see a significant increase of bio-electricity, both in the REF and Pol+ variants. In the 
Pol+ variants the increase is stronger, probably because of the policy support as indicated in Table 6. 
As was already indicated in the section on heat, section 4.6.3, steam turbine CHP plants are largely 
replaced by gasification CHP. However, the robustness of this result is considered low, as it is highly 
sensitive to the techno-economic parameters used in the modelling and projections for cost 
developments are quite uncertain. 
 
 

4.6.5 Biofuels 

The total biofuel consumption, including the consumption with double counting, is given in Table 7. 
Note that double counting is assumed to stop after 2020. Dividing the consumption with double 
counting by the total final consumption in the transport sector gives a biogenic RES-T share of about 
10% for 2020. 

Table 7: Total biofuel consumption and biogenic RES share in the transport sector for the REF and Pol+ variants for 
Austria 

    REF Pol+ 

  2015 2020 2030 2020 2030 

Consumption [PJ] 20.5 28.8 36.7 28.8 36.7 

Consumption incl. double counting [PJ] 26.5 34.4 36.7 34.4 36.7 

Total final consumption transport [PJ] 342.3 339.4 311.8 339.4 311.8 

Biogenic RES-T [%] 7.75% 10.13% 11.77% 10.13% 11.77% 

 

Figure 15: Gross final consumption of electricity according to technology produced in Austria. Results are given in PJ 
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The analysis using RESolve-Biomass presented the distribution over different biofuel types shown in 
Figure 16. Note that this graph has to be used with some care since the model was optimized at a 
European level, therefore national consumption patterns might not always be perfectly reflected. 
Austria is a country with a large share of diesel cars. This is also reflected in a high share of biodiesel. 
Biodiesel (incl. HVO) from used fats and oils could be an attractive option for Austria because it 
counts double (until 2020). Even though biodiesel has a much larger share than bioethanol in total, 
we still see that second generation ethanol could have a share of 15% of the total amount of 
biofuels. The share of biomethane in the transport sector is expected to be small. However, 
according to the PRIMES Reference 2013 scenario the share of natural gas car in Austria is also very 
small. Note that this can also be indirectly: via biotickets. The amount of biomethane for transport is 
expected to be produced via biogas from sewage sludge treatment installations. 

 

 

 

4.6.6 Biomethane injection in the grid 

The amount of biomethane injected in the grid is currently small (see Figure 17). The source of the 
biogas is landfill gas and biogas from sewage sludge treatment installations. Since an investment 
subsidy alone is probably not sufficient to bridge the financial gap for other sources of biomass, we 
don’t expect more biomethane to enter the gas grid. Because of the decline of the landfill potential 
the biomethane from this will decline. It should be mentioned that the biomethane in the transport 
sector is not given in the graph; although physically it might well be that it will be injected in the gas 
grid and only administratively be assigned to the transport sector.  

Figure 16: Biofuel consumption per type for REF and Pol+ variants for Austria. Biofuels are not counted double in this 
graph 
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4.7 Conclusions and policy recommendations 

 On the short term, 2020, we don’t see a significant effect of the increased support levels, 
due to lead times. In 2020 we see an effect of only 7 PJ additional bioenergy. However, the 
increased support only covers three selected value chains. 

 Domestic primary forestry residues are almost completely utilized. An additional stimulation 
of installations consuming wood chips and wood pellets might result in additional import of 
biomass. 

 We might see a shift from traditional CHP towards gasification based CHP under the 
assumed model parameters. However, this will depend on technological and cost 
developments and is considered rather uncertain. 

 A feedstock bonus for agricultural residues might help in mobilizing those feedstocks for 
energy applications. Our results indicate that the main application of agricultural residues is 
expected to lie in small-scale heating plants. 

 Investments subsidies might not be the best support measure to stimulate for anaerobic 
digestion of organic waste, followed by upgrading to biomethane for injection in the gas 
grid. The reason is that due to the relatively high O&M costs the financial gap remains 
positive. A production support measure, like a feed-in premium, seems more appropriate. 

 By going up the waste hierarchy, via increased shares for separately collected organic waste, 
the amount of organic waste that will be used for energy generation is expected to decline. 
However, since the total amount of organic waste for energy is quite small in comparison to 
the total amount of bioenergy it will not impede reaching renewable energy targets.  

Figure 17: Overall injection of biomethane in the gas grid in Austria for the REF and Pol+ variants. VFG 
stands for Vegetables, Fruit and Garden waste. 



 
 

35 
 

5 Belgium 

 

5.1 Introduction of the future policy formation (D4.1) 

This section contains the summary of the proposed future policy for Belgium as described in D4.1 
(Panoutsou, 2016). 
 
Belgium (Flanders) 
The aim of the integrated policy framework for biomass in Flanders (Belgium) is to: 
“improve the uptake of indigenous biomass streams and facilitate the deployment of biomass heat (in 
the wood and food/ dairy industries) ensuring the cascading principle is taken into account and 
optimise the exploitation patterns of both manure and organic wastes  by fine- tuning existing policies 
to account for the needs of bioeconomy.” 
 
The key issues under consideration for biomass to meet the targets set in NREAP for 2020 and 2030 

 Realise more biomass for energy while at the same time leaving enough biomass for the 
biobased economy at a reasonable price by 

 Providing evidence to support the creation of a level playing field: 
o Waste versus fresh biomass 
o Local versus imported biomass 
o Energy versus other use of biomass 
o Between energy carriers 
o Biomass versus fossil. 

 Support cascading and biorefinery 

 Competing targets (RE, NEC, Waste directive) 

 Integrated approach of biomass policies within various sectors including agriculture, 
environment, energy, waste, industry/materials, forestry, etc. 

 Current high dependence on imported biomass to reach the renewable energy target. 
 
Why is government intervention necessary? 

 Biomass is expected to make a major contribution to future low carbon energy in Belgium. 
Nevertheless, especially Flemish policy makers are hesitant to support biomass in RE. 

 Indigenous biomass is increasingly under demand pressure from energy and non-energy 
sectors.  

 Belgium and especially Flanders rely heavily on imported biomass to meet the renewable 
targets. 

 The increase in bio-energy doesn’t always align with reaching the targets of the NEC-directive 
(air quality) and the Waste Directive (waste recycling, in particular wood waste). 

 Policy makers try to balance competing priorities by different sectors with current policies, but 
need to fine-tune this with the evolution of the bioeconomy.  

 Create a clear policy framework for biomethane (injection into the grid/SNG use). 
 
What are the policy objectives and intended effects? 
The aims of the integrated policy framework for biomass in Flanders (Belgium) are to optimise the 
exploitation patterns of both manure and organic wastes by fine- tuning existing policies to account 
for the needs of bio economy and facilitate the deployment of biomass heat (in industries), ensuring 
the cascading principle is taken into account. 
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Table 8: Recommended interventions for the integrated biomass policy framework for Flanders (Belgium) 

Policy support by feedstock Policy support by conversion technology  

Policy support by 
value chain/ 
sector 

Potential 
knowledge 
transfer 

Liquid manure                 Anaerobic digestion (micro – on-farm)  Product standards  

 Feedstock premium                                                                                                                   Investment subsidies    

 Short term subsidy for small-
scale on farm digester 

Anaerobic digestion + CHP or SNG upgrading 
(together with organic waste) + nutrient valorisation    

  
Fixed premiums & Follow-up tariffs for existing RES-E 
plants    

      

Organic wastes 
Anaerobic digestion (medium scale) & local CHP  Promotion 

DE: German 
Recycling and 
Waste Act (KrWG)  

Feedstock premium 

Support scheme for biomethane                                                  
Improve FiT and FiP for biogas 

 Best 
practices/Lessons 
Learned 

  
 Anaerobic digestion (medium scale) & upgrading to 
SNG   

  
Support scheme for biomethane                                                  
Improve FiT and FiP for biogas   

       

Industrial wood residues and 
wood waste 

Combustion (medium scale CHP), heat driven 
Heat Incentive for industrial plants 

  

DE: The 
Renewable Energy 
Sources Act (EEG) 
UK: Renewable 
Heat Incentive 

 
How the proposed policy framework has been included in the modelling is covered in the next 
section. 
 
 

5.2 What future policies for the selected value chains have 
been modelled? 

The future policies that have been included in the modelling can be found in Table 9. An explanation 
per selected feedstock/value chain can be found in the text below the table. Note that those policies 
are used for the Pol+ variant. For the Ref variant current policies have been used. 
 
For the CHP options in Table 9 heat has been considered as a by-product. However, more detailed 
country specific techno-economic assessments need to be carried out to identify optimal support 
levels to be implemented in legislation. 
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Table 9: Financial policy instruments for Belgium used in the modelling for selected value chains for the Pol+ variant. 
Feed-in Premium levels for biomethane options have been expressed per kWh biomethane. CHP options are expressed 
per kWh electricity 

Feedstock Technology supported Policy instrument Unit Support level 

Liquid manure 

Small-scale on-farm digester 
(mono-manure) combined with 
upgrading to biomethane 

Feed-in Premium €ct/kWh 17.2 

Small-scale on-farm digester 
(mono-manure) combined with 
CHP 

Feed-in Premium €ct/kWh 24.7 

Co-digestion of manure 
combined with upgrading to 
biomethane 

Feed-in Premium €ct/kWh 8.1 

Co-digestion of manure 
combined with CHP 

Feed-in Premium €ct/kWh 20.8 

Organic waste 

Anaerobic digestion combined 
with CHP 

Feed-in Premium €ct/kWh 13.4 

Anaerobic digestion combined 
with upgrading to biomethane 

Feed-in Premium €ct/kWh 6.0 

Industrial wood 
residues and wood 
waste 

Industrial CHP using solid 
biomass 

Fixed Premium for 
heat 

€ct/kWh 5.0 

 
 
Organic waste and liquid manure 
 
The feed-in premium levels for Belgium as given in Table 9 have been calculated using the Levelized 
Cost of Energy methodology as described in section 2.2. The technology costs have been taken from 
van Zuijlen and Lensink (van Zuijlen and Lensink, 2015). Note that the feed-in premiums given in 
Table 9 might be too optimistic or pessimistic for Belgium. It is, however, an outcome of the 
assumptions made in this project and the data used. It might, for example, very well be that the 
financing parameters in Belgium are more optimistic than assumed in our calculations. 
 
 
Industrial wood residues and wood waste 
 
The promotion of the production of heat, using industrial wood residues and wood waste, has been 
modelled by giving a fixed premium for the heat output for CHP. Electricity is assumed to continue to 
receive support via renewable electricity certificates. 
 
 

5.3 Results for organic waste 

 

5.3.1 Organic waste potentials for different scenarios 
 
The potential for landfill gas is dropping rapidly in Belgium. In Belgium already a significant fraction 
of waste is separately collected. However, currently nearly all separated organic waste goes directly 
towards composting. Therefore the next step upwards in the waste hierarchy, for organic waste, is 
anaerobic digestion, ultimately moving a significant amount of waste first to anaerobic digestion 
followed by composting. This is reflected by the three organic waste scenarios, A, B1 and B2, as can 
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be seen in Figure 18. Note that the amount of organic waste that ends up as compost is not shown in 
this figure. Therefore there is a very large increase in the total organic waste potential. It needs to be 
mentioned that for this study we put municipal solid waste (MSW), landfill gas, organic waste from 
industry and collected vegetables, fruit and garden waste (collected VFG) under the value chain 
‘Organic waste’. Of course there are other ways to categorize. For example, sewage sludge could be 
put under ‘Organic waste’. However, in this study sewage sludge is a different value chain 
(wastewater sludge). 
 
Scenario A is, as stated in D2.3, a reference scenario. Scenario B1 and B2 with an important growth 
in organic waste from the industry, should be interpreted as the organic waste fraction of sectors 
except the households. Part of this sector is the Food and Beverage Industry, but a large potential of 
the organic waste (vegetal, animal and mixed waste) is present in the currently collected mixed 
waste of other industries (except food and beverage industry). The food and beverage industry is 
presently already using their potential of organic waste for energy production. The additional 
potential for 2020 and 2030 should be seen as the potential in the other industries. 
 
To be able to unlock the potential of this biomass waste stream a policy on the level of separate 
waste collection for industrial mixed waste is assumed.  
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Figure 18: Organic waste potentials for different scenarios for Belgium 
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5.3.2 Modelling outcomes for organic waste 
 
Figure 19 shows the consumption of organic waste in Belgium according to the REF and Pol+ 
variants. Since the potentials used for those variants are the A potential, with a modest amount of 
waste that can be digested, an improvement of the support policies for digestion of organic waste 
does not have a significant effect. 
 

 

 

As can be seen in the graph above there is a decrease in the amount of MSW in the future. This 
means that if the collection of organic waste takes place more separately, the amount of MSW will 
decrease but the separate fraction can go to anaerobic digestion generating also energy and 
digestate to be used as fertiliser (compost). This is not a one-on-one compensation because the 
efficiency of turning over the carbon into energy and CO2 differs between incineration and an 
anaerobic microbial process to biogas and combustion generating electricity and/or heat. The gain is 
the resource efficient use of the digestate generating a soil fertilisation product. 
 
A stronger reduction in MSW, due to improved separate collection, is in place for the B1 and B2 
scenarios. This is particularly clear for the B2 scenario; see the B2-Pol+ results in Figure 20. On the 
short term we see some reduction in the total amount of bioenergy from waste (comparing Figure 
19 and Figure 20). This reduction is due of the loss of input for the existing waste incinerators and 
because the digesters still need to be built (so the bio-waste still goes to composting). Because of 
realization/lead times (section 2.4) not much additional biogas production in 2020 is expected if 
more waste would be separately collected. 

Figure 19: Organic waste consumption for Belgium for the REF and Pol+ variants using biomass 
potentials according to the A scenario 
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When we look further in time, to 2030, we see that in case of scenario B1 and B2 there is a very 
large increase in the uptake of organic waste for energy. 
 
Further analysis shows that most of the organic waste from industry is combined with wet manure, 
to be applied in manure co-digestion. One might of course wonder how feasible it is to mix organic 
waste with manure, because it will result in additional digestate classified as ‘manure’. It was outside 
the scope of this project to analyse this in detail, therefore we took a pragmatic approach: all organic 
waste from industry can be combined with wet manure; collected VFG from households cannot be 
mixed with wet manure.  
 
A critical note to the B1 and B2 figures is that those potentials are likely too optimistic in the amount 
that could really be available for digestion. In the case of collected VFG there are always significant 
fractions of the waste that can’t be digested, for example, garden wood. In case of organic waste 
from industry one has to realize that this waste can also often have another application, for 
example, as feed for cattle. Furthermore, organic waste from industry might contain fractions that 
cannot be digested or where digestion is economically not viable due to small volumes at a specific 
location. 
 
The current B1 and B2 scenarios are likely too optimistic in their potential for digestion. For making 
reliable estimations of the RES share in Belgium it would be good to have a reliable potential for 
digestion under different waste separation regimes. Furthermore, it would be good to gain a better 
understanding of to what extent, and which volumes, organic waste can be mixed with wet manure 
to be applied in manure co-digestion. 
 
 

5.4 Results for industrial wood residues and wood waste 

 
The consumption of industrial wood residues and wood waste (post-consumer wood) in Belgium for 
the REF and Pol+ variant is given in Figure 21. A very large fraction, more than 80%, of the potential 
is utilized, see Figure 117. Of the six types of biomass that fall under this category (see Figure 21) 

Figure 20: Organic waste consumption for Belgium for the B1-Pol+ and B2-Pol+ variants using 
biomass potentials according to the B1 and B2 scenarios respectively 
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only sawmill by-products remain underutilized. Saw dust is not fully utilized in 2015 and 2020; 
however, it is almost fully utilized in 2030. 
  
According to the results in Figure 21 there will be an increase in the production of black liquor, while 
there is currently only one company producing black liquor in Belgium. Therefore it is unlikely that 
the amount of consumed black liquor will increase. However, according the potentials from D2.3 
indicate an increase of black liquor, therefore this increase is reflected in Figure 21. 
 

 

 

As was mentioned in section 5.2 the stimulation of heat production in the wood industry was 
modelled by additional support for heat from CHP installations for the Pol+ variant. However, Figure 
21 does not show that this results in more consumption of industrial wood residues and wood 
waste. Actually, in the Pol+ variant the consumption is slightly lower than in case of the REF variant. 
Underlying modelling results indicate that the amount of wood pellets imported in the Pol+ variant 
is significantly higher than in the REF variant: up until 2020 the import is the same, however, after 
2020 the import in the Pol+ variant starts to deviate, resulting in 15 PJ additional import of wood 
pellets in the year 2030. We can conclude that the additional support measure applied did not result 
in additional consumption of domestic industrial wood residues and wood waste for energy 
production; however, it resulted in additional imports of woody biomass for energy production. In 
sections 5.6.3 and 5.6.4 one can also find that in the Pol+ variant the production of heat and 
electricity in 2030 is significantly higher in the Pol+ variant than in the REF variant. This can, for a 
large part, be attributed to additional imports of mainly wood pellets. 
 
Apparently the stimulation policy that was chosen for Pol+ for this value chain was too generic: it 
results in additional bio-heat and bio-electricity, however, it did not result in more mobilization of 
domestic biomass, it resulted in more imports of wood pellets. Note that according to our results, 
already more than 80% of industrial wood residues and wood waste is utilized. If the aim is to 
mobilize the underutilized types of biomass and to avoid a substantial increase of imports it would 
be good to target the policy at those specific feedstock types, so to make the support feedstock 
specific. 

Figure 21: Consumption of industrial wood residues and wood waste for energy production in 
Belgium 
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5.5 Results for liquid manure 

The consumption of liquid manure for energy generation, for the REF and Pol+ variants, is given in 
Figure 22. 

 

 
Those results indicate that there is no significant difference in the REF and Pol+ variants for 2020 and 
2030. The stimulation policy doesn’t seem to have much effect. Furthermore, the underlying figures 
reveal that mono digestion of manure is only applied to a small extent.  
 
As was mentioned in section 5.3.2, in our modelling we assumed that organic waste from industry 
could be applied as co-substrate and collected vegetables, as opposed to fruit and garden waste 
from households. Of course this is an over simplistic assumption: from an environmental policy point 
of view waste policies and manure policies are mixed up into one end-product ‘manure/waste 
digestate’ where it will be very cumbersome to clear all environmental safety issues and bring this 
on agricultural land as soil fertilizer. However, in reality there are waste fractions that are very well 
suited to be applied as co-substrate. Because we don’t have more detailed information on different 
waste fractions we simply used the approach that some waste (collected VFG) is not allowed as co-
substrate and some other waste (organic waste from industry) is allowed as co-substrate. 
 
It indeed appears that according to the modelling results organic waste from industry is used as a co-
substrate, actually the most predominant one, for co-digestion with manure. The total amount of 
wet manure that is utilized for the REF and Pol+ variants is quite low and appears to be limited by 
the availability of organic waste from industry (and other co-substrates). 
 
As stated in section 5.3 in the B1 and B2 waste scenarios more organic waste is available for 
digestion, hence also more organic waste to be used as co-substrate in co-digestion with manure. 
This effect can be seen in Figure 23, where we observe a significantly larger consumption of liquid 
manure than the results with the A waste scenario. From this we can conclude that there is in 
principle a significant potential of manure than can be digested in combination with organic waste. 
However, this waste has to be made available. Furthermore, we would need to gain a better 
understanding of what volume of waste can be combined with manure for digestion and what 

Figure 22: Liquid manure consumption for Belgium for the REF and Pol+ variants 
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amount is feasible, since a combination of organic waste and manure results in more manure 
digestate. 

 

 

5.6 Overall results for bio-energy 

 

5.6.1 Introduction 
 
Results are given for gross final energy consumption, since this is the quantity relevant for 
calculating RES targets according to the RED. 
 
The following results are provided: 

 The total final bio-energy consumption, split into heat, electricity and biofuels 

 The technology mix for heat and electricity 

 The biofuel consumption mix 

 In the section on biofuels the biogenic % in transport 

 The amount of biomethane injected in the gas grid. 

The biomethane that counts for the renewable transport target, but that is not physically used in 
transport but treated via biotickets, is presented under the biofuel section and not under the section 
on biomethane injected in the gas grid. Note that biomethane that is injected in the gas grid does 
not count directly to the RES target, since it is not counted as final commodity. For energy in the end 
it ends up as heat, electricity and a small fraction, via the grid, in the transport sector. It is, 
nevertheless, presented here since upgrading of biogas has been mostly selected as a preferred 
technology for the selected value chains. 
 
 

Figure 23: Liquid manure consumption for Belgium for the Pol+ variant under the B1 and B2 
waste scenarios 
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5.6.2 Comparison with the NREAP 

In Figure 24 a comparison between the Biomass Policies results and the NREAP of Belgium can be 
found.  

 

 

As can be seen, the 2015 results from Biomass Policies are slightly above the NREAP trajectory. In 
2020 the total bio-energy figures for REF and Pol+ are about 27 PJ lower than the NREAP figures. The 
main source of difference lies in electricity from biomass, 13 PJ lower. Also bioheat and biofuels are 
a little lower in the Biomass Policies projection than in the NREAP. Due to lower total gross final 
energy consumption, however, the total RES share from biomass is almost the same as anticipated in 
the NREAP. A clear conclusion from the Biomass Policies results is that from the current situation till 
2020 the main growth will come from bio-heat. After 2020 some more bio-heat is foreseen as well as 
some additional electricity from biomass. In the following subsections we will give some more detail 
about the results for respectively heat, electricity and biofuels.  
 
According to Table 1, Belgium still has quite some steps to make to achieve its 2020 RES targets. 
Bioenergy can play a substantial role to fulfil the targets, in all three sectors.  
 
 

5.6.3 Heat 
 
As can be seen in Figure 25 the production of heat from biomass is expected to grow significantly. 
We see that both in the REF and Pol+ variant there is an equally large increase in bio-heat 
production between 2015 and 2020. After 2020 the increase for the REF variant is modest, but the 
Pol+ continues with a steady growth. The main reason of this difference is that in the Pol+ variant 
heat output of (large scale) CHP receives additional support. The reason that there is no difference 
between the REF and Pol+ variants in 2020 is that it takes time to realize this additional heat output, 
see section 2.4. It is likely that the figures for the REF and Pol+ variants for 2020 are too optimistic. 
Even without additional support, in the REF variant a very large increase in heat output is expected. 
Furthermore, in reality at the moment very few new projects that produce heat from biomass find 

Figure 24: Overall bio-energy results for Belgium for the REF and Pol+ variant and comparison with the NREAP 
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their way to realization in Flanders. Therefore the total amount of bio-heat, and therewith also bio-
energy, is expected to be projected too high. Electricity and heat are stimulated differently. For 
electricity from biomass more projects find their way to realization. It might be that part of the bio-
electricity projects will put part of their heat in a district heating system. 
 

 

 

5.6.4 Electricity 
 
The gross final consumption of electricity from biomass, specified per production technology, is 
given in Figure 26. We see a growth between 2015 and 2020, however, this growth is significantly 
lower than projected in the NREAP of Belgium, see Figure 24. Similar as we saw in the section on 
heat (section 5.6.3), the difference between the REF and Pol+ variants is minimal. The reason is the 
same: it takes time to realize additional installations due to additional support measures. After 2020 
we see that the total amount of electricity from biomass in the Pol+ variant is higher than in case of 
the REF variant. In the Pol+ variant the category ‘CHP using solids and liquid’ is significantly higher 
than in the REF variant, however, the amount of CHP using pyrolysis oil and gasification is lower than 
in the case of the REF variant. The reason is that the additional stimulation for heat was only put on 
technologies in the category ‘CHP using solids and liquid’. An odd trend can be seen in the electricity 
generated from biogas: a decline from 2015 to 2020 followed by an increase towards 2030. An 
analysis of underlying results reveals that this is due to a few factors: 

 The consumption of sewage sludge for biogas production in 2015 is more than what can 
realistically be expected according to the statistical trend. 

 The production of biogas from landfilling is declining, see also section 5.3. 

From the first bullet we can conclude that the electricity production from biogas calculated for 2015 
is likely to be too optimistic, resulting in this odd trend. 

Figure 25: Gross final consumption of heat per technology in PJ in Belgium 
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In Figure 26 we can see that biomass co-firing is being phased out. The reason for this is that coal 
plants are phased out in Belgium. 
 
 

5.6.5 Biofuels 
 
The total biofuel consumption including the consumption with double counting is given in Table 10. 
Note that double counting is assumed to stop after 2020. Dividing the consumption with double 
counting by the total final consumption in the transport sector gives a biogenic RES-T share of 
slightly more than 9% for 2020. The rest of the 10% renewable transport target is assumed to be 
fulfilled by electrical vehicles (including trains). Note that HVO has been included in the analysis. 
 
Table 10: Total biofuel consumption and biogenic RES share in the transport sector for the REF and Pol+ variants for 
Belgium 

    REF Pol+ 

  2015 2020 2030 2020 2030 

Consumption [PJ] 18.9 26.8 32.6 26.8 32.6 

Consumption incl. double counting [PJ] 19.0 30.9 32.6 30.9 32.6 

Total final consumption transport 361.7 338.9 343.8 338.9 343.8 

Biogenic RES-T [%] 5.26% 9.12% 9.48% 9.12% 9.48% 

 

Figure 26: Gross final consumption of electricity according to technology produced in Belgium. Results are given in 
PJ. 
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Since according to this analysis the share of biofuels together with electrical vehicles is enough to 
achieve the 2020 renewable transport targets, the significant difference with the 2020 biofuel 
projection from the NREAP can be attributed to the NREAP having: 

 A lower share of double counting biofuels 

 A lower share of electrical vehicles 

 A lower energy demand in the transport sector. 

In Figure 27 the biofuel consumption per type is given. Note that this graph has to be used with 
some care since the model optimized at a European level, therefore national consumption patterns 
might not always be perfectly reflected. Belgium is a country with a very large share of diesel cars. 
This is also reflected in a high share of biodiesel. Biodiesel (incl. HVO) from used fats and oils could 
be an attractive option for Belgium because it counts double (until 2020)14. Even though biodiesel 
has a much larger share than bioethanol in total, we still see that second generation ethanol could 
have a share of almost 5% of the total amount of biofuels in 2030.  
 
 

 

 

5.6.6 Biomethane injection in the grid 
 
The amount of biomethane injected in the grid is given in Figure 28. Currently injection of 
biomethane in the gas grid is not taking place in Belgium. However, several VFG composting 
installations are looking seriously at this option. Therefore, the results in Figure 28 do not fully 
represent current initiatives. However, note that in case of the Pol+ variant a small amount of 

                                                           
14  After the model runs it became clear to the authors that there is no active policy in Belgium to incentivize 

double counting. Therefore at the moment all used cooking oil goes to the Netherlands. 

Figure 27: Biofuel consumption per type for REF and Pol+ variants for Belgium. Biofuels are not counted double in this 
graph 
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biomethane from collected VFG appears. The fact that biomethane from co-digestion of manure is 
more predominant, is probably caused by the fact that the potential for manure is larger and also 
the potential of organic waste from industry is larger. The total amount of biomethane injected into 
the grid is, however, small in the Pol+ variant: only a little bit more than 0.3 PJ in both 2020 and 
2030. 

 

 
 
In case more waste would be made available for digestion, as in the B1 and B2 waste scenarios, the 
total amount of biomethane that could be injected into the gas grid is expected to be much larger. In 
case of the B2 waste scenario it could even go up to 10 PJ. Almost all of this biomethane is generated 
via co-digestion of manure with organic waste from industry as a co-substrate. 
 

Figure 28: Overall injection of biomethane in the gas grid in Belgium for the REF and Pol+ variants. 
VFG stands for Vegetables, Fruit and Garden waste 
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5.7 Conclusions and policy recommendations 

 There is a significant potential of organic waste for anaerobic digestion that can become 
available and can be utilized if separated organic waste is first digested and afterwards 
utilized for composting purposes. 

 For making a reliable estimation of the RES share in Belgium it would be good to have a 
reliable potential for digestion under different waste separation regimes. 

 It would be good to get a better understanding of to what extent, and which volumes, 
organic waste can be mixed with wet manure to be applied in manure co-digestion. 

 With current potentials for organic waste and co-substrate for co-digestion of manure, the 
amount of biomethane to be injected in the gas grid is expected to be modest. Making more 
organic waste available for digestion can change this significantly. 

 A non-feedstock specific stimulation of bio-heat output, via stimulation of large-scale CHP, 
results in additional imports of wood pellets. If the aim is to mobilize the underutilized 
industrial wood residues and to avoid a substantial increase of imports it would be good to 
target the policy at those specific feedstock types, in order to make the support feedstock 
specific. 

 The total amount of bio-energy in 2020 is expected to be lower than projected in the NREAP 
of Belgium, however, due to a lower total gross final consumption of energy the bio-RES 
share is almost the same as the NREAP figure. It must, however, be stressed that the heat 
produced from biomass in this projection seems to be too optimistic. Therefore it is likely 
that the bio-RES share in 2020 will end up lower than the NREAP figures. It would be good if 
more bio-heat projects find their way to realization in Belgium. 

 Belgium still needs to take major steps to achieve the RES 2020 target, and bioenergy can 
have a major role in this for the three sectors (electricity, heat, transport fuels).   

Figure 29: Overall injection of biomethane in the gas grid in Belgium for the Pol+ variant under the B1 
and B2 waste scenarios. VFG stands for Vegetables, Fruit and Garden waste 
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6 Germany 

 

6.1 Introduction of the future policy formation (D4.1) 

This section contains the summary of the proposed future policy for Germany as described in D4.1 
(Panoutsou, 2016). 

The aim of the integrated policy framework for biomass in Germany is to: 
“Improve social acceptance for biomass to energy and fuels by steering focus towards the use of 
untapped waste and residual biomass streams in biomass power plants (existing and new ones); 
facilitate the use of perennial crops; reinforce cogeneration and heat uptake; and ensure a clear plan 
is in place for biofuels in transport.” 
 
The key issues under consideration for biomass to meet the targets set in NREAP for 2020 and 2030 
 

 Realise more biomass for energy while at the same time leaving enough biomass for the 
biobased economy. 

 Provide data to make decisions more informed and transparent as well as to justify decisions 
already made. 

 Improve existing and new biomass conversion projects in economic and environmental terms. 

 Providing a reliable policy framework for investors and key stakeholders. 

 
Why is government intervention necessary? 
 

 Biomass is expected to make a major contribution to future low carbon energy in Germany. 

 In an energy system with a high share of fluctuating renewable energies, biomass can provide 
important system services for a reliable and stable power supply. 

 In the transport sector biomass is a crucial option to reduce GHG emissions in the future e.g. 
heavy-duty road-freight transport. 

 Indigenous biomass is under increased demand pressure from energy and non-energy sectors.  

 Policy makers thus need to consider constraints to mobilising resources and how to balance 
competing priorities by different sectors.  

 The use of residues and by-products is important, as the qualitatively higher biomass is being 
used for food, feed and material use. 

 
What are the policy objectives and intended effects? 
 
The aim of the integrated policy framework for biomass in Germany is to: 

 Improve social acceptance for biomass to energy and fuels by steering focus towards the use 
of untapped waste and residual biomass streams in biomass power plants (existing and new 
ones).  

 Facilitate the use of perennial crops. 

 Reinforce cogeneration and heat uptake. 

 Ensure that a clear plan is in place for biofuels in transport. 
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Table 11: Recommended interventions for the integrated biomass policy framework for Germany 

Policy support by 
feedstock Policy support by conversion technology  

Policy support by 
value chain/ sector Lessons from: 

Perennial crops                       Small-scale heating (household level) 
   

 Feedstock bonus for 
cogeneration and heat  

Investment subsidies 

   

  
Medium scale heat driven (apartment building, 
district heating, public buildings)    

  Investment subsidies    

  

Medium scale CHP (residential district or industry; 
heat driven)    

  Investment subsidies    

       

Straw Household level (pellets)    

 Investment subsidy for boilers and heating plants     

  in CHP: district heating, public buildings     

  Investment subsidy for boilers and heating plants     

       

Organic wastes Anaerobic digestion (medium scale) & local CHP  Promotion  

 
Auction model (tender); follow up support 
mechanism for existing biogas plants 

Best 
practices/Lessons 
Learned 

 

 Anaerobic digestion (medium scale) & upgrading to 
SNG 

  

 GHG reduction quota   

 Production of chemical building blocks (e.g. bio-
methane) 

  

 
How the proposed policy framework has been included in the modelling is covered in the next 
section. 
 
 

6.2 What future policies for the selected value chains have 
been modelled? 

The future policies that have been included in the modelling can be found in Table 12. An 
explanation per selected feedstock/value chain can be found in the text below the table. Note that 
those policies are used for the Pol+ variant. For the Ref variant current policies have been used. 
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Table 12: Financial policy instruments for Germany used in the modelling for selected value chains for the Pol+ variant 

Feedstock Technology supported Policy instrument Unit Support level 

Perennials 

Not technology specific 
Feedstock bonus % 80 

Small and medium scale 
boilers 

Investment subsidy % 50 

Straw 
Small and medium scale 
boilers; heating plants 

Investment subsidy % 60 

Organic waste 
Anaerobic digestion combined 
with CHP 

Feed-in Premium €ct/kWh 12.6 

 
Note: 

 Feed-in Premium values do not correspond to CHP with a high heat share. Technology is 
dedicated electricity with heat as a by-product that has been valued.  

 The values are usable for the modelling of this task, to use the values for legislation a country 
specific techno-economic assessment should be undertaken. 
 

Perennials 
 
For Perennials a combination of two types of support policies have been selected as suggested by 
section 6.1: a feedstock bonus and an investment subsides. Using the combination as given in Table 
12 we see a conversion of perennials to heat in boilers. Note that for the modelling also another 
combination might have been chosen, e.g. a higher feedstock bonus and a lower investment subsidy. 
Since the model assumes perfect markets, the model cannot discriminate between putting more 
support at the feedstock or more support at the application. In reality, with a not perfectly 
functioning market, an analysis needs to be made for which actor in the market what kind of support 
level might be most appropriate. 
 
Straw 
 
Some trial and error with investment subsidies for boilers and heating plants resulted in the 
investment levels given in Table 12. Again note that this corresponds to values for a perfectly 
functioning market. The main role of the level of investment levels chosen was to get additional 
consumption of straw in Germany. The investment subsidy given in the table is, however, very high. 

Although Germany did not choose the use for straw for 2G ethanol production it might be 
worthwhile to mention that support of straw for 2G ethanol production has been covered in 
D4.2b. Because of the difficulty to model production figures of biofuels, the effect of policies 
on the production of 2G ethanol has been covered for EU28 as a whole in that deliverable. 
 
Organic waste 

Due to data and time constraints only anaerobic digestion of organic waste followed by CHP has 
been analyzed. Upgrading to biomethane, via a quota on GHG avoidance was not feasible due to 
limited availability of data. The biochemical building block option was also not feasible, because it 
falls outside the scope of the current analysis. 
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6.3 Results for organic waste 

 

6.3.1 Organic waste potentials for different scenarios 

The potential for landfill gas is dropping rapidly in Germany. Therefore the next step upwards in the 
waste hierarchy, for organic waste, is a more separated collection of waste and pushing the organic 
waste from incineration to the anaerobic digestion and composting pathways, ultimately moving a 
significant fraction toward first anaerobic digestion followed by composting. This is reflected by the 
three organic waste scenarios, A, B1 and B2, as can be seen in Figure 30. Note that the amount of 
organic waste that ends up as compost is not shown in this figure. It needs to be mentioned that for 
this study we grouped municipal solid waste (MSW), landfill gas, organic waste from industry and 
collected vegetables, fruit and garden waste (collected VFG) under the value chain ‘Organic waste’. 
Of course there are other ways to categorize. For example, sewage sludge could be put under 
‘Organic waste’. However, in this study sewage sludge is a different value chain (wastewater sludge).  

Except from the landfill gas going to zero already in the A scenario, there is not so much change in 
the potential for MSW, organic waste from industry and collected VFG for the A scenario. It only 
covers a slight trend towards more waste for digestion. 
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Figure 30: Organic waste potentials for different scenarios for Germany 
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6.3.2 Modelling outcomes for organic waste 
 
In Figure 31 the consumption of organic waste in Germany according to the REF and Pol+ variants is 
given. Since the potentials used for those variants are the A scenario potentials, with a modest 
amount of waste that can be digested, an improvement of the support policies for digestion of 
organic waste does not have much impact. 
 

 

 

 
In Figure 32 we see, however, an increased consumption of collected VFG and Organic wastes from 
industry for digestion. This suggests increasing the conversion of waste to biogas. Not only 
modification in the financial support of bioenergy needs to be made, but also upfront in the waste 
chain things have to change: more waste separation and where possible in fractions that are directly 
suited for digestion. In the B2-Pol+ variant we can see a significant drop in consumption of waste for 
bioenergy. An important reason for this reduction is the loss of input for the existing waste 
incinerators and because the digesters still need to be built. Because of realization/lead times 
(section 2.4) not much additional biogas production in 2020 is expected if more waste would be 
separately collected immediately. As raising awareness for improved and/or additional waste 
separation takes some time, there is a chance that the erection of new digesters and the 
mobilization of additional biomass potential by means of waste separation align in terms of 
realization time. 
 

Figure 31: Organic waste consumption for Germany for the REF and Pol+ variants using biomass 
potentials according to the A scenario 
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It is interesting to see, however, that additional separation could give the production of biogas a 
significant boost. A critical note to the B1 and B2 figures is that those potentials are likely to be too 
optimistic in the amount that could really be available for digestion, both for waste from industry 
and collected vegetables, fruit and garden waste. 
 
Since waste is an important source of bioenergy and because a lot is changing in the field of waste, it 
seems of relevance to gain a better understanding of the composition of waste. The current B1 and 
B2 scenarios are likely to be too optimistic in their potential for digestion. For making a reliable 
estimation of the RES share in Germany it might be of relevance to have a reliable potential for 
digestion under different waste separation regimes. 

 

6.4 Results for straw and other crop residues 

The consumption of straw and other crop residues for energy purposes is presented in Figure 33. We 
see a consumption of respectively 10 and 16 PJ for the REF and Pol+ variants. This is more than, 
respectively, 11% and 18% of the total potential from straw and other crop residues (see Figure 119 
in chapter 15).  According to the modelling results the main application of straw and stover is 
expected to lie in small-scale heating plants, both in the REF and Pol+ variant. Since the difference 
between REF and Pol+ is significant, we can conclude that the investment subsidy as given in Table 
12 has an effect. Towards 2030 we don’t see much additional growth in the Pol+ variant. However, 
for the REF variant we see there is room for some additional uptake. The main effect of the 
investment subsidy seems to put additional uptake of boilers using straw earlier in time. 

 

Figure 32: Organic waste consumption for Germany for the B1-Pol+ and B2-Pol+ variants using 
biomass potentials according to the B1 and B2 scenarios respectively 
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6.5 Results for perennials 

Currently only little volumes of perennials are applied for energy purposes in Germany. There are 
about 6,000 ha under cultivation. For that reason we don’t see a significant consumption in 2015 in 
Figure 34. In 2020 we see a modest level of consumption; however, because the crops need to be 
grown, this effect is mainly of relevance beyond 2020. In 2030 we see a significant difference 
between the REF and Pol+ results; from that we can conclude that a combination of a feedstock 
premium and investment subsidy for boilers increases the uptake. The total volume in 2030 for the 
Pol+ variant is, however, modest in comparison to the total biomass consumption in Germany 
(which is in the order of magnitude of 1 EJ). It is therefore fair to say that the contribution of 
perennials towards 2030 in Germany is expected to be small. 
 
Regarding the applications:  the main application of perennials, using the improved policy 
framework, will be in small and medium sized boilers. 
 

Figure 33: Consumption of straw and other crop residues, per type, for Germany according to 
the REF and Pol+ variants 
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6.6 Overall results for bio-energy 

 

6.6.1 Introduction 

Results are given for gross final energy consumption, since this is the quantity relevant for 
calculating RES targets according to the RED. 

The following results are provided: 

 The total final bio-energy consumption, split into heat, electricity and biofuels 

 The technology mix for heat and electricity 

 The biofuel consumption mix 

 In the section on biofuels the biogenic % in transport 

 The amount of biomethane injected in the gas grid. 

The biomethane that counts for the renewable transport target, but that is not physically used in 
transport but treated via biotickets, is presented under the biofuel section and not under the section 
on biomethane injected in the gas grid. Note that biomethane that is injected in the gas grid does 
not count directly to the RES target, since it is not counted as final commodity. For energy in the end 
it ends up as heat, electricity and a small fraction, via the grid, in the transport sector. It is, 
nevertheless, presented here since upgrading of biogas has been mostly selected as a preferred 
technology for the selected value chains. 
 
 

6.6.2 Comparison with the NREAP 

In Figure 35 a comparison between the Biomass Policies results and the NREAP of Germany can be 
found. As can be seen the 2015 results from Biomass Policies are still quite in line with the NREAP. 
However, in 2020 a significant difference can be seen. 

Figure 34: Consumption of perennials, per type, for Germany according to the REF and Pol+ variants 
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For both heat from biomass and biofuels the difference is almost 75 PJ, however in relative terms 
the difference for biofuels is much larger. The difference with bio-electricity is 32 PJ, in relative 
terms 18%.  In the following subsections we will give some more detail about the results for 
respectively heat, electricity and biofuels. 

Does Germany need to try to achieve its bioenergy ambitions as given in the NREAP? 

According to Table 1, Germany still has quite some steps to make to achieve its 2020 RES targets. If 
feasible it might be good to increase the bioenergy share, in particular in the heating sector. 
 
 

6.6.3 Heat 
 
A breakdown of the total gross final consumption of heat from biomass by production technology is 
given in Figure 36. If we compare the 2015 results with the 2020 results, both REF and Pol+, we do 
not see an increase. The Gross final consumption of bioheat remains around 400 PJ. In increase of 
the use of boilers is seen, at the cost of CHP. This might be related to the fact that in our modelling 
we assumed that only 100 MWe of new capacity is eligible for support, see the next section. 
However, it is likely that the phasing of some CHP capacity is overestimated and that the production 
of bioheat will actually increase between 2015 and 2020.  

Figure 35: Overall bio-energy results for Germany for the REF and Pol+ variant and comparison with the NREAP 
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Between 2020 and 2030 we see an increase. This increase comes from the digestion of biomass and 
has a twofold indirect effect: 

  In our modelling we see a decrease of biogas for CHP, however, the heat output increases, 
because an increase heat/electricity output for biogas CHP has been assumed 

 There is a significant increase of biomethane, since most natural gas ends up for heating, this 
also means biomethane injected in the grid ends up mainly as heat. 

A remarkable result from the analysis is that the cost optimal solution indicates that towards 2030 a 
significant of pyrolysis oil production is foreseen. The pyrolysis oil is, however, mainly exported. This 
does not need to happen in reality of course, but according to the modelling it is the optimal 
outcome under perfectly functioning markets. An important and significant by-product of pyrolysis 
oil production is heat. This heat is visible in Figure 36 under the category ‘Byproduct of 
pretreatment’.  

 

6.6.4 Electricity 

An important restriction we put on modelling bio-electricity in Germany is the cap of 100 MWe new 
capacity that is eligible support. For that reason we see a strong decline of electricity generation 
using biomass, see Figure 37, because of phasing out of existing installations that receive support. It 
needs to be mentioned that in the modelling the elongation period of existing installation has likely 
been underestimated. Existing installations need support only at a much lower rate since the 
investment has already been made.  

Figure 36: Gross final consumption of heat per technology in PJ in Germany 
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In Figure 37 we see a significant reduction of electricity directly from biogas. However, we see an 
increase in electricity indirectly generation from biomethane from the grid. As can be seen in section 
6.6.6 a significant increase of biomethane can be expected. Since Germany has a very large share of 
variable renewable electricity generation (wind and solar PV) shifting part of the biomass directly 
from electricity production to biomethane might be a way to make the electricity system more 
flexible. 

Next to a reduction of electricity directly from biogas we also see a reduction of CHP and electricity 
only. We don’t see a difference between the REF and Pol+ variant because the additional 
consumption of the selected value chains perennials and straw ends up in boilers. 

 

6.6.5 Biofuels 

The total biofuel consumption, including the consumption with double counting is given in Table 13. 
Note that double counting is assumed to stop after 2020. Dividing the consumption with double 
counting by the total final consumption in the transport sector gives a biogenic RES-T share of 
almost 9.5% for 2020. The rest of the 10% renewable transport target is assumed to be fulfilled by 
electrical vehicles. 

 

Figure 37: Gross final consumption of electricity according to technology produced in Germany. Results are given in PJ 
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Table 13: Total biofuel consumption and biogenic RES share in the transport sector for the REF and Pol+ variants for 
Germany 

    REF Pol+ 

  2015 2020 2030 2020 2030 

Consumption [PJ] 110.7 156.4 183.4 156.4 183.4 

Consumption incl. double counting [PJ] 119.4 183.2 183.4 183.2 183.4 

Total final consumption transport [PJ] 2141.1 1932.7 1690.5 1932.7 1690.5 

Biogenic RES-T [%] 5.58% 9.48% 10.85% 9.48% 10.85% 

Since, according to this analysis the share of biofuels, together with electrical vehicles, is enough to 
achieve the 2020 renewable transport targets, the significant difference with the 2020 biofuel 
projection from the NREAP can be attributed to the NREAP having: 

 A lower share of double counting biofuels 

 A lower share of electrical vehicles 

 A lower energy demand in the transport sector. 

In Figure 38 the biofuel consumption per type is given. Note that this graph has to be used with 
some care since the model optimized at a European level, therefore national consumption patterns 
might not always be perfectly reflected. What can be seen in the graph is that Germany is expected 
to have a significant share of biomethane in the transport sector. Note that this can also be 
indirectly: via biotickets. Furthermore an increased role of bioethanol (both first and second 
generation) is expected. About half of the total amount of consumed lignocellulosic ethanol is 
imported from abroad. According to the modelling results the lignocellulosic biodiesel is produced 
domestically.  

The amount of biomethane in the transport sector as given in Figure 38 is likely too optimistic for 
two reasons: 

1. The amount of cars using CNG is assumed to increase15, while the number of CNG cars is 
currently dropping. 

2. In our modelling we have assumed that biotickets are allowed. However, in Germany they 
are not allowed. This means that all biomethane has to be physically consumed be the 
vehicle and not virtual. This will have a significant reducing effect. 

The biomass that is used for the biomethane in transport mainly consists of residues and organic 
wastes (landfill gas and biogas from sewage sludge). 

                                                           
15  The natural gas consumption in the transport sector has been taken from the PRIMES Reference 2013 

scenario, where between 2015 and 2030 more than a doubling is seen. 
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6.6.6 Biomethane injection in the grid 

Since the beginning of the decade the upgrading of biogas to natural gas quality, followed by 
injection into the gas grid, has been growing rapidly in Germany. Statistical trends for biomethane 
have been covered in the modelling where possible. This results in a total volume of more than 40 PJ 
in 2015, see Figure 39.  

Figure 38: Biofuel consumption per type for REF and Pol+ variants for Germany. Biofuels are not counted double in this 
graph 
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As was discussed in 6.6.4 a large reduction in the direct production of electricity from biomass is 
seen. This means that currently used biomass, for example liquid manure, might become available 
for other applications, for example conversion to biomethane. As was mentioned before the decline 
in direct production of electricity from biomass might be over exaggerated. A less severe decline of 
direct bio-electricity production might result in a lower production of biomethane. However, the 
trend might make sense: a decline (or stabilization) in electricity production from biomass and an 
increase in biomethane might be expected towards 2030. The very large amount of manure used to 
generate biomethane for the grid might furthermore be too optimistic because digesters for manure 
are in general quite small, which makes upgrading relatively expensive.  

As described in Appendix I, production of biomethane that is accounted for transport is treated 
separately.  Production of biomethane that is attributed directly to transport is therefore not visible 
in Figure 39; it is, however, in Figure 38. Furthermore it is also explained in the Appendix that the 
biomethane is assumed to end up in the sector and application according to the EU average 
distribution of final gas consumption. 
 
 

6.7  Conclusions and policy recommendations 

 To avoid a drop of bioenergy on the short term, additional separate waste collection should be 
aligned to the realization rate of digesters. However, as raising awareness for improved 
and/or additional waste separation takes some time, there is a chance that the erection of 
new digesters and the mobilization of additional biomass potential by means of waste 
separation align in terms of realization time. 

 Waste is an important source of bioenergy and because a lot is changing in the field of waste, 
it seems of relevance to understand the composition of waste better. For making reliable 

Figure 39: Overall injection of biomethane in the gas grid in Germany for the REF and Pol+ variants. 
VFG stands for Vegetables, Fruit and Garden waste 
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estimation of the RES share in the Germany it would be good to have a reliable potential for 
digestion under different waste separation regimes. 

 A high investment subsidy is needed to mobilize additional straw for the application in boilers. 

 Perennials remain difficult to mobilize. Even under further stimulation its contribution to the 
bioenergy share if Germany is expected to be modest. 

 For 2020 there is mainly a significant gap for heat and biofuels as compared to the NREAP 
figures.  

 Since Germany has some steps to make to achieve the RES 2020 target, it might be good to 
increase the bioenergy share, in particular in the heating sector. 

 Due to a restriction of 100 MWe additional bio-electricity capacity, the amount of electricity 
generated using biomass is expected to drop. 

 In recent years Germany has seen a significant increase of biomethane for the gas grid, this 
trend might continue. 
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7 Greece 

 Introduction of the future policy formation (D4.1) 

This section contains the summary of the proposed future policy for Greece as described in D4.1 
(Panoutsou, 2016). 

The aim of the integrated policy framework for biomass in Germany is: 
“To stimulate the use of currently unused indigenous biomass streams through resource efficient 
value chains primarily for the transport and waste management sectors.” 
 
The key issues under consideration for biomass to meet the targets set in NREAP for 2020 and 2030 
are: 

 Stimulate the use of currently unused biomass mainly in the transport and to a lesser extend 
in the CHP sector.  

 Improve resource efficiency and steer policy focus in high value products from biomass.  

 Reduction of GHG emissions through the introduction/development of “new” waste 
management options. 

 
Why is government intervention necessary? 

 Biomass is expected to make a major contribution to future low carbon energy in Greece.  

 Renewable, indigenous biomass is under increased demand pressure from energy and non-
energy sectors.  

 Policy makers thus need to consider constraints to mobilising resources and how to balance 
competing priorities by different sectors. 

 
What are the policy objectives and intended effects? 

The aim of the proposed framework for Greece is to stimulate the use of currently unused indigenous 
biomass streams through resource efficient value chains primarily for the transport and waste 
management sectors. 
 
 

7.1 What future policies for the selected value chains have 
been modelled? 

The future policies that have been included in the modelling can be found in Table 14. An 
explanation per selected feedstock/value chain can be found in the text below the table. Note that 
those policies are used for the Pol+ variant. For the Ref variant current policies have been used. 
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Table 14: Financial policy instruments for Greece used in the modelling for selected value chains for the Pol+ variant 

Feedstock Technology supported Policy instrument Unit Support level 

Landscape care 
wood & prunings 

Small-scale wood chips and 
pellet boilers 

Investment subsidy % 50 

Straw Not technology specific 
- - - 

Organic waste 
Anaerobic digestion combined 
with CHP 

Feed-in Premium €ct/kWh 12.5 

 

 It needs to be noticed that Feed-in Premium values do not correspond to CHP with a high heat 
share. Technology is dedicated electricity with heat as a by-product that has been valued.  

 Another remark is that the values are usable for the modelling of this task; to use the values 
for legislation a country specific techno-economic assessment should be undertaken. 
 

 
Landscape care wood & prunings 

The investment subsidies for wood chips and pellet boilers have been determined by trial and error, 
answering the question: at what level is there an increase in utilization of small-scale wood chips and 
pellet boilers? 
 
Straw 

No specific measure has been included for straw. The consumption of straw for energy can be 
stimulated because of the 10% RES-T target in 2020, for which 2G ethanol counts double. Because of 
the difficulty to model production figures of biofuels, including 2G ethanol, the effect of policies on 
the production of 2G ethanol has been covered in D4.2b. 

Conversion of straw to pyrolysis diesel has not been covered in the analysis. 

Organic waste 

The feed-in premium level for Greece as given in Table 14 has been calculated using the Levelized 
Cost of Energy methodology as described in section 2.2. The technology costs have been taken from 
van Zuijlen and Lensink (van Zuijlen and Lensink, 2015). Note that the feed-in premium given in 
Table 14 might be too optimistic or pessimistic for Greece. It is, however, an outcome of the 
assumptions made in this project and the data used. It might, for example, very well be that the 
financing parameters in Greece are different than assumed in our calculations. 
 
 

7.2 Results for organic waste 

 

7.2.1 Organic waste potentials for different scenarios 

In Figure 40 organic waste potentials for the three organic waste scenarios, A, B1 and B2, as are 
presented. For the description of the scenarios, see section 2.5.2. The amount of organic waste that 
ends up as compost is not shown in this figure. It needs to be mentioned that for this study we group 
municipal solid waste (MSW), landfill gas, organic waste from industry and collected vegetables, fruit 
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and garden waste (collected VFG) under the value chain ‘Organic waste’. Of course there are other 
ways to categorize. For example, sewage sludge could be put under ‘Organic waste’. However, in this 
study sewage sludge is a different value chain (wastewater sludge).  The potentials for all three 
scenarios are calculated the same for the year 2015. From Figure 40 we can see that the organic 
waste potential for 2015 does not consist of collected VFG and organic waste from industry. MSW 
covers roughly 75% of the potential; the rest is landfill gas. 

In the A scenario we observe a strong decline of the MSW potential while the landfill gas potential 
remains equal. After 2020 the MSW potential increases at the cost of the landfill gas potential. The 
potentials for collected VFG and organic waste are very small towards 2030. 

In the B1 scenario a decline of landfill gas and MSW towards 2020 can be observed due to improved 
separation of waste. After 2020 the potential for MSW and landfill is significantly smaller than in the 
A scenario. More organic waste from industry for anaerobic digestion is available. However, the total 
amount of organic waste for energy is smaller in the B1 scenario than in the A scenario. In B1 there is 
more separated collection of organic waste, but most of it is made available for composing directly. 

In the B2 scenario there are two important differences compared to the A scenario: 

1. More waste is shifted from landfilling to MSW 
2. More waste is separated collected, but instead of being composted directly it has been 

made available first for anaerobic digestion, after which it can be applied as fertilizer. 

The effect that in 2030 more waste is available for energy, in particular organic waste from industry 
for anaerobic digestion. 

A critical note about the landfill gas potential for energy has to be made: it is assumed in B2 that 
landfilling is fully abolished in 2030. However, this does not mean that the biogas that can be 
recovered from the landfill places is zero, because there is still a lot of landfill available that was put 
in those places several years before. So for the biogas from landfilling there is a delay effect, this is 
effect is not covered in the biomass potentials from WP2 of this project. 
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Figure 40: Organic waste potentials for different scenarios for Greece 
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7.2.2 Modelling outcomes for organic waste 

In Figure 41 the consumption of organic waste in Greece according to the REF and Pol+ variants, 
assuming the scenario A, is given. Currently only landfill gas is used to generate energy. Incineration 
of MSW is not currently applied in Greece, since it is prohibited (Panoutsou, 2016). We can observe a 
very large growth in waste incineration from the current situation until 2020. This is likely to be too 
optimistic. In the A scenario applying higher levels of support for digestion of organic waste do not 
have any effect (Pol+ variant). This is logical since the potentials of organic waste for digestion (i.e. 
organic waste from industry and collected VFG) are very small (see Figure 40). Both MSW and landfill 
gas are used for energy generation in 2020 and 2030, where a shift towards more MSW in 2030 can 
be seen. 

 

 

 
In case where the potential of organic waste from industry and collected VFG is slightly increased (B1 
scenario) we see a very minor effect on the uptake of those feedstocks for energy. The main effect is 
that in 2020 the consumption of waste for energy decreases because less waste is available for MSW 
incineration. In 2030 the consumption of waste for energy is also less than in the A scenario. In case 
much more organic waste is made available for digestion (scenario B2) we see actual consumption of 
organic waste from industry for digestion. However, the consumption of waste for energy in 2020 
and 2030 is significantly lower than in the A scenario. From this we can conclude that going up the 
waste hierarchy, via improved separation of waste, might reduce the amount of waste that is 
actually used for energy generation. Furthermore, solely an increased support level for anaerobic 
digestion of organic waste is not enough to see this option being used: upfront a significant 
improvement in waste separation needs to take place as well. 

 

Figure 41: Organic waste consumption for Spain for the REF and Pol+ variants using biomass 
potentials according to the A scenario 
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A critical note to the B2 figures is that those potentials are likely to be too optimistic in the amount 
that could really be available for digestion. In the case of collected VFG there are always significant 
fractions of the waste that can’t be digested, for example, garden wood. In case of organic waste 
from industry one has to realize that this waste can also often have another application, for 
example, as feed for cattle. Furthermore, organic waste from industry might also contain fractions 
that cannot be digested or where digestion is economically not viable due to small volumes at a 
specific location. 
 
The current B2 scenarios are likely to be too optimistic in its potential for digestion. For making 
reliable estimations of the RES share in Greece it would be good to have a reliable potential for 
digestion under different waste separation regimes. 

 

7.3 Results for straw and other crop residues 

The consumption of straw and other crop residues for energy purposes is presented in Figure 43. 
Both for the REF and Pol+ variants we see a consumption of 0.5 PJ in 2020. This is less than 10% of 
the total potential from straw and other crop residues (see Figure 119 in chapter 15). Towards 2030 
we see a significant increase in straw consumption in Greece: 1.9 PJ, which corresponds to almost 
21% of the potential. For the REF and Pol+ variants the consumption figures are the same. As was 
described in section 7.1 no country specific stimulation measures for straw have been included in 
the analysis. This explains why we don’t see a difference between the REF and Pol+ variants.  

According to the modelling results the small consumption around 2015 of straw and stover is lies 
small-scale heating plants. According to the results, toward 2030, the increased consumption in used 
for the production of second-generation ethanol. 

 

Figure 42: Organic waste consumption for Greece for the B1-Pol+ and B2-Pol+ variants using 
biomass potentials according to the B1 and B2 scenarios respectively 
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Figure 43: Consumption of straw and other crop residues, per type, for Greece according to the REF and Pol+ variants 

 

7.4 Results for landscape care wood & prunings 

The consumption of landscape care wood and prunings in Greece for the REF and Pol+ variant is 
given in Figure 44 the consumption of primary forestry residues for energy is currently low in 
Greece. However, from the situation in 2015 towards 2020 and 2030 a significant growth is 
expected. Although, a significant growth in the consumption of primary forestry residues can be 
seen, almost 60% of the potential remains unused in 2030. 

In Figure 44 we don’t see a difference between REF and Pol+. The reason for this is that: 

 Under current policies it is also likely that, from an economic perspective, the landscape care 
wood and prunings will be mobilized. There is likely a pace with which primary forestry 
residues can be mobilized. For both variant the mobilization, after 2015, is at a maximum pace 

 With the Pol+ variant also wood chips and wood pellets from other feedstocks can be used. 
Underlying analysis reveals Greece is expected to import significant amounts of wood chips 
and pellets. 

This large increase in consumption landscape care wood and prunings after 2015, indifferent of 
additional stimulation measures to promote modern small-scale biomass boilers, indicates that, 
from an economic point of view those feedstocks are very attractive. The model assumes markets 
are working perfectly and therefore supply and demand are able to find each other perfectly. If such 
a large uptake of those feedstocks is unrealistic for 2020 and 2030 there might be barriers that avoid 
reaching this economic optimum. It is very likely that a major barrier is the scattered availability of 
landscape care wood (there are likely many small amount available), which makes mobilizing it 
cumbersome. In case of prunings, it is not the core business of farmers that cultivate fruit and olives. 
Furthermore, the financial situation in Greece will even more result in farmers focussing on their 
main processes. 
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Figure 44: Consumption of landscape care wood and prunings, per type, for Spain according to the REF and Pol+ variants 

 

7.5 Overall results for bio-energy 

7.5.1 Introduction 

Results are given for gross final energy consumption, since this is the quantity relevant for 
calculating RES targets according to the RED. 

The following results are provided: 

 The total final bio-energy consumption, split into heat, electricity and biofuels 

 The technology mix for heat and electricity 

 The biofuel consumption mix 

 In the section on biofuels the biogenic % in transport 

 The amount of biomethane injected in the gas grid. 

The biomethane that counts for the renewable transport target, but that is not physically used in 
transport, but treated via biotickets, is presented under the biofuel section and not under the 
section on biomethane injected in the gas grid. Note that biomethane that is injected in the gas grid 
does not count directly to the RES target, since it is not counted as final commodity. For energy in 
the end it ends up as heat, electricity and a small fraction, via the grid, in the transport sector. It is, 
nevertheless, presented here since upgrading of biogas has been mostly selected as a preferred 
technology for the selected value chains. 

 

7.5.2 Comparison with the NREAP 

In Figure 45 a comparison between the Biomass Policies results and the NREAP of Greece can be 
found. As can be seen, in absolute terms, the 2015 results from Biomass Policies are lower than 



 
 

75 
 

anticipated in the NREAP; however, as in share of the total gross final consumption of energy the 
Biomass Policies results give a higher figure. The reason is that the denominator, the total gross final 
consumption of energy, of Greece is significantly lower than as given in the NREAP. This lower gross 
final consumption of energy also has its effect on 2020 and 2030:  

 In absolute terms the total gross final consumption as projected by Biomass Policies is about 
the same as the NREAP figures, however, the bio-RES share of Biomass Policies is much higher 
than the NREAP %: 9.4% vs 7.9% 

 After 2020 the amount of bioenergy declines, however, due to a low gross final consumption 
of energy the bio-RES share in 2030 is higher than the 2020 NREAP bio-RES share. 
 

 

Figure 45: Overall bio-energy results for Spain for the REF and Pol+ variant and comparison with the NREAP 

When we compare the 2015 Biomass Policies figures with the 2015 NREAP figures we see that bio-
heat is slightly lacking behind the NREAP, bio-electricity is very low and biofuels is lacking behind 
significantly. In 2020 biofuels are projected to be on the 2020 NREAP level, however, if this can be 
guaranteed is of course difficult to say. Bio-heat is slightly higher than the NREAP figure at the cost 
of bio-electricity.  

After 2020 a significant reduction in heat from biomass is expected according to the Biomass Policies 
projections. In general we don’t see a difference between REF and Pol+. In the following subsections 
we will give some more detail about the results for respectively heat, electricity and biofuels. 

Does Greece need to try to achieve its bioenergy ambitions as given in the NREAP? 

According to Table 1, Greece still has some steps to make to achieve its 2020 RES targets. If feasible 
it might be good to increase the bioenergy share, in particular in the electricity sector. 
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7.5.3 Heat 

A breakdown of the total gross final consumption of heat from biomass by production technology is 
given in Figure 46. If we compare the 2015 results with the 2020 results, both REF and Pol+, we see a 
small increase. From 2015 to 2020 we see a replacement of logwood stoves by more efficient 
boilers. Note that, since one can us the biomass input to calculate gross final consumption, the 
increase in actual heat production is relatively more. After 2020 we see a decline in total heat from 
biomass. Older boilers and stoves are apparently nog replaced. In general we see a slight difference 
between the REF and the Pol+ variants: in the Pol+ variant, where efficient boilers are stimulated, we 
see indeed more boilers at the cost of stoves. 

 

Figure 46: Gross final consumption of heat per technology in PJ in Greece 

 
 

7.5.4 Electricity 

The electricity production specified per technology category is given in Figure 47. The NREAP of 
Greece projects to have 4.5 PJ of gross production of electricity from biomass, divided by 1.3 PJ from 
solid biomass and 3.2 PJ from biogas. Comparing these figures with the results in Figure 76, we see 
that electricity produced from solid biomass is a bit more than the NREAP, however, electricity 
produced from biogas is lacking behind the NREAP projection significantly. After 2020 we see that 
the main increase comes from electricity only installations, this correlates well with the fact that the 
total amount of bio-heat is expected to decline, so a large increase in CHP would be an odd result. 
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Figure 47: Gross final consumption of electricity according to technology produced in Greece. Results are given in PJ. 

 
 

7.5.5 Biofuels 

The total biofuel consumption, including the consumption with double counting is given in Table 15. 
Note that double counting is assumed to stop after 2020. Dividing the consumption with double 
counting by the total final consumption in the transport sector gives a biogenic RES-T share of 
almost 9% for 2020. The rest of the 10% renewable transport target is assumed to be fulfilled by 
electrical vehicles (including trains). Note that HVO has been included in the analysis. To be able to 
fulfil the 10% RES-T target Greece still has quite some steps to take. According to the Biomass 
Policies project Croatia will have a biogenic RES-T share of 4.41% in 2015.16 

Table 15: Total biofuel consumption and biogenic RES share in the transport sector for the REF and Pol+ variants for 
Greece 

    REF Pol+ 

  2015 2020 2030 2020 2030 

Consumption [PJ] 10.3 19.0 20.2 19.0 20.2 

Consumption incl. double counting [PJ] 13.1 24.8 20.2 24.8 20.2 

Total final consumption transport 297.4 281.6 250.1 281.6 250.1 

Biogenic RES-T [%] 4.41% 8.82% 8.07% 8.82% 8.07% 

                                                           
16  According to the SHARES 2014 results from Eurostat, Croatia had a RES-T share of 1.37% in 2014. This 

includes renewable electricity in rail and other transport. Therefore the Biomass Policies 2015 figure is 
likely too optimistic. 
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In Figure 48 the biofuel consumption per type is given. Note that this graph has to be used with 
some care since the model optimized at a European level, therefore national consumption patterns 
might not always be perfectly reflected. Second generation ethanol and diesel are not expected to 
have a large volume in 2030.  

The share of biomethane in the transport sector is significant: 15-16% of the total biofuel 
consumption in respectively 2020 and 2030. Note that biomethane consumption in the transport 
sector can also be indirectly: via biotickets.  

 

Figure 48: Biofuel consumption per type for REF and Pol+ variants for Greece. Biofuels are not counted double in this 
graph. 

 

7.5.6 Biomethane injection in the grid 

The expected amount of biomethane injected in the gas grid, not allocated to the transport sector, 
directly or indirectly, can be neglected. 

 

7.6 Conclusions and policy recommendations 

 Going up the waste hierarchy via improved separation of waste might reduce the amount of 
waste that is actually used for energy generation.  

 Solely an increased support level for anaerobic digestion of organic waste is not enough to see 
this option being used: upfront a significant improvement in waste separation needs to take 
place as well. 

 There is a significant potential of organic waste for anaerobic digestion that can become 
available if separated organic waste is first digested and after that utilized for composting 
purposes. 



 
 

79 
 

 For making a reliable estimation of the RES share in Greece it would be good to have a reliable 
potential for digestion under different waste separation regimes. 

 Towards 2030 production of second-generation bioethanol might also become an important 
application using straw; however, this will highly depend on policies for biofuels beyond 2020. 

 Landscape care wood and prunings are expected to show a significant growth in consumption. 
Additional financial support does not seem to help. From an economic point of view those 
feedstock seem to be attractive. If this category of feedstocks remains underutilized, however, 
policies should mainly aim at removing the non-economic barriers. 

 A major barrier of landscape care wood will be the scattered availability, which makes 
mobilizing it cumbersome. In case of prunings, it is not the core business of farmers that 
cultivate fruit and olives. Furthermore, the financial situation in Greece will even more result 
in farmers focussing on their main processes. 

 After 2020 a decline in heat from biomass is expected, however, an increase in electricity from 
biomass is expected. 

 The expected amount of biomethane injected in the gas grid is negligible 

 According to the Biomass Policies analysis Greece is expected to achieve the NREAP 2020 
ambitions for bio-energy in absolute terms. Because the total gross final consumption of 
energy is much lower than anticipated in the NREAP, the bio-RES share is, however, much 
higher than in the NREAP: 9.4% vs 7.9% 

 Electricity from biomass is lacking behind the NREAP ambitions. In particular electricity from 
biogas is expected to be much lower than the NREAP. 

 Since Greece has some steps to make to achieve the RES 2020 target, it might be good to 
increase the bioenergy share, in particular in the electricity sector. 

 Greece has still quite some steps to take to achieve the 2020 RES-T targets. 
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8 Spain 

 

8.1 Introduction of the future policy formation (D4.1) 

This section contains the summary of the proposed future policy for Spain as described in D4.1 
(Panoutsou, 2016). 

The aim of the integrated policy framework for biomass in Spain is to:    

“To address in an efficient way the implementation of actions intended to promote bioenergy 
development in the framework of a transition to a bioeconomy. It should help to address domestic 
energy needs and demand, foster research and development, mobilize investment, prioritize 
technologies and processes, determine the appropriate scale of deployment, set up standards, 
establish mandates, choose appropriate economic instruments and gather data to assess the 
progress of bioenergy markets and the legislation impact.’ 
 
The key issues under consideration for biomass to meet the targets set in NREAP for 2020 and 2030 

Regulatory uncertainty has been pointed out by stakeholders as one of the major challenges 
regarding biomass development. Apart from that, the main issues broken down by sector are: 
 

 Solid biomass 
o Industry development 

o Market for biomass production 

 Biogas 
o Industry development 

o Infrastructure compatibility (injection into grid) 

 Biofuels for transport 
o Innovation (new feedstock, bio refineries) 

o Sustainability requirements implementation. 

 
Why is government intervention necessary? 

 A National Bioeconomy Strategy is being prepared in Spain at present. It aims at fostering the 
production of food, feed, bio-based products and bioenergy while sustainably using biomass 
resources. The transition to a bioeconomy will rely on technological development as well as 
on the achievement of cost effectiveness, and it will depend on the availability and efficient 
use of sustainable biomass. In this context, bioenergy will play a relevant role in such a 
transition process. 

 Bioenergy development is related to a broad range of issues: environment, agriculture, 
technological development, energy needs, climate change mitigation and rural development, 
among others. Coordination between the different departments of policymaking is essential in 
order to support synergies and coherence between different policy areas. 

 
What are the policy objectives and intended effects? 

An integrated policy framework would be very useful to address in an efficient way the 
implementation of actions intended to promote bioenergy development in the framework of a 
transition to a bioeconomy. It should help to address domestic energy needs and demand, foster 
research and development, mobilize investment, prioritize technologies and processes, determine 
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the appropriate scale of deployment, set up standards, establish mandates, choose appropriate 
economic instruments and gather data to assess the progress of bioenergy markets and the 
legislation impact. 
 
In summary, an integrated policy framework for biomass should be developed in Spain because: 

 Biomass is expected to make a major contribution to future low carbon energy in Spain. 

 Renewable, indigenous biomass is under increased demand pressure from energy and non-
energy sectors.  

 Policy makers thus need to consider constraints to mobilizing resources and how to balance 
competing priorities by different sectors. 

 
Table 16: Recommended interventions for the integrated biomass policy framework for Spain 

feedstock conversion technology  
value chain/ 
sector Lessons from: 

 
  AT; FI; DE 

Primary forest residues, 
prunings and landscape care 
wood  Modern biomass boilers   

AT: Energy Fund-Subsidy scheme wood 
heating                                                                              
UK:  FiTs (for small-scale RES); Renewable 
Heat Incentives (RHI) 
DE: The Renewable Energy Sources Act (EEG) 
FI 

Programme to develop the 
market for solid biomass 
Refine Law 43/2003 on 
forestry 

Investment subsidies                                                     
Soft loans 

 Product standards 
Green 
procurement 

      

Straw Biochemical – 
lignocellulosic hydrolysis 
and fermentation to 
bioethanol   

UK: RTFO, Support for advanced biofuels 

Feedstock premium 
Programme to improve 
productivity (new varieties; 
action plan for marginal 
lands, etc.) 

Tax reliefs                                                                       
Investment subsidies                                                        
Quota obligations incl. 
banding 

 Best 
practices/Lessons 
Learned 

       

Organic wastes 
Reinforce recycling 
Reduce landfilling 

Anaerobic digestion 
(medium scale) & 
upgrading to SNG 
Tax reliefs                                                 
Investment subsidies for 
upgrading 

 Promotion 
Best 
practices/Lessons 
Learned 
Awareness raising 

NL: I) Green Gas Green Deal -Roadmap 
Renewable gas- innovations in the green gas 
sector and to increase the production of 
green gas and biogas.  (II) Biomethane Vision 
(2007) 
DE: German Recycling and Waste Act (KrWG)  
DE:GHG reduction quota and sustainability 
rules can stimulate the use of organic waste 
BE: Investment subsidies for upgrading 

 
 
How the proposed policy framework has been included in the modelling is covered in the next 
section. 
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8.2 What future policies for the selected value chains have 
been modelled? 

The future policies that have been included in the modelling can be found in Table 17. An 
explanation per selected feedstock/value chain can be found in the text below the table. Note that 
those policies are used for the Pol+ variant. For the Ref variant current policies have been used. 

Table 17: Financial policy instruments for Spain used in the modelling for selected value chains for the Pol+ variant 

Feedstock Technology supported Policy instrument Unit Support level 

Primary forest 
residues, prunings 
and landscape care 
wood 

Modern biomass boilers 
(medium and large scale) 

Soft loan % 1 

Investment subsidy % 30 

Straw Not technology specific Feedstock bonus % 50-60% 

Organic waste 

Anaerobic digestion Fixed premium €/GJ_biogas 5.2 

Upgrading of biogas to 
biomethane 

Investment subsidy % 90 

 
 
Primary forestry residues, prunings and landscape care wood 

In modelling, as has been applied in Biomass Policies, it is not feasible to make a distinction between 
different support policies for technologies that lower the (levelized) production cost. So if a soft loan 
results in levelized production costs of x €/GJ or if an investment subsidy would be set at such a level 
that it also results in levelized production cost of x €/GJ, the model cannot discriminate between the 
two. The same is true for a mix of a soft loan and a subsidy that together end up again in x €/GJ. 
Note, however, that in reality both policy support instruments might work out differently. This is 
caused by the perceived risk and by the different debt share that might be needed. To analyze this 
properly a financial analysis would be needed and the resulting Weighted Average Cost of Capital 
could be put in the model. Such an analysis goes beyond the scope of the project. 

In D4.2b of the project (Uslu, 2016b) the appropriate application of a support policy, depending on 
the development stage of a technology, is described. 

As can be seen in Table 17 a combination of soft loan and an investment subsidy was, however, 
chosen. First the soft loan 1% was used, since this seems to be a value occurring more often. For 
example in the past in the Dutch SDE+ Feed-in Premium system, for some technologies there was a 
soft loan of 1%. After this soft loan an investment subsidy was chosen via some trial and error runs 
with the model. 

Straw 

For straw a feedstock premium has been applied, as indicated in Table 17. Feedstock premiums have 
been applied as a percentage of the feedstock cost. A feedstock premium of 50% was translated in 
the model as a lowering of the feedstock cost of 50%. The levels have been determined by trial and 
error: when does the feedstock appear to be used by the model. The cost supply curve for straw in 
2020 according to D2.3 (Elbersen et al., 2015) is shown on the left side of Figure 49. A feedstock 
premium doesn’t have effect on the three cheapest segments (resp. Stubbles from OSR and 
Rapeseed, Leave and beet top from sugar beet and Stover from grain maize), they will be consumed 
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according to the model and their consumption doesn’t increase with a feedstock premium. 
However, the two most expensive segments (resp. Straw from rice and Straw from cereals) are not 
utilized without a feedstock premium. It appears that a premium of 50% for Straw from rice and a 
feedstock premium of 60% offers significant results. The effect of those premium levels on the costs 
supply curve for straw is shown on the right hand side of Figure 49. 

 

 

Figure 49: Effect of a feedstock premium on the two most expensive segments of the cost supply curve for straw. Note 
that the costs in the graph are excluding transport costs. The costs supply data correspond to the year 2020. 

Because of the difficulty to model production figures of biofuels, including second-
generation ethanol, the effect of policies in general on the production of second-generation 
ethanol specifically has been covered in D4.2b, including the effect of a feedstock premium 
for straw. In the current report the effect of a straw premium on the straw consumption for 
energy will be presented, see section 8.4. 
 
 
Organic waste 

The stimulation of conversion of organic waste towards biomethane has been split in two as can be 
seen in Table 17:  

 Fixed premium for the anaerobic digestion part 

 Investment subsidy for upgrading of biogas to biomethane. 

As can be read in the chapter in relevant section for Austria 4.2, an investment subsidy alone for the 
entire process, might not be sufficient because of the high O&M costs, which are not supported via 
the investment subsidy. This is also the reason why the investments subsidy for the upgrading part 
has such an extreme value of 90% (Table 17). If the upgrading part is almost completely subsidies, 
still a financial gap, as compared to the natural gas price, exists for the entire process from organic 
waste to biomethane. In our analysis this gap was closed in a pragmatic way via a fixed premium of 
5.2 €/GJ. The gap could also have been closed by another measure, for example a tax relief, as given 
in the table in section 8.1.  

In case of a financial gap of zero we can assume that for a project developer it could be an 
opportunity to have a financially healthy project. In such case we might see application of this 
process, but it might also not happen. Note that the actual gas prices are currently much lower, 
which would mean a higher support level is needed. 
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8.3 Results for organic waste 

8.3.1 Organic waste potentials for different scenarios 

Spain currently has a significant share of landfill gas, as can be seen in Figure 50. In the A scenario we 
already see a trend to the next step in the waste hierarchy: more organic waste towards waste 
incineration. However, landfill gas remains quite large towards 2030. 

In the B1 we see an increase of the separation of waste resulting in a lower potential for landfill gas 
and municipal solid waste (MSW). Landfill gas is further shifting towards MSW. A significant 
separated waste goes directly to composting. In the B2 scenario the separation is at a similar level, 
but the main differences with B1 are that landfill goes to zero in 2030, resulting again in a higher 
amount of MSW. The most important difference with B1 is, however, that instead of going mainly 
directly to composting, first a very large part of the separated waste is made available for anaerobic 
digestion. After anaerobic digestion the digestate can be used as fertilizer (compost). The part of 
separated household waste that is available for digestion is called ‘Collected Vegetables, Fruit and 
Garden waste (VFG)’. The part of organic waste that comes from the other sectors is called ‘Organic 
waste from industry', although strictly speaking it also involves waste from non-industrial sectors. 

A critical note about the landfill gas potential for energy has to be made: it is assumed in B2 that 
landfilling is fully abolished in 2030. However, this does not mean that the biogas that can be 
recovered from the landfill places is zero, because there is still a lot of landfill available that was put 
in those places several years before. So for the biogas from landfilling there is a delay effect, this is 
effect is not covered in the biomass potentials from WP2 of this project. 
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8.3.2 Modelling outcomes for organic waste 
 
The results for the consumption of organic waste for energy using the A scenario for waste is 
presented in Figure 51. It is clear that landfill gas and incineration of municipal solid waste (MSW) 
play an important role. The reduction of the total amount of consumed wasted is due to the decline 
of landfill gas potential. 

Figure 50: Organic waste potentials for different scenarios for Spain 



 
 

86 
 

 

 

 
The consumption of collected vegetables, fruit and garden waste (VFG) and of organic waste from 
industry is totally absent from the graphs. One might expect that when using the B1 and B2 
scenarios for organic waste those waste types are consumption, because their potential is much 
higher, however, this is not the case see Figure 52. 
 

 

 
Some explanations for this observation could be found: 
 

 It is based on the assumption that mixing organic waste with wet manure to be applied as 
digestion of manure with co-substrate is not applied in Spain. 

Figure 52: Organic waste consumption for Spain for the B1-Pol+ and B2-Pol+ variants using 
biomass potentials according to the B1 and B2 scenarios respectively 

Figure 51: Organic waste consumption for Spain for the REF and Pol+ variants using biomass 
potentials according to the A scenario 
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 Upgrading of biogas to biomethane for the transport sector is expected to happen in Spain, 
however, the source of the biogas is biogas from landfilling and from sewage sludge is 
economically more viable17. 

 The amount of biogas needed for transport is maximized by the amount of cars driving on 
natural gas; the fraction of cars driving on natural gas is expected to be 1%. 

An important restriction regarding the second bullet needs to be mentioned: the amount of biogas 
from sewage sludge might be lower than assumed in our analysis. The amount of biogas that can be 
recovered economically from sewage sludge depends a lot on the size of the sewage treatment in a 
country and the vicinity of a gas grid. If the amount of biogas that can realistically be recovered from 
sewage treatment is much lower, it might well be that organic waste from industry and organic 
waste from households will be used to generate the biogas. 
 
Note that the total amount of organic waste consumed for energy is expected to be significantly 
lower in case of the B1 and B2 scenarios than for the A scenario. However, compared to the total 
amount of biomass consumed this decline should be manageable. Going up the waste hierarchy 
therefore seems a good path to follow for Spain. 
 
 

8.4 Results for straw and other crop residues 

As was explained in section 8.2 a feedstock bonus has been applied for straw from rice and straw 
from cereals for the improved policy framework (Pol+ variant). As can be seen in Figure 53 the 
inclusion of this feedstock bonus has effect, since there is more consumption of straw for energy the 
Pol+ variant than in the REF variant. Note that this effect is only significant after 2020. 2020 is too 
soon to see an effect. 

 

 

 

                                                           
17   See (van Zuijlen and Lensink, 2015). 

Figure 53: Consumption of straw and other crop residues, per type, for Spain according to the 
REF and Pol+ variants 
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The consumption of straw presented in Figure 53 corresponds to the consumption for energy 
purposed, both for combustion and for conversion to ethanol. Analysis of underlying results 
indicates that in 2030 more than 60% of the straw goes towards ethanol production, the rest goes 
mainly to local heating plants and to dedicated CHP plants. 
 
 

8.5  Results for primary forestry residues, landscape care 
wood & prunings 

 
Spain selected both primary forestry residues and landscape care wood and prunings as value chains 
of interest. Since process wise it was more convenient to have graphs separately for primary forestry 
residues and for landscape care wood and prunings, they are presented in separate graphs. 
 
The results for primary forestry residues are presented in Figure 54. The results for landscape care 
wood and prunings in Figure 55. In both graphs we see a very large additional consumption in 2030 
as compared to 2020. Furthermore we don’t see a difference in consumption between the REF 
variant and the Pol+ variant.  
 
This large increase in consumption of primary forestry residues, landscape care wood and prunings 
after 2020, indifferent of additional stimulation measures to promote modern biomass boilers, 
indicate that, from an economic point of view those feedstocks are very attractive. The model 
assumes markets are working perfectly and therefore supply and demand are able to find each other 
perfectly. If such a large uptake of those feedstocks is unrealistic for 2020 and 2030 there might be 
barriers that avoid reaching this economic optimum. In the annex to Deliverable 3.2 of this project 
indeed a very extensive list of barriers is described (Domínguez Pérez, et al., 2015). To highlight a 
few: 

 Lack of links between the biomass producer and the energy producer 

 Immature market 

 Fragmentation of the biomass supply sector 

 Lack of tradition in thermal uses of biomass. 

 

Figure 54: Consumption of primary forestry residues, per type, for Spain according to the REF 
and Pol+ variants 
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Regarding the applications of the feedstocks: we see the main applications in boilers and CHP, 
towards 2030 underlying results reveal that there might be some production of pyrolysis diesel. The 
production of pyrolysis diesel is, however, very uncertain because the technology is not there yet 
and because, once the technology is there, it might also be produced in other countries and traded. 
 
 

8.6 Overall results for bio-energy 

 

8.6.1 Introduction 
 
Results are given for gross final energy consumption, since this is the quantity relevant for 
calculating RES targets according to the RED. 
 
The following results are provided: 
 

 The total final bio-energy consumption, split into heat, electricity and biofuels 

 The technology mix for heat and electricity 

 The biofuel consumption mix 

 In the section on biofuels the biogenic % in transport 

 The amount of biomethane injected in the gas grid. 

The biomethane that counts for the renewable transport target, but that is not physically used in 
transport, but treated via biotickets, is presented under the biofuel section and not under the 
section on biomethane injected in the gas grid. Note that biomethane that is injected in the gas grid 
does not count directly to the RES target, since it is not counted as final commodity. For energy in 
the end it ends up as heat, electricity and a small fraction, via the grid, in the transport sector. It is, 
nevertheless, presented here since upgrading of biogas has been mostly selected as a preferred 
technology for the selected value chains. 

 

Figure 55: Consumption of landscape care wood and prunings, per type, for Spain according to 
the REF and Pol+ variants 
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8.6.2 Comparison with the NREAP 

According to our analysis Spain is following its NREAP path quite closely, see Figure 56. 

 

 

In 2015 the Biomass Policies results (REF-2015) are only 10 PJ lower than the NREAP path; however, 
due to a lower total gross final consumption the bio-energy share on the total energy demand is 
slightly higher. In 2020 the total bio-energy figures for REF and Pol+ are respectively 20 and 16 PJ 
lower than the NREAP figures. The main source of difference lies in biofuels, which is 25-26 PJ lower, 
see section 8.6.5. Bioheat is slightly lower in the Biomass Policies projection than in the NREAP. In 
the following subsections we will give some more detail about the results for respectively heat, 
electricity and biofuels. Regarding the total amount of bio-energy, in PJs, the NREAP gives a higher 
amount. However, regarding the share of bio-energy in comparison to the total gross final energy 
consumption, the NREAP gives a percentage that is 1% in absolute terms. Apparently the total 
energy demand will be quite a bit lower than at the stage the NREAP was designed. 

Does Spain need to try to achieve its bioenergy ambitions as given in the NREAP? 

According to Table 1, Spain is quite on track towards reaching the RES targets, but it still has some 
steps to make. If feasible it might be good to increase the bioenergy share.  
 
 

8.6.3 Heat 

According to Figure 57 Spain is expected to have a steady growth in heat generation from biomass. 
We don’t see a clear difference between the REF and Pol+ variant. 

Figure 56: Overall bio-energy results for Spain for the REF and Pol+ variant and comparison with the NREAP 
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The main growth in heat production is expected to come from local applications: logwood stoves. A 
more modest growth is seen for CHP using solids and liquids. 
 
 

8.6.4 Electricity 

Between 2015 and 2030 the amount of electricity generated from biomass is expected to double, 
see Figure 58. Because of the decline of landfill gas, the electricity generated from biogas will 
decline. A remarkable observation is that electricity only is expected to grow strongly. Also CHP is 
expected to grow.  

Figure 57: Gross final consumption of heat per technology in PJ in Spain 
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8.6.5 Biofuels 
 
The total biofuel consumption, including the consumption with double counting is given in Table 18. 
Note that double counting is assumed to stop after 2020. Dividing the consumption with double 
counting by the total final consumption in the transport sector gives a biogenic RES-T share of 9.4% 
for 2020. The rest of the 10% renewable transport target is assumed to be fulfilled by electrical 
vehicles. 
 
 
Table 18: Total biofuel consumption and biogenic RES share in the transport sector for the REF and Pol+ variants for 
Spain 

    REF Pol+ 

  2015 2020 2030 2020 2030 

Consumption [PJ] 79.4 88.1 143.8 88.2 143.8 

Consumption incl. double counting [PJ] 98.5 119.6 143.8 119.6 143.8 

Total final consumption transport [PJ] 1,348.9 1,273.2 1,412.4 1,273.2 1,412.4 

Biogenic RES-T [%] 7.30% 9.40% 10.18% 9.40% 10.18% 

 
Since, according to this analysis, the share of biofuels together with electrical vehicles is enough to 
achieve the 2020 renewable transport targets, the significant difference with the 2020 biofuel 
projection from the NREAP can be attributed to the NREAP having: 
 

 A lower share of double counting biofuels 

 A lower share of electrical vehicles 

Figure 58: Gross final consumption of electricity according to technology produced in Spain. Results are given in PJ. 
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 A lower energy demand in the transport sector. 

In Figure 59 the biofuel consumption per type is given. Note that this graph has to be used with 
some care since the model optimized at a European level, therefore national consumption patterns 
might not always be perfectly reflected. Spain is a country with a very large share of diesel cars. This 
is also reflected in a high share of biodiesel. Biodiesel (incl. HVO) from used fats and oils could be an 
attractive option for Spain because it counts double (until 2020). Even though biodiesel has a much 
larger share than bioethanol in total, we still see that second generation ethanol could have a share 
of 5-10% of the total amount of biofuels in 2030. We can furthermore see that Spain is expected to 
have a significant share of biomethane in the transport sector. Note that this can also be indirectly: 
via biotickets. As explained in section 8.3.2 upgrading of biogas from landfilling and sewage sludge 
digesters appear to be the most attractive option to generate this biomethane. 
 

 

 
 
 

8.6.6 Biomethane injection in the grid 
 
The expected amount of biomethane injected in the gas grid is expected to be marginal. Note, 
however, that, according to the biofuel results, a significant amount of biomethane is expected to be 
applied in the transport sector, see section 8.6.5. 
 
 

8.7  Conclusions and policy recommendations 

 Spain seems to follow its NREAP path for bio-energy quite closely. The main difference seems 
to lie in a lower amount of biofuels as anticipated in the NREAP. This might be due to double 
counting biofuels. 

Figure 59: Biofuel consumption per type for REF and Pol+ variants for Spain. Biofuels are not counted double in this 
graph. 
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 It is not expected that upgrading of biogas to biomethane from digestion of organic waste 
from industry and from households will be applied until 2030. It seems, economically, much 
more attractive to generate this biomethane from biogas from landfilling and from sewage 
sludge installations. However, it might well be that the potential of biogas from sewage sludge 
is too optimistic in this study. 

 By going up the waste hierarchy, via improved waste separation, the amount of organic waste 
that will be applied for energy generation is expected to decline. However, since the total 
amount of organic waste for energy is quite small in comparison to the total amount of 
bioenergy it will likely not harm the achievement of the renewable energy targets. 

 It is expected that the consumption of straw for energy will increase. Applying a feedstock 
bonus will increase this amount. 

 Primary forestry residues, landscape care wood and prunings are expected to show a 
significant growth in consumption. Additional financial support does not seem to help. From 
an economic point of view those feedstocks seem to be attractive. If they remain, however, 
policies should mainly aim at removing the non-economic barriers. 
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9 Finland 

 

9.1 Introduction of the future policy formation (D4.1) 

 
This section contains the summary of the proposed future policy for Finland as described in D4.1 
(Panoutsou, 2016). 
The aim of the integrated policy framework for biomass in Finland is to: 
 

 Sustain the current high demand of biomass from both energy and non-energy sector 

 Provide a guidance to continue to harvest and utilise wood biomass in a sustainable way as 
they have the potential to boost the low carbon and bio-based economy future 

 Prepare the bioenergy industry to making smart choices of new technologies and feedstocks 
suitable to boost the national bio economy, as this will ensure stable investment environment 
for energy companies. 

 
Which are the key issues under consideration for biomass to meet the targets set in NREAP for 2020 
and 2030? 

 Approving political and legal biomass framework needs to be in place to meet at least 50% of 
the RES targets. Key issues that new policy measures should be able to consider are: 
o Improvement of the competiveness of the CHP plants by supporting wood based electricity 

and heat 

o Promotion of high risk and high costly new technologies. Evaluation of the sustainability of 

new technologies and development of subsidies to encourage investment. 

o Support growth of bio-based materials, advanced biofuels, biochemical and bio textiles, 

which will also increase the use of bioenergy. 

 

 Forest biomass is very important for Finland. Finland will benefit from nationwide wood 
market based on national forest inventory data. Finland also needs to look into new forest 
residues supply chains and mobilise the round wood harvesting especially timber wood 
harvesting. 
 

 Both existing and developing gas infrastructure needs to be utilised by growing biomethane 
market and provide support to low carbon applications. 
 

 Support the promotion of alternative feedstocks and technologies, which can replace the use 
of coal and oil in the household heating and district heating and CHP. 
o National energy taxation of the carbon dioxide from fossil fuel can be regulated to favour 

natural gas over coal. 

o Current energy market in Finland favours the investment in heat production- this needs to 

be changed so that there is no shortage of electricity in future. 

o EU wide guidance to support the combined heat and power and district heating and 

cooling network as they are energy efficient both in production and consumption stream. 

 

 Finland needs simultaneous development of both biofuels as short term and electrification as 
the long-term solutions for the transport sector to meet 40% targets of RES in 2030. 
o Development of BioSNG as automotive fuel; innovation of new technologies to process 

wood residues to bioethanol, biomethanol, Fisher Tropsch diesel and use of biodegradable 
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waste in biogas plants; utilisation of all agricultural and food industry waste are few 

possibilities for Finland. 

o Some changes in transport sector policies are also important to meet the target- 

mandatory obligation of mixing biofuel, maintain a predictable taxation and incentive 

framework, bio methane and electric vehicles should be promoted in urban areas, 

transport biofuel production should be given priority etc. 

 
Why is government intervention necessary? 

 Bioenergy is the most important indigenous energy resource and is essential for achieving 
renewable policy targets and bio economy targets. 

 Forest and wood-processing industries are key sectors of Finland’s economy and novel 
material biomass uses are expected to increase. 

 Renewable, indigenous biomass is under increased demand pressure from energy and non-
energy sectors.  

 Future bioenergy policies will have to address a range of conflicting objectives 
complementing - sustainability, competitiveness and resource efficiency. 

 
What are the policy objectives and intended effects? 

 The main aim of the integrated policy framework for biomass in Finland is to: 
o Sustain the current high demand of biomass from both energy and non-energy sector. 
o Provide a guidance to continue to harvest and utilise wood biomass in sustainable way as 

they have the potential to boost the low carbon and bio-based economy future 
o Prepare the bioenergy industry to making smart choices of new technologies and 

feedstocks suitable to boost the national bioeconomy as this will ensure stable investment 
environment for energy companies. 
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Table 19: Recommended interventions for the integrated biomass policy framework for Finland 

Policy support by feedstock Policy support by conversion technology  
Policy support by value 
chain/ sector 

Lessons 
from: 

Primary forest residues  
Combustion: CHP Plants  Product standards  

Support for wood from young 
stands. Support for forest 
residues should be continued 
in electricity generation (FiP).  

Sliding premiums (FiP) until 2020 in electricity 
production and tenders or auction in the future for 
2030 (under discussion) 
Investment support for new technologies. 
Higher CO2 tax > 100 €/CO2 ton 

Best practices/Lessons 
Learned 
  Sweden 

CO2 tax for fossil fuels in heat 
production part 

Gasification and Pyrolysis and further treatment High national targets for 
RES in 2030 Sweden 

  

FiP and until 2020 and tenders or auction in the 
future for 2030 (under discussion) 

Versatile support 
mechanism (CO2 tax, FiP, 
investment support, R&D 
for tech.  

      

Secondary  forest residues 
Combustion Promotion 

Sweden 

Secondary residues are quite 
well exploited. In future extra 
bark will be available, when 
new pulp mills are built 

Investment subsidies for new technologies 

Best practices/Lessons 
Learned 

 Gasification and Pyrolysis and further treatment See above 

 Investment subsidies  

  Biochemical conversion   

  Investment subsidies, R&D funds   

       

Mixed Waste Combustion (CHP), investment subsidies   Sweden 

 
How the proposed policy framework has been included in the modelling is covered in the next 
section. 
 
 
 

9.2 What future policies for the selected value chains have 
been modelled? 

 
The future policies that have been included in the modelling can be found in Table 20. An 
explanation per selected feedstock/value chain can be found in the text below the table. Note that 
those policies are used for the Pol+ variant. For the Ref variant current policies have been used. 
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Table 20: Financial policy instruments for Finland used in the modelling for selected value chains for the Pol+ variant 

Feedstock Technology supported Policy instrument Unit Support level 

- All CHP technologies 
CO2 tax €/ton CO2 100 for the 

heat output 

Primary forest 
residues 

CHP plants 

Feed-in 
Premium/Sliding 
premium 

€ct/kWh 1.8+ 
wholesale 
electricity 
price 

Pyrolysis and gasification CHP 
Investment subsidy % 60 

Secondary forest 
residues 

Pyrolysis and gasification CHP 
Investment subsidy % 60 

Organic waste 

Combustion CHP 

- - - 

 
 
CO2 tax 
 
In Finland a CO2 tax for fossil fuels applied in heat production is already in place. In the Pol+ variant 
this tax has been put at a high value: 100 €/ton CO2. In case of a fossil CHP plant, the tax is paid for 
the part of the fuel that is allocated for heat generation. Note that in our analysis we assumed that 
all biomass types profit from this CO2 tax by not having them as a cost. In the reference situation 
(REF variant), the CO2 is assumed to remain at the current level of 44 €/ton CO2. 
 
Primary forestry residues 
 
For CHP using primary forestry residues a Feed-in Premium support instrument is used. The value of 
the ‘sliding’ premium (on top of the other revenues) is taken as 1.8 ct/kWh for the electricity 
produced. 
 
Furthermore, for pyrolysis CHP and gasification CHP installations an investment subsidy of 60% is 
used. 
 
Industrial wood residues 
 
For pyrolysis CHP and gasification CHP installations an investment subsidy of 60% is used. 
 
Organic waste 
 
According to statistics and the potentials from D2.3, already most of the municipal solid waste 
(MSW) is used for energy generation. Therefore, next to the CO2 tax, no additional policy measures 
have been analysed. 
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9.3 Results for primary forestry residues 

The consumption of primary forestry residues in Finland for the REF and Pol+ variant is given in 
Figure 60. A significant fraction of the potential is utilized: 73% in 2020 in both REF and Pol+ and 88% 
and 91% in 2030 for respectively REF and Pol+. Those percentages can be found in Figure 117. We 
can conclude that towards 2030 most of the potential is expected to be utilized. 

 

 

According to D2.3 (Elbersen, et al., 2015), the potential of primary forestry is declining, from 234 PJ 
in 2015, to 202 PJ in 2020 and a further decline to 196 PJ in 2030.  

Comparing the REF and Pol+ variants we see a slight increased uptake after 2020 in the Pol+ variant. 
More about the difference between REF and Pol+ regarding the technologies applied can be found in 
sections 9.6.3 and 9.6.4. 

 

9.4 Results for organic waste 

9.4.1 Organic waste potentials for different scenarios 

The potential for landfill gas is decreasing rapidly in Finland. Therefore the next step upwards in the 
waste hierarchy, for organic waste, is more separate collection of waste and pushing the organic 
waste from incineration to the anaerobic digestion and composting pathways, ultimately moving a 
significant fraction toward first anaerobic digestion followed by composting. This is reflected by the 
three organic waste scenarios, A, B1 and B2, as can be seen in Figure 61. Note that the amount of 
organic waste that ends up as compost is not shown in this figure. It needs to be mentioned that for 
this study we put municipal solid waste (MSW), landfill gas, organic waste from industry and 
collected vegetables, fruit and garden waste (collected VFG) under the value chain ‘Organic waste’. 
Of course there are other ways to categorize. For example, sewage sludge could be put under 
‘Organic waste’. However, in this study sewage sludge is a different value chain (wastewater sludge).  

Figure 60: Consumption of primary forest residues for energy production in Finland 
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In the A scenario we see, except from a decline of landfill gas, an increase of MSW, organic waste 
from industry and collected VFG. The main difference with the B1 scenario is a significant decline of 
MSW: much more separated waste becomes available for composting. The level of organic waste 
and collected VFG remain similar to the A scenario. A result is that the total amount of organic waste 
for energy is quite a bit lower. 
 
For the B2 waste scenario, the amount of MSW is similar to B.  However, where in B1 we saw that 
the additional separated waste goes mainly to composting; in case of B2 a large amount is first 
available for digestion. After digestion it can still be used as fertilizer. In case of B2 we see that the in 
2020 the amount of waste as primary energy carrier is lower, however, in 2030 the amount of waste 
as primary energy carrier is higher than in case of the A scenario. 
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Figure 61: Organic waste potentials for different scenarios for Finland 
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9.4.2 Modelling outcomes for organic waste 
 
The consumption of organic waste for energy generation, using the A scenario for the biomass 
potentials, is given in Figure 62. With the A scenario for biomass potentials the consumption of MSW 
remains equal towards 2030. The main differences are the disappearance of landfill gas in 2020 and 
later and an increased uptake of organic waste from industry. The consumption of collected VFG is 
expected to be very small. The difference in policy of the REF and Pol+ variant is in the level of CO2 
tax for heat, see section 9.2. Since we don’t see a difference between the REF and Pol+ variant, with 
the A scenario for waste potentials, we can conclude that an increase of CO2 tax from 44 €/ton CO2 

to 100 €/ton CO2 does not make a difference.  
 

 

 
 
Changing the waste separation scenario, however, does make a difference, as we can see in Figure 
63. As we can expect, the main difference between Pol+ and B1-Pol+ is a lower amount of MSW in 
case of B1-Pol+. In case of the B2 variant, the amount of MSW is also lower. The amount of organic 
waste from industry that is applied to generate biogas is slightly higher in 2020, and about 50% 
higher in 2030. In 2030 the amount of biomass used to generate bio-energy is 12 PJ, that same as for 
the Pol+ variant using the A potential. Apparently it takes time to realize the same amount of energy 
under different waste separation regimes. This is due to realization times: it takes time to build 
digesters and to secure the biomass supply. 
 

Figure 62: Organic waste consumption for Finland for the REF and Pol+ variants using biomass 
potentials according to the A scenario 
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The current B1 and B2 scenarios are likely too optimistic in its potential for digestion. For making 
reliable estimation of the energy from waste it would be good to have a reliable potential for 
digestion under different waste separation regimes. 
 
 

9.5  Results for industrial wood residues and wood waste 

 
The consumption of industrial residues and wood waste in Finland for the REF and Pol+ variant is 
given in Figure 64. The consumption of industrial wood residues (black liquor, other industrial wood 
residues, saw dust and sawmill by-products) is enormous and is even expected to grow. The 
consumption of tertiary forestry residues (paper cardboard and post-consumer wood) is very small 
(less than 0.5 PJ for each); however, their potentials are very small. In the Biomass Policies project 
the value chain is called ‘Industrial wood residues and wood waste’. However, since the industrial 
wood residues cover more that 99% of the total value chain, we will simply only mention the 
industrial wood residues in the remainder of this section. 
 
Although the consumption of industrial wood residues is huge, not all of the potential is expected to 
be utilized. By 2020 and 2030 more than respectively 30% and 20% remains unused, see Figure 120. 
Of the six types of biomass that fall under this category (see Figure 21) only sawmill by-products 
remain underutilized. Saw dust is not fully utilized in 2015 and 2020; however, it is almost fully 
utilized in 2030. 

Figure 63: Organic waste consumption for Finland for the B1-Pol+ and B2-Pol+ variants using 
biomass potentials according to the B1 and B2 scenarios respectively 
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In Figure 65 the cost supply curve for industrial wood residues for Finland for the year 2030 as 
utilized in this study is given. In this figure we can clearly see that sawmill by-products represent a 
sizable fraction of the potential, but it is also much more expensive than the other types of industrial 
wood residues.  
 
If we go back to Figure 64 we see that there is no difference between the REF and Pol+ variants. In 
section 9.6.4 we will see that there is a difference between the bio-electricity generation between 
REF and Pol+. Furthermore in section 9.3 we saw an increased uptake of primary forestry residues 
for the Pol+ variant. For industrial wood residues an increased CO2 tax is not expected to result in an 
increase consumption of industrial wood residues. Apparently the cheap part of the cost supply 
curve, the three left segments of Figure 65, are cost effective to utilize anyway under a lower CO2 
tax. Sawmill by-products are, on the entire bio-energy cost supply curve, too expensive to be 
mobilize, there are cheaper alternative. 

Figure 64: Consumption of industrial wood residues and wood waste for energy production in 
Finland 
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9.6 Overall results for bio-energy 

 

9.6.1  Introduction 
 
Results are given for gross final energy consumption, since this is the quantity relevant for 
calculating RES targets according to the RED. 
 
The following results are provided: 

 The total final bio-energy consumption, split into heat, electricity and biofuels 

 The technology mix for heat and electricity 

 The biofuel consumption mix 

 In the section on biofuels the biogenic % in transport 

 The amount of biomethane injected in the gas grid. 

The biomethane that counts for the renewable transport target, but that is not physically used in 
transport, but treated via biotickets, is presented under the biofuel section and not under the 
section on biomethane injected in the gas grid. Note that biomethane that is injected in the gas grid 
does not count directly to the RES target, since it is not counted as final commodity. For energy in 
the end it ends up as heat, electricity and a small fraction, via the grid, in the transport sector. It is, 
nevertheless, presented here since upgrading of biogas has been mostly selected as a preferred 
technology for the selected value chains. 

Figure 65: Cost supply curve for Industrial wood residues in Finland in 2030. Costs exclude logistical cost. Data are 
adapted from Elbersen et al. (2015). From left to right the segments correspond to respectively black liquor, Other 
industrial wood residues, saw dust and sawmill by-products. 
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9.6.2 Comparison with the NREAP 
 
In Figure 66 a comparison between the Biomass Policies results and the NREAP of Finland can be 
found. Both for 2015 and 2020 the Biomass Policies results indicate that biomass has a significant 
larger share than anticipated in the NREAP. As we could see in chapter 1 Finland already reached its 
renewable energy target. This target is 38%. Biomass is by far the most important renewable energy 
source contributing to the target, since the bioenergy contributes more than 30% to the total gross 
final consumption of energy in 2015, approaching 35% in 2020. 
 
In particular heat and electricity from biomass plays a more important role in 2015 and 2020 
compared to the NREAP. Biofuels is almost similar in size in 2020 compared to the NREAP although 
are results might give a too pessimistic view, see section 9.6.5. 

 

 
After 2020 we see a further, significant, increase of bio-energy, both in absolute and relative terms. 
The difference between the REF and Pol+ variants is small in 2030. 
 
 

9.6.3 Heat 
 
As we can see in Figure 67 the total amount of heat produced using biomass is large and still 
expected to grow as compared to the current situation. Bioheat represents currently almost 25% of 
the total gross final consumption of energy (modelling result). According to the modelling results it is 
expected to grow to 27% and 33% in respectively 2020 and 2030. 

Figure 66: Overall bio-energy results for Finland for the REF and Pol+ variant and comparison with the NREAP 
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The most important technology categories used to generate heat are boilers using solid. Combined 
heat and power (CHP) also play a very important role. The role of both boilers and CHP is expected 
to increase. As can be seen in Figure 67, the role of logwood stoves is expected to decrease 
compared to the current situation. So next from more heat output, it is also produced in a more 
efficient way. 
 
As was mentioned in section 9.2 pyrolysis CHP and gasification CHP has been stimulated in the Pol+ 
variant via additional investments subsidies (Table 20). According to the results in Figure 67 does not 
show up in the results. Pyrolysis CHP shows up in the results only to a very small extent. So, from a 
cost optimal perspective, pyrolysis CHP and gasification CHP do not optimal solutions. This does not 
mean that they will not be installed in Finland. Currently there is actually already one CHP 
installation in Finland using pyrolysis oil. The results might be quite sensitive to the relative costs of 
competing technologies. A sensitivity analysis on technological cost has not been applied. Not visible 
in Figure 67, but revealed by underlying technology results, learn that pyrolysis oil is expected to be 
applied in boilers, however, compared to the total heat generation from biomass, it is expected to 
play a small role: 6 PJ from boilers using pyrolysis oil. 
 
 

9.6.4 Electricity 
 
Electricity production from biomass is expected to grow significantly between 2015 and 2030, see 
Figure 68. As can be seen by far the most important category of technologies is CHP. This is related 
to the very large amount of heat from biomass and the large amount of utilization of biomass at 
industrial sites. 

Figure 67: Gross final consumption of heat per technology in PJ in Finland 
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The same conclusion that was already given in section 9.6.3 can be given in this section about 
pyrolysis CHP and gasification CHP: their role is expected to be very small from a cost optimal 
perspective, even with an investment subsidy (Pol+ variant). 
 
 

9.6.5 Biofuels 

The total biofuel consumption, including the consumption with double counting is given in Table 21. 
In figure Figure 69 we can see that Finland has been able to reach a very large share of renewables in 
the transport sector (RES-T) in a very short time frame. Finland has a national target in 2020 of 20% 
that goes far beyond the 10% RES-T target from the European Commission. It is remarkable that 
Finland already surpassed the national 2020 target in 2014: 21.6% in 2014. Almost all of this RES-T 
corresponds to biofuels. 

Table 21: Total biofuel consumption and biogenic RES share in the transport sector for the REF and Pol+ variants for 
Finland 

    REF Pol+ 

  2015 2020 2030 2020 2030 

Consumption [PJ] 25.1 22.3 34.3 22.3 34.3 

Consumption incl. double counting [PJ] 35.4 33.6 34.3 33.6 34.3 

Total final consumption transport 175.4 167.3 148.6 167.3 148.6 

Biogenic RES-T [%] 20.17% 20.10% 23.09% 20.10% 23.09% 

Finland furthermore has a very ambitious target for 2030: 40% (including double counting in 2030). 
A lesson that we can conclude from the already current high RES-T share is that a high ambition 

Figure 68: Gross final consumption of electricity according to technology produced in Finland. Results are given in PJ 
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(2020 and 2030) combined with a long-term target (2030) is very successful to actually realize high 
biofuel shares. 

In our RES-T shares have not been projected, because the RESolve-Biomass model is not suited for 
that. The 20% RES-T share has been utilized in 2020. It might very well be that Finland will realize 
more that 20% RES-T in 2020, since 21.6% was already realized in 2014. It is, however, difficult to 
predict what the % can be in 2020.  

In our modelling we, assumed that double counting will stop as a mechanism for the RES-T share for 
the EU. In our modelling we also applied that. Note, however, that Finland itself will continue with 
the mechanism. The percentages in Table 21 for 2030 correspond to percentages without double 
counting. If one applies double counting the total consumption corresponds to a RES-T of 41%. 

 

 

 

 

Figure 69: Historical realized % RES-T and the ambition for 2030 in Finland 
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The analysis using RESolve-Biomass gave the distribution over different biofuel types shown in Figure 
70. Note that this graph has to be used with some care since the model optimized at a European 
level, therefore national consumption patterns might not always be perfectly reflected. In case of 
Finland this is clearly reflected in Figure 70. In reality Finland, currently, has a much larger share 
from double counting biofuels. According to Figure 70 there is a large amount of biodiesel (incl. 
HVO) from waste (which counts double), but also a large amount of biodiesel from crops (which 
counts single). An important feedstock in Finland to produce double counting biodiesel is tall-oil. 
However, in D2.3, this feedstock type is missing; therefore it has also been excluded in our analysis. 
Furthermore, double counting bioethanol from bakery waste is excluded for the same reason in our 
analysis. So, expect from the difficulty of modelling the biofuel mix, also some important feedstocks 
are missing in our analysis. 
 
The share of biomethane in the transport sector is to be relatively small in 2030, but can’t be fully 
neglected: 1.5 PJ in 2030. Note that this can also be indirectly: via biotickets. The amount of 
biomethane for transport is expected to be produced via biogas from sewage treatment 
installations. 
 
 

9.6.6 Biomethane injection in the grid 

The expected amount of biomethane injected in the gas grid, not allocated to the transport sector, 
directly or indirectly, can be neglected.  

 

Figure 70: Biofuel consumption per type for REF and Pol+ variants for Finland. Biofuels are not counted double in this 
graph. 
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9.7 Conclusions and policy recommendations 

 By going up the waste hierarchy, via increased shares of separately collected organic waste, 
the amount of organic waste that will be used for energy generation is expected to decline 
towards 2020. However, after towards 2030 the amount of bio-energy from waste might 
increase again. It takes time to build digesters and to secure the biomass supply. 

 For making reliable estimation of the amount of energy from waste in Finland it would be 
good to have a reliable potential for digestion under different waste separation regimes. 

 An increased CO2 tax will result in additional consumption of primary forestry residues for 
energy. 

 The consumption of industrial wood residues for energy is very high in Finland. An increased 
CO2 tax is not expected to result in additional consumption of industrial wood residues, 
because the largest part of the potential is cheap and can be utilized anyway under a lower 
CO2 tax. Sawmill by-products are, however, too expensive. If a higher CO2 tax is in place 
other biomass types that are cheaper, will have a preference to be utilized first (like primary 
forestry residues). 

 The ambitious target for renewables in the transport sector (RES-T target) has shown to be 
very successful. Finland already realized the RES-T target of 20% of 2020 in the year 2014.  

 Finland already reached the 2020 RES targets. Bioenergy is by far the most important 
renewable energy source. 

 The role of pyrolysis CHP and gasification CHP toward 2030 might be small; however, a 
sensitivity analysis is needed to make this conclusion more robust. 
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10 Croatia 

 

10.1 Introduction of the future policy formation (D4.1) 

This section contains the summary of the proposed future policy for Croatia as described in D4.1 
(Panoutsou, 2016). 

The aim of the integrated policy framework for biomass in Croatia is to: 
“to sustain relatively high share of biomass in heat and CHP sector through support of more resource 
and energy efficient use of forest biomass as well as to further mobilize, especially currently 
untapped, residue and waste potential for second generation biofuels”. 
 
The key issues under consideration for biomass to meet the targets set in NREAP for 2020 and 2030 

 

 Biomass supply needs to be secured. Croatian Forests Ltd. manages state forests which 
account for about 88% of forest area and currently they represent the main wood biomass 
provider in Croatia. Furthermore, forest management is performed in line with the Forest 
Management Plan (FMP) which is prepared for 10 years ahead. Currently valid Plan is the one 
for 2006-2015. The possibility to comply with the increased biomass demand directly depends 
on the harvest defined within the FMP.  

 Strengthening private forest owners and encouraging their associations in information 
provision could also bring benefits to biomass supply chains. There is much space for further 
improvements in this regard.   

 Utilization of residues and waste potentials for energy purposes is very low. There is only one 
biodiesel production facility that uses UCO (with small capacity) and two wastewater 
treatment plants which use sewage sludge for biogas production. Wastewater treatment is 
becoming very significant for Croatia, public awareness is raised and many cities are 
implementing projects of building wastewater treatment plants with the financial help of EU 
funds. Therefore, in the near future, the aspect of sewage sludge management will become 
even more important.  

 Synergy between various policies and possibly prioritization of certain value chains that seem 
most prominent for the future.  

 Administrative procedures in implementing bioenergy projects, among stakeholders, are 
considered very demanding, time and money wise. 

 Transport sector is far from reaching the NREAP targets set for 2020, especially in comparison 
to other sectors (electricity, heat), so most attention should be put in this sector and related 
policies. Croatia has a very low uptake of biofuels, domestic production levels are low and 
these refer practically only to 1st generation biofuels. From the beginning of 2015, incentives 
are no more provided to biofuel producers but the policy frame in that regard is yet to be 
enforced. Mobilization of indigenous feedstock resources, especially waste feedstock, for 
production of advanced biofuels is one of the key issues.  

 An important issue is also the efficient use of biomass resources and energy efficiency (e.g. 
substitution of old oil boilers with biomass boilers, substitution of old and inefficient biomass 
stoves with modernized biomass boilers in households especially in rural areas, increasing 
heat utilization in CHPs – e.g. in majority of biogas plants in Croatia, heat is not fully utilized). 
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Why is government intervention necessary? 
 

 The Croatian Strategy for Energy Development recognizes biomass as a highly valuable RES 
with large national potential. Hence, its contribution to achieving the targets is important, 
especially in transport and heat sector.  

 The demand for indigenous biomass is increasing and creating more competition within the 
energy sector and between energy and other sectors, especially for wood biomass.  

 Biofuels uptake is very low and requires immediate attention.  

 Synergy of various policies is a requirement and the Strategy suggests the development of the 
wood industry sector, further development of the forest management, short rotation coppice 
and afforestation activities, biomass cogeneration and biomass for heat production.  

 
What are the policy objectives and intended effects? 
 
The aim of the integrated policy framework for biomass in Croatia is to sustain relatively high share 
of biomass in heat and CHP sector through support of more resource and energy efficient use of 
forest biomass as well as to further mobilize, especially currently untapped, residue and waste 
potential for second generation biofuels.  
 
 
Table 22: Recommended interventions for the integrated biomass policy framework for Croatia 

Policy support by feedstock Policy support by conversion 
technology  

Policy support by 
value chain/ sector 

Lessons from: 

Primary forest residues Pyrolysis (medium scale, heat/CHP)   AT: Energy Fund-Subsidy scheme 
wood heating                                                                              
UK:  FiTs (for small-scale RES); 
Renewable Heat Incentives(RHI) 
DE: The Renewable Energy 
Sources Act (EEG) 

Programme for solid biomass 
market development 

Tenders 
Fixed premiums 
Investment subsidies 

 Product standards 
Green procurement 

      

Straw Biochemical – lignocellulosic 
hydrolysis and fermentation to 
bioethanol 

  UK: RTFO, Support for advanced 
biofuels 

Feedstock premium Investment subsidies                                                                                          
tax reliefs combined with quota 

 Best 
practices/Lessons 
Learned 

       

Common sludges Anaerobic digestion (medium scale, 
upgrading) 
Support scheme for biomethane 
Improve/ tailor biogas FiTs 

 Promotion 
Best 
practices/Lessons 
Learned 
Awareness raising 

NL: I) Green Gas Green Deal -
Roadmap Renewable gas- 
innovations in the green gas 
sector and to increase the 
production of green gas and 
biogas.  (II) Biomethane Vision 
(2007) 
DE: German Recycling and Waste 
Act (KrWG)  
DE:GHG reduction quota and 
sustainability rules can stimulate 
the use of organic waste 

 
How the proposed policy framework has been included in the modelling is covered in the next 
section. 
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10.2 What future policies for the selected value chains have 
been modelled? 

The future policies that have been included in the modelling can be found in Table 23. An 
explanation per selected feedstock/value chain can be found in the text below the table. Note that 
those policies are used for the Pol+ variant. For the Ref variant current policies have been used. 

Table 23: Financial policy instruments for Croatia used in the modelling for selected value chains for the Pol+ variant 

Feedstock Technology supported Policy instrument Unit Support level 

Primary forest 
residues 

Medium scale CHP 
Feed-in Premium €ct/kWh 19.1 

Large-scale heating plant Investment subsidy % 50 

Straw Not technology specific 
Feedstock bonus % 50 

Sewage sludges 
Anaerobic digestion combined 
with upgrading to biomethane 

Feed-in Premium €ct/kWh 3.1 

 

 It is necessary to highlight that Feed-in Premium values do not correspond to CHP with a high 
heat share. Technology is dedicated to electricity generation with heat as a by-product that 
has been valued.  

 Another remark is that the values are usable for the modelling of this task, to use the values 
for legislation a country specific techno-economic assessment should be undertaken. 
 

Primary forestry residues 

The feed-in premium level for Croatia as given in Table 23 has been calculated using the Levelized 
Cost of Energy methodology as described in section 2.2. The technology costs have been taken from 
van Zuijlen and Lensink (van Zuijlen and Lensink, 2015)18. The feed-in premium for the medium sized 
CHP (<10 MWe) is not restricted to domestic wood chips and wood pellets. Also secondary forestry 
residues might be utilized. 

The investment subsidy for the large-scale heating plant has been determined by trial and error: at 
what level does an increase in utilization of large-scale heating plants occur. 

Straw 

Feedstock premium has been applied as a percentage of the feedstock cost. A feedstock premium of 
50% was translated in the model as a lowering of the feedstock cost by 50%. The level has been 
determined by trial and error: based on at what level the feedstock appears to be used by the 

                                                           
18  The feed-in premiums given in Table 23 might be too optimistic or pessimistic for Croatia. It is, however, an 

outcome of the assumptions made in this project and the data used. It might, for example, very well be 
that the financing parameters in Croatia are more optimistic than assumed in our calculations. 
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model. It is important to highlight that such price increases could push the straw prices upward and 
cause unsustainable utilization of straw. 

Sewage sludges 

The feed-in premium level for Croatia as given in Table 23 has been calculated using the Levelized 
Cost of Energy methodology as described in section 2.2. The technology cost has been taken from 
van Zuijlen and Lensink19 (van Zuijlen and Lensink, 2015). 
 
 

10.3 Results for primary forestry residues 

 
The consumption of primary forestry residues in Croatia for the REF and Pol+ variant is presented in 
Figure 71. Currently the consumption of primary forestry residues for energy is at a sizeable level in 
Croatia. However, from 2015 onwards a significant growth is expected. According to the modelling 
projection 90% of the domestic potential in Croatia can be exploited by 2030.  
 
According to the data from D2.3 (Elbersen, et al., 2015) the primary forestry residues in Croatia are 
very cheap. Underlying model outcomes reveal that 75% of the consumed primary forestry will be 
exported in the form of wood chips and pellets. 

In Figure 71 we don’t see a difference between REF and Pol+. The reason for this is that: 

 Due to the low costs a large share of primary forestry residues in Croatia will be exported, in 
the form of chips and pellets. In the REF variant this import share is slightly higher than in the 
Pol+.  

 Under current policies it is also likely that, from an economic perspective, the primary forestry 
residues will be mobilized. There is likely a pace with which primary forestry residues can be 
mobilized. For both variant the mobilization, after 2015, is at a maximum pace. 

 This large increase in consumption of primary forestry residues after 2015, indifferent of 
additional stimulation measures to promote large-scale heating plants and medium scale CHP, 
indicate that, from an economic point of view those feedstocks are very attractive. The model 
assumes markets are working perfectly and therefore supply and demand match. In reality, 
however, there might be barriers that limit such large uptake of those feedstocks for 2020 and 
2030 and avoid reaching this economic optimum. 

                                                           

19  Note that the feed-in premiums given in Table 23 might be too optimistic or pessimistic for Croatia. It is, 

however, an outcome of the assumptions made in this project and the data used. It might, for example, 
very well be that the financing parameters in Croatia are more optimistic than assumed in our calculations. 
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10.4 Results for straw and other crop residues 

 
The consumption of straw and other crop residues for energy purposes is presented in Figure 72. 
There was no statistical data on current consumption of straw for energy, but according to the 
modelling results the consumption in 2015 was zero. 
 
According to D2.3 (Elbersen, 2015) the potential of straw in Croatia is modest (0.6 PJ). The only type 
that has potential is leave and beet tops from sugar beet. Since the current consumption is zero and 
the potential is small, the consumption in 2020 and 2030 can also be expected to be limited. The 
cost of leave and beet tops from sugar beet in Croatia is, however, low. Therefore, we don’t see an 
effect of the feedstock premium of 50%. The rate of consumption is more determined by the low 
mobilization rate of this scattered feedstock type. In general, the sugar beet leaves and tops are, 
during the harvest of sugar beet, often left on the field. 
 
According to the modelling results the main application of straw is expected to happen in small-scale 
heating plants. 

Figure 71: Consumption of primary forest residues for energy production in Croatia 
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10.5 Results for sewage sludge 

The consumption of sewage sludge for the generation of biogas is given in Figure 73. According to 
Eurostat data the consumption of sewage sludge in 2014 was 120 TJ. The modelling results indicate 
an exploitation of almost 90% of the potential in 2020. From 2025 onwards this is even 100%. In 
principle sewage sludge is a cheap source of renewable energy; this is also reflected in the modelling 
outcomes. However, in reality it is unlikely that such high exploitation rates from 2020 onward will 
be realized. In general many sewage sludge treatment installations are small scale, they may be in 
remote places and it is not the core business to generate biogas for energy. 

 

 

Figure 72: Consumption of straw and other crop residues, per type, for Croatia according to the 
REF and Pol+ variants 

Figure 73: Consumption of sewage sludge for energy production in Croatia according to the REF 
and Pol+ variants 
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10.6 Overall results for bio-energy 

 

10.6.1 Introduction 

Results are given for gross final energy consumption, since this is the quantity relevant for 
calculating RES targets according to the RED. 

The following results are provided: 

 The total final bio-energy consumption, split into heat, electricity and biofuels 

 The technology mix for heat and electricity 

 The biofuel consumption mix 

 In the section on biofuels the biogenic % in transport 

 The amount of biomethane injected in the gas grid. 

The biomethane that counts for the renewable transport target, but that is not physically used in 
transport, but treated via biotickets, is presented under the biofuel section and not under the 
section on biomethane injected in the gas grid. Note that biomethane that is injected in the gas grid 
does not count directly to the RES target, since it is not counted as final commodity. For energy in 
the end it ends up as heat, electricity and a small fraction, via the grid, in the transport sector. It is, 
nevertheless, presented here since upgrading of biogas has been mostly selected as a preferred 
technology for the selected value chains. 
 
 

10.6.2 Comparison with the NREAP 

In Figure 74 a comparison between the modelling results and the NREAP of Croatia can be found. As 
can be seen the 2015 results from Biomass Policies modelling are lower than anticipated in the 
NREAP, both in absolute terms as well as in share of the total gross final energy consumption. 
However, in 2020 the modelling results are higher than the NREAP projections, both in absolute 
terms as well as in share of the total gross final energy consumption. 
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Both in 2015 and 2020 the heat production from biomass is projected higher in the modelling 
exercise than the NREAP data. Electricity shows the opposite trend. Currently the amount of biofuels 
in Croatia is rather low, see also section 0; however in 2020 the amount of biofuels is modelled to be 
higher than anticipated in the NREAP.  
 
The bio-RES % in 2020 of the total gross final energy consumption is 8.5% according to the modelling 
results. This is 0.6% higher than the NREAP figure, partially because of more energy from biomass 
and partially because the denominator (the total gross final consumption of energy) is lower than 
anticipated in the NREAP. 
 
According to Table 1, Croatia has already achieved the 2020 RES targets. Since there is remaining 
realizable biomass potential it would be a possibility for Croatia to go above their 2020 RES target or 
include in this potential in defining the 2030 RES level. 
 
 

10.6.3 Heat 

As we can see in Figure 75 the total amount of heat produced using biomass is not expected to 
change very much when compared to the current situation. Towards 2020 a very small increase can 
be seen, followed by a slightly larger increase towards 2030. There is no difference between the REF 
and improved policy framework variant, Pol+. 

Heat is a more important final energy product than electricity from biomass; therefore the share of 
boilers is much larger than of CHP installations. 

Figure 74: Overall bio-energy results for Croatia for the REF and Pol+ variant and comparison with the NREAP of Croatia 
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10.6.4 Electricity 
 
The electricity production specified per technology category is given in Figure 76. The NREAP of 
Croatia projects to have 2.5 PJ of gross production of electricity from biomass, divided by almost 1.6 
PJ from solid biomass and slightly more than 0.9 PJ from biogas. Comparing these figures with the 
results in Figure 76, we see that the modelling result on electricity produced from biogas is quite in 
line with the NREAP, however, electricity produced from solid biomass is lacking behind the NREAP 
projection. After 2020 we see that electricity from CHP using solid biomass is increasing, at the cost 
of biogas. The net increase after 2020 comes from biomass co-firing. Apparently electricity 
generation from biomass might become an attractive option for Croatia. 
 

Figure 75: Gross final consumption of heat per technology in PJ in Croatia 
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10.6.5 Biofuels 

The total biofuel consumption, including the consumption with double counting, is given in Table 24. 
Note that double counting mechanism is assumed to stop after 2020. Dividing the consumption 
(including double counting) by the total final consumption in the transport sector gives a biogenic 
RES-T share of almost 10% for 2020. The rest of the 10% renewable transport target is assumed to 
be fulfilled by electrical vehicles (including trains). Note that HVO has been included in the analysis. 

To be able to full fill the 10% RES-T target Croatia still has quite some steps to make. According to 
the modelling results Croatia will have a biogenic RES-T share of 1.67% in 2015.20 

Table 24: Total biofuel consumption and biogenic RES share in the transport sector for the REF and Pol+ variants for 
Croatia 

    REF Pol+ 

  2015 2020 2030 2020 2030 

Consumption [PJ] 1.4 6.9 7.6 6.9 7.6 

Consumption incl. double counting [PJ] 1.4 8.2 7.6 8.2 7.6 

Total final consumption transport 85.9 84.2 81.6 84.2 81.6 

Biogenic RES-T [%] 1.67% 9.71% 9.27% 9.71% 9.27% 

 
In Figure 77 the biofuel consumption per type is given. Note that this graph has to be used with 
some care since the model optimizes at the European level, therefore national consumption 

                                                           
20  According to the SHARES 2014 results from Eurostat, Croatia had a RES-T share of 2.08% in 2014. This 

includes renewable electricity in rail and other transport. 

Figure 76: Gross final consumption of electricity according to technology produced in Croatia. Results are given in PJ 
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patterns might not always be perfectly reflected. Second generation ethanol could have a significant 
share of 20% of the total amount of biofuels in 2030. It is likely that this figure is too optimistic. 
 
The share of biomethane in the transport sector is modest: 3-4% of the total biofuel consumption in 
respectively 2020 and 2030. Note that biomethane consumption in the transport sector can also be 
indirectly: via biotickets. The amount of biomethane for transport is expected to be mainly produced 
from landfill gas. 
 
 

 

 
 
 

10.6.6 Biomethane injection in the grid 
 
The expected amount of biomethane injected in the gas grid, not allocated to the transport sector, 
directly or indirectly, can be neglected.  
 

10.7 Conclusions and policy recommendations 

 Primary forestry residues are expected to show a significant growth in consumption. 
Additional financial support does not seem necessary. From an economic point of view those 
feedstock seem to be attractive. If they remain unused, however, this would be because of the 
non-economic barriers and the policies should mainly aim at removing those barriers. 

 The low costs of primary forestry residues in Croatia can result in more export to other 
countries, rather than consumed domestically for energy purposes. This is under the 
assumption that there is an internal market functioning well, in which demand easily meets 
the supply for primary forestry residues in Europe.  

Figure 77: Biofuel consumption per type for REF and Pol+ variants for Croatia. Biofuels are not counted double in this 
graph 
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 The consumption of straw for energy generation is expected to be low in Croatia, even if a 
feedstock premium is applied. 

 Because of the relatively low cost to generate biogas from sewage sludge, the potential of 
sewage sludge might be utilized on the short terms. However, it is likely that several non-
economic barriers will prevent this from happening. 

 Croatia has already reached its 2020 RES target, however, biomass could give an opportunity 
to go beyond this RES target. 

 The biomass policies results indicate a more ambitious NREAP for bioenergy sector would 
have been possible. 

 Electricity generated from biomass is lower than anticipated in the NREAP. In particular 
electricity using solid biomass is lower than anticipated in the NREAP of Croatia. Biomass co-
firing, however, might be an attractive option for Croatia after 2020. 

 Croatia still has quite some steps to take to achieve the 2020 RES-T targets. 
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11 The Netherlands 

 

11.1 Introduction of the future policy formation (D4.1) 

This section contains the summary of the proposed future policy for the Netherlands as described in 
D4.1 (Panoutsou, 2016). 

The aim of the integrated policy framework for biomass in the Netherlands is to: 
“Foster resource efficiency by: further improvements in waste management; increase manure based 
anaerobic digestion for heat driven CHP (mono-manure) and application of sugar beet for sugar based 
biorefineries.” 
 
The key issues under consideration for biomass to meet the targets set in NREAP for 2020 and 2030 

 How to realise the small-scale bioenergy CHP/AD market up to 2020 and beyond as defined in 

the Energy Agreement. What biomass resource is available for this market?  

 How could this biomass become available in a cascading approach? Prioritise key systems. 

 
Why is government intervention necessary? 

 Biomass is expected to make a major contribution to future low carbon energy and bio based 
economy in the Netherlands21.  

 Renewable, sustainable and indigenous biomass is under increased pressure due to high demand 
from energy and non-energy sectors.  

 Policy makers have considered constraints to mobilise resources and to balance competing 
priorities of various sectors22.  

 
 
What are the policy objectives and intended effects? 
The aim of the integrated policy framework for biomass in Netherlands is to foster resource efficiency 
by further improvements in waste management and mobilise manure and sugar beet for the 
development of anaerobic digestion, heat driven CHP and sugar based biorefineries. The objectives 
and intended effects are: 

 Increased use of biomass for biobased economy 

 Realising the 2020 RED target: 14% RE (including a sub-target of 10% RE in transport) 
o within the constraints of the Energy Agreement 
o with sustainable biomass23 for co-firing and large-scale heat. 

 

                                                           
21  http://www.energieakkoordser.nl/~/media/files/internet/talen/engels/2013/energy-agreement-

sustainable-growth-summary.ashx  
22  http://www.parlementairemonitor.nl/9353000/1/j9tvgajcor7dxyk_j9vvij5epmj1ey0/vjl2n6mvrwzb 
23  Sustainability requirements are only in place for systems above 10 MWth 

http://www.energieakkoordser.nl/~/media/files/internet/talen/engels/2013/energy-agreement-sustainable-growth-summary.ashx
http://www.energieakkoordser.nl/~/media/files/internet/talen/engels/2013/energy-agreement-sustainable-growth-summary.ashx
http://www.energieakkoordser.nl/~/media/files/internet/talen/engels/2013/energy-agreement-sustainable-growth-summary.ashx
http://www.energieakkoordser.nl/~/media/files/internet/talen/engels/2013/energy-agreement-sustainable-growth-summary.ashx
http://www.energieakkoordser.nl/~/media/files/internet/talen/engels/2013/energy-agreement-sustainable-growth-summary.ashx
http://www.energieakkoordser.nl/~/media/files/internet/talen/engels/2013/energy-agreement-sustainable-growth-summary.ashx
http://www.energieakkoordser.nl/~/media/files/internet/talen/engels/2013/energy-agreement-sustainable-growth-summary.ashx
http://www.energieakkoordser.nl/~/media/files/internet/talen/engels/2013/energy-agreement-sustainable-growth-summary.ashx
http://www.energieakkoordser.nl/~/media/files/internet/talen/engels/2013/energy-agreement-sustainable-growth-summary.ashx
http://www.energieakkoordser.nl/~/media/files/internet/talen/engels/2013/energy-agreement-sustainable-growth-summary.ashx
http://www.energieakkoordser.nl/~/media/files/internet/talen/engels/2013/energy-agreement-sustainable-growth-summary.ashx
http://www.parlementairemonitor.nl/9353000/1/j9tvgajcor7dxyk_j9vvij5epmj1ey0/vjl2n6mvrwzb
http://www.parlementairemonitor.nl/9353000/1/j9tvgajcor7dxyk_j9vvij5epmj1ey0/vjl2n6mvrwzb
http://www.parlementairemonitor.nl/9353000/1/j9tvgajcor7dxyk_j9vvij5epmj1ey0/vjl2n6mvrwzb
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Table 25: Recommended interventions for the integrated biomass policy framework for the Netherlands 

Policy support by 
feedstock Policy support by conversion technology  

Policy support by value 
chain/ sector Lessons from: 

Liquid manure                 

Small-scale on-farm digester (mono-manure)  Product standards 

BE: AD on farms can 
already count on soft 
loans and on green 
power certificates in the 
current policy 

  

FiP and   tenders 
Investment subsidies 
GHG reduction quota    

  Large-scale manure treatment (mono-manure)    

  
FiP and   tenders 
GHG reduction quota    

      

Organic wastes 
Anaerobic digestion (medium scale) & local CHP  Promotion 

DE: German Recycling 
and Waste Act (KrWG) 
(td) 

Feedstock 
premium 

FiP and   tenders 
GHG reduction quota 

Best practices/Lessons 
Learned 

  
 Anaerobic digestion (medium scale) & upgrading to 
Biomethane   

  
FiP and   tenders 
GHG reduction quota   

       

Sugar beet Combustion (medium scale CHP), heat driven 
FiP and   tenders 
GHG reduction quota 

   

 
 
How the proposed policy framework has been included in the modelling is covered in the next 
section. 
 
  

11.2 What future policies for the selected value chains have 
been modelled? 

The future policies that have been included in the modelling can be found in Table 26. An 
explanation per selected feedstock/value chain can be found in the text below the table. Note that 
those policies are used for the Pol+ variant. For the Ref variant current policies have been used. 
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Table 26: Financial policy instruments for the Netherlands used in the modelling for selected value chains for the Pol+ 
variant 

Feedstock Technology supported Policy instrument Unit Support level 

Liquid manure 

Small-scale on-farm digester 
(mono-manure) combined with 
upgrading to biomethane 

SDE+ Feed-in 
Premium scheme 

€ct/kWh 11.8 

Investment subsidy % 60 

Small-scale on-farm digester 
(mono-manure) combined with 
CHP 

SDE+ Feed-in 
Premium scheme 

€ct/kWh 15.0 

Investment subsidy % 65 

Organic waste 

Anaerobic digestion combined 
with CHP 

SDE+ Feed-in 
Premium scheme 

€ct/kWh 8.7 

Anaerobic digestion combined 
with upgrading to biomethane 

SDE+ Feed-in 
Premium scheme 

€ct/kWh 6.0 

Sugar beet Sugar beet to ethanol EU transport target - - 

 
 
Liquid manure 
 
In the modelling only the option small-scale on farm mono-digestion has been included, not large-
scale digestion. Including both small and large-scale digestion is much more complicated, because a 
split needs to be made which fraction could be available for small-scale digestion and which fraction 
could be available for large-scale digestion. Furthermore, for both options cost data would need to 
be available. Since small-scale on-farm digestion is currently in the SDE+ system, it was much easier 
to use this option. It should be mentioned that a comparison between small and large-scale manure 
mono-digestion has been made in a cost-efficiency analysis of climate polices by ECN and PBL 
(Daniëls and Koelemeijer, 2016).  
 
Currently small-scale manure mono-digestion is an option that does not fit so well in the current 
SDE+ systematics since for biogas upgrading and electricity/CHP technologies there is generic cap on 
the Feed-In Premium level of respectively 11.8 and 15.0 ct/kWh. In our study we have kept the SDE+ 
Feed-In Premiums at those maximum levels. This means that to be able to realize manure mono-
digestion installations additional support is needed. This can be done by an investment subsidy 
and/or by valuing the large methane emissions that can be avoided by digestion. Since, from a 
modelling perspective, it is indifferent if an additional stimulus will be given by an investments 
subsidy or a GHG support, we have chosen to simply apply only an additional investment subsidy as 
can be seen in Table 26. 
 
 
Organic waste 
 
The stimulation of anaerobic digestion of organic waste is currently already covered by the SDE+ 
Feed-In Premium scheme via the category ‘all-feedstock digestion’. In the past a distinction was 
made between digestion of waste streams in the food and beverage industry and digestion of 
collected vegetables, fruit and garden waste (Lensink, et al., 2009). However, the feed-in premiums 
for both categories were almost equal; therefore a single category has been used in recent years for 
the SDE+.  
 
In the modelling we applied the same Feed-In Premium level as given by (van Zuijlen and Lensink, 
2015) of which the values can be found in Table 26. It is expected that this level is in principle 
enough to realize projects. 
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Sugar beet 

A proper modelling of the sugar beet value chain, as anticipated by the proposed policy framework, 
is very challenging. The reason for that is twofold: 

1. The effect of the sugar beet quota abolition is uncertain. Both its effect on the price of sugar 
and on the potential for sugar beets. Furthermore, in the potential assessment only the 
additional demand for sugar beet for ethanol has been included, not for other biobased 
products. 

2. Modelling of a sugar beet bio refinery, producing sugar as main product and ethanol, and 
possibly other bioproducts, as byproducts, falls somewhat outside the capabilities of the 
RESolve-Biomass model. Processes with multi outputs, for multi markets, is possible with the 
model, however, its applicability is most suited if the main products are energy. In case of a 
sugar beet bio refinery, with sugar as the main product, combined with uncertain sugar 
prices, the production cost for ethanol would have a large element of uncertainty. 

Because a sugar beet bio refinery has not been covered in the model, the results of this value chain 
have somewhat limited value.  
 
 

11.3 Results for organic waste 

 

11.3.1 Organic waste potentials for different scenarios 
 
As can be seen in statistics, the potential for landfill gas is dropping rapidly in the Netherlands (CBS, 
2015). Therefore the next step upwards in the waste hierarchy is more separate collection of waste 
and pushing the organic waste from incineration to anaerobic digestion and composting pathways, 
ultimately applying a significant fraction first for anaerobic digestion followed by composting. This is 
reflected by the three organic waste scenarios, A, B1 and B2, as can be seen in Figure 78. Note that 
the amount of organic waste that ends up as compost is not shown in this figure. It needs to be 
mentioned that for this study we put municipal solid waste (MSW), landfill gas, organic waste from 
industry and collected vegetables, fruit and garden waste (collected VFG) under the value chain 
‘Organic waste’. Of course there are other ways to categorize. For example, sewage sludge could be 
put under ‘Organic waste’. However, in this study sewage sludge is a different value chain 
(wastewater sludge).  
 
Except from the landfill gas going to zero already in the A scenario, there is not so much change in 
the potential for MSW, organic waste from industry and collected VFG for the A scenario. It only 
covers a slight trend towards more waste for digestion. 
 
 



 
 

128 
 

 

 

 

Figure 78: Organic waste potentials for different scenarios for the Netherlands. 
Organic waste includes: municipal solid waste (MSW), landfill gas, organic waste 
from industry and collected vegetables, fruit and garden waste (collected VFG).  
Sewage sludge is excluded, furthermore organic waste for composting is not 
shown 
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11.3.2 Modelling outcomes for organic waste 
 
As was mentioned in 11.2 financial support policies for anaerobic digestion of waste haven’t been 
increased, because they are already in place and are expected to be sufficient. Because the REF and 
Pol+ variant use the same organic waste potentials (the A scenario) and because the same financial 
support policies are included in the modelling, it results in the same consumption of organic waste 
for energy purposes, as can be seen in Figure 79. Incineration of MSW is a very important source of 
renewable energy for the Netherlands. According to statistics it was, after wind onshore, the most 
import source of renewable energy in 2014. The Netherlands has currently an over capacity of waste 
incinerator and actually has a significant share of imported waste (13% in 2012, (Rijkswaterstaat, 
2013). Currently digestion of waste already takes plays. Using the A scenario some increase is 
anticipated. 
 

 

 
When a significant improvement in the collection of waste would be realized, as enforced in the B1 
and B2 scenarios, there might be significantly less biogenic MSW available for waste incinerators. 
This is in particular clear for the B2 scenario; see the B2-Pol+ results in Figure 80. This might result in 
a significant reduction of bioenergy from waste, in particular on the short term (2020). An important 
reason for this reduction is the loss of input for the existing waste incinerators and because the 
digesters still need to be built. Because of realization/lead times (section 2.4) not much additional 
biogas production in 2020 is expected if more waste would be separately collected.  

Figure 79: Organic waste consumption for the Netherlands for the REF and Pol+ variants using 
biomass potentials according to the A scenario 
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When we look further in time, 2030, we see, however, that the uptake of waste for energy is also 
lower in the B1-Pol+ and B2-Pol+ than in the REF and Pol+ variants. The explanation for this is that 
directing a lot of waste from existing waste incinerators to digesters requires a significant amount of 
additional financial support. In our analysis we used the same SDE+ budget and cash expenditures 
ceilings as were used in the National Energy Outlook of 2015 (Schoots and Hammingh, 2015). In our 
analysis we see that for certain years there is no budget left to use all the waste.  Therefore a 
fraction of organic waste remains unused for energy applications.  
 
It is interesting to see, however, that additional separation could give the production of biogas a 
significant boost. Further analysis shows that this will mainly result in a large increase in upgrading of 
biogas to methane. A critical note to the B1 and B2 figures is that those potential are likely too 
optimistic in the amount that could really be available for digestion. In the case of collected VFG 
there are always significant fractions of the waste that can’t be digested, for example, garden wood. 
In case of organic waste from industry one has to realize that this waste can also often have another 
application, for example, as feed for cattle. Furthermore, organic waste from industry might also 
contain fractions that cannot be digested or where digestion is economically not viable due to small 
volumes at a specific location. 
 
For the Netherlands we can summarize that going up the waste hierarchy might be good from a 
resource efficiency perspective, however, it might complicate reaching renewable energy targets. 
Furthermore, additional financial resources will be required. It seems wise to align additional waste 
separation with the pace that new digesters can come online. Since waste is such an important 
source of bioenergy for the Netherlands and because a lot is changing in the field of waste, it seems 
of relevance to understand the composition of waste better. The current B1 and B2 scenarios are 
likely too optimistic in its potential for digestion. For making reliable estimation of the RES share in 
the Netherlands it would be good to have a reliable potential for digestion under different waste 
separation regimes. 
 
 

Figure 80: Organic waste consumption for the Netherlands for the B1-Pol+ and B2-Pol+ variants 
using biomass potentials according to the B1 and B2 scenarios respectively 



 
 

131 
 

11.4 Results for liquid manure 

The consumption of liquid manure for energy generation, for the REF and Pol+ variants, is given in 
Figure 81. 

 

 
 
The current consumption of liquid manure for the application of energy purposes is a little bit more 
than 2 PJ (CBS, 2015). At the end of 2015 the first mono manure digestion installation became 
operational. The rest of the anaerobic digestion of manure is all in combination with co-substrates 
like forage maize, glycerine and other products. 
 
In the REF variant the SDE+ is not sufficient to stimulate mono-digestion of manure properly. We see 
a decline in liquid manure consumption towards 2020. This is caused by phasing out existing 
subsidies. After 2020 we see an increase again close to the current level. However, we can say that 
co-digestion of manure has reached its limits in the Netherlands due to lack of co-substrate. 
 
In the Pol+ variant manure mono-digestion is stimulated. However, due to lead times 2020 is too 
soon to see an effect. After 2020 we see a significant increase of manure consumption. In 2030 
almost 26% of the potential is exploited. It is expected that if the modelling would continue until 
2035 or 2040 this fraction would be significantly higher. 
 
 

11.5  Results for sugar beet 

As has been mentioned in section 11.2, we haven’t been able to model the sugar beet value chain 
according to the policies described in the proposed policy framework (section 11.1). The 
consumption of sugar beet for ethanol production can be found in Figure 82.  

Figure 81: Liquid manure consumption for the Netherlands for the REF and Pol+ variants 
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We don’t see a difference between the reference policy and Pol+ variant, because for sugar beet, 
they contain the same policies. We see an increase from 2015 towards 2030, although the total 
consumption is modest. This increased consumption might be a result of the increased consumption 
of bioethanol in EU28 we see in our modelling. 
 
 

11.6 Overall results for bio-energy 

 

11.6.1  Introduction 
 
Results are given for gross final energy consumption, since this is the quantity relevant for 
calculating RES targets according to the RED. 
 
The following results are provided: 

 The total final bio-energy consumption, split into heat, electricity and biofuels 

 The technology mix for heat and electricity 

 The biofuel consumption mix 

 In the section on biofuels the biogenic % in transport 

 The amount of biomethane injected in the gas grid. 

The biomethane that counts for the renewable transport target, but that is not physically used in 
transport, but treated via biotickets, is presented under the biofuel section and not under the 
section on biomethane injected in the gas grid. Note that biomethane that is injected in the gas grid 
does not count directly to the RES target, since it is not counted as final commodity. For energy in 
the end it ends up as heat, electricity and a small fraction, via the grid, in the transport sector. It is, 
nevertheless, presented here since upgrading of biogas has been mostly selected as a preferred 
technology for the selected value chains. 

 

Figure 82: Sugar beet consumption for the Netherlands for the REF and Pol+ variants 
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11.6.2 Comparison with the NREAP, EA and NEV 2015 

The overall bio-energy results for the REF and Pol+ variant can be found in Figure 83. A comparison 
with the NREAP figures for 2020 can also be found. For the year 2020 the Pol+ variant gives less than 
one PJ of additional bioenergy (not visible in figure). The reason for the limited effect of the 
additional policy measures for Pol+ is due to realisation times. For the year 2030 the difference 
between REF and Pol+ is almost 11 PJ. 

As can be seen in Figure 83 the bio-energy projections for 2020 from the Biomass Policies project 
give results that are significantly below the NREAP 2020 figures. Several arguments for this 
difference can be given. First of all, according to the NREAP of the Netherlands, the Netherlands will 
have a RES share in 2020 of 14.1%. However, according to the most recent Dutch National Energy 
Outlook (Schoots and Hammingh, 2015), the Netherlands is currently on a path to reach only 11-12% 
RES. Furthermore, the NREAP is already several years old. The NREAP became available in 2010, but 
the projections for the Dutch NREAP have actually been made in 2009 (Daniëls and Kruitwagen, 
2010). For the Netherlands the Energy Agreement (EA) from 2013 is a much more relevant source of 
comparison. 

 

 

 
According to the EA the Netherlands is committed to reach a RES share of 14% in 2020 and 16% in 
2023. The 14% in 2020 is the same as the European target for the Netherlands. It is important to 
mention that for the EA not a projection has been made. There has been made an agreement on 
14% and 16% RES, with some boundary condition. One of these boundary conditions is a cap of 25 PJ 
from biomass co-firing. A feasible distribution over technologies to reach those targets can be found 
at the ECN website24. The feasible amount of biomass in the EA to reach the targets in 2020 and 
2023 is respectively 143 and 160 PJ gross final consumption. A comparison between the Biomass 
Policies results, the feasible amount of biomass in the EA and the Dutch Energy Outlook of 2015 can 

                                                           
24  https://www.ecn.nl/fileadmin/ecn/units/bs/Energieverkenning/2014/Frequently_asked_question_ 

Hernieuwbaar.pdf 

Figure 83: Overall bio-energy results for the Netherlands for the REF and Pol+ variant and comparison with the 
NREAP of the Netherlands. 
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be found in Figure 84 and Figure 85. One can observe it can be expected that biomass will contribute 
for more than 45% to the RES targets in 2020 and 2023 according to the REF and Pol+ results. 
 
The Netherlands faces difficulties in reaching its RES targets, in particular the 14% target in 2020. 
From our analysis we see that the improved policies that make no real difference for 2020, simply 
because of lead times. We have seen in section 9.6.5 that Finland has been able to realize a very 
rapid increase in its biofuel share. From a modest to a very high share in a short time frame. One 
might wonder if going beyond a RES transport share of 10% for 2020 might help in reaching the 14%. 
Filling the RES share in transport beyond 10% by HVO based on used fats and oils might be a 
feasible, yet rather sustainable, solution. However, the coming years also other EU countries might 
have a demand for the same, limited, amount of used fats and oils. Furthermore, another argument 
against a larger amount of biofuels is that the Dutch commission Corbey in 2012 advice to go beyond 
10% because of sustainability issues25.  
 

 

 

 

                                                           
25  http://www.corbey.nl/adviezen/biobrandstoffen/duurzame-verhoging-van-de-bijmengverplichting/ 

Figure 84: Overall bio-energy results for the Netherlands for the REF and Pol+ variant and comparison with the Energy 
Agreement (EA) and the National Energy Outlook 2015 (NEV2015) for the years 2020 and 2023 

http://www.corbey.nl/adviezen/biobrandstoffen/duurzame-verhoging-van-de-bijmengverplichting/
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Does the Netherlands need to try to achieve it bioenergy ambitions as given in the NREAP? 

Although the value of the NREAP of the Netherlands might be lower than for other countries, since 
the Energy Agreement is the main reference point, the NREAP might be still of value. The NREAP is a 
possible route towards reaching the RES 2020 target. According to Table 1, the Netherlands still has 
a big step to make to achieve its 2020 RES targets. If feasible, it might be good to increase the 
bioenergy share because other sources of renewable energy face difficulties. Because bioenergy is 
multi-sectoral and because it covers heat, electricity and transport it might give more possibilities to 
increase its share on a short term then, for example, wind onshore. 
 
 

11.6.3 Heat 
 
The gross final consumption of heat from biomass is presented in Figure 86. 

Figure 85: Overall bio-energy results for the Netherlands for the REF and Pol+ variant and comparison with the 
National Energy Outlook 2015 (NEV2015) for 2030 
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A significant increase of heat production from biomass is anticipated. An important driver for this 
increase is inclusion of boilers in the SDE+. In its predecessors; the MEP and SDE systems, renewable 
heat was not supported. The most important increase is expected from boilers in industry and from 
large-scale CHP. 
 
From 2015 on we can also observe a decline of heat directly from biogas. In general in the reference 
variant we don’t see an increase of biogas production, but we see a shift of application of biogas in 
CHP toward upgrading to biomethane. In the Pol+ variant we see an increase of biogas production 
towards 2030, but again the main application is upgrading of biogas to biomethane. Because the 
most important end use application of natural gas is for heating, the gross final consumption of heat, 
via the biomethane in the grid route, has a significant share. 
 
 

11.6.4 Electricity 

In recent years the amount of electricity generated using biomass has declined in the Netherlands. 
The main reason for this is that the policy measure that stimulated co-firing of biomass in coal fired 
power plants, the MEP, is phased out. Since co-firing is currently eligible for production support 
again within the SDE+, it is expected that biomass co-firing will again play an important role for the 
generation of electricity from biomass. According to the Energy Agreement biomass co-firing has 
been capped at 25 PJ gross final consumption. The role of biomass co-firing is illustrated in Figure 87. 

Figure 86: Gross final consumption of heat per technology in PJ in the Netherlands  
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In Figure 87 we can furthermore observe that the ‘electricity only’ generation will be phased out, 
while CHP will increase. The reason is that in the predecessors of the SDE+ system, the MEP and SDE 
systems, only electricity was promoted, while combined production of electricity and heat is 
promoted in the SDE+ system. 
 
From 2015 on we can also observe a decline of electricity directly from biogas. The argument is the 
same as for heat from biogas (section 11.6.3), namely a shift of application of biogas in CHP toward 
upgrading to biomethane.  
 
 

11.6.5 Biofuels 
 
The total biofuel consumption, including the consumption with double counting is given in Table 27. 
Note that double counting is assumed to stop after 2020. Dividing the consumption with double 
counting by the total final consumption in the transport sector gives a biogenic RES-T share of 
almost 9.6% for 2020.  
 
Table 27: Total biofuel consumption and biogenic RES share in the transport sector for the REF and Pol+ variants for the 
Netherlands 

    REF Pol+ 

  2015 2020 2030 2020 2030 

Consumption [PJ] 24.2 38.8 43.3 38.8 43.3 

Consumption incl. double counting [PJ] 24.2 45.4 43.3 45.4 43.3 

Total final consumption transport [PJ] 485.5 473.3 449.8 473.3 449.8 

Biogenic RES-T [%] 4.98% 9.59% 9.63% 9.59% 9.63% 

Figure 87: Gross final consumption of electricity according to technology produced in the Netherlands. Results are 
given in PJ 
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The biofuel consumption per type is presented in Figure 88. When we compare the results for 2015, 
REF-2015, with statistics for 2014 (CBS, 2105), we see a significant mismatch: 
 

 The total volume of biofuels (incl. double counting) in transport of 2014 is in line with the REF-
2015 figures (statistics 2014: 23.0 PJ). 

 The volume of double counting biofuel is in reality very large: more than 60% of all biofuels is 
double counting. In particular the consumption of biodiesel from waste is large in the 
Netherlands. 

 The amount of bioethanol is in reality lower: about 25%, while the results for REF-2015 give 
38%.  

 

 

The mismatch of the national modelling results with statistics illustrates the difficulty in modelling 
biofuels per type at the national level. Because all types of biofuels can be traded, it can be difficult 
to predict where the biofuels end up.  
 
 

11.6.6 Biomethane injection in the grid 

The amount of biomethane injected in the grid is given in Figure 89. 

Figure 88: Biofuel consumption per type for REF and Pol+ variants for the Netherlands. Biofuels are not counted double in 
this graph 
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The current level of biogas upgraded to natural gas quality that is injected in that natural gas grid is 
about 2 PJ in the Netherlands (CBS, 2015). 
 
Historically the most important source of upgraded biogas comes from landfill gas. However, the 
potential for landfill gas is declining rapidly. The increase in biomethane from the combined category 
‘Landfill and sewage’ comes therefore from sewage gas. 
 
As one can see in Figure 89, beyond 2020, there is a significant increase of biomethane in case of 
improved policy frameworks (Pol+) as compared to the REF variant. This increase is to a large extent 
due to mono digestion of manure and to a lesser extent due to anaerobic digestion of organic waste 
(waste from collected VFG and organic waste from industry).  
 
Gasification of woody biomass and upgrading to natural gas quality, indicated as Gasification (SNG), 
will not play a role according to our results up to 2030. The reason for this is that the current SDE+ 
feed-in premium system has a cap at 11.8 ct/kWh for biomethane, while the levelized cost for SNG 
are 15.1 ct/kWh according to van Zuijlen and Lensink (van Zuijlen and Lensink, 2015). Within 
Biomass Policies only the SDE+ system has been included to stimulate SNG. Note that in reality this 
does not mean that SNG cannot become a reality in the Netherlands. It seems the SDE+ is not 
sufficient to realize it, but it might well be that combined with another stimulation fund some SNG 
might be realized. To cover additional, uncertain funds, in our analysis is outside the scope of this 
project. 
 
 

Figure 89: Overall injection of biomethane in the gas grid in the Netherlands for the REF and Pol+ 
variants. VFG stands for Vegetables, Fruit and Garden waste 
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11.7  Conclusions and policy recommendations 

 Bioenergy developments seem to be still in line with a possible way to fill in the Energy 
Agreement 

 However, it seems possible to go beyond the Energy Agreement, especially for 2023. Time is a 
crucial factor. 

 Additional stimulation of manure mono digestion is an opportunity to realize more bioenergy 

 To avoid a drop of bioenergy on the short term, additional separate waste collection should be 
aligned to the realization rate of digesters 

 Since waste is such an important source of bioenergy for the Netherlands and because a lot is 
changing in the field of waste, it seems of relevance to understand the composition of waste 
better. For making reliable estimation of the RES share in the Netherlands it would be good to 
have a reliable potential for digestion under different waste separation regimes. 

 If more waste would be made available for digestion, it might be that not all of this waste will 
be used because of restrictions in the SDE+ budget 

 Finland is an example for a rapid increase of biofuel consumption in the transport sector. 
Important condition: long term ambitious target 

 A more ambitious RES-T target for NL helps in reaching the 2020 and 2023 RES targets. Finland 
is an example for a rapid increase of biofuel consumption in the transport sector. An 
important condition for this is a long-term ambitious target. However, sustainability might be 
a very important constraint. 

 If manure mono-digestion could be made more attractive to invest in, it can give the 
production of biomethane an impulse. This could be realized by giving an additional 
investments subsidy, on top of the SDE+ scheme. Since application of manure mono-digestion 
results in a lot of avoided methane emissions a more logical way to stimulate this option might 
be to adopt valorization of the reduction of methane emissions. 

 In general: after the 2023 (final year of the Energy Agreement), policies to support bio-energy 
and biomaterials should be based on the Green House Gas reduction achieved and support 
should be given to both options an equal basis. 
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12 Poland 

 

12.1 Introduction of the future policy formation (D4.1) 

This section contains the summary of the proposed future policy for Poland as described in D4.1 
(Panoutsou, 2016). 
 
In the context of Biomass Policies project the biomass integration policy framework in Poland is 
aimed at:  
 
 “Provide a package of measures which will assist in the implementation of the Polish energy strategy 
for 2030 in terms of the resource efficient use of forest biomass and mobilisation of important 
agricultural and waste streams into heat and CHP applications.” 
 
The key issues under consideration for biomass to meet the targets set in NREAP for 2020 and 2030 

 Biomass will be a key among the renewable energy sources to meet the national objectives 
and target for 2020. 

 Biomass is a very diverse stock (forests, agriculture and waste) as well as energy source 
(biomass has an important role in all three using sectors: heating, electricity and transport). 
Biomass mobilisation involves many different sectors and policy areas, not only energy but 
also e.g. agriculture, forestry and waste. More crossover policy understanding and interaction 
between energy policy makers and policy makers in agriculture, forestry and waste is 
important. 

 In Poland are still some barriers of renewable energy production. Development should focus 
on completing legislation and make the law more clearly to investors. There should be also 
more co-financings due to big cost of using RES, including biomass, in energy production. The 
proposed new RES energy law implies the support for the production of electricity.  

 The use of wood for energy purposes increases year-on-year despite the enormous theoretical 
potential of agricultural biomass. 

 The use of wood for energy purposes increases year-on-year despite the enormous theoretical 
potential of agricultural biomass. 

 The energy crops have got huge potential as well. The willow is the most cultivated energy 
plant in Poland. The area planted with these crops has increased during lasting of past 
programs subsidizing the establishment of energy crops (lasting three years). Agricultural land 
is not fully suitable for the production of energy crops due to no adaptation of the soil to 
growing these plants. Besides energy crops for several years are not subsidized. It is estimated 
that the greatest theoretical potential energy in Poland is a straw. In most provinces straw is 
in excess, however, in the three regions of the Poland deficit occurs. This situation is not 
caused by the use of straw for energy purposes but by mushroom plantations, where straw is 
used as a primer. In the majority of farms in Poland there is a problem in its land use (Ministry 
of Agriculture). 

 
Why is government intervention necessary? 

 The realisation of the state policy should ensure the achievements of 2020 targets, protecting 
final consumers against energy price increases and assuring sustainable energy sources 
utilisation. 

 Biomass is expected to make a major contribution to future low carbon energy in Poland.  
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 Renewable, indigenous biomass is under increased demand pressure from energy and non-
energy sectors.  

 Policy makers thus need to consider constraints to mobilising resources and how to balance 
competing priorities by different sectors.  

 The Polish energy policy assumes increase the share of renewable energy sources to achieve 
10% share of biofuels in transport fuel marked and increased use of second-generation 
biofuels in 2020. 

 
What are the policy objectives and intended effects? 

The aim of the integrated policy framework for biomass in Poland is to provide a package of measures 
which will assist in the implementation of the Polish energy strategy for 2030 in terms of the resource 
efficient use of forest biomass and mobilisation of important agricultural and waste streams into heat 
and CHP applications. 
 
Table 28: Recommended interventions for the integrated biomass policy framework for Poland 

Policy support by feedstock 
Policy support by  
conversion technology  

Policy support by 
value chain/ sector Lessons from: 

Maize & Wet manure  Anaerobic digestion (medium scale) & 
local CHP   

NL: I) Green Gas Green Deal -
Roadmap Renewable gas- 
innovations in the green gas sector 
and to increase the production of 
green gas and biogas.  (II) 
Biomethane Vision (2007) 
DE: German Recycling and Waste 
Act (KrWG)  
DE:GHG reduction quota and 
sustainability rules can stimulate the 
use of organic waste  

Investment subsidies 
Soft loans 
Quota obligations (including banding) 
and other quota                                                                              
Fixed premiums  Product standards 

      

Primary forest residues 
Combustion medium scale   

AT: Energy Fund-Subsidy scheme 
wood heating                                                                              
UK:  FiTs(for small-scale RES); 
Renewable Heat Incentives(RHI) 
DE: The Renewable Energy Sources 
Act (EEG) Feedstock premium 

Support scheme for new highly efficient 
stoves/ boilers  Best 

practices/Lessons 
Learned 

       

Straw / corn stover 
Feedstock premium 

Medium scale, heat driven combustion  Promotion 
Best 
practices/Lessons 
Learned 
Awareness raising 

DE: The Renewable Energy Sources 
Act (EEG) offers fixed payments 
(feed-in tariffs) for renewable 
electricity supplied to the national 
grid. 

 
How the proposed policy framework has been included in the modelling is covered in the next 
section. 
 
 

12.2 What future policies for the selected value chains have 
been modelled? 

The future policies that have been included in the modelling can be found in Table 29. An 
explanation per selected feedstock/value chain can be found in the text below the table. Note that 
those policies are used for the Pol+ variant. For the Ref variant current policies have been used. 
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For the CHP options in Table 29 heat has been considered as a by-product. However, more detailed 
country specific techno-economic assessments need to be carried out to identify optimal support 
levels to be implemented in legislation. 

Table 29: Financial policy instruments for Poland used in the modelling for selected value chains for the Pol+ variant 

Feedstock Technology supported Policy instrument Unit Support level 

Liquid manure Co-digestion of manure 
combined with CHP 

Feed-in Premium €ct/kWh 14.2 

Primary forestry 
residues 

Modern biomass boilers (small 
to large scale) 

Investment subsidy % 50 

Straw Not technology specific Feedstock bonus % 50 

 
 
Liquid manure 
 
The feed-in premium level for Poland for co-digestion of manure as given in Table 29 have been 
calculated using the Levelized Cost of Energy methodology as described in section 2.2. The 
technology costs have been taken from van Zuijlen and Lensink (van Zuijlen and Lensink, 2015). Note 
that the feed-in premiums given in Table 29 might be too optimistic or pessimistic for Poland. It is, 
however, an outcome of the assumptions made in this project and the data used. It might, for 
example, very well be that the financing parameters in Poland are more optimistic than assumed in 
our calculations. 
 
 
Primary forestry residues, prunings and landscape care wood 
 
Investment subsidies have been applied for modern biomass boilers. The levels have been 
determined by trial and error: at what level does additional application of efficient biomass boiler 
happen in the modelling outcomes 
 
 
Straw 
 
Feedstock premiums have been applied as a percentage of the feedstock cost. A feedstock premium 
of 50% was translated in the model as a lowering of the feedstock cost by 50%. The levels have been 
determined by trial and error: at what level does the feedstock appear to be used by the model. It is 
important to highlight that such price increases could push the straw prices upward and cause 
unsustainable utilization of straw.  
 
 

12.3 Results for primary forestry residues 

 
The consumption of primary forestry residues in Poland for the REF and Pol+ variant is given in 
Figure 90. Currently the consumption of primary forestry residues for energy is already at a mature 
level in Poland; however Poland is also importing a lot of wood pellets for biomass co-firing. From 
the situation in 2015 towards 2020 and 2030 a size-able growth is expected. According to the 
modelling results almost 95% of the domestic potential is expected to be utilized. 
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In Figure 90 we don’t see a difference between the REF and Pol+ variant. The increase in 
consumption of primary forestry residues after 2015, indifferent of additional stimulation measures 
to promote modern biomass boilers, indicates that, from an economic point of view those 
feedstocks are very attractive. The model assumes markets are working perfectly and therefore 
supply and demand are able to find each other perfectly. If such a large uptake of those feedstocks is 
unrealistic for 2020 and 2030 there might be barriers that avoid reaching this economic optimum. 
 

 

 

12.4 Results for straw and other crop residues 

 
The consumption of straw and other crop residues for energy purposes is presented in Figure 91. 
Both for the REF and Pol+ variants we see a consumption of almost 17 PJ in 2020. This is about 25% 
of the total potential from straw and other crop residues (see Figure 119 in chapter 15). When the 
consumption of straw for energy is stimulated by the measures as described in section 4.2 we don’t 
see an effect on the short term (REF-2020 and Pol+-2020 are equal), we see a small effect towards 
2030. In 2030 77% and 79% of the potential is expected to be exploited for respectively the REF and 
Pol+ variants.  
 
Poland has a rather large and cheap straw potential. From an economic point of view already a large 
uptake might be expected without a straw bonus. If this is not expected to be happening in reality it 
might be that the most important barriers are non-economic.  
 
According to the modelling results the main application of straw and stover is expected to lie in 
small-scale heating plants. According to the results, toward 2030 another important application 
becomes the production of second-generation ethanol. 
 

Figure 90: Consumption of primary forest residues for energy production in Poland 
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Figure 91: Consumption of straw and other crop residues, per crop type, for Poland according to the REF and Pol+ 
variants 

 

12.5  Results for liquid manure 

The consumption of liquid manure for energy generation, for the REF and Pol+ variants, is given in 
Figure 92. 

 

 

According to those results the consumption of manure for energy generation is expected to be 
rather low. This is likely do to the low availability of co-substrate. We, however, see a difference 
between the REF and Pol+ variant. So additional support measures, as described in section 12.2, are 

Figure 92: Liquid manure consumption for Poland for the REF and Pol+ variants 
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able to induce more wet manure consumption, but the level of consumption is expected to remain 
low. The consumption figure for 2030 for the Pol+ variant corresponds to 14% of the potential. 

12.6 Overall results for bio-energy 

 

12.6.1  Introduction 

Results are given for gross final energy consumption, since this is the quantity relevant for 
calculating RES targets according to the RED. 

The following results are provided: 

 The total final bio-energy consumption, split into heat, electricity and biofuels 

 The technology mix for heat and electricity 

 The biofuel consumption mix 

 In the section on biofuels the biogenic % in transport 

 The amount of biomethane injected in the gas grid. 

The biomethane that counts for the renewable transport target, but that is not physically used in 
transport but treated via biotickets, is presented under the biofuel section and not under the section 
on biomethane injected in the gas grid. Note that biomethane that is injected in the gas grid does 
not count directly to the RES target, since it is not counted as final commodity. For energy in the end 
it ends up as heat, electricity and a small fraction, via the grid, in the transport sector. It is, 
nevertheless, presented here since upgrading of biogas has been mostly selected as a preferred 
technology for the selected value chains. 
 
 

12.6.2 Comparison with the NREAP 

In Figure 93 a comparison between the Biomass Policies results and the NREAP of Poland can be 
found. As can be seen, the bio-RES shares in 2015 and 2020 from Biomass Policies are lower than 
anticipated in the NREAP. In absolute terms the 2015 figures are higher, but the denominator is also 
higher, resulting in a lower bio-RES share. In 2020 both the absolute amount and the bio-RES share is 
lower. 
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The improved policy framework results only in a relatively low amount of additional bio-energy. 

For heat the difference in 2020 with the NREAP projection is only -6 PJ, for electricity the difference 
is larger -15 PJ and for biofuels the Biomass Policies results are also 15 PJ lower than the NREAP 
figures. In the following subsections we will give some more detail about the results for respectively 
heat, electricity and biofuels. 

Does Poland need to try to achieve its bioenergy ambitions as given in the NREAP? 

According to Table 1, Poland still has some steps to make to achieve its 2020 RES targets. If feasible 
it might be good to increase the bioenergy share, in particular in the electricity sector. 
 
 

12.6.3 Heat 

Poland currently has a significant amount of heat generated from biomass, see Figure 94. Towards 
2020 a small increase is expected, mainly because of additional boilers. After 2020 a phase out of 
some part of the (older) boilers and of logwood stoves is seen. An increase of heat from CHP is 
expected, however, this is too small to compensate for the phase out of boilers and stoves, 
therefore in total the heat production from biomass is expected to be lower than in 2020. 

Figure 93: Overall bio-energy results for Poland for the REF and Pol+ variant and comparison with the NREAP 
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Figure 94: Gross final consumption of heat per technology in PJ in Poland. 

 

12.6.4 Electricity 
 
The amount of electricity produced from biomass, according to the modelling results, is presented in 
Figure 95. Biomass co-firing in coal-fired power plants is currently the most important technology 
and it is expected to remain like that. Poland has a large amount of coal-fired power plants. It is 
likely that the 2015 and 2020 figures are an underestimation of the amount of electricity from co-
firing. Another important category of technologies is CHP using solid biomass. Towards 2030 a large 
increase in biomass co-firing is expected. Note that this is under the assumption that a quota 
obligation system for renewable electricity is assumed to continue until 2030. The amount of 
electricity from CHP using solid biomass is also expected to grow. Compared to biomass co-firing and 
CHP using solid biomass, the role of other technologies is expected to be small. 
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Figure 95: Gross final consumption of electricity according to technology produced in Poland. Results are given in PJ 

 

12.6.5 Biofuels 

The total biofuel consumption, including the consumption with double counting is given in Table 30. 
Note that double counting is assumed to stop after 2020. Dividing the consumption with double 
counting by the total final consumption in the transport sector gives a biogenic RES-T share of 
almost 10% for 2020. The rest of the 10% renewable transport target is assumed to be fulfilled by 
electrical vehicles (including trains). Note that HVO has been included in the analysis. 

Table 30: Total biofuel consumption and biogenic RES share in the transport sector for the REF and Pol+ variants for 
Poland 

    REF Pol+ 

  2015 2020 2030 2020 2030 

Consumption [PJ] 39.3 67.2 82.0 67.2 82.0 

Consumption incl. double counting [PJ] 53.2 79.0 82.0 79.0 82.0 

Total final consumption transport 779.5 809.2 813.0 809.2 813.0 

Biogenic RES-T [%] 6.82% 9.77% 10.08% 9.77% 10.08% 

 
In Figure 96 the biofuel consumption per type is given. Note that this graph has to be used with 
some care since the model optimized at a European level, therefore national consumption patterns 
might not always be perfectly reflected. Biodiesel (incl. HVO) from used fats and oils could be an 
attractive option for Poland because it counts double (until 2020).  
 
Poland has a relatively large share of cars running on diesel. Therefore biodiesel (first generation, 
second generation and HVO) is expected to be the main type of biofuel. However, second generation 
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ethanol could have a significant share of 16% of the total amount of biofuels in 2030. It is likely that 
this figure is too optimistic. 
 
The share of biomethane in the transport sector is modest: 3% of the total biofuel consumption in 
respectively 2020 and 2030. Note that biomethane consumption in the transport sector can also be 
indirectly: via biotickets. 
 

 

 
 

12.6.6 Biomethane injection in the grid 
 
The expected amount of biomethane injected in the gas grid can be neglected. 
 
 

12.7  Conclusions and policy recommendations 

 Primary forestry residues are expected to show a growth in consumption, therefore towards 
2030 the potential of primary forestry residues is expected to be exploited to a large extent. 
Additional financial support doesn’t seem to help. From an economic point of view those 
feedstock seem to be attractive. If exploitation of a large part of the potential is unrealistic, 
however, policies should mainly aim at removing the non-economic barriers. 

 A feedstock bonus for straw hardly helps in mobilizing more feedstocks for energy 
applications. Even without feedstock bonus it might, from an economic point of view, be 
expected that a significant part of the straw potential of Poland can be exploited. Our results 
indicate that the main application of straw is expected to lie in small-scale heating plants. 
Towards 2030 production of second-generation bioethanol might become the most important 
application using straw. 

Figure 96: Biofuel consumption per type for REF and Pol+ variants for Poland. Biofuels are not counted double in this 
graph. 
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 Additional support measures for co-digestion of manure are able to induce more wet manure 
consumption, but the level of consumption is expected to remain low. 

 Towards 2020 an increase of heat production from biomass is expected. However, due to 
decommissioning of boilers and stoves, the total amount of heat from biomass is expected to 
decline towards 2030. 

 Biomass co-firing is currently the most important source of bio-electricity. It is expected that 
its role will become even more important in the future. 

 The expected amount of biomethane injected in the gas grid is negligible. 

 Since Poland has some steps to make to achieve the RES 2020 target, it might be good to 
increase the bioenergy share, in particular in the heating sector. 
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13 Slovakia 

 

13.1 Introduction of the future policy formation (D4.1) 

This section contains the summary of the proposed future policy for Slovakia as described in D4.1 
(Panoutsou, 2016). 

The aim of the integrated policy framework for biomass in Slovakia is to: 
“Decrease energy intensity and strong dependence on imports of primary energy sources, especially 
from predominant suppliers26 and increase the share of biomass in the heat, electricity and transport 
sectors by changing the fuel base and improving the production of biomethane and/or landfill gas”. 
 
The key issues under consideration for biomass to meet the targets set in NREAP for 2020 and 2030 

 Stabilization of energy consumption, decreasing energy from fossil fuels 

 Diversification of energy sources and security of supply  

 Relying on reliable energy supplies at optimum cost and adequate protection of the environment 

 Decreasing energy and resource intensity 

 Promoting the use of alternative fuels in transport 

 High effective use of renewable sources, using high efficiency technologies 

 Optimization of logistics costs 

 Increasing use of abandoned land for growing new high-yielding crops 

 Substitution of fossil fuels in small-scale boilers to biomass, especially in rural areas  (households) 

 Necessary support of efficient use of biogas in combined heat and power (CHP), while heat can be 
used to produce biofuels 

 Build up effective market for biomass and biofuels 
 
Why is government intervention necessary? 

 Biomass is expected to make a major contribution to future low carbon energy in Slovakia. 

 Biomass is a priority in the energy policy of Slovakia 

 Government intervention could help to improve the weak market with biomass and support 
better and sustainable use of biomass 

 Create a better regulation framework in use of biomass and its cascading 

 Indigenous biomass is under increased demand pressure from energy and non-energy sectors.  

 Policy makers thus need to consider constraints to mobilising resources and how to balance 
competing priorities by different sectors.  

 
What are the policy objectives and intended effects? 

The aim of the integrated policy framework for biomass in Slovakia is to increase the share of biomass 
in heat and electricity by employing highly efficient modern technologies (including CHP); improve the 
utilization of agricultural biomass and by-products from agricultural activities, especially straw and 
waste not only for stationary applications. Use new technologies for production of 2nd generation 
biofuels without competition with food processing of biomass. The use of all renewable sources needs 
to be in line with reliable energy supplies at optimum cost and adequate protection of the 
environment. 
 

                                                           
26  E.g. natural gas from Russia. 
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Table 31: Recommended interventions for the integrated biomass policy framework for Slovakia 

Policy support by feedstock 
Policy support by conversion 
technology  

Policy support by 
value chain/ sector Lessons from: 

Primary forest residues                       Combustion small & medium scale   

AT: Energy Fund-Subsidy 
scheme wood heating                                                                              
UK:  FiTs (for small-scale RES); 
Renewable Heat 
Incentives(RHI) 
DE: The Renewable Energy 
Sources Act (EEG) 

Programme for solid biomass 
market development 
  

Support scheme for new highly 
efficient stoves/ boilers (small & 
medium scale) 
Fixed premiums  & tenders 
Investment subsidies 

 Product standards 
Green procurement 

  
Combustion (large-scale - electricity 
driven)   

 Bonus for mobilising primary 
forest residues 

Fixed premiums  & tenders 
Investment subsidies   

       

Straw Combustion (medium scale - heat 
driven)  Product standards 

 Feedstock premium    

       

Organic wastes Anaerobic digestion (medium scale) 
& local CHP 

  NL: I) Green Gas Green Deal -
Roadmap Renewable gas- 
innovations in the green gas 
sector and to increase the 
production of green gas and 
biogas.  (II) Biomethane Vision 
(2007) 
DE: German Recycling and 
Waste Act (KrWG)  
DE:GHG reduction quota and 
sustainability rules can 
stimulate the use of organic 
waste 

 

Fixed premiums  & tenders 
Investment subsidies                       
Improve biogas FiTs 

Promotion 
Best practices/Lessons 
Learned 
Awareness raising 

 
How the proposed policy framework has been included in the modelling is covered in the next 
section. 
 
  

13.2 What future policies for the selected value chains have 
been modelled? 

 
The future policies that have been included in the modelling can be found in Table 32. An 
explanation per selected feedstock/value chain can be found in the text below the table. Note that 
those policies are used for the Pol+ variant. For the Ref variant current policies have been used. 
 
It needs to be noticed that Feed-in Premium values do not correspond to CHP with a high heat 
share. Technology is dedicated electricity with heat as a by-product that has been valued. Another 
remark is that the values are usable for the modelling of this task, to use the values for legislation a 
country specific techno-economic assessment should be undertaken. 
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Table 32: Financial policy instruments for Slovakia used in the modelling for selected value chains for the Pol+ variant 

Feedstock Technology supported Policy instrument Unit Support level 

Primary forest 
residues 

Combustion large-scale CHP 
(electricity driven) 

Feed-in Premium €ct/kWh 16.4 

Small and medium scale wood 
pellet boilers 

Investment subsidy % 50 

Straw Not technology specific 
Feedstock bonus % 40 

Organic waste 
Anaerobic digestion combined 
with CHP 

Feed-in Premium €ct/kWh 13.1 

 
Primary forestry residues 

The feed-in premium levels for Slovakia as given in Table 32 have been calculated using the Levelized 
Cost of Energy methodology as described in section 2.2. The technology costs have been taken from 
van Zuijlen and Lensink (van Zuijlen and Lensink, 2015). Note that the feed-in premiums given in 
Table 32 might be too optimistic or pessimistic for Slovakia. It is, however, an outcome of the 
assumptions made in this project and the data used. It might, for example, very well be that the 
financing parameters in Slovakia are more optimistic than assumed in our calculations. Note that the 
feed-in premium for the large-scale electricity driven CHP is not restricted to domestic wood chips 
and wood pellets, furthermore also secondary forestry residues might be utilized. 
 
The investment subsidies for wood pellet boilers have been determined by trial and error: at what 
level is there an increase in utilization of wood pellet boilers. 
 
Straw 

Feedstock premiums have been applied as a percentage of the feedstock cost. A feedstock premium 
of 40% was translated in the model as a lowering of the feedstock cost by 40%. The levels have been 
determined by trial and error: at what level does the feedstock appear to be used by the model. It is 
important to highlight that such price increases could push the straw prices upward and cause 
unsustainable utilization of straw.  
 
Organic waste 

The feed-in premium levels for Slovakia as given in Table 32 have been calculated using the Levelized 
Cost of Energy methodology as described in section 2.2. The technology costs have been taken from 
van Zuijlen and Lensink (van Zuijlen and Lensink, 2015). Note that the feed-in premiums given in 
Table 32 might be too optimistic or pessimistic for Slovakia. It is, however, an outcome of the 
assumptions made in this project and the data used. It might, for example, very well be that the 
financing parameters in Slovakia are more optimistic than assumed in our calculations. 
 
 

13.3 Results for primary forestry residues 

The consumption of primary forestry residues in Slovakia for the REF and Pol+ variant is given in 
Figure 97. Currently the consumption of primary forestry residues for energy is rather low in 
Slovakia. However, from the situation in 2015 towards 2020 and 2030 a significant growth is 



 
 

155 
 

expected. Although, a significant growth in the consumption of primary forestry residues can be 
seen, more than 55% of the potential remains unused in 2030. 

In Figure 97 we don’t see a difference between REF and Pol+. The reason for this is that: 

 Part of the primary forestry residues will be exported, in the form of chips and pellets, in the 
REF variant this is slightly higher 

 Under current policies it is also likely that, from an economic perspective, the primary forestry 
residues will be mobilized. There is likely a pace with which primary forestry residues can be 
mobilized. For both variant the mobilization, after 2015, is at a maximum pace 

 With the Pol+ variant also secondary forestry residues can be used. Underlying analysis 
reveals that the mobilization of secondary forestry residues is higher in the Pol+ variant. 

This large increase in consumption of primary forestry residues after 2015, indifferent of additional 
stimulation measures to promote modern biomass boilers and large-scale CHP, indicates that, from 
an economic point of view those feedstocks are very attractive. The model assumes markets are 
working perfectly and therefore supply and demand are able to find each other perfectly. If such a 
large uptake of those feedstocks is unrealistic for 2020 and 2030 there might be barriers that avoid 
reaching this economic optimum. 
 

 

 

Figure 97: Consumption of primary forest residues for energy production in Slovakia 
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13.4 Results for organic waste 

 

13.4.1 Organic waste potentials for different scenarios 
 
In Figure 98 organic waste potentials for the three organic waste scenarios, A, B1 and B2, as are 
given. For a description of the scenarios, see section 2.5.2. The amount of organic waste that ends 
up as compost is not shown in this figure. It needs to be mentioned that for this study we put 
municipal solid waste (MSW), landfill gas, organic waste from industry and collected vegetables, fruit 
and garden waste (collected VFG) under the value chain ‘Organic waste’. Of course there are other 
ways to categorize. For example, sewage sludge could be put under ‘Organic waste’. However, in this 
study sewage sludge is a different value chain (wastewater sludge). Note that for the year 2015 the 
potentials for all three scenarios are the same. From Figure 98 we can see that the organic waste 
potential for 2015 does not consist of collected VFG and organic waste from industry. MSW and 
landfill gas have a potential roughly equal in size. 
 
In the A scenario we see an increase of the MSW potential at the cost of the potential of landfill gas. 
The potentials for collected VFG and organic waste are very small towards 2030. The total organic 
waste potential remains roughly 3 PJ for the period 2015 – 2030.  
 
In the B1 scenario a decline of landfill gas can be observed due to improved separation of waste. 
Therefore more organic waste from industry and collected VFG for anaerobic digestion are available. 
The total increase of organic waste for energy, towards 2030, is modest. 
 
In the B2 scenario there are two important differences compared to the A scenario: 

1. More waste is shifted from landfilling to MSW 
2. More waste is separated collected, but instead of being composted directly it has been 

made available first for anaerobic digestion, after which it can be applied as fertilizer. 

The effect that in 2030 more waste is available for energy, in particular organic waste from industry 
for anaerobic digestion. 
 
A critical note about the landfill gas potential for energy has to be made: it is assumed in B2 that 
landfilling is fully abolished in 2030. However, this does not mean that the biogas that can be 
recovered from the landfill places is zero, because there is still a lot of landfill available that was put 
in those places several years before. So for the biogas from landfilling there is a delay effect, this is 
effect is not covered in the biomass potentials from WP2 of this project. 
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Main differences between the B1 and B2 scenarios are that in case of B2 most of the separated 
waste is first available for anaerobic digestion before it is utilized as fertilizer. In case of the B1 
scenarios most of the separated waste is directly utilized as fertilized. Furthermore, in the B2 
scenario landfill goes to zero in 2030. 

Figure 98: Organic waste potentials for different scenarios for Slovakia 
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13.4.2 Modelling outcomes for organic waste 

In Figure 99 the consumption of organic waste in Slovakia according to the REF and Pol+ variants, 
assuming the scenario A, is given. In this scenario higher levels of support for digestion of organic 
waste do not have effect (Pol+ variant). This is logical since the potentials of organic waste for 
digestion (i.e. organic waste from industry and collected VFG) are very small (see Figure 98). Both 
MSW and landfill gas are used for energy generation, where a shift towards more MSW in 2030 can 
be seen. 

 

 

 
In case where the potential of organic waste from industry and collected VFG is slightly increased (B1 
scenario) we still don’t see an effect on the uptake of those feedstocks for energy. The main effect is 
that in 2020 the consumption of waste for energy decreases because less waste is available for MSW 
incineration and as landfill gas. In 2030 the consumption of waste for energy is slightly less than in 
the A scenario. In case much more organic waste is made available for digestion (scenario B2) we see 
actual consumption of organic waste from industry for digestion. However, the consumption of 
waste for energy in 2020 and 2030 is significantly lower than in the A scenario. From this we can 
conclude that going up the waste hierarchy, via improved separation of waste, might reduce the 
amount of waste that is actually used for energy generation. Furthermore, solely an increased 
support level for anaerobic digestion of organic waste is not enough to see this option being used: 
upfront a significant improvement in waste separation needs to take place as well. 
 

Figure 99: Organic waste consumption for Slovakia for the REF and Pol+ variants using biomass 
potentials according to the A scenario 
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A critical note to the B2 figures is that those potentials are likely too optimistic in the amount that 
could really be available for digestion. In the case of collected VFG there are always significant 
fractions of the waste that can’t be digested, for example, garden wood. In case of organic waste 
from industry one has to realize that this waste can also often have another application, for 
example, as feed for cattle. Furthermore, organic waste from industry might also contain fractions 
which can’t be digested or digestion is economically not viable due to small volumes at a specific 
location. 
 
The current B2 scenarios are likely too optimistic in its potential for digestion. For making reliable 
estimations of the RES share in Slovakia it would be good to have a reliable potential for digestion 
under different waste separation regimes.  
 
 

13.5  Results for straw and other crop residues 

 
The consumption of straw and other crop residues for energy purposes is presented in Figure 101. 
Both for the REF and Pol+ variants we see a consumption of slightly more than 2 PJ in 2020. This is 
about 20% of the total potential from straw and other crop residues (see Figure 119 in chapter 15). 
When the consumption of straw for energy is stimulated by the measures as described in section 4.2 
we don’t see an effect on the short term (REF-2020 and Pol+-2020 are equal), but we see an effect 
after 2020. It simply takes some time before extra stimulation has its effect. In 2030 in the REF 
variant the consumption is 4 PJ. In the Pol+ variant we see in increased consumption: in total 5 PJ 
(40% of the potential). 
 
According to the modelling results the main application of straw and stover is expected to lie in 
small-scale heating plants. According to the results, toward 2030 another important application 
becomes the production of second-generation ethanol. 

Figure 100: Organic waste consumption for Slovakia for the B1-Pol+ and B2-Pol+ variants using 
biomass potentials according to the B1 and B2 scenarios respectively 
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13.6 Overall results for bio-energy 

 

13.6.1 Introduction 

Results are given for gross final energy consumption, since this is the quantity relevant for 
calculating RES targets according to the RED. 

The following results are provided: 

 The total final bio-energy consumption, split into heat, electricity and biofuels 

 The technology mix for heat and electricity 

 The biofuel consumption mix 

 In the section on biofuels the biogenic % in transport 

 The amount of biomethane injected in the gas grid. 

The biomethane that counts for the renewable transport target, but that is not physically used in 
transport, but treated via biotickets, is presented under the biofuel section and not under the 
section on biomethane injected in the gas grid. Note that biomethane that is injected in the gas grid 
does not count directly to the RES target, since it is not counted as final commodity. For energy in 
the end it ends up as heat, electricity and a small fraction, via the grid, in the transport sector. It is, 
nevertheless, presented here since upgrading of biogas has been mostly selected as a preferred 
technology for the selected value chains. 
 
 

13.6.2 Comparison with the NREAP 
 

Figure 101: Consumption of straw and other crop residues, per crop type, for Slovakia according 
to the REF and Pol+ variants 
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In Figure 102 a comparison between the Biomass Policies results and the NREAP of Slovakia can be 
found. As can be seen, the 2015 and 2020 results from Biomass Policies are lower than anticipated in 
the NREAP, both in absolute terms as well as in share of the total gross final consumption of energy. 

 

 
For heat the difference in 2020 with the NREAP projection is -2.3 PJ, for electricity the difference is -
0.3 PJ and for biofuels the Biomass Policies results are 0.4 PJ higher than the NREAP figures. The 
difference in absolute terms is not huge; the main difference lies in the share, which is much lower 
in Biomass Policies. This is because the total gross final consumption of energy is 10% higher than 
the NREAP figure. In the following subsections we will give some more detail about the results for 
respectively heat, electricity and biofuels. 
 
Does Slovakia need to try to achieve its bioenergy ambitions as given in the NREAP? 
 
According to Table 1, Slovakia still has some steps to make to achieve its 2020 RES targets. If feasible 
it might be good to increase the bioenergy share, in particular in the heating sector. 
 
 

13.6.3 Heat 
 
As we can see in Figure 103 the total amount of heat produced using biomass is not expected to 
change so much compared to the current situation. Towards 2020 an increase will be seen, followed 
by a slight decline towards 2030. In the variant with improved policies for selected value chains 
there is expected a slightly higher value than for the REF variant. 

Figure 102: Overall bio-energy results for Slovakia for the REF and Pol+ variant and comparison with the NREAP 
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We can see a slight shift towards more advanced applications: gasification and pyrolysis CHP. 
 
 

13.6.4 Electricity 

Between 2015 and 2030 the amount of electricity generated from biomass is expected to more than 
double, see Figure 104. In case of the Pol+ variant there is even almost a tripling compared to the 
current situation. 

In 2020 the total gross final consumption of electricity is similar for the REF and Pol+ variant. In case 
of the Pol+ variant we see more large-scale CHP (under the category ‘CHP of solid and liquid 
biomass’) at the cost of small-scale CHP using pyrolysis oil. Both in the REF and Pol+ variants we see 
an increase in biomass co-firing in coal fired power plants in 2020 and 2030. Although similar 
technologies show in the REF and Pol+ variant, there size is different: in the Pol+ variant we see 
more large-scale CHP and we see also more electricity only (also large scale). In the REF variant we 
see more pyrolysis CHP. One can wonder how realistic such a significant share is. It, however, 
indicates that CHP using pyrolysis oil might be an interesting option for Slovakia. Both in the REF and 
Pol+ variants gasification shows up in 2030, although in the Po+ variant to a larger extent. Just like 
with the pyrolysis oil it is difficult to judge how realistic such a significant amount is. It might be 
worthwhile to study this in more detail and do a sensitivity analysis; however, this was outside the 
scope of this project. It indicates that gasification might be an interesting option for Slovakia towards 
2030. 

 

Figure 103: Gross final consumption of heat per technology in PJ in Slovakia 
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13.6.5 Biofuels 
 
The total biofuel consumption, including the consumption with double counting is given in Table 33. 
Note that double counting is assumed to stop after 2020. Dividing the consumption with double 
counting by the total final consumption in the transport sector gives a biogenic RES-T share of 
almost 10% for 2020. The rest of the 10% renewable transport target is assumed to be fulfilled by 
electrical vehicles (including trains). Note that HVO has been included in the analysis. 
 
Table 33: Total biofuel consumption and biogenic RES share in the transport sector for the REF and Pol+ variants for 
Slovakia 

    REF Pol+ 

  2015 2020 2030 2020 2030 

Consumption [PJ] 7.2 8.4 11.2 8.4 11.2 

Consumption incl. double counting [PJ] 8.9 9.8 11.2 9.8 11.2 

Total final consumption transport 97.6 100.4 105.4 100.4 105.4 

Biogenic RES-T [%] 9.09% 9.81% 10.65% 9.81% 10.65% 

 
In Figure 105 the biofuel consumption per type is given. Note that this graph has to be used with 
some care since the model optimized at a European level, therefore national consumption patterns 
might not always be perfectly reflected. Biodiesel (incl. HVO) from used fats and oils could be an 
attractive option for Slovakia because it counts double (until 2020). Second generation ethanol could 
have a significant share of 25% of the total amount of biofuels in 2030. It is likely that this figure is 
too optimistic. 
 

Figure 104: Gross final consumption of electricity according to technology produced in Slovakia. Results are given in PJ 
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The share of biomethane in the transport sector is also significant: 7% of the total biofuel 
consumption in respectively 2020 and 2030. Note that biomethane consumption in the transport 
sector can also be indirectly: via biotickets. The amount of biomethane for transport is expected to 
be mainly produced via biogas from sewage sludge treatment installations. 
 

 

 
 

13.6.6 Biomethane injection in the grid 
 
The expected amount of biomethane injected in the gas grid, not allocated to the transport sector, 
directly or indirectly, can be neglected. 
 
 

13.7  Conclusions and policy recommendations 

 

 Primary forestry residues are expected to be show a significant growth in consumption. 
Additional financial support doesn’t seem to help. From an economic point of view those 
feedstock seem to be attractive. If this category of feedstocks remains underutilized, however, 
policies should mainly aim at removing the non-economic barriers. 

 Due to the additional stimulation of modern boilers and large-scale CHP it might that 
secondary forestry residues will be mobilized to a larger extent. 

 Going up the waste hierarchy, via improved separation of waste, might reduce the amount of 
waste that is actually used for energy generation.  

 Solely an increased support level for anaerobic digestion of organic waste is not enough to see 
this option being used: upfront a significant improvement in waste separation needs to take 
place as well. 

Figure 105: Biofuel consumption per type for REF and Pol+ variants for Slovakia. Biofuels are not counted double in this 
graph. 
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 There is a significant potential of organic waste for anaerobic digestion that can become 
available if separated organic waste is first digested and after that utilized for composting 
purposes. 

 For making reliable estimation of the RES share in Slovakia it would be good to have a reliable 
potential for digestion under different waste separation regimes. 

 A feedstock bonus for straw might help in mobilizing those feedstocks for energy applications. 
Our results indicate that the main application of straw is expected to lie in small-scale heating 
plants. Towards 2030 production of second-generation bioethanol might also become an 
important application using straw; however, this will depend on a lot on policies for biofuels 
beyond 2020. 

 Pyrolysis CHP and gasification CHP might be interesting options for Slovakia in 2030; however, 
a sensitivity analysis is needed to make this conclusion more robust. 

 The expected amount of biomethane injected in the gas grid is negligible. 

 Since Slovakia has some steps to make to achieve the RES 2020 target, it might be good to 
increase the bioenergy share, in particular in the heating sector. 
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14 UK 

 

14.1 Introduction of the future policy formation (D4.1) 

This section contains the summary of the proposed future policy for the United Kingdom as 
described in D4.1 (Panoutsou, 2016). 

The aim of the integrated policy framework for biomass in United Kingdom is to: 
“To foster a low carbon economy by facilitating advanced technological pathways and strict 
sustainability criteria.” 
 
The key issues under consideration for biomass to meet the targets set in NREAP for 2020 and 2030 

 How to ensure indigenous biomass sources can be used in a resource efficient manner within 
advanced pathways? 

 How to improve the uptake of manure and organic wastes towards 2030? 

 
Why is government intervention necessary? 

 Biomass is expected to make a significant contribution to future low carbon energy in the UK.  

 Renewable, indigenous biomass is under increased demand pressure from energy and non-
energy sectors.  

 Policy makers thus need to consider constraints to mobilising resources and how to balance 
competing priorities by different sectors.  

 High degree of uncertainty, consistent efforts to provide evidence required. 

 
What are the policy objectives and intended effects? 

 Putting in place appropriate financial incentives to bring forward and support the take-up of 
renewable energy, including the “banded” Renewables Obligation, Feed-in Tariffs (FiTs) for 
small-scale (under 5 MW) electricity generation, the Renewable Transport Fuel Obligation, the 
Renewable Heat Incentive tariff scheme (for industry, commercial premises, the public sector, 
and, since April 2014, households), and the (now closed) Renewable Heat Premium Payment 
Scheme (for households); and, from 2017, Contracts for Differences under Electricity Market 
Reform. 

 Identifying and removing the most significant non-financial barriers to renewables 
deployment, including measures to improve existing grid connection arrangements; and 

 Overcoming supply chain blockages and promoting business opportunities in the renewables 
sector in the UK. 
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Table 34: Recommended interventions for the integrated biomass policy framework for the United Kingdom 

Policy support by 
feedstock Policy support by conversion technology  

Policy support by value 
chain/ sector Lessons from: 

Manure                       Anaerobic digestion (medium scale) & local 
CHP   

 

  
Investment subsidies/ Improve FiTs 

  

  
Anaerobic digestion (medium scale) & 
upgrading to SNG   

 Investment subsidies 

  

       

Straw Lignocellulosic ethanol  Product standards 

 Feedstock premium Investment subsidies   

       

Organic wastes combustion for heat (medium scale)/ 
Biomethane via anaerobic digestion 

  
NL: I) Green Gas Green 
Deal -Roadmap 
Renewable gas- 
innovations in the green 
gas sector and to increase 
the production of green 
gas and biogas.  (II) 
Biomethane Vision (2007) 
DE: German Recycling and 
Waste Act (KrWG)  
DE:GHG reduction quota 
and sustainability rules 
can stimulate the use of 
organic waste 

Feedstock premium 

biomethane production and large-scale 
gasification systems for heat & bio-power 
Support for biomethane 

Promotion 
Best practices/Lessons 
Learned 
Awareness raising 

 
How the proposed policy framework has been included in the modelling is covered in the next 
section. 

 

14.2 What future policies for the selected value chains have 
been modelled? 

The future policies that have been included in the modelling can be found in Table 35. An 
explanation per selected feedstock/value chain can be found in the text below the table. Note that 
those policies are used for the Pol+ variant. For the Ref variant current policies have been used. 

For the CHP options in Table 35 heat has been considered as a by-product. However, more detailed 
country specific techno-economic assessments need to be carried out to identify optimal support 
levels to be implemented in legislation. 
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Table 35: Financial policy instruments for the UK used in the modelling for selected value chains for the Pol+ variant. 
Feed-in Premium levels for biomethane options have been expressed per kWh biomethane. CHP options are expressed 
per kWh electricity. 

Feedstock Technology supported Policy instrument Unit Support level 

Liquid manure 

Small-scale on-farm digester 
(mono-manure) combined with 
upgrading to biomethane 

Feed-in Premium €ct/kWh 16.8 

Small-scale on-farm digester 
(mono-manure) combined with 
CHP 

Feed-in Premium €ct/kWh 24.0 

Co-digestion of manure 
combined with upgrading to 
biomethane 

Feed-in Premium €ct/kWh 13.8 

Co-digestion of manure 
combined with CHP 

Feed-in Premium €ct/kWh 20.8 

Organic waste 

Anaerobic digestion combined 
with CHP 

Feed-in Premium €ct/kWh 13.1 

Anaerobic digestion combined 
with upgrading to biomethane 

Feed-in Premium €ct/kWh 13.8 

Straw Not technology specific Feedstock bonus % 50 

 
 
Liquid manure 

The feed-in premium levels for the UK as given in Table 35 have been calculated using the Levelized 
Cost of Energy methodology as described in section 2.2. The technology costs have been taken from 
van Zuijlen and Lensink (van Zuijlen and Lensink, 2015). It appeared that for upgrading of biogas 
generated from co-digestion of manure the calculated value falls below the current generic value for 
biomethane injection, see Panoutsou et al. (Panoutsou , 2015). Therefore the generic value has been 
utilized (13.1 ct/kWh instead of the calculated value of 8.0 ct/kWh). However, we can conclude that 
the current, generic, support level for upgrading of biogas and injection in the gas grid might, in some 
cases, be too high. A more dedicated (feedstock specific) support level might be more appropriate to 
avoid windfall profits. 

The calculated support level for upgrading of biogas generated from manure mono digestion, is 
however, higher than the generic level. Mono digestion of manure is, in general, a rather expensive 
option, because of the low energy content of manure. 

Note that the other feed-in premiums given in Table 35 might be too optimistic or pessimistic for the 
UK. It is an outcome of the assumptions made in this project and the data used. It might, for 
example, very well be that the financing parameters in the UK are more optimistic than assumed in 
our calculations. 

Organic waste 

The feed-in premium levels for the UK as given in Table 35 have been calculated using the Levelized 
Cost of Energy methodology as described in section 2.2. The technology costs have been taken from 
van Zuijlen and Lensink (van Zuijlen and Lensink, 2015). Just as described for co-digestion of manure, 
it appeared that for upgrading of biogas generated from organic waste the calculated value falls 
below the current generic value for biomethane injection, see Panoutsou et al. (Panoutsou, 2015). 



 
 

 

169 
 

Therefore the generic value has been utilized (13.1 ct/kWh instead of the calculated value of 5.8 
ct/kWh). 

Note that the feed-in premiums given in Table 35 might be too optimistic or pessimistic for the UK. It 
is, however, an outcome of the assumptions made in this project and the data used. It might, for 
example, very well be that the financing parameters in the UK are more optimistic than assumed in 
our calculations. 

Gasification of organic waste (MSW) and anaerobic digestion for heat (so no CHP) has not been 
covered in our analysis due to lack of techno-economic data. Therefore those options are missing in 
the RESolve-Biomass and RESolve-E models. 

Straw 
 
Feedstock premiums have been applied as a percentage of the feedstock cost. A feedstock premium 
of 50% was translated in the model as a lowering of the feedstock cost by 50%. The levels have been 
determined by trial and error: at what level does the feedstock appear to be used by the model. It is 
important to highlight that such price increases could push the straw prices upward and cause 
unsustainable utilization of straw. 
 
 

14.3 Results for organic waste 

 

14.3.1 Organic waste potentials for different scenarios 

The United Kingdom currently has a large share of landfill gas, as can be seen in Figure 106. In the A 
scenario we already see a trend to the next step in the waste hierarchy: more organic waste towards 
waste incineration. However, landfill gas remains quite large towards 2030. 

In the B1 we see an increase of the separation of waste resulting in a lower potential for landfill gas 
and municipal solid waste (MSW). Landfill gas is further shifting towards MSW. In general the 
potential for landfill gas and MSW declines significantly, compared to the A scenario. A significant 
separated waste goes directly to composting. In the B2 scenario the separation is at a similar level, 
but the main differences with B1 are that landfill goes to zero in 2030, resulting again in a higher 
amount of MSW. The most important difference with B1 is, however, that instead of going mainly 
directly to composting, first a very large part of the separated waste is made available for anaerobic 
digestion. After anaerobic digestion the digestate can be used as fertilizer (compost). The part of 
separated household waste that is available for digestion is called ‘Collected Vegetables, Fruit and 
Garden waste (VFG)’. The part of organic waste that comes from the other sectors is called ‘Organic 
waste from industry ‘, although strictly speaking it also involves waste from non-industrial sectors. 

A critical note about the landfill gas potential for energy has to be made: it is assumed in B2 that 
landfilling is fully abolished in 2030. However, this does not mean that the biogas that can be 
recovered from the landfill places is zero, because there is still a lot of landfill available that was put 
in those places several years before. So for the biogas from landfilling there is a delay effect, this is 
effect is not covered in the biomass potentials from WP2 of this project. 
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14.3.2 Modelling outcomes for organic waste 

In Figure 107 the consumption of organic waste in the UK according to the REF and Pol+ variants is 
given. Currently the use of landfill gas for energy generation is very high in the UK, actually, after 
straw and short rotation coppice, landfill gas is the most important source of electricity generation 
from biomass (according to UK energy statistics from 2014). 

Figure 106: Organic waste potentials for different scenarios for the UK 
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Since the potentials used for those variants are the A potential, with a modest amount of waste that 
can be digested, an improvement of the support policies for digestion of organic waste do not have 
an effect. Furthermore, the UK currently already has attractive support levels in place, see section 
13.2. 
 

 

 
 
In case where the potential of organic waste from industry and collected VFG is slightly increased (B1 
scenario) we see a small effect on the uptake of those feedstocks for energy. The main effect is that 
in 2020 the consumption of waste for energy decreases because less waste is available for MSW 
incineration and as landfill gas. In 2030 the consumption of waste for energy is 40 PJ less than in the 
A scenario. In case much more organic waste is made available for digestion, scenario B2, we see that 
the total consumption of waste for energy in 2030 is the same as in case of the A scenario. However, 
the consumption of waste for energy in 2020 is significantly lower than in the A scenario. The most 
important reason for this reduction is the loss of input for the existing waste incinerator, landfill gas 
potential and because the digesters for collected VFG and organic waste from industry still need to 
be built. Because of realization/lead times (section 2.4) not much additional biogas production in 
2020 is expected if more waste would be separately collected. 
 

Figure 107: Organic waste consumption for the UK for the REF and Pol+ variants using biomass 
potentials according to the A scenario 
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It is interesting to see, however, that additional separation could give the production of biogas a 
significant boost (after 2020). Further analysis shows that this results mainly in an increase in 
upgrading of biogas to methane and application of the biogas in CHP installations. A critical note to 
the B1 and B2 figures is that those potential are likely too optimistic in the amount that could really 
be available for digestion. In the case of collected VFG there are always significant fractions of the 
waste that can’t be digested, for example, garden wood. In case of organic waste from industry one 
has to realize that this waste can also often have another application, for example, as feed for cattle. 
Furthermore, organic waste from industry might also contain fractions which cannot be digested or 
where digestion is economically not viable due to small volumes at a specific location. 
 
For the UK we can summarize that going up the waste hierarchy might be good from a resource 
efficiency perspective, however, it might complicate reaching renewable energy targets. It seems 
wise to align additional waste separation with the pace that new digesters can come online. Since 
waste is such an important source of bioenergy for the UK and because a lot is changing in the field 
of waste, it seems of relevance to understand the composition of waste better. The current B1 and 
B2 scenarios are likely too optimistic in its potential for digestion. For making reliable estimation of 
the RES share in the UK it would be good to have a reliable potential for digestion under different 
waste separation regimes. 
 
 

14.4 Results for straw and other crop residues 

 
The consumption of straw and other crop residues for energy purposes is presented in Figure 105. 
The current consumption of straw for energy generation is already high in the UK. For both for the 
REF and Pol+ variants we see a consumption of more than 22 PJ in 2020. This is about 85% of the 
total potential from straw and other crop residues (see Figure 119 in chapter 15). When the 
consumption of straw for energy is stimulated by the measures as described in section 14.2 we don’t 
see an effect on the short term (REF-2020 and Pol+-2020 are equal), but we see an effect after 2030. 
It simply takes some time before extra stimulation has its effect. In 2030 in the REF variant, we see a 

Figure 108: Organic waste consumption for the UK for the B1-Pol+ and B2-Pol+ variants using 
biomass potentials according to the B1 and B2 scenarios respectively 
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minor increase in consumption as compared to the 2020 situation. In the Pol+ variant we see in 
increased consumption: in total 26 PJ (80% of the potential). Note that the fraction of the potential 
that is consumed in 2030 is lower than the 2020 fraction, because, according to D2.3 of this project, 
the total straw potentials increase from 26 PJ in 2020 to 32 PJ in 2030. 
 

 

 
 

14.5  Results for liquid manure 

The consumption of liquid manure for energy generation, for the REF and Pol+ variants, is given in 
Figure 110. 

 

 

Figure 109: Consumption of straw and other crop residues, per crop type, for the UK according 
to the REF and Pol+ variants 

Figure 110: Liquid manure consumption for the UK for the REF and Pol+ variants 
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Currently the consumption of manure for energy generation is very low in the UK. According to the 
modelling results it is even zero. However, it might very well be that in reality some manure is used. 
Due to lack of statistical data sources this can’t be confirmed. According to the modelling results a 
modest consumption might be expected in 2020. This is mainly because it takes time to roll out the 
use of manure for energy. However, both in the REF and Pol+ variants we see that a large amount of 
manure might be consumed; respectively 64% and 76% of the potential. Those large utilization 
figures are likely too optimistic, since it will be difficult to mobilize a significant amount of manure 
from many farms. It, however, indicates that the UK has a significant realisable potential. 
Due to lack of co-substrate and because of the high price, we see that mono digestion of manure is a 
much more attractive option for the UK.  In case of the REF variant the use of the biogas from mono 
digestion is mainly used in gas engines, to generate electricity and heat. In case of the Pol+ variant, 
upgrading of biogas to biomethane followed by injection in the gas grid is the most important 
application. In the Pol+ variant a dedicated feed-in premium for upgrading of biogas from mono 
digestion was applied, while in the REF variant only a generic feed-in premium for upgrading of 
biogas to biomethane was applied. Apparently this dedicated support level has its effect. 
Furthermore, we can see that the consumption of manure in the Pol+ variant is higher than in the 
REF variant. 
 
 

14.6 Overall results for bio-energy 

 

14.6.1  Introduction 
 
Results are given for gross final energy consumption, since this is the quantity relevant for calculating 
RES targets according to the RED. 
 
The following results are provided: 

 The total final bio-energy consumption, split into heat, electricity and biofuels 

 The technology mix for heat and electricity 

 The biofuel consumption mix 

 In the section on biofuels the biogenic % in transport 

 The amount of biomethane injected in the gas grid. 

The biomethane that counts for the renewable transport target, but that is not physically used in 
transport, but treated via biotickets, is presented under the biofuel section and not under the section 
on biomethane injected in the gas grid. Note that biomethane that is injected in the gas grid does not 
count directly to the RES target, since it is not counted as final commodity. For energy in the end it 
ends up as heat, electricity and a small fraction, via the grid, in the transport sector. It is, 
nevertheless, presented here since upgrading of biogas has been mostly selected as a preferred 
technology for the selected value chains. 

 

14.6.2 Comparison with the NREAP 

In Figure 111 a comparison between the Biomass Policies results and the NREAP of the UK can be 
found. 
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As can be seen, the 2015 results from Biomass Policies are slightly above the NREAP trajectory. In 
2020 the total bio-energy figures for REF and Pol+ are about 20 PJ lower than the NREAP figures. The 
distribution over heat, electricity and biofuels in 2015 is completely different than anticipated in the 
NREAP of the UK. Electricity is much higher than the NREAP figures, see also section 0. Besides that 
heat is also significantly higher than projected by the NREAP (56 vs 40 PJ). The consumption of 
biofuels is, however, much lower than the 2015 NREAP figures. Comparing the distribution over heat, 
electricity and biofuels in 2020, the difference with the NREAP is much smaller. Heat is almost the 
same, electricity is higher and biofuels is lower than the NREAP figures. The bio-RES share in 2020, 
7.3% for the REF variant and 7.4% for the Pol+ variant, is similar to the 7.4% of the NREAP. The 
absolute amount of bioenergy is larger in the NREAP; however, this is compensated by a smaller total 
gross final consumption of energy in the Biomass Policies analysis. 

In the following subsections we will give some more detail about the results for respectively heat, 
electricity and biofuels.  

Does the UK need to try to overshoot its bioenergy ambitions as given in the NREAP? 

According to Table 1, the UK still has large steps to make to achieve its 2020 RES targets. Although 
the UK has increase its bioenergy share significantly in recent years, it would be good, if feasible, to 
increase the bioenergy share. 
 
 

14.6.3 Heat 

As can be seen in Figure 112, the production of heat from biomass is expected to grow significantly. 
We see that both in the REF and Pol+ variant there is an equally large increase in bio-heat production 
between 2015 and 2020. Towards 2030, however, the amount of bioheat, is expected to decline. In 
Figure 112 we see initially a strong increase of boilers from 2015 to 2020. However, due to phasing 
out of installations, the amount of boilers in 2030 might be significantly lower than in 2030. We see, 
however, that the reduction in bioheat from boilers is replaced by an indirect route: biomethane 

Figure 111: Overall bio-energy results for the UK for the REF and Pol+ variant and comparison with the NREAP 
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injected in the gas grid is used by applications that use natural gas, for example boilers in industry 
and residential areas. We see, furthermore, a strong increase of heat from CHP installations, in 
particular using pyrolysis oil. More about pyrolysis oil in CHP installations in the next section. 

 

 

 

14.6.4 Electricity 

According to the energy statistic from the UK, a rapid increase of the generation of electricity from 
biomass took place in recent years, see the figure below. There are some remarkable trends: 

 Landfill gas is a steady important source for electricity generation. 

 Biomass co-firing with fossil fuels used to be an important source of electricity, but it is fading 
out. 

 In recent years electricity from plant biomass27 has seen a rapid increase and is currently the 
most import source of electricity generation from biomass. 

 Other sources of biomass play a more modest role. 

                                                           
27   DECC: Includes the use of straw combustion and short rotation coppice energy crops. 

Figure 112: Gross final consumption of heat per technology in PJ in the UK  
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Figure 113: Historical electricity generation from biomass [PJ]. Source: DECC 

In Figure 114 the modelling results for 2015, 2020 and 2030 are given. As expected the generation of 
electricity from biogas will decline, because of a decline in the landfill gas potential. Furthermore, the 
might be a modest revival of biomass co-firing. Electricity only is expected to remain an important 
technology for the UK, although, currently a lot of attention in the UK is going towards more heat 
utilization. Therefore the high ‘electricity only’ figures in Figure 114 might give a too optimistic view. 
A remarkable observation is the large penetration of CHP using pyrolysis oil. Underlying figures reveal 
that the UK will important a large amount of pyrolysis oil, which will next be applied in CHP 
installation. The large amount of CHP’s and the large amount of pyrolysis oil import might be 
exaggerated. However, the model assumes perfectly functioning markets. Therefore, from an 
economical perspective it is apparently an interesting option. The results might be quite sensitive to 
the relative costs of competing technologies. A sensitivity analysis on technological cost has not been 
applied due to lack of time, but might have been worthwhile. The fact that the UK will import a 
significant amount of biomass, in the form of pyrolysis oil, wood pellets or another intermediate 
commodity, is, however, explainable, because the domestic biomass potential of the UK is relatively 
low. 
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14.6.5 Biofuels 
 
The total biofuel consumption, including the consumption with double counting is given in Table 36. 
Note that double counting is assumed to stop after 2020. Dividing the consumption with double 
counting by the total final consumption in the transport sector gives a biogenic RES-T share of slightly 
more than 9% for 2020. The rest of the 10% renewable transport target is assumed to be fulfilled by 
electrical vehicles (including trains). Note that HVO has been included in the analysis. 
 
Table 36: Total biofuel consumption and biogenic RES share in the transport sector for the REF and Pol+ variants for the 
UK 

    REF Pol+ 

  2015 2020 2030 2020 2030 

Consumption [PJ] 81.0 118.3 133.9 118.3 133.9 

Consumption incl. double counting [PJ] 82.2 137.3 133.9 137.3 133.9 

Total final consumption transport 1680.1 1522.1 1453.3 1522.1 1453.3 

Biogenic RES-T [%] 4.89% 9.02% 9.21% 9.02% 9.21% 

 
Since, according to this analysis, the share of biofuels, together with electrical vehicles, is enough to 
achieve the 2020 renewable transport targets, the significant difference with the 2020 biofuel 
projection from the NREAP can be attributed to the NREAP having: 
 

 A lower share of double counting biofuels 

 A lower share of electrical vehicles 

Figure 114: Gross final consumption of electricity according to technology produced in the UK. Results are given in PJ 
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 A lower energy demand in the transport sector. 

In Figure 115 the biofuel consumption per type is given. Note that this graph has to be used with 
some care since the model optimized at a European level, therefore national consumption patterns 
might not always be perfectly reflected. The UK is a country with relatively large share of gasoline 
cars. However, up till 2020 biodiesel is expected to be much more important than biogenic 
substitutes of gasoline. Biodiesel (incl. HVO) from used fats and oils could be an attractive option for 
the UK since it counts double (until 2020). After 2020 we see that bioethanol is expected to get a 
much more predominant role. The underlying analysis assumes that a certain fraction of gasoline 
cars is getting replaced by cars with engines that can blend high shares of ethanol (so called E85). 
Otherwise such a high share of ethanol would not be possible, because of rather low blending limits 
for ethanol (E5 and E10). Because of the assumptions of the introduction of E85, the ethanol figures 
might be too optimistic. We can furthermore see that both ethanol and biodiesel from lignocellulosic 
biomass are expected to be introduced. In the analysis it is assumed that the 7% gap on biofuels from 
crops will continue after 2020. Since the amount of cars using natural gas is low in the UK, also the 
consumption of biomethane in the transport sector will be low. 
 

 

 

 

14.6.6 Biomethane injection in the grid 

Currently the amount of biomethane injected in the natural gas grid is absent in the UK. According to 
the modelling results this amount will also be low in 2020, see Figure 116. However, according to the 
modelling results, after 2020 injection of biomethane in the grid will show a spectacular growth. In 
particular gasification of wood pellets is expected to play a very important role. Underlying figures 
reveal that the UK is expected to import a large amount of wood pellets for this purpose. 

Figure 115: Biofuel consumption per type for REF and Pol+ variants for the UK. Biofuels are not counted double in this 
graph 
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Currently the production of biomethane via gasification is not taking place in Europe, except from 
some small demonstration plants. Therefore such a large growth might be way too optimistic. We 
can, however, conclude that gasification of imported wood pellets might be an important route the 
make the UK energy system more green. Large-scale import of wood pellets, combined with a large-
scale application like gasification could be a logical option for the UK. The wood pellets can be 
imported at the harbour, transformed into SNG in the harbour and disturbed to the rest of the 
country via the existing natural gas grid. 

 

 

 
Besides the large amount of biomethane via the gasification route, there is also 9 and 15 PJ in 
respectively the REF and Pol+ variants. The main difference between the two variants is the 
biomethane from manure mono digestion, see section 14.5. 
 
 

14.7  Conclusions and policy recommendations 

 Support levels for upgrading of biogas to biomethane, followed by injection in the gas grid, are 
currently not feedstock specific, they are generic. To avoid windfall profits it would be more 
appropriate to make the levels more specific. 

 Since waste is such an important source of bioenergy for the UK and because a lot is changing 
in the field of waste, it seems of relevance to understand the composition of waste better. For 
making reliable estimation of the RES share in the UK it would be good to have a reliable 
potential for digestion under different waste separation regimes. 

 Going up the waste hierarchy might be good from a resource efficiency perspective; however, 
it might complicate reaching renewable energy targets.  

 The UK currently already has a high consumption of straw for energy. A feedstock bonus for 
agricultural residues might help in mobilizing even more of those feedstocks for energy 
applications. 

Figure 116: Overall injection of biomethane in the gas grid in the UK for the REF and Pol+ variants. 
VFG stands for Vegetables, Fruit and Garden waste 
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 Mono digestion of manure might be an important application of manure digestion in the UK. It 
has the advantage of avoiding the use of low available and expensive co-substrates. 

 A strong increase in heat from biomass is expected towards 2020. Due to phasing out of 
installations the amount of heat from boilers is, however, expected to decline towards 2030. 
This decline is compensated by biomethane injected in the gas grid. Furthermore the role of 
CHP is expected to become more important in the UK 

 The UK is expected to remain an important import country of biomass. 

 The modelling analysis reveals that the UK might import large amounts of pyrolysis oil to be 
applied in CHP installations. However, a sensitivity analysis is needed to make this conclusion 
more robust. 

 The UK has increased its bioenergy share significantly in recent years. However, since the UK 
has large steps to make to achieve the RES 2020 target, it might be good to increase the 
bioenergy share, if feasible. 

 Imports of wood pellets, combined with production of SNG, could be an attractive option for 
the UK to make the energy system greener. 
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15 Comparison between countries 

This chapter gives an overview of the potential and utilization rate of the value chains that have been 
studied in the Biomass Policies project. Note that for each country only for three selected value 
chains improved policies have been analysed. However, results for all value chains for all of the 
eleven participating Member States are available. The chapter is mainly a collection of graph, 
including some brief descriptions. For a more elaborate description of the country results, see the 
country specific chapters. 
 
 

15.1 Primary forestry residues 

This value chain was selected by: 

 Austria 

 Spain 

 Finland 

 Croatia 

 Poland 

 Slovakia. 

We don’t see a difference between the REF variants and the Pol+ variants (Figure 117). Main 
explanations for that are: 

 Part of the primary forestry residues will be exported, in the form of chips and pellets. In the 
REF variant this might be slightly higher. In the Pol+ variant this might be less, because of more 
domestic consumption, however overall the total consumption is the same. 

 Under current policies it is also likely that, from an economic perspective, the primary forestry 
residues will be mobilized. There is likely a pace with which primary forestry residues can be 
mobilized. For both variant the mobilization is at a maximum pace 

 With the Pol+ variant also secondary forestry residues can be used.  

 This large increase in consumption of primary forestry residues after 2015, indifferent of 
additional stimulation measures, indicates that, from an economic point of view those 
feedstocks are very attractive. The model assumes markets are working perfectly and 
therefore supply and demand are able to find each other perfectly. If such a large uptake of 
those feedstocks is unrealistic for 2020 and 2030 there might be barriers that avoid reaching 
this economic optimum. 
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Figure 117: Potentials and utilization of primary forestry residues for the eleven Member States and the EU28 for the REF 
and Pol+ variants 

 

15.2  Organic waste 

This value chain was selected by: 

 Austria 

 Germany 

 Belgium 

 Greece 

 Spain 

 Finland 

 The Netherlands 

 Slovakia 

 UK. 

We don’t see much difference between the REF and Pol+ variants (Figure 118). The reason is that the 
Pol+ variants give additional stimulation for anaerobic digestion of organic waste from industry and 
collected vegetables, fruit and garden waste. However, in the A scenario for waste separation the 
amount of those feedstocks is in general small. Therefore additional stimulation does not help. In 
some countries the financial stimulation measures are already in place. The main driver for additional 
stimulation of anaerobic digestion is a change upfront: more separate collection of organic waste, 
and first applying digestion followed by composting. 

In the country specific chapters one can see that additional separation, via the B1 and B2 scenarios 
for waste separation have effect. 
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15.3  Straw and other crop residues 

This value chain was selected by: 

 Austria 

 Germany 

 Greece 

 Spain 

 Croatia 

 Poland 

 Slovakia 

 UK. 

In general we can say that the improved policies have their effect: the utilization rate is larger in the 
Pol+ variant (Figure 119). The difference between REF and Pol+ is much larger in 2030 than in 2020, 
since it takes time for policies have their effect. At the EU28 level, one can see that the utilization 
rate in 2030 is double the utilization rate of 2020. In general, however, a lot of straw remains 
unutilized. Straw is a feedstock that is rather expensive, difficult to mobilize and also requires 
additional equipment costs. 

Figure 118: Potentials and utilization of organic waste for the eleven Member States and the EU28 for the REF and 
Pol+ variants 
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15.4 Industrial wood residues & wood waste 

This value chain was selected by: 

 Belgium 

 Finland. 

In general this feedstock in consumed to a significant extent in most countries. The difference 
between REF and Pol+ is small (Figure 120). 

Figure 119: Potentials and utilization of straw for the eleven Member States and the EU28 for the REF and Pol+ 
variants 
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15.5  Liquid manure 

This value chains was selected by: 

 Belgium 

 The Netherlands 

 Poland 

 UK. 

For those countries we see a difference between the REF and Pol+ variants. In general, however, this 
feedstock is expected to remain underutilized towards 2030 (Figure 121). Additional rewarding of 
avoided methane emissions by short storage periods and digestion could change this picture. This 
effect has not been covered in this study. 

Figure 120: Potentials and utilization of industrial wood residues and wood waste for the eleven Member States 
and the EU28 for the REF and Pol+ variants 
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15.6 Landscape care wood & prunings 

The value chain was selected by: 

 Greece 

 Spain. 

We don’t see a difference between the REF and Pol+ variants (Figure 122). This remains a difficult to 
mobilize feedstock category. For all Member States and for the EU28 as a whole the utilization rate 
for 2020 and 2030 is expected to be low. 

Figure 121: Potentials and utilization of liquid manure for the eleven Member States and the EU28 for the REF and 
Pol+ variants 
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15.7  Perennials 

Perennials were only selected by Germany as value chain to look closer into. From Figure 123 it can 
be concluded that perennials have a significant potential in the EU28, however, according to our 
results it will remain underutilized. Perennials are expensive, need time to grow and there are simply 
cheaper alternative to achieve bioenergy ambitions. Note that more stringent GHG criteria might 
change this picture to some extent. 

Figure 122: Potentials and utilization of landscape care wood and prunings for the eleven Member States and the 
EU28 for the REF and Pol+ variants 
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15.8 Sugar beet 

Only the Netherlands chose sugar beet as value chain to look closer into. We don’t see a difference 
between REF and Pol+ (Figure 124), because in our analysis sugar beet was only covered in 
production of first generation ethanol. Since the stimulus of ethanol is already in place via the RES-T 
target in 2020, we don’t have additional stimulation measures for sugar beet, see also section 11.5. 

 

 

Figure 123: Potentials and utilization of perennials for the eleven Member States and the EU28 for the REF and Pol+ 
variants 

Figure 124: Potentials and utilization of sugar beet for the eleven Member States and the EU28 for the REF and Pol+ 
variants 
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15.9 Sewage sludge 

This value chain was only selected by Croatia. The results for sewage sludge, given in Figure 125, look 
somewhat peculiar. As we can see the modelling results indicate that for many countries the 
consumption is between 80-100%. In the modelling less attention has been given to this feedstock, 
due to its modest potential. 

A complication in this feedstock lies in a lack of knowledge in the size and location of sewage 
installations. Some sewage sludge treatment installations are too small to make digestion combined 
with CHP attractive or they are in a remote area, which complicates the utilization of the produced 
heat. For the Netherlands we know that about 50% of the sludge is digested. The sludge that is not 
digested mainly comes from small installations and is burned. Burning sludge, however, hardly gives 
energy output because of the very high moisture content of sludge. 

The utilization percentage of Belgium is very low. However, the potential of Belgium appears to be 
almost as large as the potential for Germany. This high potential must be a flaw. A look at the 
consumption figures learns that they are reasonably in line with current statistical figures: about 1 PJ 
was consumed in 2013 according to Eurostat; the modelling results for the REF variant give 1.3 and 
2.5 PJ respectively in 2020 and 2030. 

 

 

 

 

Figure 125: Potentials and utilization of waste water sludge/sewage sludge for the eleven Member States and the 
EU28 for the REF and Pol+ variants 
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16 Discussion, conclusions and policy 
recommendations 

 

16.1 Discussions 

 
In this report a quantitative analysis using models has been described. There are, however, several 
limitations to this analysis. The outcomes should be interpreted as a possible future projections or as 
a outcomes that would be preferable, because of the least cost approach rather than the future 
forecasts. 
 
Bioenergy is a complex field. It involves many types of feedstock with different compositions, 
different pre-treatment and final conversion technologies, different energy carriers (heat, electricity 
and biofuels). It also interacts with the agricultural, forestry and waste sectors which makes any type 
of analysis even more complex. Furthermore biomass can be traded within Europe, but also over the 
globe. Next to that, new applications like chemicals and plastics from lignocellulosic biomass and 
integrated approaches (biorefineries) are emerging and they may become more important in the 
near future. To manage all these complexities the scope of this study had to be limited. The main 
limitations are highlighted in the remainder of this section. 

Past, current and future policies 

Historical and current support measures needed to be included to develop robust projections for the 
future.  However, there are some complications concerning support policies for bio-energy: 

 In the past years support levels have become more and more refined, specified for capacity 
classes and eligible feedstocks. Often there is not an exact match with the technologies and 
their typical capacity as used in the model and the policies. Furthermore the eligible feedstocks 
don’t fully match with the feedstocks applied in the model.  

 Sometimes it is impossible to keep track of the policies that are currently in place or were in 
place in the past. 

 It is difficult to find information about feedstocks that is eligible. For example, it is often 
unclear which co-substrates are allowed for co-digestion in a certain country and which co-
substrates are not allowed. 

Regarding the level of the future support policies, they are calculated using the ECN cash flow model 
(in case of production support). Parameters such as typical duration and corporate tax rates are 
corrected for the eleven Member States' specific circumstances. However, financial parameters such 
as equity/debt ratios, typical return on equity, etc. are kept constant. Also countries' differences in 
investment cost and O&M costs for the same technology are ignored. Elaboration and inclusion of 
country specific data will be more appropriate. 
 
Statistics 
 
In this study the effects of improved policy framework of selected value chains were analysed. A 
complication was that most of the time there were no statistical data. The value chain ‘Primary 
forestry residues’ for example, was selected by many countries and there were. no information 
related to the current level of consumption in many countries. The approach that was followed for 
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these countries was to model the consumption for the year 2015 and consult with the national 
energy agencies participating in the consortium. 
 
A further complication with statistics for bioenergy is that it is sometimes not clear if the energy 
production corresponds to net energy production, gross energy production or gross final 
consumption. 
 
Partial analysis and indirect effects 
In our study we used static cost supply curves from WP2. However, additional support for bioenergy 
might induce higher prices, indirect effects on other sectors, mobilization of more biomass to be 
imported from outside the EU, a change in the crops that are cultivated, etc.  
 
A concrete example can be that the feedstock bonus to straw may result in increased straw prices 
and unsustainable straw removal. The straw may be removed from the field for use as animal fodder 
and bedding, mushroom substrate, soil cover (e.g. tulip frost protection), energetic use or as building 
material. Otherwise it is chopped and left on the field as feed to maintain the soil fertility.  Any 
intervention that could affect the straw prices needs to be taught carefully so that possible increase 
in straw prices doesn’t lead to undesirable side effects. 
 
Those kind of effects fall outside the scope of our analysis.  
 
 

16.2 Conclusions 

This section covers overall conclusions. For country specific conclusions the reader is referred to the 
last section of the country specific chapters. 
 
In our analysis current policies are assumed to be continued up to 2030. Furthermore, for each 
country improved financial support polices have been applied for three selected value chains. On the 
short term, (up to 2020), we don’t see a significant effect of the improved support policies, due to 
lead times. The modelling results indicate an increase in gross final bioenergy consumption of only 5 
PJ in 2020 when the suggested financial policies are included for the eleven Member States.  Note 
that the increased support only covers three selected value chains for eleven Member States.  
 
However, in 2030 the aggregated effect at the EU level is 55 PJ gross final consumption of bioenergy.  
Comparing the total bioenergy figures for the eleven Member States that have been analysed in this 
study with the NREAPs, we can conclude that most countries are quite on track for bioenergy. In 
absolute terms, on average, the Member States are slightly behind; however, the total gross final 
energy consumption is often also lower than anticipated in the NREAPs. Again, on average, the same 
trend  is valid for electricity, heat and transport fuels from biomass; they are slightly behind the 
NREAP path. For biofuels the amount of double counting biofuels and of renewable electricity in 
transport are higher than according to the NREAPs. Note that there are exceptions for each final 
energy carrier. 
 
Regarding the penetration of technologies, we see a slight shift from ‘traditional’ CHP to gasification 
and pyrolysis oil based CHP. However, those conclusions are highly depend on technological and cost 
development and  a sensitivity analysis would be needed for a firmer conclusion. We see that for 
some countries co-firing will remain important or become even more important (Poland and the 
Netherlands), for other countries it might start to play a role (Croatia). Co-firing used to be relatively 
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important for some of the countries, but its role is becoming marginal or it is phased out (i.e. Belgium 
and the UK). 

Upgrading of biogas to biomethane or generation of SNG is for most countries expected to play a 
minor or negligible role. However, for countries like  Germany and the Netherlands biomethane is 
increasing in recent years and expected to further grow. For the UK biomethane might be an 
important option to green the energy system. 

In general this project focused on feedstocks that have a high potential, are sustainable and are (in 
some cases) underutilized. For each category of feedstock different conclusions can be drawn. 

 A feedstock bonus for agricultural residues (i.e. straw) may help in mobilizing those feedstocks 
for energy applications. Our results indicate that the main application of straw is expected to 
lie in small-scale heating plants. Towards 2030 production of second-generation bioethanol 
may also become an important application using straw; however, this will highly depend on 
policies for biofuels beyond 2020. In case an investment subsidy is the only instrument to 
mobilize straw for applications in straw, a significantly high amount of investment subsidy is 
needed. 

 Germany was the only country that selected perennials as a value chain to further analyse. 
Perennials remain difficult to mobilize. Even under further stimulation its contribution to the 
bioenergy share in Germany is expected to be modest. 

 For Austria we have seen that domestic primary forestry residues are almost completely 
utilized. An additional stimulation of installations consuming wood chips and wood pellets may 
result in additional import of biomass. Contrary to this,  the low costs of primary forestry 
residues in Croatia can result in more export to other countries, rather than consumed 
domestically for energy purposes. This is under the assumption that there is an internal market 
functioning well, in which demand easily meets the supply for primary forestry residues in 
Europe.  

 An important result from this study is that a significant potential of organic waste for 
anaerobic digestion can become available and can be utilized if separated organic waste is first 
digested and after that utilized for composting purposes. In many countries waste is an 
important source of bioenergy and because a lot is changing in the field of waste, it seems of 
relevance to understand the composition of waste better. For making a reliable estimation of 
the RES share in countries where waste is very important (Belgium, Germany, the Netherlands 
and the UK), it would be good to have a reliable potential for digestion under different waste 
separation regimes. In the current study the waste potentials are likely too optimistic. In reality 
large fractions of separated waste are not available for digestion. 

 Furthermore, it would be good to gain a better understanding of  to what extent, and which 
volumes, organic waste can be mixed with wet manure to be applied in manure co-digestion. 
This could increase the potential of biogas from manure co-digestion 

 By going up the waste hierarchy via improved waste separation, the amount of organic waste 
that will be applied for energy generation is expected to decline. For some countries, where 
the use of waste for energy is relatively unimportant, like Austria, this will not impede the 
achievement of the renewable energy targets. For countries like the Netherlands and the UK, 
where waste is very important and that have difficulties in reaching the renewable energy 
targets, it might be risky on the short term (2020). 

 Because of the relatively low cost to generate biogas from sewage sludge, the potential of 
sewage sludge might be utilized on the short terms. However, it is likely that several non-
economic barriers will prevent this from happening. 



 
 

 

194 
 

 
 

16.3 Policy recommendations 

 
This section mainly covers general recommendations. For country specific recommendations the 
reader is referred to the last section of the country specific chapters. 
Several countries still have quite some steps to achieve the 2020 renewable energy targets: Belgium, 
Germany, Greece, Spain, Poland and Slovakia. The Netherlands and the UK are still very far from 
reaching their country specific RES targets. For all these countries increase in bioenergy could help in 
reaching the targets. However, the lead times can limit the additional bioenergy from feedstocks or 
technologies that are not utilized at the moment. It takes time before they get materialized. In 
particular for the Netherlands and the UK, but also for the other Member States, it is best to 
streamline the process of utilizing more of the currently used resources and technologies by 
allocating higher budget and removing non-economic barriers. These increased use of resources of 
course should respect to the sustainability principles.  Large transformations in the support system 
might result in making it infeasible to achieve the RES targets. Finland is an example country that 
already achieved the 2020 RES target and they have ambitions to go quite far beyond the 2020 share. 
They do this by setting ambitious targets for a longer period, up to 2030. However, they also have an 
enormous amount of domestic biomass resources.  
 
Also in the transport sector Finland has shown to be very ambitious and very successful: they already 
realized their own ambitious RES-T target of 20% of 2020 in the year 2014. Furthermore they have 
shown that it is possible to increase the biofuel share to this high level in a timeframe of only a few 
years. A more ambitious RES-T target might, for example, could help the Netherlands in reaching the 
2020 targets. An important condition for this is a long-term ambitious target for bioenergy that  is in 
accordance with the sustainability principals.   
 
Greece and Croatia still have a long way to go to achieve their RES-T targets. Although Finland has 
increased their biofuel share in a short time, one has to realize that also time is needed for the whole 
infrastructure to allow for such a large share. Furthermore, technical blending limitations, the so 
called blending wall, can become an important technical barrier to be aware of. 

To allow for the mobilization of underutilized residues like straw and to help the advanced biofuels to 
gain ground it is of utmost importance to have stable and favourable post 2020 policy frameworks in 
place. 

The analysis in this report reveals that some policies have side effect. the countries have to judge if 
this is desirable. For example, in the UK the support levels for upgrading of biogas to biomethane, 
followed by injection in the gas grid, are currently not feedstock specific, they are generic. To avoid 
windfall profits it would be more appropriate to make the levels more specific. However, it might 
well be that at the moment the main aim of the UK is to get biomethane from the ground and 
therefore overstimulation is acceptable for a short period of time. 

In Belgium for the value chain ‘industrial wood residues and wood waste’ a non-feedstock specific 
stimulation of bio-heat output via stimulation of large-scale CHP will result in additional imports of 
wood pellets. If the aim is to mobilize the underutilized industrial wood residues and to avoid a 
substantial increase of imports it would be good to target the policy at those specific feedstock types, 
thus to make the support feedstock specific. Furthermore, in Slovakia additional stimulation of 
modern boilers and large-scale CHP can mobilise secondary forestry residues to a larger extent, while 
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the stimulation measure corresponded to the value chain ‘primary forestry residues’. Again the 
question is: is the main aim more renewable energy? Or is it specifically intended to mobilize this 
specific feedstock? In case of the latter a more feedstock specific measure would be more 
appropriate. 

It was seen that investments subsidies might not be the best support measure to stimulate for 
anaerobic digestion of organic waste, followed, by upgrading to biomethane for injection in the gas 
grid. The reason is that due to the relatively high O&M costs the financial gap remains positive. A 
production support measure, like a feed-in premium, seems more appropriate. 

Another important conclusion regarding the anaerobic digestion of organic waste is that solely an 
increased support level for anaerobic digestion of organic waste is not enough to see this option 
being used: a significant improvement in waste separation needs to take place upfront. Regarding 
the collection of household waste and waste from SME there is an important role for policy makers 
to initiate this improvement. To avoid a drop of bioenergy on the short term, additional separate 
waste collection should be aligned to the realization rate of digesters. Going up the waste hierarchy 
might be good from a resource efficiency perspective; however, it might complicate reaching 
renewable energy targets on the short term. This is in particular the case for the Netherlands and the 
UK, with a vast amount of energy that is currently generated from respectively MSW incineration and 
combustion of landfill gas. 

For countries with a lot of manure, Belgium, the Netherlands and the UK, additional stimulation of 
manure mono digestion is an opportunity to realize more bioenergy. However, manure mono-
digestion is a very expensive option, because of the low energy content of manure. For the 
Netherlands an additional investment subsidy on the top of the SDE+ feed-in premium schema has 
been modelled. Since application of manure mono-digestion results in a lot of avoided methane 
emissions a more logical way to stimulate this option might be to adopt valorization of the reduction 
of methane emissions. This is currently applied in Denmark. Mono-digestion of manure, furthermore, 
has the advantage of avoiding the use of low available and expensive co-substrates. 
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Appendices 

Appendix I – The RESolve-Biomass model 

RESolve-Biomass determines the least-cost configuration of the entire bioenergy production chain, 
given demand projections for biofuels, bio-electricity and bioheat, biomass potentials and 
technological progress, see Figure 126 (Lensink et al, 2007; Lensink & Londo, 2010). By doing so it 
mimics the competition among these 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 126: Supply chain in RESolve-Biomass (Lensink et al, 2007) 

 
RESolve-biomass allows for trade of feedstocks and final products by means of trucks, trains and 
short sea shipments. The only costs associated with international trade are transport costs (including 
handling), for which generalised distances between countries are used. All domestic transport is 
assumed to take place using trucks. Moreover, the possible economic benefits of important by-
products are taken into account. The RESolve-Biomass model includes:  

 38 crop/non-crop raw materials (primary feedstocks), see section 0 

 51 conversion processes delivering final products, 15 processes delivering intermediate 
products 

 4 auxiliary and 6 by-products  

 8 biofuels and associated distribution technologies, bio-electricity and bioheat as final 
products  

 All EU28 MS individually. The optimization concerns the EU28 as a whole 

 Import from outside the EU28 is possible. In the model currently 10 source regions are used. 

It is assumed that every country in the model has one possible production location for each raw 
material and one location for a possible processing plant for each conversion (sub) process. The 
model decides if a certain feedstock and technology will actually be utilized.  
 
In order to produce heat, electricity or biofuels from biomass resources, one or more conversion 
steps are needed. Each country has the possibility to have a full chain of conversion facilities. For 
each conversion step, different indicators are used to calculate costs and output:  

 Auxiliary and by-products 

 Full load hours  

 Lifetime  
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 Operations and Maintenance costs (O&M costs)  

 Specific investment costs  

 Introduction year of a technology 

 Conversion efficiencies 

 Interest rates (WACC) of a technology.  

 
For biofuels, the investment costs reduce in time depending on the past cumulative output volumes 
of the technology. As such, the model includes endogenous learning (de Wit et al, 2010). For bio-
electricity and bioheat conversion routes the change in investment and O&M costs over time is given 
as an exogenous input, so endogenous learning is not applied.  
 
The demand for heat from biomass has been made sector specific: 

 The households sector 

 The industry sector 

 The services and agriculture sector. 

 
RESolve-Biomass covers both the upgrade of biogas to biomethane for use in transport and the 
upgrade of biogas to biomethane for injection into the gas grid. Upgrading for transport and for the 
grid are treated as separate processes. Biomethane for the gas grid is not final consumption of 
energy. Gas in the grid is distributed to final consumers like gas boilers at households. In RESolve-
Biomass a fixed distribution of gas consumption over final consumers is used. This ratio is derived 
from Eurostat and kept the same for all countries for simplicity. Furthermore it is kept constant in 
time. Note that not all biomethane in the grid ends up as final energy consumption. Part of 
biomethane ends up as non-energetic consumption. The complete conversion chains starting from 
wet manure to end product is shown in Figure 127, it also includes upgrading of biogas. 
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Figure 127: Full conversion chain using wet manure. Products are represented by ovals. Processes are represented by 
rectangles. Intermediate products have a yellow colour 

 
To avoid an unrealistic rapid uptake of feedstock and conversion technologies, growth restrictions 
are applied separately for feedstock and conversion technologies. The model includes a vintage 
approach: construction years and lifetimes are used. This helps in simulating the room there is for 
new installations to enter the market. 
 
Support policies covered are given in Table 37. 
 
Table 37: Support policies covered by RESolve-Biomass 

Support Policies Used to model 

Investments subsidies Investment subsidies 

Premium FiT, FiP and tender 

Fixed premium Fixed premium, certificate price 

Soft loan Soft loan 

Feedstock premium Feedstock premium 

Banding for biofuels Double counting for biofuels 

Cap on 1G biofuels (7 %) maximum of 1G biofuels 

Lower limit advanced biofuels Minimum of advanced biofuels 

Tax exemption Tax exemption for biofuels 

 
 
Output 
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The RESolve-biomass model calculates the minimum additional cost allocations for bioenergy that 
satisfy the demand, allowing for trade between the countries, and import. Typical output of the 
model is  

 Yearly composition of different biofuels in the market  

 Composition of bio-electricity and bio-heat technology mix, 

 Total generation costs. 

 Marginal costs of intermediate and final commodities 

 Consumption of domestic and imported biomass. 
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Appendix II – The RESolve-E model 

RESolve-E is a dynamic market simulation model for renewable electricity. The aim of the model can 
be stated as: 
 
“Given historical policy, current policy and assumptions about future policy, making a projection to 
the future for renewable electricity and CHP in EU Member States” 
 
Support policies are very important for RESolve-E, because they induce a large part of the demand 
for renewable electricity.  
 
For the Netherlands the model covers the SDE+ Feed-in Premium system with all technologies that 
are eligible for SDE+. Therefore for the Netherlands the model covers renewable heat and green gas 
as well. For the Netherlands the model is one of the models used for the National Energy Outlook 
(Hekkenberg, M. and M. Verdonk, 2014; Schoots and Hammingh, 2015). 
 
In general this model is somewhat more suited to capture some dynamic elements of policies and 
the diffusion of renewable electricity than the RESolve-Biomass model. Like RESolve-Biomass it 
includes growth restrictions on technologies and feedstocks as well as a vintage approach. 

A schematic overview of the RESolve-E model is presented in Figure 128. 

 
Figure 128: Schematic overview of the RESolve-E model 
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Appendix III - Matching between biomass subtypes of D2.3 and 
subtypes used by RESolve-Biomass 

Table 38 gives aggregation of types from D2.3 into types as used in RESolve-Biomass. The only 
biomass type from D2.3 that is disaggregated is municipal solid waste (MSW). This feedstock has 
been split into municipals solid waste and landfill gas (used name landfill).  
 
Table 38: matching between biomass types of D2.3 and biomass types used in RESolve-Biomass 

Biomass type used by Alterra (D2.3) Biomass type used in RESolve-Biomass 

barley 

Cereals 

durum_wheat 

oats 

other_cereals 

rey 

soft_wheat 

maize Maize 

sugarbeet Sugar beet 

rape_seed Rapeseed 

sunflower_seed Sunflower seed 

soya_seed Soya 

Energy_maize Forage maize 

Forage_grass_cutting 

Miscanthus Miscanthus 

Switchgrass Switchgrass 

RCG Reed Canary Gras 

Willow Perennials - woody crops 

Poplar 

poultry_solid 

Dry manure 
cattle_solid 

pig_solid 

shegoa_solid 

cattle_liquid 
Wet manure 

pig_liquid 

osr_sunflower Stubbles from OSR and Rapeseed 

grain_maize Stover from grain maize 

sugarbeet Leave and beet top from sugar beet 

rice Straw from rice 

all_cereals Straw from cereals 

Apples_and_pears 

Prunings from fruit trees 
Cherries_and_other_soft_fruit 

Vineyards 

Citrus 

Olives 
Prunings and pits from olives 

Olive_Pits 

HH_Paper 
Paper cardboard 

NACE_Paper 

HH_Wood Post consumer wood 
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Nace_Wood 

HH_AnMixfood 
Collected VFG28 

HH_Vegetal 

HH_MSW 
MSW 

NACE_MSW 

HH_MSW29 
Landfill 

NACE_MSW 

HH_Comslud 
Common sludges 

NACE_Comslud 

NACE_AnMixfood 
Organic waste from industry30 

NACE_Vegetal 

UFO Used fats/oils 

Road_side_verges Verge grass 

RW_trad_fuel Current Roundwood production 

RW_new_purpose Additional Harvestable Roundwood 

Res_trad_fuel Primary forestry residues 

Res_new_purpose Primary forestry residues new 

Sawmill_byproducts_excl_saw_dust Sawmill by-products 

saw_dust Saw dust 

other_industrial_residues Other industrial wood residues 

black_liquor Black liquor 

Landscape_care_wood Landscape care wood 

 

                                                           
28  Collected Vegetables, Fruit and Garden waste. This subtype can be used for Anaerobic Digestion. 
29  HH_MSW and NACE_MSW are combined in our analysis, but next to that we split the combined HH+NACE 

in MSW and landfill. MSW for incineration and landfill for anaerobic digestion. In D2.3 landfill is not given. 
However, landfill is a very common bio energy carrier. In the underlying data of D2.3 the ratio MSW for 
incineration and landfill is given. 

30  Digestible organic waste streams from industry and SMEs. 
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Appendix IV – Overview of most important statistical data 
sources used 

Table 39: Overview of most important statistical data used in this study 

Data source Data item(s) Countries for which it was 
applied to 

Eurostat Biofuel % All EU28 MS 

Biofuel production per type 

Wood pelletization 

Biogas production 

Consumption of MSW, landfill 
gas and sewage sludges 

Sector specific energy prices 

Total gross final consumption 
of energy 

Total final energy consumption 
transport 

IEA Task 40 – country reports Consumption of several types 
of biomass 

AT, DE, DK, FI, SE, UK 

CBS (Central Bureau of 
Statistics for The Netherlands) 

Several data items not 
available at Eurostat 

NL 

 

Data items for 2014 

http://www.ens.dk/ Straw consumption for energy DK 

DECC Several data items not 
available at Eurostat 

UK 

Biomass Policies D3.2 Final consumption electricity 
from biomass 

All 11 participating MS 

Final consumption heat from 
biomass 

Several data items not 
available at Eurostat 

Biomass Co-firing data PL 

 


