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Key messages

I  Waste-based bio-ethanol helps mitigating climate change while at the same time
reducing land competition between energy and food crops

II Waste-based bio-ethanol production offers promising economic potential through
diversified value chains and low feedstock costs

III Partly immature technologies, challenging logistics for sourcing waste, and
hesitating investors pose barriers to using this potential

IV Targeting research and innovation funding at developing and demonstrating cost-
competitive waste-based ethanol production, and setting ambitious targets for the
use of biofuels in transport would provide needed policy support
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What to find in this policy brief?

I What is the problem? What is the suggested innovative 3
solution?

II  Environmental and economic potential of the solution
IIT Good practice examples

IV  Barriers to implementation
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V Policy support needs

RECREATE is a 5-year project running from 2013 to 2018, funded by the European
Commission. It is carried out by a consortium consisting of 16 key partners from
European research and industry and is led by the Joint Institute for Innovation
Policy (JIIP). The overall objective of the project is to support the development of
the European Union’s research and innovation funding programme Horizon 2020,
with a specific focus on the part Societal Challenge 5: Climate Action, Resource
Efficiency and Raw Materials.
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Policy support needed to unlock the
potential of waste-based bio-ethanol

Waste-based bio-ethanol has the potential to both fight climate
change and reduce land competition. However, in order to unlock
its potential, support for research and development, as well as an
enabling political framework, are needed.

I Whatis the problem? What is the
suggested innovative solution?

Biofuels: A puzzle piece for fighting climate
change

Ethanol and other alcohols have been consid-
ered transport fuels since some of the earliest
engine designs. However, they have long been
limited to niche applications (e.g. as a racing
fuel). In recent years, interest in ethanol from
renewable biomass as a motor fuel is surging
globally, because of its potential to reduce
both fossil fuel dependency and environmental

Figure 1: World biofuels production, historical and projected

impacts. Global biofuel production increased
from around 16 billion litres in 2000 to around
120 billion in 2013; and is projected to rise to
some 140 billion towards 2020 (see Figure 1)
Main production and consumption markets
are the US and Brazil, followed by the EU — in
2008, almost % (219%) of Brazil's road trans-
port fuel demand was met with biofuels, while
this share was only 4% in the US and around
3% in the EU!
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IT Environmental and economic potential

of the solution

Biofuels and sustainability: Looking to
waste-based bio-ethanol

Ethanol is produced either through fermen-
tation of sugar or starch (first generation), or
through hydrolysis and subsequent fermenta-
tion of ligno-cellulose, i.e. cellulosic material
forming the basic structural components of
plant dry matter (second generation bio-etha-
nol). Currently, bio-ethanol is produced mainly
from sugar or starch rich food crops; i.e. corn
in the US, sugar cane in Brazil and a mix of
wheat, sugar beets, barley and corn in the EU 2

Crop-based bio-ethanol has proven somewhat
controversial due to concerns about energy
balances, life cycle CO, emissions and compe-
tition with food production. To address these
concerns, bio-ethanol can be derived from a
large variety of residue and waste streams —
either by capturing sugar or starch rich waste
streams or by using waste fractions of crops
(so-called ligno-cellulosic biomass). The for-
mer is significantly easier to ferment and has
more mature required processing technologies.
The latter is much more difficult to process,

but has a far larger potential feedstock supply
available at lower cost.

Figure 2 shows a larger greenhouse gas (GHG)
emission reduction potential for advanced bi-
ofuels, in particular cellulosic ethanol, than for
conventional (first generation) biofuels.

Utilising ligno-cellulosic biomass is still in a rel-
atively early stage of development, but waste-
based ethanol can be refined from a number of
industrial and municipal wastes and residues
at commercial scale today. There are a num-
ber of important benefits associated with using
waste-based ethanol, including:

* lifecycle CO, emissions are far lower than
for fossil fuels or crop-based biofuels; com-
paring well-to-wheel fossil energy use in
the case of maximum feedstock use waste-
based ethanol allows potential GHG emissi-
on savings® of 75.5 Mt CO2-eq when com-
pared with wheat based ethanol and 110 Mt
CO,-eq when compared with gasoline;® this
is equal to circa 6.4 or 9.3% respectively of
all GHG emissions from transport in the EU.7

Figure 2: Life-cycle GHG balance* of different conventional and advanced biofuels and their current state of technology;
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« it offers a high value utilisation of low value
waste streams, improving revenue for the
industries that produce and process these
residue streams;

* capturing additional value from the circu-
lation of biogenic materials and promoting
eco-industrial networks aligns with the
circular economy agenda.

Waste-based bio-ethanol: Estimating
production, demand and turnover

The market size for biofuels has largely de-
pended on EU directives, which mandate min-
imum levels of consumption to be attained
by each Member State. The revised Biofuel
Directive 2009/28/EC? sets a 10% target for
2020. Current EU policy for 2020 aims for a
20% share of renewables for all energy, with
a 10% contribution of renewables in all trans-
port energy consumption. The suggested tar-
get for 2030 is a 309% share of renewables for
all energy, currently with no specification of a
target for transport fuels.?

To estimate EU waste-based bio-fuel demand
and turnover potential by 2030 (see Table 1),
the assumptions made were:'°

< a 20% contribution in transport fuels, dif-
ferentiating between a ‘low’ and ‘high’ de-
mand scenario (see below): and

- that all available biomass feedstocks are
utilised; this is included to check that de-
mand does not exceed the maximum tech-
nical production potential.

Waste streams that are sustainably harvestable
and not used for competing recycling purpos-
es could have a production potential of about
10% of all current EU transport fuel energy
consumption.’ Using all these resources would

‘Low’ demand scenario: crop-based biofuels
supply a maximum of 7% of all transport energy"

‘High’ demand scenario: all biofuel demand will
be fulfilled with advanced biofuels

yield a maximum level of production of waste-
based bio-ethanol of 65,000 million litres (M),
far more than the ‘high’ demand potential for
2030. The average bulk purchase price of
bio-ethanol in the EU was 0.55 € per litter (€/1)
in 2011': the long term expected average is
approximately 0.65 €/1.'% In addition, EU firms
could potentially develop export markets for
waste-based ethanol production technologies.
The size of this market is far more difficult to
estimate in turnover volume.

Environmental and employment effects and
required investments

Compared to wheat (crop)-based ethanol and
regular gasoline, in the ‘high’ demand scenar-
io of maximum feedstock supply of 65,000 MI,
waste-based bio-ethanol would save 1,405
Petajoule (PJ) of energy, equivalent to saving
9.3% of all current EU transport energy use."’
GHG emission savings would be equal to 110
million tonnes (Mt) CO,-eq when compared
with gasoline, and 75.5 Mt CO,-eq when com-
pared with wheat-based ethanol. This is equal
to roughly 9.3 or 6.4% of all GHG emissions
from transport in the EU.™

Additional benefits of waste-based fuel produc-
tion are that feedstock collection and fuel con-
version tend to be highly localised and, there-
fore, provide local employment opportunities. At
about 3 employees per Ml of fuel production,'®an
estimated 195,000 jobs could be created to meet
the demand potential by 2030 with maximum
feedstock supply (see Table 2). These numbers

Table 1: EU waste based bio-ethanol demand and turnover potential through 2030751

Scenario
Low demand 4,831 3,140 20,933 13,606

High demand 16,103 10,467 32,205 20,933

Maximum feedstock 65,000 42,250 65,000 42,250

supply

MI = million litres, M€ = million €
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Table 2: EU waste to ethanol job potential and cumulative required investment through 2030

2020

2030

Scenario | 2020
Job potential Investment Job potential Investment
requirement (M€) requirement (M€)

Low demand (FTE) 14,493 4,831
High demand (FTE) 48,309 16,103
Maximum feedstock 195,000 65,000

supply (FTE)

62,799 20,933
96,615 32,205
195,000 65,000

FTE = Full Time Equivalent

are focused on the employment at the produc-
tion facilities. Export markets for knowledge and
turn-key business should be expected to result in
additional job potential, although comparable in
scale of that required in fuel production.

The investment required for the suggested
production capacity is significant. Facilities
between demonstration and commercial size
(several to several dozen MI) typically re-
quired investments of circa 1 million € per Ml

of annual production capacity.' It is difficult to
extrapolate investment requirements, as cur-
rent projects are still relatively small compared
to expected commercial scale plants (approxi-
mately 100 Ml and over), and it is uncertain by
how much production costs could be reduced
trough scaling and process efficiency improve-
ments. Therefore, the suggested investment
volume in the following table should be con-
sidered very rough estimates, and likely on the
high end of actual required investment.

ITI Good practice examples

Towards business cases for waste-based
bio-ethanol: Learning from the case of St1
Pilot and (commercial) demonstration plants
for waste-based bio-ethanol are springing up
across Europe. St1 Biofuels Oy’s bio-ethanol
production plant in Gothenburg, Sweden, is
a good practice example. The plant produc-
es ethanol utilising ligno-cellulosic biomass
from three different waste streams, collected
at smaller scale sites for conversion to etha-

Figure 3: Etanolix—dispersed ethanol production concept.

nol to both minimise bulk feedstock resource
transport and allow better utilisation of pro-
cess waste heat. St1 utilises the Etanolix®
processing concept for sugar and starch-rich
waste streams, e.g. from breweries and bev-
erage industries, bakeries, potato processing
factories (see Figure 3). In addition, St1 uses
two further feedstocks through different pro-
cessing technologies: the Bionolix® concept
for Dbiological fractions of municipal solid

Dehydration

I  Process residue and/or wastes are
sources from nearby industries

II Residues from ethanol production are
used as animal feed, fertilizer or solid
biomass fuel

IIT 85% pure ethanol is centrally collected
for dehydration in Hamina

IV Storage and blending with gasoline

V  Distribution to over 1.200 fuel stations
in Scandinavia

Source: St1, captions edited by Gosens, J.
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waste and the Cellunolix® concept for forestry
industry wastes (saw dust, wood chips, waste
wood) and straw.

St1 started ethanol production in Gothenburg
in June of 2015, with an annual production ca-
pacity of around 5 MI. Collection of waste from
bakeries and bread products past their sell-by
date from retailers is facilitated through the
bakeries, other intermediaries, or set up by
St1 specifically for the purpose of use in the
Etanolix plants.

To assess potential business cases, a model
project plant was built that closely resembles
St1’s Gothenburg plant. This enables the con-
sideration of costs and revenues, risks and
other business concerns, and comparison with
alternative biofuels and conventional fuels.

Estimated production costs and revenues

Based on data from St1 and literature, produc-
tion costs for such a medium-scale production
facility amount to 530€/m?® of 100% etha-
nol, or 459€ when accounting for an average
co-product value of stillage,?® which can be
used as an input for animal feed (see Figure 4).

Production costs include investment costs and
feedstock costs, as well as costs for electricity,
steam and heat (utilities) and for needed chem-
icals, yeast and enzymes. Feedstock cost is one
of the key considerations in a business case for
biofuels, because they make up a considerable
portion of total production cost and because of

the high volatility in feedstock prices. The price
for bread and bakery waste is not well reported,
but one recent study put it between 60 and 150€
per tonne.?" Although these prices are well below
those of wheat, price volatility is comparable in
level.?> An attractive feature of many waste-based
ethanol is that feedstock-related production costs
are lower and also subject to less price volatility
than for some other biofuels (see Figure 5 below).

The expected revenue is estimated to move
between 450 and 600 €/m3, with an average
of around 650 €/m? expected in the longer
term."" Assuming a ‘green premium’ of approx-
imately 50 €/m?® between fuel supplier and dis-
tributor, this model project would generate an
internal rate of return of approximately 7.7%,
with a payback period of around 9 years.

In addition to St1’s plant there are other refin-
eries using other food industry waste streams,
e.g. biological fractions of household waste,
crop residues and forestry industry wastes.
However, the technological processes are not
radically different and the production costs in
terms of Operations and Maintenance costs
(O&M) per litre are very similar to conventional
ethanol (e.g. corn and sugar beet).

There are, however, a number of risks regard-
ing feedstock cost and supply security, as well
as risks regarding revenue, including uncertain
demand levels, competition with alternative
biofuels and policy stimulus, discussed in the
following sections.

Figure 4: Estimated production costs in a medium scale (5 Ml/year) refinery for bread and bakery waste-based ethanol,

by cost component
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Fischer et al. (2015)7
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1.100

1.000

« Feedstock (at higher
bound of price range)

m Feedstock (at lower
bound of price range)

moaM Figure 5: Comparison of Production Cost

Components in Selected Biofuels (€/m?3);
Source: Fischer et al. (2015)°

m Capex (incl. interest)

Production cost (€ per m?

Notes: authors calculations based on
Fischer et al. (2015) and De Wit ; HVO:

m Co-product value hydrogenated vegetable oil; UCO: used
cooking oil; *) note that the estimate
for switchgrass based ethanol is largely
hypothetical and quite uncertain; there
are no known commercial demonstration
plants of this type.

IV Barriers to implementation

Barriers and challenges to creating a business case for waste-based bio-ethanol

+ Competing uses of waste may limit availability of feedstock for waste-based bio-ethanol plants; e.g.,
forestry industry waste has a competing use in heat and power generation, whereas much biowaste is
used in biogas production

+ Organic waste streams from breweries or potato processing factories are watery solutions of starch or
sugars, which do not lend themselves to economically feasible transport

« Small scale and localised plants to convert organic waste into bio-ethanol require connection networks to
waste providers

= To ensure economic viability of the bio-ethanol plant, waste providers must be willing to:

» have a localised conversion facility set up on or close to their premises,
» provide the feedstock both continuously and at a reasonable price

+ Collecting bread and bakery waste requires considerable organisational effort for using existing or
establishing new connection networks?®

+ Ensuring the supply with bread and bakery waste needed for bio-ethanol plants with an annual
production capacity of 5-10 Ml requires cities of at least 500,000 inhabitants

Availability of and access to waste

as feedstock supply

- Waste-based feedstocks are more attractive in price and price stability, but competitiveness vis-a-vis other
biofuels or conventional fuels seems currently limited by
» less mature conversion technologies, and
» much higher capital expenditure (CAPEX) and operational expenditure (OPEX) than for crop-based

ethanol production

+ Qil price (development) matters too, because
» it determines production cost of biofules’ primary competitor, fossil transport fuels, and
» production costs of agricultural commodities strongly depend on and move with oil prices

-+ High-blend ethanol fuels require changes to fuelling infrastructure and vehicle fleets; there is a lack of
stimulus for the development of high ethanol blend fuelling infrastructure

- Difficulties in developing upscaled and advanced biofuel refineries when private investors are hesitant, while
government participation is limited

Technological and economic

- Lobbying influence from fossil fuel, automobile and food industries highlights the potential for damage to
fuel systems and engines at 10% fuel blends, thus contributing to blocking legislation on 10% blends in a
number of European countries

= Remaining lack of clarity on financial stimulus and further competition with first generation biofuels;

+ Lack of stimulus for the development of high ethanol blend fuelling infrastructure;

- Limited commodification (and trading possibilities) of blending mandate credits; investors lack price signals
for the value of their waste-based biofuels, in particular

Policy and
politics
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V Policy support needs

Need for actions in European Research and
Innovation Policy

Waste-based bio-ethanol production remains
under technical development, with a number of
plantsinoperationacross Europe, typically with
scales between demonstration (up to several
MI) and commercial sizes (approximately 100
Ml or more). This is exactly where the classic
‘valley of death’® in the innovation chain
occurs; government funding for basic research
is no longer applicable nor sufficient, while
private investors are deterred by the limited
technological track record.

Considering  waste feedstocks research
programmes are most important for the
development and demonstration of processes
utilising cellulosic ethanol. Here, several
research funding activities on the European
level are already under way.?® Very importantly,
under Horizon2020, the Bio-Based Industries
Public-Private Partnership BBI PPP (between
the FEuropean Commission and the Bio-
based Industries Consortium (BIC)) has been
set up, which already funds both Research
& Innovation Projects and Innovation
(Demonstration)  Projects that research
into generating advanced biofuels from
lignocellulosic feedstock (see http://bbi-europe.
eu/projects) and aim also to demonstrate future
competitiveness of production processes using
such feedstock. Furthermore, the 2016/2017
Horizon 2020 Work Programme for SC3 invites
submissions in 2016 for projects fostering
International Cooperation with Brazil on
advanced lignocellulosic biofuels (LCE-22-
2016). However, there is only a small number
of Horizon calls that appear targeting the
need to build capacities through training of
researchers, entrepreneurs, process operators,
service providers and policy makers to enable
innovation within the bio-based economy:
BB-06-2016: The regional dimension of bio-
based industries; and BB-05-2017: Bio-based
products: Mobilisation and mutual learning

Therefore, European research and innovation policy
should

a) consider assigning scores in the evaluation of

the proposals submitted in response to relevant

calls under future Framework Programmes for

Research and Innovation (to the extent possible in

the upcoming Horizon 2020 Work Programmes or

alternatively in FP9) in relation to

i) the importance that the applicants give

to linking existing research projects from
different regional or local contexts, different
feedstocks and different policy frameworks;
project proposals ensuring or outlining
credible mechanisms for combining Horizon
2020 funding with funding from European
Structural and Investment Funds (ESIF) (such
as the European Regional Development Fund
(ERDF), the European Social Fund (ESF) or
from Cohesion Fund (CF)) in order to link
excellent scientific research to and hence
increase its relevance and applicability for
regional contexts, thus promising potentially
more ambitious (demonstration) projects and
enhancing innovation impacts for the local
economy.

b) strengthen in upcoming Horizon 2020 Work
Programmes calls that
i) compare different technologies and demon-
stration plants in terms of the sustaina-

bility of biofuels production from different
waste-based feedstocks (including linking
to ongoing Horizon 2020 projects dealing
with sustainability schemes (BB-01-2016:
Sustainability schemes for the bio-based
economy) and under the BBI PPP);

ii) compare different supply and demand side
policy frameworks on regional and national
levels in terms of potential effects for foster-
ing and commercialising biofuels production
from different waste-based feedstocks
(including linking to ongoing Horizon 2020
projects dealing with sustainability schemes
(BB-01-2016: Sustainability schemes for
the bio-based economy), regional support
issues (BB-06-2016: The regional dimension
of bio-based industries) and establishing a
mobilisation and mutual learning action plan
for bio-based products (BB-05-2017));

iii) analyse societal support for waste-to-fuel
compared to other alternative fuels, including
public understanding of global- versus local-
ly-produced biofuels, and crop-based versus
waste-based fuels. Where appropriate, such
project should include information campaigns/
study tours to waste-based bio-ethanol plants
for societal groups, in an effort to improve so-
cietal knowledge about the potential benefits
of ethanol from waste streams.
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action plan (both 2016/2017 Horizon2020
Work Programme for SC2).2’

Fostering the use of food-waste based
bioethanaol requires demand-side policies in
the context of European biofuels policy.

Need for action in European biofuels policy

As with other biofuels and renewable energy
solutions,  waste-based  bio-ethanol is
dependent on a clear post-2020 framework
for climate and renewable energy policy.
The recent Indirect Land Use Change (LUC)
Directive, 2015/1513,?% has finally provided
the cap on land-based fuels and indications
on how emissions from indirect land use
change would be incorporated into biofuel
GHG accounting. This debate, however, has
taken considerable time to be settled, with

discussions started in 2009 and extensive
adjustments during the discussion process.
An initial cap on land-based fuels of 5% was
suggested by the European Commission (EC).
This was subsequently changed to 6% by the
European Parliament, and ended up as a 7%
cap inthe final text. Rules on ‘double-counting’
too have changed throughout the negotiation
process. Thelack of clarity in what future biofuel
policy would look like has deterred investors
from building new production capacity. The
result has been virtually no growth in biofuel
consumption between 2009 and 2014 (see
Figure 5). Although the debate has now been
finally settled, clarity remains absent on
post-2020 targets, which are needed soon to
provide any long term prospect for investment
made in the following years.

Figure 5: EU biofuel market development under policy uncertainty.

35

30

When asked about

preference for either tax
exemptions or mandates,
industry representatives

25

20 <

indicated that long term
perspective mattered most.

Mandates, in this sense,
were preferable, because

15 .

Consumption, Mtoe
\

10

iluc’ debate: 5+ year slump

these may be implemented
with a very long term time

horizon; tax exemptions, on
the other hand, are subject

to repeated renewal of
approval from the EC due to
EU State Aid regulations.

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Source: Fischer et al. (2015)7

A clear post-2020 framework for climate and renewable energy policy should:

set ambitious targets for the use of biofuels in transport to foster demand for and consumption of

biofuels in road transport;

set standards for feedstock acceptability based on true CO, and resource savings to strengthen the

use of waste and residues as feedstock;

allow Member States more flexibility in utilising mandates or tax exemptions; the limited exemptions
allowed by the guidelines on Stated Aid are unlikely to be sufficient to foster high-blend markets and

infrastructure; a necessity for post-2020 targets.
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