Feature @BiOfpr

Biofuels Bioproducts & iorefining

The future of biomass and bioenergy
deployment and trade: a synthesis
of 15 years IEA Bioenergy Task 40 on
sustainable bioenergy trade

Hans Martin Junginger* and Thuy Mai-Moulin, Copernicus Institute of Sustainable Development,
Utrecht University, Utrecht, The Netherlands

Vassilis Daioglou, Copernicus Institute of Sustainable Development, Utrecht University, Utrecht, The
Netherlands and PBL Netherlands Environmental Assessment Agency, The Hague, The Netherlands
Uwe Fritsche, International Institute for Sustainability Analysis and Strategy, Darmstadt, Germany
Ruben Guisson, VITO NV, Mol, Belgium

Christiane Hennig, Department Bioenergy Systems, DBFZ German Biomass Research Centre,
Leipzig, Germany

Daniela Thran, Department Bioenergy Systems, DBFZ German Biomass Research Centre, Leipzig,
Germany; Department Bioenergy, UFZ Helmholtz Centre for Environmental Research, Leipzig, Germany
Jussi Heinimd, Mikkeli Development Miksei Ltd, Mikkeli, Finland

J Richard Hess, Patrick Lamers and Chenlin Li, Idaho National Laboratory, Idaho Falls, ID, USA
Kees Kwant, Netherlands Enterprise Agency, Utrecht, The Netherlands

Olle Olsson, Stockholm Environment Institute, Stockholm, Sweden

Svetlana Proskurina and Tapio Ranta, LUT University, Lappeenranta, Finland

Fabian Schipfer, Institute of Energy Systems and Electrical Drives - Energy Economics Group, TU
Wiens, Wien, Austria

Michael Wild, Wild&Partner LLC, Principal, Vienna, Austria

View online at Wiley Online Library (wileyonlinelibrary.com);
DOI: 10.1002/bbb.1993; Biofuels. Bioprod. Bioref. 13:247-266 (2019)

Abstract: Current biomass production and trade volumes for energy and new materials and bio-chemicals
are only a small fraction to achieve the bioenergy levels suggested by many global energy and climate
change mitigation scenarios for 2050. However, comprehensive sustainability of large scale biomass
production and trading has yet to be secured, and governance of developing biomass markets is a criti-
cal issue. Fundamental choices need to be made on how to develop sustainable biomass supply chains
and govern sustainable international biomass markets. The aim of this paper is to provide a vision of how
widespread trade and deployment of biomass for energy purposes can be integrated with the wider (bio)
economy. It provides an overview of past and current trade flows of the main bioenergy products, and
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discusses the most important drivers and barriers for bioenergy in general, and more specifically the fur-
ther development of bioenergy trade over the coming years. It discusses the role of bioenergy as part of
the bioeconomy and other potential roles; and how it can help to achieve the sustainable development
goals. The paper concludes that it is critical to demonstrate innovative and integrated value chains for bio-
fuels, bioproducts, and biopower that can respond with agility to market factors while providing economic,
environmental, and societal benefits to international trade and market. Furthermore, flexible biogenic
carbon supply nets based on broad feedstock portfolios and multiple energy and material utilization path-
ways Will reduce risks for involved stakeholder and foster the market entry and uptake of various densified
biogenic carbon carriers. © 2019 Society of Chemical Industry and John Wiley & Sons, Ltd

Introduction

iomass has been traded internationally for food,
B feed, fodder and material purposes for millennia,

and trade has been increasing strongly as part of
a globalizing world. A recent development is the trade of
“modern” bioenergy commodities, e.g. wood pellets, etha-
nol, and biodiesel. The further development of sustainable
and stable, international markets for such biobased com-
modities for energy and material purposes is an ongoing
process with continuous advancements in demand and
supply, as well as sustainability certification.

In fact, current biomass production and trade volumes
for energy and new materials and bio-chemicals are only
a fraction of what they may need to become in order
to achieve the bioenergy (often combined with carbon
capture and storage) levels suggested by many global
energy and climate change mitigation scenarios for 2050.
Eventually, biomass products for energy and modern
biomaterials may develop into large-scale commodity
markets, which could have multiple benefits, such as much
improved market stability and competitive prices - if
externalities were taken into account.

On the other hand, comprehensive sustainability of
large scale biomass production and trading has yet to be
secured, and governance of developing biomass markets is
a critical issue, with the use of both food crops and woody
biomass strongly scrutinized by some policy makers and
NGOs. At this moment, fundamental policy choices by
both developed and developing countries still can — and
should - be made on how to develop sustainable biomass
supply chains, and how to develop and govern sustainable
international biomass markets.

For the past fifteen years, IEA Bioenergy Task 40 has
done significant work to address these issues. Its core
objective is to support the development of sustainable,
international markets and international trade of biomass,
recognizing the diversity in biomass resources and appli-
cations for bioenergy, biochemicals and biomaterials in the

biobased economy. The aim of this paper is to highlight
much of this work, and provide a vision of how it inte-
grates with the wider (bio)economy, sustainability frame-
works and thus the widespread deployment of biomass for
energy purposes.

This paper is organized as follows. First, we provide a
brief overview of past and current trade flows of the main
bioenergy products. Second, we discuss the most impor-
tant drivers and barriers for bioenergy in general, and
more specifically the further development of bioenergy
trade over the coming years. We then discuss the role of
bioenergy as part of the bioeconomy and how it can help
to achieve the sustainable development goals. Next, the
potential future of bioenergy is highlighted and the role
that trade may play is discussed. The paper concludes with
recommendations for further work.

Overview of past and current trade
of solid and liquid biomass

Global trade of solid biofuels
Wood pellets

The wood pellet market is one of the most dynamically
developing solid biofuel markets in the energy sector.' The
leading wood pellet producing regions are the US, Canada
and the EU-28, which produced over 14 million metric
tonnes (Mt) of wood pellets in 2015, see Table 1. The EU is
also the main consumer of wood pellets with about 20 Mt.
Italy, UK and Denmark have the largest consumption of
wood pellet in the EU. In 2015, the total world import and
export of wood pellets was 15.6 Mt and 16.0 Mt respec-
tively, see also Fig. 1 for the main trade flows.

Industrial roundwood, wood chips and
particles

Industrial roundwood is mainly traded for material uses,
e.g. for construction, furniture, paper and pulp. The lead-
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Table 1. Global wood pellet production between 2010-2015 (in ktonnes), Source:'?

HM Junginger et al.

Country/years 2010 2011 2012 2013 2014 2015
USA 3 000 4 000 4500 4900 6 900 7 500
Germany 1700 1800 2200 2 350 2 080 2000
Canada 1300 1400 1500 1750 1900 1900
Sweden 1700 1400 1400 1300 1500 1600
Latvia 615 725 1050 1105 1380 1380
Russia 750 850 880 810 890 1050
France 450 520 680 900 1030 1030
Austria 820 920 850 950 945 1000
Estonia 425 365 500 580 995 890
Poland 430 600 600 600 620 870
Rest of the World 3010 4 420 6 140 7755 8610 8780

Figure 1. International net wood pellets streams (>30 ktonnes), (in ktonnes) in 2015.

Sources:'3*

ing industrial roundwood producers are USA, the EU-28
and Russia, see Table 2. The largest importers of industrial
roundwood are China and the EU, see Fig. 2. In the EU,
the main markets of industrial roundwood are located in
Denmark, Finland, Sweden, Germany, Estonia, Latvia,
Lithuania and Poland. China imports high volumes of
roundwood; this could be explained by the fact that China
is a major exporter of wood-based panel products. From

a bioenergy perspective, trade of industrial roundwood is
important to emphasize as a number of by-products after
trade and post consumption can be used indirectly for
energy purposes, see more in Proskurina S et al. (2018).”
Similarly, wood chips and particles are also traded for mate-
rial purposes and then can be used for energy purposes in
a form of a by-product. However, wood chips and particles
are mostly local product and traded for a short distance.

Charcoal

Whereas wood pellets are a fairly recent phenomenon,
charcoal is a form of bioenergy with a very long his-
tory, and still widely used globally. Trade in charcoal
doubled between 2008 and 2015, which can be partly
explained by the increase of charcoal use for cooking in
Africa, the Middle East and Asia, as well as the increase
of export to the EU e.g. from Nigeria, see Fig. 3. In
2015, world production of charcoal was about 52 Mt and
export of charcoal was slightly more than 2 Mt. Given
the contribution of charcoal production to deforesta-
tion in many developing countries and extremely high
greenhouses gas (GHG) emissions linked to the tra-
ditional production of charcoal, this trade is deemed
unsustainable.®’
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Table 2. Global roundwood production between 2006-2015 (in Mm®), Sources:®

Country/years 2006 2010 2011 2012 2013 2014 2015
USA 410 335 355 350 355 355 370
Russia 175 160 175 175 180 190 190
Canada 180 140 145 145 150 150 150
China 95 160 160 160 170 160 165
EU-28 340 340 340 330 335 345 350
Rest of the World 535 570 595 605 610 620 650

Figure 2. Main net global trade streams of industrial roundwood (= 1 Mm?3), (in Mm®) in
2014. Sources:®

145}

S

Figure 3. Major charcoal trade streams (=5 ktonnes), (in ktonnes) in 2015. Sources:>*

Global trade of biodiesel and bioethanol exporters of ethanol were the US (1.7 Mt) and Brazil

(1.5 Mt), see Table 3. The US, Caribbean countries and
Bioethanol and biodiesel production has increased sig- Sweden mainly import ethanol from Brazil for fuel usage,
nificantly over the last ten years. In 2015, the primary whereas Japan, South Korea and several other importing
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Table 3. Global ethanol and biodiesel production between 2006-2015 (in ktonnes). Sources: %2 A density

of 785 kg/m?® and 885 kg/m® was assumed for bioethanol and biodiesel respectively.

Country/Years 2006 2010 2011 2012 2013 2014 2015
Ethanol

United States 15070 41 090 43 035 40 850 41 320 44 920 44 585
Brazil 14 070 21645 17 850 18 450 21955 22 160 23 660
China 4935 6 500 6 740 7 005 6 090 5 895 6010
EU-28 2700 4940 5215 5205 5 500 516585 5900
India 1220 1265 1570 1515 1600 1785 1780
Rest of the World 4280 6195 6725 7 690 8 325 9 030 9 565
Biodiesel

EU-28 4870 9580 9120 9725 10 380 10 645 12 000
United States 840 1150 3250 3390 5150 5130 4 005
Brazil 60 2110 2 365 2 405 2580 3290 3990
Indonesia 55 655 1345 1595 1800 2035 3020
Argentina 0 2415 2 440 2470 2010 2335 2 350
Rest of the World 485 1860 2230 2715 2 895 3325 3135

Figure 4. Net ethanol trade streams (>35ktonnes) used for all end-uses, (in ktonnes) in
2015. Sources:*1%13

countries, including the EU Member States, import Estimated scale of total international
Brazilian ethanol for industrial and other uses, see Fig. 4. bioenergy trade and possible other trade
Overall, more than 90% of the global ethanol consump- streams

tion is used as biofuel, see more in.” With regard to bio-

diesel, Argentina is the main exporter to the US, whereas It is estimated that total international trade of biomass for
Malaysia and Indonesia are the exporters to the EU, see energy has almost doubled from around 785 PJ (2004) to
Fig. 5. Compared to previous years, export of biodiesel 1,250 PJ (2015), see Table 4. This is about 2% of the total
from many non-European countries to the EU is relatively bioenergy use globally. Indirect trade has remained stable
small due to a EU anti-dumping policy.® However, this is around 600 PJ. Direct trade has increased from about 200
partly circumvented by the import of vegetable oils, which PJ (2004) to 600 PJ (2015), and is likely going to overtake
are then converted to biodiesel within the EU. indirect trade volumes in the near future.’
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Figure 5. Major net biodiesel trade streams (>10 ktonnes), (in ktonnes) in 2015.

Sources: 41112

Table 4. Estimated scope of international trade of some products between 2004-2015 (in PJ). Source:?

Year / product 2004 2008 2011 2012 2013 2014 2015
Indirect trade of biomass (post consumption 585 610 515 550 650 625 640
used for for energy in the importing country):

Industrial roundwood 450 435 390 375 470 440 450
Wood chips and particles 135 175 185 175 180 185 190
Direct trade: 200 385 560 580 615 610 610
Charcoal 30 40 50 50 50 55 65
Fuel wood 35 40 65 65 70 70 50
Wood pellets 30 55 135 125 170 200 220
Biodiesel 20 25 80 85 75 45 50
Ethanol as biofuel 60 155 150 160 140 130 120
Palm oil for bioenergy use 25 70 80 95 110 110 105
Total (end up for energy) 785 995 1135 1130 1266 1235 1250

International trade in biogas and biomethane

Biogas is a gaseous fuel typically produced via anaerobic
digestion of wet biomass resources such as agricultural
residues (e.g. manure), and organic wastes, and - decreas-
ingly - from energy crops. In some countries, an increas-
ing - but yet small - share comes from intercropping,
landscape maintenance, and grass cuttings. In addition
to the stationary application as fuel for generating heat
and power, biogas can be a substitute for existing applica-
tions of natural gas, e.g. as vehicle fuel or for local heat
generation. Biogas can be distributed to the consumer via
the existing natural gas grid, which is available in many
countries. However, in order to inject biogas into the gas
grid it has to be upgraded to natural gas quality. Biogas is

then referred to as biomethane or also renewable natural
gas. During the last decade the number of biomethane
plants has increased significantly; with Europe as the
worlds’ leading producer of biomethane, with 459 plants
in the EU producing 1.2 billion m® biomethane annually,
which implies an increase by a factor of 17 since the year
2011."> Most of the plants were built in Germany, the UK
and Sweden. Only 6% of biogas is upgraded to biomethane
in Europe. However, due to its properties, biomethane

can be traded transnationally. So far, trade of biomethane
using the gas grid has only been realized in small amounts
and between neighboring countries in Europe. First trade
activities are stated between Germany and Switzerland,
the Netherlands and Sweden.'® Because biomethane is
delivered via the gas grid, an appropriate “track and trace”

14
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system is necessary to guarantee the biobased origin. Due
to the fact that additional requirements and also sup-

port schemes for sustainable biomethane differ between
the countries, additional information on the feedstock is
necessary.'” Europe has established a “renewable gas regis-
try” called ERGaR in December 2017, which works based
on the cooperation with national biogas/ biomethane/
renewable gas registries. Currently, this registry covers 10
European countries and brings together expertise to estab-
lish an independent, transparent and trustworthy docu-
mentation scheme for cross border transfer and mass bal-
ancing of renewable gas injected into the European natural
gas network."® Within the recently amended Renewable
Energy Directive (RED II), biomethane is classified as an
advanced fuel. In consequence, a stronger biomethane use
for transport - based on residues and waste materials -
may be expected, especially in countries with existing nat-
ural gas infrastructure. This might also lead to an increas-
ing trade activity from 2020 onwards. Outside Europe,
grid-based biomethane trade has not been started yet, but
interest in e.g. Africa (for city grids), and Latin America as
well as parts of Asia is rising.

International and EU trade in wood waste

International trade in post-consumer biomass waste

is a topic that has received relatively little attention in

the research community. Such fuels straddle the border
between the energy and the waste management sector and
consequently their markets are affected by policy meas-
ures from both the energy and waste management policy
spheres. Notably, waste management legislation has cre-
ated “push” factors (in the form of e.g. bans on landfilling
of organic materials) while energy-related legislation has
created “pull” factors.'*"’

When it comes to solid waste fuels, there is very little
research available that does deeper analysis of the prac-
tices of and mechanisms behind international trade in
waste for energy purposes. Different sub-categories are
traded within Europe, graded according by the extent to
which they are sorted or mixed with a common denomi-
nator being that the fuels are negatively priced, in the
sense that waste to energy (WtE) facilities are paid to
receive them.?

One subcategory among waste-based fuels that stands
out is waste wood, also known as recovered wood or
post-consumer wood.?! Waste wood is in turn classified
depending on if and how it has been chemically treated
(preservatives, paints etc.). The number of energy facilities
that can use waste wood as fuel decreases with the level

© 2019 Society of Chemical Industry and John Wiley & Sons, Ltd | Biofuels, Bioprod. Bioref. 13:247-266 (2019); DOI: 10.1002/bbb
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of contamination to the point where highly contaminated
wood can only be managed by a selected few facilities.”
Trade in waste wood among EU member states is con-
centrated in the north and north-western parts of Europe
with Sweden and Germany being the largest importers of
waste wood, with Germany receiving its largest volumes
from the Netherlands, whereas Sweden has been import-
ing especially from Norway and the UK, see Fig. 6.
Notably, Swedish imports are primarily driven by
demand in the country’s district heating sector, where
waste wood is an inexpensive fuel compared to residues
and by-products from the country’s forestry and forest
industry sectors, see Fig. 7. It is important to note that
price data pertaining to waste wood is otherwise rare.

Other emerging biomass trade flows

New trade streams of biomass for energy can emerge,
often triggered by either technological advancements
(e.g. advanced pretreatment technologies) or regulatory
changes that, linked to GHG or sustainability profiles, cre-
ate preferred feedstocks. For example, torrefied biomass
pellets are very attractive for long distance transporta-
tion attributed to advanced handling characteristics
and reduced GHG emissions.**> However, no major trade
flows for industrial use have occurred yet. On the other
hand, fats, oils and greases (FOG) including used cook-
ing oil (UCO) are collected all over the world and often

Transboundary shipment of B-Type (191207%)
Wood Waste (KT), 2016
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Figure 6. Transboundary shipments of non-hazardous wood
waste in Northwestern Europe in 2016. Source:®
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Figure 7. Prices of different fuels used in the Swedish
district heating sector 1993-2016. Source:??

used to produce biodiesel (fatty acid methyl ester: FAME)
or renewable diesel (hydro-processing: HEFA or HVO).
Traded volumes have increased, triggered by the fact

that some countries in the EU (e.g. the Netherlands) pro-
mote the use of this sustainable feedstock (as it is a waste
stream) through a double counting mechanism. Other
novel trade flows that might emerge are road, marine and
aviation biofuel (biomass-derived jet fuel).

With regard to gaseous biomass, trade of upgraded
biogas from anaerobic digestion based on certificates is
already occurring (see above). In the future, syngas pro-
duction from gasification of lignocellulosic biomass might
become an interesting option. The syngas can be injected
into the gas grid after upgrading, or even converted to
bio-hydrogen for the utilisation in fuel cells through
steam-reforming.** Other potentially upcoming tradeable
bioenergy commodities include biocoal from hydrother-
mal carbonisation (HTC-coal) and pyrolysis oil for further
refining, gasification or combustion for heat and power
production.®

Preconditions for bioenergy
deployment and trade

Challenges related to logistics chains and
markets

Biomass to bioenergy is making significant progress and
technology advancement in the past decades, but there
are hurdles and challenges that need to be addressed for
cost reduction and reliability, scale-up and integration,
and investment so as to realize a sustainable bioeconomy.
To compete with petroleum-derived gasoline and other
hydrocarbon fuels, biofuels must be produced at low cost
while simultaneously safeguarding sustainability criteria/
standards. The US Department of Energy (DOE) has set
targets to reduce the Minimum Fuel Selling Price (MFSP)
of lignocellulosic biofuels by developing technologies to

Feature: The future of biomass and bioenergy deployment and trade

produce biofuels at US$3 per gallon of gasoline equivalent
(gge, equal to about 3.8 liters or 120 MJ) by 2022, $2.5/
gge by 2030 and ultimately reduce the MFSP to $2/gge.*
Results from research, development and deployment pro-

jects and integrated biorefineries have provided real-world

information about the challenges associated with biomass
supply chain, feedstock quality, cost and availability,
necessary equipment and unit operations, changes in the
marketplace, and sustainability. Furthermore, scale-up
and integration of new technologies into pioneer com-
mercial-scale biorefineries is a challenging and high risk
undertaking. These major challenges and opportunities
are discussed below.

Challenges and opportunities on feedstock
supply and logistics

A critical driver of biomass mobilization is to reduce the
delivered feedstock cost and risks associated with feed-
stock quality and volume to accelerate widespread com-
mercialization of sustainable biomass supply chains for a
broad range of markets. As an example of biomass utiliza-
tion for production of biofuels, bioproducts and biopower,
the US DOE’s 2016 Billion-Ton Report estimates potential
biomass availability within the US based on assumptions
about current inventory and future projection, produc-
tion capacity and feedstock availability, and conversion
technology.”” The vision and goal is to sustainably produce
and mobilize close to 1 billion dry tonnes of renewable
feedstocks annually by 2040 and displace 25% of all trans-
portation fuel needs in the US. Mobilizing large volumes
of untapped resources will require establishing new supply
chains, as well as significant changes to agricultural and
forestry practices. Costs of grower inputs, competing uses
for biomass supplies, and costs of establishing new supply
infrastructure constrain the cost reduction potential for
biomass. Research and development (R&D) on biomass
supply and logistics will need to sufficiently address uncer-
tainties and build a compelling case for growers and sup-
pliers to risk disrupting existing operations to serve new
markets. There are a variety of technical, operational and
economic uncertainties in the availability of consistent
and affordable quality feedstocks supplies. R&D work is
also required to improve the efficiency of feedstock logis-
tics operations, and develop fundamental understanding
of the interactions between feedstock quality properties
and conversion performance, so as to improve the equip-
ment performance, throughput and reliability, as well as
the process economics. Optimizing logistic chains and
reducing related transportation and handling costs is of

© 2019 Society of Chemical Industry and John Wiley & Sons, Ltd | Biofuels, Bioprod. Bioref. 13:247-266 (2019); DOI: 10.1002/bbb
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particular importance for long-distance, international bio-
energy trade, as these typically contribute a larger share in
these supply chains than for local bioenergy projects.
Energy density affects e.g. the required capacities of
fuel storage, handling, and feeding equipment, as well
as transport capacity and costs. Figure 8 shows a com-
parison of the energy densities of different fuels from the
perspective of the amount of space required. If coal use is
replaced with pellets, one and a half time more logistical
capacity is needed, i.e. storage space, conveyor capacity at
plant and transport capacity (vehicles). With forest chips,
the capacity need is six-fold to keep the energy volume at
the same level. In practice, the storage levels (measured
in energy units) at plant will be lower with biomass com-
pared to coal because of limited storage capacity for pellets
or chipped fuel. This may cause some logistical challenges
to keep the supply security at an adequate level. Coal is
typically stored at the yard of power plant whereas pel-
lets need covered storages and silos. Black pellets made
by torrefaction or steam explosion may ease the logistics,
but their market is just developing. In addition, long-term
storing of forest chips at yards should be avoided because
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Figure 8. Volume required by different fuels for an amount of
primary energy of 10 MWh (36 GJ). Source:?®
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of self-ignition risk and solid content losses. Therefore, for-
est based biomass is mostly stored as uncomminuted near
harvesting sources at forests and terminals. This may add
to the logistical challenges to keep up the supply security
year around.

With increasing trade volumes, efficiently measuring
the quality becomes more important, but this typically a
laborious task, especially for forest chips. Their quality is
mainly depending on energy content (moisture content),
impurities (ash content) and particle size distribution.
Moisture is the most important quality parameter of bio-
mass fuel, strongly influencing its lower heating value,
combustion control and consequently fuel price determi-
nation. Typically, the supply logistics are based on truck
transportation, where the moisture content of each load
should be measured. The overall precision of moisture
measurement by sampling of a load is dependent on the
number of samples collected and on how many loads are
tested. If sampling is done by fuel load, at least two incre-
ments per 50 m’ frame volume of fuel must be taken.
Delivery lot as a frame volume for truck transportation is
100-200 m’, railways 2,600-4,600 m” and vessels 20,000~
30,000 m>. International fuel trade of forest chips is based
on the latter, i.e. bulk dry vessels. Traditional sampling
(preparation) methods used for truck loads are inappro-
priate for such large-scale deliveries. One option is to use
a continuous automatic quality measurement system, e.g.
by x-ray scanning of the moving forest fuel stream. This
allows measuring volume, moisture content, heating value
and impurities such as stones and other foreign matters,?’
see Fig. 9.

Challenges and opportunities on feedstock
conversion and scale-up

Reducing the costs of individual process steps along the
value chain from feedstock to end products is paramount
if bioenergy and biobased products are to be accepted
into the market. R&D development needs to focus on

RESULTS

* Moisture

* Foreign matter
* Volume

* Heat value

Figure 9. Continuous x-ray scanning and analysis.
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developing a variety of conversion technologies that can
be combined into pathways from diversified feedstocks

to multiple products with desired performance and end-
products quality. High capital cost of cellulosic biofuels
and bioproducts facilities remain a significant concern.
Capital expenditures (CAPEX) can be as high as $500
million, limiting participation from potential investors.*®
R&D work is required on process intensification and per-
formance improvements to drive down capital costs, mini-
mize resource, and minimize/eliminate release. In addi-
tion, recent pioneer biorefineries development and opera-
tion have suffered from failing to account for the complex-
ity and variability of lignocellulosic biomass, inconsistent
feeding and handling, improper equipment design, and
flawed integration for conversion and process scale up.

To reach cost-effective operation, biorefineries need to
operate at a design capacity of at least 90% on-stream reli-
ability. R&D is needed to identify the feedstock quality
and operation factors affecting conversion performance
yields, system throughput and reliability, so as to develop
technologies to address contributing factors, and develop
process or operational strategies to mitigate remaining
factors. Resource analysis needs to ensure the sufficient
quantity and quality feedstock supply to biorefineries all
year round. International biomass supply could become an
important feedstock buffer or back-up for biorefineries, in
addition to regional supply, to diversify the sourcing port-
folio and limit price fluctuations.

Challenges and opportunities on markets
and investments

International trade of biomass is not only helping the secu-
rity of supply in regions with lesser resource availability.
Trade may also be a very important stimulus in the develop-
ment of local and regional markets with abundant but not
yet utilized biomass supplies. Many cases show that a local
understanding of the opportunities biomass is providing
was only developed after export chains caused attention and
demonstrated steady availability of biomass volumes. One
prominent example is the mobilisation and export of palm
kernel shells (PKS) from Indonesia. This agricultural resi-
due stream is available at each palm oil mill. But only after
European traders purchased and exported PKS, mill and
refinery operators became aware of the energetic value of the
material and started using them in their coal boilers. Export
opportunities are also a proof to local project finance of bio-
energy projects requiring security of fuel supply.

Similarly, there are numerous examples where export
of wood chips or pellets helped to create local markets.

Feature: The future of biomass and bioenergy deployment and trade

Almost every pellet mill in Eastern Europe and the
Balkans was initially set up to export; contributing to
supply security in other regions/countries with local sales
sometimes 5% or less in their start-up years. Availability
of local supplies subsequently triggered local demand.
Customers considered switching to the cheaper fuel, local
stove manufacturers establish business and foreign boilers
and stoves were imported. Nowadays, some Balkan coun-
tries are turning from exporter to importer. Producers in
Czech Republic, Slovakia, Romania sell increasing shares
of production for better prices locally than the price they
could get for export.

But the use of biomass for energy alone may in many
cases not be sufficient to mobilize markets. When the price
of oil dips to a level that biofuels cannot compete with,
and federal and state renewable fuel incentives are uncer-
tain, companies wishing to enter the fledgling advanced
biofuels industry might find these external challenges
insurmountable. Concerns have been raised by stakehold-
ers that new biofuels producers need portfolio diversity
and alternative revenue sources to ride out market fluctua-
tions. For example, as a complement to biofuels, there is
significant opportunity for the industry to produce and
capitalize on bioproducts, which generally include nonfuel
chemicals that are produced from biomass. For a bioprod-
uct to displace a petroleum product, it must offer the same
(or better) quality and performance at a competitive price.
If successful, bioproducts can represent early market adop-
tion in the bioeconomy as a whole. In addition, recovering
and extracting the highest possible value from all fractions
generated in various steps of value chain will reduce the
overall cost of operations and foster the development of
multiple markets to accelerate mobilization by enabling
coproduct and value-added technologies. R&D needs to
focus on market analysis including assessments on the
barriers, risks, potential cost, commercialization time,
and market demands for candidate biofuels, biopower, and
bioproducts to focus technology development priorities
in the near-, mid-, and long-term. Strategies that foster
market development can be characterized as “technology
push” and “market pull.” Broadly, strategies that increase
biomass supply, decrease biomass cost, or increase bio-
mass value, are considered technology push. Strategies
that increase market demand are considered market pull.
If advancements can be made in both technology push
and market pull, then biomass production and use will
increase. Global trade of biomass and commoditization of
intermediates (such as pellets, pyrolysis oil etc.) may open
up new opportunities for biorefineries and broader market
deployment
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A strong bioeconomy will need to overcome challenges
and realize: 1) sustainable production and supply of qual-
ity biomass feedstocks and capture of usable wastes; 2)
development of innovative and efficient technologies
that reliably transform lignocellulosic biomass and waste
materials into high value intermediates and products at
scale; 3) expansion of the market for biofuels, biochemi-
cals, biopower, and other biomass-derived products.

It is critical to develop and demonstrate innovative and
integrated value chains for biofuels, bioproducts, and
biopower that can respond with agility to market factors
while providing economic, environmental, and societal
benefits to international trade and market.

Sustainability as a precondition for
biomass trade - stakeholder views

Ever since its creation, IEA Bioenergy Task 40 carried out
significant work on the sustainability of bioenergy, aim-
ing at clarifying concepts, facilitating dialogue among its
members and relevant stakeholders, and fostering govern-
ance and implementation to avoid trade barriers. Many
of this has been in close collaboration with other IEA
Bioenergy Tasks, especially Task 38 (Climate Effects), and
43 (Biomass Feedstocks for Energy Markets).

In the past 20 years, the sustainability governance of
many bioenergy supply chains has increased. The discus-
sion about the sustainability of bioenergy supply chains
emerged in the early 2000s, when no or few dedicated
systems existed to monitor the sustainability of bioenergy
supply chains. In comparison, by 2017, in the EU, 91% of
the total transport biofuels are sustainably certified due
to the establishment of RED sustainability criteria for
liquid biofuels,?® see Fig. 11. In the heat and power sec-
tor, given the lack of EU wide sustainability requirements
for solid biomass, Belgium, the UK, the Netherlands, and
Denmark, the main importing countries of wood pellets
for industrial use, have established sustainability criteria
under national support and voluntary schemes.™

Note that given the variety of criteria and verification
requirements, it is not yet possible to distinguish between
all solid biomass (wood pellets and wood chips) that are
certified with existing sustainable forest management
schemes, and which part (and which criteria) have been
verified by an independent auditor. Thus, the degree of
sustainability may vary significantly.

With the inclusion of mandatory sustainability crite-
ria for solid biomass on the EU level under the RED II,
sustainable bioenergy trade is expected to increase in the
coming years.
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The important role of bioenergy in the current and
future energy landscape is recognized by the EU and sev-
eral other large economies.’** However, at a stakeholder
level, the role of bioenergy is seen quite differently by vari-
ous groups, especially regarding sustainability concerns,
and scientific debate around e.g. climate effects. A number
of studies have been carried out to assess positions, percep-
tion and vision of diverse stakeholders at a local, national
and global level®"*" as well as to indicate under which
conditions the bioenergy sector should be supported in its
current and future development.

Existing challenges

The consultation with the stakeholder groups has indicated
that the bioenergy sector has grown rather in “isolation”,
i.e. has not (yet) cooperated with other sectors and exter-
nal stakeholder groups efficiently.’® The general public has
not yet had a role in designating policy and in implementa-
tion of bioenergy projects, and their position needs to be
recognized. The bioenergy, biochemical and biomaterial
sectors have not communicated actively although they are
- conceptually and economically - integrated parts of the
bioeconomy. Social acceptance to bioenergy projects is not
apparent in some regions, as bioenergy projects still raise
concerns for local community regarding worker rights and
land rights, human health impacts, and related issues.

There are also other challenges for the bioenergy sector
to overcome.’® The barriers of bioenergy market uncer-
tainties and unresolved sustainability issues need to be
addressed adequately. As the sustainable mobilization of
biomass feedstocks and global trade may well have to be
further expanded in the medium and long term, biomass
sustainability is a prerequisite.” The consultation with the
stakeholders also underlined that subsidies for bioenergy
to assist its competitiveness against fossil fuels may create
an unlevel playing field for other sectors using the same
feedstocks, and competition with material use.

Conditions to gain support and future of
bioenergy

Stakeholders consider the establishment of adequate sustain-
ability requirements as one of the key conditions to support
the development of the bioenergy sector.” The sustainability
requirements that are already implemented in some EU
Member States include reduction of GHG emissions, under
stringent criteria with regard to air and water pollution; reuse
and recycling of materials; improvement of soil and forest
management; and conservation of biodiversity and ecosys-
tem services. Those requirements should be implemented
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End poverty in all its forms everywhere

End hunger, achieve food security and improved nutrition and promote
sustainable agriculture

Ensure healthy lives and promote well-being for all at all ages

Ensure inclusive and equitable quality education and promote lifelong
learning opportunities for all

Achieve gender equality and empower all women and girls

Ensure availability and sustainable management of water and sanitation for
all

Ensure access to affordable, reliable, sustainable and modern energy for all

Promote sustained, inclusive and sustainable economic growth, full and
productive employment and decent work for all

Build resilient infrastructure, promote inclusive and sustainable
industrialization and foster innovation

Reduce inequality within and among countries

Make cities and human settlements inclusive, safe, resilient and sustainable

Ensure sustainable consumption and production patterns

Take urgent action to combat climate change and its impacts

Conserve and sustainably use the oceans, seas and marine resources for
sustainable development

Protect, restore and promote sustainable use of terrestrial ecosystems,
sustainably manage forests, combat desertification, and halt and reverse
land degradation and halt biodiversity loss

Promote peaceful and inclusive societies for sustainable development,
provide access to justice for all and build effective, accountable and inclusive
institutions at all levels
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partnership for sustainable development
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Figure 10. Role of the SDGs for Sustainable Biomass Supply and Use; Source: ! Bold
text: SDG related to energy; () = partially relevant

in other countries. Also, the sustainability requirements
covering social, and additional economic and environmental
aspects should be ideally implemented for all types of bio-
mass, regardless of end use, and feedstock origin.
Sustainability certification by third parties is another
condition for external stakeholders to support the
bioenergy sector.?® It is important that sustainability

208

certification is transparent in its assurance of compli-
ance. Quantifying sustainability criteria whilst assuring a
transparent and effective certification is challenging, but
increasingly, issues such as land use and land use changes
will be governed better - at least more transparently -
when implementing the Paris Climate Agreement and the
Sustainable Development Goals (see next section).
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Communication and continued dialogue with external
stakeholders on bioenergy benefits, if proven by scien-
tific evidence, could help find win-win solutions for all
parties.*® The positive tracks of bioenergy and its con-
tributions to climate change mitigation, environmental
improvements as well as social and economic development
need translation into simple and clear messages. This
would assist long-term decision making in the bioenergy
sector and inform the general public and other stakeholder
groups.

A competitive sector independent from subsidies is
another condition for gaining support of the external
stakeholders. Bioenergy should consider mobilizing
sustainable resources, advancing further processing
technologies, developing more effective supply chains, and
ultimately reducing bioenergy costs to strengthen the sec-
tor competitiveness. Yet, a “fair” price competition with
fossil fuels must reflect their externalities also.

In addition to current accepted feedstocks used for bio-
energy, additional sustainable bioenergy crops and forest
biomass could potentially be mobilized. Those feedstocks
harvested on surplus lands and by afforestation with low
land-use change (LUC) risks, available through increased
yield, better supply chain integration and higher effi-
ciency are already demonstrated, and a number of cases is
described in scientific papers.

Collaboration with the bioeconomy sub-sectors is also
considered to enhance support.*® Bioenergy is no longer
a stand-alone sectors; mutual solutions for bioenergy and
other sectors using biomass feedstocks are of importance.
Collaborations beyond national borders are required to
create a global and sustainable bioenergy market.

Sustainable bioenergy in the wider
context of the bioeconomy and
sustainable development goals

A circular bioeconomy?

Historically, the use and trade of biomass for various mate-
rial uses has been well established for many centuries.
However, by the turn of the century, increasing awareness
for climate change and the limits of fossil reserves, the use
of biomass for bioenergy caught increasing attention of pol-
icy makers; much more so than biomaterials or biochemi-
cals. In Europe, for example, first the Renewable Electricity
Directive,*’ next the Biofuel Directive*! and finally the
Renewable Energy Directive®>*® brought biomass back to
the attention as a renewable energy source. In parallel, bio-
mass was re-established as a resource for biobased products.

HM Junginger et al.

In consequence, a more holistic concept of the
“bioeconomy” appeared, challenging fossil supremacy.
For example, Europe’s Bioeconomy Strategy describes
the multiple biomass functions that can coexist: “...the
bioeconomy encompassing food, feed, bio-based products
and bioenergy”.**

However, despite the potential coexistence of func-
tions, bioenergy is referred to a specific place in the func-
tional hierarchy: “Biorefineries should adopt a cascading
approach to the use of their inputs, favoring highest value
added and resource efficient products, such as bio-based
products and industrial materials, over bioenergy.**

With the introduction of the cascading principle and
its adoption in various policy frameworks, bioenergy was
(and still is) finding its place in the new bioeconomy. This
is a challenge because, as the bioeconomy is complex, so
is the cascading approach. Olssen et al.** acknowledge for
that matter that “the cascading principle is valuable and
should be treated as a guiding principle, but not as an end
in itself”.

Depending on viewpoints, bioenergy can be a competi-
tor or integrator in the bioeconomy: Bioenergy is inter-
linked with other sectors for all steps of the production,
processing and utilization chain. It can use wastes and
residues of other bioeconomy activities in a cascading
approach, but it may also compete for feedstocks with
other sectors.*®

Regardless its position at the lower end of the cascading
hierarchy, bioenergy is not expected to disappear when the
bioeconomy emerges to its full potential in years to come.
On the contrary, bioenergy is likely to keep being a neces-
sity in e.g. future biorefineries. After higher value added
products have been extracted, a significant fraction of high
volume and/or low value biomass by-products will remain.
These by-products cannot be left as an open end in the
biorefinery concept. After all, biobased economy should
offer a holistic solution which includes processing its by-
products. Using these by-products as feedstock, bioenergy
can remain playing its essential role as an integrated part
of the bioeconomy. Not only offering the cornerstone to
the holistic solution, but additionally producing valu-
able energy-products in doing so. “Advanced bioenergy
and biofuels will be a cornerstone of the European bioec-
onomy, as well as the energy system, during the coming
decades”.*

Increasing amounts of traded biomass feedstocks could
on the one hand create opportunities for the exporting
countries, but also entail risks that - without appropriate
governance - are largely outside the control of biomass
users and policy makers who incentivized trade.
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Sustainability of bioenergy within the
bioeconomy

Since the early 2000s, many IEA countries started using
quota systems and tax incentives to introduce liquid biofu-
els for transport into their markets, and the EU domestic
target of 10% for 2020 (and, to a lesser extent, the US bio-
fuel policy) stirred up an intense debate on the sustain-
ability of biofuels, especially regarding potential effects
from imports, and from displacing domestic food & feed
production. Issues raised concerned biodiversity, climate
and water effects, and food and land tenure security. This
discussion overshadowed positive opportunities discussed
earlier, e.g. employment, energy security, rural develop-
ment etc.

IEA Bioenergy contributed to the discussion in pro-
viding scientific information, focusing on appropriate
calculation of GHG balances, consistent sustainability
metrics, and certification and monitoring systems to verify
sustainability claims.

Meanwhile, Europe implemented its Renewable Energy
Directive®? with mandatory renewable fuel quota in the
transport sector of all Member States, combined with
mandatory sustainability criteria required to count biofu-
els under the quota.

But not only the EU reacted: In response to the 2005-
2010 global discussion around biofuels (“food vs. fuel”,
“land grab”, “indirect land use change” etc.), a large num-
ber of governmental and non-governmental initiatives
worked on approaches and concepts to prove that biofuels
and bioenergy can be produced sustainably.

On a global level, the Global Bioenergy Partnership
(GBEP) developed sustainability indicators for bioenergy
to guide analysis at national levels, to inform decision
making, and facilitate sustainable development of bioen-
ergy."’ The indicators were derived in consensus among
a broad range of national governments and international
institutions, and have been tested in a number of coun-
tries at both regional and national level, to evaluate their
feasibility and enhance their practicality as a tool for
policymaking.

The GBEP work was taken up by the standard ISO
13065:2015 (Sustainability criteria for bioenergy), and in
many non-governmental schemes, e.g. Roundtable on
Sustainable Biomaterials (RSB), and the International
Sustainability & Carbon Certification (ISCC). Furthermore,
sustainability schemes for specific bio-based commodities
such as palmoil, soy and sugar were developed, building on
earlier work for timber (e.g. FSC, PEFC, SFI).

Despite these certification schemes, there is an ongoing
scientific debate on carbon neutrality, payback time, iLUC

Feature: The future of biomass and bioenergy deployment and trade

and appropriate calculation metrics. The sustainability of
internationally traded wood pellets has been questioned by
critics, especially for pellets produced from pulp-quality
logs in the US Southeast.*® And even more fundamentally,
mitigating GHG emissions by burning wood from forests
(“carbon debt”, see e.g.49), and the resource efficiency of
burning biomass (instead of more “cascading”) are being
doubted by many.*® Last but not least, concerns about
availability of sustainable biomass for all uses (food &
feed, chemicals, construction materials, energy, fibers...)
and respective possibilities of use competition have been
raised , e.g. see in Chen, X. et al”!

All this is partly caused by the fact that sustainability
criteria included in certification schemes can usually only
assess local impacts on e.g. water, soil and carbon stocks,
whereas issues related to indirect land use change and car-
bon neutrality typically play on a landscape or “macro”/
whole system level.

To overcome the critique, it is necessary to see bioenergy
and biomass trade in the broader context of the bioec-
onomy, as part of a larger cross- and inter-sectoral global
approach.

This extension of the scope allows to consider: the mul-
tiple outputs of (agricultural and forest) landscapes; the
beneficial role of bioenergy development in dealing with
forest and land degradation; the integration of segmented
product markets into a broader view, to avoid “leakage”,
“indirect” effects, and other problem shifting.

From a bioeconomy viewpoint, setting only sustain-
ability requirements for bioenergy is compromised by
leakage effects — if e.g. wood and palm oil only have to
meet sustainability requirements for energy purposes, all
the unsustainably produced feedstocks will go to material
and food purposes. Eventually, but preferably soon, sus-
tainable production should be required for all products
of the bioeconomy and governmental regulations will be
needed.

In this more holistic view, bioenergy must be developed
and utilized in the context of ecosystem services to limit
adverse environmental impacts, not disrupting existing
land uses and markets, and ensuring feasibility for all par-
ticipants in the value chain.

Opportunities for increased and yet sustainable produc-
tion differ around the world. For example, areas with large
amounts of forests and underutilized forestry residues and
resources, such as Canada, the US South-East and Russia
have the opportunity to export woody biomass to regions
with a deficit. Also, areas with surplus agricultural (or
degraded) land could offer opportunities to mobilize and
grow more biomass and the products could be utilized by
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the rest of the world.”> When done right, this can entail
both socio-economic and environmental benefits.

Local production of biomass can have a lower footprint,
due to reduced transport emissions, but on the other hand,
there are areas around the world that can have a higher
production per hectare, requiring less fertilizer or irriga-
tion, compensating for the increased transport.

There is also a socio-economic dimension, as biomass feed-
stock production in lower-income countries can improve
the livelihood of - often rural - smallholders by producing
biobased goods for international markets. In this way trade
of biomass can support sustainable development and can
be a driver for biomass production in the bioeconomy, with
more renewable and sustainable products and energy and an
increase income for the rural farmer.

A better, more integrated governance of a sustainable
bioeconomy will be beneficial for trade, with a consistent
and transparent mix of regulations that take into account
the ecological, social and economic differences among
regions.
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This is especially important considering the global trade
of bioenergy feedstocks, which is only going to increase
in coming years. It is also important that the evolution
of governance mechanisms occurs to allow smaller-scale
operators to enjoy the same benefits of certification with-
out facing undue economic hardships as a result of obtain-
ing certification.

The IEA’s Bioenergy Technology roadmap®” identifies
the development and implementation of an internationally
recognized sustainability governance systems that cover
all bio-based products and which supports sustainability
best practices and stimulate innovation as a key action.

Industry and policy makers look for clear guidance on
what is sustainable biomass, and effective governance
mechanisms are needed for consumer confidence. As these
are partly lacking, at present, many legislators choose for a
low-risk approach and limit the use of biomass for energy
to low-risk materials, and/or have developed very compre-
hensive sustainability requirements for biomass used for
energy purposes.’’

Bioenergy 2016 (PJ) Wood pellets Liquid biofuels
Total consumption 345 648
Sustainably certified 112 593

Note: Certified biogas and municipal waste are unknown

89% of liquid biofuels
are certified thanks to
binding EU
sustainability criteria

Biogas Municipal waste
H Residential consumption (excl. Pellets)
Other solid biomass
H Bioethanol
= Field crop manure & agro-food waste
m Sewage sludge

Figure 11. Overview of total consumption of bioenergy and the estimated sustainably certified share in

the EU. Source: %0
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In parallel to all of this dynamic, sustainability - not
only for biomass, but as a general issue - became more
acknowledged in global policies. Significant progress has
been made after the 1992 and 2012 Rio conferences,”, and
in September 2015, the UN General Assembly formally
adopted the universal, integrated and transformative 2030
Agenda for Sustainable Development, along with a set of
17 so-called Sustainable Development Goals (SDGs) which
are — for the first time - to be implemented in and reached
by all countries until 2030.>*

The central role of bioenergy with regard to SDG7 (sus-
tainable energy) has been described,”” and recent work
underlined the close relation of the GBEP sustainability
indicators with the SDG indicators.”® Other research
showed that the SDGs have strong interlinkages,*®>’
implying that biomass sustainability could significantly
influence other SDGs,>® see also Fig. 10.

Strong links of biomass sustainability to SDGs —
beyond sustainable energy (SDG 7) - concern: food (SDG
2), as biomass influences food security - negatively or
positively;*® water (SDG 6), as bioenergy can be provided
from waste water treatment, and biomass cultivation
can improve water supply,®® but may also interfere with
access to clean water;®! growth and employment (SDG 8),
sustainable consumption and production patterns (SDG
12), combat climate change (SDG 13), and life on land
(SDG 15).

Using the SGDs as a normative framework for the sus-
tainability of biomass®*>%** implies not only strong
interlinkages, but also that the goals should be achieved
in an integrated way to avoid tradeoffs. This will require
to move beyond the “pillar” concept, and to consider the
SDG interlinkages in a positive way: biomass — with bio-
energy as part of the overall bioeconomy - should be seen
as a means to implement the SDGs. This in turn implies
that only those biomass systems are sustainable which
comply with (at least the majority of) the SDGs. To assess
these opportunities, the issue of measuring sustainability

becomes relevant.®

The anticipated role of bioenergy in
the 21st century

Long term energy and land-use strategies seeking to meet
strict climate change mitigation targets have consistently

highlighted the importance of bioenergy.*»***” Scenarios
consistent with a warming by the end of the century of no
more than 2°C, project bioenergy making up 23% of total
primary energy supply in 2050 (10th to 90th percentile:

Feature: The future of biomass and bioenergy deployment and trade

18-27%), equivalent to 138 EJ/yr (83-195).5%%% This com-
pares to 51 EJ, or 10% of primary energy supply, in 2015.%
This result is consistent, even when adopting pessimistic
assumptions on biomass availability and the development
of advanced technologies such as 2" generation biofuels of
bioenergy with carbon capture and storage (BECCS).”%”!

Within these scenarios, bioenergy is overwhelmingly
used in combination with BECCS (>90% of scenarios
meeting at least a 2°C target). Models project the adop-
tion and scaling up of these technologies in order to take
advantage of so-called “negative emissions”. These are
important in mitigation scenarios in order to compensate
for GHG emissions in other sectors such as CH, in agri-
culture, residual fossil fuel use in certain transport modes,
etc., which are extremely difficult to mitigate.”>® In this
context, BECCS is part of a portfolio of “negative emis-
sion” options such as afforestation and direct air capture,
however, the trade-offs concerning these options are still
poorly understood.”” Scenarios which do not adopt any
BECCS either have a less than 50% probability of staying
within 1.5°C,% or heavily depend on emission mitigation
through significant technological and behavioral changes
such as low population growth, severely reduced con-
sumption, high energy efficiency, and systemic changes in
energy demand.”>”*

Nonetheless, there is significant disagreement across
scenarios concerning biomass deployment strategies.
Models show very different deployment levels and technol-
ogy portfolios for biomass conversion. While few models
project production of biogas or bio-hydrogen, there is no
consistent pattern concerning the adoption of bio-based
electricity, gases, liquids or solids, see Fig. 12.7° Recent
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Figure 12. Use of different bioenergy conversion technolo-
gies in 2050 in scenarios that meet a 2 °C climate target
(N = 213). Note that values of each boxplot cannot be
summed as they represent different modelled bioenergy
strategies.
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analysis has highlighted that the reason for this is due to
differences across models concerning differing technology
portfolios (i.e. availability of BECCS in electricity produc-
tion but not in liquids) and assumptions concerning the
ease of integration of variable renewable electricity genera-
tion options in the power system.”” It is important to note
that global long-term models used in such projects tend to
under-represent the use of biomass in chemicals and mate-
rial production, which could contribute to BECCS by lock-
ing carbon in long-lifetime products, however the poten-
tial contribution of this option has been downplayed.”®
Also, it needs to be pointed out that that models often
disagree quite substantially - some pick only electric-

ity, others only liquids, some a mixture (solids are rarely
picked alone) (Fig. 12).

Long-term climate change mitigation scenarios have also
highlighted that the expected growth in bioenergy use also
leads to a significant ramp-up of international bioenergy
trade.”””® There is no consensus across model projec-
tions concerning the main exporters and importers, as
this depends on varying bioenergy use strategies, as well
as how supply is modelled. Nonetheless, the projections
agree that up to 25% of global bioenergy demand in traded
across major world regions (Defined here as EU, USA, Rest
OECD, East Asia, rest Asia, Brazil, Rest Latin America,
Former USSR, Middle East, and Africa) in 2050, with
growth rates of international trade being in the range of
5-8% per year.”! There is modest agreement across models
that Latin America and Sub-Saharan Africa are the main
exporting regions due to the perceived availability of land
and the possibility to achieve significant improvements
in yields. Interestingly, while it is projected that multiple
regions are likely to depend on imported biomass, it is
unlikely that this will lead to significant energy security
concerns. This arises from the fact that climate change
mitigation strategies are likely to lead to an increase in
energy diversity, with bioenergy (or any primary source
for that matter) not making up more than a quarter of pri-
mary energy supply, as noted above. Furthermore, models
highlight that multiple regions can act as supplier, adding
to diversity of supply.

The projected growth of bioenergy use and the associ-
ated increase in its international trade raise sustainability
issues. Of particular concern are those relating to food
security, impact on biodiversity, water stress and LUC
emissions from biomass production,’®*°
3.2. While modelled climate change mitigation strategies
factor in global LUC emissions, in practice, there is sig-
nificant risk of international trade leading to such emis-
sions due to inconsistent land use policies across world

see also section
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regions.®"* Overall, optimizing carbon benefits from
bioenergy use requires consistent global sustainability
frameworks together with efficient production and use of
bioenergy. This favors integrated agricultural and energy
systems that co-produce useful bioenergy streams along-
side a number of useful materials and chemicals.

Conclusions and recommendations

Biomass will continue to play an important role as a
feedstock for renewable energy (SDG7) and materials.
In-line with an emerging industry, the past decades have
largely focused on establishing and evaluating specific
supply chains and/or use cases. Future top challenges and
research opportunities however are the integration and
optimization of bioenergy on multiple levels:

Feedstock production for the (global) biobased economy
will have to be part of integrated landscape management
and should contribute to achieving other SDGs as well (e.g.
food, water, growth and employment). A further harmoni-
zation of sustainability analysis, certification frameworks
and evaluation criteria is important to ensure carbon and
other co-benefits of bioenergy deployment.

A significant share of agricultural, forestry, and food
residue streams remain unused, even when taking into
account others existing uses (e.g. fodder) and environ-
mental removal constraints, e.g. to prevent erosion and
preserve soil organic carbon and nutrients. Integrated con-
cepts are required to create value-add for actors along the
supply chain to ensure their mobilization.

On the user side the number of biobased-products is
increasing and an expansion of the market for biofuels,
biochemicals, biopower, and other biomass-derived prod-
ucts can be noted. Moreover, the optimal use of biomass
for electricity, heat, transport fuels and materials will shift
over time, also with increasing emphasis of cascading bio-
mass, increasing shares of other renewables, and the need
for negative emission technologies and the potentially sig-
nificant role that BECCS and BECCU can play.

Therefore, we conclude that it is critical for industry to
develop and demonstrate innovative and integrated value
chains for biofuels, bioproducts, and biopower that can
respond with agility to market factors while providing
economic, environmental, and societal benefits to inter-
national trade and market. This requires development of
innovative and efficient technologies that reliably trans-
form lignocellulosic biomass and waste materials into high
value intermediates and products at scale. Furthermore,
flexible biogenic carbon supply nets based on broad
feedstock portfolios and multiple energy and material
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utilization pathways will reduce risks for involved stake-
holder and foster the market entry and uptake of various
densified biogenic carbon carriers.

The role of international biomass trade in all of this is
very likely to increase. With increasing deployment of
biomass in the bioeconomy, the need to link regions with
abundant biomass supply with those requiring increas-
ing amounts will likely grow - based on various scenarios
form integrated assessment models, on the longer term,
traded volumes in the same order as oil and coal today
may be reached. However, this will only be possible under
global sustainability frameworks to ensure amongst others
carbon benefits, food security and contributions or other
SDGs. Only under such circumstances, stakeholder sup-
port is likely to develop such supply chains. Also, this will
also depend on the development of fungible bio-commod-
ities/intermediates that can both handle the diverse set of
feedstocks and multiple energy and material utilization
pathways.

In light of these expectations, also IEA Bioenergy Task
40 will continue in the coming years, focusing on vari-
ous issues around the further deployment of bioenergy.
The above-mentioned emerging issues and concepts are
considered and further developed, in close collabora-
tion with other IEA Bioenergy TCPs (especially the new
“Sustainability Task, see www.task45.ieabioenergy.com),
and opening up to more stakeholders from the bioecon-
omy, and civil society. In these tasks, new biomass deploy-
ment concepts such as provision of high-temperature
industrial heat, the role of renewable gases as well as the
requirements and suitability of BECCS and BECCU appli-
cations will be looked at.

The design and impact of globalized sustainable biobased
value chains and the respective synergies between bioen-
ergy and the broader bioeconomy play a key role in the
further bioenergy deployment. It all needs to be framed by
the role of bioenergy in a well-below-2 °C/SDG world, i.e. a
future in which not only climate change mitigation is par-
amount, but the Sustainable Development Goals are met
simultaneously. Sustainable bioenergy within the broader
bioeconomy will be instrumental to deliver on that.
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