The great fit of biobased economy options with
the energy transition to address the climate
change challenges

Advanced Biofuels Conference, Stockholm- Sweden 14t September 2022

André Faaij Q\\ i}’
. . .y 7 N ‘7
Director of Science TNO Energy Transition ‘/JAA!\\‘
Distinguished Professor Energy System Analysis — Utrecht University
University of Groningen Universiteit Utrecht
Ly
: : 7/
for lite rljksuniversiteit

groningen



The IPCC 1,5 oC report: emission pathways
KEY PILLAR OF THE EU’S GREEN DEAL.

Breakdown of contributions to global net COz2 emissions in four illustrative model pathways

Fossil fuel and industry
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P1l: Ascenarioin which social,
business and technological innovations
result in lower energy demand up to
2050 while living standards rise,
especially in the global South. A
downsized energy system enables
rapid decarbonization of energy supply.
Afforestation is the only CDR option
considered; neither fossil fuels with CCS
nior BECCS are used.
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P2: Ascenariowith a broad focus on
sustainability including energy
intensity, human development,
economic convergence and
international cooperation, as well as
shifts towards sustainable and healthy
consumption patterns, low-carbon
technology innovation, and
well-managed land systems with
limited societal acceptability for BECCS.
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P3: Amiddle-of-the-road scenario in
which societal as well as technological
development follows historical
patterns. Emissions reductions are
mainly achieved by changing the way in
which energy and products are
produced, and to a lesser degree by
reductions in demand.
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P4: Aresource- and energy-intensive
scenario in which economic growth and
globalization lead to widespread
adoption of greenhouse-gas-intensive
lifestyles, including high demand for
transportation fuels and livestock
products. Emissions reductions are
mainly achieved through technological
means, making strong use of CDR
through the deployment of BECCS.
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A PORTFOLIO OF SOLUTIONS...

MATURAL CLIMATE HYEBRID / BIOMASS WITH ENGIMEERED
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ETC decarbonisation scenarios compared with ‘no-overshoot’

of the 1.5°C target

ETC decarbonisation reduction scenarios versus IPCC 'no overshoot' 1.5°C pathway for net emissions
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the carbon budget overshoot
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P1IPCC llustrative
Model Pathway®

The 2018 IPCC P1'no
overshoot’pathway assumes
negligible CDR and is therefore

a good proxy for a 1.5°C Carbon

Budget-compatible trajectory.
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The contribution of biomass for energy and
materials to avoid GHG emissions depends on:

* Potential future sustainable biomass availability in Europe for energy and
materials

e Potential future use of biomass for energy and materials as part of the 2050
GHG mitigation strategy of the EU, leading to 80 — 95% GHG emission
reduction compared to 1990 levels.

* The share of BECCS that may be deployed in biomass conversion processes.

* Changes in carbon stocks, the operation and management of value chains and
the way in which biomaterials are used (e.g. cascaded use and energy
recovery).

e The GHG balances of different biomass value chains and biomass —
product/energy carrier combinations.



Potential sustainable (= meets key criteria) biomass
availability depends on:

* Balance between improving agricultural (and livestock) management practices to reduce
land use per unit of food and use of land for biomass crops.

* Food demand; base scenarios usually included; reduction of food losses across value
chains and alternative protein sources often not included in biomass potential studies.

* Land type — crop combinations, land zoning and land use patterns highly determine
ecological impacts (can to a large extent be steered towards co-benefits).

* Utilisation of idle, marginal or degraded lands (that can result in substantial ecological
benefits; soil restoration, water retention, carbon storage, increased biodiversity.

e Agricultural management practices also influence net sustainable availability of biomass
residues (better farming = higher availablility)

* Better farming can strongly coincide with more sustainable and less GHG intensive farming
* Good forest management (see later)
* Possible surprises from aquatic biomass (progress micro-algue and macro-algue/seaweed).

‘MANY, ALSO RECENT, STUDIES IGNORE PARTS OR MANY OF THESE KEY FACTORS!
TNO ™"



Biomass potentials EU28 in 2050; 7-30 EJ compared
to 68 EJ total primary energy used today
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Agricultural residues

e Primary energy production of bioenergy in EU28 in2015

[Faaij, Bioenergy Europe, 2018
Energies, 2022]
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Key notions on forest biomass

First know what you are talking about; natural forest vs. production
forest, stand vs. landscape, whole stem vs. residue, etc.

Bulk of utilized solid biomass in the EU = residue (!!) = short payback.

Reported payback times vary widely; many are hypothetical scenarios;
assuming that forest will remain unaffected over 100 years is highly
unlikely (fires, disease, competing claims...; worsened by climate

change) FIRE DANGER LEVEL
HROUGHOUT EUROPE

Best method / reference scenario & management strongly case—
dependent — no ‘one-size fits all solution’. Key elements are:

° Well managed forest becomes more productive per hectare which increases
CO2 uptake.

° New plantations on degraded/C-poor land

° Managed/commercial forests: fertilizer and weed control (within SFM limits) —
increases productivity strongly ,

o Increased early stand density & use of pre-commercial thinnings
Scandinavian experience over 4 decades shows: strongly increased
bioenergy use, increased forest stands, increased carbon stocks
combined (!)
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Two up to date Deep GHG reduction scenario’s for the EU
in 2050 (developed with the JRC-TIMES model)
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[Blanco et al., applied Energy 2018] TNO 2=t



Basic Carbon balances of CCU with direct air
capture (DAC), BECCS and combinations of both.
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Advanced biomass conversion

allows for efficient capture of biogenic i -

CO2
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Gasification platforms with
CO2 removal as part of syngas
production

Meerman et al., RSER, 2012]

Hydrolysis & fermentation
platforms with inherent
production of pure CO2.

Hamelinck et al.,

Biomass & bioenergy, 2005
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EU... GHG EMISSIONS 4.4 GTON CO2.. VS BBE

Main product GHG emissions Avoided emissions Net avoided emissions (Mton CO2eq)
biomass value fossil reference (low impact defined as higher emissions
chains (Mton products (Mton CO2eq) | biomass value chain + low deployment;

high impact defined as lower emissions

biomass value chains + hig
_ Low high Low High low High
Biofuels (2"d generation [E¥} 71 205 1014 154 943
ethanol, DME, Fischer-
Tropsch)

Electricity (larger scale) W& 0 84 96 59 96
Heat (larger scale & 24 0 145 0 121 0
Industrial)

1 42 10 34 10 76

Bulk biochemicals 3 0 24 332 22 332
Totals 102 29 468 1476 366 1447

In addition: - BECCS options may contribute up to 700 Mton/yr. [Faaij, Energie, 2022]
- Carbon stock increases due to additionally planted perennial crops, increased

productivity of marginal and degraded lands and increased carbon stocks due to

improved agricultural productivity may contribute another 10-50 Mton/yr up to 2050. TNO




State of the art insights of the role of BBE options in
deep GHG mitigation and energy system transitions

* When biomass is deemed sustainably available, it is a highly attractive mitigation
option.

* Over time, optimal biomass use shifts from heat and power to advanced fuels and
feedstock for industry.

* BECCS options are of major importance in SOTA scenario’s to achieve negative
emissions, compensate very difficult remaining GHG emissions and lower overall
mitigation costs; essential to deal with the overshoot pathways.

* Biomass use get’s intermixed with green Hydrogen and CCUS options; not so much
competition but synergy between these key mitigation options.

 EXCLUDING biomass from integral mitigation strategies increases mitigation costs
substantially and in many cases makes achieving a 1,50C pathway impossible.

* Scenario;s that include LUC and carbon stock impacts show the additional benefit of
increased C-storage combined with good land use practices.

* This is shown using IAM’s, for the EU and for an increasing number of nationa
models that have the right granularityv
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Concluding remarks

» Sustainable biomass resources are not fiction and can be made available while
achieving major synergies with sustainable agriculture, forest management and
restoration of degraded lands.

* Many schemes are known, possible and can be implemented over time .

 Sustainable European biomass potentials can cover 1/3 of the future primary energy
supply; comparable to the role of mineral oil today.

* Improved trade balance of the EU + sustained additional income for especially rural
regions are a major Green Deal opportunity, fitting the CAP and reducing the need for
agricultural subsidies.

* Advanced technologies and BECCS offer major pathways for supplying high quality
fuels and sustainable heavy industry competitively with negative emissions.

* Biobased economy in the EU with European biomass resources can tackle > 1/3 of
the required GHG mitigation effort in 2050 (and beyond).
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Perspective

Repairing What Policy Is Missing Out on: A Constructive View
on Prospects and Preconditions for Sustainable Biobased
Economy Options to Mitigate and Adapt to Climate Change

André P. C. Faaij 123
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Key points:

e focus on synergies between biobased economy options, sustainable land use

better agriculture and climate change adapation

* Get such thinking embedded in the policy nexus between energy, climate, environment
and agriculture.

* Make such concepts part of the green taxonomy of the EU. TNO 27



