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Rapidly increasing demand for bioresources is
likely to outstrip sustainable supply, undermining
climate mitigation efforts and harming
biodiversity, unless alternative zero-carbon
options are rapidly scaled-up, clear sustainability
standards for biomass are enforced and use of

bioresources carefully prioritised.



Supply of sustainable, low lifecycle emission biomass is constrained by competing
uses of land

Supply of biomass Competing & Sources of o Use-cases of

; N Demand for bio-resources
uses of land biomass bio-resources

Habitation & urban expansion Biomaterials
(e.g., pulp & paper, timber, other
Food & feed production ?ibre-based products) and
(crop and pasture) bio-feedstocks (e.g. for the
chemicals industry)
Habitat & biodiversity
conservation and other Renewable energy
ecosystem services?

Bioenergy

Carbon dioxid
Dedicated biomass production ,;’,ﬂﬂg. € (e.g., direct use and refined
for industrial use (e.g. pulp & paper) (e.g. reforestation) products such as liquid
transportation fuels)
o - Dedicated I:iuf:rm
imate mitigation
mm

Forest Agricultural Municipal &

residues residues Industrial Wastes
e Biomass from Aquatic sources
aquatic sources (e.g., macroalgae, microalgae)

NOTES: " Parallel uses of land (e.g., double -cropping and forest landscape management) can reduce competition between uses of land by combining biom ass production with agriculture or

Carbon dioxide removal

(e.g., BECCS: bio-energy
combined with CCS* for
‘negative emissions’)

eCosystem services;

*lncludes ecosystem services such as nutrient cycling, soil quality maintenance, water regulation, erosion mitigation, water and air purification, recreation, etc.

* Biomass from waste and residues are generated as a bi-product of using land for other primary purposes listed in group 1, e.g. agriculture, human habitation;
* BECCS: bicenergy with carbon capture & storage (CCS)

Exhibit 2

SOURCE: SYSTEMIQ analysis for the Energy Transitions Commission



What is sustainable biomass?
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Only a limited amount of biomass can be relied upon for climate mitigation unless
we make ambitious changes in consumer behaviour and/or develop new sources

WHAT WE CAN RELY ON: | EXTRA BIORESOURCES IF
A CONSTRAINED SUSTAINABLE SUPPLY RADICAL CHANGE HAPPENS
Global sustainable biomass supply in 2050 - Prudent estimate Extra ' :
EJ primary energy per year — lllustrative scenario s OUrCes (Accelerated by biotechnologies)
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How do non-bio, low-emissions options compare?

LCOE for solar and wind Green hydrogen Batteries for transport Direct Air Capture
$/MWh $/kg $/kWh $/tCO,

.

40-65 3-5 140 600

10-30

40-50

100

Today 2050 Today 2050 Today 2050 Today 2050

Notes: Ranges for cost numbers show that costs are likely to vary by location with lower bound being most favourable locations, and upper bounds representing a global average.
Sources: SYSTEMIQ analysis for the ETC, based on ETC (2020) Making Mission Possible and Material Economics (2021) EU Biomass Use in a Net-Zero Economy - A Course Correction
for EU biomass.



Use of biomass in all sectors could far outstrip supply

Cost-parity curve - Breakeven biomass cost vs. alternative leading non-biogenic solution; global (2050 outlook)

“At what biomass feedstock price is the bio option cost effective?”

Sustainable supply
in the ETC prudent

scenario r . . .
Biomass > M Circularity / Recycling
feedstock % Ammonia
price, Non-bio I Emission-free electricity
USD / GJ resourceé - g Batteries
15 comparator
" Hydrogen
Niches for high [ Biomaterials (with no alternative)
10 temperature heat - Il CCU / CCS / Synfuel
Low temperature
heat
I
Bio-based 5 Plastics mechanical Potential
option more recycling feedstock
economical demand,
El/year
| 0 0 50 100 150P 200 250 0 1250
ower
Non-bio_- Pulp & seasonal Long-haul Blilllslztr;ogvfer
based option paper balancing shipping .
more = Plastics Fong-haul total ) Heavy-
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Note: Currently excludes carbon removal applications. 1. We limit the potential demand for biomass for
bulk power to 50% of the demand of the segment in order to make the graph readable.
Source: Material Economics and ETC analysis (2021)



Materials and feedstocks are highest priority uses of bio

Cost-parity curve - Breakeven biomass cost vs. alternative leading non-biogenic solution; global (2050 outlook)
“At what biomass feedstock price is the bio option cost effective?”

Sustainable supply
in the ETC prudent

scenario r . . .
Biomass > M Circularity / Recycling
feedstock 1. Materials and Ammonia
price, ﬁeﬂzzctzlﬁgeugli of Non-bio I Emission-free electricity
USD / GJ bigresoumes resource - g patteries
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bulk power to 50% of the demand of the segment in order to make the graph readable.

Note: Currently excludes carbon removal applications. 1. We limit the potential demand for biomass for
. Source: Material Economics and ETC analysis (2021)



Current uses such as power and transportation can use non-bio-based alternatives

Cost-parity curve - Breakeven biomass cost vs. alternative leading non-biogenic solution; global (2050 outlook)
“At what biomass feedstock price is the bio option cost effective?”
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Not all cost-competitive uses will be able to use bioresources given limited supply

Cost-parity curve - Breakeven biomass cost vs. alternative leading non-biogenic solution; global (2050 outlook)
“At what biomass feedstock price is the bio option cost effective?”

Sustainable supply
in the ETC prudent
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Note: Currently excludes carbon removal applications. 1. We limit the potential demand for biomass for
. Source: Material Economics and ETC analysis (2021)



Aviation biofuels are a priority use given current lack of alternatives

Cost-parity curve - Breakeven biomass cost vs. alternative leading non-biogenic solution; global (2050 outlook)
“At what biomass feedstock price is the bio option cost effective?”

Sustainable supply
in the ETC prudent
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Note: Currently excludes carbon removal applications. 1. We limit the potential demand for biomass for
bulk power to 50% of the demand of the segment in order to make the graph readable.
Source: Material Economics and ETC analysis (2021)



Potential revenues from CO, capture and storage can affect the prioritisation

Cost-parity curve - Breakeven biomass cost vs. alternative leading non-biogenic solution; global (2050 outlook)
“At what biomass feedstock price is the bio option cost effective?”

Sustainable supply
in the ETC prudent
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. Note: 1. We limit the potential demand for biomass for bulk power to 50% of the demand of the segment in order to make the graph readable.
Source: Material Economics and ETC analysis (2021)



To balance limited supply with growing demand, we must ensure sustainable
sourcing, increase supply, prioritise uses, and scale non-bio-based options

Sustainable,
low lifecycle Optimal use of
GHG in balance with bioresources
emissions in a net zero
biomass economy
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