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Headlines

¢ Bioenergy with carbon capture and storage (BECCS) is presented as a pivotal
technology in most pathways for limiting global warming to 1.5 or 2°C. However,
it is doubtful that BECCS can fulfil this role alone.
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Introduction

The Paris Agreement, ratified by 181 countries, agrees to limit global warming to
“well below” 2°C. To fulfil this pledge, total global carbon dioxide (CO,) emissions
post-2010 must keep below 1,200 gigatons (Gt). This is known as a carbon budget®.
Keeping within 1.5°C warming since pre-industrial times requires even more drastic
action: a lower carbon budget of about 400 to 600Gt of CO_, leading to a 45%
emission reduction by 2030 and net zero CO, emissions by 2050". Current annual
total CO, emissions are close to 40Gt (2007-2016 average™), and deploying the
technologies and policies required to roughly halve these annual emissions is a
challenging task for two reasons.
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First, while commercially viable alternatives to carbon-intensive
power-generation technologies already exist, decarbonising
industry, transport and agriculture remains a challenge.
Second, the pace of change required to keep within Paris
Agreement temperature limits is larger than both current trends
and historic precedents. If we cannot reduce our emissions
quickly enough, some degree of carbon dioxide removal (CDR)
from the atmosphere may be required®.

CDR technologies deliver net negative emissions by actively
removing more CO, than they emit through their operation.
They are also referred to as negative emissions technologies,
or NETs* 18, Scenarios featuring NETs deployment were

first summarised in the Intergovernmental Panel on Climate
Change’s 4th Assessment Report?°, but grew to prominence
during the sth Assessment Report cycle?, when many of the
climate mitigation scenarios that were published featured large
amounts of BECCS. Afforestation (planting new forests) is
another, equally prominent NET.

BECCS is a group of technologies that span many sectors,
and often several geographical regions. In a BECCS chain,
CO, from the atmosphere is absorbed via photosynthesis into
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the biomass of plant materials. It is then burned or converted
(e.g. via gasification) in power plants, industrial facilities or
biorefineries equipped with technologies that capture the

CO,, preventing the gas from returning to the atmosphere.

The captured CO, is then injected in deep geological
formations. This process results in a net transfer of CO, from the
atmosphere to the ground, provided that emissions associated
with supplying the biomass and capturing the CO, do not exceed
the amount removed from the air by photosynthesis. In theory,
by delivering net-negative emissions in the long-term, BECCS
compensates for any short-term increases of greenhouse gas
emissions caused by delays in implementation of climate policy.

This paper explores some of the questions that emerge in
relation to BECCS — a technology that has not been deployed
at scale but might be required to meet global climate change
goals. Key questions, only some of which are covered here,
include the uncertainties as to the actual carbon removal
potential of BECCS, wider sustainability considerations of
biomass production, the ability to scale up such a complex
technology, and balancing reliance on BECCS in the long-term
with other short-term greenhouse gas-reduction priorities.

Box 1: Two examples of biomass conversion routes for BECCS: bioelectricity and biofuels
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*This efficiency does not include the energy demand for growing, transporting and processing
the biomass prior to conversion. Not to confuse with BECCS' nel energy efficiency (Box 3).
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Box 2: BECCS in Integrated Assessment Models
(IAMs)

IAMs combine energy, economy, and climate system models
into a single framework to project the trend of CO, emissions
and theirimpact on the world climate. CO, emissions
pathways, as currently projected by IAMs, feature massive
deployment of BECCS, thereby raising questions about the
sustainable scalability of the technology*2.

e Across IPCC scenarios with a 66% or better chance of
limiting temperature increase to 1.5°C, median CO,
removal by BECCS is 12Gt of CO, per year (1/4 of current
emissions)®4. For the 1.5°C target, CO, removal by BECCS has
been evaluated to 0-22.5Gt of CO_ per year by 2100, while
agriculture, forestry and land-use related NETs remove 1-5Gt
of CO, per year in 2100>%.

e This massive deployment of BECCS would require between
0.4 and 1.2 billion hectares of land (25% to 80% of current
global cropland34.

e BECCS requires significant inputs of land, nitrogen,
phosphorus and water, with substantial CO, and nitrous
oxide emissions arising from these inputs’. It also raises the
prospect that BECCS “may largely transfer environmental
risk from the atmosphere to the land™.

e The deployment of BECCS is not limited to the power sector.
In fact, on average, IAMs project at least 60% of primary
energy from BECCS going to production of liquid biofuels®.
Different IAMs make different assumptions about BECCS,
and therefore deploy different shares of liquid biofuels,
which emerge as an important strategy to offset emissions
from freight and air transportation, where low-carbon
options are lacking.

BECCS deployment: a reality check

¢ Importantly, the extent to which IAMs properly consider
and account for energy demand and CO, emissions from the
biomass supply chain — growing, processing, transporting
the biomass —is unclear. From most recent scenarioss,
400 exajoules of BECCS are required to remove 22.5Gt of
CO, per year. Assuming 60% of primary energy going into
biofuels and 40% to bioelectricity, and carbon efficiencies
0f 90% and 55% (theoretical maxima), 26Gt of CO, could
be removed, which suggest that some level of supply chain
emissions are considered in IAMs.

¢ Land productivity (yield) is the key assumption governing
deployment of BECCS in IAM scenarios, but the literature is
scant and not very transparent. However, it does indicate
that sustained yield improvements are assumed through to
the end of the century in these scenarios. Smith and Torn”
report that current yields would need to improve by 0.6%
to 2.3% per year for 9o years to reach end-of-century yields
assumed in one IAM. This pattern is most likely general
across IAMs.

e FAOSTAT*+* data shows historical crop yield growth of 1.6%
per year over the last 50 years, but yield improvements
have been declining lately, suggesting most of the easy
improvements have been made®. On the other hand, the
crop yield gap in some underperforming regions could
be closed through institutional innovations and capacity
building, particularly in sub-Saharan Africa, Ukraine and
south-west Russia®®, but this is fraught with non-technical
challenges®. If successful, however, it could relieve pressure
from land and enhance the sustainability of BECCS.
Genetically modified crops have the potential to be yield
game-changers, although they tend to raise economic and
biological concerns.

e What emerges from the literature regarding BECCS in IAM
results echoes the conclusion from Minx et al.® that “any
single NET is unlikely to sustainably achieve the large NETs
deployment observed in many 1.5°C and 2°C mitigation
scenarios. Yet, portfolios of multiple NETs, each deployed
at modest scales, could be invaluable for reaching the
climate goals”.
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Understanding the role of BECCS in
decarbonising the economy

BECCS can be deployed via a range of technologies. So far,
research and industrial efforts have focussed on two
main routes:

1) BECCS via liquid biofuel production (biodiesel or bioethanol?3)
and

2) BECCS via biomass conversion to heat and power, with direct
pulverised combustion of biomass being the most common
approach?,.

Other niche options include CO, capture from biogenic industrial
emissions, e.g. in the pulp and paper industry?. Box 1 illustrates
the different steps of the power and fuel routes, representing
the different biomass feedstock options, biomass conversion
technologies and carbon-negative end-products.

Because of inherent differences in biomass conversion
technologies, the quantity of useful energy (biofuel or

bioelectricity) and the amount of CO, removed from the
atmosphere per unit of feedstock differ from one route
to another.

For example, in the fuel route, 25-30% of the biomass carbon

is not released during biomass conversion to biofuel but as
unabated CO, when the biofuel is used?¢*%. Of the CO, released
during the conversion process, 15% (fermentation®) to 55%
(gasification®) comes out at a high purity3, and can be directly
captured, sent for compression and injection for storage.
Some of the CO, is released in a more diluted form and can be
captured, but at a higher cost.

In the bioenergy to power route, however, all of the carbon fixed
in the biomass is released as CO, during combustion, but in
diluted form in the exhaust gas. Further separation and more
energy use is required before compression and injection.

The energy efficiencies of the conversion of biomass to either
power or fuels reflect the percentage of the energy content in the
original biomass that is available in the final energy carrier and
not lost in the conversion process. Power generation efficiencies
for biomass firing with post-combustion capture and storage can
be as low as 17%?% and as high as 38%3°. The energy efficiency of
fuel production is typically higher, around 45-50%%7 283132,

Furthermore, because both routes produce energy in addition
to providing negative emissions, they can further decarbonise
different sectors —such as power and transport — by displacing
other fossil-based electricity and fuels. Rather than considering
BECCS as a single ‘black box’ technology, identifying the
challenges and opportunities of individual BECCS technology
routes is key to understanding its value in decarbonising

the economy.
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BECCS: a controversial solution

Theoretically, BECCS permanently removes CO, from the
atmosphere and provides reliable low-carbon energy, while
displacing fossil-based fuel and power. We assume that
BECCS can be deployed in the medium-term at a relatively low
cost, as it partly relies on existing or mature technologies.
For these reasons, BECCS has been consistently featured in
projected greenhouse gas emissions pathways, reaching levels
of deployment as high as 400 exajoules (EJ) per year in terms
of primary energy production, and 22.5Gt of CO, per year of
carbon removal>8. However, understanding the assumptions
about BECCS in these pathways can be challenging. Box 2
provides insight into BECCS’ representation in integrated
assessment models (IAMs) that produce greenhouse gas
mitigation pathways.

Such a high reliance on a technology which has not yet
been deployed at scale has triggered questions regarding
sustainability and risks. These concerns include:

e the potential scale of the industry — some IAMs have BECCS
deployed at a scale that is two thirds of the size of today’s
fossil industry by the end of the century,

e the related reliance of BECCS at this scale on a significant
quantity of sustainable biomass, water, land and nutrients,

e the possibility of encouraging delays in mitigation action, and

e if BECCS failed to deliver, it would result in missing the 2100
temperature target34.

The next section explores these caveats in more details.

The risks of BECCS deployment

The energy and carbon costs of supplying
biomass

Supplying biomass will incur different energy costs and
associated CO, emissions, depending on the feedstock and

end process. For each process, biomass feedstock might differ
by type — grasses, wood, oil crops or sugar and starch —and

by quality — high or low moisture, ash content. In all cases
feedstock needs to be collected from a source — farm, waste
plant, forest — conditioned into a proper fuel for transport —
pellet, bale —and transported to the biomass conversion facility.
Each of these steps incurs an energy and CO, cost.

BECCS deployment: a reality check
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Figure 1: average (bars) and ranges of life cycle greenhouse gas
emissions of agriculture residues (AR), forestry products, short
rotation coppice woody biomass (SRC) and perennial grasses
(PG), adapted from Creutzig et al.®

The life-cycle impacts of the biomass supply-chain have

been studied intensively, both in the context of BECCS%26:35

and bioenergy alone3¢3, The results strongly depend on

the boundaries of each case study and on the feedstock —
dedicated agriculture, crop residue, forestry residue, algae.
Figure 1 highlights the potentially high supply-chain emissions
of different biomass feedstock and the uncertainty of these
calculations. Similar ranges can be obtained for the whole
life-cycle final primary energy use of biomass. Factors such as
biomass yield, fertiliser application, and biomass drying for high
moisture biomass (such as woody biomass) have been found
to have a great impact on both emissions and energy use of the
biomass life cycle.

Conversion of land for bioenergy production purposes — defined
as direct land use change (LUC) and indirect land use change
(iLUC) — may cause greenhouse gas emissions which must

be added to these supply chain emissions, asillustrated in
Figure 2. LUC s the change in total carbon stock present in the
vegetation and soil of converted land, while iLUC emissions
occur when the previous activity on land that is converted to
bioenergy moves to a different location and causes land use
change, and emissions, elsewhere. LUC emissions are a function
of the vegetation types, and can be found to be as low as 6kg of
CO, per hectare for marginal land and as high as 3,052,000kg of
CO, per hectare for a peatland forest. On the other hand, iLUC
emissions are much more difficult to evaluate with certainty, as
they are highly dependent on the economic conditions, activity
displaced, time horizon, etc. These factors have been found to
have a great impact on feedstock life-cycle emissions3-¢-4°.

Is BECCS actually carbon negative and energy
positive?

Including the biomass life-cycle energy use in the BECCS energy
balance can dramatically decrease estimates of potential net
energy production. Furthermore, the combination of a lower
quality fuel — biomass — and the carbon capture and storage
process, means the conversion efficiency of a BECCS facility
would be lower than an unabated fossil fuel based power

plant. Considering this low efficiency in combination with

the potentially high energy demand of the biomass supply
chain, the energy ‘positivity’ of BECCS, i.e. its ability to yield
more energy than it requires to operate, has been subject to
scrutiny#2. The energy balance can be referred to as energy
return on investment (EROI). EROIl values below one mean that
the system requires more energy as input, than it provides

as output. However, EROIl values less than three are often
considered problematic. There is debate about the possible and
optimal average global EROI“. For example, a BECCS system
using low yield and high-moisture woody biomass pellets
transported from distant sources could have a low EROI44,

The same observation can be made for net carbon balance of
BECCS. High biomass life cycle CO, emissions in the carbon
balance of BECCS could potentially outweigh the amount of CO,
captured. A BECCS power plant importing low yield and high
moisture woody biomass from a grassland could, for example,
result in a ‘carbon positive’ BECCS system, i.e. with ultimately a
larger amount of CO, emitted than captured. In the case of liquid
biofuel, life-cycle emissions need to be even more limited for the
system to be carbon negative, because less CO, is captured upon
conversion of the biomass to biofuel. For example, in the case

of biomass to ethanol via fermentation, if only the fermentation
process emissions (15% of the biomass carbon content) are
captured?, the biomass life cycle emissions need to be very low
for the overall process to be carbon negatives.

Direct and indirect emissions associated with land use change from
cropland to bioenergy production

co, Co,

Emissions from ‘
indirect land use
change

Emissions from
direct land use
change

Conversion of cropland
to bioenergy crop
Non energy crop

Indirect land use

lagade

change elsewhere o
(e.g. forests) C?J 2]
PHD

PP P

Conversion of forest to
cropland elsewhere

Forest

E.

Non-energy crop

Figure 2: Direct and indirect land use change emissions might
occur when land is converted to bioenergy production.

a  The lowest cost option, but not the technical limit. An additional 52% of emissions can be captured but at higher cost.

BECCS deployment: a reality check
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Box 3°: BECCS efficiencies: converting raw biomass into CO, removal and useful energy

BECCS carbon efficiency measures how much of the CO2 fixed in the biomass is removed from the atmosphere.

Figure 2: carbon flow diagram of BECCS. The power route leads to a higher carbon efficiency (50%) than the biofuel route (25%).
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Figure 3: energy flow diagram of BECCS. The power route leads to a lower energy efficiency (11%) than the biofuel (26%).
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5Supply chain energy demand and emissions data, as well as power generation efficiency (26%,) were obtained from the
MONET framework for miscanthus production in Brazil transported to the UK, to illustrate the potential impact of long

distance transport3. For the biofuel route, an energy efficiency of 45%, and a CO2 efficiency of 55% for biomass conver-
sion to biofuels were assumed?>?.

BECCS’ performance can be measured by how much net carbon | Time also matters
it captures (carbon efficiency) and how much net energy it
produces (energy efficiency) along the whole supply chain. As
illustrated in Box 3, while the power route yields higher carbon
efficiency — more CO, is removed per unit of feedstock — biofuel
routes deliver more energy per unit of feedstock. Therefore,
there are trade-offs to consider when comparing BECCS
deployment options.

If land use change occurs at the beginning of a BECCS project
resulting in emissions, an initial ‘carbon debt’ is incurred in the
system, which needs to be paid off before the project brings
net negative emissions. The time taken to pay off this debt is
referred to as ‘carbon breakeven time’. Box 4 shows that, while
cultivating biomass on marginal land leads to breakeven times
of one or two years, breakeven times can be greater than 5o
years when converting forests4. Carefully evaluating the impact
of land use change is crucial from both a land-competition
perspective, and a carbon-accounting perspective.

Carbon and energy efficiency are not the only trade-offs to
consider. As illustrated in Box 3, while BECCS in the power
sector could achieve more negative emissions, carbon negative
biofuels, can displace carbon intensive fuels, such as aviation
fuels, for which fewer alternative technologies are available4®.
The cost of CO, capture also differs on each route, with the cost
of capturing one tonne of CO, typically lower in biofuel routes
than in power routes, because of the higher CO, purity in the
biomass-to-fuel routes™.
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Box 4: The impact of land use change on BECCS carbon breakeven time

( Dynamic carbon balance of Bio-energy with Carbon Capture and Storage )

bioenergy crops. Data based on the conversion of Southern US land to

miscanthus production, taken from the MONET framework (Fajardy et al. 2018). The point at which the process breaks even
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Broader environmental challenges The world cropland area is around 1.5 gigahectares today;
using high quality land such as grassland or cropland to grow

bioenergy crops for BECCS is likely to result in competition with
other land-based activities, such as food production, potentially
increasing food prices#>5°, This negative effect can be partially
mitigated through agricultural intensification — increasing

crop yields in general, reducing the amount of land required

to produce the same quantity of products. This approach can
lead to biodiversity loss and increased biochemical flows,

both critical indicators of the environmental impacts of BECCS
deployment. It is also possible to avoid land use change without
relying on agricultural intensification by, for example, using
crop residues as biomass feedstock or growing biomass on
so-called ‘marginal land’. However, the extent to which crop
residues can be sustainably removed from the field without

The impact of BECCS on resources, soil health and biodiversity
have been identified as important limitations for its projected
deployment7-40:47.48,

Land use, in particular, has been raised as a major concern.
Asillustrated in Figure 3, to remain within 1.5°C of warming,
scenarios project significant land areas could be allocated to
bioenergy production by the end of the century. Estimates

of land required range from between 100 million hectares in
scenarios with limited (P2) or no BECCS (P1), to up to about 8oo
million hectares in scenarios where BECCS is deployed at a large
scale (Pg)s®.

900 25 causing soil depletion and erosion remains uncertain. Marginal
§ 800 I B lands, on the other hand, are diverse in quality and type,
cIl'/'oo . 20 e which makes it difficult to predict how much marginal land is
& 600 . ! CT actually available, and what the biomass productivity response
§5oo ,’/ 158 could bes+54. Using algae to substitute for and/or in addition
% 400 Vi P o B b & to lignocellulosic biomass in a biofuel route could also relieve
2 300 / 3 o pressure on land use®3s, although concerns of high water and
S 200 7 ¥y g o nutrient use remain.
£100 of A
- 9 .__J.__L- - 0 Water use is another challenge to the sustainability of BECCS.
2010 2020 2030 2040 2050 2060 2070 2080 2090 2100 Water-use intensity includes the water used for crop growth,
;‘;g’é;]r,” ;”égégz()m) :;E'&(Za(},s) :;zg‘g:‘:},‘” water pollution resulting from fertiliser application at the farm
level, and the intensity of water use in the BECCS power plant.
Figure 3: BECCS (lines) and land requirements for bioenergy Table 1 provides ranges of water requirements needed to meet
crops (bars) in four representative pathways to 1.5°C: low the middle-of-the-road level of BECCS deployment of 12Gt of CO,

energy demand (P1), sustainability oriented (P2), middle-of-the- | peryear (P3).
road (P3), fossil-fuel intensive (P4)5®.
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Table 1: Water implications of removing 12Gt CO, /yr
via BECCS

T e

Smith & Torn 2013% 53—24.4
Smith et al. 201647 0.72
MONET#° 3.6-9.7

The water footprint for BECCS was found to be highly dependent
on the biomass type and region of production“°, which explains
the wide range of values. To put these numbers in context,
current total water consumption in agriculture is close to 8
billion m3 per yearse.

Considering these potentially large impacts on resource use,
soil health, and forest and nature conservation, it is unlikely
that levels of BECCS deployment as projected in middle-of-the-
road (P3), let alone fossil-fuel intensive (P4), scenarios to 1.5°C,
may be achieved sustainably.

The scale up challenge

Because the biomass supply chain has such a dramatic impact
on the environmental and technical performance of BECCS, it is
crucial to not only define what sustainable biomass is, but more
importantly how much biomass can be sustainably produced.
Controversy around what truly is sustainable explains the wide
range reported in the literature. For example, the potential

for using agricultural residue depends on how much can be
removed from the field without compromising soil quality>’.
Studies on biomass potential in Brazil point to about 50% of
residues being physically harvestable, and of those, only 10%
are available for bioenergys®5°.

675
150
High agreement in the literature
. | Range
=
S5
.
© 100
<
e
o
Q
3
o 50
®
124
2 4
AR + FR Forestry DEC

Figure 4: Ranges (bars) and high literature agreement
(diamond) on global sustainable bioenergy potential per
feedstock type (AR + FR = Agriculture and Forestry residues,
DEC = dedicated energy crops). Adapted from Creutzig et al..
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The technical potential of energy crops depends on the
productivity of land available for bioenergy, but this is also
subject to debate. IAMs project significant agricultural yield
gains in the future, which helps improve the competitiveness of
bioenergy options in the modelled scenarios. Some scenarios
project future yield growth rates above historical levels, which
averaged 1.9% per year between 1961 and 2007%. However,
there is much controversy around the future growth rate of
global average yields, with perhaps the easy improvements
having already been acheived®. The yield improvements

of the past were enabled by measures such as fertilizer
application, irrigation and land-ownership concentration.
Extending the yield gains of the last 5o years into the future
may require higher inputs of fertilizers, biocides, and irrigation,
exacerbating the environmental problems caused by the so-
called Green Revolution. In that way, we may be solving one
problem by creating another, transferring the climate problem
from the atmosphere to the land?.

There are many assessments of global bioenergy potential in
the literature®¢+63, Figure 4 represents ranges of uncertainty of
global sustainable bioenergy potential by sector (bars), as well
as the availability levels with high agreement in the literature
(diamonds). The figure implies that only about 100 exajoules (EJ)
per year, or likely less, can be sustainably produced globally®.
This sustainable potential, with high agreement in the literature,
sits at the lower end of the biomass production range in existing
scenarios, although other studies point to somewhat higher
sustainable potentials (see for example®3, who point to a 80-160E|
per year potential).

Other studies point to even higher biomass availability
and, with such a high range of uncertainty, one could easily
overestimate the amount of sustainable biomass available
for BECCS. However, the consensus seems to be on the
conservative side.

Adding up residues, forestry biomass and bioenergy crops,

less than 100E) of modern bioenergy could be sustainably
sourced, which still represents a fivefold increase to what is
currently produced®+. Assuming these 100E] are deployed with
carbon capture and storage, and that 60% of bioenergy goes

to biofuel production, and 40% to bioelectricity, three to four
gigatons of CO, could be removed from the atmosphere per year
within this constrained bioenergy supply.

BECCS deployment: a reality check
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The CCS dimension

BECCS deployment is intrinsically dependent on the existence
of carbon capture and storage (CCS) infrastructure. To date,
there are 17 operating CCS projects in the world, reaching a
cumulative capture capacity of 31.5Mt of CO, per year, of which
only 3.7 is stored in geological formations®. Though technology
advances have brought down the cost of capture®, low investor
confidence remains the main bottleneck in the way of unlocking
a CCS economy. Currently, medium-term physical and financial
risks associated with full CCS chain integration® represent

a significant fraction of CCS project capital investment®.

In addition to lowering this financial risk, other opportunities

to lower the cost of CCS include the clustering of CO, sources

to facilitate economies of scale for the transport and storage of
CO,, and the retrofitting of large power stations to benefit from
technology learning3.

BECCS: a governance problem

While climate change mitigation scenarios propose that large-
scale BECCS deployment might help avoid dangerous climate
change, it would also steer the world closer to the planetary
boundary of freshwater use. This large-scale deployment of
BECCS would push us beyond other planetary boundaries such
as land-system change, biosphere integrity and soil health4®,
The first and foremost challenges are therefore to (a) limit
BECCS deployment to a sustainable scale, both in models and
policy frameworks, and (b) ensure that the most sustainable
BECCS options get deployed within this scale, by setting

clear resource, carbon and energy efficiency guidance and
constraints.

Another challenge is to make BECCS economically feasible.
Deployment is tied to the deployment of CCS, and therefore
directly affected by the difficulty in financing a CCS project.
With reduced financial risks for CCS, a carbon price in the
range $30-280 per ton of CO, would be required to make a
BECCS power production project economically attractive?8,
So far, carbon prices such as those of the EU Emissions Trading
Systems have been insufficient in incentivising CCS deployment,
let alone BECCS®. The implementation of a carbon credit, such
as the 45Q’ budget allocation in the US, which was recently
upgraded to credit up to $50 a ton of CO, sequestered, and $35
aton of CO, used for ‘enhanced oil recovery’, could well help
jumpstart CCS projects.

Financing carbon removal through BECCS is made more
challenging because the value chain is likely to be
geographically dispersed. Regions with high biomass potential
such as South America and sub-Saharan Africa® are not
necessarily regions with well characterised CO, storage capacity
compared with the USA, Japan or northern Europe®. It is also
complex to ensure fair allocation of the share of carbon removal
across all stakeholders of the BECCS value chain, from both a

political (fulfilling individual national carbon removal targets)
and a financial (cascading carbon credits to all stakeholders)
point of view.

In channelling financial support towards BECCS, it is important
for policy makers to weigh up this support against other proven
mitigation options that might cost less, and have less damaging
side effects.

BECCS deployment will need assistance
— even to deliver at this limited scale

Even with a more limited ambition for BECCS deployment,

going from today’s megaton-scale industry to removing a few
gigatons of CO_ by the end of the century remains an important
challenge. Reaching these levels of sustainable activity in

a timely fashion requires the right regulation and incentive
frameworks to be put in place. Some ideas about where the
policy focus should lie to unlock sustainable BECCS deployment
are provided below.

Broadening the scope of the biomass sustainability
standard

Establishing sustainability standards is essential to ensure that
the most sustainable options are deployed instead of focusing
only on what is commercially viable.

Strong policies are needed to set clear standards for biomass
sustainability, not only on carbon intensity of biomass
feedstocks, but also on water, CO_, and energy efficiencies, as
well as carbon breakeven time.

For example, the low carbon fuel standard in California, enables
fuels demonstrating a lower carbon footprint than the gasoline
standard to earn a carbon credit. Compliance to the fuel
standard is evaluated through life cycle analysis with the GREET
tool’°. Applying this method but broadening the scope of indices
evaluated, could be a useful way to discriminate unsustainable
from sustainable scenarios.

In a European context, the UK Bioenergy strategy includes a
sustainability criterion ensuring a minimum of 60% emission
reduction from the average European power carbon-intensity
for bioelectricity”. This target represents a maximum carbon
intensity of 79g of CO_/MJe (i.e. electric energy delivered), which
translates into a minimal carbon efficiency between 47% and
60%. The more recent European RED Il directive goes further
by stating that large scale heat and power biomass plants
deliver an 80% emissions reduction compared to fossil fuel,
with a life cycle emissions accounting framework that includes
land-use change emissions. Such constraints could limit BECCS
deployment to sustainable routes, thereby making room for
other low-carbon technologies, or emphasising the merit of
more stringent mitigation action today.

C Where a single entity owns and operates the full CCS chain and long-term risk associated with monitoring the dispersion or movement of the CO, in storage sites.

BECCS deployment: a reality check
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Deploying BECCS instead of bioenergy, not in addition
toit

It is likely that only a limited amount of bioenergy will be
available if social and environmental sustainability constraints
of feedstock production are met. Therefore, this sustainable
potential should be allocated in a way that yields the most
benefits. One way to maximise CO, removal is to impose

a requirement that any bioenergy deployment should be
accompanied by capture and storage of as much CO_as
possible, effectively requiring that any bioenergy used from
now on should be in the form of BECCS, or BECCS enabled.

Thinking in terms of carbon negative products and
their value

With a bioenergy supply that is likely to be limited, careful
consideration should be made about where to use this
bioenergy — power generation or liquids.

Although BECCS via biofuels is less carbon efficient than BECCS
via bioelectricity, it presents the advantages of being more
energy efficient and decarbonising the transport sector, for
which fewer low-carbon alternatives are available than in the
power sector.

Aviation stands out as having very few decarbonisation options,
and biofuels are the main alternative for the sector. From this
perspective, biofuel production proves to be a better business
case than power production. As an illustration, the only
operating BECCS plant to date is the Decatur corn-bioethanol
CCS plant”2. However, being more carbon efficient, power
production enables more carbon removal per unit of resource
—biomass, water and land. The trade-offs between BECCS
deployment options therefore need to be better understood
when valuing its contribution to climate change mitigation.
These trade-offs are likely to manifest themselves on a case-by-
case basis.

Lowering the financial risks of CCS

Atransfer of some of the risks and liabilities associated

with CCS value chain integration and long-term CO, storage
monitoring from the private to the public sector would lower the
risks for investors, and therefore the financial costs associated
with a CCS project, thereby encouraging private capital to be
invested in the CCS economys33.
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Conclusions

Before BECCS is implemented in the hope it will play a role in
climate change mitigation, it is crucial to establish whether it
works as a means of generating net energy to sequester net
carbon. For this it is crucial to have clarity about the value and
challenges of each BECCS technology route, and to understand
what makes the value chain sustainable. Relevant regional
regulations with regard to water, energy and carbon will be
required to make sure deployment does not compromise other
societal objectives such as the Sustainable Development Goals.
This will encourage the deployment of a regionally tailored mix
of technologies, including but not limited to BECCS, instead of
blindly betting on a single one.

Importantly, we have shown that BECCS cannot deliver the scale
of negative emissions required in current emissions projections.
The BECCS value chain is complex with significant energy and
carbon inputs, among other factors. Therefore, we should
expect BECCS to make a necessary but only limited contribution
to meeting our climate change targets. Counting on BECCS to
singlehandedly solve the climate change mitigation problem
detracts attention from higher levels of short-term effort based
on known low-carbon solutions that are already available today.

Glossary

Bioenergy potential | Bioenergy potential: how much
bioenergy could be produced per year

globally.

Carbon negative
(positive)

Carbon negative (positive): said of a
BECCS value chain which leads to a
net removal (emission) of CO_ from
(to) the atmosphere, all life cycle CO,
emissions considered.

Carbon (or CO)
breakeven time

Time required for a BECCS value chain
to be carbon negative.

Carbon (or CO)

The fraction of the carbon fixed in the

efficiency biomass which becomes net negative
emissions, all life cycle CO, emissions
considered.

Energy efficiency The fraction of the biomass primary

(net) energy turned into useful energy, all

life cycle energy inputs and outputs
considered.

Energy positive

Said of a BECCS value chain

(negative) which leads to a net production
(consumption) of energy, all life cycle
energy inputs and outputs considered.

EROI The ratio between energy input to

energy output.

High agreement in
the literature

Many scientific studies pointing to a
particular result.
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