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Abstract

Purpose of Review Integrated assessment model (IAM) scenarios consistent with Paris Agreement targets involve large negative
emission technologies (NETs), mostly bioenergy with carbon capture and storage (BECCS). Such reliance on BECCS implies
IAMs assign it a high value. Past analyses on the value of BECCS in IAMs have not explicitly addressed the role of model
structure and assumptions as value drivers. This paper examines the extent to which the value of BECCS in IAMs is enhanced by
model structure constraints and assumptions.

Recent Findings Predominant use of high discount rates (3.5-5%) means models opt for delayed-action strategies for emissions
mitigation that lead to high levels of cumulative net-negative emissions, while lower discount rates lead to reduce reliance on
NETs. Until recently in the literature, most models limited NET options to only BECCS and afforestation, but introduction of
other CDR options can reduce BECCS deployment. Constraints on grid penetration of variable renewable energy (VRE) is a
determining factor on the level of BECCS deployment across models, and more constrained grid penetration of VREs leads to
more BECCS in electricity generation.

Summary This paper concludes BECCS derives significant value not only from the existing structure of IAMs but also from
what is not represented in models and by predominant use of high discount rates. Omissions include NETs other than BECCS and
deforestation, low-carbon innovation in end-use technologies, grid resilience to intermittent sources, and energy use in agriculture
production. As IAMs increasingly endogenize such constraints, the value of BECCS in resulting scenarios is likely to be
dampened.
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Introduction

The Paris Agreement (PA) has set targets to limit temperature
increases relative to pre-industrial era to well below 2 °C with
an effort to keep it under 1.5 °C [1]. In order to meet these
targets, recent Intergovernmental Panel on Climate Change
(IPCC) reports emphasize the widespread and deep changes
required in the global energy, agriculture, and land use sys-
tems in the coming decades [2, 3]. Most scenarios included in
these assessments that keep warming to well below 2 °C in-
volve large amounts of carbon dioxide removal (CDR) from
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the atmosphere in the second half of the century [4, 5]. These
scenarios are based mostly on modelled runs from integrated
assessment models (IAMs) that include representations of the
socioeconomic and biophysical systems governing green-
house gas emissions and the resulting changes to the atmo-
sphere [6]. Technologies delivering CDR are known as nega-
tive emission technologies (NETs) such as afforestation, en-
hanced weathering, and soil carbon management [7¢, 8¢].
Until recently, the only NETs available in integrated assess-
ment models (IAMs) were afforestation and bioenergy with
carbon capture and storage (BECCS) [9, 10]. Modelling
groups are now beginning to include another CDR, namely
direct air carbon capture and storage (DACCS) [11e°].

As the main NET, BECCS has been the subject of several
peer-reviewed articles describing what it is, its
technoeconomic characterization, and its application in cli-
mate scenarios [5, 12-16]. A few articles have attempted to
describe its value as a mitigation technology [17—-19]. These
articles have focused on the value of BECCS in mitigation
scenarios in terms of its importance in enabling models to find
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solutions to stringent mitigation targets and to reduce overall
system costs compared with scenarios where BECCS is not
available. In general, the literature on the role of BECCS in
IAM scenarios show deployment of bioenergy is robust across
both model types and technoeconomic assumptions [20e],
suggesting that BECCS is an economically and technically
robust response to the challenge of global climate change
mitigation. However, an expert elicitation revealed that ITAM
assumptions underpinning the feasibility of BECCS in
resulting scenarios may be overly optimistic [21¢]. Thus, on
the one hand, IAMs point to BECCS as essential for the
achievement of Paris Agreement targets. On the other, model
input assumptions may be unrealistically favouring BECCS.
In addition, there is limited recognition in the IAM literature
of model structure as a driver of value for BECCS. One nota-
ble exception [22¢¢] describes how model structure enables
consistently high shares of BECCS in IAM scenario results,
but is limited to features that are present in the models.
However, it omitted how what is left out of the models en-
hances BECCS deployment and did not explicitly address the
issue of value. This paper examines the extent to which the
value of BECCS in IAMs is enhanced by what is and what is
not represented in the models, the constraints imposed to
BECCS and/or other technologies, or assumptions on non-
technical parameters such as intergenerational equity or gov-
ermance of the BECCS chain.

Context and Definitions

IAMs and BECCS

Integrated assessment models (IAMs) represent human inter-
actions with the natural systems through mathematical formu-
lations based on insights from physics, chemistry, biology,
economics, sociology, and transition theory [23, 24]. They
are useful tools to project the evolution of human activity
and its environmental impacts into the future by either opti-
mizing or simulating the evolution of these systems subject to
exogenous constraints and assumptions [6]. Constraints may
reflect physical limits and may include caps on growth rates of
a given technology’s market share, installed capacity, and bio-
physical potential. On the other hand, they may reflect socio-
economic constraints such as degree of substitutability of cap-
ital and labour, price elasticity of demand for various com-
modities, or the rate of time preference (discount rate).

IAMs have been the main tools to assess climate change
and to develop mitigation scenarios for climate action to avoid
dangerous climate change [25-28]. Because the models differ
as to their structure, objective function, assumptions, and con-
straints, different models reach different solutions for the same
problem. For example, to meet Paris Agreement targets, [AMs
project different pathways for the energy system, which
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deploy different types of technologies at different levels
[20ee, 27].

Nonetheless, models do agree on a few results. As assessed
by recent IPCC reports [2, 3], there is general agreement
across models that the rate of emissions reduction is steep in
order to meet the well below 2 °C target. Moreover, most
scenarios assessed rely on negative emissions, mainly from
BECCS, in the second half of the century [5, 9, 25, 29].
However, this reliance on BECCS has been criticized on sev-
eral fronts [10, 30¢, 31, 32]. Reliance on NETs is controversial
and has received much criticism [10], especially that reliance
on NETs constitutes a “moral hazard” in that they allow
decision-makers to postpone mitigation efforts today by rely-
ing on negative emissions in the future to bring CO,
concentrations back to levels compatible with Paris
Agreement targets [33—-35]. It must be said there have
been ample warning and caveats from modelling groups
that BECCS should not be seen as a “get out of jail
free card” but “should be viewed as part of a wider
mitigation portfolio, and not as an alternative to deep
cuts in emissions in the near term” [9, 33].

BECCS: the Concept and Its History

The concept of BECCS goes back at least to the late 1990s
[36], developed over the 2000s [37—41], and came to promi-
nence in the late 2010s [12, 25, 42, 43]. BECCS was first
introduced in IAMs technology portfolio in the late 2000s
[41, 44], and its inclusion is now widespread. Until recently,
the only CDR options were BECCS and afforestation [10],
and due to the limited potential for afforestation, BECCS be-
came the de facto CDR option available to [AMs at a large
scale. As we shall see, negative emissions are the main source
of the value of BECCS within the framework of IAMs, along
with the fact that it also functions as an energy source.
However, model structure and assumptions help explain the
ubiquitous presence of BECCS in IAM scenario results. The
next section describes current thinking on the value of BECCS
in IAMs as it is explicitly treated in the literature. The follow-
ing section examines how BECCS value is also driven by
model structural features.

Current Thinking on Value of BECCS in IAMs

The value of BECCS for IAMs has been linked to two effects
of its inclusion as a mitigation option in modelled scenarios
[17]:

1) its ability to make feasible scenarios of ambitious mit-
igation targets, and

i)  a lowering of the overall system cost in mitigation
scenarios.
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Feasibility of deep mitigation scenarios is facilitated by
BECCS via its ability to provide negative emissions [18],
allowing for smoother transitions to low-carbon technologies
aligned with transition constraints assumed in IAMs.
Assumed constraints may include growth limits of novel tech-
nologies like solar power or electric vehicles, ability for early
retirement of vintage capacity (asset stranding), or the degree
of demand elasticity. Most scenarios that include BECCS tend
to deploy it later in the period of analysis as a way to remove
from the atmosphere carbon emitted earlier in the period as a
result of a smoother transition or delayed action [20ee].

On the other hand, the value of bioenergy in IAMs is also
driven by its versatility since it can be used to produce bio-
electricity, liquid biofuels, charcoal, hydrogen, or biomate-
rials, thus providing options for hard to decarbonize (HtD)
sectors like freight transport, aviation, and industry [18].
This versatility of bioenergy allows deployment where it is
most valuable to the energy system, in terms of its energy
value, its carbon removal value, or both. That is, this versatil-
ity allows a model to allocate the primary biomass feedstock
for the production of secondary energy carriers to replace
those with the highest marginal cost, driving down the overall
cost of the system [18, 20¢¢, 45]. By enabling decarbonization
of HtD sectors, BECCS contributes to making very ambitious
scenarios feasible.

IAMs usually implement climate policy via a carbon-
tax or a cap on cumulative CO, emissions (the so-called
carbon budget) over the period of analysis. Across
IAMs, the tougher the target, the higher the value of
BECCS [18]. Delaying the onset of the emissions con-
straint in scenarios (late accession or delay scenarios)
reduces the amount of emissions allowances, making
for a tighter budget [46, 47]. The value of BECCS rises
significantly in such scenarios [48] due to the versatile
deployment of negative emissions the technology pro-
vides, enabling CO, concentration in the atmosphere to
overshoot the target and then be clawed back by CDR.

Because bioenergy carriers vary in their energy and
carbon content, this means models deploying BECCS
face a trade-off between maximizing negative emissions
and associated revenues and enabling a low-carbon tran-
sition in sectors with little or no other options [30e].
This can be thought of as choosing between maximizing
the economic value (rents from negative emissions) and
maximizing the energetic value (decarbonizing challeng-
ing sectors) of bioenergy carriers. Because of this flex-
ibility, BECCS can play a significant role in a net-zero world
by providing alternatives in sectors where currently none ex-
ists, especially in delayed-action scenarios [20ee, 49].
However, the amount of BECCS deployed in [AMs is driven
by other drivers of value, some a result of model structure,
which have not been jointly or explicitly assessed before. This
is the topic of the next section.

Drivers of Value of BECCS in IAMs

An important driver of value for both BECCS and NETs in
general is the discount rate used in a modelled scenario. As
explained before, BECCS and NETs in general are particular-
ly useful in allowing for a slower phase out of unabated fossil
fuel use, since they allow for long-term removal of CO, emit-
ted in the short term. However, this depends on how much the
scenario values the future, represented by the choice of the
discount rate. Emmerling et al. [SO+¢] show that the current
choices of relatively high discount rates (3.5-5%) mean
models opt for delayed-action strategies for emissions mitiga-
tion when NETs are included in the technology portfolio.
Interestingly, the study found lower discount rates lead to less
overshoot of the threshold CO, concentration associated with
Paris Agreement targets, and lower levels of cumulative net-
negative emissions. In addition, lower discount rates lead to
higher average annual investments in solar and wind technol-
ogies in both 2 and 1.5 °C scenarios [50e¢]. This suggests that
NETs, and more specifically BECCS, may be entering the
solution space of IAMs for the “wrong” reasons
(discounting) rather than the role they were originally includ-
ed for (hedging uncertainties) [51]. Discounting the future has
ethical implications which are not considered, including the
“moral hazard” concern mentioned above, a reliance on NETs
that may never materialize at scale and, even if they do, “man-
aging an artificial carbon sink that is larger than the entire land
sink today” [35].

The value of BECCS is a function not only of how BECCS
itself is represented, but also of what is not represented in the
model. Until recently in the literature, most models did not
represent other CDR technologies, limiting CDR options
available to only BECCS and afforestation [52]. However,
introduction of other CDR technologies in the model portfolio
may reduce the value of BECCS. For example, Realmonte
et al. [11e°] found when DACCS is introduced, BECCS de-
ployment is reduced by 20-37% across scenarios limiting
temperature increases to 2 °C and 1.5 °C by the end of the
century, with DAC more than compensating for this so that
cumulative net-negative emissions actually grow even as
BECCS deployment decreases. Emmerling et al. [50e¢] also
found that inclusion of DACCS leads to lower deployment of
BECCS. Creutzig et al. [53¢] find DACCS outperform
BECCS in several indicators except cost. Assumptions on
potential deployment of CCS tend to be on the optimistic side
and this also enhances BECCS potential. However, since it
does not apply exclusively to BECCS, it is beyond the scope
of the paper. Nonetheless, the deployment of carbo-ducts to
transport the captured CO, is likely to suffer from more scale,
seasonality, and location constraints than fossil CCS [54].

Another important consideration is how a model represents
technology innovation. Most climate mitigation scenarios in
the literature assume continued energy service demand growth
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with limited increases in end-use efficiency [55] and exclusion
of disruptive innovation [56]. The inclusion of novel low-
carbon technologies tends to reduce BECCS deployment in
IAM solutions. For example, a low energy demand (LED)
scenario that includes advanced end-use technologies with
lower final energy demand enabled one IAM to meet both
energy demand and a 1.5 °C temperature target without rely-
ing on any CCS or CDR [57]. In another example, the inclu-
sion in another IAM of advanced technologies in industry,
freight, and aviation enabled the model to “achieve the rapid
and deep decarbonization of the energy system” consistent
with Paris Agreement targets while reducing reliance on
NETs by up to 18% compared with a scenario with only con-
ventional technologies [58]. Grid penetration of variable en-
ergy sources (VREs) like wind and solar is usually constrained
in IAMs to ensure a stable modelled grid, but the assumptions
governing these constraints may be overly pessimistic of what
is technically possible. Daioglou et al. [22¢¢] identify con-
straints on grid penetration of VREs as a determining factor
on the level of BECCS deployment across models, and find
those with more limiting constraints on VREs tend to deploy
more BECCS in electricity generation. This implies that pes-
simistic assumptions regarding storage capacity deployment
increases the value of BECCS for a given model, and vice
versa. The same can be said about options that add value to
curtailed energy from VRESs such as power-to-X technologies
[59]. Mathiesen et al. [60] report lower bioenergy requirement
in a 100% renewable energy system that draws stability of
supply from using “new sources of flexibility such as solid,
gaseous, and liquid fuel storage, thermal storage and heat
pumps and battery electric vehicles” rather than only ensuring
electric grid stability. In summary, conservative assumptions
on the evolution of end-use technologies and innovation in
low-carbon solutions create conditions favouring IAM reli-
ance on CDR in general, and BECCS in particular as the main
CDR option available in TAMs. Although most models repre-
sent endogenous technological learning', this is done via
learning curves with simplifying assumptions that are subject
to criticism [61]. In addition, other mechanisms driving cost
reductions tend to be omitted, such as spillover effects that
tend to increase penetration of non-biomass renewable
sources when included.

In addition to technological innovation, the role of institu-
tional and social innovations in scenarios must be considered
[62]. IAMs are beginning to incorporate aspects of behaviour
change into “alternative pathways”. Van Vuuren et al. [63]
found the combination of lifestyle change and more optimistic
technological assumptions leads to a reduction (but not elim-
ination) of the need for CDR in mitigation scenarios consistent

! The common Integrated Assessment Model (IAM) documentation.
Available at https://www.iamcdocumentation.eu/index.php/IAMC_wiki.
Accessed on 09 Oct 2019.
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with Paris Agreement targets. Likewise, Bertram et al. [64]
find targeted policies and lifestyle changes reduce dependence
on NETs.

Daioglou et al. [22¢¢] shows BECCS deployment is
relatively independent of its levelized cost of energy
(LCOE) across models. The study found biomass feed-
stock prices are more important in determining BECCS
competitiveness in IAMs than are specific technology
costs like capex and O&M costs. Thus, price formation
of feedstocks is extremely important in determining
BECCS competitiveness. However, it is unclear whether
IAMs fully account for costs of agricultural production
as there is no literature that I am aware of documenting
how it may be implemented, the assumptions involved,
parameter values, etc.”> Models may not include feed-
backs between gridded land use and agricultural models
and the technology-rich energy sector models that com-
prise IAMs, meaning higher diesel and nitrogen fertiliz-
er demand in the land use models may not cause higher
demand in energy models for diesel or ammonia (the
latter an energy-intensive precursor to synthetic fertil-
izers). This means that JAMs may be underestimating
energy demand in agricultural production, especially
when there are high agricultural intensification and yield
improvements, often characteristic of deep mitigation
scenarios. Water use is not always fully represented,
and the energy requirements of pumping for irrigation
is often not a driver of energy demand in the agricul-
tural sector. Not fully accounting for agricultural pro-
duction costs leads to lower energy crop prices, which
increases BECCS competitiveness.

On the other hand, IAMs assume a significant avail-
ability of agricultural and forestry residues (and munic-
ipal solid waste in some cases), and their share of
bioenergy feedstock increases at the expense of
bioenergy crops in scenarios with high GHG emission
pricing [66]. Because residues have very low or (near)
zero cost and imply no additional deforestation or agri-
cultural emissions, their use as a feedstock is favoured.
Hanssen et al. [66] report IAMs in a model intercom-
parison study rely on residues for an average 50% of
bioenergy feedstock in 2050. However, there is high
variability across models (~10-70%) with model differ-
ences arising mainly from model structure and defini-
tions. They conclude values are “within literature-
estimated residue availability, but outliers and sustain-
ability concerns warrant further exploration” and uncer-
tainties remain concerning residue supply potentials.

2 One model has incorporated a module for linking agricultural and fertilizer
production following [65], but it has not yet been included in any published
results.
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This means that, on average, half of bioenergy feedstock in
analyzed scenarios come from dedicated energy crops, poten-
tially leading to food security concerns [45, 67] and to con-
flicts over land (land grabbing) [68—70]. Yield projections
vary across [AMs, but are projected to increase (generally
faster in mitigation scenarios than in baselines®) following
current trends in the short term and diverging depending on
the scenario [71]. Increasing agricultural yields reduces pres-
sures for land conversion to agriculture (land sparring).
However, in the real world, higher productivity may actually
lead to higher land prices which incentivize area expansion to
produce more goods [72] or in order to secure land tenure or
ownership [69], reducing the potential of higher land produc-
tivity to cause an increase in abandoned agricultural areas by
increasing opportunity costs of land sparing [73]. The fact that
many models do not represent these dynamics implies possi-
ble overestimation of the availability of “abandoned land” on
which bioenergy production is assumed to take place, some-
times exclusively, in several [AMs.

Finally, there are several social, political, and ethical chal-
lenges to BECCS deployment [21¢, 35, 74, 75]. Several stud-
ies point to the lack of representation of governance aspects of
BECCS in IAMs [7, 74, 76, 77]. This reduces modelled trans-
action costs of the BECCS chain from field to carbon sink,
effectively increasing its perceived competitiveness in the
models. Gough et al. [74] explore six governance and policy
challenges to BECCS deployment highlighting “the impor-
tance of a whole systems approach” to assess BECCS poten-
tial as an effective mitigation option at scale. A key issue is the
carbon balance of BECCS technologies. The whole chain—
from the production of biomass feedstock to conversion to the
desired energy carrier through to carbon capture, compression,
storage, and sequestration—may cause more GHG emissions
than it sequesters, thus leading to positive instead of negative
emissions. The actual balance depends on the performance of
each step in the chain (which varies by region) and on exis-
tence of transparent and effective monitoring and verification
schemes [30e, 32, 53¢, 74]. Such an international framework
for the governance, crediting, and monitoring of BECCS re-
quires a high level of cooperation across regions [32], a trans-
action cost not necessarily represented in IAMs, and major
restructuring of government fiscal policy to compensate neg-
ative emissions [51]. Last but not least, the adoption in 2015 of
Agenda 2030 and the Sustainable Development Goals (SDGs)
[78] means mitigating climate change must now happen in the
context of other societal goals. This imposes sustainability
constraints to which BECCS has many vulnerabilities, espe-
cially due to implications to land use change, food security,
water use, and biodiversity [3, 53¢, 67, 71, 79, 80]. As I[AMs

3 Although IAMs generally project yields to grow in the short term, some
scenarios may include pessimistic technological change leading to long-term
declines, with SSP4 a case in point [71].

increasingly endogenize such constraints, the value of BECCS
in resulting scenarios is likely to be dampened.

Considerations on the Value of BECCS in IAMs

The IPCC Special Report on 1.5 °C [3] concluded that emis-
sions in 2030 would have to be about half of 2010 levels to
maintain a chance of meeting the well below 2 °C target of the
Paris Agreement. If one accepts the adage that innovative
technologies in the energy sectors take decades to go from
prototype to scale [81], the transition leading to such steep
reductions would have to be based on technologies existing
today. The difficulty of meeting the 2030 milestone means
overshot scenarios may be the only recourse we have to meet
the 1.5 °C target by 2100, which forms the rationale behind
the dominance of BECCS in IAM scenarios.

This article reviews the existing literature in a comprehen-
sive manner to identify major drivers of value for BECCS in
IAMs and shows it is enhanced not only by the assumptions
and constraints imposed on BECCS and competing technolo-
gies, but also by what is and what is not represented in the
models, that is, model structure.

To begin with, model structure and assumptions increase
reliance on NETs which, in the current configuration of TAMs,
effectively means reliance on BECCS since it is the only scal-
able NET modelled, the other being afforestation which has
limited potential.

The literature suggests reliance on NETs stems from the
dwindling carbon budget and a lack of effort to reduce emis-
sions, meaning we will overshoot our temperature targets and
need CDR to bring it back to Paris-consistent levels. However,
NET deployment is enhanced by the choice of high discount
rates (in the range of 3.5-5%) in current scenario
implementations. Higher discount rates imply the future is
valued much less than the present, leading to lower effort in
the short term than if lower discount rates were used. This
brings up ethical issues of intergenerational justice harking
back to the controversy following publication of the Stern
Review [82-85]. Since there is no right or wrong answer here,
this should be treated explicitly when scenarios are used to
inform policy. This would confront decision-makers with the
choice to favour the present by discounting the future more
heavily, but this is not possible given the lack of scenarios with
low(er) discount rates in the literature and, consequently, in
IPCC assessments. Scenarios with lower discount rates place
more emphasis on short-term deployment of low-carbon tech-
nologies like solar and wind, leading to narratives that
deemphasize the reliance on NETs in general and BECCS in
particular. On the other hand, the insufficient effort for emis-
sions reduction in recent years may well be an indication that
society does in fact have an implicit high discount rate, which
means [AMs reflect that reality. Nonetheless, the role of the
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discount rate on the value of BECCS in IAMs should not be
underestimated.

The versatility of bioenergy and its ability to combine with
CCS to provide negative emissions drive the value of BECCS
by making ambitious scenarios feasible and reducing mitiga-
tion costs, and this has been established in the literature for
some time. However, the value of BECCS in IAMs also stems
from it being the only NET modelled besides afforestation.
Adding other NETs like DACCS to model portfolios reduces
the value of BECCS, despite the fact that BECCS outcom-
petes DACCS on cost [53¢]. This cost advantage may
also be exacerbated in models by the availability of
low-cost, low-impact residues as input for BECCS.
Analogously, competitiveness of DACCS is improved
when waste heat is made available to it as an energy
input [11ee] so it is important to include this as an
option when implementing DACCS in IAMs. Including
residue for BECCS but not waste heat for DACCS may
be favouring BECCS.

Additionally, state-of-the art IAMs include novel technol-
ogies conservatively, so that the suite of options available in
2100 is not very different from what is deemed possible today.
[AMs generally do not include disruptive innovation and tech-
nologies which may be game changers that may render unrec-
ognizable the sectors they impact [51, 56]. Policy frameworks
consistent with lower discount rates must reach beyond just
the required technological innovation and embrace more chal-
lenging forms of innovation such as institutional innovation or
less “palatable” ones like behaviour or lifestyle change [62].
Institutional innovation includes global cooperation in a con-
certed climate action effort that avoids any more delay.
Behaviour change includes diet change to less meat intensive
diets, or avoidance of carbon-intensive modes of transporta-
tion (e.g. single-occupant cars). [AMs are beginning to incor-
porate some of these changes to the extent possible as seen for
example in Grubler et al. [57], Bertram et al. [64] and van
Vuuren et al. [63], leading to less reliance on NETs and
BECCS. Thus, a lower propensity for social and institutional
innovations may drive up the need for CDR and increase the
value of NETs. To the extent that this is reflective of reality, it
can be said that the value of NETs is real in our efforts to curb
climate change. Nonetheless, as the main NET available in
IAMs until recently, BECCS is given more value than it is
perhaps due.

This paper argues that the value of BECCS in [AMs is a
result of not only what is represented in the models but also
what is not, and that model structure is hence an important
driver of value for BECCS. This can also be generalized to all
NETs, and with increasing implementation of other NETs in
[AMs, BECCS will tend to lose ground to them in the results
of modelled scenarios. In addition, as IAMs increasingly in-
clude endogenous representation of the SDGs, the trade-offs
from bioenergy production and use across many of the goals
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and targets will place constraints on BECCS deployment. In
summary, as IAMs evolve to better address the issues raised
here, the less reliance on BECCS we are likely to see, although
it will likely not disappear from scenarios altogether. In the
end, BECCS does have a role to play in a low-carbon future in
sectors and activities for which it is best suited: hard to decar-
bonize sectors and to the extent its social, economic, and en-
vironmental sustainability can be assured.

Conclusions

* Value of BECCS in IAMs in the literature linked to
versatility of bioenergy and ability to provide negative
emissions by combining with carbon capture and storage
(CCS). Both characteristics of bioenergy contribute to en-
abling BECCS to (i) make feasible scenarios with ambi-
tious mitigation targets, and (ii) lower overall cost of mit-
igation (same mitigation for lower carbon price).

» The discount rate assumed in models has profound im-
pacts on deployment of BECCS and of NETs in general.
Higher discount rates favour delayed mitigation in IAMs,
meaning short-term emissions decrease more slowly and
must be compensated for by CDR in the long term.

* Recent literature suggests the value of BECCS to IAMs is
driven by model structure, including what is not represent-
ed by the models. The (un)availability of novel low-
carbon technologies, demand side reductions, and behav-
iour change increases reliance on CDR, mainly through
BECCS. In addition, constraints on grid penetration limits
to VREs impose limits to their deployment shifting more
value to BECCS. Conservative assumptions on
innovation potential in general drive up the value of
BECCS for IAMs, whether one means technological (bat-
teries, hydrogen, power-to-X), institutional (finance,
R&D, global cooperation, demand response), or social
(behaviour change) innovation.

»  Until recently, limited CDR options in IAMs included only
BECCS and afforestation as the only NETs and, since
afforestation potential is limited, BECCS accounted for
the lion’s share of negative emissions. With inclusion of
other NETs in IAM portfolios, a share of the value of
BECCS will be claimed by other options.

» Lack of representation of governance and sustainability
concerns—such as monitoring and verifying the carbon
balance of the BECCS chain or managing impacts on food
prices—may reduce transaction costs of BECCS in the
models.

»  BECCS does have a role to play in a low-carbon future —
especially in hard to decarbonize sectors — and its early
stage deployment should be supported to enable the tech-
nology to reach its potential while keeping within sustain-
ability constraints.
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