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Abstract

BECCS (here the combination of forest-based bioenergy with carbon capture and storage) is seen as a promising tool to deliver large quantities of negative

emissions needed to comply with ambitious climate stabilization targets. However, a land-based mitigation option such as large-scale bioenergy production ;goo ppm CO,eq RePSS
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degradation (REDD+). We develop a systems approach to identify and quantify possible tradeoffs between REDD+ and BECCS with the help of remote 1850 - 1900

sensing and engineering modeling and apply this for illustration to Indonesia. First results indicate that prioritizing REDD+ does imply that there the BECCS
potential remains limited. Further research is needed to take into account opportunities where the two options could be deployed synergetically, e.g.
capitalizing on co-benefits. Definitely, BECCS and REDD+ have to be evaluated from a portfolio perspective, as estimating their potentials independently will
not take such opportunities into account.
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For complying with ambitious climate targets, land-based mitigation, i.e. through agriculture, forestry, and fossil fuel substitution by bioenergy, is an indispensable and significant part of the “‘*"T
portfolio of mitigation strategies [1]. In addition, many scenarios and models featured in the IPCC’s recent Assessment Report (AR5, [2]) rely on a substantial contribution of negative HiSFOfi.Cal
emissions to stabilize GHG concentration at levels consistent with 2°C above pre-industrial levels (see Figure 1 [3]). Model projections for 215t century’s energy portfolio indicate a major ermissions
contribution from the bioenergy sector, i.e. 200-300 EJ, in 2100 [4], often in combination with CCS (BECCS [4-6]). One major concern is that high feedstock potentials are supposed to be
located in the tropics, which is where at the same time forests are most vulnerable to deforestation [7,8]. Furthermore, the deployment of large-scale bioenergy production (w/o) CCS might
also have crucial impact on green growth in developing countries where energy supply is still projected to strongly increase [9]. Yet, many uncertainties remain with respect to BECCS [3].
Inter-alia, the immense amount of bioenergy would need to be generated from sustainably managed agriculture and forests in order to avoid additional deforestation. Clearly, an
interference of BECCS needs with options that are popular for their large co-benefits such as reduced emissions from deforestation and degradation (REDD+ [10]) has to be avoided.
Moreover, downstream considerations, e.qg. distribution and types of energy demand, are also important to ensure economic competitiveness with fossil fuel, particularly with limited Figure 1: Carbon dioxide emission pathways until 2100 (Fuss et al. 2014 [3]).
presence of carbon price. At the end of the pipe, geological storage consideration and with it geographical optimization is important in ensuring negative emission results as well as
economic feasibility of the BECCS technology.
Thus, based on a simplified multi-scale bottom-up modeling
approach, this study aims to introduce the first steps to
developing a systems approach to identify and quantify
possible tradeoffs (i.e. land use-based mitigation options
competing for the same land) and synergies (i.e. both
options provide incentives to keep an intact and sustainably
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Calculations for global potentials of bioenergy or negative e s o |
emissions demand, which focus on the system interactions —:_ e
at an aggregate level, typically cannot shed much light on i
the situation on the ground. Thus, local- level analyses ————_,_
need to be carried out as shown by [11]. Indonesia is R
chosen as a case study due to its ambitious green growth —
target of 5-7% economic growth while at the same time & _ | - < 100 Mg /ha
reducing 26-41% GHG emissions from the BAU scenario . R, 250200 us s s o e
[12]. A high rate of deforestation and monoculture- Lo g - >= 100 Mg/ha
plantations with oil palm have been shadowing the - | I PP T /
country’s rapid economic growth during the past decades. Figure 2: Left, www.geo-wiki.org, visualization and validation platform for biomass datasets. ~ Right, disagreement map for biomass estimates between WHRC and NASA datasets for Indonesia [14,15].

Moreover, recent policies show ambitious aspirations for
further economic growth that is still highly dependent on

Results and conclusions

The calculated REDD+ area amounts to 41.6 million ha of undisturbed forest. The remainder of 46.7 million ha is
partially available for sustainably managed forestry to supply feedstock to the BECCS system. The modeling results
from this very conservative approach (low plant capacities, highest feedstock sustainability, very limited area to source
the feedstock etc.) present the optimal location of bioenergy production plants by capacity (see Figure 4). The total
capacity would be equivalent to 1,200 MW,,;,. It is assumed that only 20% of the increment from managed forest can
be used for bioenergy purposes. Considering 80% capture efficiency, 2.5 MtCO, can be captured and stored on site,
which corresponds to 12.5 million US$ of carbon benefit (from negative emissions and substitution effects) for a CO,
price of 5USS.

Thus, prioritizing REDD+ indeed leaves only relatively small potentials for BECCS., On the other hand for a full
comparison not only the emissions saved need to be compared, but also the co-benefits (e.g. ecosystems services
protection through corridor function for species migration) need to be taken into account. While it is straightforward to
calculate and price the co-benefit of BECCS in terms of energy produced, limited data availability has prevented us
from also comparing the worth of preserved or enhanced ecosystems services in this first analysis.

Thus, being far from a complete analysis, the application to Indonesia still demonstrates very convincingly that BECCS
and REDD+ have to be evaluated from a portfolio perspective, as estimating their potentials independently will not take
such opportunities into account.

The presented methodology can furthermore be applied at the global scale to verify the “on the ground” feasibility of
2°C scenarios featuring BECCS. Future studies should factor in investment barriers and the techno-economic
gy feasibility (i.e. achieving sufficient economies of scale over short time horizons) of BECCS applications within the
Figure 3: REDD map for Indonesia. 1, Biomass potential outside conservation and protected forest areas. 2, Biomass potential within conservation existing and planned energy system. There is thus a need for further adaptation involving e.g. co-firing schemes, and
and protected forest areas which may be inaccessible under REDD+ policies [18]. the use of different feedstock types. In the context of Indonesia, this would mean assessing co-firing options from
existing and planned coal-fired thermal power plants with existing biomass resources such as waste and residues.

land and natural resources as well as fossil energy. The country is still in the process of unfolding on-the-ground
complexity in managing land and forest areas, while large-scale investments in REDD+ are being undertaken by
the international community (e.g. by Norway, US, ADB). Adding BECCS to the mitigation portfolio would add to
this complexity being subject to uncertainty about the actual land use situation, tenure rights, and governance,
that results in high uncertainty of biomass availability [13] and sustainability of these resources (see Figure 2 [14]).

Methodology

For the analysis of BECCS potentials, the entire process chain needs to be assessed, starting from identifying the
biomass potential and availability, particularly considering “conventional” mitigation policies such as REDD+ (see
Figure 3). The geographically explicit biomass availability is assessed using Geo-Wiki [15], a crowdsourcing
validation platform, and G4M [16], a global forest management model, to complement satellite imagery-based
biomass datasets.

In a first step, taking into account that avoided deforestation carries other than carbon benefits which are difficult
to quantify and monetize (e.g. the conservation of certain ecosystems services), areas with high carbon stocks, 5 MW

e.g. protected and conserved forest areas [17] are excluded from the calculation. Under the assumed REDD+ 10 MW

policy, such areas are not being utilized for BECCS-feedstock production to ensure maximum amounts of 30 MW

negative emissions (REDD+BECCS, also for other considerations on various ecosystem services) [18]. The 60 MW

calibrated biomass potential is then linked with the techno-engineering renewable energy systems optimization

model BeWhere [18,19] to optimize demand, supply, and transport for sustainable feedstock and bioenergy e Y R ornalems
generation with in-situ CCS in Indonesia. Moreover, BeWhere also estimates the entire supply chain emissions
for the BECCS system and superimposes a map of the geological suitability for CO2 storage ([20] see Figure 4).
Note that we focus on woody biomass only to model the potential of sustainably managed forest in order to Figure 4: BeWhere — optimized green-field bioenergy plant locations and capacities combined with geological suitability for in-situ CCS (BECCS) [19,20].
exclude biomass potentially sourced from disputed land resources with risk of recent (plantations) or future
deforestation (REDD+ area).
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