
Bioenergy with carbon 
capture and storage

From global potentials 
to domestic realities

The role of bioenergy with carbon capture and storage (BECCS) 

in climate governance is contested. On one hand, a growing climate 

modeling literature concludes that the Paris Agreement’s temperature 

goal is unlikely to be achieved without the deployment of BECCS; on the 

other hand, the feasibility of deploying BECCS at the scales suggested in 

the climate scenarios is increasingly being questioned. This book high-

lights the many caveats involved in moving from BECCS’ global mitiga-

tion potential, as depicted in the idealized world of climate scenarios, 

to economically viable potentials available to investors at the business 

scale. It concludes that overcoming the challenges associated with real-

izing the theoretical potential of BECCS will be daunting, a true uphill 

struggle. Yet with appropriate policy incentives, BECCS may still come 

to play an important role in the struggle to limit global warming to well 

below 2°C.
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Since the adoption of the Paris Agreement, intense scientific and 

political debate has emerged over the feasibility of climate scenarios whose goal 

is to limit global warming to well below 2.0°C. The debate centers on the cli-

mate scenarios’ reliance on negative-emission technologies, such as bioenergy 

with carbon capture and storage (BECCS), to achieve the goal (see chapter 2).

Geden (2015, 2018) has argued that modelers “are being pressured to extend 

their models and options for delivering mitigation later” (2015, p. 28), not least 

by including BECCS in their models’ technology portfolios. From Geden’s 

(2015, 2018) perspective, these scenarios have become increasingly politically 

informed. While radical mitigation has been deferred, climate policymakers 

have clutched onto the theoretical hope that the temperature goal is still within 

reach without conducting an appropriate reality check. The inclusion of BECCS 

in models may, Geden (2015, 2018) has argued, create a false sense of optimism 

and undermine the integrity of climate science. In support of Geden’s obser-

vations, Beck and Mahony (2018) traced the vast deployment of BECCS to the 

adoption of Representative Concentration Pathways (RCPs) as a model logic in 

the IPCC’s Fifth Assessment Report. In their view, modeling that targets a fixed 

end-point instead of open-ended modeling from a baseline has opened the way 

for unrealistic and increasingly speculative results.

Besides the increasing political influence, discussions have revolved around 

whether the models rest on unrealistic or arbitrary assumptions concerning, for 

example, land availability, speed of deployment, and regulatory frameworks, 
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and consequently project a far too massive deployment of BECCS (Anderson 

& Peters, 2016; Fuss et al., 2014). This relates to a critical debate in the modeling 

community about the uncertainties, inconsistencies, and choices associated 

with integrated assessment models (IAMs), which leads us closer to the core of 

this chapter. First, however, some important comments on IAMs are in order. 

IAMs are models that integrate and link the energy, economic, and climate sys-

tems with the explicit aim of presenting results of high policy relevance, which 

may explain why they have gained a prominent position in climate science 

and the IPCC. IAMs are distinguished from the models used in conventional 

disciplinary research both by their purpose of informing decision making and 

by their interdisciplinary character, as they integrate physical, biological, eco-

nomic, and social sciences.

Based on interviews with 21 researchers involved in integrated assessment 

modeling and a survey of 2500 delegates to UN climate change conferences in 

2015–2017, this chapter discusses the policymakers’ views of the prioritization 

of BECCS for investments and the researchers’ understandings of uncertainty 

in modeling. This allows us to conclude with some words on the heated discus-

sions of the relationship between modeling and climate policymaking men-

tioned above.

The chapter begins with a presentation and discussion of the survey results. 

The researchers’ views of integrated assessment modeling are then discussed, 

after which some conclusions are drawn from the survey and interviews.

Policymakers’ investment preferences
The IAMs provide technology-cost optimized climate scenarios often assum-

ing a globally homogeneous price on carbon, an assumption far from current 

reality. In 2018, 45 countries put substantially varying prices on carbon, rang-

ing from below EUR 1 in Poland and Mexico to above EUR 120 for certain 

sectors in Sweden (World Bank, 2018). Furthermore, biogenic emissions are 

often exempted from these pricing schemes, contrary to model assumptions. 



19

Views of BECCS Among Modelers and Policymakers

In making investment decisions about BECCS, capital as well as operational 

expenditures are weighed against potential revenues. As BECCS provides no 

added value but mitigation, revenues are pending, awaiting policy instruments 

capable of providing market pull for BECCS. As this is currently lacking globally 

(see chapter 6), investments are awaiting business models that can develop a 

premium market segment encouraging voluntary customer compensation for 

negative emissions. As presented in chapter 7, under such circumstances and 

given the high capital and operational expenditures associated with BECCS, the 

technology is unlikely to materialize at any substantial level.

After examining 2500 survey responses1 on how delegates to UN climate 

change conferences would like to prioritize BECCS for investments in the cli-

mate scenarios, two observations are notable:

First, BECCS investments are given a lower priority than other technologies 

for low-carbon development by all types of actors from all world regions. Pref-

erences depend on both actor type and country of origin, with governmental 

actors being slightly more positive and environmental actors slightly more neg-

ative, and with respondents residing in regions with a higher theoretical poten-

tial for BECCS being more in favor of BECCS investments than are respondents 

residing in regions with lower potential. 

Second, the low prioritization of BECCS vis-à-vis other mitigation technol-

ogies is at odds with the high magnitude of BECCS deployment assumed in cli-

mate scenarios, in order to meet the Paris Agreement’s temperature goals.

Prioritizing other mitigation technologies is also in line with actual prac-

tice. Investments in renewable energy, for example, far exceed investments 

in BECCS. However, such investments are not occurring at scales that exceed 

those assumed in the climate scenarios. Quite the opposite is the case. An indi-

cation of this is provided both by continuously increasing global emissions and 

by the collective ambition of countries’ Nationally Determined Contributions 

(NDCs) to the Paris Agreement. The NDCs point toward a massive emission 

gap in 2030, between the climate scenarios’ cost-optimized pathways to limit-

1  The survey design is based on Likert-style response options, with data collected at UN climate conferences between June 2015 and 
December 2017. The data type requires non-parametric statistical analysis; Kruskal-Wallis and appropriate post-hoc tests have been 
applied. For details on method, see Fridahl and Lehtveer (2018).
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ing warming to 2.0–1.5°C and the countries’ pledges (UNEP, 2017).

In this connection, Anderson and Peters (2016) warned of the moral hazard 

involved in deferring contemporary mitigation actions based on assuming that 

BECCS will deliver negative emissions in the future. Governments across the 

world owe their constituencies an answer as to how they can both agree to an 

ambitious temperature goal and fail to present mitigation plans that are even 

remotely aligned with the climate scenarios. When evaluating the NDCs against 

climate scenarios, one should keep in mind that the scenarios in turn rest on 

assumed future deployment of BECCS. If today’s mitigation potential is not uti-

lized due to hopes for future BECCS deployment, and it turns out that BECCS 

fails, future generations will find their options severely circumscribed.

Government actors’ low prioritization of BECCS could be advisable if today’s 

mitigation actions and the near-term NDCs were on track to outperform the 

climate scenarios, allowing relaxed reliance on the future delivery of BECCS. 

However, such is not the case. As mentioned, NDCs underperform dramatically 

rather than outperform, exacerbating the reliance on the future delivery of 

BECCS to resolve the climate crisis.

This does not mean that BECCS R&D should be stopped. Ongoing technical 

and policy development, as well as public deliberations to understand conflicts 

and mediate among divergent views, are necessary. In the end, BECCS may or 

may not prove able to help resolve the mitigation dilemma. However, as noted 

by Anderson and Peters (2016), as there is currently no way of knowing this, 

hopes for future BECCS deployment should not be used to defer exploration 

of alternatives, including contemporary radical mitigation actions through 

technical diffusion, development, and lifestyle changes. The inconsistency 

involved in simultaneously failing to achieve ambitious near-term targets and 

lack of interest in investing in BECCS R&D for mid-term deployment and long-

term upscaling is intriguing. In the following sections, we delve deeper into the 

core of these complexities by presenting modelers’ views of the management of 

BECCS in IAMs. 
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Researchers’ views of uncertainty,  
modeling, and policy development 

The coming sections are based on interviews with 21 researchers, conducted 

in 2017 and 2018, which started by addressing the critical public and scientific 

debate on IAMs that arose around the time of COP 21 in Paris, as described 

above. The informants were either working in or around what we call the IAM 

community or had experience of modeling and were participating actively in 

the scientific and public debate on IAMs.

Much of the criticism of how IAMs deploy negative-emission technologies 

(NETs), and especially BECCS, is anchored in the perception of integrated 

assessment modeling as a discipline dominated by economists lacking deeper 

understanding of the natural scientific results used as data in the models. How-

ever, while economists do figure prominently in it, the IAM community nowa-

days includes, and is defended by, several researchers who share scientific back-

grounds with those criticizing IAMs for lacking natural-science validity. The 

inter-scientific debate about uncertainty in IAMs should therefore not be under-

stood as a debate between disciplines, but rather as a debate between epistemic 

discourses. In a simplified but functional distinction, we can separate these into 

two main discourses: one critical of and one supportive of the contribution of IAMs 

to climate science and policy. We will call the former “’the critical discourse’, and 

the latter ‘the IAM discourse’. Each discourse determines how researchers view 

the relationship between, on one hand, the hypothetical worlds of models and, on 

the other hand, the real worlds of atmospheric, biophysical, social, and policymaking 

processes. Both discourses revolve around three key, inter-related dimensions: 1) 

the management of uncertainty in models, 2) realism, and 3) performativity. In 

the following three sections, we will describe each of these dimensions. It should 

be noted that each discourse are idealized representations, constructed by us, of 

a multitude of sometimes inconsistent statements, and that several informants 

voiced opinions that placed them in both discourses. Our presentation of the 

discussions as belonging to two separate discourses is a way of making sense of 

the empirical material data in a way that generalizes yet is faithful to it.
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Managing uncertainty
The view of how uncertainty is and should be managed in climate modeling 

separates integrated assessment modelers from a majority of the other inform-

ants. For the latter, the complexity of each of the social and natural processes 

included in the modeling scenarios, let alone their interactions, calls for mode-

ling that is disaggregated and “pure,” in that the number of variables is strictly 

limited so the results will be decipherable. Complex modeling is dependent on 

results being retraceable to their origins through retrospective analysis. Simply 

stated, with each additional variable, the range of possible outcomes increases, 

hence the difficulty of qualitatively determining the logic behind the results. 

For many who work outside the IAM community, IAMs are particularly prone to 

uncertainty in qualitative assessment because of the ambition to incorporate a 

wide range of variables from multiple scientific areas. One physical engineering 

researcher described his experience working with the IAM community as fol-

lows:

It’s quite amazing to see how the physicists just don’t question what 

the economists say. There are some scenarios, some models, and the 

physicists just take the results and say, “Ok, let’s do that!” No ques-

tioning, no criticizing. It has nothing to do with intellectual capacity 

but with time. The same phenomenon is apparent in the literature, 

where you can see different communities using radically different 

methods to answer the same questions, in a way that makes it diffi-

cult to compare or communicate.

In this view, not only does the sheer number of variables render uncertainty 

nearly unmanageable, but the disciplinary boundaries create new uncertainties 

unique to IAMs. Furthermore, the desire to include socioeconomic dimensions 

in scenarios by exploring possible trajectories of political, economic, and tech-

nological development invites suspicion from many who argue that the uncer-

tainties inherent to such processes make them fundamentally impossible to 

quantify.  
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The dominant response to such criticism from the other discourse is not to 

simply refute the claims of uncertainty associated with increasing complexity. 

Instead, uncertainty is embraced on the premise that there is simply no other 

way to conduct a scientific analysis of such interrelated and highly complex pro-

cesses. In this view, the criticism about inadequate uncertainty management 

is misplaced because it wrongly supposes that IAMs strive to make long-term 

scientific predictions, something that should be reserved for short-term, low-

stakes operations such as weather forecasting. Because the future is inherently 

unknowable, prognoses projecting any further than the immediate future 

are guesswork. However, that does not mean that the future must remain 

unexplored, and the only way to do that in a scientifically legitimate way is to 

increase the number of model runs, increase the variability in parameter set-

ting, and from the wide range of results assess what seems plausible and what 

does not. As one integrated assessment modeler put it: “You shouldn’t make 

only totally realistic scenarios, because who knows what the climate will be like 

in the future?” 

Within the IAM discourse, a sharp distinction is therefore made between the 

business of hypotheticals and the business of predictions, and the message is 

clear that integrated assessment modelers deal only in the former. Evidently, 

this is a distinction that entails both limitations and a certain amount of free-

dom. While it precludes the possibility of making specific knowledge claims, it 

also opens up the possibility of exploring, in the words of one integrated assess-

ment modeler, the “What ifs?” 

In this approach to climate science we can identify an argument that differ-

ent disciplines require different strategies for managing uncertainty, and that 

what works for one does not necessarily work for another. The reductionist way 

of minimizing uncertainty by “keeping it pure,” as many natural scientists out-

side the IAM community advocate, is unworkable for the purpose of evaluating 

complex, interconnected social and natural processes. In this view, both strate-

gies are justified, and both are crucial to supplying policymakers with legitimate 

scientific advice. 
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Realism
In the critical discourse, the question of realism is central to evaluating the use-

fulness of models. Many critics agree that IAMs serve a different purpose from 

other types of advanced climate models and that this may sometimes justify 

simplifications of a kind that would be deemed unscientific in other disciplines. 

However, as IAMs are becoming increasingly complex, they reach a point where 

they become detached from the real-world processes that they are modeling. 

One energy systems modeler voiced a common opinion:

I’m concerned that everything becomes so focused on modeling 

results that are totally theoretical and detached from reality … I 

assume that every value [in an IAM] by itself has an objective founda-

tion, but the end result may still lack realism.

This echoes the harsh verdict of economist Robert Pindyck (2013), that IAMs 

are “close to useless as tools for policy analysis.” Some critical researchers 

further argue that the complex interactions between processes in IAMs are, in 

fact, merely a superstructure covering a rather limited set of basic assumptions 

concerning economics and technological development. From this perspective, 

the main problem with the models’ detachment from reality lies here, in their 

fundamental assumptions. The models’ complexity is a secondary problem, in 

that it hides the flawed underlying principles. As one critic put it, “The bounda-

ries are hugely subjective, so what we get is objective analysis within subjective, 

and hugely simplistic, boundaries.”

More common than outright dismissal based on the models’ perceived lack 

of realism, however, is a view that the IAM field has reached saturation point. 

While IAMs could plausibly serve an experimental and mainly heuristic purpose 

in visualizing different developmental trajectories, the current mass produc-

tion of IAM scenarios is meaningless, given their lack of anchoring in the real 

world. According to critics, the proliferation of scientific papers on IAM results 

indicates purpose-drift within the IAM community, a loss of its raison d’être. 

Within the IAM discourse, however, the accusations of unrealistic scenar-
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io-making miss their target, once again because they are premised on a mistaken 

assumption about the logic and purpose of IAMs. Lack of realism in research is 

only a problem insofar as the driving force is to make as exact a replica of real-

ity as possible, which in modeling terms often translates into maximizing the 

model’s resolution. In the view of many integrated assessment modelers, that 

is a functional and legitimate logic for modeling activities aimed at capturing 

in detail the workings of primary atmospheric and biophysical processes, but it 

is unworkable for the broader thrust of integrated assessment modeling. You 

cannot seek to copy the world, explained one integrated assessment modeler, 

because all you have then is a mere double. Instead, what integrated assessment 

modelers strive for is “to understand the behavior of the system,” as one mod-

eler explained, in other words, why their models yield certain results and how 

these results relate to reality. From this standpoint, the task is to produce spec-

ulative scenarios—sometimes wildly unrealistic ones—in order to understand 

how the models work, and to use the findings from these imaginary worlds to 

inform policymaking in the real world.

The concept of realism has slightly different connotations in the two dis-

courses. In the critical discourse, the concept is anchored to the past, to the 

historical record of scientific data, and premised on the ability of models to 

accurately reconstruct natural processes. In the IAM discourse, realism is 

fundamentally about being able to say something important about the future, 

about making sense of the interactions of complex processes to create a mean-

ingful message. Accordingly, how the models are used to create a message is the 

third key aspect of these two discourses, and we turn to this in the following. 

Performativity
The question of usefulness raised by Pindyck (2013) has no direct relevance to 

the issue of how IAM results come to matter (i.e., performativity). If the results 

are deemed useful by policymakers they are likely to be used, regardless of their 

scientific validity. A key feature of the critical discourse is the claim of moral 

hazard mentioned in this chapter’s introduction, i.e., that IAMs make the scien-

tifically faulty assumption that BECCS could work on a large scale and thereby 
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risk justifying delayed mitigation in the eyes of policymakers. According to 

many critics, IAMs are something far worse than useless: they are useful for 

dangerous purposes. 

In the IAM discourse, the moral hazard claim is opposed to the argument 

that any mitigation strategy must be based on the visualization of viable alter-

natives. If the technological development of BECCS is ever to be possible, it 

must first become part of the policy discussion, so the main function of IAMs 

is to illustrate to policymakers what might be technologically possible if it were 

forcefully pursued. Far from engendering moral hazard, in other words, the 

presentation of BECCS to policymakers through IAM scenarios is a prerequisite 

for any technological push whatsoever. This argument is related to the claim 

that IAMs are only hypotheticals and not predictions, and that this fact is clearly 

communicated to policymakers. However, in contrast, several integrated 

assessment modelers also express doubt as to the possibility of communicating 

uncertainties to external communities.

The last point is at the center of the critical discourse. According to many 

critics, the problem of the misappropriation of results is not so much about 

flawed communication, but that most IAM studies addressing BECCS create the 

impression of an alternative development trajectory that simply does not exist. 

Integrated assessment modelers’ claim of transparency about the hypotheti-

cal nature of their models fails, according to critics, to take into account how 

scientific information is actually received and processed in the policy realm. 

One researcher, for example, argued that “[integrated assessment] modelers 

continually insist that policymakers are aware of uncertainties [concerning 

BECCS], but when I talk to politicians, they always say they haven’t got a clue.”

In this way, the critical discourse also highlights contradictions in the IAM 

discourse of which the parties to that discourse may or may not be aware, but 

that nevertheless become part of a process of self-reflection in the way the IAM 

community presents itself outwardly and reasons about its professional legiti-

macy. In the following, we discuss how some of these contradictions appear in 

the IAM discourse.
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Contradictions in the self-representation 
of integrated assessment modelers
The IAM discourse is very reflexive as concerns the role of IAMs in climate sci-

ence production and policymaking. Without a doubt, this reflexivity is a result 

both of years of intra-disciplinary discussion about methodological issues and 

of criticism leveled from outside the community (see Beck & Krueger, 2016; 

Creutzig et al., 2014; Fuss et al., 2014; Geden, 2015, 2018). Unsurprisingly, the 

criticism has grown in intensity in step with the increasing attention paid to 

IAMs in climate science and IPCC work. As a result of this growing criticism 

as well as growing influence, certain contradictions can be seen in the self-rep-

resentation of integrated assessment modelers. 

These contradictions pertain to the perception that integrated assessment 

modeling is a scientific operation with certain unique preconditions and 

sources of legitimacy, and to the pervasive notion within the IAM discourse that 

it is being misunderstood and misrepresented on the outside. The claim of being 

able to make scientific sense of highly complex, interrelated social and natural 

processes means, according to this view of integrated assessment modeling, 

that special forms of uncertainty management are justified. The legitimacy of 

IAMs, in the dominant perspective in the IAM discourse, lies not primarily in 

scientific verifiability but in policy relevance. 

This core mission statement is somewhat contradictory, in that it is simul-

taneously both highly ambitious and modest. Integrated assessment modelers 

are quick to insist that they are dealing in hypotheticals, not in predictions, and 

that their results must always be treated accordingly. At the same time, this 

reiterated modesty stands in contrast to the core idea of being performative, of 

wielding influence, of speaking science to power. There is an obvious point in 

moderating one’s truth claims under intense criticism, but perhaps the appeal 

to caution is also a response from the IAM community to its success in becom-

ing policy relevant. 

Likewise, this modesty can be seen to stand in contrast to the global, encom-

passing scope of integrated assessment modeling. Striving to say something 

about everything, the IAM community has understandably been viewed with 
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suspicion by more traditional scientific disciplines, in which the methodolog-

ical imperative is to limit rather than expand the number of variables in order 

to reduce uncertainty. The response from one integrated assessment modeler 

that members of the IAM community do not and cannot “aim to copy the world, 

because then all you have is a double” could be understood as responding to 

such outside perceptions. While the statement amounts to a reservation, it also 

indicates that the idea of “doubling” the world is present in the IAM discourse, if 

only as an ideational point of reference. Hence, there is a felt imperative to dis-

avow any such claims, and the quote can be interpreted as a response to what is 

perceived in the IAM community as the image it projects outwards. Yet the dis-

avowal of pretensions to universalistic claims is precarious, because when the 

researcher cited above speaks of “understanding the behavior of the system,” 

he is speaking not merely of the model system, but simultaneously of the world 

system mimicked by the model. Here is the ambiguity at the center of the IAM 

discourse, about what kinds of truth claims are made possible by the models, 

and what kinds are precluded.  

This ambiguity can also explain the contradictory status in the IAM dis-

course of model results as both transparent and complex, as both easily com-

municated and esoteric explorations of imaginary worlds. If there is ambiguity 

even in the IAM discourse as to what kind of knowledge the models produce, 

then it is understandable if there is some discomfort about what happens when 

this ambiguous knowledge crosses institutional boundaries and, perhaps most 

importantly, enters the world of policymaking. In our conclusions, we accord-

ingly further reflect on the relationship between IAMs and policymaking. 

Conclusions
Contradictory perceptions in the IAM discourse indicate some discomfort 

among the modelers themselves with the modeling activity’s boundary posi-

tion between science and policy. The obvious disconnect between policymaker 

perceptions and the development trajectories sketched by the low-warming 
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IAM-derived scenarios prompts some concluding reflections on these contra-

dictions, and on a certain contradiction in the critical discourse. On one hand, 

the almost complete lack of political initiatives to deploy BECCS on a European 

level can be viewed as validating the opinion that the IAMs that incorporate 

large-scale BECCS deployment are detached from reality and therefore should 

not be considered legitimate scientific input to policy. On the other hand, and 

as Bellamy argues in chapter 5 of this book, the political inaction seems to con-

tradict the argument that IAM BECCS scenarios could come to be wielded as 

justification for postponing mitigation.

The lack of political action in relation to BECCS makes it relevant to ques-

tion whether IAMs really do have the policy influence striven for by those who 

produce them and assumed by those who regard them as engendering moral 

hazard. This raises the question of how much more knowledge can be gained 

from exploring imaginary worlds when the real world of policymaking is so 

clearly lagging behind and, more importantly, what difference such knowledge 

can make. The scientific certainty or consensus is convincing enough to justify 

immediate deep global emission reductions. The process of constructing cost- 

and time-optimized scenarios will always harbour fundamental uncertainties, 

and we would argue it is highly unlikely that such uncertainties will be reduced 

through the continued proliferation of IAM scenarios. Further exploration – 

or construction – of imaginary worlds through IAMs would either be policy 

irrelevant or, worse, hold out the promise of uncertainty reduction through 

their ambiguous knowledge claims. Climate models will always be precariously 

positioned between exploring and colonizing the future, and even if integrated 

assessment modellers are clearly aware of this balancing act, there is reason to 

ask how much more could be gained by exploring the as yet purely hypotheti-

cal realm of NETs. If and when exploration becomes colonizing, IAMs will, as 

Geden (2018) has warned, prolong negotiations and justify further scientific 

investigation instead of political action.




