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Abstract

This article discusses and illuminates the synergies and jeopardies or tradeoffs that exist between
the 17 Sustainable Development Goals (SDGs) and net-zero or future climate protection options
such as greenhouse gas removal (GGR) technologies and solar radiation management (SRM)
deployment approaches, respectively. Through a large-scale expert-interview exercise (N=
125), the study finds firstly that numerous synergies and tradeoffs exist between GGR, SRM,
and the SDGs. More specifically, we reveal that GGR deployment could enhance the attainment
of 16 of the 17 SDGs, but this comes with possible tradeoffs with 12 of the SDGs. SRM deploy-
ment could not only enhance the attainment of 16 of the 17 SDGs, but also create possible trade-
offs with (a different) 12 SDGs. The findings further support the understanding of the complexity
of SRM and GGR proposals and help policymakers and industrial pioneers understand, navigate,
and benchmark between geoengineering approaches using sustainable development goals.
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Introduction

Limiting global warming to 1.5°C to 2°C above pre-industrial levels is one of the import-
ant aspects of the United Nation’s 17 Sustainable Development Goals (SDGs). However,
climate change has to be viewed as one of the overarching topics requiring intervention,
which seeks to improve human lives, ecosystems and inspire and guide policymakers and
societal actors. The SDGs can therefore be utilized as a governance framework to bench-
mark and justify investments and innovations in processes, politics, and technologies. As
an example, several studies have pointed toward utilizing mitigation technologies and
associated deployment strategies of 100% renewables in 2050 to reduce greenhouse
gas emissions, to limit global warming.'

Despite ongoing political discussions on climate mitigation and innovative behavior in
the renewable energy industry,’ the existing commitments for climate mitigation are at
risk of falling short.> Meanwhile, global greenhouse gas emissions have continued to
rise alongside increasingly severe consequences such as irrecoverable carbon in ecosys-
tems® and freshwater evaporation.*

It has been documented that early climate action can potentially have multiple benefits,
including avoiding hunger, poverty, etc.,” though this also depends on how climate action
is undertaken and underlines the requirement of a broad governance framework such as
the SDGs. At the same time, given the ongoing trajectory of emissions reductions,
increasing attention is being given to how to deal with the prospect of a “climate over-
shoot.” In this vein, Anderson and Peters® highlighted that nascent or speculative nega-
tive emission technologies are positioned as pivotal for limiting global warming to 2°C,
let alone the aim of 1.5°C tentatively agreed upon in the Paris Agreement” - but could
represent “an unjust and high stakes gamble”.

Based on temperature observations over 20-year periods merged with emission scen-
arios it is likely that 2°C will be exceeded during the 21st century,’” deeper consideration
is being given to other options for intervening in the climate system as well as how these
might be undertaken without adversely affecting the welfare of societies, aspirations of
human beings, and broader functioning of ecosystems. For this reason, exploring how
such climate-intervention technologies intersect with the 17 SDGs is of crucial interest
for future research.

The current study employs a large expert-interview exercise (N = 125) to analyze and
examine the synergies and tradeoffs of greenhouse gas removal (GGR) technologies and
solar radiation management (SRM) deployment for sociotechnical objectives utilizing the
17 SDGs. We rely on a synthesis of recent expert opinions providing an overview of how
leading actors in academia and industry perceive these options. Moreover, the recent
Intergovernmental Panel on Climate Change report largely focuses on other forms of
climate mitigation wherein it discusses the implications for sustainability and connections
to the SDGs> and the long-term modeling within scenarios excludes almost all solar
geoengineering technologies.® We address this gap by explicitly and systematically con-
necting multiple forms of carbon removal and solar geoengineering with the SDGs.
Lastly, as Denton et al.”> also note, modeling often look at climate change mitigation
and the SDGs in an aggregate manner, rather than by examining the more granular
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impacts that may occur at smaller local or sectoral scales. We also address this gap with
our original expert data attuned to multiscalar GGR and SRM deployment.

The need for interdisciplinary sustainability assessments

As described by Minx et al.,’ multiple studies have sought to address the negative impacts
of climate change by means of the development and deployment of negative emission
technologies such as carbon capture and storage (CCS), carbon capture and utilization
(CCU), direct air capture (DAC), afforestation, etc., which often are introduced under
the terms carbon dioxide removal (CDR) or greenhouse gas removal (GGRs).
Furthermore, Minx et al.” found that negative emission technologies are required to decar-
bonize human activities, thereby complementing existing mitigation strategies, and
finally also providing an option for future risk management to reverse climate impacts.

A different suite of solar radiation management (SRM) technologies have been pro-
posed as a potential means to lower global temperatures by reducing the amount of
solar irradiance reaching Earth, notably, through stratospheric aerosol injection, marine
cloud brightening,'®!'! or even space-based approaches.'> GGR and SRM approaches
have been defended as being capable of, and even necessary for, achieving a livable
climate, but have also been questioned as distractions from deep-lying decarboniza-
tion.'?71?

Much ongoing assessment of GGR is based on their technical capabilities, and
the same can be said of SRM.""'®!? Many have called for synthesized social studies and
interdisciplinary assessments to help inform policymakers and industries in determining
what they might contribute to pathways to limit global warming.zo*23 Increasing
emphasis is also assigned to matters of energy and societal justice.”*2°

A handful of studies have investigated the potential implications of different kinds of
negative emissions technologies for the Sustainable Development Goals.”’° Honegger
and colleagues have conducted two foundational studies on the interconnections with and
between SDGs — one for SRM,31 and the other for GGR.>?> We build upon these efforts in
this paper, which assesses SRM and GGR technologies together in relation to the SDGs.
We aim also to add to literatures on the aims and steering effects of the SDGs — these have
been found to have more impacts on altering discourse than in engendering policy action
and tangible change,®* and more assessment is needed on how novel and perhaps contro-
versial climate strategies might demonstrate or erode the worth of this important frame-
work of goals.

9,16,17

Expert consensus and dissensus to reveal synergies and tradeoffs

An extensive expert-interview exercise was conducted to determine the potential positive
SDG synergies and the negative SDG tradeoffs for SRM and GGR, respectively. The
outcome of the interviews was mapped and analyzed according to the goals of the
SDGs. Previously, the SDGs have been used as a lens to determine long-term global pri-
orities for businesses>* and to help orient and set priorities for policymakers and institu-
tions, which have been summarized in Global Goals® with other scientific applications of
the SDGs. This framework is also useful as a way to critically assess negative emission



4 Science Progress 105(4)

technologies, which is underlined by Fuso Nerini et al.*® who concluded that “climate
change can undermine 16 SDGs, while combatting climate change can reinforce all
17 SDGs but undermine efforts to achieve 12.” With regard to our methodology, using
semistructured interviews, we ensured that all participants—125 in total—were asked
the same set of standard questions, thereby ensuring that their answers on these topics
could be compared, while simultaneously leaving the possibility for each conversation
to take up interesting new topics and directions that emerged. As such, the interview
method proved uniquely suited to gathering insights into the range of viewpoints
among the large sample of experts. Statements were selected whenever indicating a sig-
nificant opinion in regard to the SDG synergies and tradeoffs. Furthermore, interviews
offer a robust way to understand and excavate the meaning and importance of particular
actions and/or objects, which is therefore valuable in the context of complex topics or
events. Concerning climate-intervention technologies and their relationship to the
SDGs, the method of expert interviews in specific was deemed important given that,
unlike peer-reviewed articles which can take years or months to be published, such inter-
views afford timely insight into status quo understandings (at the time of the interview) of
the topic at hand. What is more, as a social and evolving discussion, interviews can
evolve into unexpected and potentially fruitful avenues.

The set of experts was selected based on their knowledge about the 20
climate-intervention technology options, determined by whether they had published
high-quality, peer-reviewed articles on the topic (2011-2020) or possessed patents and
intellectual property related to these technologies. In total, 125 interviews were conducted
from May to August 2021, with experts from 104 organizations located in 21 countries,
and with 881 years spent working in the geoengineering industry or research community
(see Table 1). The respondents were variously engaged at universities and research

Table |. Summary of the demographics of experts who took part in our study.

Summary information Number
Number of experts 125
Number of organizations represented 104
Number of countries represented 21
Number of academic disciplines represented 34
Cumulative years spent in the geoengineering industry or research community 881
Average years spent in the geoengineering industry or research community 78
Number of experts whose current position falls into the following areas:
Civil society and nongovernmental organizations 12
Government and intergovernmental organizations 8
Private sector and industrial associations 12
Universities and research institutes 94
Number of experts from the Global South* 12

Source: Authors.

Note: The sum equals 126 due to the dual affiliation of one of our experts. *We categorized
respondents from the Global South based on the classification provided by Western Pacific Region.
Many of these participants were selected from the Solar Radiation Management Governance Initiative
(now the Degrees Initiative), which engages with Global South countries and experts.
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institutes, civil society and nongovernmental organizations, government and intergovernmen-
tal organizations, and/or private sector and industrial associations. The interview consisted of
seven broad questions related to the research, development, and potential commercialization
of the 10 different negative emissions and 10 different solar geoengineering options. For
instance, the interview asked, “What are the synergies and trade-offs of GGR and SRM
deployment for other societal objectives and the SDGs?” Given our use of a semistructured
interview approach,’’ this question served as an invitation and jumping-off point for discus-
sions to then proceed in other directions and explore other issues. Annex I provide specific
details about all 125 expert participants, while Annex II provides an overview of the questions
(and subquestions) asked in the expert-interview exercise. Original data for this study comes
largely from Question 3 (on governance) and Question 5 (on sustainability and the SDGs).

Results: synergies and tradeoffs within and between climate
protection efforts

This section presents our core results, divided into the four areas of positive synergies
between the SDGs and GGR or SRM (respectively), in addition to negative tradeoffs
between the SDGs and GGR or SRM.

Synergizing the SDGs with GGR

As a promising sign, positive synergies between carbon removal and GGR and the SDGs
came up in 116 interviews or 92.8% of the time. As explained by one respondent, “the con-
nections between carbon removal and the SDGs are plentiful, I can envision deployment
positively affecting so many, from food security, health of the ocean, human health, and
even jobs, these are all the major possible synergies.” RO15 added that “if we do greenhouse
gas removal in a well-governed way, we have only win-win situations with the SDGs.” R027
spoke about how “pretty much any GGR technique you can name, you can see that it might
be completely benign or result in some real wins for the SDGs.” R052 concurred that “if
carbon removal is deployed in a thoughtful way, it can work synergistically with a lot of
the SDGs.” R108 commented that “with CDR, you can create a lot of win-win situations
with the SDGs ... with agroforestry, you could make food and do CDR together, the
system may even be more resilient than if you have a monoculture cropland.”

As Figure 1 indicates, the most frequently identified positive connections between
GGR and the SDGs related to SDG13 Climate Action (mentioned in 24 interviews,
which is unsurprising). However, strong positive linkages were also discussed related
to SDG8 (decent work and economic growth), SDG14 (life below water), SDG3 (good
health and wellbeing), and SDG7 (affordable and clean energy). Connections to SDGS8
centered on the expansion of jobs and employment, especially rural employment,
related to large-scale afforestation or bioenergy with carbon capture projects. However,
as stated by Intergovernmental Panel on Climate Change,*® large-scale afforestation or
bioenergy could also negatively impact food security and biodiversity.

Synergies with SDG14 focused on enhanced marine economies and better manage-
ment of marine protected areas, which could coexist with ocean-based carbon removal.
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1 No Poverty (N=4)

2 Zero Hunger (N=4)

3 Good Health & Well-being (N=10)

4 Quality Education (N=2)

5 Gender Equality (N=2)

6 Clean Water & Sanitation (N=5)

7 Affordable & Clean Energy (N=10)

8 Decent Work & Economic Growth (N=20)
9 Industry, Innovation & Infrastructure (N=4)
10 Reduced Inequality (N=6)

11 Sustainable Cities & Communities (N=1)
12 Responsible Consumption & Production (N=5)
13 Climate Actions (N=24)

14 Life Below Water (N=11)

15 Life on Land (N=7)

16 Peace & Justice, Strong Institutions (N=0)
17 Partnership to Achieve the Goals (N=1)

Figure |. Positive synergies between greenhouse gas removal and the SDGs. Source: Authors,
based on expert interviews (N = 125). The bar chart depicts the number of times a positive
connection to an SDG was mentioned at least once in an interview. The N for each SDG indicates
the number of experts who identified a particular synergy. For more details about our interview
sample, see Annex |. SDG: Sustainable Development Goal.

Synergies with SDG3 centered on the improved health outcomes or displaced air pollu-
tion or toxic pollution that deployment of negative emissions technologies could attain.
Synergies with SDG7 related to the strong coupling of negative emissions systems with
bioenergy, solar photovoltaic, solar thermal, wind energy, and even hydrogen and nuclear
power technologies. Conversely, few to no positive synergies were identified with
SDG16 (peace and justice), SDG17 (partnerships to achieve the goals), and SDG11 (sus-
tainable cities).

The comprehensive and holistic manner in which net-zero can intersect positively with
the SDGs was captured by R104. As they stated:

The gap we have currently in energy access and safe water access and access to schooling with
gender parity and for ethnic minorities is huge around the world. Distributed, clean energy could
be coupled with carbon removal for very large potential synergies for all of those benefits.
There’s a real, large set of upsides, to work towards universal energy access, universal access
to water, food, lighting, IT services, those are things that even without the climate benefit
would be huge economic plumes around the world. So, there’s a whole set. I mean, it’s why
the SDGs were designed in the way they were, to have both subcategories to quantify progress,
but also a very, very complex map of their linkages across areas. So, the social benefits are really
large in making those goals ones that countries are really pushing towards, and climate protec-
tion can enhance them all.
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R0O67 concurred and also stipulated that “for CDR, there are so many co-benefit with
the SDGs, including clean energy, land on land, afforestation, and positive impacts on
biodiversity, which could be incredibly, really important for sustainability.”

Undermining the SDGs with GGR

Unfortunately, negative tradeoffs also were evident within our expert dataset, ones that could
seriously jeopardize the attaining of the SDGs if GGR techniques are deployed. Prospective
negative tradeoffs were mentioned in 93 interviews or 74.4% of the time. As R052 summar-
ized their perspective, “the problem with carbon removal is if it’s done in a way that’s not
thoughtful, it could work against all of the SDGs ... it’s an interesting balance to strike.”
In particular, the interviewee sketched out how negative consequences for land use and
food production could cascade across and throughout the various goals.

As demonstrated by Figure 2, the strongest consensus among experts was that trade-
offs would occur related to SDG2 (zero hunger), SDG14 (life below water), SDG6 (clean
water and sanitation), and SDG15 (life on land). Negative connections with SDG2 and
SDG6 included disruption to land use, competition over farming, interference with
water security and quality, and the dispossession of communities or land-grabbing
done via large afforestation or tree plantation projects in the Global South. R093 spoke
about how the increased energy needs of carbon removal could have broad environmental
impacts across land and water:

1 No Poverty (N=6)

2 Zero Hunger (N=8)

3 Good Health & Well-being (N=11)

4 Quality Education (N=2)

5 Gender Equality (N=3)

6 Clean Water & Sanitation (N=2)

7 Affordable & Clean Energy (N=4)

8 Decent Work & Economic Growth (N=9)

9 Industry, Innovation & Infrastructure (N=3)
10 Reduced Inequality (N=2)

11 Sustainable Cities & Communities (N=1)
12 Responsible Consumption & Production (N=2)
13 Climate Actions (N=18)

14 Life Below Water (N=9)

15 Life on Land (N=9)

16 Peace & Justice, Strong Institutions (N=2)
17 Partnership to Achieve the Goals (N=0)

”DHHD

THHDD

T

Figure 2. Negative tradeoffs between greenhouse gas removal and the SDGs. Source: Authors,
based on expert interviews (N=125). The bar chart depicts the number of times a negative
connection to an SDG was mentioned at |east once in an interview. The N for each SDG indicates
the number of experts who identified a particular tradeoff. For more details about our interview
sample, see Annex |. SDG: Sustainable Development Goal.



8 Science Progress 105(4)

If you remove CO2, if it’s with DAC or carbon capture and storage, you need energy and this will
have a strong negative impact on the environment, on land and water. It cannot be zero. It’s impos-
sible. You will maybe improve on climate change, but most likely you will have other impacts,
maybe in human health or maybe in ecosystems. Therefore these trade-offs will be there for sure.

R096 added that “the SDGs on ocean management and marine life are obviously
going to be badly impacted if we do massive ocean fertilization or even alkalinization.
If we do that on a massive scale, we could devastate ocean ecosystems.”

Synergizing the SDGs with SRM

Positive connections with the SDGs were also evident with solar radiation management,
which were mentioned in 91 of the interviews (or 72.8% of the time). It should be noted
that while several GGR technologies have been deployed in the real world to varying
degrees, SRM technologies in general remain rather immature, such that discussions of the
respondents on the potential impacts on the SDGs are relatively hypothetical and prospective
vis-a-vis their GGR counterparts. RO39 articulated that the “main synergy SRM has with the
SDGs is to the extent that they manage to limit climate change ... climate change has the
potential to devastate all efforts across all 17 SDGs, and that is really the primary
purpose in deployment.” R0O35 agreed and added that:

1 No Poverty (N=2)

2 Zero Hunger (N=19)

3 Good Health & Well-being (N=5)

4 Quality Education (N=0)

5 Gender Equality (N=0)

6 Clean Water & Sanitation (N=11)

7 Affordable & Clean Energy (N=2)

8 Decent Work & Economic Growth (N=6)

9 Industry, Innovation & Infrastructure (N=8)
10 Reduced Inequality (N=4)

11 Sustainable Cities & Communities (N=0)
12 Responsible Consumption & Production (N=2)
13 Climate Actions (N=5)

14 Life Below Water (N=16)

15 Life on Land (N=13)

16 Peace & Justice, Strong Institutions (N=0)
17 Partnership to Achieve the Goals (N=0)

Figure 3. Positive synergies between Solar Radiation Management and the SDGs. Source:
Authors, based on expert interviews (N=125). The bar chart depicts the number of times a
positive connection to an SDG was mentioned at least once in an interview. The N for each SDG
indicates the number of experts who identified a particular synergy. For more details about our
interview sample, see Annex |. SDG: Sustainable Development Goal.
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If solar geoengineering can reduce global warming and climate change, then the negative effects
that we’re all aware of—the extreme weather events, the floods, the droughts, the hit on agricul-
ture, the impact on water security, food security, all the rest of it—would be improved. In which
case, of course, that would help with all of the Sustainable Development Goals. That’s the argu-
ment for doing SRM.

RO70 similarly argued that “solar geoengineering would probably have an impact on
almost all of these goals set by the United Nations. If you develop these systems in a sus-
tainable way it could impact poverty of course, of course health. If you don’t do anything
to the climate all these goals will be impacted very significantly, of course.”

As Figure 3 illustrates, the most mentioned positive synergies related to SDG13
(climate action) but also SDG11 (good health and wellbeing), SDG8 (decent work and
economic growth), SDG14 (life below water), and SDG15 (life on land). Good health
and wellbeing was seen to connect positively with reduced heat stress. R020 stated that:

Extreme heat will have impacts on health, on agriculture, production, you name it. I mean the
biggest challenge right now of the global temperature rise, the direct challenge is already today
one of excess heat. There are already many places in the world where because average warming,
and then the specific warming in certain areas, which is much higher than the average, cities are
becoming unlivable and people are dying or they’re getting sick and that would be reduced or
eliminated by SRM. So it has clear impacts on health-related SDGs, on agriculture, food security
related SDGs, in a positive sense.

Protection of life below water and above land was connected to reduced temperatures
but also more manageable precipitation extremes. R0O66 explained it as follows:

Precipitation extremes are another major benefit to SRM. Consider Iran and other countries like
Afghanistan. Yes, those countries in the region are affected by extreme participation as well, and
solar geoengineering is, according to the modelling work, going to reduce those extremes in the
region, not only the mean temperatures and mean participation but also extremes, those weather
extremes with very high and positive impact on ecosytems and living.

Conversely, few to no connections in Figure 3 were made with SDG17 (partnerships)
and SDG11 (cities).

Undermining the SDGs with SRM

Negative connections with SRM and the SDGs arose in 41 interviews or 32.8% of the
time. As Figure 4 reveals, the most commonly identified tradeoffs were related to
SDG3 (good health and wellbeing) and SDG15 (life on land). R111 captured possible
tradeoffs with health and wellbeing by noting that:

If we say SRM is going to reduce rainfall in a particular area, then directly it is going to have negative
impacts on agriculture because most of agriculture sub-Saharan African is rainfall dependent. If we
change rainfall, we change irrigation and lack of water, and so you have negative impacts on human
health, but also community wellbeing, especially among subsistence farmers.

Other expert statements focused on biodiversity and life on land. R036 cautioned that,
“with regard to SRM, the changes to climate could hurt life above land. Dry places would
get dryer. Wet places would get wetter. So that would probably accentuate negative
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1 No Poverty (N=1)

2 Zero Hunger (N=5)

3 Good Health & Well-being (N=6)

4 Quality Education (N=0)

5 Gender Equality (N=0)

6 Clean Water & Sanitation (N=0)

7 Affordable & Clean Energy (N=1)

8 Decent Work & Economic Growth (N=5)

9 Industry, Innovation & Infrastructure (N=0)

10 Reduced Inequality (N=0)

11 Sustainable Cities & Communities (N=0)

12 Responsible Consumption & Production (N=0)
13 Climate Actions (N=5) L [
14 Life Below Water (N=5) P

15 Life on Land (N=6)
16 Peace & Justice, Strong Institutions (N=5) . [
17 Partnership to Achieve the Goals (N=2) [:|

IID

"

T

Figure 4. Negative tradeoffs between solar radiation management and the SDGs. Source:
Authors, based on expert interviews (N =125). The bar chart depicts the number of times a
negative connection to an SDG was mentioned at least once in an interview. The N for each SDG
indicates the number of experts who identified a particular tradeoff. For more details about our
interview sample, see Annex |. SDG: Sustainable Development Goal.

ecosystem impacts in some areas.” RO71 stated that solar geoengineering risks “a termin-
ation shock, the risk of suddenly stopping or eventually stopping; fast rates of change of
course are really detrimental for ecosystems because they can’t move very fast If you
have really abrupt changes that you could have by geoengineering, then this could be
detrimental to biodiversity.” R076 similarly expressed concern that “there is an
overlap there with the life on land and SRM, the potential effects of certain choices
related to either marine cloud brightening or putting chemicals or introducing plankton
growth? That, obviously, will have effects on life above land and below water.”

Discussion: nested hierarchies and linkages between the SDGs

Deployment of GGR and SRM could occur in isolation, but they could also occur
together as part of an integrated portfolio. Another way of evaluating impacts is thus
not by technology, but by all 17 of the SDGs themselves. In order to establish a more
systematic overview of whether SRM and GGR create more tradeoffs or synergies,
Figure 5 visualizes our data for both sets of options across all of the SDGs. The division
of the impact on each SDG is inspired by the research design from Nilsson et al.,* as it
benchmarks SDG synergies and tradeoffs using seven categories to establish a high-level
overview of impacts. The division is based on the opinions of the experts where a
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Figure 5. Synergies and tradeoffs with portfolios of GGR and SRM deployment and the
Sustainable Development Goals. Source: Authors. The upper box represents SRM while the lower
box represents GGR. GGR: greenhouse gas removal; SRM: solar radiation management.

distribution was conducted based on whether SRM and GGR technologies and solutions
would align and enable each SDG, or conflict and cancel. The shortcoming of this
approach is in the statistical summarized presentation, as few experts could claim trade-
offs with valid arguments, yet, the output could symbolize a synergy if more experts
claimed so. It is therefore sought to highlight such counteracting inputs in the subsequent
discussion of Figure 5.

When analyzing the data for the output visualized in Figure 5, it was clear that multiple
interactions arise across each of the SDGs with both GGR and SRM. Similarities could be
drawn for SRM regarding its relationship with SDG1 to SDG5 and SDG13, as any posi-
tive impact on climate action would lead to reduced poverty and disruption of the increas-
ing hunger patterns, which would result in better overall health and living conditions—at
least relative to the severe climate-impact scenarios which would be avoided. Fuso Nerini
et al.’® show that action on climate is a potential multiplier on all others. However, as
pointed out by one expert: “For SRM, we are very far away from knowing how most
of the SDGs would be affected” and even though, e.g., stratospheric aerosol injection
was often perceived as having potentially positive impacts for food production in the
global south, it was also pointed out that it could adversely influence precipitation pat-
terns or the monsoon, thereby harming local communities and (smallholder) farmers.

The same response pattern was observed for GGR, however, with the main difference
being that the experts unanimously claimed that such options would have tradeoffs with
hunger (SDG2), clean water (SDG6), and affordable clean energy (SDG7). For food pro-
duction, the experts pointed out that the land use and water requirements for most GGR
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technologies, with a specific emphasis on bioenergy with carbon capture and storage
(BECCS) and carbon capture and storage technologies in general, would constitute a
major tradeoff. At the same time, many experts highlighted the uncertainties and
ongoing discussions around how crop yields would be affected by SRM.***!

For DAC, the immediate concern was the extensive energy consumption, among other
resources, that would be needed to capture and sequester carbon at the scale required,
which was feared to slow down the transition toward a society powered by 100% renew-
ables. Accordingly, one of the recurring points in the discussion was the importance of
sitting operations in locations where renewable energy would be sufficiently available,
whether this was geothermal energy in Iceland, wind energy in Texas or New Mexico,
solar energy in sub-Saharan Africa, and so on—and so that use of fossil-fuel energy
would undermine carbon-sequestration potential. In contrast, the endless opportunities
of harvesting solar energy were highlighted by several experts with sunshades for
SDG7, as sunshades on their own could power all projected energy consumption on
Earth by 2050—though, it was noted, this presumes the development of technologies cur-
rently far from feasibility.

Experts agreed that GGR could form the core of viable business models for what could
be multi-trillion dollar-value sequestration of carbon businesses, with subsequent benefi-
cial impacts for economic growth, industry, and infrastructure (SDG8 and SDG?9). In par-
ticular, experts pointed to potential opportunities in the marine economy and for the
agricultural sector, whereby the ability to grow biomass that could be used for energy
or carbon-sequestration purposes could help to stabilize local economies and help to miti-
gate the negative impacts expected from climate change (SDG1 and SDG2). However, if
not properly conceived and monitored, such opportunities could be undercut by risks for
injustice and inequality among countries and continents, as the imbalance of distributions
of impacts could lead to a global inequality-accelerating system (SDG10 and SDG12).
Nevertheless, as pointed out by one of the respondents, “The consequences of climate
changes bring inequality so stopping that will have the opposite effect.”

Conversely, there were significant doubts about the prospective benefits of SRM for
industry and the economy, with only the ability to avoid the worst impacts of climate
change tending to be noted. For this reason, the common impression among experts
was that such activities would have to be cultivated and incentivized by governments
and international multilateral agencies, whether conceived as “public goods” or “waste
management.” At the same time, there were notable differences within the set of SRM
options, with greater scope envisioned for options like marine could brightening that
would have more regionally focused impacts, for instance, to restore coral reefs
around Australia and in the Pacific (SDG14), or how the various forms of albedo modi-
fication could be used in warmer locales to address growing problems around urban
heating (SDG3 and SDG11). Above all, if any of these options would prove useful in
avoiding the worst impacts of climate change, as well as those regionally specific chal-
lenges highlighted for the Global South (e.g. changing monsoon patterns in southeast
Asia, declining precipitation in South America, extreme weather events in the Middle
East), then experts were as a whole, and especially those from the Global South, more
certain that this would have beneficial impacts not only for climate action (SDG13)
but for positively impacting peace and partnership (SDG16 and SDG17), even if only
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by avoiding the kinds of conflicts and climate-driven mass migrations that can be
expected in an ever-warmer world.

For life below water (SDG 14), there was much discussion around the downsides of
ocean iron fertilization, given its hypothesized efficacy and role as one of the climate-
intervention for dealing with, infer alia, the problem of ocean acidification — a role, it
must be said, rendered highly fraught by the substantial public blowback and controversy
in reaction to prior field trials.**** In this regard, one expert stressed that “Climate is a lot
more than just temperature”, illustrating that even if we were to attain the target in the
Paris agreement, this would not address all issues, let alone would such an argument
serve to guarantee acceptability on the part of the public. Experts were therefore more
generally positive about the large-scale reductions possible through ocean alkalinization,
if it could be done in a sustainable manner.

Nonetheless, as action in coastal and marine environments tends to evoke higher levels
of public concern**? there was equal skepticism of how the public would respond as
well as over the potential, “to ruin ecosystems just to remove carbon.” Multiple refer-
ences to the need for greater attention to and funding for other marine-based options
such as blue carbon and growing marine biomass (e.g. kelp and seaweed) to both
benefit the climate and provide cobenefits for marine communities. The same arguments
were used for life on land (SDG15), as GGR was perceived to suffer from tradeoffs
around the prospect of land-grabbing, adverse changes of large-scale (monoculture) plan-
tations on biodiversity and land use, together with questions of where so much carbon
would eventually be stored—and how this might impact ecosystems. Conversely,
SRM, owing to its purported status as fast, cheap, albeit imperfect.** was perceived to
hold synergies in relation to attempts to protect, restore, and promote sustainable use
of ecosystems. Interestingly, a respondent highlighted a possible dilemma, and one
likely to occupy discussions among policymakers, researchers, and the public in years
to come: “...is your loss of biodiversity greater by having 1% less sunlight or greater
by having a 1-degree warmer world?”

SDG16 and SDGI17 were considered general prerequisites for implementing
large-scale SRM and GGR solutions, respectively. However, the experts had concerns
over the risks associated with weaponization and misuse of SRM approaches in specific,
for instance, as articulated by a respondent, about the need to “create global well-
functioning institutions to actually govern geoengineering.”

Conclusion: governing complex interactions in future
deployment

Admittedly, not all of our experts were as definitive or supportive of connecting GGR or
SRM deployment with the SDGs. R047 spoke about how the SDGs are less a concrete set
of targets and more a broad reflection of what society wants to do

To me, the SDGs are totally orthogonal to geoengineering or carbon removal. I think the SDGs
are a reflection of what society says it wants to do. That the MDGs were so successful that every-
one got into the business of target setting. Then we produced the SDGs, which was just a pro-
liferation of goals. Some of them are real; some of them aren’t real. It’s therapeutic. It’s better
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than alcoholism, I suppose. Some of them are now backed by real programs, trying to figure out
and measure progress. But others are just vague ambitious, and I am not sure they offer a useful
platform for action.

Moreover, not all of our experts were sanguine or certain about the direction of
impacts between net-zero and the SDGs. R063 spoke about the deep uncertainty in
even knowing what effect deployment will have on the SDGs, as well as how whether
they synergize or jeopardize is conditional on governance:

The deep systemic nature of the sustainable development goals and the artificial construct
around the metrics you need to hit them and then the deep uncertainty regarding CDR and
it’s development and the way they interact. It means that any quantification or assessment is
largely arbitrary ... They almost certainly do interact. But the extent of which will be realized
as and if we develop the CDR sector going forward is highly uncertain.

RO71 elaborated on this theme as well, noting that far more complex analysis is needed
before the community can say with certainty a negative or positive impact will occur:

The risks with GGR and SRM of course also impact SDGs. It’s actually a rather complex ana-
lysis. If you just do mitigation, how do you impact SDGs? It’s really hard. If you do geoengi-
neering, it’s even harder because you suddenly have several levers and you have several
uncertainties. Right now, I think we’re just starting to poke at this and we don’t really have
the tools to do it, which gives us another point on research needs: how health impacts are
being impacted by mitigation, adaptation, geoengineering and carbon capture is somewhat
unclear. We have some ideas, but we’re mostly clueless.

That said, other experts did discuss how under the right governance conditions SDG
action can be synergized and tradeoffs minimized and avoided. R065 explained it as
follows:

Some of the GGR or SRM technological options can have benefits in addition to climate, if they
increase your highly skilled workforce and provide jobs, like that, for instance. Again, it’s hard
to boil down to single sentence answers. I think it’s technology and context specific. It’s always
possible to do things really, incredibly badly and screw them up. So, it’s very easy to talk about
the risks depending on your kind of outlook on things. I think there’s scope for positives as well
as negatives on almost all fronts, in the right context. Context is king.

R099 agreed and argued that whether the SDGs are attained or eroded “depends on if
they work, if they work then the technologies are fixing the climate problem, and you have
huge positive feedbacks, of course, with many of the SDGs. And if you mess it up in the
one or the other way, then you have huge negative impacts, like land, food, and water.”

These expert statements underscore that both GGR and SRM require complex adap-
tive management to preempt risks and tradeoffs and capture synergies and benefits.*>~*’
This is inherently evident in our earlier analysis as well. Our Results reveal a consensus
from our expert data that GGR use has the greatest potential to synergize SDG7 (climate
action) and SDG8 (decent work and economy work). But our Discussion and Conclusion
shows how a similar consensus among experts exists that GGR use will have negative
tradeoffs with SDG2 (zero hunger) and SDG14 (life below water). Two sets of SDGs
are pitted against each other. Similarly, some of our Results reveal broad beliefs
among experts that SRM deployment can synergize with SDG 7 (climate action) and
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SDG 3 (good health and well-being), some of our other Results indicate diverse reasons
for concern, specifically that it could trade-off with SDG 15 (life on land) and also SDG 3
(good health and well-being). Here we even see a direct internal trade-off within one spe-
cific SDG concerning jobs and employment versus poverty and dispossession. In simpler
terms: it may very well be that GGR technologies are able to provide benefits for decent
work and economic growth at the expense of eroding food security and aggravating
hunger, while SRM could potentially help to alleviate threats from climate change
while elsewhere exacerbating risks to life on land and elsewhere.

Indeed, the need for forums where the kinds of necessary discussions around whether,
and where, to deploy particular technologies—or what kinds of portfolios may be most
viable—is notable for its absence right now, as also demonstrated by recent disagreement
and controversy around a nonuse agreement on geoengineering.*®*’ This also points to a
key research gap. Our interview data did not reveal any consensus around the key factors
behind the positive and negative linkages to the SDGs. Future research should explore the
key mechanisms and causal linkages behind the synergies and tradeoffs identified by our
study.

Nevertheless, this gap only makes the need to systematically guide such debates and
resulting causal impacts on deployment, more meaningful and urgent. Because climate
change itself impinges on every single SDG, interventions attempting to address it
touch on them as well. Future researchers and planners need to understand the full
menu of risks and opportunities inherent in GGR and SRM—recognizing prospective
synergies, but also realizing the danger of recurring tradeoffs and jeopardies. Whether
future climate protection supports or undermines the attainment of the SDGs—whether
offers a vehicle of focused improvement, or an engine of detrimental postponement—
remains to be determined.
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