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Abstract: In this article, I examine the subject of justice as it relates to gender and climate change
by focusing on two specific strategies, namely, the geoengineering strategy of ocean fertilization,
and renewable energy as a means of mitigation (where mitigation is understood as the adoption of
technologies and practices that aim to slow the rise of greenhouse gas emissions). My overarching
argument is that iron fertilization geoengineering is not consistent with the feminist values of justice
embedded in feminist standpoint theory and feminist contextual empiricism. Alternative mitigation
strategies, on the other hand, go much further in meeting these objectives and virtues.
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In this article, I conduct a comparative analysis, using feminist science studies as a framework to
examine the future of climate change mitigation. Currently, there is disagreement within the scientific
and policy communities with respect to how to confront climate change in a manner that addresses
questions of justice and equity. In this piece, I examine the subject of justice as it relates to gender and
climate change by contrasting two specific strategies, namely, the geoengineering strategy of ocean
fertilization as well as renewable energy as a means of mitigation (where mitigation is understood
as the adoption of technologies and practices that aim to slow the rise of greenhouse gas emissions).
To this end, I concentrate specifically on renewable energy initiatives that include wind and solar.

I draw on feminist science studies, particularly feminist standpoint theory (FST), to develop
a feminist contextual empiricist (FCE) approach to scientific knowledge with which to examine
these two competing strategies. Employing FST allows for the ability to, one, unpack the materially
grounded and gendered values, truth claims, and assumptions that shape the scientific, media and
policy discourse around ocean fertilization geoengineering and renewable energy technologies; two,
assess whether the values, truth claims, methodologies and questions relied upon are consistent with
the virtues of feminist science; and three, question whether, and if so how, the conclusions reached by
these analyses fulfill larger objectives of social justice and equity.

The prospect of deploying radical technologies to combat climate change, rather than undergoing
difficult structural socio-economic and cultural change, is seductive to say the least. Over the past few
decades, a compendium of these technologies have come to be known as geoengineering. As a category,
geoengineering refers to technologies whose goal is to mitigate climate change either through the
direct removal of carbon dioxide from the atmosphere, or by reflecting heat-absorbing radiation
back into space. These techniques vary considerably from ones that present almost as science fiction,
e.g., oscillating reflectors in space, to the more plausible biochar or carbon capture and storage.
The most recent 2018 report by the Intergovernmental Panel on Climate Change (IPCC) mentions
geoengineering as a possible last resort, if “mitigation efforts do not keep global mean temperatures
below 1.5 degrees Celsius”, with a preference for carbon dioxide removal (CDR) technologies over
solar radiation management (SRM) in light of potential side effects, knowledge gaps, and potential
for moral hazard [1]. Because the report treats CDR technologies as more in line with traditional
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mitigation strategies, it focuses on the most modeled and researched SRM approach, stratospheric
aerosol injection, as the most likely option indicating the significance of geoengineering technologies in
the climate debate going forward. What is interesting about the IPCC’s most recent report, with respect
to gender, is that it specifically discusses issues of gender inequality and the importance of climate
research that is “gender informed”. It is also the case that the panel itself has worked to recruit
more women, albeit from a very low level, encourage their expertise, and transform the working
environment. However, with respect to scientific practice, because the panel’s work involves a large
meta-analysis of existing climate science, it is largely the case that the specific principles of feminist
research, as articulated by Longino, are not adequately reflected in the science itself. This would
require a comprehensive restructuring of climate science to incorporate heterogeneous approaches,
local interests and needs, and highlight the gender differentiated causes and effects of climate change.

With respect to nomenclature, throughout this article the terms iron fertilization, ocean fertilization,
and iron seeding are used interchangeably. Geoengineering is used to encapsulate and refer to the
several techniques including, but not limited to, iron fertilization. The decision to use iron fertilization
as the primary case study rests on a variety of factors—the most significant of which is its prominence
among the various geoengineering techniques available. Despite the moratorium on testing under the
London Protocol of the Convention on Biological Diversity (see below), small-scale, research-oriented
testing and experimentation is still permitted and continues apace.! In addition to the 2008 Haida
G’waii experiment, several other experiments, from the 2009 LOHAFEX joint Indian and German
experiments, cleared by the German Government, to the similarly sanctioned 2004 EIFEX, a European
trial, iron fertilization has considerable institutional, political, and corporate support [2-4]. The most
recent iron fertilization project of note is one scheduled to take place in 2018 off the coast of Coquimbo,
Chile. Oceanos Marine Research Foundation, headquartered in Vancouver, Canada, is currently
seeking permits for the trial from the Chilean Government [5].

Helen Longino’s feminist and contextual approach to science has been chosen as the primary
framework for examining and comparing iron fertilization to mitigation for several reasons.
These include its thematization of social rather than individualized knowledge; its endorsement
of publicly accessible rational inquiry; its incorporation of values and background assumptions as
essential parts of scientific research; and its normative conception of knowledge [6-10]. Longino’s
FCE also refrains from essentializing feminist ways of knowing while retaining the ability to critique
conventional scientific research—particularly with respect to gender relations.

It is also important to flesh out the ways in which Longino’s local epistemology is feminist.
Specifically, I argue that feminism manifests itself not in the belief there are particular ways of
knowing accessible only to women, but that the scientific virtues of empirical adequacy, novelty,
ontological heterogeneity, complexity/mutuality of interactions, applicability to human needs,
and decentralization/universalization of power promote the feminist goal of revealing the operation of
gender: “If the context is gendered (in the sense of being structured by gendered power asymmetries),
inquiry guided by these virtues is more likely to reveal it or less likely to preserve its invisibility than
the traditional virtues” [11].

Moreover, Longino contends that doing science as a feminist, in conversation with other
feminists, involves interventions that are inclusive, local, contextual, interested, non-productionist and
interactionist. Feminism, understood in this way,

. is at its core in part about the expression of human potentiality. When feminists talk of
breaking out and do break out of socially prescribed sex roles, when feminists criticize the
institutions of dominations, we are thereby insisting on the capacity of humans —male and
female —to act on perceptions of self and society and to act to bring about changes in self and
society on the basis of these perceptions. [12]

1 The Convention also does contain enforcement mechanisms.



Societies 2018, 8, 109 3of16

Thus, this approach, also feminist, is so the sense that it is dedicated to “the expansion of human
potentiality” [12] in line with a politically committed scientific program.

FST is both a method of critique and epistemology that also aims to defend feminist knowledge
as both coherent and intrinsically valuable. FST centers women’s experiences and ways of knowing
explicitly. Its objective with respect to science, according to [13], is to remove oppressive power relations
and work towards a scientific practice that makes women’s experiences the point of departure [14].
As such, it can be distinguished from FCE, which retains a specific kind of faithfulness to empiricism.
A more fulsome discussion of FST is effected below.

Turning back to the subject at hand, my overarching thesis is that iron fertilization geoengineering
is not consistent with the feminist values of justice embedded in FST or FCE. Mitigation strategies
employing solar and wind, on the other hand, go much further in meeting these objectives and
virtues. This approach provides a novel argument in support of pursuing renewable energy mitigation
strategies, such as wind and solar, in place of geoengineering. I begin with an overview of wind and
solar strategies followed by an explanation of iron fertilization geoengineering. I then critique the
traditional ways in which gender is incorporated into discussions around climate change and the
environment. Next, I provide an overview of FST and FCE with respect to what each contributes to
the subjects of climate change and gender. I focus specifically on two of Helen Longino’s feminist
virtues, namely empirical adequacy, and applicability to current human needs, which I then use
to assess iron fertilization and wind and solar energy alternatives. I question whether either is
sufficiently attendant to gender and if they can be said to reflect principles of justice. The two
virtues of empirical adequacy and relevance to human needs have been chosen because of their
thematization in contemporary geoengineering discourse. Scientific bodies, lobby groups, the media,
and governments, to justify further research and potential testing of geoengineering, consistently draw
upon claims to scientific truth, justification, empirical evidence, as well as to humanitarian necessity
and socio-ecological responsibility.

Methodologically, this is article is engaged in a close discursive reading of widely cited and
reputable scientific texts aimed at the study of scientific practice. This involves an evaluation of scientific
knowledge claims in terms of how they are produced, the process by which they are accepted and/or
rejected, and how scientific controversies are resolved [15,16]. This kind of sociological accounting
of scientific knowledge claims also includes the study of how claims emerge, how they are framed,
and what values they reflect—which is consistent with discourse analysis as well as feminist science
studies. With respect to geographical specificity, this analysis relies on studies that take a global
perspective (global average temperatures etc.), which is one of the criticisms a feminist approach
highlights—i.e., the lack of regional and local specificity which, in this case, applies to studies of
geoengineering specifically. Critically examining geoengineering as a set of knowledge claims that
constitute a form of political activity that is generalized and assessed through a feminist lens is
constitutive of the research method employed in this article [17-20].

The thesis that climate science, and science in general, would benefit from feminism is not,
for the purposes of this paper, dispositional. Rather, as I argue below, it rests on the belief that the
modes of analysis that have historically developed out of feminism, as it relates to its critique of
institutions of domination, gender roles and behavior (misogyny, androcentrism), and socio-economic
relations, also lend themselves to scientific practicel. For instance, inserting feminist insights into
scientific practice in ways that uncover and critique the traditional values of individuality, distance,
and abstraction can help to refocus attention to the public good, power relations, and ethics as primary
principles of science [21-24]. Both FCE and FST hold this to be true.

As such, using a feminist approach allows social scientists to “see inside the process of science” in
ways that

... help scientists to explain the social conditions in both scientific institutions and the
surrounding society that tend to encourage empirically more adequate beliefs; identify
background assumptions that tend to distort the results of research; conceptualize and
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design research in ways that avoid powerful cultural biases; [and] interpret and select data
to produce the most reliable evidence for and against hypotheses ... [25]

This, coupled with an approach that sees the production of knowledge as the outcome of social
processes within communities rather than by individuals, reflects sound, feminist scientific practice.

1. Mitigation and Renewable Energy

Mitigation refers to strategies aimed at removing existing greenhouse gas emissions from the
atmosphere and/or slowing the rate of emissions. It is distinct from adaptation, which is typically
understood as a set of policies that are designed to enhance environmental resilience and reduce
general vulnerability to the impacts of climate change. Renewable approaches to energy production,
for the purposes of this paper, refers to mitigation strategies that include increased energy efficiency
in terms of distribution and supply, the production of fuel-efficient vehicles and electric appliances,
and the growth in renewable energy sources such as solar, wind, and hydro [26-28].

The idea of renewable energy sources as practicable on a large scale is grounded in studies
that prove their viability in the form of lower costs, improved technological capabilities, and overall
better planning. Novel combinations of these technologies, such as modern wind turbines coupled
with photovoltaic systems, can provide systems that ensure both the “ ... balance and security
of the bulk power system” [29,30]. The most recent study of renewable energy put out by the
International Energy Agency (IEA) suggest that these sources have contributed to considerable
energy savings among member countries (1337 million tons of oil-equivalent in 2011), new business
opportunities, better vehicle efficiencies, and marked improvements in residential technologies
(light, heating, etc.) [31]. The decreasing cost of solar power, now at 50 cents per watt, cheaper
wind power, more investment in renewables (e.g., Germany), and decreasing use of coal in countries
like China gives reason for some optimism that climate mitigation targets (1.5-2 degrees Celsius
warming) can be reached through the development of a whole package of energy alternatives that
include, at the forefront, wind and solar. However, it is also the case that considerably more investment
and changes in consumption patterns and energy use are needed to keep within the 1.5-2 degrees
Celsius temperature limit. This would require a 55 per-cent emission cut by 2050 according to the IEA,
and, as is widely acknowledge, the international community is nowhere close to committing to this.

2. Iron Fertilization

Iron fertilization, on the other hand, is a CDR geoengineering technique whose objective is to
capture and sequester carbon dioxide [32-34]. This approach aims to remove CO; from the atmosphere
by adding iron to the surface of the ocean, which would stimulate the production of carbon dioxide
absorbing phytoplankton. The phytoplankton would then sink to the ocean floor having removed
carbon dioxide directly from the atmosphere. There have been several studies of this approach and
several small-scale trials, including one off Haida G’waii in 2012 and a 2003 Southern Ocean Iron
Experiment, whose purpose was to gather data on its efficacy, costs, and potential side effects [35,36]
(see below). Currently, there is disagreement among scientists concerning the long-term effectiveness
of iron fertilization as well as significant apprehension about potential side effects [37,38].

Ocean fertilization in particular makes for a salient case study because of its history, recent testing,
and extensive media coverage. The earliest tests, beginning in the 1980 and 90s, were directed at
establishing a link between algae growth and iron levels rather than climate dynamics. In the early
2000s, scientists began to focus on questions related to algae growth and climate change specifically.
Russ George and Michael Markels are two important actors who set up companies such as Carboncorp
USA, GreenSea Ventures, and Planktos Inc. which tested, often without permission, the ability to
“stimulate plankton blooms, sequester carbon and sell the carbon offset credits” [39]. Russ George’s
2012 unsanctioned test in Canada’s Pacific Northwest is especially notable—particularly in light of
the media coverage it received at the time [40]. In light of the possibility of more rogue tests like
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these, ocean fertilization, as a means of climate change mitigation, was addressed at meeting of the
Convention of Biodiversity during which the parties placed a moratorium on its use (albeit not on
research) in 2008.

Significant recent university and government interest in this technique serves as another reason
why iron fertilization was chosen as the case study. This includes research like the LOHFEX test
(LOHA is Hindi for iron, FEX stands for Fertilization Experiment), conducted in 2009 by the Indian
and German governments, and intensive modeling done by scientists at the Universities of Hawaii,
Southern California, and Amsterdam. Also significant is the argument that iron fertilization’s relative
inexpensiveness and ability to address the problem of climate change at its source by removing carbon
from the atmosphere, makes it more likely to be used than costlier SRM projects that merely offset
emissions. It is important, however, to acknowledge that much of the contemporary support for iron
fertilization frame it as a complement to, rather than a replacement of, traditional mitigation strategies.
How this balance is to be achieved however, as well as who defines this balance and according to what
parameters, remains to be seen.

3. Gender and Climate Change

By and large, it is generally accepted that the place of gender in climate change discourse
constitutes a critical dimension of contemporary climate analysis and warrants more attention. Gender
mainstreaming constituted an increasingly popular way in which to incorporate innovative feminist
principles into science and policy. Over the past five years the European Union taking a lead
internationally in incorporated gender as a form of policy practice as part of their “strategic engagement
for gender equality” program. With respect to scientific practice and labor, the Commission now
compiles reports, e.g., their Horizon 2020 report titled “Closing Gender”, that details the gendered
inequalities reflected in science education, labor statistics, decision-making processes, and rates of
attrition [41]. The Commission now requires, with respect to scientific practice, that all scientific reports
include impact assessments that account for gender, the collection of sex-disaggregated data, gender
equal implementation targets (including quotas), and impact assessments that reflect gender-specific
concerns [24,42]. While this approach is laudable and has seen some increases in, for example,
the presence of women in science faculties of PhD. conferring institutions in the EU, as well as on
the boards of companies, I argue it does not adequately tackle the subject of gender inequality with
respect to epistemology that feminist contextual empiricism does by dealing with the practice of
science itself [39]. Moreover, gender mainstreaming has also been criticized for being too vague and
uneven a concept such that, in its current form, it has tended to replace a more critical feminist analysis
for one that is more politically neutral while also facilitating neoliberal development regimes [43,44].
Expanding the remit of the EC to go beyond gender equality in research and innovation to examining
how science is done would go a long way to getting to the root of inequality in science by going one
step beyond gender mainstreaming.

On the level of impact, the study of how women are impacted by climate-related disasters in such
places as Haiti, Thailand, Indonesia and even New Orleans is of particular importance. For example,
studies of aftermath of the 2010 Pakistani floods by Oxfam have revealed that not only were a majority
of the victims women, but also that women in particular found it difficult to recover as they “were either
overlooked in the distribution of relief or were unable to reach places of relief distribution due to
social norms that restricted their mobility” [45,46]. This kind of research is particularly significant as
it aims to empirically ground the impacts climate change has on marginalized social groups [47-50].
Sherilyn MacGregor has done similar work in the area of political theory by demonstrating how
notions of environmental citizenship and other seemingly egalitarian political ideals and projects
prevent a more granular discussion of social conditions, rights, and nonhierarchical relations consistent
with feminist epistemology [51]. She approaches climate change as a deeply gendered phenomenon
by using feminist constructivist analysis to examine the climate debate in light of power relations
and hegemonic masculinity in ways that push the discussion out of simple gender mainstreaming
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and modernization and towards one that encompasses many of the epistemic principles laid out by
Longino [52].

I argue that in order for gender equity and social justice to become a constitutive part of climate
mitigation, a more complete understanding of the dynamic of gender and climate change is needed.
FST and FCE provide a critical contribution to this area of research.

4. Gender, Mitigation and Geoengineering

Although FCE and FST and hold qualitatively different approaches to feminism—particularly
with respect to their treatment of feminist ways of knowing and epistemic privilege, their valuation of
empirical knowledge, and their contrasting stands on objectivity and diversity—they have been placed
alongside one another in this article for several reasons. Most notably is the fact that both FCE and FST
posit stances that incorporates political and social values into the process of knowledge production.

Recent work done by Kristen Intemann and Sharon Crasnow [53,54] further illustrate how
contemporary FCE and FST have begun to converge into what Intemann calls “standpoint empiricism”.
They discuss how both approaches value wide participation, diverse scientific community involvement,
ethico-political commitments, and the critical challenging of default assumptions. Both FST and FCE
are also social, contextualist, and normative in taking “communities . .. to be the locus of justification

. recognizing] that justification takes place within a particular context ... and rejecting the view of
objectivity as “value-free” [53].

Overall, the two central pillars of the modality of FST I rely on for this analysis are that,
“knowledge is situated and perspectival, and that there are multiple standpoints from which knowledge
is produced” [55]. The most significant contribution of FST is its assumption that marginalized
communities of women, who are further stratified along the lines of race, sexuality, and class,
are shaped by unequal power relations, and thus have access to a fundamentally unique understanding
of the world. It is this view or standpoint, I contend, that must be used and expanded upon in order
unpack the values and assumptions that underlie both geoengineering and solar and wind energy
alternatives as well as the possibility of distributed and community-controlled energy.

As such, feminist standpoint theory, because it is centered in the experience of marginalization,
provides a vision of power relations and political consciousness that, when strived for, can contribute
to, and enrich our understanding of climate change and its proposed solutions. Feminist authors
drawing on FST have criticized many of the assumptions that underlie predictive science for ignoring
the “social factors underpinning scientific practice” [56]), and for focusing on subjects and issues that
have “clearly been skewed towards men’s perception of what they find puzzling” [22].

Climate research in general requires a greater incorporation of feminist insights. Current research
practices used to produce evidence of the safety, efficacy and cost-effectiveness of geoengineering
tend to rely on predictive assumptions that emphasize the “characteristics of distance, individuality,
autonomy, and abstraction” while overlooking the values of context, multiplicity, complexity,
and complication emphasized in feminist science [57]. Feminist scientific values aim to situate climate
science within a larger context and examine climate change as a phenomenon “inextricably wrapped
up in social relations of power and oppression” while also putting forth solutions that not only
“promote social justice in responses to climate change”, but also to act “ethically and in solidarity
with those suffering from the effects of climate change” [58,59]. With regards to solar and wind
technologies, most of the analysis from government bodies, NGOs and think tanks rely on the former
type of scientific practice with particular attention paid to the calculation of precisely how much they
contribute to stabilizing emissions, the amount of short-term (or long-term) GDP reduction that could
be experienced, as well as micro versus macroeconomic costs (of the technology and on the economy)
which, while important, leaves out consideration of the larger social and political context within which
science is being done.

A notable example of this can be found in one of the most widely cited and authoritative reports
produced by the IPCC which provides a technical summary on climate change mitigation research.
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The report, titled, “Renewable Energy Sources and Climate Change Mitigation”, draws heavily on
large-scale integrated modeling in its assessment of various renewable energy sources including solar,
wind, geothermal, hydro and bioenergy. Its assessment of ocean energy, for example, focuses on
resource potential, research and development, global markets, costs and concludes that, in the future,

. scenarios modelling [sic] process will need to increasingly incorporate the range of
potential ocean energy technology sub-types, with better data for resource potential, present
and future investment costs, O&M costs, and anticipated capacity factors. Improving the
availability of the data at global and regional scales will be an important ingredient to
improving coverage of ocean energy in the scenarios literature [60]

Modeling, in this case, is seen as offering a way to sufficiently constrain the complexity of
highly intricate dynamics that must be considered in the course of testing the efficacy of mitigation.
Climate modeling, while critical in providing a consistent and informative snapshot of future
climate probabilities and the likely success of mitigation strategies, needs further contextualization.
Feminist standpoint theory and Longino’s feminist contextual empiricism offer an alternative
approach to knowledge by incorporating both epistemic and non-epistemic values and concerns
into scientific practice.

A much stronger argument with respect to epistemological narrowness can be made about
research and analysis conducted on iron fertilization. To be clear, it is the degrees of certainty
that need to be unpacked, not certainty as an ontological claim. For example, iron fertilization
field trials conducted by university scientists have tended to confine their analysis to technical and
scientific factors without addressing the socio-political. A prime example of this can be found in 2009
Indo-German iron fertilization LOHAFEX experiment was conducted in the Southern Atlantic Ocean.
In the test, ten tones of Fe50O4 was placed over a 300 square kilometer to test ecological changes and
fluctuations in the level of carbon.

The publicized justification for the LOHAFEX trial was confined to traditional scientific aims.
Their stated objective was to “test the hypothesis that iron fertilization of this ecosystem will promote
rapid growth of coastal diatom species which will have a significant effect on the magnitude and
composition of vertical flux to the deep sea and underlying sediments” [61]. Testing was done over
forty days with conclusions indicating some increase in zooplankton and, most importantly, negligible
carbon export, which leaves much to be desired in light of what else a feminist approach might also
ask [17]. While it is notable that this and other iron fertilization trials have been similarly disappointing
in their results [37]. What is more significant is that no discussion of socio-political, regional or
developmental or gender issues are present which have been shown, time and time again, to benefit
climate research by drawing attention to relations of power, subordination, context, multiplicity,
and equity [62,63].

While it has been argued that in testing such a specific natural phenomenon, namely the ability
for iron to promote the growth of zooplankton, gender does not constitute a relevant factor, feminist
science scholars counter that this assumption is faulty at its core. That is, FST and FCE both contend
that there are no narrow questions or research programs that do not demand due consideration of such
factors as gender equity, social justice, ethics and just outcomes. A feminist approach to the testing of
zooplankton, consistent with FST and FCE, would entail a front-end assessment of who is involved,
with respect to gender, class, race, a potential broadening of research goals, a questioning of ends, and
an explicit discussion of justice. Sandra Harding makes a similar argument when she states that even
the most seemingly self-contained experiments have consequences and interests outside those systems.
According to Harding, “Scientific formulas [and experiments] are like legal judgements: the laws
become meaningful only through learning (or deciding) how to apply them and doing so is a process
of social interpretation” [22].

It should be made clear, however, this does not mean that feminist approaches to science reject
empirical scientific practice. Rather, feminist science studies, inclusive of FST, argue for a kind of science
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that is empirically rigorous while also recognizing that social values and priorities are embedded in
science and decision-making. FST and FCE do this in a unique way. Again, my rationale for drawing on
Helen Longino’s approach to feminist science studies is that it offers an approach to climate science and
the environment that is rooted in knowledge critique and critical (re)construction. This method also,
when applied to examine climate mitigation strategies such as wind and solar, falls within a broader
movement towards climate justice in that it frames science as “situated knowledge, always partial and
limited (and never innocent) but also valuable and useable in its partiality” [58,59].

5. Feminist Standpoint Theory and Feminist Contextual Empiricism

5.1. Empirical Adequacy and Human Needs

The feminist virtues or values that Longino maintains must be incorporated into a more
representative, reflexive, and feminist science are those of empirical adequacy, novelty, ontological
heterogeneity, complexity or mutuality of interaction and applicability to human needs. In what
follows, I provide further justification of the usefulness of FST and FCE in this context and examine
two of the five virtues in detail: namely, empirical adequacy and human needs. I first explain what
these feminist virtues consist of ideally and in practice, and second, ask whether the science and
discourse that surrounds renewable energy and iron fertilization technologies meet these feminist
values. As stated, my position is that wind and solar energy technologies are much more in line with
the feminist virtues set out by Longino and therefore represent a more equitable approach to climate
change that speaks to the concerns of the ethics, social justice, and gender equity.

FCE is particularly well placed to reveal the salient norms and values that constitute both iron
fertilization and renewable energy technologies—particularly with respect to issues of fairness and
equity. This approach allows for the free expression of marginalized non-dominant values and
elevates the belief that knowledge is produced not by discrete individuals but by communities of
heterogeneous actors.

The first feminist principle of note, empirical adequacy, refers to “empirical inquiry conducted
under feminist strategies” which “has the power to reveal gender and, therefore, it is able to inform
feminist projects” and where the “inquiry gains value from that fact” [64]. Empirical adequacy,
for Longino, is the one universal standard for research that requires all theories to be accountable to
evidence in a manner that is accessible, to and justified by, others in line with publicly agreed upon
standards. Empirically adequate theories can be predictive but most importantly, must be compatible
with observations. However, because theories are underdetermined (in the Quinean sense that several
theories can often explain a particular phenomenon equally well) empirical adequacy rarely functions
as a sufficient source of justification in and of itself. This is where the other feminist virtues come
in. Feminist empiricism opens space for the view that multiple equally and valid theories can be
compatible with available evidence and that, as such, science must be understood as contextual,
relative, and shaped by social, political, and cultural values.

Moreover, this model is consistent is with the normative principles of participation and justice in
that it requires open and public scrutiny of evidence, methods and assumptions, an uptake of criticism
and willingness to alter conclusions based on new evidence, the formation of public standards that
address how theories and observations are evaluated and criticism is made relevant, and tempered
equality inclusive of equality of intellectual authority [54].

With respect to geoengineering, it is difficult to conclude that the research behind these
technologies, and the ways in which they are justified, meet these criteria in a substantive way.
For example, in most cases, geoengineering research, inclusive of modeling and, in the case of iron
fertilization small-scale testing, has taken place away from public scrutiny with the majority of
relevant debate, discussion and diffusion of findings occurring solely among scientists and policy
makers. The task of developing a more democratic politics around science and technology is not only
reflected in FCE and FST, but has been taken up by scholars of technology, such as Andrew Feenberg
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who argues for the public’s participation in technical design in order to ensure the realization of
collective goals [65], and feminist theorists like Judy Wajcman who makes the case that all technologies,
including environmental ones, contain material, discursive and social elements open to alternative
re-articulation [66].

Unfortunately, social science research that has been conducted to better understand public
perceptions of geoengineering over the past few years have found that the public “show low levels of
awareness and a lack of knowledge” of these technologies as well as a reticence to learn more about
them—Ilargely because of their perceived scientific complexity [67].2

Where informed consultation does occur, there is often opposition to the adoption of
geoengineering as in the case of the UK Stratospheric Particle Injection for Climate Engineering
(SPICE) trial, which was blocked after public discussions.? It has also been suggested that proponents
of geoengineering are interested in controlling public debate particularly after finding that the
“deficit hypothesis”, which asserts that there is a causal link between increased knowledge and
support for science, was belied in the case of genetically modified foods.

Conversely, in the case of solar and wind energy, the ways in which studies have been conducted
and results communicated do, in the majority of cases, meet the criteria of publicity, criticism,
public standards and tempered equality set out by Longino. Studies that incorporate deliberation
and justice [71], preferences [72], contextual and psychological factors [73], the role of emotion [74],
and sense of place [75], have introduced novel and more inclusive ways to incorporate the public into
the implementation and assessment of energy alternatives. Additionally, the media has been rather
adept in mainstreaming information about renewable energy into the dominant discourse. However,
the quality and ideological framing of media coverage differs markedly between and within countries
as well as with respect to the varied political position of individual publications [76].

Additionally, a large number of government commissioned studies have been done to gauge
public support for wind and solar energy initiatives as well as ones that aim to involve the public
in the planning and execution of such projects [77,78]. (Generally, both quantitative and qualitative
studies show there is broad support for renewable energy [79-81]. However, it is important to note
that acceptance and rejection of these technologies is quite variable and dependent on a variety of
factors, including gender, age, income, education etc.

As distinct approaches to climate mitigation, it is also important to highlight how the differences
between iron fertilization and renewable energy represent more than just disagreements over policy.
Rather, they exemplify divergent structural, ideological, and normative approaches to growth and
development. On the one hand, geoengineering technologies are consistent, at least in kind, with other
production-oriented technologies that value control and prescription, while often ignoring context and
externalities, whereas growth-oriented technologies, such as those typified by wind and solar energy,
because of their decentralized structure, tend to be more responsive context and external effects [82-84].
There is a rich body of literature that details the precise ways in which the structural characteristics of
technologies shape socio-political relations, which, while I am unable to discuss further here, can also
be used to assess the technologies at hand [85-87].

5.2. Applicability to Human Needs

The second feminist virtue, applicability to current human needs, argues in favor of those theories,
research programs and frameworks that are oriented towards easing suffering, acting against injustice,
and improving the human condition. The use of science in reducing “hunger ... assisting the infirm,

It should be noted that research in this area is increasing. Some studies have reached conflicting conclusions [68,69].

This project was also in violation of the Oxford Principles (http://www.geoengineering.ox.ac.uk/oxford-principles/
principles/). There is also conflicting evidence in this area — some of which suggests that the picture is much more complex
and that while the public might be reticent to support field trials, basic research is not opposed [70].
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protecting or reversing the destruction of the environment” is privileged, as is support “for research that
can be directed towards meeting the human and social needs traditionally ministered by women” [88].

With respect to iron fertilization, the majority of work done in favor of its adoption asserts that it
will meet human needs. Generally, arguments in support of geoengineering fall into three categories as
outlined in Working Group III’s contribution to the 5th Assessment Report to the IPCC [89]. First, is the
lesser evil argument [54,90,91]. This particular claim asserts that failure to address climate change is
likely and that, given the option of suffering through its potentially catastrophic side effects versus
engaging in geoengineering, preparing for its future use is necessary.

Second is the tipping point argument which specifically contends that the 2 degrees Celsius
warming limit set by the IPCC, and generally agreed upon by the majority of climate scientists,
cannot and will not be met due to self-interest, policy inertia, political gridlock, and a general lack of
will. As such, geoengineering is presented as offering humanity a technologically attractive “plan B”
through which to address climate change [54,92]. Finally, there is the argument of cost-effectiveness.
Put simply, it is claimed that geoengineering offers the most cost-effective strategy with a relatively high
chance of success in mitigating climate change. Iron fertilization is seen as cost effective specifically
since the cost of fertilizing material, in relation to the quantity required, is insubstantial [93].

However, scholars such as Clive Hamilton have pointed out that despite being presented as
a technology that could address climate change and save humanity from the effects of human induced
global warming, geoengineering actually encourages and reproduces traditional power structures in
society by alleviating pressure on governments and corporations to move away from unsustainable
fossil fuel production and consumption. He states that,

Like a patient who will accept the doctor’s diagnosis only if the illness is treatable, a solution
to global warming that does not destabilize a person’s worldview—but in fact validates
it—makes recognizing the problem palatable ... .As the identity of conservative white males
tends to be more strongly bound to the prevailing social structure, geoengineering is the kind
of solution to climate change that is less threatening to their values and sense of self . .. .they
are consistent with the ideas of control over the environment and the personal liberties
associated with free market capitalism. Just as the need to defend a cultural worldview
makes conservative white males prone to repudiate climate science, so that worldview will
make them prone to support geoengineering solutions [27]

The litany of potential side effects of iron fertilization further removes this approach from meeting
the human needs of dignity, security, autonomy, and recognition. These include ecological effects such as
the possible overproduction of algae blooms and the creation of anoxic or low oxygen conditions—both
of which could negatively impact marine food chains and, because of anoxia, further stimulate the
emission of methane and nitrous oxide [17].

Other problems that might affect the fulfillment of human needs include concerns that iron
fertilization climate engineering might result in the suppression of Asian monsoons leading to food
insecurity for the most vulnerable [94]. The possibility of catastrophic human error, and questions over
whether geoengineering meets the criteria of the precautionary principle with respect to agreement
over the threshold trigger and termination (who decides?) and, most importantly, the magnitude and
possibility of unanticipated environmental and social harm [95]. Clear governance mechanisms have
also not been constructed and, due to present political conditions, are unlikely to be. Also of concern
with respect to human needs are consequences associated with the moral hazard argument which
warns that geoengineering may become a means through which to put off much needed changes to
resource intensive production processes, consumption levels, and current modalities of energy use.

Finally, in a critical discussion of race and gender, Hamilton points out the deep racial and gender
inequalities that characterize engagement in geoengineering research (which is overwhelmingly male
and white) while also drawing attention to the fact that some of its biggest proponents are reformed
climate change deniers who now see a means by which to tacitly acknowledge that climate change
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is happening while maintaining the current economic system. Yet, it is also the case this does not
entirely preclude the possibility that geoengineering could be used to reduce suffering or the prospect
that wind and solar energy technologies could also be used to keep power structures in place. Rather,
the point is that geoengineering has a long way to go before meeting the human needs test.

The majority of work that argues for the adoption of wind and solar energy comes out of the
governmental and NGO sectors, which generally do meet the basic requirements of the “addressing
human needs” virtue. A clear example of this can be found in a 2014 report written for the International
Development Bank’s (IDB) Gender and Diversity Division titled “Gender and Renewable Energy: Wind,
Solar, Geothermal and Hydroelectric Energy”. In it, a focused gendered perspective is incorporated
into the study of how medium- and large-scale renewable energy projects can be better constructed
and operationalized to meet the needs of women. The report pays specific attention to lack of women’s
participation in consultation processes by focusing on women’s unique daily needs as well as such
barriers as social norms and lack of education. It points out that issues of scheduling related to
meal preparation and other daily tasks must be considered as well as channels of communication
wherein “a poster in a school or market or an invitation sent to women’s associations could be the
most appropriate method for announcing the project to women, while a poster posted at a town hall
could reach more men” [96].

Concrete ways to promote female employment at wind and solar plants, as well as through the
supply chain, is also discussed in the report with particular attention paid to training and education
initiatives similar to the one used by Mexico’s National Institutes for Women. Employment in
renewable energy and green jobs, as Marjorie Griffin Cohen argues, is largely taken up by men
since the training tends to build on top of the building, trades. and transportation sectors which are
a priori dominated by men [97]. Additionally, the need to provide women with joint title and direct
compensation for land resettlement is highlighted as is a thorough discussion of the material benefits
of renewable energy on women as a result of stable access to clean energy including, “the reduction of
time dedicated to household tasks, income generation, as well as health and safety improvements” [96].

Overall, it is clear that about geoengineering needs to incorporate a better account of human
needs and its interaction with other vectors of identity and social positionality. Thus far, there has been
little written on the subject with respect to iron fertilization in particular. The one exception is a 2014
article written for Hypatia in which the authors explore the relevance of gender to geoengineering with
respect to the demographics of those involved (largely male); the dominating vision of control over
nature it embodies, its masculinist design; and the likely unequal distribution of risk and benefits it
entails [98].

6. Conclusions

My objective in this article has been to develop a feminist approach to evaluating two distinct paths
towards dealing with climate change, namely, renewable energy and ocean fertilization geoengineering.
By providing a detailed analysis of the ways in which gender has been inserted into the study of
climate change, and the problems with each perspective, my hope is that it becomes possible to move
forward in a manner that pays more attention to the values of equity and justice in the development of
future projects.* As well, in unpacking the specific values of feminist science put forth by FCE and FST,
I'have attempted to open a new space through which to insert gender into discussions around climate
change mitigation in ways that pursue larger goals of fairness and inclusiveness which also form the
core of feminist science. As illustrated, incorporating feminist contextual empiricism into scientific
modeling in general, and geoengineering in particular, results in an ability to lay bare and critically

A laudable first step has also been made by endeavours like the “Gendered Innovations” project, a joint UK/US project
which aims to embed a gendered analysis into multiple STEM fields including the environment. Their climate change
project, for example, draws embeds equality into contemporary research as well as advocating for research protocols that
are flexible, non linear, and adaptable (http:/ /genderedinnovations.stanford.edu).
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examine the implications of gendered values, methods, and truth claims in ways that leave space
for alternative approaches that better meet the feminist objectives of equality, justice, heterogeneity,
and openness. Employing FST in conjunction with FCE allows for a more robust centering of gendered
experiences as epistemologically productive in and of themselves.

As such, it is important that future research into geoengineering highlight the role values play in
its construction while also aspiring to be more reflexive, interactive, oppositional, inclusive, and local
in its approach. My conclusion is that ocean fertilization geoengineering in particular, has not met and
does not meet the objectives of gender awareness and justice articulated by FST and FCE. Its tendency
to rely on values of empiricism and objectivity with low levels of public participation leaves much
to be desired. Research into renewable energy initiatives, on the other hand, hold out much more
promise of attaining feminist virtues of heterogeneity, richness, and publicity. While more work needs
to be done in this area; my hope is that this research adds to the debate.
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