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ABSTRACT

Ethiopian mustard (Brassica carinata A. Braun) also known as Carinata is gaining an increas-
ing significance as a non-food cover crop and fully non-GMO plant protein sources, highlight-
ing its environmental sustainability attributes. Historically as a condiment and leafy vegetable,
it has recently garnered attention as a promising source of oilseed for various industrial applica-
tions, including biofuels and lubricants. This paper provides an overview of the current status
of Ethiopian mustard cultivation, elucidates the constraints faced by farmers and researchers,
and delineates future prospects for its expansion and utilization as sustainable aviation fuel
(SAF). Key factors contributing to its appeal include its adaptability to diverse agro-climatic
conditions, relatively low input requirements, and potential to mitigate environmental impacts
associated with conventional oilseed crops. However, challenges such as limited genetic diver-
sity, agronomic practices, and market development necessitate comprehensive strategies to un-
lock its full potential. Through interdisciplinary collaboration, policy support, and technologi-
cal innovations, Carinata holds promise as a sustainable alternative in non-food oilseed produc-

tion, contributing to both agricultural resilience and environmental stewardship.
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RESUME

La moutarde d'Ethiopie (Brassica carinata A. Braun), également connue sous le nom de Carinata, gagne en
importance en tant que culture de couverture non alimentaire et source de protéines végétales entierement
non-OGM, mettant en avant ses attributs de durabilité environnementale. Historiquement utilisée comme
condiment et légume-feuille, elle a récemment attiré l'attention comme source prometteuse de graines olé-
agineuses pour diverses applications industrielles, y compris les biocarburants et les lubrifiants. Cet article
offre un apergu de I'état actuel de la culture de la moutarde d'Ethiopie, explique les contraintes rencontrées
par les agriculteurs et les chercheurs, et décrit les perspectives futures pour son expansion et son utilisation
comme carburant d'aviation durable (SAF). Parmi les facteurs clés de son attrait figurent son adaptabilité a
diverses conditions agro-climatiques, ses besoins en intrants relativement faibles, et son potentiel a atté-
nuer les impacts environnementaux associés aux cultures oléagineuses conventionnelles. Cependant, des
défis tels que la diversité génétique limitée, les pratiques agronomiques et le développement du marché
nécessitent des stratégies globales pour libérer tout son potentiel. Grace a une collaboration interdiscipli-
naire, un soutien politique et des innovations technologiques, le Carinata promet d'étre une alternative du-
rable dans la production de graines oléagineuses non alimentaires, contribuant a la résilience agricole et a

la protection de I'environnement.

Mots-clés : biocarburant, Carinata, graines oléagineuses, matiére premicre non alimentaire, carburant

d'aviation durable, durabilité

Introduction

The global demand for sustainable oilseed crops has
increased due to their pivotal role in various industrial
applications, including biofuel production and alterna-
tive sources of oil. Ethiopian mustard (Brassica cari-
nata A. Braun), also known as Carinata has garnered
attention as a promising non-food oilseed (feedstock)
crop, offering significant environmental benefits and
economic opportunities (Seepaul er al., 2023; Mohd
Saad et al., 2021). Carinata originating from the Ethi-
opian highlands, has prominent agronomic character-
istics and adaptability that make it resilience to ad-
verse environmental conditions and suitability for
marginal lands (Hagos et al., 2020); therefore,
demonstrating remarkable adaptability to diverse cli-
mates and soil conditions, making it a versatile crop
for various regions around the world. Furthermore,
the nutritional composition and potential health bene-
fits associated with the oil extracted from Carinata
seeds emphasize its significance as a functional food
ingredient (Mehta et al., 2010; Odongo et al., 2017).

The global aviation industry is crucial for connect-
ing people, cultures, and economies (Gittens et al.,
2019). However, it contributes approximately 2-3%
of global carbon emissions (WEF, 2024), hence,
significant challenges are faced related to fuel con-
sumption and sustainability. Conversely, Sustainable
Aviation Fuel (SAF) represents a pivotal innovation
in the quest for a more sustainable aviation industry
(https://www.finboot.com/post/sustainable-aviation-
fuels-decarbonization-of-air-transport). According to
ICAO (2018), SAF is produced from renewable re-
sources, such as biomass, waste oils, and agricultur-
al residues, and can significantly reduce greenhouse
gas emissions compared to conventional fossil-based
jet fuels. Conventional aviation fuels notably have
significant environmental drawbacks, as their com-
bustion releases large quantities of greenhouse gases
and pollutants (Valavanidis, 2022), contributing to
climate change and air quality issues. As the avia-
tion industry grows, the urgent need to mitigate its

environmental impact is driving research and
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investment into alternative, and more sustainable fuel
feedstocks like Carinata as a source for SAF (Seepaul et
al., 2023; George et al., 2021). Currently, Carinata re-
volved as a non-food oilseed crop, offers a promising
feedstock for SAF production due to its high oil content
and ability to grow on marginal lands, unsuitable for
food crops (Seepaul et al., 2021). It offers the advantage
of being a “drop-in” fuel, meaning it can be used in ex-
isting aircraft engines and infrastructure without requir-
ing modifications (Lau et al., 2024; Bhatt et al., 2023).
This compatibility facilitates its adoption and integra-

tion into the current aviation system.

Furthermore, the UN Intergovernmental Panel on Cli-
mate Change (IPCC) recognizes SAF as a crucial ele-
ment in mitigating the aviation sector's impact on cli-
mate change. According to recent IPCC reports, while
SAF is not yet widely adopted, its development and de-
ployment are accelerating, driven by both technological
advancements and regulatory pressures (ICAO, 2018).
The IPCC emphasizes the potential of SAF to signifi-
cantly reduce carbon emissions, citing that SAF can
achieve up to 80% lower lifecycle emissions compared
to conventional jet fuel (ICAO, 2019). Carinata can con-
tribute to reducing aviation’s carbon footprint while not
competing with food production. Besides to this, Cari-
nata-derived SAF can significantly lower lifecycle
greenhouse gas emissions, aligning with international
goals to decarbonize the aviation industry (George et
al., 2021). As research and development continue to
improve yield and processing efficiencies, Carinata
stands out as a viable and sustainable feedstock that
could play a crucial role in achieving the aviation sec-

tor's sustainability targets.

Despite its promising attributes, Carinata faces various
constraints and challenges that impede its widespread
adoption and commercialization. These constraints in-
clude limited genetic diversity (Warwick et al., 2000),

late maturity, moderate susceptibility to pests and

diseases, susceptibility to residual herbicides, subop-
timal agronomic practices, and insufficient market
infrastructure (Adeniji and Aloyce,2014; Seepaul et
al., 2016, 2022). Addressing these challenges will
involve concerted efforts from various stakeholders,
including researchers, policymakers, farmers, inves-
tors, and industry players. Realizing Carinata’s full
potential can be achieved by addressing the existing
constraints and creating an enabling environment for
its widespread adoption and commercialization, as it
is practiced in the southeast US, Canada, southeast-
ern Australia, southern Europe and South America
(Masum et al., 2022; Christ et al., 2020; Agrisoma-
US, 2019; Basili and Rossi, 2018; Cardone et al.,
2003; Carinata Development - Mustard 21 Canada

Inc.; nuseed.com/carinata).

There are ongoing research initiatives and technolog-
ical advancements aimed at overcoming the con-
straints associated with Carinata cultivation, in dif-
ferent developed countries such as the southeast US
(Seepual et al., 2020), Canada (Agrisoma-US, 2019),
southeastern Australia, southern Europe (Christ et
al., 2020; Cardone et al., 2003); and developing
countries including Brazil, Argentina, Uruguay and
Paraguay (Nufarm, 2023) under contract cultivation
systems. These include collaboration among the
breeding programs focused on enhancing yield po-
tential (seed and oil), developing pest and disease-
resistant varieties, and optimizing agronomic practic-
es for improved resource use efficiency (Seepaul et
al., 2023; Marillia er al., 2014). Pryde and Rothfus
(1989) highlighted that the future breeding of oilseed
crops will see a shift from petro-chemistry to botano-
chemistry, as it is the case of Carinata in recent
years. Thus, with advanced breeding techniques such
as induced mutations and genome sequencing, the

shift will go further to geno-chemistry.

Moreover, the role of policy support, market



development initiatives, and capacity building pro-
grams in promoting the sustainable production and
utilization of Carinata is needed. By fostering collabo-
ration and innovation across the value chain, stake-
holders can unlock the full potential of Carinata as a
versatile non-food oilseed crop with sustainable envi-
ronmental and socio-economic benefits (Carlsson,
2009; Zanetti et al., 2009, 2013). It is obvious, Carina-
ta holds great promise as a sustainable alternative for
biofuel production, offering a viable solution to the
challenges posed by conventional oilseed crops
(Bozzini et al., 2007; Cardone et al., 2003; Gatto et
al., 2015).

Therefore, this review aims to provide an overview of
the current status of Ethiopian mustard cultivation,
elucidate the constraints faced by farmers and re-
searchers in integrating Carinata in agriculture and
environmental sustainability, and delineate future pro-

spects for its expansion and utilization as SAF.

Carinata Emerges as Biofuel Feedstock and New
Non-Food Cover Crop. Ethiopian mustard has a huge
potential to adapt to a wider range of agroecologies
including the Mediterranean regions. It is nowadays
used as a cover crop without compromising the main
crop season in Argentina, Uruguay, and the southeast
US. It offers significant agronomic benefits, including
soil erosion control, improved soil health, and weed
suppression (Bhattarai ef al., 2021; Seepaul et al.,
2023; Lawton, 2019). Its deep root system enhances
soil structure and promotes water infiltration, while its
ability to anchor tightly to the soil during the winter
season helps to reduce the need for synthetic fertiliz-
ers. As global interest in sustainable and environmen-
tally friendly agricultural practices grows, Carinata's
dual role in biofuel production and as a cover crop of
positions it as a critical player in the future of sustaina-

ble farming (Seepaul et al., 2023).
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The growing demand for SAF, driven by international
regulations and the aviation industry’s commitment to
reducing its carbon footprint, provides a robust market
for Carinata-based biofuels. This is not only contributing
to energy security but also stimulates rural economies
and supports agricultural sustainability (Christ et al.,
2020). The aviation industry is one of the most challeng-
ing sectors to decarbonize, to meet the United Nations’
Sustainable Development Goals (SDGs). Thus, adoption
of biofuels like Carinata-derived SAF, is crucial in bridg-
ing the gap between current fossil fuel dependence and
future low-carbon alternatives (ICAO, 2019). Research
and development efforts continue to optimize the yield
and processing efficiency of Carinata oil, making it a
more competitive and scalable solution as it was ap-
proved as SAF on 12 March 2021 by the International
Civil Aviation Organization (ICAO). As the technology
matures and production scales up, Carinata biofuel could
become a mainstream component of the aviation fuel
mix, driving the industry towards a more sustainable fu-
ture (ICAO, 2021; RSB, 2023).

The Need to Shift Carinata from a Food Crop to Non-
Food Feedstock. In Ethiopia and some African coun-
tries, Carinata is cultivated as a leafy vegetable by small-
scale farmers with limited commercial oil uses. Howev-
er, it is more commercially profitable as an alternative
energy source and biofuel product in developed countries
(Hagos et al., 2020). Nowadays, due to climate change
impacts on agriculture and environmental sustainability,
researchers, investors, the private sector and governmen-
tal and nongovernmental organizations search for new
promising alternative plant-based biofuels that can be
decarbonizing emissions to mitigate global warming.

Carinata is certified as a low-carbon feedstock for fuel
and non-GMO high protein meal (George et al., 2021),
hence, it is used for the climate-positive goals of many
companies and policymakers. It can decarbonize, con-

serve moisture, and rejuvenate soil, suppresses weeds,
40
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doesn’t compete with food crops, and supports biodiversi-
ty (i.e., it preserves soil microbes and provides a food
source for pollinators like honey bees) and a scalable bras-
sica crop (Carinata benefits the environment, farmers and
end-users | Nuseed; Seepaul et al., 2023). This is why the
interest of the crop is changing from more food (leafy veg-
etable) to more sustainable biodiesel crop production
(Gesch et al., 2015; Hagos et al., 2020). Likewise, Woods
et al. (2010) highlighted that there is an increasing need
for sustainable energy sources due to dwindling oil re-
serves, environmental conservation concerns, and eco-
nomic risks. To address these challenges, various initia-
tives have been undertaken in recent years in the United
States (US), Canada, Australia, Europe, China and India,
and elsewhere to promote biofuel production (Basili and
Rossi, 2018; Schnepf and Yacobucci, 2010; Zanetti et al.,
2013). Hence, Carinata, as a non-food oilseed feed stock,
is of interest due to seed oil’s physical and chemical prop-
erties which is equivalent to petroleum-derived fuels
(Cardone et al., 2003). In addition, the economic feasibil-
ity and environmental sustainability of producing second-
generation biofuel like Carinata, in a context of rotation
with wheat (and eventually other crops) is also contrib-
uting to mitigate the Indirect Land Use Change (ILUC)

problems overseas in Italy (Basil and Rossi, 2018).

Carinata has indeed garnered attention as a promising bio-
fuel alternative to petroleum. This fast-growing, low-input
crop offers year-round rotation and has several advantages
in the realm of sustainable energy. For instance, its seed
has about 40-45% high-quality inedible oil in winter envi-
ronments (Basil and Rossi, 2018; Hagos et al., 2020; Ros-
linsky et al., 2021; Seepaul et al., 2016), making it an ex-
cellent alternative for the production of second-generation
biofuel feedstocks (Lau et al., 2024). Therefore, it is a cer-
tified and sustainable crop that is inserted between existing
rotations, providing the farmer with more alternatives for
the diversification of crops in rotation. It also emerges as a

new biofuel alternative and considered as “drop-in”

biofuel source, which can replace the jet fuel from
conventional fuel to biofuel that meets the sustain-
ability criteria (Bhatt er al., 2023). With this in
mind, Carinata shows potential to solve many chal-
lenges faced in agricultural and environmental sus-
tainability, and hence widely emerges as non-food

feedstock than food crop.

Environmental Benefits of Ethiopian Mustard
(Carinata). Reduced greenhouse gas (GHG)
emissions. Carinata has the potential to significant-
ly reduce GHG emissions compared to convention-
al fuels (Lawton, 2019). When grown as a biofuel
feedstock, it absorbs carbon dioxide during its
growth phase (Agrisoma-USA, 2019), effectively
offsetting emissions when it's burned for fuel. The
oil extracted from Carinata seeds can be processed
into SAF, which significantly reduces by 68%
GHG emissions compared to conventional fuels
(Alam et al., 2021; Masum et al., 2022; RSB,
2023). The crop is thus receiving attention in the
aviation industry that is responsible for 13% of
GHG emissions from 45% of the total transport
emission ( Karami, 2021; Tesfaye et al., 2023).

Non-competitive with food crops. Carinata is a
resilience winter oilseed, which can be integrated
into the fallow seasons of existing rotations
(Seepaul et al., 2023; Taheripour et al., 2022),
where food crops struggle to grow. This eliminates
the concern of competing with food crops produc-
tion for sustaining agricultural resources and it is
considered as a non-food feedstock crop. It is one
of the only oilseeds, that has received the
Roundtable of Sustainable Materials (RSB) certifi-
cation for sustainable oil and meal in northern
America (RSB, 2023), and has a low ILUC risk
certification in South America (George et al.,
2021). Generally, Carinata doesn’t replace a

farmer’s main crop season, but instead provides a



second crop grown between food crop rotations during
the harsh winter season. Its robust nature allows it to
thrive in marginal lands, where traditional crops might
struggle, thus contributing to sustainable agricultural
practices and enhancing food security in challenging

environments.

Presence of high energy content. Carinata seeds are
rich in non-food oil, containing around 40-45% oil con-
tent (Hagos et al., 2020; George et al., 2021; Roslinsky
et al., 2021;Seepaul et al., 2015, 2016; ) as compared to
camelina, canola, or sunflower seeds which have be-
tween 41% and 43% oil content (Sieverding et al.,
2016). This high energy density makes it a suitable can-
didate for biofuel production (Figure 1). This “drop-in”
oilseed crop produces seeds rich in inedible oil, with an

energy density that rivals traditional fossil fuels.

The oil extracted from Carinata seeds can be refined into
biodiesel and aviation fuel, offering a renewable and

sustainable energy source.

A) Carinata scalable from “field to flight” or from “seed to
sky” concepts
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Its robust energy profile not only supports efficient
fuel conversion but also positions, Carinata as a criti-
cal player in reducing greenhouse gas emissions
(Alam et al., 2021). Carinata has a high potential for
use as low-carbon feedstock and in the production of
jet biofuel for the aviation industry due to its attractive
fatty acid profile, such as high erucic acid (> 40%),
low content of saturated fatty acids and minimal pro-
cessing during refining (George et al., 2021; Seepaul
etal.,2016).

Carinata biofuel can reduce carbon emissions by up to
68% (Alam et al., 2021; Masum et al, 2022; Seepaul et
al., 2023). This feature makes it suitable for sustaina-
ble aviation fuel production, thereby reducing GHG
emissions. The use of Carinata as “drop-in” renewable

fuel has resulted in the expansion of the crop in the

world due to the current strong demand to replace fos-
sil fuel by biofuel (Seepaul et al., 2021).

B) A jet refuels: replacing petroleum-based aviation fuel with
sustainable aviation fuel derived from Carinata

Figure 1. The use of Carinata as biofuels. (A) Biofuel derived from Carinata and (B) A jet refueling using Carinata-derived

fuel (Source: Seepaul et al., 2019; Jet fuel Getty images).
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Crop rotation benefits. Carinata can be integrated into
crop rotation systems, providing agronomic benefits such
as weed and pest suppression and improved soil health.
Integrating Carinata into crop rotation systems offers nu-
merous agronomic and environmental benefits (Tiwari et
al., 2021). It requires limited herbicides, which ultimately
reduces environmental impact due to the crop's aggressive
nature, enabling it to outcompete many winter weeds
(Seepaul et al., 2019). Carinata serves as an effective rota-
tional crop, particularly in regions with semi-arid climates
or marginal lands, where traditional crops may not thrive.
For instance, Iboyi et al. (2023) highlighted that double-
cropping Carinata between summer crops has potential to
boost grower revenue and increase land use efficiency in
the southeast US. Similarly, rotating Carinata with peanut
needs critical agronomic practices since peanut is the sec-
ond summer pollutant energy crop after corn, thus Carinata
should be planted before peanut to decrease the risk yield
of Carinata (Karmi, 2021). Indeed, its deep root system
plays a crucial role in improving soil structure, enhancing
water infiltration, and preventing erosion. This deep rooting
also helps break up soil compaction and promotes nutrient
cycling, making the soil more fertile and better prepared for
subsequent crops. Furthermore, Carinata can help manage
pests and diseases by interrupting the life cycles of patho-
gens that affect other crops, thereby reducing the need for
chemical inputs (Rahman et al., 2018; Seepaul ef al., 2016).
Hence, the addition of Carinata to crop rotations can also
increase biodiversity on farms, which is beneficial for eco-
system health. Overall, Carinata not only provides a sus-
tainable feedstock for biofuel production but also enhances
soil health and farm productivity, contributing to more re-

silient agricultural systems.

Economic viability for farmers. Growing Carinata can
provide an additional income stream for farmers, especially
in regions where traditional crops face drought or poor soil
quality. According to Seepual et al. (2019), growing Cari-
nata as a winter crop has two-fold benefits: (1) increases

farmer's revenue and (2) provides ecosystem services.
43

Carinata shows significant economic viability for
farmers, particularly those in semi-arid regions, cool-
er temperatures, and areas with marginal lands
(Seepual et al., 2023). Hence, Carinata has resilience
to harsh growing conditions and its low input require-
ments make it an attractive option for maximizing
land use efficiency and reducing the financial risks
associated with crop failure. As a non-food crop, it
does not compete with food production, allowing
farmers to diversify their income sources without
disrupting their primary agricultural activities (Alam
etal.,2021).

George et al. (2021) highlighted that Carinata can be
commercialized as a winter cash crop in the southeast
US for renewable fuels and bio-products. Carinata
has the potential to be compatible with existing agri-
cultural infrastructure, which means farmers do not
need substantial new investments to cultivate and
process Carinata (RSB, 2023). Additionally, the
growing demand for SAF provides a profitable mar-
ket for Carinata oil, additional revenue from animal
feed during oil extraction (Schulmeister et al., 2019;
2021). This economic potential should be further en-
hanced by governmental and industry incentives
aimed at promoting renewable energy sources. Ac-
cording to Seepaul ef al. (2023), the economic mod-
eling has shown that crop rotations that include Cari-
nata and soybean were more profitable than winter
fallow. Therefore, integrating Carinata into farmers'
crop rotation systems can improve their soil health
and productivity and tap into emerging markets,
thereby enhancing their economic sustainability and

resilience.

Potential for SAF feedstock. Carinata, a non-edible
oilseed brassica, is a low carbon, purpose-grown, and
none-to-low indirect land-use change bioenergy feed-
stock for the production of “drop-in”, sustainable avi-

ation fuel, biodiesel, renewable diesel,



and a suite of value-added co-products (George et al.,
2021). Furthermore, the plant's adaptability to various
climates and soils enhances its potential as a globally
significant energy crop. This could significantly reduce
the carbon footprint of air travel (Alam et al., 2021). The
potential of Carinata-derived SAF extends beyond envi-
ronmental benefits, offering producers economic and
financial benefits (Christ et al., 2020) and contributing to
rural development. As research and production tech-
niques advance, Carinata is poised to become a key play-
er in the transition to sustainable aviation, providing a
scalable and renewable alternative to conventional avia-
tion fuels (Masum et al., 2022).

Carinata holds great promises as a scalable biofuel in the
aviation industry, offering a sustainable alternative to
traditional fossil fuels, and is considered as a successful
golden opportunity feedstock. It is listed by the ICAO as
a SAF feedstock with a similar GHG footprint as waste
and residuals, like used cooking oil. The use of Carinata
for producing SAF provides several advantages relative
to other potential crops (Karami, 2021). As airlines and
regulatory bodies increasingly prioritize reducing carbon
emissions, biofuels derived from Carinata present an at-
tractive solution for mitigating the environmental impact
of air travel (Carlsson, 2009; RSB, 2023; Lau et al.,
2024). One of the key advantages of Carinata biofuel is
its compatibility with existing aviation infrastructure,
requiring no modifications to aircraft engines or fueling
systems (drop-in), thus enabling a smooth transition to
sustainable aviation fuels
Nufarm, 2023; RSB, 2023).

(Sustainability Reports-

Furthermore, the scalability and versatility of Carinata
cultivation make it well-suited for meeting the growing
demand for SAF (Seepual et al., 2023). With advance-
ments in agricultural technology and farming practices,
the production of Carinata can be scaled up to meet the
needs of the aviation industry without compromising

food security or biodiversity. As research and
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development in biofuel technology continue to ad-
vance, Carinata biofuel holds the potential to play a
significant role in reducing the aviation sector's reli-
ance on fossil fuels and achieving long-term sustaina-
bility goals (RSB, 2023).

Generally, Carinata biofuel presents a compelling op-
portunity to address the environmental challenges as-
sociated with aviation while promoting sustainable
agriculture and energy security. With continued in-
vestment and support from stakeholders across the
aviation industry, Carinata biofuel has the potential to
revolutionize air travel by offering a cleaner, greener

alternative to traditional jet fuel.

Carinata as Global Agribusiness Nuseed. Carinata
is emerging as a significant global agribusiness Nu-
seed with promising applications in both agricultural
and industrial sectors (Figure 2) than other feedstock
cover crops (https://www.agribusinessreview.com/
nufarm). It is one of the top four Nufarm agribusiness
seed technologies platforms (i.e., Sunflower, Canola,
Sorghum, and Carinata). Among the Nuseed crops,
Nuseed Carinata is attractive for several reasons, in-
cluding its involvement with farmers from before the
crop even goes in the ground (https://nuseed.com/

Carinata/)

There is ongoing research on evaluating advanced
Carinata lines. For instance, in plot studies, Nujet 400
certified Carinata cultivar matured in 170 to 180 days
and produced approximately 2,800 kg/ha (Seepaul et
al., 2023). Therefore, growing Nuseed Carinata on
existing farmland, after the main crop harvest and be-
fore the next season’s planting, helps protect land,
sequester carbon, and improve conditions for the fol-
lowing main crop (Seepaul et al., 2023). Nuseed Cari-
nata has the environmental benefits of a typical cover
crop with added profitability potential through yield
and sustainability (Malins, 2022).
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Nuseed Carinata is a non-food cover crop that can
be used to produce low-carbon biofuel feedstock that
is independently certified, sustainable, and scalable
(Figure 2). Increased global demand for biofuels is
being driven by the need to access sustainable
sources of energy to help achieve global GHG reduc-
tion targets. Nuseed Carinata is a proven, “drop-in”,
resilient crop solution for biofuel processors that’s
ready to scale globally on existing farmland between
main food crops (nuseed.com/us/Carinata). Hence,
Nuseed Carinata demonstrates how agriculture and
energy companies can work together to meet the de-
mand for biofuels that lower lifecycle carbon emis-

sions.

As Carinata is developed globally by Nuseed, it signi-
fies the company's commitment to addressing global
challenges such as energy security, climate change,
and sustainable agriculture. By promoting the cultiva-
tion of Carinata and offering related agricultural solu-
tions, the Nuseed aims to contribute to a more sus-
tainable and resilient agricultural sector worldwide.
Therefore, Nuseed Carinata oil is recognized by
ICAO (2021) for industry-leading GHG reductions
similar to waste and used cooking oil (UCO). It’s a
scalable, lower-carbon drop-in replacement for con-
ventional fuels that enables transport sectors to de-
crease carbon without the delay, expense, and carbon
footprint of retrofitting existing fleets. Nuseed Cari-

nata has numerous benefits over other SAF (Table 1).

A) Nujet 400 certified hybrid Carinata seed B)
(above) and Nujet 400 grown in Texas field (below). it is
the first ever Brassica Carinatg hybrid cover crop

Nuseed Carinata tap roots tightly anchor soil

Figure 2. Nuseed Carinata at the field: A) certified Carinata and Nujet 400 and B) Nuseed Carinata tap roots (picture adopted

Many researchers proved that seeds of Carinata are
rich in oil, which can be converted into biojet fuel,
biodiesel, and other bioproducts, which is crucial for
achieving environmental sustainability  goals
(Agrisoma-USA, 2019; Basil and Rossi, 2018; Law-
ton, 2019). This aligns with the global shift towards
renewable energy sources and the reduction of car-
bon footprints. That is why major aviation compa-
nies and energy corporations are increasingly invest-
ing in Carinata as a sustainable alternative to fossil

fuels.

To sum up, the global interest in Carinata is driven by
its contribution to the circular economy. By integrat-
ing Carinata into agricultural and industrial systems,
it is possible to create a closed-loop system where
waste products are minimized, and resources are re-
used efficiently. This is not only supports environ-
mental sustainability but also promotes economic via-
bility for farmers and industries alike. As research
and development continue to optimize Carinata
breeding, cultivation practices, and processing tech-
nologies, its role as a global agribusiness Nuseed is
set to expand, making it a key player in the quest for

sustainable development and climate resilience.



Table 1. Carinata nuseed feedstock comparison with other sustainable aviation fuel (SAF) feedstocks (https:/nuseed.com/Carinata/; Lau et al., 2024).

Environmental sustainability and economic benefits

Type of feedstock Types of SAF feedstocks

generation
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Removes Atmospheric

Non-

Cover
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For SAF
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food

tion

crop

Carbon

Canola
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>SS S

>SS S
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Carinata

~>

~>

2™ generation

>SS S S

Lignocellulosic biomass

Camelina
Castor

>

Tallow

Used cooking oils
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Global Carinata Constraints. Despite its potential,
Carinata faces constraints that hinder its widespread
adoption and cultivation on existing cultivation tech-
niques. One of the primary challenges is the lack of
established markets and supply chains for Carinata
producers (Karami, 2021), even though few significant
integrated private companies have been started. While
the biofuel industry shows interest in Carinata oil, the
market demand is not yet sufficiently developed to en-
courage large-scale cultivation. For instance, farmers
in the southeast US identified barriers to Carinata
adoption at multiple scales, such as industry responsi-
bility, Carinata variety improvement, and land grant
extension activities (Christa ez al., 2020). Carinata as a
biofuel feedstock, is also a new crop to many regions
worldwide, therefore, limited information on agro-
nomic practices for successful production is available
(RSB, 2023).

Farmers' attitudes towards adopting bioenergy crops
are also affected by behavioral factors, such as the in-
fluence of neighboring farmers and individual risk
preferences (Ullah, 2022). Some farmers in Florida and
Brazil may be hesitant to adopt as a new cover crop
without stable prices, which creates a significant barri-
er to entry. Another constraint is the limited availabil-
ity of optimized agronomic practices and technical
knowledge. Additionally, Carinata is susceptible to
residual herbicides, thus fitting it into existing crop
rotations is a big challenge (Seepaul ef al., 2016,
2022). As it is a relatively new crop outside its native
region, research on best practices for planting, grow-
ing, and harvesting Carinata is still in its promising
stages. Hence, small-scale farmers may not have ac-
cess to adequate information on pest management, fer-
tilization, and irrigation specific to Carinata, leading to
suboptimal yields and increased risks. Moreover, data
on historical yield and price for new Carinata growers
as an energy crop is limited (Karami, 2021). Therefore,

involving multiple stakeholder groups for establishing
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the supply chain of Carinata-based SAF production with
extension services and agricultural training programs
need to be developed and disseminated to bridge this
knowledge gap (Alam et al., 2021; Masum et al., 2023).

Furthermore, breeding programs for Carinata are not as
advanced as those for other major crops, resulting in lim-
ited availability of high-yielding, disease-resistant varie-
ties. Breeding efforts are crucial for improving the crop's
resilience to biotic and abiotic stresses with climate
change and enhancing its sustainable oil content. Carina-
ta has a very low crossability with other Brassicas in-
cluding Brassica napus, however, it has been suggested
as a platform for the production of technical oil qualities,
and recombinant proteins (Chaudhary er al., 1998;
Jadhav et al., 2005). Until more robust and adaptable
varieties are developed, farmers may face difficulties in
achieving consistent and profitable production levels.
With this, there is no clear information on the economics
of Carinata-based SAF production, which is practically
missing at the supply chain level for ascertaining a real-
istic overall cost, and hence as an energy crop limits the
prediction of net present values using the exciting data

for simulation (Karami, 2021).

Carinata is generally susceptible to residual herbicides.
For instance, Seepaul ef al. (2023), highlighted that herb-
icides used in cotton or peanut may reduce Carinata es-
tablishment, growth, and yield. In temperate climates,
planting Carinata in late November may results in in-
creased pest damage and late harvest. Likewise, lack of
selective herbicides for post-emergence control of broad-
leaf weeds once Carinata is established is another chal-
lenge. Moreover, like other Brassica crops, Carinata
should not be grown every year but once every three
years on the same field to reduce disease problems
(George et al., 2021; Seepaul et al., 2023 ).

Environmental constraints also pose significant challeng-

es on Carinata, while adaptable to various conditions,

may still face issues in regions with extreme
weather patterns, such as prolonged droughts or
excessive rainfall (irrigation), which can adversely
affect crop performance and promotes disease
emergence (Seepaul et al., 2019, 2023). Moreover,
the crop's introduction into non-native ecosystems
requires careful management to avoid potential
ecological impacts, such as social welfare and
competition with local flora or the unintended
spread of pests and diseases. Additionally, eco-
nomic and policy-related constraints cannot be
overlooked. Christ ef al. (2020) reported that Cari-
nata promotion and expansion reinforces the com-
plex interconnectivity of factors influencing adop-
tion decision making and highlights the im-
portance of clearly defining stakeholder roles with-

in the public-private partnerships.

The success of Carinata as a global agribusiness
Nuseed needs supportive policies and incentives
from governments and international organizations
(IRENA, 2019). Without subsidies, research fund-
ing, and favorable regulatory frameworks, it is dif-
ficult to stimulate investment in Carinata produc-
tion and processing infrastructure. Moreover, the
competition with established biofuel feedstocks
and other crops for limited agricultural resources
poses an ongoing challenge, necessitating strategic
planning and coordinated efforts (IRENA, 2019) to
integrate Carinata into existing agricultural sys-

tems sustainably.

Generally, Carinata constraints encompass a range
of challenges and limitations that affect the current
demand for biofuel jet adoption of Carinata as a
sustainable and scalable crop. One significant con-
straint is the variability in regulatory frameworks

across different regions, which can hinder the
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commercialization and trade of Carinata seeds and
products. Furthermore, the limited information gap to
access in suitable agricultural land and water re-
sources like in developing countries, particularly in
regions facing land use competition and water scarci-
ty is challenge. Another crucial factor is the need for
further research and development to optimize agro-
nomic practices, enhance crop yields, and improve the
efficiency of Carinata-based biofuel production pro-
cesses (Ullah, 2022). Furthermore, economic factors
such as market demand, price volatility, and invest-
ment in infrastructure can also influence the viability
of Carinata cultivation on a global scale (Karami,
2021). Therefore, addressing these constraints re-
quires collaboration network among stakeholders,
including government agencies, research institutions,
agricultural companies, and farmers, to develop tai-
lored solutions and promote the sustainable integra-

tion of Carinata into global agricultural systems.

Future Prospectives of Carinata. Carinata is prom-
ising, driven by its potential to address global chal-
lenges in sustainable agriculture and renewable and
traceable energy (George et al., 2021; Roslinsky et
al., 2021; Seepaul et al., 2022). As the world increas-
ingly seeks alternatives to fossil-based fuels, Carina-
ta's high oil content (Seepaul et al., 2023) and suita-
bility for biofuel production (Alam ef al., 2021; Ma-
sum et al., 2023) position it as a key player in the
green energy transition. Advances in agricultural bio-
technology and breeding programs are expected to
develop higher-yielding, short growth period, more
resilient Carinata varieties (Seepaul et al., 2023), en-
hancing its commercial viability and attractiveness to
farmers. These improvements could lead to wide-
spread adoption, especially in regions with marginal
lands where other crops may not thrive, thereby con-
tributing to more sustainable agricultural practices

and increased food security.
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In addition to its biofuel potential, Carinata's role in
promoting environmental sustainability and biodiver-
sity is likely to expand ( George ef al., 2021; Seepaul
et al., 2019, 2020, 2023). As a cover crop, Carinata
can improve soil health, reduce erosion, and suppress
weeds, making it an integral part of crop rotation
systems (Bhattarai, 2019; Lawton, 2019). The devel-
opment of best practices and agronomic guidelines
will further support farmers in optimizing Carinata
cultivation. Additionally, its use as a cover crop can
help sequester carbon and mitigate the effects of cli-
mate change, aligning with global efforts to reduce
GHG emissions (Karami, 2021; Lawton, 2019). As
awareness of these environmental benefits grows,
Carinata could see increased adoption in both devel-
oped and developing countries. Moreover, the eco-
nomic prospects of Carinata are bolstered by its po-
tential to create new markets and value chains. The
integration of Carinata into the circular economy
model, where its by-products are utilized efficiently,
can stimulate economic growth and provide addition-
al income streams for farmers. For instance, the re-
sidual biomass after oil extraction can be used as
animal or poultry feed or in bio-based materials
(Schulmeister et al., 2019, 2021; Yadav et al., 2022),
adding value beyond the primary biofuel production.
Notably, this multi-purpose utility can attract invest-
ments and foster partnerships between agricultural
sectors and industries, enhancing the overall eco-
nomic sustainability of Carinata cultivation likely to
meet the United States’ Sustainable Development
Goals of number seven (affordable and clean energy)

and thirteen (climate action).

International collaboration and supportive policies
will play a crucial role in realizing the future poten-
tial of Carinata (ICAO, 2021; RSB, 2023 ). Govern-
ments, research institutions, and private enterprises
must work together to create a conducive environ-

ment for Carinata development.
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This includes funding for research and development, in-
centives for farmers, and the establishment of robust sup-
ply chains and processing facilities (Alam et al., 2021;
Masum et al., 2022 ). Generally, as these frameworks
take shape, Carinata could become a multi-purpose
oilseed crop in the global agricultural landscape, contrib-
uting significantly to climate change mitigation, business
economy, environmental sustainability, and sustainable
renewable energy sectors. The ongoing commitment to
innovation and sustainable practices will ensure that Cari-
nata reaches its full potential as a versatile and valuable

crop for the future.

Conclusion

Ethiopian mustard, also known as Carinata is gaining
recognition as a valuable non-food feedstock with signifi-
cant potential for enhancing environmental sustainability.
Its adaptability, high biomass production, and soil-
improving properties make it as a golden opportunity for
biofuel production and sustainable agricultural practices.
Despite its promising attributes, the full potential of Cari-
nata is yet to be realized due to existing challenges such
as optimizing cultivation techniques, improving pest re-
sistance, and advancing biofuel distribution methods. Ad-
dressing these constraints through dedicated research and
development will be crucial. As Carinata becomes more
agro-business and high-value crop, and produced by pri-
vate companies at large, its economic contribution will
increase and the supply chain will be improved for the
future sustainable aviation fuel supply and mitigations.
As these challenges are solved, Carinata can play a pivot-
al role in promoting sustainable energy and agricultural
systems, contributing to global efforts to reduce environ-
mental impact and promote ecological balance. Different
researchers and stakeholders have stands out Carinata as a
promising crop with multifaceted benefits for sustainable
agriculture and biofuel production. Its current status re-
flects its potential for high biomass yield, adaptability to
marginal lands, and valuable contribution to soil health.

However, realizing its full potential in developing and

small-scale farming societies is hindered by con-
straints such as the need for improved agronomic
practices, pest and disease management, and effi-
cient biofuel processing technologies. Address-
ing these challenges through targeted research
and innovation is essential for maximizing Cari-
nata's benefits. Looking ahead, the future pro-
spects for Carinata are bright, with the crop
poised to play a significant role in advancing re-
newable energy sources and promoting environ-
mentally sustainable farming practices, ultimate-

ly supporting global sustainability goals.
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