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Opinion

The equilibrium of the planet is a result biological, chemical, and physical forces working in concert to create interconnected 
and sustaining ecosystems. Organisms, both micro and macro, make tremendous contributions maintaining this balance. From 
chemical fixation to microbial decomposition, humans depend on intricate natural processes to not only survive in the world 
in which they live in, but to attempt to leave it in better condition for the next generation. The scientific consensus regarding 
necessary actions for limiting global warming to below the 20oC threshold has indicated that reducing Green House Gas (GHG) 
emissions alone will not be adequate. The halting of fossil fuel extraction and simultaneous removal of GHGs are considered 
necessary. This fact has drawn increased scrutiny to the global carbon cycle and the potential impact of Natural Climate 
Solutions (NCS), a suite of land stewardship practices that sequester carbon with the estimated potential to offset 21% of the 
current GHG emissions in the US while providing additional ecosystem services and commodities [1]. However, NCSs do not 
reduce the imperative need for mitigation in industrial sectors that produce economically essential commodities-fuels, materials 
and pharmaceuticals [2].  Generally, algae have largely been excluded from discussions regarding NCSs and engineered carbon 
sequestration despite being the dominant primary producers in most aquatic environments and a significant natural carbon sink 
through deep sea and coastal sediment formation [3]. Vegetative macroalgae (e.g. Sargassum) and unicellular phytoplankton, 
(e.g. coccolithophores) both demonstrate the capacity for massive scale blooms that are visible from space (Figure 1) and alter the 
biogeochemistry of their respective regions. For millennia these blooms served to regulate the global carbon cycle-contributing 
to what are now offshore petroleum reserves that currently support our energy economy. Algae and other marine autotrophs, a 
remarkably diverse suite of organisms, have been utilized by humans for consumption and industrial products for centuries and 
more recently to produce biofuels, pharmaceuticals, and even cosmetics. Such industries can provide the dual benefit of serving 
as a carbon sink, while also supporting the production of valuable and renewable commodities in a petroleum free economy. 

Climate change is an accelerating outcome of deleterious human activity on the environment due to the combustion of 
reduced carbon reserves. Industries utilizing petroleum to produce carbon-producing fossil fuels, for example, significantly 
contribute to the excess CO2 released into the atmosphere and absorbed by our oceans. The oceans have absorbed over 30% 
of anthropogenic CO2 emissions since the industrial revolution, and regional differences in carbon storage rates are due to 
climate-driven changes [4]. As a result, existential threats, like rising global temperatures and ocean acidification, are disrupting 
the natural balance of carbon at unprecedented rates. Solutions are urgent to mitigate the factors responsible for climate change 
in an environmentally sustainable and economically viable fashion. Microalgae and macroalgae, which serve as major marine 
carbon sinks that sequester much of the organic compounds in coastal and benthic sediments, can be utilized innovatively 
to fight climate change. In fact, harmful algal blooms have adapted to factors, such as eutrophication, via being capable of 
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Figure 1: Satellite-based estimate of chlorophyll and growth of an algal bloom via NOAA (Climate.gov).
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sequestering an influx of nutrients from terrestrial runoff and gasses from the atmosphere. 
Although these harmful blooms are responsible for producing toxic metabolites, like 
kainic acid [5], which is linked to the Alzheimer’s neurodegenerative disease, they are 
excellent sequesters of Blue Carbon. The term ‘Blue Carbon’ refers to organic carbon that 
is captured, stored, and sequestered by the oceans and coastal ecosystems [6]. Algae and 
other marine primary producers fix over 50% of the planet’s carbon via photosynthetically 
driven CO2 assimilation. They greatly contribute to the annual biological sequestration of 
global CO2, since they photosynthesize at high rates with a Gross Primary Production 
(GPP) of ≥ 3,000 GC m−2 year−1 [7]. Algae-based industries that take advantage of marine 
algal blooms as natural and efficient sequesters of carbon can set the stage for alternatives 
to petroleum products.

Crop-based biofuel production is now a century-old process and has paved the 
way for additional feedstocks and processing techniques to be considered for expanding 
the chemical space obtainable through fossil-fuel independent production [8]. A key 
consideration for the viability of NCS-based biotechnologies is their competition with 
productive land necessary for food-crops. This is where algae-based technologies have a 
distinct advantage. They can sequester carbon, mitigate nutrient runoff, provide positive 
ecosystem services, diversify agriculture, and serve as the feedstock for industries without 
displacing current agricultural operations. Existing methodologies of utilizing algal 
biomass can be divided into passive and active techniques. Passive refers to the harvesting 
of naturally occurring blooms through the filtration of microalgae from a body of water 
or physical collection of existing macroalgae-often after it has drifted ashore. Active 
techniques largely refer to the aquaculture production of algal biomass. These systems 
can be in the environment-as is the case with many edible macroalgae species-or in 
bioreactors that range from closed systems with selective inputs to industrial systems that 
can be incorporated into wastewater treatment facilities [9-10]. In the United States, over 
a quarter of global petroleum and other carbon-producing fossil fuels are consumed as 
energy or as feedstock for industrial products. Transportation and health care, among 
other sectors of daily life, are majorly dependent on petroleum-derived products, such as 
gasoline to power a combustible engine and petrochemicals to produce plastic medical 
supplies and drugs. It is estimated that over 3.4 billion pounds of petroleum-derived 
plastics were used in health care in 2010, and that petrochemicals were responsible for 
manufacturing 99% of pharmaceuticals and reagents used to promote human health [11]. 

This dependency may be convenient for humans but is not sustainable for the 
environment, as excess CO2 released into the atmospheres and absorbed by our oceans 
are driving climate change. Greater efforts must be set in motion that strive to mitigate 
anthropogenic carbon emissions and other pollutions from industries that manufacture 
non-renewable energy and petroleum-derived products. Potential solutions to tackle the 
climate crisis are utilizing algae in renewable and efficient technologies/methodologies. 
For example, nutrient extraction from wastewaters, biofuel production, and replacing 
petrochemicals as feedstocks used in industrial production. Renewable energy to replace 
fossil fuels, as well as developing green bio-friendly feedstocks for industry production, 
is possible by focusing on sustainable strategies that limit the output of excess organic 
compounds and nutrients. Algae’s ability to sequester carbon, as well as inorganic 
nitrogen, phosphorus, and iron, could been used to treat aquacultural wastewaters via 
Moving Bed Bio Reactors (MBBRs). These bioreactors cultivate macroalgae biomass, 
decrease Proteobacteria, but increase Bacteroidetes to induce a synergistic effect to 
improve the efficiency of algal sequestration [12]. These bioreactors could be used 
to reduce eutrophication produced from aquaculture and other industries, which is 
responsible for the production of harmful metabolites linked to detrimental health risks 
and biodiversity loss [13].

Renewable energy is more than just solar panels and wind turbines. Biofuels, which 
are energy sources derived from organic biomass, have reduced carbon emissions by at 
least 590 million tons, as of 2015. Microalgae and cyanobacteria are considered producers 
of ‘third-generation’ biofuels due to their ability to photosynthesize in a more direct and 
energy effect manner compared to generic plants. For example, bioethanol production 
via algal fermentation is approximately 9,000 L/hectare/year, whereas corn only 
produces 600 L/hectare/year.8 Biofuels produced from algae, most notably bioethanol, 
can be chemically converted to sustainable and renewable plastics, unlike petrochemical 
products heavily used in healthcare: medical equipment, pharmaceuticals, and cosmetics. 
One strategy is utilizing fixed-bed catalytic reactors to dehydrate bioethanol from 
algae to form ethylene. Using bioethanol instead of fossil fuels to produce ethylene for 
polyethylene synthesis would be a major contributor for reducing carbon emissions 
from petrochemical production [14]. An additional method to naturally reduce carbon 
emissions is the mass production of algae-derived biofuels via the artificial induction 
of algal blooms. Replacing petroleum-derived feedstocks used in transportation and 
other industries is possible by the addition of fertilizers, like iron, to increase biomass 
and overall carbon sequestration [15], and by stimulating solar-to-product conversion 

efficiency via engineering strategies that target the bioconversion of photon energy into 
fixed carbon [8].

Algae contain renewable and sustainable natural compounds that can be utilized 
for an array of consumer products, ranging from the food industry to health care. 
For example, phycocolloids used in agar production are primarily found in red 
algae (Rhodophyta) and are used commercially as gelling agents and as stabilizers for 
preservation. ‘Cosmeceuticals’, which lie between the cosmetic and pharmaceutical 
fields, use algal-derived compounds as either drug vehicles or as active compounds for 
therapeutic ingredients: palmitic acid and other fatty acids as vehicles used in cosmetics 
as emulsifiers, whereas polysaccharides, like carrageenan and alginate, used as water-
binding agents that balance moisture [16]. In addition, algae-derived substances can 
be utilized for the formation of biopolymers to form algae-based bioplastics that are 
renewable and biodegradable. For example, algae oil has been used to develop biopolyols 
to produce polyurethane foam (PUF), which could be used as renewable and raw 
materials for new technologies, such as three-dimensional (3D) printing [17]. Only a 
handful of companies have pushed for green environmentally friendly products, mainly 
due to profits, yet there is a rising trend and a consumer demand for commodities that 
are healthier for the planet. For instance, Adidas has replaced some of the soles of its 
popular Yeezy shoes with algae foam grown from their own hydroponic farms. As time 
progresses, there will an increase in stringent environmental regulations and policies 
that will monitor industry and push companies towards renewable and sustainable 
alternatives to everyday products. Perhaps algae-based technologies and strategies can 
pave the way for natural mitigation of greenhouse gasses and petroleum independence.

While these harmful algal blooms are a major cause for concern to both human 
and environmental health, they also demonstrate the immense capacity and potential of 
algae to convert atmospheric carbon and nutrient waste into a vast array of chemicals at 
exceedingly large scales. The hope is that if managed properly, algae-based technologies 
can reduce human’s impact on climate change and pollution-driven environmental 
degradation while simultaneously producing valuable commodities that currently require 
fossil fuels to produce. Afterall, fossil fuels are nothing more than ancient autotrophs 
locked away in the Earth’s crust-extracting them makes little sense when considering the 
current excess of CO2 in the atmosphere and a ready supply of solar-powered chemical 
reactors (algae) eager to grow. 
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