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To achieve the goals of the 2015 Paris
. Climate Agreement, society will not

2. ‘
only need to reduce CO, emissions, it

PA_RIS CLIMATE will need to remove CO, tfrom the
: G EEMENT atmosphere (negative emissions).

Carbon Dioxide Removal

Carbon dioxide removal (CDR) refers to the
extraction of carbon dioxide from the
atmosphere and its long-term storage
underground, in the ocean, in the terrestrial
biosphere, or in the built environment.



Bioenergy with Carbon Capture and
Storage (BECCS)

BECCS i1s the negative
emissions darling of
the climate modelers

associated with the
IPCC.

Problems:
1. Will require huge amounts of land,
2. Will compete with agriculture for land and freshwater,
3. Will encourage deforestation and biodiversity loss.



Is there anything else we can do
slobally?

Better Living
Through Algae
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Integrating Algae with Bioenergy Carbon
Capture and Storage (ABECCS)

* For example, 2,800 ha of soy cropland 1s

replaced by an integrated ABECCS system

with a 2,680-ha eucalyptus forest and a 120-

e T e ha marine algae production facility.

* The eucalyptus-fired power plant provides the
marine algae production facility with CO, and
electricity.

* The integrated 2,800-ha ABECCS system
produces as much protein (and it is higher
quality) as the soy cropland without
increasing land or freshwater demand, and

generates 61.5 TJ of electricity while

E_e’a" C. M., Archibald, I., Huntley, M. sequestering 29,600 t of CO, per year.

Greene, C. H., & Johnson, z.1.2018. * The system is economically viable when

Integrating Algae with Bioenergy receiving $1400/t of algae as a fish meal
Carbon Capture and Storage )
(ABECCS) increases sustainability, replacement and a $68/t of CO, carbon credit.
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Prototype Facility
for Algal Biomass Production
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Advantages of Marine Microalgae

High productivity,

Can use otherwise non-productive, non-arable land,
Does not compete with agriculture for land,

Does not compete with agriculture for freshwater,
No fertilizer runoff and downstream eutrophication,
Production of food, fuels, and other valuable co-products.
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Climate, Energy, and Fooc
Security from the Sec

Scaling things up
globally...

ing 101

WITH ICMM

runoff and

Greene, C.H., et al. 2016. Marine
microalgae: climate, energy, and food
security from the sea. Oceanography
29(4),
https://doi.org/10.5670/oceanog.2016.
91.



Algal Liquid Fuel Production
1. Meeting 2016 US Total Liquid Fuel Demand: ~19.6 million bbl/d*
Assumed productivity from our data: = 0.5 bbl/ha d
Land Requirement to meet US Transportation Fuel Demand:

19,600,000 bbl/d x (1/0.5 bbl/ha d) = 39,200,000 ha
39,200,000 ha => 392,000 km?

2. Meeting 2016 Global Total Liquid Fuel Demand: ~96 million bbl/d*
US Total Liquid Fuel Demand is ~20% of Global Demand

Land Requirement to meet Global Fuel Demand: ~192 million ha => 1.92 million km?

* US Energy Information Agency



Algal Protein Co-Productio

1. Protein produced in comparison to US Transportation Fuel Demand:

125 million kg/km? yr/ ha yr x 392,000 km? = 490 billion kg/yr

(and it is higher quality protein)
2. Protein produced in comparison to Global Liquid Fuel Demand:

125 million kg/km? yr/ ha yr x 1,920,000 km? = 2.4 trillion kg/yr
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Key Points

The large-scale industrial cultivation of marine
microalgae on land can provide society with:

* an environmentally favorable approach to
meet the Paris climate goals,

 the liquid hydrocarbon fuels required for jet
aviation, shipping and heavy vehicles,

 the carbon-negative, long-lived bio-petroleum
products required to reduce atmospheric CO,
concentration,

 the protein necessary to feed a global
population approaching 10 billion people,

* ameans to reduce the land demand for food
and fuel production, thus avoiding the CO,
emissions associated with land-use change.




