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Environmental Challenges For Algal Biofuels

Primary Industry  
Recommendations

Begin life cycle 
analysis (LCA) at fuel 
product design phase

Conduct a water 
balance

Identify 
environmental 
relationships with 
up/downstream 
processes

Encourage 
transparency of direct 
and indirect process 
inputs and outputs

•

•

•

•
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CONVERSION PROCESS

Thermochemical Supercritical Water Gasification

  Algae-to-Biofuel Production Pathways

Transesterification

[ III ]
OIL EXTRACTION PROCESS

Expulsion

[ II ]
HARVESTING PROCESS

[ I ]

ALGAE CULTIVATION PROCESS

DehydrationRecoveryOpen Pond System Products
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Gasification Reactor
Synthesis gas (CO,CO2,H2,CH4,N2)

SUPERCRITICAL WATER GASIFICATION

Environmental Benefits

• Minimized energy inputs: Supercritical water gasification

– Low process temperatures at about 350ºC (with a metal catalyst) 
or 697ºC (with an alkali or carbonaceous catalyst). 

– Reduced or eliminated drying processes, since process accommodates 
wet biomass.

Environmental Concerns

• Maximized energy inputs: Conventional catalytic gasification

– Low process temperatures above 1,000ºC. 

– Maximized use of drying processes, since process accommodates 
dry biomass with a moisture content no higher than 15% to 20%.

• Storage and transport of the gas product are costly. 

• Required regular maintenance due to tar build up in the gasification unit, 
which may also decrease the unit’s life span.

Environmental Unknowns

• Potential environmental impact of conversion catalysts lifecycle.

• Potential impact of the byproducts of gasification, particularly of tar, 
N, S, Cl, and alkali species.

• Since the makeup of syngas (the primary product of gasification) tends to 
vary—makeup is based on the type of feedstock, its moisture content, the type 
of gasifier used, the gasification agent, and the temperature and pressure in the 
gasifier—could the makeup (CO, CO2, H2, CH4, and N2) be tailored according to 
market demands or parameters for environmental sustainability?

• The current inventory of gasification plants (19 in the U.S., 140 worldwide) run 
on pet coke, coal, and refinery waste. Is it possible (technically, ecologically, 
and financially) to convert these plants (as opposed to building new plants) to 
run on algal biomass?

• Impact of byproduct CO2 on local air quality if it were not captured and used 
for algae cultivation.

TRANSESTERIFICATION See Pathway D-IV.
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MECHANICAL OIL EXPULSION

Environmental Benefits

• Minimized energy inputs.

Environmental Concerns

• Yields may be too low for efficient scale-up.

Environmental Unknowns

• Is it possible to modify algal strains to have 
weaker cell walls that can be broken under 
lower pressures or to pre-treat the cells (with 
low heat) to make possible improved yield 
percentages from mechanical pressing 
technologies?
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Environmental Benefits

• Simplified storage and shipment of dried 
biomass.

Environmental Concerns

• Maximized energy input:

– Biomass must be dried to a point of 90% 
solids content in order to avoid spoiling 
during storage and shipment.

– Latent heat required to increase solids 
content from 20% to 90% is about 170 
kWh/day/acre (may not be economical 
unless free heat is available).

Environmental Unknowns

• Unknown.

MECHANICAL PRESS 

See Pathway D-II.
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FLOCCULATION

Environmental Benefits

• Implemented without chemical use 
may allow wastewater to be 
released or re-used untreated.

• Implemented in conjunction with 
most cultivation methods.

Environmental Concerns

• Recovered biomass has a high 
moisture content which may 
impact downstream process 
options and energy inputs.

• Contaminated wastewater and 
residual biomass due to use of 
chemical or synthetic flocculants.

• Required treatment of wastewater 
prior to release or re-use due to 
toxicity of certain flocculants.

• The need for wastewater treatment 
could increase energy inputs.

Environmental Unknowns

• Understanding and controlling the 
mechanisms of bioflocculation 
to improve efficiency of biomass 
recovery without the impacts 
associated with the use of toxic 
chemicals.
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PATHWAY A: Open Pond System
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OPEN POND SYSTEM

Environmental Benefits

• Little to no displacement of livestock or food agriculture.

• Recycled industrial CO2 emissions may improve algae productivity.

• Minimized energy inputs.

Environmental Concerns

• Mono-cropping requires extreme growth conditions (e.g., high 
salinity) that could impact the environmental quality of the region.

• Production of a low-density crop may lead to more ponds and 
resources needed to achieve desired annual yields.

• Require extensive areas of flat land.

• The least land-efficient among existing or conceptual 
algal cultivation systems.

• Use of wastewater often requires additional downstream ponds for 
algae maturation or sediment settling which could increase land use.

• Vast transformation of landscape may alter native habitats, 
ecosystems, and migratory patterns.

• High evaporation rates may impact water demand and humidity levels;
Some amount of water will need to be discharged continuously to 
prevent salt accumulation.

• Land-use may not be very efficient where production is seasonal.

• Pond liners and water-lifting infrastructure could have implications 
for groundwater infiltration, soil erosion, and materials toxicity.

• Maintaining culture purity means limiting or excluding natural and 
native aquatic life.

Environmental Unknowns

• Long-term implications of vast land transformation (millions of 
square miles) have not been given due attention.

• Impact on regional water sources relative to water type (fresh, 
brackish, saline, waste, etc.) used for cultivation.

• Water use data are limited. 
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