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ABSTRACT

Microalgae are attractive as a source of liquid fuel because some strains accumulate large

amounts of neutral lipid, grow on land that is unsuitable for crops and can use waste nutrients

and carbon dioxide. Yet a decade of enthusiasm has not produced a commercial fuel that

competes on price. This narrative review follows the chain from strain choice, through

cultivation in open ponds and closed photobioreactors, to harvesting and lipid extraction, and

asks where the real constraints lie. It draws on published work on algal biology, bioprocess

engineering, extraction chemistry, techno-economic analysis and life-cycle assessment, and it

reports no new data. Lipid content measured in a flask under nutrient stress is a poor guide to

lipid productivity outdoors, because the stress that raises lipid content also slows growth.

Open ponds are cheap but vulnerable to contamination, whereas closed systems are

controllable but costly. Dewatering and extraction contribute a large share of energy use and

cost, and no single solvent or disruption method suits every cell wall. The review concludes

that algal biofuels remain technically plausible and economically unproven, that coproducts

and waste-stream integration offer the more realistic route, and that results should be reported

on a productivity basis with the whole process counted.
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1. Introduction

Liquid fuel is hard to replace. Electricity

can move a car, but ships, aircraft and

heavy freight still depend on energy-dense

liquids, and that fact has kept interest in

biological fuels alive long after the first

wave of enthusiasm for crop-based

biodiesel faded (1, 2). Microalgae look like

an answer to the main objections. Some

strains store a large share of their dry

weight as lipid, they can grow in saline or

wastewater on land that grows no food,

and their photosynthetic efficiency is often

described as higher than that of terrestrial

crops (3, 4). Their lipids can be converted

to the same kinds of fuel that are already

burned in diesel engines (5).
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The difficulty is the distance between a

promising culture and a barrel of fuel. A

strain that accumulates lipid happily in a

flask may collapse in an outdoor pond, and

a reactor that protects the culture may

consume more energy than the oil is worth

(6, 7). Reviews of the last decade agree

that the field has been long on potential

and short on demonstrated economics (8,

9).

This article is a narrative review of that

chain, from the biology of lipid-rich algae

to the chemistry of getting the oil out. It

does not report new experiments, and it

does not claim a systematic search. Where

published work disagrees, we say so, and

where the evidence depends on

assumptions that are seldom stated, we try

to name them. The aim is a fair account of

what is known, not a catalogue of record

claims.

2. Literature Review

2.1 Why Algae, and Which Algae

Only a small fraction of known algae have

been examined as fuel feedstocks. The

lipids of interest are mainly

triacylglycerols, which many algae store

when growth is limited by a nutrient such

as nitrogen while light and carbon remain

available (10, 11); their formation has been

followed in detail in the model green alga

Chlamydomonas (12). Membrane lipids

and pigments come along in the extract but

are a nuisance.

The fatty acid profile decides what the fuel

will be like: chain length and unsaturation

influence cold-flow behaviour, oxidative

stability and ignition quality (13). Table 1

lists the traits that most often decide

whether a strain is a realistic candidate.

2.2 Cultivation Systems

Two families of system dominate the

literature. Open ponds, usually shallow

raceways stirred by a paddle wheel, are the

older and cheaper design, and they have

long been used for hardy species that

thrive in extreme conditions (18, 19).

Closed photobioreactors, whether tubular,

flat-plate or column designs, protect the

culture from invaders and allow better

control of temperature and gas exchange,

but they cost more to build and to run, and

they bring their own problems of oxygen

build-up and fouling (20, 21).

Table 1. Traits that make a microalgal strain a
candidate for fuel production.

Trait Why it matters
Common

difficulty

Lipid

productivity

Combines

growth and lipid

content (14)

High lipid often

means slow

growth

Robust growth

outdoors

Must tolerate

temperature and

light swings (15,

16)

Flask winners

may fail

outdoors

Fatty acid

profile

Sets fuel quality

(13)

Too unsaturated

for stability

Harvestability

Cell size and

surface affect

recovery (17)

Small cells stay

suspended

Contamination

resistance

Dominance is

hard to hold in

open systems

(18)

Extreme

conditions limit

the choice

Note: Qualitative summary of the cited literature; no

values are given because they depend on strain and

conditions.

Neither system is simply better. A pond

tolerates the weather and loses water by

evaporation; a reactor excludes most

contaminants and can overheat in

sunshine. Such differences look small at

flask scale but compound at the scale of a

plant.

Heterotrophic growth in fermenters, where

algae are fed an organic carbon source in

the dark, avoids the light problem

altogether at the price of a sugar bill (22).

Table 2 sets the two main systems side by

side.
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Table 2. Open ponds and closed
photobioreactors compared qualitatively.

Attribute Open pond Closed reactor

Capital cost Lower (18, 21) Higher (20)

Contamination Frequent risk
Easier to

exclude

Temperature

control

Little; follows

weather

Possible, at an

energy cost

Gas transfer Often limiting
Better but can

build up oxygen

Scale-up
Straightforward

in principle

Harder; many

units or long

tubes

Water loss
Evaporation can

be large
Smaller

Note: Reading of the cited reviews; actual

performance depends on site, strain and management.

2.3 Nutrients, Carbon and Wastewater

Algae need nitrogen, phosphorus and

carbon in quantity, and supplying them

from fertiliser and purchased carbon

dioxide would count heavily against the

fuel in any energy or cost balance (23, 24).

Much recent work therefore proposes

growing algae on wastewater, which

supplies nutrients and treats the water at

the same time (25, 26), with flue gas as a

source of carbon dioxide that some strains

answer with changed lipid accumulation

(27).

The promise comes with qualifications.

Wastewater varies from day to day, it

carries its own microbial community, and a

culture that must also meet discharge

standards is not optimised for lipid. The

question changes from how to produce oil

to how to run a treatment process that

yields oil as a byproduct. These points

apply with equal force to any emerging

bioenergy route, not only to algae.

3. Materials and Methods

3.1 Scope

The review covers microalgae grown for

lipid-based fuels, mainly biodiesel and its

precursors: strain selection, cultivation,

dewatering and lipid recovery, with

techno-economic and life-cycle studies

where they bear on those steps.

Macroalgae, anaerobic digestion and

thermochemical conversion lie outside the

scope.

3.2 Literature Assembly

The sources are peer-reviewed reviews and

research papers that the authors knew or

located through citation chains, published

up to the year of this issue. No formal

systematic search was performed, so the

selection reflects judgement and is open to

the usual biases of a narrative review.

None of these steps is difficult, but each is

easy to skip.

3.3 Appraisal Framework

Each source was read against four

questions: what was measured, at what

scale, under what conditions, and how the

result was expressed. A lipid percentage

from a stressed flask culture, for instance,

answers a different question from a

productivity figure for an outdoor reactor

over a season. Findings are presented

qualitatively and grouped by step of the

production chain; no numerical pooling

was attempted. It is a habit worth keeping

even when the answer seems obvious.

4. Results

4.1 Strain Selection and the Lipid
Trade-off

The most robust finding in the strain

literature is a trade-off. Conditions that

push lipid content up, such as nitrogen

starvation, tend to slow cell division, so oil

accumulates in fewer cells. Lipid

productivity, which combines growth rate

and lipid content, is therefore the measure

that matters (14), and screening

programmes rank isolates on it under

common conditions before testing the best

DOI: https://doi.org/10.62644/iajlb.2019.v16.i4.pp11-18 Indo-Am. J. of Life Sc & Bt  |  Vol. 16, Issue 4, 2019  |  pp 11-18

https://iajlb.org
https://iajlb.org
https://doi.org/10.62644/iajlb.2019.v16.i4.pp11-18
https://doi.org/10.62644/iajlb.2019.v16.i4.pp11-18


Indo-Am. J. of Life Sc & Bt. 2019 ISSN 2347-2243  iajlb.org

Vol.16, Issue 4, 2019

14Boissonnet, Montalban and Zanetti, 2019 | 10.62644/iajlb.2019.v16.i4.pp11-18

outdoors (15, 16). A culture that has had

time to settle behaves differently from one

that has not.

Even so, screening is fragile: a strain

chosen in a controlled laboratory may rank

differently when temperature, light and the

resident microbial community change.

Genetic engineering offers a way to

separate growth from lipid accumulation

(28, 29), and approaches that raise lipid by

manipulating growth conditions are also

reviewed (30). Engineered strains must

still be shown to work outdoors, and

releasing them into open ponds raises an

unresolved regulatory question. Figure 1

places strain choice within the whole

chain. Read this way, a lipid figure from a

flask is a starting point, not a forecast.

Figure 1. Chain from strain to fuel and the places

where losses and costs arise (schematic, not data).

4.2 Cultivation Performance

Reports from outdoor culture consistently

show productivity falling short of

laboratory expectation. Light is absorbed

in the top layer of a dense culture,

temperature swings with the day and the

season, and grazers or competing algae can

take over a pond within days (18, 20).

Closed reactors improve control, yet the

energy for mixing and cooling can offset

the gain, so net energy return depends

heavily on design (23, 24). The point is not

that a study is poor, only that its result

travels less far than its abstract suggests.

Figure 2 summarises the qualitative

picture. No cultivation mode is free of a

concern; each mode trades one concern for

another, and the choice depends on strain,

climate and what else the plant is meant to

do. Comparisons across studies therefore

need the conditions stated. This is why the

same species can look excellent in one

report and unremarkable in the next.

4.3 Harvesting and Dewatering

Algal cultures are dilute, and the cells are

small and slightly negatively charged, so

they stay suspended. Recovering biomass

is a major bottleneck, and flocculation,

flotation, centrifugation and filtration each

carry costs in energy, chemicals or

contamination of the biomass (17, 31).

Centrifugation is effective but

energy-intensive; flocculation is cheaper

but can leave residues that complicate later

steps.

Figure 2. Qualitative matrix of cultivation modes

against common concerns (schematic, not data).

Dewatering sits between cultivation and

extraction, so its choice constrains both.

Drying the paste before extraction is costly

enough that many analyses treat it as

decisive (32, 33), and no single harvesting
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method is treated as solved.

4.4 Lipid Extraction

Lipid recovery from algae borrows from

analytical chemistry. The chloroform and

methanol procedures developed for animal

tissue remain the reference against which

other methods are compared (34, 35), but

toxic solvents and low throughput make

them unsuitable for a plant. Comparative

studies find that the efficiency of a method

depends on the species, on the state of the

cells and on whether the biomass is wet or

dry, and that no method wins everywhere

(36, 37).

Cell wall strength is the main variable.

Tough walls resist solvents, so mechanical

disruption by bead milling,

homogenisation, sonication or microwaves

is often added, at the cost of energy (38,

39). Supercritical carbon dioxide is

selective and leaves no solvent residue, but

the pressure it needs raises capital cost

(40). Table 3 sets out the main approaches,

and Figure 3 gives a simple decision path.

Table 3. Lipid extraction approaches and the
issues that accompany them.

Approach Strength Limitation

Chloroform�methanol

Thorough;

the

analytical

reference

(34, 35)

Toxic

solvents; not

for scale

Hexane after

disruption

Less

hazardous;

suits fuel

lipids (37)

Wet biomass

extracts

poorly

Mechanical disruption

Opens tough

walls (36,

38)

Energy

demand; heat

Supercritical carbon

dioxide

Clean,

selective

(40)

High pressure

and cost

Direct conversion of

wet biomass

Skips drying

(39)
Less mature

Note: Summary of reviews cited in the text; no

performance figures are given.

Figure 3. Decision tree for choosing a lipid

recovery route (schematic, not data).

5. Discussion

5.1 Interpretation

Read as a whole, the literature supports a

conditional reading. Algal lipids are real,

and the biology is interesting, but the

economics rest on assumptions that have

rarely been tested at scale.

Techno-economic studies reach different

conclusions depending on the productivity

assumed, the value of coproducts and the

treatment of dewatering and extraction (32,

41). Life-cycle assessments find that the

answer depends on how nutrients, drying

and coproducts are handled, and that a

poorly integrated system can use more

fossil energy than it displaces (23, 24). A

saving that vanishes once the whole

process is counted is not one an operator

would ever see.

The more realistic route appears to be

integration: producing fuel alongside

higher-value products, or treating water

while producing oil, so that fuel is one

revenue among several (19, 42). Several

authors suggest that fuel may follow only

after a biorefinery model is established (7,

43), and fuel from algal oil must in any

case meet quality standards that raw oil

often does not (5, 44). Nothing here argues
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against algal fuels; it argues for measuring

what happens at scale.

5.2 Limitations

This review has the limitations of its type.

Sources were selected without a systematic

search, so relevant work may be missing.

Many studies are laboratory or pilot

studies using different strains, units and

conditions, which prevents direct

comparison, and economic and life-cycle

studies depend on modelling assumptions

that vary widely. We have avoided quoting

numbers whose provenance we could not

confirm, which makes the account less

specific than a reader might wish, but

safer. Reviews are more useful when they

say where the evidence stops than when

they smooth it over.

5.3 Future Work

Three needs stand out. First, shared

reporting standards, so that studies state

productivity per unit area and time and

describe the conditions (45, 46). Second,

long outdoor trials with realistic

contamination. Third, integrated

assessments that count dewatering,

extraction, nutrients and coproducts in a

single balance (43, 47).

6. Conclusion

Microalgae can make lipid suitable for

fuel, and several strains and systems have

been shown to work in demonstration.

What the literature has not shown is a route

that is competitive without subsidy or

coproduct revenue. The central difficulty is

not that algae cannot make oil, but that the

conditions for high lipid content, the cost

of cultivation, and the energy for

dewatering and extraction pull against each

other. Researchers should report

productivity, state conditions and count the

whole process; planners should treat algal

fuel as an option tied to waste treatment or

coproducts. That is a modest conclusion,

and it is the one the literature will bear.
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