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Abstract—Obtaining biofuel from algae has acquired a great 
importance in recent years, mainly due to the rising prices of 
conventional fuels and the high potential of biofuels to replace 
them. The algal biomass has good qualities which make it an 
attractive raw material for manufacturing biofuels. In coastal 
areas, the death of a multitude of clams and bivalves is caused by 
the large accumulation of macroalgae on the seafloor or on 
sandbacks. These algae, which are mostly untapped, can be 
collected and used to produce liquid, solid or gaseous biofuels. 
Different hydrothermal processes such as hydrothermal 
carbonization (HTC), hydrothermal liquefaction (HTL) or 
hydrothermal gasification (HTG) can be used to obtain fuels 
from macroalgae. At present, none of these processes has been 
studied in depth. 

In this research, hydrothermal liquefaction (HTL) to obtain a 
liquid fuel was carried out using macroalgae as raw material. 
Three different species of marine macroalgae collected in Spain, 
were used: Fucus Spiralis, Pelvetia Canaliculata and 
Enteromorpha Prolifera (Ulva). All tests were carried out with 
1:10 ratio algae:distiller water, which is 9% by weight of solids. 
The liquefaction experiments were conducted at temperatures of 
250 °C and 300 °C, with residence times of 15-180 min. Na2CO3 
was used as catalyst. Once mixed (algae, distilled water and 
catalyst), the mixture was introduced into the discontinuous 
reactor, it was closed at 15 Nm and then it was introduced into a 
muffle. The heating temperature, from room temperature to the 
working temperature, was experimentally calculated resulting in 
16.42 °C/min. After the HTL process completion, the resulting 
product was mixed with dichloromethane and then decatated  
and separated. The dichloromethane was then evaporated to 
obtain the bio-crude which was analysed. The best results were 
achieved for Enteromorpha Prolifera macroalga when it was 
subjected to 2 hours of HTL at 250 °C of temperature. 
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I.  INTRODUCTION  
The increasing prices and demand of fossil fuels as well as 

their limited reserves and the greenhouse gas emissions 
generated by their combustion have driven the development of 
renewable energy sources. A wide variety of raw materials can 
be used to produce biofuels, however an inexpensive, easy to 
produce and abundant feedstock is essential for large-scale 
production [1]. In recent years, algal biomass has been 
postulated as a source of energy with a high potential [2]. 
Marine macroalgae are a plentiful resource, free and available 

throughout the year. In coastal zones, tons of macroalgae are 
annually withdrawn from the sandbacks and shellfish areas. 
The presence of this biomass causes the death of numerous 
bivalves by preventing the necessary oxygen to breathe. On the 
other hand, their accumulation on beaches as well as the 
produced stench requires that these algae are removed by 
specialized companies and treated as regular waste, in some 
cases [3]. Different types of fuels can be obtained from algae 
by hydrothermal processes. Thus, a gaseous fuel rich in 
hydrogen and methane is generated by hydrothermal 
gasification, while a solid fuel, called biochar, is produced 
through a hydrothermal carbonization process and finally, a 
liquid fuel known as bio-crude can be obtained by 
hydrothermal liquefaction [4]. One of the great advantages of 
these techniques is that dry biomass is not required to carry 
them out [5]. In the present study, hydrothermal liquefaction 
processes (HTL) from 3 marine macroalgae species were 
conducted with the objective of obtaining a liquid biocrude. 
HTL is normally conducted under temperatures ranging from 
200 °C to 350 °C and pressures high enough to keep the water 
in liquid state. Under these conditions, proteins, lipids and 
carbohydrates contained in the macroalgae are converted into 
biocrude, gas and solid residue [6]. 

II. EXPERIMENTAL 

A. Materials 
In this work, three species of marine macroalgae were 

selected including two brown macroalgae, Fucus Spiralis, 
Pelvetia Canaliculata and one green macroalgae, 
Enteromorpha. The selected species were collected from the 
Galician beaches, washed with water to remove salt residues 
and sun-dried for a few days. The dried algae were crushed 
with the aim of obtaining small solid particles and stored in 
airtight containers. 

B. Hydrothermal liquefaction 
Different hydrothermal liquefaction experiments were 

carried out in 250 mL stainless steel reactor. In all tests, 20 g of 
dried macroalgae and 150 mL of distilled water were loaded 
into the reactor and it was closed at 15 Nm torque. In addition, 
in some of the experiments, 2.5% wt of Na2CO3 catalyst was 
added to reaction mix in order to accelerate the reaction [7]. 
Reaction temperatures between 250 °C and 300 °C were set by 
introducing the reactor into a J. P. Selecta oven. The oven was 
warmed from room temperature (25 °C) to the desired 
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temperature at a 16.42 °C/min rate of. Residence times 
between 15 minutes and 3 hours were studied. Once the set 
temperature value was reached, it was maintained for a certain 
time and then the reactor was chilled to room temperature. 
After completion, the reactor was opened, the gaseous products 
were vented and the rest of the products were mixed with 150 
mL of dichloromethane (CH2Cl2) and allowed to settle in a 
decanter. Two different phases were obtained, an aqueous 
phase, located at the bottom of the decanter, which was 
discarded and a CH2Cl2 phase containing the bio-crude 
fraction. The CH2Cl2 phase was centrifuged for 10 minutes at 
4000 rpm and the solid residues were separated from the liquid 
fraction. On the one hand, the algae solid residue were dried in 
a J. P. Selecta 2207 oven at 105 ºC to constant weight and on 
the other, the liquid fraction was distilled to separate the 
dichloromethane (to be reused in other experiments) of the bio-
crude. The procedure followed is shown in Fig. 1. The different 
experiments carried out can be observed in Table I. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 1. Procedure followed for the separation of the products resulting from 
hydrothermal liquefaction. 

TABLE I.  EXPERIMENTS CARRIED OUT 

Test 
 number Algae species T (ºC) Time  Catalyst 

(Na2CO3) 

1 Fucus Spiralis 250 15 min No 

2 

Enteromorpha 

250 20 min No 

3 250 1 h Yes 

4 250 2 h Yes 

5 250 3 h Yes 

6 Pelvetia 
Canaliculata 

300 1 h Yes 

7 300 30 min Yes 

III. RESULTS AND DISCUSSION 
The effect of temperature, residence time and catalyst have 

been studied to improve the production of bio-crude. 
Temperatures of 250 ºC and 300 ºC were considered in this 
research since the highest decomposition of biomass takes 
place between 200-350 ºC which corresponds with results 
published by other authors [8,9]. At these temperatures the 
decomposition of lignocellulosic materials is maximum [2]. In 
this study, solid residues and gaseous products have not been 
analyzed, only the liquid fraction has been taking into account.  

In experiment 1, the hydrothermal liquefaction was carried 
out for 15 minutes at 250 °C. Once completed, no biochar was 
found. This test was conducted in duplicate and the same result 
was observed in both cases. This fact heve been because an 
insuffient HTL time [10]. Based on the data obtained in the 
first experiment, other macroalga species were put to a similar 
procedure to that related in [7]. In this case, Enteromorpha 
macroalgae was used and HTL was conducted for 20 min at 
250 °C. As well as in the tests performed with Fucus Spiralis 
species, the formation of bio-crude did not happen. It should be 
noted that no catalyst was added with the aim of reducing 
overall process costs. In the following experiments, 2.5% wt of 
Na2CO3 was added to the reactor in order to favor the bio-crude 
production.  

Longer reaction times, 1, 2 and 3 hours, were applied in 
experiments 3, 4 and 5 respectively. In addition, another 
macroalgae species, Pelvetia Canaliculata, and a higher 
temperature (300 ºC) were used in experiment 6 and 7 to check 
wether the temperature increment increased the hydrocarbon 
formation. Analysis by gas chromatography/mass spectrometry 
of the biocrude oil obtained in tests 3, 4, 5 and 6 are shown in 
Fig. 2. These results were obtained by calculating the relative 
percentage of the area of the chromatographic peaks in each 
sample. 

A maximum amount of 53.2 g/L hydrocarbons were 
reached using Enteromorpha macroalga. The conditions to 
which the hydrothermal liquefaction was conducted were 250 
°C for 2 hours in the presence of Na2CO3 catalyst. 

 

 
 

Fig. 2. Concentration of hydrocarbons obtained in experiments 3, 4, 5 and 6. 

Contrary to expectations, higher reaction times achieved 
much lower amounts of biocrude oil (8.9 g/L in Test 5). 
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However, reaction temperatures of 300 °C managed a 
hydrocarbon concentration of 19.1 g/L in 1 hour of HTL (Test 
6). These data seem to indicate that reaction times of 2 hours 
are required to achieve suitable hydrocarbon formation. 

Finally, the last test was conducted at a high temperature in 
a short period of time (30 minutes) with the aim of concluding 
if reaction times less than 1 hour are sufficient or not enough to 
initiate the formation of biocrude oil. Once the reaction was 
complete, no presence of it was found. Therefore, it can be 
concluded that hydrothermal liquefaction requires a minimum 
reaction time of one hour for the formation of liquid fuel in the 
presence of a catalyst. 

IV. CONCLUSION 
Biocrude oil can be obtained by hydrothermal liquefaction 

using macroalgae as feedstock. The time and temperature of 
reaction as well as the addition of a catalyst and the type of 
macroalgae species chosen are key factors for a suitable 
hydrocarbons production. 
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