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INTRODUCTION

Methods and materials

Marine biomasses such as macroalgaes are interesting
for 2nd generation bioethanol production due to their
natural occurrence, fast growing rates, sugar contents
and the fact that they grow in seawater, thus with no
demand for agriculture land. In the present investigation
three macroalgaes were studied for their sugar recovery
and bioethanol potentials after thermal pretreatment
and enzymatic hydrolysis.

Tree species of macro-algae were selected and tested for bioethanol
potentials: C. linum (C), and G. longissima (G), from Orbetello lagoon,
located in southern Tuscany, Italy, U. lactuca (U) from the sea near
Aarhus, Jutland, Denmark. Dried and milled samples were treated
hydrothermally using a stirred and heated reactor with 6,0% DM/L
water at conditions seen in Table 1. Raw and pretreated materials
were analysed for their contents of cellulose, hemicellulose, starch
and Klason lignin. Enzymatic hydrolysis (Celluclast, Novozym 188,
Spirizyme Plus Tech) was carried out on raw and pretreated materials,
to test the convertibility of cellulose and starch.
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Figure 1. Sugar recovery after pretreatment.
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Figure 2. Yield of glucose and ethanol potentials (g/100g DM) after
pretreatment and enzymatic hydrolysis.

RESULTS AND DISCUSSION
Pretreatment of fibres resulted in enriched cellulose content and show very good effect on hemicellulose removal (Table 1).
The maximal recovery of carbohydrates is an important point of an optimal pre-treatment. Both cellulose and hemicellulose recovery
was low (< 60% and 10% respectively) at U. lactuca and G. longissima.
The very high cellulose recovery for C. linum after pretreatment (Figure 1) can be partly explained by its starch content (8%).
The enzymatic accessibility of the cellulose of U. lactuca and G. longissima was not increased by pretreatment (Figure 2).
Even though final ethanol yields were rather low (Figure 2.) algaes may be interesting substrates in a biorefinery concept due to
their high carbohydrate content.
Table 1. Effect of pretreatment on composition of algae.
Name

Temperature
(oC)

Time of treatment
(min)

Gas/Pressure
(bar)

Cellulose
(%)

Hemicellulose
(%)

Lignin
(%)

Starch
(%)

U. untr.

-

-

-

4.7

2.8

0

1.4

U. No ox

195

10

N2 /4

8.6

1.1

0

0.8

U. Ox

195

10

O2/12

9.9

0.4

0

0.1

G. untr.

-

-

-

12.9

21.2

24.3

7.2

G. No ox

195

10

N2/4

32.2

4.0

29.8

0.5

G. ox

195

10

O2/12

29.1

9.2

24.8

0.1

C. untr.

-

-

-

26.3

3.2

6.0

3.6

C. No ox

195

10

N2/4

39.5

0.8

4,2

8

C. Ox

195

10

O2/12

67.4

0.5

8.1

0.2

untr.: untreated samples; No ox.: pretreated with nitrogen; Ox.: pretreated with oxygen

FUTURE PLANS
Future studies need to address:
• pretreatment optimization in order
to reach high recoveries of
cellulose,
starch
and
other
carbohydrates (rhamnose)
• ethanol fermentation experiments
on pretreated algae, focusing on
C6 fermentation
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Farming of aquatic biomass for
– growth potential of the marine seaweed Ulva lactuca
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Aim – phase 1
Cultivation of biomass
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We want to determine the biomass production potential of the green macroalgae Ulva lactuca

Motivation
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• Algae produce lipids and carbohydrates that can be converted
into 2nd generation biofuels
• Algae have higher growth rates than conventional energy crops
• Algae cultivation is not in conflict with agricultural interests
• Algae may serve as “flue gas and waste water treatment
plants”
• Algae produce high value chemical compounds for
food, feed and pharmaceutical industries

The ulva project
We aim at describing production and utilization of marine
biomass for energy production.
The green macroalgae sea lettuce (Ulva lactuca) is our model
organism.
The production system is land based and integrates the possibility
of using CO2 and excess heat from power plants as well as waste water
for increasing the biomass production. The partners address multiple utilization of the biomass as feedstock for solid and liquid biofuel e.g. bioethanol, biogas and
syngas and combustion.

Harvest technology
– see poster VP1.3. 45

Characterisation of biomass
– see poster VP1.3 46

results
Conversion to bioenergy
– see poster VP1.3. 45

• A conservative production estimate is 45 T DW ha–1 year–1
• Growth rates ranged from negative to 43% per day with an
average of 15% per day
• 4 kg’s of biomass per m2 was found to be the optimal
carrying capacity in a landbased aerated system
• Addition of CO2 or flue gas is expected to further increase
the production potential

Conclusion
50

• 45 T DW ha–1 year–1 is a realistic production estimate in a

landbased aerated system.

Figure 1. Average yield off selected energy crops (oven dried tonnes (odt) ha-1 year-1).

• Production of Ulva is three to five times the production of
conventional energy crops in temperate climate zones
(figure 1).
• The future focus of NERI is on optimising growth and
energy potential by addition of CO2/flue gas and nutrient
rich waste water.
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Aquatic Biomass for Biofuels
Motivation
M
otivation

Aims
Aims

• Algae produce lipids and carbohydrates that can be converted into 2nd
generation biofuels.

We want to determine the potential of the macroalgae sea
lettuce (Ulva lactuca) as feedstock for 2nd generation biofuel
and bioenergy production.

• Algae have higher growth rates than conventional energy crops.

We focus on:

• Algae cultivation is not in conflict with agricultural interests.

• Biomass production potential

• Algae may serve as “flue gas and waste water treatment plants”.
• Algae produce high value chemical compounds for food, feed and pharmaceutical industries.

Biogas
Bioethanol

• Energy potential

Combustion/gasification

Production (gWW gram pr day)
Light (mole photons pr day pr m²)

Production potential of U. lactuca
The annual production per hectare has been estimated to a minimum of 45 metric
tonnes dry weight. This is more than three times the yield of conventional food or
energy crops.
The potential production however, is expected to be significantly higher when further
optimising growth conditions.
Energy potential
Regarding the potential for bioethanol and biogas production, as well as for combustion, we only have preliminary results.
Future
The ongoing research includes additional growth experiments exploiting flue gas and
return heat of power plants for growth optimisation.
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Figure 1. The green macroalgae sea lettuce (Ulva
lactuca) is a promising candidate for production of
biofuels. It has demonstrated growth rates of up to 40
% per day[1] and has a content of carbohydrates of up
to 60 % of dry weight[2].
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Figure 3. We reached an average growth rate of 15%
per day, ranging from negative rates to a maximum of
43% per day. Large seasonal fluctuations in production were due to sporulation, where reproductive
cells were released followed by disintegration of
tissue.

Danish Shellfish Centre,
Nykøbing Mors,
Denmark.

Cellulose (22%)
Ulvane (43%)

Figure 2. A land based cultivation facility for documenting
growth and energy potential of U. lactuca under various
growth conditions throughout the season from April to
September.
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Figure 4. Composition of U. lactuca

Perspective
Perspective

Conclusion
C
onclusion

The ambition of the Danish government is to make Denmark independent
of fossil fuels. To achieve this ambitious goal, vast amounts of biomass will
need to be introduced to the energy sector as feedstock for heat, electricity, transport fuel etc.

• Aquatic biomass has a high production potential – more
than three times the potential of conventional energy crops.

The substantial environmental benefits and ethical advantages of cultivation of aquatic biomass combined with the potential for full-scale utilisation of the feedstock - from high value products to conversion of biomass
and energy rich residuals to bioenergy – strongly emphasise the potential
of utilising aquatic biomass as a sustainable way of achieving renewable
energy in the future.
National Environmental
Research Institute
Aarhus University . Denmark

• Aquatic biomass has a promising potential for bioenergy
production.
• Further Reseach and Developement is needed to optimise
biomass production, carbohydrate composition and
fermentation processes.
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Conversion of macroalgae to bioethanol and biogas
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INTRODUCTION
At coastal areas, subject to eutrophication, macroalgae are often washed to the shores causing bad odours and other nuisances. These algae makes up
a large waste bioenergy resource but are rarely utilized. Due to their fast growth rates, macoralgae also holds a large potential for biomass production
and has a prospective of being used for CO2-capturing at industries such as heat and power plants. Reuse of CO2 for production of algae for bioenergy
purposes is an appealing scenario because such systems can reduce the use of fossil fuels without the demand of arable land. In the present study we
estimate the bioethanol and biogas potential of three macroalgae (Ulva lactuca, Chaetomorpha linum and Gracilaria longissima).
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Figure 2. Biogas potential of dried and hydrothermally treated algae.
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Table 1. Effect of pretreatment on composition of algae

BIOGAS POTENTIALS
Substrate 1: Macroalgae were prepared as previously described
(bioethanol potentials).
Substrate 2. Samples of Ulva lactuca that had been frozen immediately
after harvest were thawed. Half of the material were washed for 24
hours by mixing 60 gram of algae with 10 liter of water. Half of the
washes/unwashed fraction were chopped in pieces of app. 1 cm while
the other fractions were blended.
All samples were mixed with effluent from an anaerobic thermophilic
lab-scale reactor treating cattle manure and incubated in batch vials for
29 days at 55oC.

U
lv
a

BIOETHANOL POTENTIALS
Dried and milled samples were treated hydrothermally using a stirred
and heated reactor with 6,0% DM/L water at 195oC/10 min. with oxygen
at 12 bar and without oxygen at 4 bar. Raw and pretreated materials
were analysed for their contents of cellulose, hemicellulose, starch and
Klason lignin. Enzymatic hydrolysis (Celluclast, Novozym 188, Spirizyme
Plus Tech) was carried out on raw and pretreated materials, to test the
convertibility of cellulose and starch.
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Figure 1. Glucose yield and ethanol potentials (g/100g DM) after pretreatment and enzymatic hydrolysis.

Figure 3. Biogas potential of Ulva lactuca that was frozen immediately after harvest.

Results
- Pretreatment resulted in an enriched cellulose content and showed a very good effect on hemicellulose removal (tab. 1).
-The enzymatic accessibility of cellulose were not increased by the pretreatment of Ulva and Gracillaria (fig. 1).
- Even though final ethanol yields were rather low (fig 1.) algae may be interesting substrates in a biorefinery concept due to
their high carbohydrate content.
- Hydrothermal treatment had a negative effect on the methane yield of Ulva but increased the methane yield of Gracillaria.
- A signifcant loss in biogas potential was observed when Ulva was dried instead of frozen (fig. 2 + 3), showing that the algae
should be treated in its fresh form.
- The methane yield of Ulva (fig 3) was significantly increased by the washing and blending procedure.
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Results Ulva lactuca
Growth experiments in large scale
have confirmed an annual production
pr. hectare of 45 tons dry matter
(terrestic crops 10-12 tons dry
matter/ha). Growth rate was increased
by 43 % when the water was bubbled
with flue gas (13 % CO2, 6 % O2 and 81
% N2). SO2 and NOx in natural flue gas
does not inhibit growth.
Carbohydrate contents in the
untreated Ulva lactuca biomass was 58
% and 6.1 % was C6 sugars. The ash
contents ranged from 14 % to 35 %
depending on the origin and if the
biomass had been washed.
The methane production was 158-174
ml/g volatile solids (VS). Shredding of
the biomass as a pretreatment
resulted in a significantly higher
methane yield of up to 271 ml/g VS.
The ethanol yield from a simple yeast
fermentation was approximately
3 g ethanol/100 g dry matter.
The total ABE (Acetone, Butanol and
Ethanol) yield was 10 g/100g dry
matter (both C5 and C6 fermentations
by Clostridium sp.). No inhibition was
found when pretreated and sterilized.
Combustion of washed and dried
pellets was difficult, and in future
experiments the possibility of co-firing
algae pellets with other types of fuel
will be examined.

The Fourth Annual Workshop of COST FP0602
Biotechnology for lignocellulose biorefineries
22-24. September 2010, Izmir, Turkey

Biofuel production from macroalgaes
- emphasize on butanol production

Zsófia Kádár, Annette Eva Jensen, Anne Belinda Thomsen
Biosystems Division, Risø National Laboratory for Sustainable Energy, Technical University of Denmark
Frederiksborgvej 399, DK-4000 Roskilde

ABSTRACT

SUBSTRATES

Macroalgaes can grow on non-agricultural land, without increasing food prices, using
fresh water, meanwhile consuming CO2 for growing. Due to all these advantages and
moreover due to very high biomass yield with high carbohydrate content, macroalgae
can be the well suited candidates as feedstock for biofuel production in the future.
In our study, two different macroalgaes (Chaetomorpha linum and Ulva lactuca) were
investigated. The high carbohydrate content makes algaes an interesting substrate for
Acetone-Butanol-Ethanol (ABE) fermentation by Clostridium strains (C.
acetobutylicum or C. beijerinckii). The advantages of this fermentation process are (i)
that all products (acetone, butanol, ethanol) formed during the process can be used
as biofuel (ii) clostridia are able to use many different carbohydrates (both C6 and C5
sugars) (iii) due to cellulolytic and xylanolytic activities of these clostridia strains, direct
production of ABE from the algae polysaccharides is possible without enzyme
addition.

Chaetomorpha linum and Ulva lactuca (both harvested in Denmark) were used in
our experiments. Samples were pretreated under different conditions (Table 1).

Table 1. Pretreatment conditions of macroalgaes

Algae

ID

Pretreatment

S2
S3*

hydrothermal

S4
C. linum

U. lactuca

180°C

10

190°C

10

200°C

10

180°C

10

190°C

wet oxidation

10

200°C

LB

hydrothermal

10

195°C

UB

hydrothermal

10

195°C

* before pretreatment was dried (all other samples were pretreated fresh)

pretreatment
solid fraction

180°C

10

S11
S13

algaes (fresh,
fresh, frozen,
frozen, dried)
dried

T (°C)

10

S5
S12

THE PROCESS

t (min)

hemicellulose hydrolysate

washed

ABE (Acetone Butanol Ethanol) FERMENTATION

(ref. exp. with water only)

ABE fermentations were performed on the hydrolysates coming after enzymatic
hydrolysis. To reach the initial 30 g/l glucose content additional glucose was added
to the hydrolysates. Experiments were carried out in 100 ml serum flasks in a
working volume of 30 ml at 35°C under anaerobic conditions by C. beijerinckii.
Flasks were inoculated with fresh pre-culture grown overnight. Samples were taken
daily for pH, OD (540 nm) measurements, glucose, intermediate acids (acetic and
butyric acid) and solvents (acetone, butanol and ethanol) were analyzed by HPLC.
Control experiment (B) was performed on synthetic medium containing 30 g/l initial
glucose.

Enzymatic hydrolysis
15% DM, pH 4.8, 24 h, 25 FPU/gDM
FPU/gDM
(Celluclast+Novozym 188)

hydrolyzed fibers

hydrolysate
additional glucose

ABE fermentation

RESULTS
As shown in Figure 2. inhibitor concentrations of hemicellulose hydrolysate did not
effect ABE fermentation at hydrothermal pretreated samples, while wet oxidezed
algaes were strongly influenced. Effect of inhibitors was also evident on the growth.

Acetone-Butanol-Ethanol fermentation are summarized in Figure 1.
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Figure 1. ABE production on macroalgaes by C. beiierinckii

– C. linum and U. lactuca was found to be suitable substrates for ABE fermentation
– Total ABE production of 0.35 g/g glucose was achieved.
– Hydrothermal pretreatment seems more favorable than wet oxidation.
• No significant difference was observed in ABE fermentation between
hydrothermal pretreated samples (S2-S5; UB, LB) at the
different pretreatment temperatures.
• ABE fermentation was significantly affected negatively by increasing the
temperature of wet oxidation pretreatment (S11-13).
– ABE fermentation was negatively not influenced when hemicellulose hydrolysate
was used (S5) instead of water (LB) on C. linum, proving the absence of
inhibitors´effect on the process.
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Figure 2. Connection between ABE production, inhibitor content of hemicellulose hydrolysates and growth.

FUTURE PLANS
Future studies need to address:
- Investigation of additional enzymatic hydrolyzis of macroalgaes.
- Examination of saccharolytic activity of C. beijerinckii on
macroalages.
- Performing simultaneous hydrolyzis and ABE fermentation.
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Cultivation of Ulva lactuca
on pig manure for simultaneous bioremediation

and biomass production
Aim
M.M. Nielsen1 (meni@dmu.dk), A. Bruhn1, M.B. Rasmussen1 and B. Olesen2

AU

Results

Algae grown with anaerobic digested manure
had significant higher bioremediation efficiency
than algae grown with untreated manure
(ANOVA; p<0.001). Bioremediation efficiency was
defined as the amount of nutrients (N and P) incorporated in the algae tissue.

2

National Environmental Research Institute, Aarhus University, Silkeborg, Denmark
Biological Institute, Aarhus University, Aarhus, Denmark

50

Figur 1. Average growth rates (%WW d-1±SE)
for the entire experimental period of 15 days
shown for the four treatments. U. lactuca
grown with f/2-media with ammonium as N
source showed significant lower growth rate
than the rest (p<0.01). WW= wet weight.

40
SGR (%WW d-1)±SE

We tested two types of liquid pig manure; untreated and anaerobic digested, against standard
f/2 media [a] with either ammonium or nitrate as
nitrogen (N) source. U. lactuca had as high growth
rates with both manure types as with f/2 medias
(figure 1).
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The relation between specific growth rate (SGR)
and ammonium concentration was tested with
anaerobic digested manure as the only nutrient
supply for the algae. An ammonium concentration of 50 μM, was found to be sufficient for
reaching the maximum growth rate of 44.8 %
(figure 2) (this corresponds to an approximately
8000 times dilution of the manure).
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From these results we picked out the anaerobic
digested manure for further research, since this
product has already been exploited for energy
purposes once, which gives a surplus in the overall
energy balance, compared to the untreated manure.
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Figure 2. a) Plot of the specific growth rate
(SGR)±SE as a function of the ammonium
concentration. Maximum specific growth
rate (SGRmax) is approached asymptotically
and found to be 44.8%. The ammonium
concentration where half SGRmax is reached
(KM) is 8.9 μM.
b) A double-reciprocal or Lineweaver-Burk
plot generated by plotting 1/SGR as a function of 1/[NH4+]. From this SGRmax and KM is
estimated. Each point represents independent replica. Statistics of the fitted line
is performed with SAS (p<0.0001; R2=0.86).
[NH4+] = ammonium concentration.

250

Ammonium concentration (μM)

Conclusion

Perspective of bioremediation

• Use of manure as a future nutrient supply for
commercial algae cultivation holds a promising
potential.
• There is no immediate evidence that the
biochemical composition of the algae changes
as a response to the manure exposure.
• The bioremediation efficiency of U.lactuca is
high, which makes it interesting to look at the
possibilities for incorporating algae cultivation
in modern agriculture on a local scale.
• Further research is needed on the issue of
ammonia volatilization to reduce the negative
environmental impact this might lead to.

Tissue of U. lactuca grown with anaerobic digested manure contained 5.70% nitrogen (N) and 0.44%
phosphor (P), which makes the opportunities for exploiting the algae for bioremediation purposes very
promising. In Denmark an achievable yearly production of U. lactuca is estimated to be 45 T DW ha-1 [b].
Combining these numbers makes it possible to remove 2500 kg N ha-1 year-1, corresponding to 550 tons
of anaerobic digested manure, and 200 kg P ha-1 year-1. For continuously cultivation with manure as
only nutrient supply, extra P addition might be needed.
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Ammonia volatilization
Since not all of the removed ammonium could be recognized in the algal biomass, we investigated the
role of ammonia volatilization and found it to account for 30% of the total loss of ammonium from the
media. An emission of ammonia this high might be a problem, due to its pollution potential and therefore we recommend this to be further investigated before exploiting manure in large scale cultivation
of U. lactuca.
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With the binary perspective of simultaneous
bioremediation of agricultural wastewaters and
biomass production, we wanted to assess the
potential of liquid pig manure as nutrient source
for cultivation of the green macroalgae Ulva
lactuca. We focus on optimizing the potential of
the algae for growth and bioremediation.
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ABSTRACT

THE CONCEPT

Butanol as a liquid biofuel can provide more benefits than ethanol, due to its gasolinelike properties. It can be produced from the same feedstocks as ethanol (starch and
cellulosic sugars) but the butanol producing Clostridia sp. is able to ferment different
kind of carbohydrates including C6 and C5 sugars.
Macroalgaes can grow on non-agricultural land, without increasing food prices, using
fresh water, meanwhile consuming CO2 for growing. In addition, it has very high
biomass yield with high carbohydrate content and represent a huge unexploited
bioresource with potential for production of biofuel in the near future.
The aim of our studies was to examine a combined biorefinery concept with butanol
and biogas production. The effluent as a substrate was further studied in batch
experiments by anaerobic digestion for biogas production.

Pretreatment
(hydrothermal/sterilization
)

Algae

Solid

Enzymatic hydrolysis

ABE Fermentation
What about the liquid…
Biogas

SUBSTRATES
Chaetomorpha linum and Ulva lactuca (both harvested in Denmark) were used in our experiments.

RESULTS – ABE fermentation
Enzymatic hydrolysis (EH) experiments

Pretreatment

EH was performed on hydrothermal pretreated (195°C, 10 min, without oxygen) U. lactuca
and C. linum at 5% DM content to find the best enzyme mixtures:

Further studies aimed to test sterilization (121°C, 20 min) as a pretreatment method on
dried U. lactuca. Enzymatic hydrolysis was performed with enzyme mixtures, according to
our earlier studies described above. The hydrolysate was further used for ABE
fermentation (C. beijerinckii under anaerobic conditions at 35°C) with additional glucose to
reach the initial 30 g/l glucose content.

1, Cellulases (Celluclast + Novozyme 188) at 25 FPU/g DM
(Hydrolysis at 50°C pH4.8)
2, Cellulases (Celluclast + Novozyme 188) at 25 FPU/g DM and Spirizyme
(Hydrolysis at 50°C pH4.8)

8
7
6
5
g/l

3, Liquozyme and cellulases (Celluclast + Novozyme 188) at 25 FPU/g DM and Spirizyme
(Hydrolysis at 85°C for 1h at pH5.7 followed by additional cellulases and Spirizyme at
50°C, pH 4.8
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Final total solvents production results was significantly higher (40%) compare to
hydrothermal pretreated algae.
1

xylose

2
glucose

3
xylose

Biogas production

The highest final glucose content (13 and 7 g/l, respectively) was achieved when pretreated
macroalgaes were hydrolyzed by Liquozyme at 85°C for 1h at pH 5.7 followed by hydrolyzis
at 50°C, pH 4.8 applying Celluclast, Novozym 188 and Spirizyme.

Inhibitory studies

The biogas trials with the effluent from ABE fermentation will be carried out in batch wise
in 500mL flasks with cattle manure as inoculum. The anaerobic digestion will take place in
thermophilic conditions (52°C) for approximately a month. The total methane production
will measured with Automatic Methane Potential Test System (AMPTS), from Bioprocess
Control AB, Lund, Sweden. In the AMPTS, CO2 and H2S are stripped in a NaOH bath, and
the volume of the remaining pure methane is measured continuously by liquid
displacement in individual flow cell units for each batch.

Liquid fractions of pretreated macroalgaes were also tested to check any inhibitory effect.
The liquid fraction was supplemented with additional glucose (30 g/l), salts and nutrients.
Fermentations were performed on diluted (D, 50%) and undiluted (U) liquid fractions with
C. beijerinckii under anaerobic conditions at 35°C.
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CONCLUSIONS
- Macroalgaes are certainly interesting substrates in a biorefinery
concept due to their high carbohydrate content.
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Future studies need to address:
- Finalize biogas experiments.
- Examination of saccharolytic activity of C. beijerinckii on macroalages.
- Performing simultaneous hydrolyzis and ABE fermentation.

butanol
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Resultater

Baggrund
Traditionel dyrkning af alger på kunstige næringsmedier er omkostningsfuldt, og der er
behov for alternative næringsmedier. I denne sammenhæng er gylle et oplagt valg, grundet dets høje næringsværdi. Derudover er tilgængeligheden stor, og der savnes alternative anvendelsesmuligheder for produktet.

Formål

Perspektivering

I dette studie ønsker vi at afklare, hvorvidt
gylle er en brugbar næringskilde i konventionel algedyrkning med fokus rettet mod
den hurtigvoksende grønalge Ulva lactuca,
der er en lovende kandidat til produktion af
bioenergi.

En realistisk produktion på
å 45 tons alger
(tørvægt) pr. ha pr. år (Bruhn, et al., 2010) og
et N-indhold på 5 % gør det muligt at fjerne
2.250 kg N (svarende til 500 tons gylle) pr.
ha pr. år. Et større landbrug med en årlig gylleproduktion på f.eks. 8.000 tons vil dermed med 8 ha algedyrkningsbassiner i teorien kunne rense 50 % af dets gylle for N og
samtidig opnå en årlig biomasseproduktion
på ca. 360 tons (tørvægt). Denne biomasse
vil evt. kunne erstatte mindre produktive
energiafgrøder som majs og græs i et biogasanlæg.

Vækst, struktur og evne til at fjerne kvælstof
blev sammenlignet hos alger dyrket på gylle
og alger dyrket på kunstigt næringsmedie
(f/2 (Guillard & Ryther 1962)) med henholdsvis nitrat og ammonium som kvælstofkilde.
Der blev arbejdet med to gylle-typer: ubehandlet svinegylle og afgasset gylle, dvs. en
gylle, der har passeret et biogasanlæg.

• Gyllen i sig selv kunne fungere som næringsmedie
næri
uden tilsætning
af hverken vitaminer eller sporstoffer.
• Algerne dyrket med gylle som næringskilde opnåede mindst
ligeså store vækstrater som algerne dyrket på det kunstige
næringsmedie. Vækstraterne varierede fra negative til 66 % per
dag, men over hele perioden sås en gennemsnitlig vækstrate på
omkring 30-35 % per dag (figur 2).
• Algerne i de fire behandlinger inkorporerede lige store mængder
N i deres væv. Derimod var der en lille forskel mellem behandlingerne på den totale mængde uorganiske kvælstof, der forsvandt.
Disse forskelle kan øjensynligt tilskrives forskelle i ammoniakfordampning (figur 3).
• Strukturelle parametre som vandindhold og N-indhold adskilte
sig ikke mellem behandlingerne. De gennemsnitlige værdier var
på henholdsvis 85 % og 5,3 %.

Konklusion

Figur 1. Udsnit af forsøgsopstillingen (n=4). Gyllebehandlingerne er ca. 400
gange fortyndet svarende til en ammoniumkoncentration på omkring 300 μM.
Vandet blev udskiftet hver anden dag for at undgå næringsbegrænsning.
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Figur 2. Den gennemsnitlige vækstrate (%WW*d-1 ± SE) over hele perioden (15
dage) for de fire behandlinger. Alger dyrket på f/2-medie med ammonium som
kvælstofskilde havde signifikant mindre vækstrate end de øvrige (p < 0,01).
WW = wet weight.
μmol uorg. N fjernet/g tilvækst (WW)
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• Brugen af gylle som fremtidig næringskilde
til kommerciel algedyrkning har
næring
bestemt potentiale, da der hos alger dyrket på gylle er påvist vækstrater på fuld
højde med alger dyrket på kunstige næringsmedier.
• Brug af gylle som næringsmedie påvirker ikke umiddelbar algernes strukturelle
sammensætning. Igangværende undersøgelser søger yderligere at afklare, hvorvidt
algernes indhold af tungmetaller, proteiner og kulhydrater påvirkes ved brug af
gylle som næringsmedie.
• Fremadrettede studier vil koncentreres omkring den afgassede gylle, hvor det
søges at afklare den optimale gyllekoncentration i forhold til algernes vækst og
biokemiske sammensætning.
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Figur 3. Den fjernede mængde uorg. N pr. g tilvækst (WW) fra de fire behandlinger
fordelt på de tre poster: biomasse = den del, der via CN-analyser kan dokumenteres inkorporeret i biomasen, fordampning = den estimerede fordampning ud fra et
særskilt forsøg, uforklaret = den del, der forsvinder, men ikke kan påskrives de
øvrige poster. Denne del skal sandsynligvis påskrives aktivitet af mikroalger og
bakterier. SE-barene er beregnet på den totale mængde fjernet uorg. N.

