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Figure 1. Sugar recovery after pretreatment. Figure 2. Yield of glucose and ethanol potentials (9/100g 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 Time of tfeatmem Gas/Pressure Cellulose Hemicellulose Lignin Starch FUTURE PLANS
(°C) (min) (bar) (%) (%) (%) (%)
Future studies need to address:
U. untr. - 2 - 47 2.8 0 1.4 e pretreatment optimization in order
to reach high recoveries of
U. No ox 195 10 N, /4 8.6 11 0 0.8 cellulose, starch and other
U. Ox 195 10 0,/12 9.9 0.4 0 0.1 e s

e ethanol fermentation experiments
G. untr. S : - 12.9 21.2 243 72 on pretreatgd algae, focusing on
C6 fermentation

G. No ox 195 10 N,/4 32.2 4.0 29.8 0.5
G. ox 195 10 0,/12 29.1 9.2 24.8 0.1
G Nt h i ° 265 52 G0 S5 The study was financially supported by the
PSO Project (Energy Production from Marine
C. No ox 195 10 N,/4 39.5 0.8 4.2 8 Biomass (Ulva lactuca): 2008-1-0050). We
thank Mr. Tomas Fernqvist for technical
C.Ox 195 10 0,/12 67.4 05 8.1 0.2 assistance.

untr.: untreated samples; No ox.: pretreated with nitrogen; Ox.: pretreated with oxygen
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AIM — PHASE 1

We want to determine the biomass production poten-
tial of the green macroalgae Ulva lactuca

MOTIVATION

e Algae produce lipids and carbohydrates that can be converted
into 2"d generation biofuels

e Algae have higher growth rates than conventional energy crops

¢ Algae cultivation is not in conflict with agricultural interests

e Algae may serve as “flue gas and waste water treatment
plants”

e 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 CO, and excess heat from power plants as well as waste water

forincreasing the biomass production. The partners address multiple utiliza-
tion of the biomass as feedstock for solid and liquid biofuel e.g. bioethanol, biogas and
syngas and combustion.

RESULTS

® A conservative production estimate is 45 TDW ha* year

e Growth rates ranged from negative to 43% per day with an
average of 15% per day

4 kg’s of biomass per m? was found to be the optimal
carrying capacity in a landbased aerated system

Addition of CO, or flue gas is expected to further increase
the production potential

CONCLUSION

e 45 TDW ha*yearis a realistic production estimate in a
landbased aerated system.

Figure 1. Average yield of selected energy crops (oven dried tonnes (odt) ha" year?).
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Aim

The project runs from 2008 to 2011 and the involved partners aims at describing production and utilization of marine biomass
for energy production using the macroalgae sea lettuce (Ulva lactuca) as a model organism.

The production system is land based and integrates the possibility of using CO,, excess heat from power plants and wastewater
management to increase the biomass productivity.

The partners address multiple utilization of the biomass as feedstock for solid and liquid biofuel e.g. bioethanal, biogas and thermal
conversion.

FARMING OF ULVA LACTUCA IN LAND BASED BASINS

By using Ulva lactuca as a model organism this project will increase the
knowledge of growing macroalgae in basins.

Future focus will be on utilizing flue gas to optimise growth,

-See poster VP 1.3.44

HARVEST AND PRESSING OF ULVA LACTUCA
AND SUBSEQUENT DRYING

Existiting technology and machinery for harvesting aquatic

biomass will be identified and described, resulting in one or more

Ulva lactuca harvester prototype.

Initial results indicates that it is possible to remove substantial
amounts of water by pressing the biomass prior to drying. N

/ CHARACTERISATION OF BIOMASS
| |

The chemical and physical parameters of Ulva lactuca biomass will be analyzed. |
- See poster VP 1.3.46 |

UTILIZATION OF MACROALGAE FOR ENERGY PRODUCTION

= Bioethanol: The potential for preducing ethanal from fermentation of soluble C6 sugars,
hemicellulose and cellulose from Ulva lactuea will be evaluated. The effects of a
hydro-thermal pre-treatment of the biomass will likewise be evaluated.

= Biogas: The conversion of Ulva lactuca biomass to methan will be evaluated.
Pre-treatment of the biomass includes removal of excess water, removal of
excess nutrients and salts, grinding and hydro-thermal treatment at 120-195°C
to improve the degradation of lignocellulose.

* Combustion: A complete fuel analysis for combustion purposes will be
carried out including heating value, moisture, ash, sulphure, chloride and
major and minor components in the ash, A batch of 5-10 kg pelletized
Ulva lactuca biomass will be burned and slagger formation will be catagorized.

PERSPECTIVE

Aquatic biomass has a vast potential as feedstock for various applications including solid and liquid biofuel, fodder and pharmaceuticals providing
substantial environmental benefits. To optimize the economy various products shall be exploited consecutively from high value products to conversion of
biomass and energy rich residuals to bioenergy.

The present project runs from 2008 to 2011 and will give recommendations for methods of CO; transfer from flue gases into aquatic biomass, mass
production of algae biomass and transformation of algae biomass into bioethanol, biogas and solid biofuel. These recommendations will be used for
establishing a pilot plant production facility coupled to a CHP plant.

Ongoing projects are carried out in cooperation between Danish Tech
Research Institute (NERI), Research Centre Risoe, Biological Institute at

Projects are financed by energinet._dﬁhe PSO foundation), the Villum |
Foundation of Aarhus University. 'f
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Energy Production
by Thermal Conversion of Seaweed
- characterisation
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Centre for Sustainable Energy and Transport, Kongsvangs Allé 29. DK-Booo Aarhus C, Denmark

Aim - PHASE 3
Investigating the potential of using the green seaweed Ulva lactuca as a feedstock for production of heat and electricity through
combustion or other thermal can\tersic!rr.

|
|
|
|
1

METHODOLOGY

* The investigation and characterisation is performed by analyzing contents and chemical
composition of the ash of the Ulva lactuca algae and compare it with typical terrestrial
biomass used in biomass combustion plants such as wood and straw,

* (hemical analyses of the bioash is performed by a mixture of WD-XRF analyses,
wet chemical and elemental analyses.

« Influence of harvesting and production technique by comparing
harvest from sea and from growing pools

= Effects of simple pre treatment such as washing in cold and hot pres-
surized fresh water

* Investigation of combustion, gasification and pyrolysis behavior by TGA
analyses and by combustion of pelletised makro algeas in a specially
designed slag anlyser.

RESULTS |

= Results reveals seaweed to be a fuel with considerably high ash content and high Nitrogen content
compared to typical terrestrial biomass fuels such as straw and wood |

* The ash from Ulva consist of salts (chlorine- and sulphur- salts) . |
|

* Washing seaweed in fresh water removes NaCl and parts of K. Main part of Kand S do however remains in
the biomass.

e The ash content remains high after washing in water, also at elevated washing
temperatures.

CONCLUSIONS

= (Considering the ash chemistry and what is known from combustion of straw,
seaweed reveals to be very challenging for combustion or gasification in conventional
units. It would most likely cause significant problems with molten ash, fouling, cor-
rosion and particle emissions.

Consequently, pre—processing of the seaweed which separates ash and salts
has to be conducted or alternative conversion technologies such as pyrolysis or
low temperature gasification, which are better suited for fuels with this type of
ash content and quality have to be utilized.

PERSPECTIVE

= Analyses with seaweed in slag analyser will reveal if the ashes without Cl (washed in water) will form low temperature melting ashes

= Termo gravimetric analyses (TGA) will reveal reactitivty of the Ulva during thermal conversion and thereby give important data for evaluating pyrolyses
or gasfication potentials further on in the project
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Aims

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

Motivation

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

* Algae have higher growth rates than conventional energy crops.

e Algae cultivation is not in conflict with agricultural interests. We focus on:

e Algae may serve as “flue gas and waste water treatment plants”. * Biomass production potential

e Algae produce high value chemical compounds for food, feed and pharma- s Biogas
ceutical industries. o Energy potential ~“>==20.9¢ Bioethanol
\_
ha O

“  Combustion/gasification
Results

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.
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Energy potential

Regarding the potential for bioethanol and biogas production, as well as for combus-
tion, we only have preliminary results.
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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™ and has a content of carbohydrates of up
to 60 % of dry weight®.

Future

The ongoing research includes additional growth experiments exploiting flue gas and
return heat of power plants for growth optimisation.

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 produc-
tion were due to sporulation, where reproductive
cells were released followed by disintegration of
tissue.

Ulva lactuca The dry matter The Carbohydrates

Proteins (15%) Hemicellulose (16%)

Ashes (14%)

Dry matter (15%)

Cellulose (22%)

Water (85%)
—‘ |— Ulvane (43%)

’, Lipids (1%)
Carbohydrates (58%) ! Fibres (12%) ! Lignin (2%) ‘!L/ !Starch (15%)

Free carbohydrates (2%)

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.

Figure 4. Composition of U. lactuca

Conclusion

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

Perspective

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, electric-

e Aquatic biomass has a promising potential for bioener:
ity, transport fuel etc. q p gp gy

production.
The substantial environmental benefits and ethical advantages of cultiva-
tion of aquatic biomass combined with the potential for full-scale utilisa-
tion of the feedstock - from hig products to conversion of biomass Raciientation protesses

rc he potential ... T
renewable d - N
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* Further Reseach and Developement is needed to optimise
biomass production, carbohydrate composition and
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Conversion of macroalgae to bioethanol and biogas

Henrik Bangsg Nielsen!, Fazio Coppola?, Zséfia Kadar?, Jens Ejbye Schmidt! and Anne Belinda Thomsen!

1Biosystems Division, Risg DTU, National Laboratory for Sustainable Energy, Technical University of Denmark, P.O., Frederiksborgvej 399, P.O. Box
49, DK-4000 Roskilde, Denmark
2pepartment of Chemical and Biosystems Sciences, Siena University, Vial della Diane, 2A, 53100 Siena, Italy

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 CO,-capturing at industries such as heat and power plants. Reuse of CO, 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).

Table 1. Effect of pretr ition of algae

Cellulose Hemicellulose Lignin

Name (%) %) (%)

Ulva dried 4.7 2.8 0

Ulva without oxygen 8.6 1.1 0

Ulva with oxygen 9.9 0.4 0

Gracilaria dried 12.9 21.2

Gracilaria without oxygen 32.2 4.0

methane (ml/gVSs)

Gracilaria with oxygen 29.1 9.2

Chaetomorpha dried 3.2

Chaetomorpha without oxygen y 0.8

Chaetomorpha with oxygen 0.5

@ Glucose (Celluclast)

@ Glucose (Celluclast + Spirizymes)

@ Estimated ethanol yield

g /100 g raw material

methane (ml/gVs)

Ulva chopped Ulva blended Ulva washed + Ulva washed +
chopped blended

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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Chaetomorpha linum and Ulva lactuca (both harvested in Del
our experiments. Samples were pretreated under different co

nt conditions of macroalgaes

D Pretreatment  t (min) T(°C)

10 180°C
hydrothermal 10 180°C ‘d
S4 10 190°C

10 200°C
180°C
10 190°C
10 200°C
drothermal 195°C

ydrothermal 195°C i
ment was dried (all other sar pretreated fresh) ,

wet oxidation

RESULTS

As shown in Figure 2. inhibitor concentrations of hemicellulose hydrolysate did not
Acetone-Butanol-Ethanol fermentation are summarized in Figure 1. effect ABE fermentation at hydrothermal pretreated samples, while wet oxidezed
algaes were strongly influenced. Effect of inhibitors was also evident on the growth.

0 acetone @ ethanol @ butanol

" | Gtucose m xyse = arainose m Lacte acia = Gyeote sscis

Yield (glg)

Yield (g/g)

Figure 1. ABE production on macroalgaes by C. beiierinckii

Figure 2. Connection between ABE production, inhibitor content of hemicellulose hydrolysates and growth.
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Aim
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.

Results

We tested two types of liquid pig manure; un-
treated 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).

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) incor-
porated in the algae tissue.

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.

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 concentra-
tion of 50 uM, 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).

Conclusion

« 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.
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Cultivation of Ulva lactuca

on pig manure for simultaneous bioremediation

" and biomass production
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Perspective of bioremediation

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' [b].
Combining these numbers makes it possible to remove 2500 kg N ha' year, corresponding to 550 tons
of anaerobic digested manure, and 200 kg P ha' year'. For continuously cultivation with manure as
only nutrient supply, extra P addition might be needed.

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 there-
fore we recommend this to be further investigated before exploiting manure in large scale cultivation
of U. lactuca.

Literature cited
[a] Guillard, R.L.L & J.H Ryther (1962). Studies of marine planctonic diatoms. I. Cyclostella nana Hustedt, and Detonula con fervacae Cleve. Canadian Journal of
Microbiology. 8:229-239.
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RESULTS — ABE fermentation

Enzymatic hydrolysis (EH) experiments

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:

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)

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

C. linum U. lactuca

1 2 3 1 2 3

B glucose O xylose B glucose Oxylose

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.
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m Sﬁ Ul‘a lactuca (both harvested in Denmark) were used in-" experiments.
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Pretreatment

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.

C Hydrothermal Sterilized and Untreated and
treated and hydrolysed hydrolysed
hydrolysed

Macetone [ ethanol M@ butanol

Final total solvents production results was significantly higher (40%) compare to
hydrothermal pretreated algae.

Inhibitory studies

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.

8 8
7 7
6 6
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Sa 54
3 37
2+ 27
14 7
0+ 0
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According to our results compare to control synthetic medium (C), undiluted samples (U)
showed some inhibitory effect on ABE fermentation, however detailed investigation was
not performed to identify inhibitors.

Biogas production

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 e .
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Traditionel dyrkning af alger pa kunstige naeringsmedier er omkostningsfuldt, og der er
behov for alternative naeringsmedier. | denne sammenhang er gylle et oplagt valg, grun-

det dets hgje naeringsveerdi. Derudover er tilgaengeligheden stor, og der savnes alterna-

tive anvendelsesmuligheder for produktet.

| dette studie gnsker vi at afklare, hvorvidt
gylle er en brugbar nezeringskilde i konven-
tionel algedyrkning med fokus rettet mod
den hurtigvoksende grgnalge Ulva lactuca,
der er en lovende kandidat til produktion af
bioenergi.

Vaekst, struktur og evne til at fjerne kvaelstof
blev sammenlignet hos alger dyrket pa gylle
og alger dyrket pa kunstigt naringsmedie
(f/2 (Guillard & Ryther 1962)) med henholds-
vis nitrat og ammonium som kveelstofkilde.
Der blev arbejdet med to gylle-typer: ube-
handlet svinegylle og afgasset gylle, dvs. en
gylle, der har passeret et biogasanlag.

En realistisk produktion pa 45 tons alger
(tervaegt) pr. ha pr. ar (Bruhn, et al., 2010) og
et N-indhold pa 5 % ggr det muligt at fijerne
2.250 kg N (svarende til 500 tons gylle) pr.
ha pr. ar. Et stgrre landbrug med en arlig gyl-
leproduktion pa f.eks. 8.000 tons vil der-
med med 8 ha algedyrkningsbassiner i teo-
rien kunne rense 50 % af dets gylle for N og
samtidig opna en arlig biomasseproduktion
pa ca. 360 tons (tervaegt). Denne biomasse
vil evt. kunne erstatte mindre produktive
energiafgrgder som majs og graes i et bio-
gasanlaeg.

e Brugen af gylle som fremtidig naeringskilde til kommerciel algedyrkning har
bestemt potentiale, da der hos alger dyrket pa gylle er pavist vaekstrater pa fuld
hgjde med alger dyrket pa kunstige naeringsmedier.

® Brug af gylle som naringsmedie pavirker ikke umiddelbar algernes strukturelle
sammensatning. Igangvaerende undersggelser sgger yderligere at afklare, hvorvidt
algernes indhold af tungmetaller, proteiner og kulhydrater pavirkes ved brug af

gylle som naeringsmedie.

¢ Fremadrettede studier vil koncentreres omkring den afgassede gylle, hvor det
sgges at afklare den optimale gyllekoncentration i forhold til algernes vaekst og

biokemiske sammensatning.
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® Gyllenisigselv kunne fungere som naringsmedie uden tilsatning

af hverken vitaminer eller sporstoffer.

e Algerne dyrket med gylle som naringskilde opndaede mindst

ligesa store vaekstrater som algerne dyrket pa det kunstige
naeringsmedie. Vakstraterne varierede fra negative til 66 % per
dag, men over hele perioden sas en gennemsnitlig vaekstrate pa
omkring 30-35 % per dag (figur 2).

e Algerne i de fire behandlinger inkorporerede lige store mangder

N i deres vaev. Derimod var der en lille forskel mellem behandlin-
gerne pa den totale mangde uorganiske kvaelstof, der forsvandt.
Disse forskelle kan gjensynligt tilskrives forskelle i ammoniakfor-
dampning (figur 3).

Strukturelle parametre som vandindhold og N-indhold adskilte
sig ikke mellem behandlingerne. De gennemsnitlige veerdier var
pa henholdsvis 85 % 0g 5,3 %.

Figur 1. Udsnit af forsggsopstillingen (n=4). Gyllebehandlingerne er ca. 400
gange fortyndet svarende til en ammoniumkoncentration pa omkring 300 puM.
Vandet blev udskiftet hver anden dag for at undga neeringsbegraensning.
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Figur 2. Den gennemsnitlige veaekstrate (%WW*d* + SE) over hele perioden (15
dage) for de fire behandlinger. Alger dyrket pa f/2-medie med ammonium som
kveelstofskilde havde signifikant mindre vaekstrate end de gvrige (p < 0,01).

WW = wet weight.

2.000

Uforklaret [l Fordampning Biomasse M
- ﬁ i

1.000 —

= . . . .
(o}

f/2-ammonium f/2-nitrat Ubehandlet gylle Afgasset gylle

umol uorg. N fiernet/g tilvaekst (WW)

Figur 3. Den fiernede meangde uorg. N pr. g tilvakst (WW) fra de fire behandlinger
fordelt pa de tre poster: biomasse = den del, der via CN-analyser kan dokumente-
res inkorpc re‘r&‘d;nmasen fordampnmg:— den estimerede fordampning ud fra et
ﬁsﬂt H%g E ret'—~d]an=del der fefsvmder men ikke kan paskrives de-
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