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Project Identification—

MED-ALGAE (2011-2014) is a new technology
project which can contribute to the goals of
the EU strategy on "Climate change and
energy". It is financed by ENPI CBCMED:
CROSS BORDER COOPERATION IN THE
MEDITERRANEAN.
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Objectives of the Projec

The project objective is to explore:

1- The development of microalgae-based biodiesel
production and other valuable products in six
Mediterranean countries (Cyprus, Egypt, Greece,
Italy, Lebanon and Malta).

2- The current level of technology, the relevant
market structure, and the governmental and
environmental boundaries will be mapped in the
participating countries, in order to identify the
most promising strategies in each country.
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MED-ALGAE Project Partners-~

Agricultural Research Institute (ARI) COORDINATOR, Cyprus
Cyprus Energy Agency (CEA), Cyprus

Malta Intelligent Energy Management Agency (MIEMA), Malta
Fondazzjoni Temi Zammit (FTZ), Malta

National & Kapodistrian University of Athens (NKUA), Greece
National Research Centre (NRC), Egypt

The Lebanese Association for Energy Saving & for Environment
(ALMEE), Lebanon

Faculty of Science, Alexandria University (ALEX), Egypt
American University of Beirut (AUB), Lebanon

National Technical University Of Athens (NTUA), Greece
Universita’ Mediterranea Di Reggio Calabria (UMRC), Italy
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Introduction e s
1- What are Algae?

* They are large and diverse group of photosynthetic organisms
that inhabits most of earth’s habitats.

* Algae could efficiently absorb CO2 (as a nutrient), light (as an
energy) and convert them to chemicals e.g. lipid,
carbohydrates, and release 02 via photosynthesis.

* They are defined as the third generation biofuel; non edible
primitive organismes.
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2- Why are algae the best promising | i
alternative energy source?

1- People don’t depend on algae as a food source
2- Algae have a high photosynthetic efficiency
3- Are fast growing species, 20-30 times than food crops.

4- Can be grown on land that is not suitable for other
established crops.

5- Good quality bio-fuels producer, e.g. hydrocarbons,
diesel, ethanol, methane and hydrogen gases.

6- Algal biomass refinery could be applied for further high
valuable byproducts.
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3- The essential criteria for algal strMed al

selection for biodiesel production

* Algae must be characterized by:
* Fast growing rate
 High lipid content,

e Resistance to harsh environmental
conditions

* Possibility of obtaining other valuable
chemicals.
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Work plan of the Project

e Studied Strains Chlorella sp was chosen to be
the common examined strain between the
partners. In addition, native algal strains from

each participant country were isolated and
identified.

* Both Chlorella sp and locally isolated

microalgae have been examined under lab and
out-door scale.
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Lab Scale Cultivation—

e Strains were cultivated under different
conditions of pH, salinity, nitrate, and dilution;
with the influence of the different seasons.

* The cells with highest growth rate underwent
up-scaling; from flask to carboy to FPP
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Out-door Cultivation——-

Cultivated strains under best lab conditions were re-
cultivated in both open ponds and FPP according to
the following conditions:

1- Control conditions,
2- Optimized conditions,
3- With fertilizer.

The same was done with bloom. The aim was to
compare between both open and closed cultivation
systems with different conditions.
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Production of Biodiesel in selected Mediterranean C ounmes

Map of locally isolated algal samples

Qait Bay Fortress East Harbour Library of Alexandria (new
one)

Ras Al Teen military zone Industrial ports Waterfront with no public
access/activities.

Project f?nt\ ENPI
funded by the <= CBCMED
EUROPEAN UNION S (ovsorsoo




od-aldae

Blooming of isolates inside med-algae-tab«¢
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Nannochloropsis-Like sp. UrM@dL‘l@ dC
Microscopy
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Chlorella sp cultivated under lab conditiong«
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Chlorella sp. Under Light Microscopy

-
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Second Up-Scaling of Chlorella sp and"N:-gf-=«=
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Algae Cultivation in Flat Panel PhotMﬁd'éaLg:ae

(third lab scale)

Production of Biodiesel in selected Mediterranean Count
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dry weightgm/I

Results (FPP)
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Production of Biodiesel in selected Mediterranean Countri es

Effect of salinity on the dry wt (g/1) of Chlorella sp
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Effect of pH on the dry wt (g/l) of Chf@rel ei'edgdpmmm

Chlorella Marina
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Effect of nitrate conc on the dry wt (g/I) @fﬁno@hd 9 %‘

Chlorella Marina
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Effect of dilution on the dry wt (gm/I)of-€hlorelta-sp:

Dilutions by biomass
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Conclusion ===

According to our results the growth of Chlorella
sp cultivated under previous conditions has
increased approximately 3-times (from 1.3 to
4 g/l1), with growth rate: 2/day. at:

* pH: 8.5

* Salinity: 45 g/I
* Nitrate: 0.4 g/l
* Dilution: 30%
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Production of Biodiesel in selected Medite

Biochemicals of Chlorella sp

* Protein content:1.18 g/I
* Carbohydrate content:0.21 g/I
* Lipid content: 0.8 g/I
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Production of Biodiesel in selected Mediterranean C oumnes

Amino Acid Composition of Chlorella sp

Peak a.a.

No. Name

1 Arginine
2 Lysine

3 Alanine

4 Threonine
5 Glycine

6 Valine

7 Serine

8 Proline

9 Isoleucine
10  Glutamic
11  Aspartic
12  Cystine

13  Tyrosine

Retention Time

(RT)
1.75
2.18
2.98
3.23
3.77
3.90
5.80
9.68
11.72
22.33
22.72
24.15
25.47

Amount %

14.74
9.53
3.31
1.16
9.61
3.46
9.83
3.66
15.75
8.61
7.21
3.92
9.21
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Oil Characterization of Chlorella sp Med al

1 of Biodiesel in selected Mediter

Acid Value: 0.449
Saponification Value: 50.5

M.W: 336.26; calculated as an average of fatty
acid profile molecular weights.
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Production of Biodiesel in selected Mediterranean C ounmes

Fatty acid comprising biodiesel of Chlorella sp.

* SFA mg/100g DW %

. C6:0 0.2 0.3

. C8:0 1.8 4.0

. C10:0 0.3 0.6

. C11:0 0.8 1.8

. C12:0 0.2 0.4

. C13:0 0.2 0.4

. C14:.0 0.7 1.6

. Ci16:0 19.4 41.1
. C17:0 0.5 1.1

. C18:0 9.8 20.7
. C20:0 3.4 7.3

. Monounsaturated FA

. Cilda 0.5 1.1
. Cle6:1 2.3 4.8
. C18:1w9c 4.3 9.0
. Polyunsaturated FA

. C18:2w6c 2.7 5.8
. SFA 37.3 79.3
. USFA 9.8 20.7
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Overview i

* In Chlorella sp., the chain lengths of FAME (biodiesel) ranged
from C6 to C20.

* Analysis of biodiesel demonstrated the presence of saturated,
monounsaturated and polyunsaturated fractions. The most
amount concentrates on C16:0 and C18:0 which represent
more than 61%.

* Presence of important fractions C16:1, C18:1 and C18:2.

* Furthermore, the ratio of saturated/unsaturated fatty ester
fractions (mg/100g biomass) was 3.8.
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‘ O m m e nt Production of Biodiesel in selected Mediterranean Coumries‘

* In Chlorella sp., fatty acids are mostly saturated; more than 61% of FA are
composed of both Palmitic acid (C16:0) and stearic acid (C18:0), which are
known as the most common fatty acids contained in biodiesel. They give
good cetane number and oxidative stability to biodiesel.

* Presence of both C10 (capric) & C14 (myristic) which improve the quality
of biodiesel.

* Based on the degree of saturation; the proportions of sat/unsat is 3.8,
while MUFA/ PUFA is 3:1; a mixture gives good viscosity to biodiesel.

* In addition, this strain can be easily cultivated with good growth rate and
biomass productivity.
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Results of N. sp Med_al dC

Production of Biodiesel in selected Mediterranean Countries

Effect of pH on the dry wt (g/l) of bloom culture
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4- Effect of nitrate conc on the dry wt dblca ae

gm/L

0,2

0,18

0,16

0,14

0,12

0,1

0,08

0,06

0,04 -

0,02 -

oauction of iodiesel in selected Mediterranean Countries

culture

Bloom

/\

7
/

==8 mg/L

4 ‘k\* b
N o
—

Project %m@ ENPI
funded by the «_. CBCMED
EUROPEAN UNION —




Dry Weightgm/I

Effect of salinity on the dry wt (g/l) Y @d'ﬂa'ldae

c u It u r e Production of Biodiesel in selected Mediterranean Counmes
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c u I t u re Production of Biodiesel in selected Mediterranean Countries‘
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Conclusion ===

According to our results the growth of Nannochloropsis sp
cultivated under previous conditions has increased more than
twice (from 1.5 to 3.3 g/l), with growth rate 1.5/day, at:

Salinity: 30 g/I
Nitrate: 0.6 mg/I
pH: 9

Dilution: 10%
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Production of Biodiesel in selected Medite

Biochemicals of N. sp

-Carbohydrate content: 22% DW=0.7 g/I
-Protein content: 32% DW=1.05 g/
-Lipid content: 40% DW= 1.3 g/I
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Pigment composition of N. sp

Chlorophyll a: 0.58 mg/ml

Carotenoid fraction(mg/I)

Astaxanthin: 0.42

Canthaxanthin 0.48

Zeaxanthin 0.54

Violaxanthin 0.58

8- Carotene 0.54
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Glutamic 1.98
Arginine* 1.48
Proline 3.99
Histidine™ 0.75
Aspartic 3.58
Threonine* 1.59
Lysine* 1.14
Isoleucine* 2.39
Methionine* 0.44
Glycine 1.21
Serine 1.22
Cysteine 0.03
Alanine 3.05
Valine* 1.59
Leucine* 2.42

Med-aldae

Production of Biodiesel in selected Mediterranean C ounmes

Amino acid composition (mg/100 g fresh wt.) of N. sp
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FA composition of N. sp. data expressed.ir nga g ;ﬁ!geae

“F.A. %
C14:0 3.10

Cle:1 10.33
Cl16:0 8.20
Cle:2 3.50
Cl6:3 3.50
C18:0 3.30

C18:1 17
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Overview i

 The chain lengths range from C14 to C20; out
of the ideal length!

e The concentration of saturated fractions is less
than 20%, not good for ideal biodiesel.

* Mostly with long chain unsaturated fractions;
C20 acids represent more than 43%

* Presence of C16:0 & C18:0V
 Presence of C16:1, C18:1, C18:2V
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Conclusion I

At the moment, biodiesel production by N sp is not
practical at the economical level. In order to
improve the biodiesel fuel quality, the algal oil
must be enriched with certain fatty acids by up-
regulation of fatty acid biosynthesis and/or by
down-regulation of 6-oxidation. This could be
achieved by means of genetic engineering and/or
by further manipulating the cultivation
conditions. However, supplementation of N. sp’s
oil with other short-chain fatty acid esters may be
of interest.
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Out-door Cultivation Systmd‘al dé

Open pond chamber at the Faculty of Science; Alex Utiiv.”
(Current Activity)
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Seawater tank outside the ch@fm%ewmnCmmmes
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Flat Panel Photo-Bioreactor—-
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Open Ponds with running algal-cultu
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Production of Biodiesel in selected Mediterranean Co ies

A compressor to aerate 6-open ponds
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Algae Culture Separator——-
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A | g a I P a S t e Production of Biodiesel in selected Mediterranean Counmes
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Oil extraction using soxhlet extractorPf"ﬁﬁﬂ”‘rb“tﬁerv’“""“
evaporator for hexane evaporation
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Alexandrian team with Our European & LMeﬁS?l
Colleagues

Project
funded by the
EUROPEAN UNION




Med-aldae

Production of Biodiesel in selected Mediterranean Counmes

Great Thanks from Med-algae lab Team
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