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Executive Summary
This document is the contractual deliverable D8 of the ENERFISH project, a project aiming
at:

Develop and demonstrate  polygeneration technologies

Develop and demonstrate a cooling/freezing cascade based on CO2

Realize the demonstration plant in Vietnam

Demonstrated technology will be exploited and disseminated also in Europe
Fish oil from fish cleaning wastes is used as a source for production of bio-diesel, and
electricity and heat at a fish farming and processing plant. Cooling and freezing processes are
necessary auxiliary functions at the fish food production, and energy efficient equipments will
be also demonstrated.

The  deliverable  D8  “Raw  material  analysis”  is  an  output  of  the  Work  Package  4  titled
“Monitoring and testing plant operation. Analyses (e.g. raw material); Environmental Impact
Assessment”.  The other WP4 deliverables will be prepared later according to the project
schedule.

TUV (Technische Ûberwachungsverein Rheinland), currently TÜV Rheinland Group, is the
leader and main contributor of the WP4. The other beneficiaries of ENERFISH consortium
involved in this WP are VTT, HT-FOOD, Preseco, Vahterus, ECC, RCEE and AFI. The early
task reported in D8 “Analysis of raw material” aimed to give necessary information on the
raw  material  for  the  demonstration  plant  in  order  to  dimension  and  optimise  the
demonstration equipments.

The first results of the analyses presented in this D8 will be supplemented by the extensive
test results, and the updated report will be published in January, 2009.
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 Summary
The materials identified as to be most relevant for the project and process design

are the quality of input-water to the process as well as the quality of the fish oil

to be processed to bio diesel during the process.

Whilst the water is taken from a local drill at 300 meter depth, that already

exists,  the  fish  oil  separation  plant,  processing  fish  waste  to  fish  oil,  is  not  yet

installed.

Both input materials were investigated and subject to analysis. Details about the

analysis are presented within this report. The overall findings about existing and

proposed qualities of input raw materials are satisfying.
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1  Introduction

At the beginning of the project collaborative discussions and bilateral talks

helped to get a detailed understanding of the proposed process design and to

identify needs for clarifications of raw material analysis. These analyses are

intended  to  support  the  development  and  design  of  the  bio  diesel  plant.  The

results will be useful as indications on the quality of the raw materials. Anyway,

certain safety ranges need to be considered.
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2 Raw materials
Within the description of works (basis to this Enerfish project) a rough sketch on

the proposed process design was already presented.

FISH OIL
17 t/d

Methanol
separation

CH3OH
1,3 t

KOH
0,07 t

BIODIESEL
13 t

WASTE
WATER
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reactor reactor
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Source: ENERFISH_DoW_final-10_06_2008.doc

In  total  four  raw  products  will  be  used  for  the  process.  In  a  first  premix-tank

methanol (CH3OH) will be mixed with catalyst (KOH). This premix will be

added to fish oil, the third raw material, at a batch reactor tank. Water is also

necessary for the process. The main use of water is the purification by which the

bio diesel is cleaned before it can be used.

A differentiation of the used raw materials can be done as follows. On the one

hand there are raw materials to be used that will be bought and correspond to

regular product specifications. The methanol as well as the catalyst is such

products. The quality of those products is commonly known and in case any

specification will be not fulfilled, the product can be substituted e.g. by selecting

of another producer or other product quality.
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Thus, more interesting are these raw materials, that can not be substituted and

specifically belong to the selected fish production company.

The input water will be taken from an existing drill at the plant site. Furthermore

the fish oil will presumably be taken from the occurring fish waste at the

selected site. Currently there even exist three options on how to produce fish oil

from fish wastes. By installing a separation plant at the production site, the

occurring wastes can directly be processed to fish oil. Second option is to

outsource the process of separation by handling fish waste to a service provider

and getting back the corresponding fish oil. The third option would be to buy

fish oil produced by other fish wastes of another fish factory. Therefore any

analysis  of  fish  oil  at  the  current  status  of  the  project  and  only  provides

preliminary results.

2.1  Analysis of water

The fish production company HT-Food owns a water treatment plant in order to

process ground water to drinking water quality. Thus, theoretically two qualities

of  input  water  for  the  bio  diesel  process  exist  at  the  plant.  With  regard  to  the

intended use of water for premixing and cleaning of bio diesel, the most decisive

parameters are the pH and the total hardness. Additionally the water temperature

is relevant.

At the water treatment plant in Vietnam several investigations and analyses of

water samples have been performed.

The following table summarises the results:
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Number Parameter unity

Limit / Treshold according to
Vietnamese standard for

ground water (TCVN5944,
1995)

Result of analysis
before ground water

treatment

Result of analysis
after process

1 pH 6,5 - 8,5 7,62 7,78
2 Color Pt - Co 5 - 50 0 0
3 hardness as CaCO3 mg/l 300 - 500 55,0 50,0*)

4 total solids mg/l 750 - 1500
5 arsenic mg/l 0,05 0,00273
6 cadmium mg/l 0,01 below detection limit
7 chlorine mg/l 200 - 600 90,04 87,2
8 lead mg/l 0,05 0,00029
9 chromium (VI) mg/l 0,05 below detection limit
10 cyanides mg/l 0,01 0,00553
11 copper mg/l 1,0 0,00096
12 fluoride mg/l 1,0 0,42
13 zinc mg/l 5,0 0,0057
14 manganese mg/l 0,1 - 0,5 0,01
15 nitrate mg/l 45 0,35
16 phenol compound mg/l 0,001 0,00027
17 iron mg/l 1 - 5 0,68 0,43
18 sulfate mg/l 200 - 400 62,44 93,8
19 mercury mg/l 0,001 0,00058
20 selenium mg/l 0,01
21 fecal coli MPN/100ml not detectable 0
22 coliform MPN/100ml 3 0

temperature of the water coming from the drill is about 30°C
*) sum of calcium and magnesium

As it was intended to use the ground water, the water is coming from a 300m

deep drill. By this the temperature of the water will presumably be constantly

about 30°C both summer and winter times. The pH of the ground water is 7,62.

The hardness was determined at 55 mg/l CaCO3. As it can be seen by the

additional analysis results e.g. microbiological contamination does not exist.

Also analysis results of the water after the process are available. Regarding the

crucial parameters (pH and hardness) there are no major changes. As the water

treatment is energy and cost consuming process, there is no indication to use

processed water instead of ground water.

The option to use processed water due to any unforeseeable reason still exists.

2.2  Analysis of fish oil

As  mentioned  above  the  final  decision  on  how  to  provide  fish  oil  /  by  use  of

which plant / service provider is not taken yet. Also if there might appear

differences in quality of the fish oil depending on its origin can not be finally

answered yet. Nevertheless an approach was made by analysis of a fish oil



                                11(20)

ENERFISH
Deliverable D8

sample provided by HT-Food who will also later on be responsible for provision

of fish oil.

After discussing with the involved partners, following parameters for fish oil

could be of interest:

- Content of free fatty acids,

- density (kg/m³),

- thermal conductivity (W/m K),

- dynamic viscosity (cP),

- specific heat value (J/kg K),

- moisture content (kg/kg),

- Alkali metals (mg/l)

- Sodium (mg/l)

- Potassium (mg/l)

- Phosphorus (mg/l) and

- Higher heat value (kJ/kg).

Of all these parameters the content of free fatty acids is the most important one,

as  this  is  an  indication  on  the  quality  of  fish  oil  and  the  possible  yield  of  bio

diesel by the process. Furthermore the content of free fatty acids is important for

the bio diesel process as it is decisive for the amount of catalyst needed to be

added. As more free fatty acids are available, as less catalyst will be needed to

start / accelerate the transesterification process. Saving of catalyst is of course

also cost-effective.

Parameters like viscosity, specific heat value and thermal conductivity are

relevant for the dimensioning of the heat exchangers that will be used for the

pre-heating of the fish oil, before the transesterification process is started.

As the bio diesel plant is not yet erected, the determination of free fatty acid

content of a nowadays taken sample is only of informative character.
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Also for the dimensioning of the heat exchanger, any results of a current

analysis can be used as indication but not as unambiguous, never changing input

data. The dimensioning has to be done for a range of values for each parameter.

Nevertheless, the analyses have been performed.

The free fatty acid content was determined by titration test. The result (repeat

determination) is 1,5 ml NaOH-solution per ml oil.

The density was determined at 0,92 g/l (at 20°C).

Fish  oil  samples  were  analysed  at  different  labs  in  order  to  determine  the

remaining parameters.

As especially thermal conductivity is a very specialized analysis, only few

laboratories are in general able to perform this analysis. But meanwhile labs for

any parameter have been identified and results were provided. More details

about the analyses like applicable standards and testing procedures can be seen

in the specific analysis reports in the appendix to this report.

The following table lists all stated parameters and shows the results.

Number Parameter unity Result of analysis Remark

1 Free fatty acids ml NaOH-solution per
ml oil 1,5 Titration test

2 Density kg / m³ 0,92 at 20°C

3a dynamic viscosity cP 51 ± 0,5
at 40°C, shear rate 50

3b dynamic viscosity cP 71,1 ± 0,7
at 40°C, shear rate 100

4 thermal conductivity W / m K 0,173 ± 0,003
5 specific heat value J / g K 2,0 - 2,2 ± 5%
6 Moisture content kg / kg 0,08
7 Alkali metals mg / l

7a Sodium mg / kg < 5
7b Potassium mg / kg 1 ± 1
8 Phosphorus mg / kg 1 ± 1
9 higher heat value kJ / kg 39360 ± 46
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3 Conclusion
With regard to the short lasting project duration the first feasible and satisfying

results were already achieved. All raw materials, as far as necessary, were

investigated.

The quality of available ground water is good and will be taken into account for

the design of the bio diesel plant.

Regarding the quality of the provided fish oil sample the content of free fatty

acids was of main interest. As the result of the titration test showed, the quality

of the fish oil is very good.
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Attachments:
- analysis results of ground water

- analysis results of water after process

- analysis results of fish oil (density and free fatty acids)

- analysis results of fish oil (thermal conductivity etc.)

- analysis results of fish oil (dynamic viscosity)
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TÜV Immissionsschutz und Energiesysteme GmbH

Firma: Enerfish Ablieferungsdatum:
Anlage: Fischöl Termin für Ergebnisse:
Auftrags-Nr.: 21210381 Lagerung bis:
Position 100 weitere Untersuchungen
Sachbearbeiter: Schäfer

Proben- Erwartungswerte Ergebnisse Proben-
bezeichnung abgesaugtes Konzentration für die Komponenten gewicht

Dichte freie Säure
Einheit Volumen, l mg/m³ g/ml ml NaOH-lösung pro ml Öl g

fish oil sample
Nov 08

46,13g in 50 ml bei RT 0,92

viskose Flüssigkeit,die bei 35°C flüssig wird
doppelten Ansatz genommen, damit die Elektrode in Flüssigkeit steht
ca. 80 ml von der kräfig gerührten Probe entnommen und auf 45°C erwärmt
Messung 1 1,5
Messung 2 1,5

sehr gute Qualität

  Analysenverfahren: gez.:
Analysendatum: 26.11.2008

Sachbearbeiter/in: S.R.
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