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Executive Summary

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

e Develop and demonstrate polygeneration technologies

e Develop and demonstrate a cooling/freezing cascade based on CO2

e Realize the demonstration plant in Vietnam

e 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 Uberwachungsverein Rheinland), currently TUV 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.

Biodiesel process

FISH OIL
17 t/d

PROCESSING

reactor __| reactor

GLYCEROL Methanol
09t separation

y

PURIFICATION
»| BIODIESEL
13t

| y l. | wasTE
| WATER
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 (CH;OH) 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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Lim_it / Treshold according to Result of analysis )
Number parameter unity Vietnamese standard for before ground water Result of analysis
ground water (TCVN5944, treatment after process
1995)
1 pH 6,5-8,5 7,62 7,78
2 Color Pt- Co 5-50 0 0
3 hardness as CaCO3 mgl/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 (V1) mag/l 0,05 below detection limit
10 cyanides mg/l 0,01 0,00553
11 copper mg/l 1,0 0,00096
12 fluoride mag/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 mag/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

% Surn of calclum and tagneshum
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 CaCOs;. 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 oll

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 oll
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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 mi NaOI-r!r;Isg:lutlon per 1,5 Titration test
2 Density kg / m3 0,92 at 20°C
3a dynamic viscosity cP 51 o £05
at 40°C, shear rate 50
3b dynamic viscosity cP 71,1 o 0.7
at 40°C, shear rate 100
4 thermal conductivity W/mK 0,173 + 0,003
5 specific heat value J/gK 2,0-2,2 + 5%
6 Moisture content kg / kg 0,08
7 Alkali metals mg /|
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)



" COOPERATION _

ENERFISH
Deliverable D8

Chuong V

DANH GIA CHAT LUQNG NUOC VA
DU BAO BIEN POI CHAT LUONG NUGC

I- Prnh gid thinh phin héa I¥ v vi sinh

£¥ ddnh gid chit luong nuwoe cac giéng khoan ciia Céng ty cé phin ché bién
thuy hai san Hiép Thanh, ching i so sanh két qua phin tich nude ldy tai cac 1&
khoan véo cudi dgt bom nudc thi nghiém véi tidu chudn TOVN 5944-1995 {:ho
phép néng dé cic chit & nhidm treng nwde ngdm) va duce thé hién trong béng sau:

| S'[”T_i'_ Hamlung | BVT | TCVN 5944-1995 | Gién=loan HT1 |
T - B O B ¥ 76|
2 B Ma T [Reco | sos | g :
|3 |5 Poéeimg [ Mgl | 300-500 | ssgo .-
"4 | Chétrdniingsd | Mgl | 750-1500 | |
5 | Asen | Mgl | 005 P 000273 -
B T s~ St
Tl Cow [ Mel | Emo-en | onp
SR e e e [ o0
9 f Crom(VD [ Mgl | 005 [ KeH |
10 | = Xinoa | Mgl 001 | 000553
L% Béng UMl [T Tio | 00009
2l Flora [ Mgl [Tl a2
13 |5 Kem {0 Mgl | 50 _ 0,0057
14§ Mangan | Mgl 0.1-0.5 0,01
15 | Nimat [ Mgl | 45 035
_]6 = _I_‘pel:ml_a_ | _I_'y_[ﬂ.-'_] (00 t_ﬁ!_.[][]{ll?
17 |5 _ sat Lo Med L ies (L6E
|18 Sunfat L Mgl 200 - 400 6244
19 [ Thuingan | Mgt | o001 000058
2017 Seen | Mgt T oo R
|21 | Fecalcoli | MNP/100mI | Khong 0
[ 22 | Caoliform MNP/ 100m] 3 1]

So sanh véi tidu chuin cho phép theo tidu chudn TCVN $944-1995, thi riudec
cua gieng khoan khai thic HT1 e chi tigu déu dat
can tien hanh lay miu phin tich djnh ky dé th

diém ban diu.

2- Dinh gid tée ding mdi truimg

Trong xu thé phat trién chung ciia x3 hoi, ngodi nhu cdu sir dung mrde cho
cde yeu cdu dan sinh dang khéng ngimg tang lén, bén canh do cac hoat ddng kinh 18

]

véu ciu. Tuy nhién hing nam
eo dbi chit lugng nude so vai thoi
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Jdustitut Pustenr

/_ VIEN PASTEUR THANH PHO HO CHi MINH

‘ : PHONG KIEM NGHIEM HOA - LY - VI SINH
e e? duang Pastews, Dudn 3 - Thdan shd Ha Shi Mink, VISH Marm
e DVEN thool - (84.8) 297305 - 8230352 - Fan - (B4.8) 8201852 [ vitAs 3w ]
= =
/ﬁg-' W T L
e o ’ > F. - BM ;01
PHIEU KET QUA KIEM NGHIEM QBLBPKA 1 00
MASG . 308978
Téng 8 tramg - 1
TENKHACH HANG:  DOAN BCTV-BCCT 804
LOA MAL THU NGHIEM : NUIGC UGNG HT 1-DG !
NGAY NHAN MAU - NGAY 2 THAMG 2 MAM 2007 NGAY KIEM NGHIEM - D2102:2007
TINH TRANG MAL Kl NHAN :  1CAL NHUA 2L
KET QUA
STT YEU CAU THU NGHIEM KET QUA BONV] | PP THIF MGHIEM | GICH HAN
1| B4 duc Turbity) ] NTL TCWM G184 - 1095 <3
| 2 | Méu(Coioq 0 TOU Y| TOUN 6185 - 1995 <15
3 | BopH 778 . TCUN 64922000 | 6,50 -850
4 | Miiv (Taste & Odour) Knéing mii i : TCAMN 2653 1075 |Khang maiv 19
5 | B4 oxy hod (Chat hity co) 0.16 mgl | TCUNG185 : 1996 <7
| 6 | Amoni(Nkde) 0.19 mol | TCVMGITO-ti9% | <150 |
7| witNo2 093 | mgl | ToUNE17E1996 <3
8 | Wirat (NO3-) Khangghathien |  mgil TCVN §180:1395 <50
9 | 965 cimg (Sum of Calium & Magnesium) * 50.0 mgll | TCUNG224 - 1296 <300
10| Mangan tng (Mangansse - Mn) Khing p:hal hign mai. NF T30-112 <050
|41 | st (Total lron - Fa) 0.43 mgl | TCUNGITT (1996 | <050
12 | sulfat (504-) 938 mglL NF T90-040 <250
13 | Clorua (Chioride - CI-) * B2 mgll | TCUNGIS4 1005 | <250

GHICHU:  phymg phap thif oo (*} due VILAS céing nhan,
Ket qua chi co gid fry trén mdu thir nghiém - Mu thir duoe fuu 3 ngay sau khi trd két qué

KET LUAN: Cée chi liéu trén ndm frong gidi han cho phép theo 56 1320/2002/06/8YT,

TP. Hd Chi Minh ngay 9 théng 2 ném 2007
Phang kiém nghiém HD@.P%MSH‘EI _
I" VIEN PASTEUR

THANH P wt
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TUV Immissionsschutz und Energiesysteme GmbH

Firma: Enerfish Ablieferungsdatum:
Anlage: Fischol Termin fur Ergebnisse:
Auftrags-Nr.: 21210381 Lagerung bis:
Position 100 weitere Untersuchungen
Sachbearbeiter: Schafer
Proben- Erwartungswerte Ergebnisse Proben-
bezeichnung |abgesaugtes |[Konzentration fur die Komponenten gewicht
Dichte freie Sdure
Einheit Volumen, | mg/ms3 g/ml ml NaOH-lI6sung pro ml Ol g
fish oil sample
Nov 08
46,139 in 50 ml bei RT 0,92

viskose Flussigkeit,die bei 35°C flissig wird

doppelten Ansatz genommen, damit die Elektrode in Flussigkeit steht

ca. 80 ml von der kréfig

erdhrten Probe entnommen und auf 45°C erwarmt

Messung 1 1,5
Messung 2 1,5
sehr gute Qualitat
Analysenverfahren: gez.:
Analysendatum: 26.11.2008
Sachbearbeiter/in: S.R.
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Mikroanalytisches Labor Pascher

An der Pulvermiihle 1, D-53424 Remagen-Bandorf (Germany)
E-Mail: MikroLshor(ideol.eom  Internet: httpfwww.mikrolabor.info

Mizresnghdmehen Labor Pascher, Ax dor Pubermdhle |, T-3%24 Remagen Telefom: m 27 ZE} -18 71
Herm Tobias Schifer Telefax: (02228)-8317

TUV Rheinland Immissionsschutz und Energiesysteme GmbH
Am Grauen Stein

D - 51105 Kdln Remagen, 05,01,2009

Tel: 0221-806-2708
Fax: 0221-R06-1349
E-mail:tobias schaefer@de.tuv.com

Thr Aufirag vom 10,12,2008

Fischil
Element Methode Ergebnis
Ma = Smg'kg
AN S0P 1770 AN
i SOP 1503 Sdin
P 1+ 1 mgkg
¥ : G ca. (0,922 glom® (siche
Dt-s-‘fg Dichte bei 20,0 °C DIN 51757, Verf. 4 etz 1)
'EF:“# é; i spez. Wirmekapazitit SOP TA-015 siche Ergebnistabelle
&
highes bt vola Brennwert DIN 51900 39360 J/g + 46 J/g
v iz dyn. Viskositit bei 20,00 °C = nicht durchfiihrbar (siche
i d 0,03 K DI FN 150 310 Anmerkung 21}
“’;L‘;;;%Hé Wirmeleitfihigheit LM 5TO-014 0,173 WimK + 0,003 WmK
'ﬂﬂ’*& bt Wasser DIN 51777 0,08 %%
Anmerkung 1:
Die Probe ist duflerst inhomogen, daher ist hier nur ein Anniherungswert miglich!
Anmerkung 2:

Bedingt durch die Inhomogenitdt der Probe verstopft die Kapillare schon zu Beginn der
Analyse und die Messung bricht automatisch ab.
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Mikroanalytisches Labor Pascher

An der Pulvermiihle 1, D-53424 Remagen-Bandorf (Germany)

E-Mail: MikroLabori@acl com
Seite 2

DSC-Messungen zur Bestimmung der Spezifischen Wiirmekapazitit cp
Kalibrierung mit Saphir, Doppelbestimmung

Wihrend physikalischer Umwandlungen 1. Ordnung (wie z.B. Schmelzen) kann die
spezifische Wirme nicht gemessen werden.,

Bei der untersuchten Probe treten im unteren Temperaturbereich endotherme Peaks auf. Ein
erster Messwert kann daher erst ab 60°C erfolgen.

|_Probe | Temperatur, °C | cp. JigK |
60 21/2,0
70 2.1/2.1
Fizchal 80 2:152.1
| ] 22721
100 22/22
| 110 22122

Ergebnisunsicherheit : + 3%

Mit freundlichen Griiflen

E.Pascher
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TnEznHOnELAN ANATYYSIEAPORTTI
w A BVT09-002
22.1.20049

Preseco Ov
Tlona Kotala
Teknitkante 14
02150 Espoo

VISKEOQSITEETIN ANALYYSI

Amnalyysissd kdytettim Brookfieldin Dial Reading Viscometer mallia EVT.
Instrumentti kiertdd mntoelintd(spindel) nesteessd ja mittaa tarvittavan
vAEntdmomentin jota tarvitaan ylittimain atheutetun liikkeen viskoosizen
resistanssin. Mitatn ¥e-viintémomentt on subteessa mitattavan nesteen
viskositesttiin.

Kaikki mittaukset on laskettu kiivttien “the Brookfield Factor Finder” korttia
kEdfinnettiessi vidntimomenttilnkemaa yksikkidn centipoise (cP)

Wayttzet ovat szkoituksia ent komponenteista ilmoitetnissa subteissa. Nayteastiana
kéytettiin 600 ml dekantterilasia, Naytettd "Mekong™ mitattiin noin 850ml, 1000ml
dekantterilasiin. Ennen lukeman kirjaamista lnkemakiekko sal pyéns vahintdin 5

kertaa.
Shear rate {leikkaus Centipoise (cP)f
Mekong *C(+ 0.1) Spindel nopeus) [mPa*s)

40 1 50 51 {+ 0.5)

40 100 71.1 (£ 0:7)
Kunmoittavast
Minna Lundberg.
Yrkeshégskolan Movia

EKEMAS ! o HELEINGFDORE ! JIAKGEETAD : MYKARLEBY




