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1. SUMMARY

RO-RO ferry Larkspur has got two diesel engines in engine room firing on fuel oil.

On monitoring dates 19. 08. 2012 - 22. 08. 2012 monitoring of emissions to air have been
performed on the left exhaust from the diesel engine of the RO-RO ferry Larkspur. The
objective was to measure emissions with and without the pressure pipe TRGA-3G-15,

intended for homogenisation of fuel oil.

2.  EMISSION SOURCE DESCRIPTION

(source: Larkspur)

2.1 Sour ce classification:
Source type:

Producer:

Type:

Internal label:

Factory number:
Production year:
Installation year:

High pressure pipe is fitted to the engine
Type:

Producer:

Type:

Factory number:

Material:

Dimension:

Production year:

Installation year:

Max. operating pressure:
Trial pressure:

Max. operating temperature:
Medium:

Compliance assessment:

Small combustion appliance
Diesel engine
Stork-Werkspoor Diesel
9TM 410 LL

3301
1975
1976

High pressure pipe 3G
BIMONT d.o.0.
TRGA-3G-15

001

P235, P265

0 100 mm

2012

2012

40 bar

60 bar

-25 -+ 250

group 1 liquid mediums
module A1 PED 97/23/ES
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3.

MEASUREMENT DESCRIPTION

Monitoring dates: 19. 08.2012 -22. 08.2012

3.1 Equipment

ANALIZATORJI ANALYZERS

OXYMAT 61
O, 4.20 mA .
HEATED SAMPLE LINE MAK 6-—3 ULTRAMAT 23
OGREVANI ODJEMNI VOD
co
bee , /Y o 4.20 mA
COOLER
HLADILNIK ULTRAMAT23
co
NO
SO2 4..20 mA
02

TOSHIBA LAP—-TOP

] SIGNAL DATA
—— CONDITIONING| AQUISITION

ZAJEM ZAJEM
SIGNALOV PODATKOV

Picture 1. Measurement system for monitoring of flue gases MERSIS.

For monitoring of flue gases measurement system MERSIS is being used (picture 1). System
consists of analysers, connection interfaces and computer system with software for data
acquisition. Data acquisition system is composed of IOtech DagBook [1] acquisition module
and DASYLab [2] software installed on Toshiba laptop. With the use of suitable interface
(connectors) and connection cables following analysers are connected to data acquisition
system:

1.

Analyser for oxygen, carbon monoxide, nitrogen oxide and sulphur dioxide ULTRAMAT 23,
manufacturer SIEMENS (U231C); Serial number: N1-V4-0487, measurement principle for carbon
monoxide: infrared spectroscopy (IR); measurement of mass concentration; measuring range 0-250/1000
pL/L; measurement principle for nitrogen monoxide: infrared spectroscopy (IR); measurement of mass
concentration; measuring range 0-400/1600 puL/L; measurement principle for sulphur dioxide: infrared
spectroscopy (IR); measurement of mass concentration; measuring range 0-150/750 pL/L; measurement
principle for oxygen: electrochemical cell; measurement of volume fraction; measuring range 0-5/25 %; all
analogue outputs: 4-20 mA;

Analyser for oxygen, carbon monoxide, carbon dioxide and methane ULTRAMAT 23, manufacturer
SIEMENS (U233); Serial number: N1-W7-893, measurement principle for carbon dioxide: infrared
spectroscopy (IR); measurement of volume fraction; measuring range 0-10/50 %; measurement principle for
carbon monoxide: infrared spectroscopy (IR); measurement of volume fraction; measuring range 0-0,5/2 %;
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measurement principle for carbon monoxide: infrared spectroscopy (IR); measurement of mass
concentration; measuring range 0-50/2500 pL/L; measurement principle for oxygen: electrochemical cell;
measurement of volume fraction; measuring range 0-5/25 %; all analogue outputs: 4-20 mA

3. Oxygen analyser OXIMAT 61, manufacturer SIEMENS (061); Serial number: N1-TN-0332; measurement
principle: paramagnetic; measurement of volume fraction; measuring range 0-2/100 %, analogue output: 4-
20 mA.

3.2 Measured values
Measured values are shown in table 1.

Table 1. Measured values.

Measured value analyser label Unit Measuring principle measuring
range

volume fraction of carbon dioxide U233 ®co, % IR 0-20
volume fraction of oxygen U231C %o, % electrochemical 0-25
mass concentration of nitrogen U231C oo uL/L IR 0-1600
monoxide
mass concentration of carbon monoxide | U233 $co ML/L IR 0-2500
mass concentration of sulphur dioxide uU231C ¥so, ML/L IR 0-750

Monitoring of inorganic parameters. Flue gas sample is continuously extracted out of the
exhaust with the use of heated sample line (OV10Pt) with temperature controller (20 to 200
°C) of the manufacturer JCT. Heated sample line prevents condensation of water. Gases are
being passed to gas conditioning system (gas conditioner MAK 6-3) and corresponding filters
before being fed to gas analysers. Flow rate is maintained by gas analysers with the use of
built in gas sample pumps. Monitoring methods are shown in table 1. Monitoring is
performed according to operating procedure DP02 - continuous measurement of gas
concentrations and standards SIST ISO 10396:2012, SIST ISO 12039:2002 and SIST ISO
10849:1996.

3.3 Measurement site

Measurement site is located on the left exhaust of the diesel engine on the ferry Larkspur.
Measuring plane is located on the vertical duct of circular shape. Sketch of the measurement
site is shown on picture 2. Distribution of measurement ports and lines are shown on picture
3.
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Z — distance to
release into the
atmosphere

Y — straight section
downstream of the
measurement site

measurement site

_________ Yy _
A
T Lenght | Value | Unit
X — straight section D 600 | mm
gas upstream of the X >5000 | mm
flow measurement site % ~5000 | mm
\/\ v Z >5000 | mm
Picture 2. Sketch of the measurement site.
l.a
No. measurement

l.a | Sample port @ 10 mm
for measurement of
inorganic parameters
and particulates

Remark: Openings on
measurement line are
labelled with dot.

Picture 3. Measurement ports and lines for parallel measurements.

3.4 Measuring uncertainty

Unless otherwise stated, expressed expanded measuring uncertainties were determined from
combined standard uncertainties multiplied by coverage factor of 2, thus assuring 95 %
confidence interval. Uncertainties were estimated to procedures listed in Guide to the
Expression of Uncertainty in Measurement [4].
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4. MONITORING EXECUTION

On diesel engine Stork-Werkspoor Diesel in period 19. 08. 2012 - 22. 08. 2012 one set of
measurement of emissions to air were performed at normal operation of diesel engine.
Measurement were tried to be carried out at most constant operating conditions (stationary
conditions).

Labels and purposes of particular measurements are described in below.

41 Measurement no.1—fileno.: 1208190717.dat

Purpose of measurement no. 1 was to establish existing state of performance of diesel engine
firing on fuel oil. On day 19.08.2012 we have conducted measurement of emission of carbon
monoxide, sulphur oxides, oxides of nitrogen, carbon dioxide and oxygen in gas phase at
normal operation of diesel engine (engine load: 75 %).

4.2 Measurement no. 2 —fileno.; 1208191720.dat

Purpose of measurement no. 2 was to establish existing state of performance of diesel engine
firing on fuel oil. On day 19.08.2012 we have conducted measurement of emission of carbon
monoxide, sulphur oxides, oxides of nitrogen, carbon dioxide and oxygen in gas phase at
normal operation of diesel engine (engine load: 75 %).

4.3 Measurement no. 3 —fileno.: 1208200732.dat

Purpose of measurement no. 3 was to establish existing state of performance of diesel engine
firing on fuel oil with inclusion of high pressure pipe TRGA-3G-15 on »buffer« tank. On day
20.08.2012 we have conducted measurement of emission of carbon monoxide, sulphur
oxides, oxides of nitrogen, carbon dioxide and oxygen in gas phase at normal operation of
diesel engine (engine load: 75 %).

4.4 Measurement no. 4 —fileno.: 1208201254.dat

Purpose of measurement no. 4 was to establish existing state of performance of diesel engine
firing on fuel oil with high pressure pipe TRGA-3G-15 switched on »buffer« tank. On day
20.08.2012 we have conducted measurement of emission of carbon monoxide, sulphur
oxides, oxides of nitrogen, carbon dioxide and oxygen in gas phase at normal operation of
diesel engine (engine load: 75 %).

45 Measurement no. 5—fileno.: 1208201731.dat

Purpose of measurement no. 5 was to establish existing state of performance of diesel engine
firing on fuel oil with high pressure pipe TRGA-3G-15 switched on »buffer« tank. On day
20.08.2012 we have conducted measurement of emission of carbon monoxide, sulphur
oxides, oxides of nitrogen, carbon dioxide and oxygen in gas phase at normal operation of
diesel engine (engine load: 75 %).
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4.6 Measurement no. 6 —fileno.: 1208211357.dat

Purpose of measurement no. 6 was to establish existing state of performance of diesel engine
firing on fuel oil with high pressure pipe TRGA-3G-15 switched on daily storage vessel and
on »buffer« tank. On day 21.08.2012 we have conducted measurement of emission of carbon
monoxide, sulphur oxides, oxides of nitrogen, carbon dioxide and oxygen in gas phase at
normal operation of diesel engine (engine load: 75 %).

4.7 Measurement no. 7 —fileno.: 1208211745.dat

Purpose of measurement no. 7 was to establish existing state of performance of diesel engine
firing on fuel oil with high pressure pipe TRGA-3G-15 switched on daily storage vessel and
on »buffer« tank. On day 21.08.2012 we have conducted measurement of emission of carbon
monoxide, sulphur oxides, oxides of nitrogen, carbon dioxide and oxygen in gas phase at
normal operation of diesel engine (engine load: 75 %).

4.8 Measurement no. 8 —fileno.: 1208220721.dat

Purpose of measurement no. 8 was to establish existing state of performance of diesel engine
firing on fuel oil (direction Oostende — Ramsgate) with high pressure pipe TRGA-3G-15
switched on daily storage vessel only (07:21 - 11:10) and after that high pressure pipe on
»buffer« tank has been switched on(11:10 - 12:40). On day 22.08.2012 we have conducted
measurement of emission of carbon monoxide, sulphur oxides, oxides of nitrogen, carbon
dioxide and oxygen in gas phase at normal operation of diesel engine (engine load: 75 %).

4.9 Measurement no. 9 —fileno.: 1208221359.dat

Purpose of measurement no. 7 was to establish existing state of performance of diesel engine
firing on fuel oil (direction Oostende — Ramsgate) with high pressure pipe TRGA-3G-15
switched on daily storage vessel and on »buffer« tank. On day 22.08.2012 we have conducted
measurement of emission of carbon monoxide, sulphur oxides, oxides of nitrogen, carbon

dioxide and oxygen in gas phase at normal operation of diesel engine (engine load: 75 %).

Graphical display of measurements is shown in appendix 1.

Results of monitoring are shown in electronic version as excel templates.
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(9]

[10]
[11]
[12]
[13]

[14]
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APPENDI X

6.

6.1 APPENDIX 1. Graphic record of measurement — 19.08.2012

VZORCENJE: 4 s

OBJEKT:levi izpuh LARKSPUR

NAROCNIK: Bimont

CAS: 7:17

DATUM:19.08.2012

LIST: 1/2

MERITEV: ob&asna

DATOTEKA: .DAT

volumski delez O, (%)

25

2 CO (uL/t)

e

volumski Hel

emisijska

1500

2000
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NAROCGNIK: Bimont OBJEKT:levi izpuh LARKSPUR VZORCENJE: 4 s
DATUM:19.08.2012 CAS: 17:20
DATOTEKA: A1208191720.DAT MERITEV: ob&asna LIST: 1/2
volumski delez O, (%)
25 ; .
20 ! ,
_ | 1
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0 10 20 30 40 50 60 70 80
. .
1 1
emisijska koncentracija CO in MEV (mg/m®) ' '
1000 .
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1
600 : :
400 , :
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VZORCENJE: 4 s

OBJEKT: levi izpuh LARKSPUR

NAROCNIK: Bimont

CAS: 7:17

DATUM: 19.08.2012
DATOTEKA: .DAT

LIST: 2/2

MERITEV: obCasna

volumski delez NO (uL/L)

200

1200

800
400

NO 4in MEV
1

ncentiacija

emisijska

2500

volumski

emisijsk

1000
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NAROCNIK: Bimont OBJEKT: levi izpuh LARKSPUR VZORCENJE: 4 s
DATUM: 19.08.2012 CAS: 17:20
DATOTEKA: A1208191720.DAT MERITEV: ob&asna LIST: 2/2
volumski delez NO (uL/L)
1500 .
1200 — !
|
] 1
900 — |
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— 1
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] Il : :
1 1
[ | '] 1 1
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1 1
emisijska koncentracija SO, in MEV (mg/ms) I I ' '
1000 i ! !
800 — 11 . .
]
600 | |
400 I :
| I
200 I ! !
I : :
0 i i
I ] ]
0 10 20 30 40 50 60 170 80 |
¢as (min) 11 ' '
" ! !
| m
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Legend:

start of program: T =07:17

a— start engine on fuel oil without TRGA-3G-15: T + 55 min
b — leaving from port Oostende: T + 67 min

¢ — start TRGA-3G-15 on »buffer« tank: T + 138 min
d — change mode operation: T + 216 min

e— switch to diesel: T + 293 min

f — arrival to port Ramsgate: T + 323 min

g - stop engine: T + 333 min

h — start engine on diesel: T + 423 min

| — leaving from port Ramsgate: T + 430 min

j — switch on fuel oil: T + 453 min

k — stop TRGA-3G-15 on »buffer« tank: T + 513 min
new file: T =17:20

| — arrival to port Oostende: T + 67 min

m — stop engine: T + 84 min

== == .- calibration of analyzers
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6.2 APPENDIX 2. Graphic record of measurement — 20.08.2012

VZORCENJE: 4 s

OBJEKT:levi izpuh LARKSPUR

CAS: 07:32

NAROCNIK: Bimont

DATUM:20.08.2012

LIST: 1/2

MERITEV: ob¢asna

DATOTEKA: A1208200732.DAT
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VZORCENJE: 4 s

OBJEKT:levi izpuh LARKSPUR

NAROCNIK: Bimont

CAS: 12:54

DATUM:20.08.2012

LIST: 1/2

MERITEV: ob¢asna

DATOTEKA: A1208201254.DAT
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NAROCNIK: Bimont OBJEKT:levi izpuh LARKSPUR VZORCENJE: 4 s
DATUM:20.08.2012 CAS: 17:31
DATOTEKA: A1208201731.DAT MERITEV: ob&asna LIST: 1/2

volumski delez O, (%)

25 T
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LIST: 2/2

VZORCENJE: 4 s

OBJEKT: levi izpuh LARKSPUR
CAS: 07:32

MERITEV: ob&asna

RACI

NAROCNIK: Bimont
DATOTEKA: A1208200732.DAT

volumski delez NO (uL/L)

DATUM: 20.08.2012
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as (min)
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BIMONT

RACI

Report No.: 2012092A

VZORCENJE: 4 s

OBJEKT: levi izpuh LARKSPUR

NAROCNIK: Bimont

CAS: 12:54

DATUM: 20.08.2012

LIST: 2/2

MERITEV: ob&asna

DATOTEKA: A1208201254.DAT
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RACI

BIMONT

NAROCNIK: Bimont
DATUM: 20.08.2012
DATOTEKA: A1208201731.DAT

volumski delez NO (uL/L)

OBJEKT: levi izpuh LARKSPUR
CAS: 17:31
MERITEV: ob&asna

VZORCENJE: 4 s

LIST: 2/2
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Legend:

start TRGA-3G-15 on »buffer« tank at 05:30 and working entire duration of the voyage
start program: T =07:32

a — start engine on fuel oil with TRGA-3G-15 on »buffer« tank: T + 22 min
b — leaving from port Oostende: T + 32 min

¢ — switch to diesel: T + 258 min

d — arrival to port Ramsgate: T + 285 min

e— stop engine: T + 300 min

nova datoteka: T = 12:54

f — start engine on diesel: T + 93 min

g — leaving from port Ramsgate: T + 99 min

h — switch to fuel oil: T + 126 min

new file: T =17:31

| — arrival to port Oostende: T + 53 min

j — stop engine: T + 66 min

== == .- calibration of analyzers
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6.3 APPENDIX 3. Graphic record of measurement —21.08.2012

NAROCNIK: Bimont OBJEKT:levi izpuh LARKSPUR VZORCENJE: 4 s
DATUM:21.08.2012 CAS: 13:57
DATOTEKA: A1208211357.DAT MERITEV: ob&asna LIST: 1/2
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NAROCNIK: Bimont OBJEKT:levi izpuh LARKSPUR VZORCENJE: 4 s
DATUM:21.08.2012 CAS: 17:45
DATOTEKA: A1208211745.DAT MERITEV: ob&asna LIST: 1/2

volumski delez O, (%)
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RACI

BIMONT

NAROCNIK: Bimont
DATUM: 21.08.2012

DATOTEKA: A1208211357.DAT

volumski delez NO (uL/L)

OBJEKT: levi izpuh LARKSPUR VZORCENJE: 4 s
CAS: 13:57

MERITEV: ob¢asna LIST: 2/2
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NAROCNIK: Bimont OBJEKT: levi izpuh LARKSPUR VZORCENJE: 4 s
DATUM: 21.08.2012 CAS: 17:45
DATOTEKA: A1208211745.DAT MERITEV: ob&asna LIST: 2/2
volumski delez NO (uL/L)
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Legend:

daily tank and »buffer« tank working entire duration of the voyage on TRGA-3G-15
start program: T = 13:57

a — start engine on diesel: T + 28 min

b — leaving from port Ramsgate: T + 36 min

nova datoteka: T = 17:45

c — arrival to port Oostende: T + 37 min

d — stop engine: T + 45 min

== == .- calibration of analyzers
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BIMONT
LIST: 1/2

VZORCENJE: 4 s

OBJEKT:levi izpuh LARKSPUR

CAS: 07:21
MERITEV: ob¢asna

RACI

NAROCNIK: Bimont
DATOTEKA: A1208220721.DAT

DATUM:22.08.2012
volumski delez O, (%)

6.4 APPENDIX 4. Graphic record of measurement —22.08.2012

Report No.: 2012092A
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BIMONT
LIST: 1/2

VZORCENJE: 4 s

OBJEKT:levi izpuh LARKSPUR
CAS: 13:59

MERITEV: ob¢asna

RACI

NAROCNIK: Bimont
DATOTEKA: A1208221359.DAT

Report No.: 2012092A
DATUM:22.08.2012
volumski delez O, (%)

o o o F o
L LS |
i
o o o o
B — ) — ©
-~ -~ ~ -~
Iml —_— — — —_— — —_— _— —_— _— —_— —_— —_— L] — —_— —_— — —_— —_—
—
£
o o o o
— O — O o Olm\
-~ ~ ~— —
%)
®©
—_~ vC
(3]
S
£
<)
L L S
e
>
L
=
£
. S Iﬂv IIIIIIIIIIIIIIIIIIII _- IIIIIIII nm IIIIIIIII m IIIIO IIMUIIIII
L —
[ © 0 N 0 O 7]
< 3 =
X
S = S
~ O =
.......................... 1@ 1 L W Y & Fe -G [
C SN (&)
||||||||||||||||||||||||||| [¢o 50 i Hlllllllm r=—=-=-=-=--< -
[ = [} r o B
(3] < ~
© — ©
= = ~
C w [}
[] £ =
Q 7]
c =] K]
g S =
L S A o , T T I © I B I o I L B B B ©
n o 1 o !’ o o 0 o [T} o o o o o o o O o o o o o
N N - - N - - S © © o o S © © o o
S © © < « © ©® © < «
~ ~

file: 0922012ABIMONT_EN.doc version 1.0

28

date: 07. 09. 2012

RACI report No. 2012092A




BIMONT

RACI

Report No.: 2012092A

VZORCENJE: 4 s

OBJEKT: levi izpuh LARKSPUR

NAROCNIK: Bimont

CAS: 07:21

DATUM: 22.08.2012

LIST: 2/2

MERITEV: ob&asna

DATOTEKA: A1208220721.DAT
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BIMONT
LIST: 2/2

VZORCENJE: 4 s

OBJEKT: levi izpuh LARKSPUR
CAS: 13:59

MERITEV: ob¢asna

RACI

NAROCNIK: Bimont
DATOTEKA: A1208221359.DAT

volumski delez NO (uL/L)

DATUM: 22.08.2012

Report No.: 2012092A
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Legend:

start program: T =07:21

a — start engine on fuel oil with TRGA-3G-15 on daily tank: T + 37 min
b — leaving from port Oostende: T + 52 min

C — start of maneuver — change of direction: T + 149 min
d — start TRGA-3G-15 on »buffer« tank: T + 229 min

e — switch on diesel: T + 267 min

f — arrival to port Ramsgate: T + 303 min

g - stop engine: T + 314 min

new file: T = 13:59

h — start engine on diesel: T + 27 min

| — leaving from port Ramsgate: T + 34 min

j — switch on fuel oil: T + 56 min

== == : - calibration of analyzers
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