& MicroSAM / Sitrans CV

COMMUNICATION

PA
Process Analytics

= for standard process applications
and natural gas CV/BTU analysis

Soton = field mountable

Competence = technology leader (MEMS)

Industry Competence

Process Analytics

Product Competence

References

SIEMENS
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PA
Process Analytics

Process Analytics

Product Competence

Solution
Competence

Industry Competence

References

SIEMENS

Sensors and Communication

MicroSAM / Sitrans CV & MEMS Technology

Micro Live Injection

Micro Live Switching

i
# /,‘
v

A

Piezo EPC

M icro TC D 09/2007, Page 2
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PA
Process Analytics

Process Analytics

Product Competence

Solution
Competence

Industry Competence

References

SIEMENS

MicroSAM
Analytical Module

Live-
Switching

Sensors and Communication

Detectors

eeeeee

Columns

Live-
Injection

Detectors
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The MicroSAM Advantage

PA
Process Analytics

Process Analytics Analyzer installation near sampling point
Faster analysis
No need of air-conditioned shelter

Product Competence

Solution
Competence

Analyzer installation in the shelter
Industry Competence Installation of several MicroSAMs on the spot

References of one traditional GC (densification)

Exchange of standard parts instead repair &
Save money on stock-keeping and service

Remote maintenance (check-up of settings) g
No need for checking analyzer settings on site §f =% ¢

Extreme low consumption of utilities
Save on power and instrument air

SIEMENS
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PA
Process Analytics

Process Analytics

Product Competence

Solution
Competence

Industry Competence

References

SIEMENS

Sensors and Communication

Siemens Process Analytics
Global Partner for Solutions and Systems

® Competence centers

e Sales offices
Service centers
e Production sites

- ) :'-'f‘»ri“
'.5 /: /J,},.;ﬁ“arISruhe N

> 4 ' ® -~ r ‘ ‘) ~d
(3"' '/‘ “l('/\ /: * - 1 m
/ i S Shanghai
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PA
Process Analytics

Process Analytics

Product Competence

Solution
Competence

Industry Competence

References

SIEMENS

Sensors and Communication

Siemens Services

Planning & Engineering &
design development

FEED for Process Analytics

Engineering

Plant life cycle _— -

Installation & Operation &

commissioning maintenance Modernization

Online Support

Installation and commissioning
Repairs and spare parts
Field service
Service contracts

Optimization and modernization

Technical Support

Training

09/2007, Page 6
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Sensors and Communication

Modern Networking & DCS Coupling
Industrial Ethernet & Analytics

PA _ Example: Redundant connection of two shelters
Process Analytics

Process Analytics _ E

iRl Standby coupling Ethernet/Modbus

Solution
Competence

Industry Competence NAUS or Simatic

References Standby coupling

Control room

-' Shelter 2

|
i} w ﬁ Shelter 1

SIEMENS
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PA
Process Analytics

Process Analytics

Product Competence

Solution
Competence

Industry Competence

References

SIEMENS

Siemens Analyser System Manager

Easy monitoring and storing of important analyser data
Easy configuring of analysers
Easy expandability

| EI 15.03.2007 16:41:48
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Market Specific Expertice

Natural Gas Processing

PA
Process Analytics

SIEMENS
Industries Contact  Sound Exit

Process Analytics

Product Competence

Innovations in analytics

Solution
Competence

Qil&Gas

Industry Competence

References

LNG plant

GTL plant

Natural Gas

MHatural Gas (NG} is one of the cleanest, safest and most useful of all energy sources. It is formed primarily of methane hut includes also
ethane, propane, butane and pentane and a number of impurities. NG processing ranges from pipeline transpart to LMNG, LPG, NGL,
methane and ethane and to the GTL (Gas-to-Liguid) process.

LNG: Ligquified Natural Gas is a means for transportation of NG,

LPG: Liguified Petroleumn Gas is a very clean fuel consisting mainly of butane and propane. It occurs naturally in MG and crude oil
production fields and during oil refining processes.

GTL: Gas to Liquid describes the process of producing liquid hydrocarbons from Matural Gas.

GTL iz an emerging technology with increasing importance.

MGL: Matural Gas Ligquids consists of ethane, propane, butane and pentane and is used asfeedstock for refineries and other processes.

SIEMENS g™

9
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PA
Process Analytics

Process Analytics

Product Competence

Solution
Competence

Industry Competence

References

SIEMENS

Market Needs vs. Analyser Portfolio

Natural Gas
(Certified CV/IBTU) dedicated analyzers
one specific application

SITRANS CV specific environment

custody transfer with special approvals only

Natural Gas
(non certified CV/BTU) dedicated analyzers
one specific application

SITRANS CV specific environment

custody transfer + quality measurement

Natural Gas extended flexibility
quality measurement
Maxum limited number of applications, e.q.
- - major gas composition
MicroSAM - hydrogen sulfide/COS traces
- odorants (traces of other sulfur components)
- hydrocarbon dew point (higher hydrocarbons)

09/2007, Page 10
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Sensors and Communication

Key Regions
Major Trade Movements ’ ¥

PA _
Process Analytics i iz F
y [
- Major trade movements
Process Analytlcs Trade flows worldwide (billion cubic metres)
88.41
Product Competence
4357
Solution
64.94
Competence —
1185
3.05
Industry Competence 5% The 835
6.75
19.00
3 5.80 EPE L] il
References 2 62 255 * 184
6.36 -
593 ® LG
449 4.56 “l.. a
IS 2 7.51
930
L 4
Yaan® =
11.81 8.35
4.83 19.00
Exporting regions
o0—

USA 13.05

Canada

Mexico

S, & Cent. America

Europs & Eurasia

Middle East

Africa et Natural gas Importing regions

I Asia Pacific LNG o
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PA
Process Analytics

Process Analytics

Product Competence

Solution
Competence

Industry Competence

References

SIEMENS

LNG Plants
Key LNG Exports

Billion Cubic Meters

Sensors and Communication

Atlantic Basin

Pacific Basin

supply supply

250
200 A
1650
100
Algeria—0.11 bem
50 A j
0
T T
1964 1974 1984 1994 2004 2005
M Algeria (1 Libya M Nigeria 0 Abu Dhabi W Qatar 1 Oman [ Australia
1 Brunei M Indonesia O Malaysia Ous. O Trinidad & Egypt
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PA
Process Analytics

Process Analytics

Product Competence

Solution
Competence

Industry Competence

References

SIEMENS

Sensors and Communication

LNG Transportation Chain

Process Analyser Tasks

MG Field
production

=] 3] [ [=]
MG Pre- HGL HG Ligue- LHNG
treatment removal faction Storage =
l \ 4 : |
E’ Transport
Regasi- LNG
End users <} B
fication Storage

Sampling point Measuring Suitable
Sampling stream Components Siemens Analyzers
Complementary

Product Solutions

09/2007, Page 13
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PA
Process Analytics

Process Analytics

Product Competence

Solution
Competence

Industry Competence

References

SIEMENS

Natural Gas CV / BTU Analysis
Is Micro Machining an Option?

User Expectations

Analyser Price TOP
Perfahqnce TOP
System Pﬂ't'e\ TOP

Reliability ~ \_ TOP
Technical Support ‘\

Delivery

Sensors and Communication




PA
Process Analytics

Process Analytics

Product Competence

Solution
Competence

Industry Competence

References

SIEMENS

Sensors and Communication

SITRANS CV
Product Concept

to fulfill cost requirements

- Lean production processes

- CV analyser from stock

- CV analyser fullfills analytical
requirements

Software & hardware features
oriented on special custody transfer
requirements and market needs

- Secure fiscal metering software
- Internal mean values calculation
- Internal long term data storage
- Internal trend evaluation

- Logbook

- Flexible MODBUS protocol

- Built-in display

Standardization of the analytical solution

- Multiple stream (3+1) capabilities

09/2007, Page 15
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Sensors and Communication

Product Concept
Analytical Configuration

PA
Process Analytics

Process Analytics T

Product Competence Live Injection TCD 22

% TCD1b
lee
Switching
SOIUtlon Carrier TCD 4a TCD 4b TCD1a
Competence gas —» | XN %
—

@ @ vent

Industry Competence

Column 1 Column 2 Column 3
References Feman %
Separation
and
Detection
Valveless Injection (,Live") Multi- and In-line Detection (TCDs)
Narrow-bore Capillary Columns Electronic Pressure Control (EPC)

Valveless Column Switching (,Live")

SIEMENS
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PA
Process Analytics

Process Analytics

Product Competence

Solution
Competence

Industry Competence

References

SIEMENS

Sensors and Communication

Repeatability
< 0,019% for all Calculated Values at 20°c amb. temp.

Measuring Components and

Cnzentration

Standard Deviation

Standard Deviation

Caloric Values (Mean value) (absolute) (relative)
Mol% %

Superior CV Ho 39,8284 MJ/m3 0,002753 0,006913
Inferior CV Hu 35,9134 MJ/m3 0,002507 0,006981
Density 0,7433 kg/m3 0,000072 0,009645
Relative Density 0,5749 0,000056 0,009661
Wobbe Index 52,5300 0,004761 0,009064
Nitrogen N2 1,3464 Mol% 0,006531 0,485036
Carbon Dioxide CO2 0,3480 Mol% 0,001111 0,319118
Methane Cl 97,3048 Mol% 0,008428 0,008662
Ethane Cc2 0,3982 Mol% 0,001433 0,359759
Propane C3 0,1996 Mol% 0,000715 0,358462
Iso-Butane i-C4 0,0995 Mol% 0,000553 0,556262
n-Butane n-C4 0,1031 Mol% 0,000615 0,596241
neo-Pentane neo-C5 0,0509 Mol% 0,000437 0,857970
iso-Pentane i-C5 0,0494 Mol% 0,000536 1,084269
n-Pentane n-C5 0,0500 Mol% 0,000479 0,956977
Sum C6+ C6+ 0,0502 Mol% 0,000422 0,841165

Measuring Comp. Repeatability
[Mol %] (% relative)
< 0,1 + 30

0,1t0 1,0 +10

1,0to 10 + 1

10 to 100 + 0,1

<0,01%

Fulfills requirements of ISO 6974 for measuring components:
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PA
Process Analytics

Process Analytics

Product Competence

Solution
Competence

Industry Competence

References

SIEMENS

Sensors and Communication

Repeatability
At various conditions

Repeatability of < 0.02 % RSD over
full ambient temperature range
of-20 °C to 55 °C

Influence by ambient pressure
changes negligible

Influence by sample pressure
changes negligible

No memory effects for contrast
streams (,High Methane” vs. High
Nitrogen”)

=
4
i

H

1045 -+ 104

1040

1035

1030

1025

1020

1015 +

1010 o5
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Accuracy

Various Calibration Gases (CRM)

PA
Process Analytics

Process Analytics

0,100
Product Competence
0,080 N
| V)
Solution < 0,1 A)
Competence 0,050
Industry Competence 0040
36,18 M/Mm3
References = 0020
S
= 0,000 . | |
% Type 1 2 3 A
£ 0020
35 5 MJMNmM3 43 26 MJMNm3
-0,040
-0,050
0080 34,59 MJMm3
0,100

Calibration Gases

SIEMENS
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Technical Data

PA
Process Analytics

Process Analytics

Analytical system

Product Competence

Sample streams 3x sample, 1x calibration
Solution Repeatability for CV and density <0.01%
CEMIEENEE Accuracy for CV and density <0.1%
Industry Competence Detection limit, e.g. for neo pentane <10 ppm
Cycle time <180s
References
Communication
Communication Ethernet, RS485
Protocols TCP/IP, MODBUS RTU

MODBUS ,Danalyzer”
Data storage

Reports 100 days (48.000 reports)
Hourly average 1 year

Daily average 2 years

Chromatogram (calibration) Last updated analysis
Averages 2 weeks (comp. & calc. Values)

SIEMENS
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System Solution

Installation Requirements

PA
Process Analytics

Process Analytics

In protection box or

Product Competence 3x sample, in ana|yzer shelter not required
Solution 1x calibration (AC not required)

Competence

Industry Competence 15 kg Helium (typ|ca||y)

Consumption: < 35 ml/min
References

IP 65

NEMA 4X ATEX 2 G EExd IIC T4

CSA Class 1 Div. 1, Group B,C,D
FM Class 1 Div. 1, Group B,C,D
FM Class 1 Zone 1, GroupliB+H,

24V DC; 15 VA

1/8" Swagelok

-20°Cto +55°C

SIEMENS
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Field Installation

PA
Process Analytics

Process Analytics Installation close to
gas export metering skid

Product Competence

Solution
Competence

Industry Competence

References

SIEMENS
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Benefit

SITRANS CV — at a Glance

PA
Process Analytics

Process Analytics Determine natural gas precise

Independent of variations of sample or ambient pressure using

Product Competence valveless Live injection

Solution High separation power using narrow-bore capillary columns
Competence - S .

Low detection limits using powerful detectors
Industry Competence High linearity throughout measuring ranges saves expensive

calibration gases

Determine natural gas fast
Fast analysis through pioneering MEMS technology
Update of calorific value each 180 s — also for C6 to C9 individually

References

Determine natural gas reliable
Reliable technology through many years of experiences
Separation reliability guaranteed through in line detection

Improved reliability — no conventional valve switching with movable
parts

Automatic optimization of methods increases availability
Perfect integration into network through communication options

SIEMENS
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Gas-to-Liquid (GTL) Plants
Process Steps & Analytics

PA — o Sampling point Measuring Suitable Analyzer
P Analvti = A SIEE Sampling stream Components
rocess Anaitytics 11 [Saturator Total 5 MAXUM T
o e Flelgas ; Condensate stabilizer H,S MAXUM Il
- ::,. :;:'tmm 1.2 Hydrogenation/ Desulphurization |Total S, H5S, CO» mgﬁﬂm ::
Process Analytics 2 oo Mercaptans
y G rvoenaton | B ncinacation Claus off gas 0, S0, OXYMAT, TPA
et 8 g s * [13 [Dehydration/ Mercaptan removal |RSH, Total 5, COS, H;5 | MAXUNM Il
Mercaptane removal g s g‘ ----- »>
PITORE: COmPEEEE: ot svmctonrs | & § A 1.4 |LPG RSH, Total S, COS, H;S,  |MAXUM I
.-73 = Mercaptans
Solution [ fropane Buane = e 1.5 [Propane, Butane product C2-C4, C3-C5+ MAXUM Il | MicroSAM
Competence e e 1.6  |Treated NG Sulphur (ppm/ppb) MAXUM 1l
Lk filled tubes 1.7/1.8 |Various furnaces flue gases and |0, 505, NOy, H, ... OXYMAT, ULTRAMAT,
| - process off gases CALOMAT
Industry Competence [ig R sm.T[ el 19 Raw Syngas CHy, CO, ULTRAMAT
1.10 |Syngas H,, CO, CO,, N,, CH;,  |MAXUMII
cBs, Hys, T
References e TPA: Third party analyzer
Recycle Off Gas Sampling point Measuring Component Suitable Analyzer
. . LPG Sampling stream
‘< HydrooNgio vopnna | 3-1]Syngas feed H,, CO, CO,, Ny, CHy, COS, H,5, TS [MAXUM I
3.2|Syngas FT reactor H,S, COS, TS MAXUM I
errioes : ,_inuT-,ds P 3.2|Syngas FT reactor Hy, €O, CHy, N, C2-C6+,H,/CO ratio |MAXUM Il | MicroSAM
FT Reactor. . 3.3|Tail gas, PSA unit CO; COICO, ULTRAMAT | MicroSAM
2] — — 3.4|Recycle gas €0, €O,, CHy, Noy,Hy, Ho/COTatio  [MAXUM I
[ water || | [wax] Lubricants (3 5/Qff gas H,, CO, CHy, Ny, C2-C5, Hy/CO ratio |MAXUM |
3.6|FT liquids Related components MAXUM I
Fractionation — 137]1pG (4, 5+ MAXUM Il | MicroSAM
= _ 3.8|Final products Related components MAXUM |
Hydrocracking Various off/flue gases |0, OXYMAT 6/ 61
Recycle Various off/flue gases |S0,, NO, ULTRAMAT

SIEMENS
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Sensors and Communication

Conventional Analysis of FT-Products

COMMUNICATION

PA
Process Analytics 2 Condensation Steps before Analysis:

Process Analytics

Product Competence

Solution
Competence

Industry Competence

References

FT-Product

Lower Hydrocarbons &
Permanent Gases

SIEMENS
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PA
Process Analytics

Process Analytics

Product Competence

Solution
Competence

Industry Competence

References

SIEMENS

Sensors and Communication

Challenging Application Approach

using Maxum

Target:
[

FT-Product

<

Analysis of FT-raw product

Challenges:

Complete online-analysis

Without intermediate condensation
250-400°C & 5-30 bar at sampling point

‘ G C Stream Composition:

H2 < 50%

CO, H20 < 30%

CO2,N2, Ar <10%

C1....C20 <5%

C21....C40 <0,5%

Olefins <0,5%

Alcohols, Aldehydes, Acids < 0,5 %

09/2007, Page 26
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Challenging Application Approach

using Maxum
PA GC #1: Enhanced Natural Gas Analysis N2 to C12

Process Analytics

Process Analytics
FD 8-cell TCD .
Product Competence Leftside Oven:
Combined injection +
Solution backflush valves to
Competence ’ avoid condensation of
1 the high boiling
Industry Competence 2 components
3
References 4 Rightside Oven:
5 Separation columns
Oven#1, T 2 250°C Oven #2, T =80°C
isothermal isothermal

Parallel Chromatography:

Train 1: Separation + detection of water

Train 2: Separation + detection of H2

Train 3: Separation + detection of molecular sieve components
Train 4: Separation + detection of C2 ...C5 hydrocarbons

Train 5: Separation + detection of C6 ...C12 hydrocarbons

FD= Filament detector
TCD=Thermal conductivity detector 09/2007, Page 27
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Challenging Application Approach

using Maxum

PA
Process Analytics GC #2: C12 to C40 similar to Simulated Distillation

Process Analytics

Product Competence

FID
Solution
Competence
Industry Competence
References
PTGC
80...330°C
Inj1 + Inj2
e

Isothermal oven
T 2 250°C

SI EM ENS FID= Flame ionization detector

PTGC= programmed temperature gas chromatograph 09/2007, Page 28
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Preliminary Results

PA
Process Analytics
Sample: Liquid Organic Phase of FT-Product

Process Analytics

Laboratory GC: RGC 202

Product Competence

Solution Carrier gas: Hydrogen
Competence

Airbath Oven
. Programmed Temperature
References Liquid Injection Valve (250°C)
Narrow bore capillary column
Temperature Ramp 80 to 320°C

FID (320°C)

SIEMENS
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PA
Process Analytics

Process Analytics

Preliminary Results

APPLHAT

26.09.

Sensors and Communication

06 12:01:29 Probe

Maintenance

C8

APPLMAT

26.09.06 12:08:22 Probe
Maintenance

13.3nA

C13

C14 cC15

g4.8nA

| C16
Product Competence c17

Solution | |
Competence

Industry Competence

i ] iso

References

-31.1pA

c10 R R s

C6 o "’
c12 K

.—Eﬁﬁ.ﬁpﬁ

Redundant Results with GC #1

SIEMENS
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Preliminary Results

APPLHAT 29.09.06 09:16:01 Probe
PA
Haintenance

Process Analytics T (MO YOHoMe oBeO0 Wt = o T onD 0 oM D MO MmO mY M Ow o = M

c Uadd = 3 IO N AT =D D O DM T =0 U WS 00 O [ [ oo ] -

] IO O o= R 0 XU O e Ol 10 =00 = o 0 Oel F w00 O N Fwo@ o [= m
PrOCGSSAnalytiCS x Um0 oW WORE0 WO WD DM e D= Q00000 0 QOO0 mmmmaaaag::::: ﬁﬁ ﬁ ﬂ
Product Competence | c16
Solution

zoomed
Competence C17
Industry Competence | c18
References c19
’ C20
C21
C22
C23 c24
C25 C26>

T

E' | —

.I.] E-I qllllllllllll |1 IIlllIJIIII I IIIlIJJIIIII LI | IIIIIlIlJII IIIIIllllIIIIIIIIIIIJIIIIIIIl||IIIIIII IIIIIIIII IIIIIII [ — IH_
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Composition of Liquid Organic Phase

PA

) n-Alkanes * Retention time Concentration [%] **

Process Analytics
C8 0.83 13.15
Process Analytics c9 1.29 14.09
Product Competence C10 1.95 12.50
Solution CcC11 2.75 10.03
Competence c12 3.62 7.46
Industry Competence Cc13 4.50 542
References C14 5.35 3.94
C15 6.19 2.96
C16 7.00 2.34
C17 7.77 1.90
C18 8.50 1.46
C19 9.19 1.09
C20 9.86 0.75

above C26

not identified >15 0.75

* jso-Alkanes as a sum for individual Cn
SIEMENS ** Normalization: sum of peak areas
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Sensors and Communication

Customer Base CV / BTU Market
User List

PA
Process Analytics

m NG Processing m Custody Transfer
o .01 ruhrgas
A

% W Gasversorgung
Saddeutschland GmbH
Industry Competence

References Steag m miultl metal distribution

Saar Ferngas

+NMC Technologies
' * Z ZETON ;

OIL COMPANY

Process Analytics

Product Competence

Solution
Competence

Marathon
marion/ Ofil Corporation ﬁ\/ > Interconnector (UK) Limited soc

G Société Tunisienne de I'Electricité et du Gaz

aPALDING @ . e
QL arga
r?-('(ﬁ

Resources, Inc. .
ENERGY T [MEC)Prenucrs

SIEMENS

The Penspen Grouwp ‘
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Customer Base LNG Plants

User List

LNG Liquifaction

PA
Process Analytics

Process Analytics E)KOI"IMOb" \i”“_in
| NG

Product Competence ‘Exm:—um-—:; “--._- Limited
Solution Japan/Qatar Nigeria
Competence
Industry Competence 0 PT. Arun NGL np &8 | Yemen LNG Company Ltd.
References - Nigeria "h ol

Japan/Indonesia France/Yemen

LNG RegaZ|f|cat|on

) ;
orbifel B

US/Mexico
nationalgrid == SemhCorp STATOIL
UK oNGC =7 Power & Gas Norway

India Singapore
SI E M E N S 09/2007, Page 34
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PA
Process Analytics

Process Analytics

Product Competence

Solution
Competence

Industry Competence

References

SIEMENS

Siemens Process Analytics 7

Summary

s
Broad product portfolio with state-of-the art
and complementary technologies for the
overall process analyser market, such as
chromatography & continuous gas analytics

Solution expertise in the oil&gas market,
e.g. for GTL, LNG, natural gas (processing)

Services and support over the whole plant
life cycle, from FEED consultance to start-

up
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Oil & Gas Processes A

Best Power together with Siemens U

PA
Process Analytics

Shell (%)
V-Power

100 =5

Process Analytics

Product Competence

Solution
Competence

Industry Competence

References

SIEMENS
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Analytical

Solutions
>

for the
LNG & Gas Industry
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