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MEMS AG: Gas Measuring Technologies
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Gas quality, a growing concern for end users?

=Why gas quality sensors
for the gas industry?

Legislation

* green house
gases

* pollution

New gas
sources
* LNG

* Power2Gas
* bio gas sources

Know

your gas
quality!




Gas quality sensors today

Prozess gas chromatograph
¢ gas composition

re-calibration needed *

slow, fragile, bulky " I I

calibration gases needed Source: ABB

expensive, high maintenance costs

[ [
-

Correlative type
* physical sum parameters
* higher (correlation) errors
« fast, ruggedised
 low maintenace costs

Source: RMG Honeywell



Avallable sensor technologies

Technology

Gas chroma-
tographs

Calorimeters

Optical

Correlative
methods

Measured
quantity

gas
composition

Wobbe,
calorific
value

gas
composition

physical sum
parameters

high accuracy

direct
measurement,
no limitation on
gas quality

high selectivity

response time

No devices available yet!

Cons _
tenance

not for all
gas types

Only Wobbe,
calorific
value

limited gas
range

reduced
accuracy
ow

Robust-

medium medium
low medium
low small higl‘>




Micro-thermal chip technology

35x21mm2

CMOS chip technology

« fully integrated hot-wire
anemometer

 standard industrial production
process

» potentially cheap

aas flow
correlation measurement —
thermal -
conduc-
tivity @
v heat

capaC|ty
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Gas quality sensing
e correlative measurement
method
* |P owned by MEMS AG

» Technology registered
as gasQS®

Advantages

fast response

compact size
robustness

low maintenace

no re-calibration

no reference gas

ease of integration into
a control system




Correlation example: heat value

Heat Value MJ/m3 (normalized to G20)
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Error propagation

Performance = correlation error + measurement error

correlated value

gas
real value

correlation : .
functio @ } total error

@,

sensor output

@ pure correlation error

measurement @ error propagation
error measurement-to-correlation

measured input value
for correlation



Performance

1)

2)

Gas quality Accuracy Stability
Calorific value 2 % rel. 0.15% rel.
Methane number +/- 3 abs +/- 2 abs
Wobbe index 2.5% rel. 0.25% rel.
Density 1.5% rel. 0.15% rel.
Gas temperature +/- 0.5 K +/- 0.1 K
Thermal conduct. 1 % rel. 0.3 % rel.
Gas flow"

Gas components?

technology is used elsewhere as electronic gas meter. Accuracy depending on
turn down ratio, according to MID in case of the gas meter

binary mixtures are measureable to within 0.5-1% absolute concentration of each
component (e.g. CH, content of bio-gas)
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Correlative measurement methods

Source:RMG Honeywell

EMC500:
>20000%

Gas Lab Q1.
>20'000 $
Correlative Measurement Principle -
dielectric const. Csound CO, content in i [
Csound (P 1) Csound (P 2) CO, content
k(T 1) k(T 2) Csound
K s n

IR absorption

s (non-dispersive)

IR absorption IR absorption
(A1) (A2)

gas QS Source: Elster

L8

K

t.l'

}' < 2‘000 $ =>  mass* market

aur
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Avallable sensor technologies

Technology NEEsliEe Pros + Cons - Costs 4300 Size Robust-
quantity tenance ness

NOW aV al I ab I el low low small higD

/

II‘ competitive positioning of the gasQS technology | |
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Engineering samples

Application specific engineering sample available @ MEMS

controller board

pressure sensor

. q.n magnetic
Sy e N / 9
S : valve
\ ~ N > /'/
<5 &

sensoroutlet — <A

/ "

sensor block

sonic nozzle

sensorinlet
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OEM sensor version

Samples available @ MEMS

i -
compact (100 x 60 x 62 mm?3) L
for field tests Hy N
ease of operation “\“\\mmm\“ o
support by MEMS ”
service package: 25 k€ .



Application matrix

AG
® memﬁ Heat Wobbe | Air/Fuel | Methane | Physical Binary Custo-
gQS Value Index Ratio Number | Properties | Mixtures mized
X X X X X X X X

X X

X X
, x

X

X X
. - e
o,
e s [l

X usually asked for in this application
X already implemented / tested by MEMS 15



Long term road test

Hard to predict mixing effects after re-fuelling
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gasQsS for fuel cells

Source: Hexis

Reformation of natural gas for fuel cells:
 air number determination for different gas qualities
* air/gas ratio control
 Improved efficiency, life-time extension
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Research: gas quality vs. modern gas engine concepts

Methane number as traditional gas quality indicator for
nock:

 does it reflect modern engine set-ups?
* isn‘t there any better indicator for gas quality?
Reseach program together with Empa, Switzerland

Source: Empa
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Market penetration

@ application
specific field

customer

specific OEM

sensor producers
e versions

«Co-generation Customer’s
(natural / bio-gas) 4

N

*CNG/LNG engines
efueling stations

eglas production
echemicals (plastic)

gasQS sensors



Come and visit us at booth K58!

For further information, please contact
philippe.pretre@mems.ch
+41 56 470 92 02

mem“"':i We reserve all rights in this document and in the information contained therein.

Reproduction, use or disclosure to third parties without express authority is strictly
forbidden.

Copyright @ 2015 MEMS AG, Birmenstorf. Switzerland|
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