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Abstract:

The Biogas, also known as digester gas, is theogase
product of anaerobic digestion (decomposition witho
oxygen) of organic matter. It is considered asreewable
energy source. GDF SUEZ is working actively on the
development and recovery of this energy, drawing on
synergies with the natural gas industry.

In this context the CRIGEN had realized, for thrstftime

in Europe, a complete study on a metering systeroriad
biogas (without any treatment). This study is eafrout
for ADEME! and for three of the principal actors of
treatment of waste in France (SITA, VEOLIA and
COVED), and this, within the framework of the new
lawful requirements relating to the valorization thfe
biogases produced in their dechetery.

Introduction

Biogas is produced by anaerobic digestion or fetatem.
Which means that biomass is converted by
microorganisms to biogas without oxygen. It is tonie

of methane, carbon dioxide, nitrogen, hydrogen,gexy
and hydrogen sulphide. The chemical composition of
biogas varies depending upon the feedstock matendl
different parameters like temperature and aciditythe
substrate.
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It is considered as a renewable energy source and c
substitute for natural gas as an alternative fug@lroviding
electricity. It capitation is a legal requirement.

Since several years, GDF SUEZ is working activelytie
development and recovery of this energy, drawing on
synergies with the natural gas industry. In thiategt the
CRIGEN had realized a wide study on flowmetering fo
crude biogas (without any treatment). This studg baen
carried out for the ADEME and three of the printipa

1 ADEME: the French environment protection and enengyiaging agency.

actors of the waste treatment in France, and whikijn the
framework of the new lawful requirements relatiogthe
valorization of the biogases produced in their étety.

This law permits to the waste reception centerrgel tax
reduction (tax relative to polluting activities).oTtake
advantage of this reduction, the law requires the
valorization of more than 75% of the produced b#odeo
prove this valorization, the operator of these eenhas to
install an adapted fiscal metering system.

This study consists of 3 parts:

— First part:A wide state of the art on the fiscal and
non-conventional gas metering technologies
adapted to crud biogas, as well as a benchmark,
near the decheteries fitters and operators in
Europe. This led to identify the “adapted”
technologies of flowmeters: differential pressure
flowmeter, mass flowmeter, averaged pitot, a
thermal-mass flowmeter and a vortex flowmeter.

— Second partAn important experimental study on
test benches (with natural gas and dry air) iniorde
to metrologicaly check the selected flowmeters.
To complete these tests, flowmeters had been
installed and tested on three biogas production
sites lasting more than for months. As a result,
numerous parameters had been identified to be
impacting the flowmetering such as the biogas
composition, the biogas temperature...

— Third part: The analysis of all these experimental
results allowed the CRIGEN to identify:

= The impact of each parameter:
composition, pressure, temperature...

= The “actual” adapted flowmeter to each
type of biogases.

gas

Also to define recommendations for installation
and operating these metering station.

State of the art on biogas flowmetering

A wide benchmark near the decheteries fitters and
operators in Europe and the flowmeters manufacturer
permits to define 2 big families for the biogasiftoeters:

— Adapted to crud biogas family,
— Not adapted to crud biogas family.

Adapted to crud biogas family

For a gas flowmeter, to can be considered as “adapb
crud biogas, it must:
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— resists to high hydrogen sulphide concentration
(>50 ppm),

— resists to water presence,

— support high composition variability (>5% for the
CH4) without impacting the flowrate
measurement error.

- Have few or no mobile parts.

This first family is composed by two anemometersl an
three differential pressure flowmeters:

— An averaging Pitot,

- Aventuri flowmeter,

— The V-cone flowmeter,

— An oscillations flowmeter,
- A vortex flowmeter,

- Athermal-mass flowmeter.

Non-adapted to crud biogas family

All the others flowmeters are considered as noptedhto

crud biogas fiscal flowmetering. Essentially beeawsd

presence of moving parts and high sensitivity tdewa
presence, to high hydrogen sulphide concentrateiO (
ppm) and to high variability composition (>5% fdret

CH4).

Laboratories test

For the laboratories tests, two gases had beenephos
natural gas and dry air. This choice of this twesegand
not biogas is due to the fact that it is very diifft
technically to provide big volume of reconstructiadgas
for the laboratories tests. In the other hand, nédueirral gas
and dry air have physical properties very closthtse of
the biogas (see table below).

u[Pa.s] p [kg/m’]
Natural gas 110.55 10 0.73- 0.849
Biogas 140 - 160 1-1.2
Dry air 170.8 10 1.97 - 1.229

Natural gas setup (GDF SUEZ — CRIGEN)

The natural gas flow metering test facilities “PLAF a
part of GDF SUEZ Research Division. It is suppligith
natural gas from GRTgaz transmission network. Taeig
filtered and its temperature controlled.

The test method is based upon the assessment ofabe
flow rate using Venturi nozzles operated in sonic
conditions. The mass flow through the set of hazirleuse

is determined from the upstream stagnation presande
the upstream density. The flow coefficients of eaohzle
are determined beforehand by an individual calibrabn
the French primary bench "PISC" (CESAME-
EXADEBIT). This mass flow indicated by the tested
device is determined from the pressure and temprerat
measured at its location, the raw flow indicateditbgnd
the density measured upstream of the nozzles [eehl

gas effects are taken into account by applying
compressibility factor corrections for the thermodgnic
conditions at the measurements locations. Theseusr
measurements and calculations allow a comparison
between the reference and the tested device mass, fl
thus, to determine the device deviation.

« P
Qn,zA-cd-c-Jr_"TO Eq. 1
Where:
- Po, To: thegas absolute stagnation pressure and
temperature,

— A thecross section of the nozze,
—  Cy: discharge coefficient (150 9300)
—  C*: critical flow function (1SO 9300)

r: ratio of the Universal gas constant on the molar
mass

This bench is working at the conditions below:

Flowrate Q [SQMPH] 10 - 11000
Pipe diameters DN50 — DN200.
P [bar] 1.0 bar- 50 bar
Error +0.32%
T A

Fic. 1 —Scheme of the GDF SUEZ natural gas
flowmetering bench “PLAT”

Dry air setup (CESAME EXADEBIT)

The dry air flow metering test facilities is a paot
CESAME Exadebit. It is supplied with dry air from a
storage vessel 110°mt 200 bar. The air goes through the
valves and the heating control system. This adjtists
suitable temperature and pressure upstream thelesozz
automatically.

The test method is identical to natural gas bench.



16th International Flow Measurement Conference, FLOMEKO 2013
24-26th September 2013, Paris

Schéma de I'mstallation

to atmosphere =

ir--f,,,, -
- rz* 9
- - Eom -
8 &9
. g %
—)> =

t—- —>  — iq =

7- Jeu de 12 tuyeres
& Matériel testé
- Vanines de réguistion avales

fittr it

==

4- Réchauffeur
5 Mélangeur
6 Filtre

10- Réservoir de test
71- Silenciewx
12- Soupape de surete

1- Reservoirs de stockage
2 Vannes darrat
3- Vannes de régulation

Fic. 2 —Scheme of the CESAME dry air flowmetering bench

This bench is working at the conditions below:

Flowrate Q [SQMPH] 8 - 90000
Pipe diameters DN25 - DN300.

1.0 bar— 50 bar (it can be
P [bar] extended to 100 bar)
Error +0.2%

Laboratories results

Four flowmeters, identified in the part 1, had bselected
to be tested at a laboratories and installed #ftgrin three
different biogas productions sites. These tests lheeh
done to verify the metrological performance of thes
flowmeters at a laboratory conditions with two diffnt
gases: natural gas and dry air. These two gasesitper
test the flowmeters in conditions close to the hig
properties (density and viscosity). These flownete:

— 03 x averaging Pitot (2x4"+1x3"),
01 x venturi (3"),

- 01 xV-cone (4",

01 x oscillations (4").

The flowmeters had been tested two at a time, with
averaging Pitot at each time. The same configuratitad

been conserved and tested on the biogas produsites

On the field, the APT is considered as a flowmatgri
reference. The test configurations are describémbe
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Fic. 3 —Installation diagram of the 3 tested couples of
biogas flowmeters

The tests with the two gases had been done witlsahee
configuration, at the same temperature (20°C), stme
pressure (1050 mbar) and the same Reynolds number.

Every flowmeter was equipped with its own flow-
computer. For the lab tests, the gas composition fixad

to a standard natural gas and dry air composiftan.the
infield tests, every site define it standard biogas
composition.

Only the three averaged pitot was able to adjust th
standard flowrate with pressure and temperature
measurement. For all the other flowmeters, thisistdjent
had been done “a posteriori”. For the gas compsiti
was done for all meters “a posteriori”.

The results are analyzed in terms of standard ftaverror
to the bench flowrate reference (sonic nuzzle) ating to
the Reynolds number.

On the figure 4 are plotted the flowrate error bfet
different averaging pitot (2x4"+1x3") according tie
standard flow rate and to the Reynolds number. Gde
flowrate Q, varied from 30 Nrilh to 400 Nn¥h and the
gas velocity from 0.7 to 18 m/s. The first obseomtis
that the three averaging Pitot have an error leas #1%
on all there rangeability range: 100 to 400 ¥m(as
specified by the manufacturer). In the other hahe,error
increase to 5% when the flowrate is less or equ&min.
The gas composition has a little impact.
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Fic. 4 —Flowrate error of three different averaging pitot
according to standard flowrate and to the Reynoidaber.

On the figure 5 are plotted the flowrate error bfet
different differential pressure flowmeters: venty”),
V-cone (4”) and oscillations (4”) according to thiandard
flow rate and to the Reynolds number. The gas fbevr
varied from 30 Nrth to 800 Nn¥h and the gas velocity
from 1 to 30 m/s. The first observations are that three
flowmeters have an error less than +5% fer @ to 100
Nm%h and they are low impacted by the gas composition
The venturi as well as the oscillations has anayeerror
less respectively to, 0, 5 % and 5 %, which respiestn
specifications. In the other hand, the V-cone flaten
over-meter in every case and its average erroigtseh to
its specifications: 1 % instead of 0,5 %.

To summarize, the averaging Pitot, the venturi tnedV-
cone are more precise than the oscillations witreaar
about 1%. The oscillations error is about 5%. Térior
increases when the flowrate,@s less than 100 Nifh.
Also, laboratories results show that for the densibd
dynamic viscosity tested ranges, all the testedrfieters
are almost insensitive to the variation of the |tals
properties of the gas.

For the tested flowmeters, 3 technologies stand that
APT and the V-cone because of their low error (1a¥d
their high stability; the venturi because of itsrywdow
error (0,5 %) and its low small installation sized the
table at the end of the paper).
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Fic. 5 —Flowrate error of three different differential
pressure flowmeters according to gtendard flowrate ar
to the Reynolds number (biogas site n°1).

Infield tests

After the laboratories tests, all the flowmeters feen
tested infield. Three different biogas productidess had
been chosen, all in France. These sites had a giodu
about 150 to 500 Nfth of crude biogas and hadn't
valorization systems. The same flowmeters coupksd h
been installed on every site (see figure 3). Far ¢fvthese
three sites, two supplementary insertion flowmeteasl
been installed: a Thermal-Mass flowmeter and aevort
flowmeter.

The infield tests had lasted 3 to 5 months. As tfo
laboratories tests, only the averaged pitot stahflawrate
is automatically adjusted, in it flowcomputer, withe
actual biogas pressure and temperature.

Different parameters had been acquired with differe
frequencies:

— The standard flowrate of each flowmeter every 5
minutes,

- The gas temperature and pressure every 5
minutes,
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— The gas composition every two weeks for 2 sites,

— The CH4 concentration every 5 minutes for 1site,

— The meteorological data (atmospheric pressure,
ambient temperature, humidity), every 1 hour.

In this part, the analysis is made by site.

The first analyzed site is the one equipped witlCkd
analyzer. For this site, the averaged pitot wasailesl
with the venturi and in series with a Thermal-Mass
flowmeter. All parameters had been acquired, even t
CH4 concentration, every 5 minutes.

On the figure 6 are plotted the flowrate shiftswestn the
averaged pitot, the venturi and the Mass-thernoalrthtes.
The venturi flowrate is adjusted a posteriori onlgh the
actual pressure. What we see on this figure is that
flowrate shifts vary from -4% to +10%. It is lesgah 1%
for the couple averaged-pitot/venturi, which conglle
acceptable in view of the fact that the specifiesrs of
these are, respectively, £1% and +0,5%. The shiftiich
higher with the Thermal-Mass meter. This means that
Mass-Thermal flowrate is much impacted by the
operatories conditions such as the biogas pressure,
temperature and composition.
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Fic. 6 —Infield flowrate shift of three differerfftowmeters
and averaged pitot, a venturi and a Thermal-Magsyé:
site n°1).

To analyze the effect of each of these operatonglitions,
we study each parameter impact separately.

For the study of the pressure effect, the flowsdtifts are
plotted and compared to the absolute biogas pressur
variation (figure 7 - a & b). It is easy to conctuthat the
pressure variation is low: less than 50 mbar ardetis no
correlation with the flowrates shifts.
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Fic. 7 —a) Infield flowrate shift of three differerfftowmeters
and averaged pitot, a venturi and a TherMabks compare
to the absolute biogas pressure variation fornalgeriod b)
Zoom on 7 days (biogas site n°1).

The same work is done with the temperature (figdire
From the zoom plots (2 days), we notice that the
temperature variation is directly correlated to #tafts
between the couples averaged-pitot/TM and ventiti/lf

is inversely proportional to the averaged-pitot aedturi
flowrates and it proportional to the thermal-mdssvfate.
These can be explained by the temperature-depesdenc
respectively, of the biogas density and calorifdue.

To can confirm this last point, we use specificusitial
software (“GASPACK - V2.3") to calculate the actual
density and specific heat of biogas at different
temperature. This allows adjusting some points haf t
figure 9. A new plot is given with these adjustenints
(figure 10). As it can be seen on figure 10, thpistdhent
of the standard flowrate of both averaged-pitot ematuri
with the actual density and temperature (at theuadct
temperature) gives new values very close to thesaelj
Thermal-mass flowrate, which is adjusted with ticeual
specific heat. This result is observed each timenwthe
right adjustment is done.
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Fic. 10 —Infield flowrates of three differenflowmeters
and averaged pitot, a venturi and a TherMabks witt
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site n°1).

As for the pressure and temperature, the analyséiseo
impact of the methane (CH4) concentration had loesre.
In the flow computers of these three flowmeters, @H4
concentration is fixed to 42%. But as we seen guré 11,
the CH4 concentration is varying from 30% to 52%isT
variation is too high to be considered as neglaiiolr the
standard flowrate calculation. On the figure 11 plated
the flowrate shifts and compared to the CH4 corraginh
variation. It is easy to note that there is no aident
correlation of the flowrates fluctuation with theH&
concentration variation. In the other hand, we tassume
that the biogas composition has no effect becalighea
thermodynamic parameters used for the flowrate
calculation, such us density, specific heat, viggpare
directly correlated to biogas composition and therthe
CH4 concentration. That why, it is necessary to ihoon
this parameter. But to can be correctly taken iooaat,
simple equations must be developed and testechéomt
line calculation of the thermodynamic biogas prtipsr
from the CH4 concentration, the temperature and the
pressure.
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Fic. 11 —Infield flowrates of three differenflowmeters
and averaged pitot, a venturi and a Thermal-Masspare
to the CH4 variation for 10 days (biogas site n°1).
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The same study of the impact of the temperatureblesah 250 60
done for the two lasting sites. For the second githas 340 —a-Piot e
been clearly identified that the biogas producfiomrate w20 n o e e . &0

is inversely proportional to the temperature (fegur2-a). 420 6 T
This is due to the negative impact of the tempeeatn = 210 M w £
bacteria responsible of the methanation processthén E w00 ! . 5
other hand, the averaged-pitot and the V-cone ess | I o £
sensitive than the vortex to the temperature viariafThe 50 ! b @
V-cone and the vortex flowrate are closer. The ysislof o |, &
figure 12-b shows that the flowrates shifts is mbadgher !

than the first site. This can be explained by theteming zzz e z

technologies difference. Also, the fact that, gmperature
variation is much higher, about 30°C against 155Ctle
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a) Fic. 13 —Infield flowrates of two differenflowmeters: a
90 —— oo oo gy averaged pitot and oscillations meteresmpared to tt
ag | —a-vonex —Biogas termperature N A biogas temperature variation for 10 days (biogtsrsi3).
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/AW 0 Y 0 VO A T . :
- | | I AR e Installation & operating
z 2% & recommendations
5 0 §
15 8 This wide experimental study permit to define some
/0 & important recommendation to can ensure the reiiglihd
5 accuracy of the crude biogas flowrate measurement:
250 0

— All the installation meter manufacturer must be
respected and, we propose also, to go a little
further like increasing by about 20% the straight
lengths to ensure the absence of residual flow
instabilities due to the installation configuration

20/07/2012
21/07/2012
22/07/2012
23/07/2012
24/07/2012
25/07/2012
26/07/2012
27/07/2012

— The Thermal-Mass flow meter must be installed
in inclined plan (about +45°) to avoid the liquid

= % stagnation around the sensors.
% ‘;2 - Every flowmeter must be connected to a
2 temperature and pressure sensors. These to ensure
2 the P & T volume correction.
° it vorex =
-8 i Ml - Every crude biogas metering station has to
e = s = S S - a involve a gas composition analyzer or, in
I g & B g minimum, a methane CH4 concentration sensor.
R8s 8 & & & & & This device has to be connected to the
Fic. 12 —a) Infield flowrates of three differerffowmeters flowcomputer too. This to ensure the volume
and averaged pitot, a 86ne and a vortex meters comp: adjustment (gas density, heat capacity and
to the biogas temperature variation for 7 daysinfield compressibility).
flowrate shift of the three different flowmeters @ndays
(biogas site n°2). — If this last recommendation is not respected, a

daily composition has to be measured. Then, the

On the figure 13 are plotted the flowrates evabrati volume correction can be done “a posteriori”.

measured at the site 3 where both an averagedmeéter
is compared to an oscillations one. In this casghing

can strictly be deduced from the comparison of éhes Conclusions
meters. In the other hand, these results show ttiat
oscillations meter is much less sensitive to tlavfate All these results: laboratories and infield onesvstihat,

variation than all the tested flowmeters. The same even the crud biogas is a very wet gas with a h|gh
observation can be done from this last figure: the  composition variation and important fluctuation thfe
temperature variation monitoring is a key factor to  temperature, it is possible to correctly measuf®itrate.
improve the crud biogas flowrate, like for the kisg They allow, also, comparing and studying the bedavof
composition. the different tested flowmetering technologiess levident
that the corrosive and wet characteristics of thede
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biogas ask for the use of a robust and without faqiarts
flowmeters. But, even, all the tested flowmetergnibese
requirements; they behaviours are very different
considering the high fluctuations of the crud b®ga
properties, such as composition, liquid presencessure
and temperature.

However, first, the averaged-pitot is the most aeldpne,

it is very robust and always high accurate. Secggrittie
venturi and the V-cone are adapted and accurate in
measuring crud biogas because of their high roksst(no
mobile parts), their high accuracy and their simple
principle and operating.

Other technologies can be used with the crud biogiash

as the Thermal-Mass and vortex meters. But theee ar
more sensitive to the fluctuations of the biogas
characteristics.

An important conclusion is obtained from these
experiments: the flowmetering technology and robess
are not the only guarantee of the accuracy of liherate
measurement. The temperature and the biogas caotmoposi
are also key factors to improve the flow measurémen
This because these factors are the most impactieg t
thermodynamic characteristics of biogas, such asitie
heat capacity and viscosity; which are the key petars
for the flowrate calculation for both, pressurefefi€énce,
vortex and thermal-mass metering technologies.

To summarise all these results for an operating inse
above tableau, are given, the advantages and inogmnt
and the useful characteristics (range, installation
conditions, price...) of each tested technology.
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Flowmeter Principle Advantages — Disadvantages llisations

= Medium sensitivity to biogas composition,
= Low sensitivity to liquid presence
= medium straight lengths,
The APT is an anemometer. It produces am medium rangeability[(20),
1) The averaging Pitot | averaged differential pressurAR) signal| = Low pressure loss,
tube (APT) proportional to the square of the= No moving parts,
volumetric flowrate. = Easy to install,
= Easy to maintain,
= Medium price,
= Unapproved model.

— Eg‘fi d

= Medium sensitivity to biogas composition,
= Low sensitivity to liquid presence 147N St
= Low pressure loss, |
The Venturi measures a fluid's flowrate py= Low straight lengths,
reducing the cross sectional flow area|irm Medium rangeability [(20),
2) The venturi the flow path and generating a pressure No moving parts,
difference. = Approved model, Ll T % N

= Easy to install, INLET CONE 7/ RECONERY CoNE LW DIRECTONAL ARRO
* Easy to maintain, Stcuucye,  moamen
= Expensive. R

Downstraam Section of Matar

The V-Cone is a differential pressure typer Medium sensitivity to biogas composition, —Wanaio v

flow meter with a unique design that® Low sensitivity to liquid presence !

conditions the flow prior to measurement.® Low straight lengths, Aa Flow
The Differential pressure is created by @ Medium rangeability (20), Maniold —, () o
cone placed in the center of the pipe. The No moving parts, PP Solk
3) The V-cone flow rate is calculated by measuring thes Easy to install, - _ I7

difference between the pressure upstream Easy to maintain,
of the cone at the meter wall and= High pressure loss,
the pressure downstream of the cone Unapproved model,
through its center. = EXxpensive.
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4) A mass flowmeter

Mass flow measurement. Thermal m s§.
flow transmitters provide a measurement,
of the mass flow rate of the gas based upop
heat transfer. .
The gas flows past a heated surfacg
creating a cooling effect. Heat transfer|is,
caused by the mass (or molecular) flow| of
the gas providing a mass flow
measurement.

High sensitivity to biogas composition,
High sensitivity to liquid presence
High straight lengths,

High rangeability (>100),

No moving parts,

Easy to install,

Easy to maintain,

Medium price,

High pressure loss,

Unapproved model.

5) A vortex flowmeter

The principle of operation is based uppr®
the shedding or the creation of vortices®
from a blunt element. The instrument=
counts the number of vortices created; and,
through a known relationship, converts this®
to the actual flow rate through the element.=

Low sensitivity to biogas composition,
High sensitivity to liquid presence
medium straight lengths,

High rangeability (>100),

No moving parts,

Easy to install,

Easy to maintain,

Medium price,

High pressure loss,

Unapproved model.

Transducer

Flow sens

Obstadle Vartex train

Transducer

6) An oscillations
flowmeter

The oscillations flowmeter use the same
principle as an orifice plate: the mediym=
flows through an orifice in a tube. Bypass®
bores are located at the sides. The dynamic
pressure at the orifice causes part of [the
gas volumetric flow to go into the bypass. *®
The bypass channel contains the Oscillator
and the oscillation frequency |s*®
proportional to the flow velocity and thus =
to the total volume flow. .

Medium sensitivity to biogas composition,
Low sensitivity to liquid presence
medium straight lengths,

High rangeability (>100),

No moving parts,

Complicated to install (heavyness),

No maintenance,

Medium price,

High pressure loss,

Unapproved model.




