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Short History

Less than a decade ago, the USA had big plans for
LNG imports:

« Security of energy supply
* Relatively low greenhouse gas emissions

Until then: close to constant gas composition
Concern: LNG imports might disturb the quality of gas

FERC (Federal Energy Regulating Committee) approached:
Natural Gas Council & other interested parties on how to deal
with the problem:

New committee NGC+

Result: White paper on Natural Gas Interchangeability and
Non-Combustion End Use, February 28, 2005
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Preliminary NGC+ Results

Index Maximum Value
Wobbe Index 52.2 MJ/m3
Higher heating value 41.0 MJ/m3

C4+ gases 1.5 mol %

Inert components 4%

Wobbe range limit: +/- 4% around the traditional average

However, max 4% inerts means:

« Minimum Wobbe cannot be lower than 49.6 MJ/m3
« Higher heating value cannot be lower than 38.2 MJ/m3

Therefore : Actual Wobbe range: +/- 2.5% around the average.




Gas Quality is a ‘Technological Science’

749 pages with gas quality papers is just
a very small sample of relevant data

o Before the EU liberalisation,
Gas quality Is not:  every major gas company had a
- An opinion large gas-application research
- A political decision department e.g. Ruhrgas, British
- A commercial slogan Gas, Gasunie, SNAM
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Key Note by Gas Expert Prof. G.F. | Roberts

‘Gas supplier is responsible for best quality, because:
Gas customer cannot:

- Assess gas quality;
- Return gas if unsatisfactory’.

‘Gas will increasingly be used for electricity production
and transport (engines, turbines) and less in households’

‘A wide gas composition range automatically lowers
efficiency and increases emissions’

‘Gas quality should be user led, not supplier led and be
careful not to become politician led’




Next keynote by G.F. Steinmetz,
Baltimore Gas & Electric

BGE

‘Pipeline Quality might be a misnomer; appliance quality
would be more appropriate’

‘Gases must be compatible with the equipment and the
appliances in use’

‘General recognition is given to the inadequacy of Heating
Value, Specific Gravity and Wobbe Number to gauge
iInterchangeability. The BURNING CHARACTERISTICS of
the various component gases must be considered’




Shale gas: Experience with the NGC+ rules

Shale gas can contain a large amount of higher hydrocarbons
and cannot meet the NGC+ specs.

Therefore: Strippers in the USA to remove the higher
hydrocarbons (‘Natural Gas Liquids — NGLS’)

Valerie Wood in Pipeline & Gas Journal September 2011:

‘NGLs are priced in accordance with crude oll prices.
[...] the production of high-value NGLs helps to lower
natural gas break-even prices’

In the USA, gas producers, ‘appliance’ manufacturers and
customers are happy with the NGC+ range




Anticipated general problems with a wide gas
composition range

Burners: - flash back
- blow off/flame lift
- yellow tipping
- incomplete combustion
- higher emissions
- lower efficiency

Gas Engines: - knocking
- reduced efficiency
- tripping
- combustion instability
- reduced output
- higher emissions

Gas Turbines: - tripping
- combustion instability
- higher emissions
- increased wear
- reduced efficiency
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The EASEE-gas specs:

Nothing about flame speed, ignitability, knock
resistance, speed of composition change (plug flow)

Recommended

Parameter Unit Min Max implementation date

Wi kWh/m? [13.60] 15.81 1/10/2010

d m3/m3 0.555 0.700 1/10/2010

Total S mg/m3 - 30 1/10/2006

H,S + COS (as S) mg/m3 - 5 1/10/2006

RSH (as S) mg/m3 - 6 1/10/2006

0, mol % - [0.01]* 1/10/2010

CoO, mol % - 25 1/10/2006

H,O DP °C at 70 bar (a) - -8 See note **

HC DP °Cat1-70bar (a) - -2 1/10/2006

* EASEE-gas has organised an oxygen measurement survey, which by end of 2005 will examine the maximum feasible limit equal
to or at an alternative specified value below 0.01 mol %.

** At certain cross border points, less stringent values are used than defined in this CBP. For these cross border points, these
values can be maintained and the relevant producers, shippers and transporters should examine together how the CBP value
can be met in the long run. At all other cross border points, this value can be adopted by 1 October 2006.
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USA Consensus versus unilateral EU range

gross calorific value versus Wobbe Index of common
natural gases
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Effect Methane Number/Knock Resistance on
Performance

Typical impact by MN on Power and Heat rate
102,00 - - - - 102,00
100,00
28,00 - 101,00
< 96,00
o
2 94,00
p - 100,00
‘s 92,00
ag
=]
2
S 90,00
$8.00 - 99,00
Power
86,00 f--------boo-eeosmbeseoeedremeeod i)
Heat rate
84,00 : r - 1 - ! - } 7 98,00
90 85 80 75 70

Change in Heat rate (%)

I Methane Number (MN)



Knock resistance for the EASEE-gas range
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PLUG flow

Quality 2 Quality 1

Even if gas-fuelled appliances have been equipped
with expensive feedback and control equipment,
accepting plug flow is close to impossible

The EASEE-gas specs do not show any limitations in
plug flow.




Energy delivery measurement problem

A gas meter measures
volume flow

The upper calorific value in the EASEE-gas specs
can vary between 36 MJ/m?3 and 48 MJ/m3;

Huge errors in energy delivery measurement




Poor Europe: minor ‘security’ gas flows reduce
the gas quality substantially
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Optimum solution for max. flexibility & best economy

BIOGAS
U Quality gas
[ > ) > to
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EUROMOT Proposal for gas specifications (marked red)

Wobbe Index kWh/m?3 13.6 |15.81 [ Maximum
variation +-2%
& providing MN
of 80-100
Methane Number 80 100 EASEE CBP gives
MN 48 - 102
Ignitability Lambda range 2.2
Laminar Combustion cm/s 28 32
velocity
Relative density m3/m3 055 |0.700 Ensuring the right Wobbe
range
0, mol % - 0.01
S mg/m3 - 5 Introducing Oxi-cat
for reducing Form-
Aldehyde restricts the S
content of the gas




EUROMOT Proposal for gas specifications (marked red)

H,S +COS (as S) mg/m3 - 5
RSH (as S) mg/mB - 0 Preferably no S in odorant
CO, mol % - 2.5
H,O DP ©C at 70 bar - - 8
HC DP OC at 1- 70 bar - < -10 | Toavoid condensation in
cooler stretches of gas
pipelines
Supply pressure Bar 8 - Many applications (e.qg.
engines or turbines) need
(gauge pressure) a higher pressure than
domestic applications




EUROMOT on the GL Noble Denton Draft Report

« An excellent study by experts with extensive knowledge
about the use of gas (ex BG Loughborough);

 The results are very clear: awide gas range is way too
expensive and lowers performance;

» Experience in the USA fully supports the conclusions of
the GL Noble Denton report.

gross calorific value versus Wobbe Index of common
natural gases
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Conclusion

e The EASEE-gas specs are too broad.
* A wide gas composition range lowers efficiency and increases emissions

* Faced with similar issues as the EU, the U.S. has already reached a
consensus following a broad-based stakeholder consultation:

— The resulting NGC+ gas specifications advocate higher gas quality and
narrower ranges for key gas quality parameters than EASEE-gas specs.

— Gas components which make that the gas do not meet the NGC+
specifications are split off and sold
(e.g. Natural Gas Liquids are sold to refineries)

Split off Natural Gas Liquids are priced in accordance with crude oil
prices. The production of high-value NGLs helps to lower natural gas
break-even prices
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