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LNG plant operator %

Charterer of LNG fuelled vfessels

- Supply vessels
- LNG tankers
- Product tanker
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LNG production

CO2

Water
Sulphur Compounds N2

" |

Condensate Pre- . .
- = Liquefaction
separator treatment

Condensate CON

treatment

Natural gas
e

Liquefaction plants have strict
requirements on gas purity to prevent
freeze out and corrosien

Consequently, LNG contains no CO2 and
no corrosive substances

Otherwise, the composition is still variable
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The market asks for different gas
compositions

Bl |eangas
B Rich gas
B Variable
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Suppliers provide different LNG
compositions

o |
B Methane < 90% { Note: Figure based on a limited number random

> e . .
_ o/ 0O, samples from regions. Not to be mistaken for a
- Methane 90 95 /’ /’ systematic survey of composition
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LNG treatment options at terminal

N2

|

Gasification

I

Pipeline quality gas

LPG
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LNG Engine concepts: Premixed

combustion

0 Gas injected before
combustion

9 Ignition by spark
plug or diesel pilot
flame

Characteristics

Very low NOx

Risk of engine
knock
Methane slip

Gas only or dual

N
<
[

]
 Statoil

LNG Engine concepts: high pressure

injection

0 Ignition by diesel
pilot

Gas injected during
combustion

Characteristics

More NOX (poor

mixture)

No methane slip

No engine knock
Dual fuel
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Marine gas engines

Engine

Ignition &

Example Concept fuel Methane Rebuild
Spark plug,
Premixed | pre - ) Less
4 stroke chamber Sensitive Tier I Challenge suitable
Rolls Re B’ &
'C. Mitsubishi CS R Gas only
Premixed | Djesel pil
iese’ pi ‘oL, Sensitive* Tier 1Nl Challenge Suitable
4 stroke Dual fuel
Wartsila DF series
NOXx
Injection i i
Diesel pilot, Robust Measures Controlled Suitable
2 stroke Dual fuel needed for
Tier Il
MAN ME-GI

* Engine power and efficiency linked to methane number in gas
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LNG Combustion properties

Heat output from “All” major
burner applications

Wobbe index

“All” major
applications

Heating value Energy content

Resistance to knock :
Methane number Gas engines
(gas octane number)
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Methane number

+ Gas equivalent of “octane” number
* Important for gas engines with premixed combustion
+ Knock resistance

— Measured in CFR engine, compared with blends of H,, CH, and CO,

— Calculated (most practical option)

CH,. MN =100

H,: MN =0
CO, dilution: MN > 100
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Methane number affects power and

efficiency

De rating practices for low methane
number

Methane number requirement

85

Nominal El- rpm Derating for 80 >
Engine output BMEP Methane no. 5 o
> -
kw bar g 70 - R
1000 T% per point P o
1 3360 15,7 < 65 s -
- 2 60
1000 T% per point k4
2 3600 17,0 <70 55
1000 1% per point 50
3 4623 16.0 < 80
45
1500 1% per point 155 16 16,5 17 175 18 185
4 3200 16 <74
Min 65 BMEP [bar]
750 P i
5 6000 17,1 <70 ower density
Thermal efficiency
1000
6 3535 16 <70
1500 Left: .
eft: Source:
7 2717 17,96 <75 N
! Ricardo (2006)

LNG Methane number is variable

LNG data
120
110 b
3
2 100 -
£ .
<
90 -
© .
g e
<
o 804 . e * &
s E 4 .M,.
. >
70 - .
60 T T T T T T
50,0 50,5 51,0 51,5 52,0 52,5 53,0 53,5 54,0

Wobbe index
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Standardization first ang Necessary step | - S
"~ Practice shows that far €conomic, environmentaf and safety feasonsg,

- thereis g need for Standardization of fuel grade L NG, - . :

“Fuel Gradg LNg:" .

. is_ofccnsr'stent compositinn, sitnilar tg
engine Petformancge, - - - LT : ;
*lsof Congistent Composition for comMmercial transactions.

* Pubtic LG dispénsers £an be checkey by the laca) Weights gng Measureg
-authority."; T S - . S

digse! ar gasoline, that Provides Consistent

“Fuel Grade LNG js:

* Methane » 97.0 Mate g, -
*Ethane <19 Mole 2, :
* Total (nert 9358852 0 Mole %"

Source; CHy ENGINE_ERJNG E;ERVICEE, Ne.

. Othér-suse: “vehicle dee LNG", "transpor‘tatr:on grage LNG™, byt ineach Case: 5»9?-% rne_ihane .

'Maﬂcetnppw{unrn&sﬂ)rsmaﬂ Scale Lug -
WTC-Rotte rdar, 15 Hectmber 700
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P
LNG piston engine fuel specification?

. for . , rs and traders)
e fying suitable “piston engine LNG” (operato
— Identifyin

i i ilder)
Fuel optimisation of engines (engine bui
—Fu

ifying LNG
Suppliers consider demand when specifying
*Su

Present demand for LNG

O Energy
Bl Piston engine fuel

Statoil

L+ - Standardization first ang nNecessary step ! -
-~ Practice shows that 1oy 'e'cchbm'.e,'ém‘fraﬁm
- there ig a need for standardgi
“Fuel Grags LNG: .
*isof consistent

2ation of fyg grade NG

qompos._‘.tion, sif Prescri ptiVe
. engine Performance, - . .. . " 1
* g of Consisternt composition for standard , NOt
* Public LNG o; Pensers can be ¢} e
RN 00

“Fuiel Grade LNG js: )
" *Methane 2970 Mole o, )

*Ethane = 19 Maie o, :
* Tota) Inert 93ses£2,0 Myje g

based

© 'Marker SOOI e f\:.rSma.'.'SmIe L3 - .
: TG Fotverdam, 5 dRsEmber 2010

=
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Approaches towards specification

Prescriptive Performance based
- Methane number

- Wobbe index

- Methane content range

- Ethane content range

- Energy content

B - Objective limit values
: e LNG s, } - Greater flexibility in

. -EthaneS?.nMc:,?:?f% S supply
Lo s Tetalingy g 0 % :

S52.0 Molg o - Increased availability
D - Better prices
N,
<% ¥ statoil
Conclusion

* The composition of LNG varies
+ Not all LNG is equally suitable for all engines
* LNG fuel specification could be helpful for
— finding the LNG grades that are suitable as fuel

— criteria for optimising engines

+ A LNG piston engine fuel specification, if developed, should be
performance based
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Thank you

LNG Combustion characteristics

@yvind Buhaug
Principal Engineer Fuels and Engine Technology
, tel: +47 926 00 429

www.statoil.com
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