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Hvorfor skal vi anvende naturgas?
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Crude oil reserves: top 5 countries

Reserves (Mt) Production (Mt)
2011 1993 2011 1993
Venezuela 40 450 9842 195 129 =100
Saudi Arabia 36 500 35620 526 422 69
Canada 23598 758 170 91 >100
Iran 21 359 12 700 222 171 96
Irag 19 300 13 417 134 29 =100
Rest of World 82 247 68 339 2766 2338 30
World total 223 454 140 676 3973 3179 56

DTU Mechanical Engineering, Technical University of Denmark
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WORLD GAS RESOURCES BY GAS TYPE

Recoverable resources, Tcf

EUROPE - FSU : 8,219

& I

’) ASIA - PACIFIC : 5,087

N

AFRICA
MIDDLE EAST : 7,686

LATIN AMERICA : 2,326

TOTAL
Conv, L.I/ntan'.*, _
Conventional gas 14,325 11&2?/ ~1.000.000 Mt olie
B Tightgas
M Coalbed methane
Il Shale gas Source: World Energy Outlook 2009
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Skifergas

DTU Mechanical Engineering, Technical University of Denmark
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Skiferolie

Classification of
in-situ shale-oil resources

Dyni, J.R.. 2006. Geology and resources of some word
dosh uS pan: Jations Report

2005- 5284
I 301 566 million tons (USA)
[ 10 000 - 40 000 million tons
1000 - 10 000 million tons
B 100 - 10 000 million tons
B 1 - 100 million tons
No information

DTU Mechanical Engineering, Technical University of Denmark
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Shale Oil Production
irl 2008 \Svotld Enle?,;gw:;t;:z::m
urvey of Energy urees
Brazil 200 000 tons
China 375 000 tons

Estonia 355 000 tons
Total 930 000 tons
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MARPOL Annex VI Marine SOx Emission
Reduction Areas with Fuel Sulfur Limits

European SECAs Year Fuel Sulfur (ppm) Fuel Sulfur (%)
North Sea, English Current Limits 10,000 1
Channel
2015 1,000 0.1
Baltic Sea Current Limits 10,000 1
2015 1,000 0.1
North American
ECAs
United States, 2012 10,000 1
Canada
2015 1,000 01
Global 2012 35,000 35
2020%* 5,000 5

* Alternative date is 2025, to be decided by
a review in 2018

DTU Mechanical Engineering, Technical University of Denmark



0o ECAs - Present and Future
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Existing LNG Praduction Plarts
Planned LNG Production Plants [ ]

Existing small szale export/bunkering facll ties
Planned small scale esport/bunkering facilities
Existing LNG Terminals

Plnned and decided LNG Terminals W 45
Planned but not decided LNG Terminals
RN SECA Area
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Figure 18. Existing and Planned Production Plants and LNG Terminals
in the SECA (Ref. 26)
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Hvorfor skal vi bekymre os om methan slip?

DTU Mechanical Engineering, Technical University of Denmark
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Methane
14%

Carbon Dioxide

Carbon Dioxide (fossil Tuel use)

(deforestation, decay of // I 57%
biomass, atc) f

17%

Carbon y
Dioxide (other) ™
3%

https://diggingintheclay.wordpress
.com/2011/02/24/the-futility-of-
trying-to-limit-co2-emissions/
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Origins of Atmospheric CO2

Original
"preindustrial"
Estimated Level
Man-made CO2 ~280ppm
contribution 72%
~48ppm
11%

Natural Outgassing
from Oceans and
Biosphere
~72 ppm
17%

Greenhouse Effect based on gas concentrations and adjusted for heat
retention characteristics

Carbon Dioxide
3.7%

Water Vapor

95%

Other Greenhouse
Gasses 1.3%

B Water Vapor M Carbon Dioxide Other Greenhouse Gasses: Methane, Nitrous Oxide, CFCs

DTU Mechanical Engineering, Technical University of Denmark



Natural CH, Emissions Anthropogenic CH4 Emissions
Total: 225 Mt/yr Total: 380 Mt/yr

Lakes 1% Lakes 0.5%

Oceans 6%
Tundra 2%

Waste Disposal 13%

Burning of

2\ Ruminants
Biomass 9%

 Burning of 24%

Moors and i

.. Biomass 15% agol N
WEtlaﬂdS r,,_:-.;_;,: COa| Mlnlng
= *e+. | and Usage 9%

63%
Wet Rice

ral Gas and
Agriculture 35% Natu

Oil Exploration

' nd
phusponph- and Usage 9%

Insects 10% o
TREBHR Passenger Cars 0.3%

Contribution of various sources to global yearly methane (CHy)
emissions (reference year 1996).

DTU Mechanical Engineering, Technical University of Denmark



UK greehouse gas emissions by source sector 2009

& Energy supply
& Domestic transport

“ International aviation/shipping

® Business
“ Residential
“ Agricultural

& Dther

"

Total UK GHG emissions in 2009 = 6072 MICO2e
Other. Public, Industrial processes, Waste management and Land Use and land use change and foresiry
Source: Mational Atmospheric Emissions Inventory (MAEI) [Personal re-elaboration]

DTU Mechanical Engineering, Technical University of Denmark
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UK greenhouse gas emissions of transport

M Cars and taxis
& Havy goods vehicles
“ Light vans
& Buses and coaches
& Motorcycles
& Rail
~ Domestic aviation
“ Domestic shipping
- Other

Total UK domestic transport GHG emissions in 2009 = 122 2 MCO2e
Other’ is mostly ‘military aircraft and shipping’, and also includes emissions from “aircraft support vehicles' and from
road vehicles running on liguefied petroleum gas (LPG).
Source: National Atmospheric Emissions Inventory (NAEL) [Personale re-elaboration]

DTU Mechanical Engineering, Technical University of Denmark
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. . Wikipedia
Environmental issues
Natural gas does have challenges. For example, there is an issue called methane slip. Methane slip is
when gas leaks unburned through the engine. Methane has a GWP100 (100-year global warming

potential), which is 25x higher than CO2. If the methane slip isn’t controlled, environmental benefits to
using natural gas are reduced.

IEA "Alcohol as a Diesel Engine Fuel ” meeting in Copenhagen, February 2015:
"There might be an even more important market for methanol in

marine engines if the methane slip problem of LNG engines is not
solved”

DTU Mechanical Engineering, Technical University of Denmark



LJIQ

Actual CO:z and COz+equivalent to CHa slip

2500
CH4 impact to CO2 equivalents=34
(100 years) [=86; 20years], IFCC 2013 B CO2 [gfkm)
000 B COZ+CHA * GWE (g/km)
1500

The overall experience from the test program is that emissions of CHs will increase when
the diesel replacement is increased. In reality, higher rate of diesel replacement with gas
will result in higher total greenhouse gas emissions of. This is in fact a serious dilemma
for technology of today.

500

Sl-leandmix burn Sl-lean burn Dori, Dol mode  DOM1, Diesel  DDr2, DD mode DDr2, Diesel DODCY, DD mode  DOCD, Diesel

mode maode
Dedicated
Sl-engines

DTU Mechanical Engineering, Technical University of Denmark




Hvad er problemet i motorerne?

DTU Mechanical Engineering, Technical University of Denmark
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Rich air/gas mixture
Lean air/gas mixture

Spark Plug
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LEAN-BURN COMBUSTION SYSTEM
Liguid Fuel

-stroke:
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FLOW
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different crank angles during the

Fig. 4 for a schematic interpretation

SPARK
PLUG

THERMAL !
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LAYERS 0

JET-LIKE
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FLOWS

4-5m
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Fig. 3 - Schlieren spark photographs,

stroke, which show cravice flow phenomena.

— 2mm

Fig. 4 - Schematic

flow out of the spark plug crevice, end the jet

DTU Mechanical Engii~ fle¥ at cthe gpiston crown
behind
These jets then spread

crevice regions
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illustrating the
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HC oxidation after flame quench
(SI Engine operating on gasoline)

0.6

=

HC mass (mg)
=
bt

N
Methane is too stable a molecule to undergo
post oxidation at available temperatures

¥

h50 550 650 150
Crank angle

The total desorption from cre-

vices and oil film {Q). Left

after in-cylinder oxidation (4.

Left unburned after axhaust

port oxidation (&),
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Katalysatoren?

DTU Mechanical Engineering, Technical University of Denmark
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Hydrocarbons behaves differently

HE
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Hvad er lgsningen?

DTU Mechanical Engineering, Technical University of Denmark
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Methane Project

DTU Mechanical Engineering
Responsible for engine experiments in
laboratory and modelling of
physical/chemical processes in engines

DTU Chemical Engineering
Responsible for design of catalyst and
modelling of physical/chemical
processes

MAN Diesel & Turbo, Holeby
Responsible for the design and
experimental work on the MAN
L28/32DF engine

Technological Institute, Aarhus
Responsible for measurements on ships
In operation

DTU Mechanical Engineering, Technical University of Denmark

HE

IEA Advanced Motor Fuels 1A

Input from other transport sectors
Experimental data on engines
Experimental data on catalysts

Germany, Canada, Sweden, Finland,
Japan, Korea and Denmark




Tak for opmaerksomheden!
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