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NATURAL GAS FOR VEHICLES

There are two types.

(NG

LIQUEFIED NATURAL GAS

-

LNG is especially suited to
long-haul trucks.

Natural gas production and delivery

oil and main consumers
gas well line  natural gas o
- gas sales company
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https://business.directenergy.com/understanding-energy/energy-tools

Comparative Levelized Cost of Electricity by Technology
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Natural Gas

SOURCE ENERGY EXTRACTION, PROCESSING GENERATION DISTRIBUTION DELIVERED

& TRANSPORTATION TO CUSTOMER

$ per megawatt hou
3

100 e - 92 . :
MMBtu 93 mMMBtu 92 mMBtu MMBtu »—B BN B B Il I B

CCGT CT (gas) SCPC IGCC(coal) Nuclear 'CCGTwl SCPCw IGCCw/
(gas) {coal) CCS (post) CCS (post) CCS (pre)

Capital cost m=Fixed O&M

m\/ariable O&M

Insurance & property tax CO, emission cost mFuel

Notes: CCGT = combinec-Cjcle gastsbine. SCPC = supercritical pulerized coal IGCC = integrated combined-Cycle.  CT=combustion turbine:
CCS =carmen caphore 300 sequestiation

Does not Incluce storage. procuction (PTC) or investment tax crecls (ITC)

Delered fuel prices natral gas=54 95MMERL C0ai=5260MMERU for SCPC, S200MMEN for IGCC. nuckear-S070MMBts. Infation 1520%
ang financing 15 S0'S0 cebtequlty SpIR WEN 7% COSt OF Celt and 11% aMer-iax cost of equilty. CO; price =§11 metric tonne.
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Source:
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Conversion of energy can exceed 90%
\I“” ¥ ) Cd efficiency, far greater than any other energy

HS CERA

— source.
‘ f Natural gas is the efficient and effective fuel
T into a low-carbon energy future. While the
E I = Ct Ficl t y efficiency of renewable technology is

constantly improving, it has yet to match the
efficiency of natural gas in power generation.
Natural gas enables renewables as it can be
added to power generation facility at the right
'IOO ¥ 5% Energy Loss ¥ 64% Energy Loss ¥ 6% Energy Loss 32 time and in the appropriate volumes needed.

MMBtu 95 mmetu 34

GENERATION DISTRIBUTION DELIVERED

TO CUSTOMER

SOURCE ENERGY

EXTRACTION, PROCESSING
& TRANSPORTATION

MMBtu 32 MMBtu MMBtu

Exploration & Production {Transmission] Processing | Transportation |Distribution

Land

Offshore - Road trucks

- Associated gas = - Railways End users

- Non-associated gas Field Tre.atmem — - Pipelines -Electricity

- Separation ~Pipelines - Ce -Industry

- Onshore - Dehydration - Compression | || - Liquefaction || water -Domestic

- Associated gas N o s - LNG tankers -Transport

N s |[pHC aew polnt -NGL/ LPG tankers

- Shale =Comp - Barges

Natural gas is the most efficient fossil fuel in a variety of applications, but especially in power generation.
Combined heat and power (CHP) installations enable the utilization of more than 80% of the energy content in natural gas. According to Black & Veatch, the
average combined cycle natural gas plant is approximately 39 percent more efficient than the oldest 50 percent of existing coal generation capacity - and 58

percent more efficient than the oldest 10 percent of coal-fired plants. For the oldest power-generating facilities 60% more coal needs to be burned to generate
the equivalent power of a natural gas power generation plant.
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s - Acid SULFUR UNIT Tail TAIL GAS TREATING How to Measure Natural Gas
E gas » Claus process | gas * Scot process - . .
gas wels » Clauspol process Describing the amount of natural gas consumed by an entire country or a single
* = Others residential appliance can be confusing, since natural gas can be measured in
SO ACID GAS REMOVAL Elemental sulfur ,L SEVEEY GHIEEIE W,
WATER REMOVAL i g?ﬁ?iglg%?gggss Offaas to incinerator The energy content of natural gas and other forms of energy (i.e., the potential
« PSA Unit d heat that can be generated from the fuel) is measured in Btus (British thermal
Raw gas * Sulfinol process DEHYDRATION units). The number of "therms" that residential natural gas customers consume
Dineline | * Others . : o - -
pipeline Glycol unit each month is listed on their gas bills.
* PSA unit
Waste water Quantities of natural gas are usually measured in cubic feet. For example, a typical
_ o _ natural gas futures contract is a financial instrument based on the value of about
Condensate to an oil refinery 10 million cubic feet (Mmcf) of natural gas.
. EUFDDEﬁKD?”der and . ngngenic process —~— ¢ E‘Dt'. SI?VSS . 1 cubic foot (cf) = 1,027 Btu
emethanizer € - Sbsorption processes + Activated carbon 100 cubic feet (1 ccf) = 1 therm (approximate)
Absorption (in older plants) » Adsorption processes 1,000 cubic feet (1 Mcf) = 1,027,000 Btu (1 MMBtu)
+ 1,000 cubic feet (1 Mcf) = 1 dekatherm (10 therms)
- . . 1 million (1,000,000) cubic feet (1 Mmcf) = 1,027,000,000 Btu
To sales gas pipeline Nitrogen-rich gas 1 billion (1,000,000,000 cubic feet (1 bcf) = 1.027 trillion Btu
1 trillion (1,000,000,000,000) cubic feet (1Tcf) = 1.027 quadrillion Btu
FRACTIONATION TRAIN = SWEETENING UNTS B . 1,000 cubic feet of natural gas is app/joximately enou_gh to me_et the natural
« De-ethanizer |« Merox process —— Propane gas needs of an average home (space-heating, water-heating, cooking, etc.) for
= Depropanizer —— = Sulfrex process ——————— Butanes four days.
» Debutanizer —— = * Mol sieves ————— Pentanes + . In 2009, the average American home consumed 70,500 cubic feet of

natural gas (or 72.6 million Btu). On a daily basis, the average U.S. home used
193 cubic feet of natural gas.

. Most natural gas household bills display the amount of natural gas
) ) consumed by the 'therm' (100,000 Btu) or in hundreds of cubic feet (100 cubic
What are Ccf, Mcf, Btu, and therms? How do I convert natural gas prices in dollars per Ccf, or feet - 1 Ccf).
Mcf to dollars per Btu or therm? . Looking at larger quantities, 1 billion cubic feet (Bcf) of natural gas is
C — equals one hundred (100). enough to meet the needs of approximately 10,000 - 11,000 American homes for
Ccf — equals the volume of 100 cubic feet (cf) of natural gas. one year.
M — equals one thousand (1,000). 5 trillion cubic feet of natural gas is enough to meet the needs of 5 million
MM — equals one million (1,000,000). households for 15 years.
Mcf — equals the volume of 1,000 cubic feet (cf) of natural gas.
MMBtu — equals 1,000,000 British thermal units (Btu). (One Btu is the heat required to raise
the temperature of one pound of water by one degree Fahrenheit.)
Therm — One therm equals 100,000 Btu, or 0.10 MMBtu.
{; ENGINEERING ENERGY NATURAL GAS FACTS
[Rev-3 PETROLEUM INVESTMENT LTD
IRev-2
 frev1 ;ijw PAKPAS ENGINEERING L s=
Rev|  Description Date Name Check “¥” AND CONSTRUCTION LTD i
Date Drawn Check Appr. Scale é’ .nforLZfodn"iﬁd"i”&?;gE‘S‘?"pﬁﬁ@":s' . Job No | Page |Symbol|Unit No Cat| Type+Format| Serial No Rev
MARCH 2019 | O.Songur | O.Songur NS & el ese ™ 1715.75) 1/1 |DWG| 00 UD |0100.2-A| 6




What are Cgf, Mcf, Btu, and therms? How do I convert natural gas prices in dollars per Ccf,
or Mcf to dollars per Btu or therm?

C — eguals one hundred (100).

Ccf — equals the volume of 100 cubic feet (¢f) of natural gas.
M — equals one thousand (1,000).

MM — eguals one million (1,000,000).

Mcf — equals the volume of 1,000 cubic feet (¢f) of natural gas.
MMBtu — equals 1,000,000 British thermal units (Btu).
raise the temperature of one pound of water by one degree Fahrenheit.)
Therm — One therm equals 100,000 Btu, or 0.10 MMBtu.

{One Btu is the heat required to

https://accessgas.com/learning-centre/natural-gas-conversion-tool/

https://www.rigzone.com/calculator/
default.asp?catid=1&catname=Basic+Conversions#calc

http://www.cmegroup.com/tools-information/calc_refined.html
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CONCEPTUAL DESIGN OF LNG FACILITIES-FLOW DIAGRAM AND EMB

https://yadi.sk/i/MUBEDVJC3aownL hitps://yadi.sk/ifMUGEDVIC3aownl
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How to Measure Natural Gas
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https://yadi.sk/i/Ju8fKkHPS3ap5Rs

Handbook of NATURAL GAS
SAEID MOKHATAB TRANSM|SS|0N and
WILLIAM A, POE PRO([SSING

JAMES G. SPEIGHT
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NATURAL GAS SPECIFICATION
CHALLENGES IN THE LNG INDUSTRY

Wil ohe perswiion bal, s quailly of e delversd prociued s s sl o en agresmsnd bsbwssn s
provicer ars e ousforrss (s nepods dose ol geesrally Favs @ sigriSioens gt § ey

Wi Malual Cee, dus 0 e returs = e produd s e eresporieicon mechenier, B qualby of e
celfenrsd produd @ primariy Selsrnined by e pissins

Storage Specification

Aanex 2w the (eneral Terms and Conditions o
v i the Haidach

Matural (s Soeage Facility Locsied in the Republic of Audria

Ly generston Feres B resd o know e sopecied mngs of queliity of e sl beng delversd i Ban
el el bo Feres morme conaol over B e by o et sl o ssers complenos Wi eguaions, o
protect Teic skt 0 gersrebng ssuipment, end o be ebis i mesl e rescs of Seir cusiomsn -
= rmomi sODrOme e

Authors:

David Coyle - Senior Technology Manager - LNG and G&s Processing
Felix F. de la Vega - Senior Consuftant - LNG and Gas Processing
Charlez Durr - Energy Technology

Gazprom export LLC
&, Strasmy boulerard,
127006 Moscow, Fansian Federation

Ficd oy i Shers w poiscal for grest sermblEy n S ousldy o Netorsl Des. deitverssl o Cusiorsms, Bs
Emreiaris o spscs defirsd in pipsies i el o b caegus, Sl s oo o skt o peslies
trf®e, el Sten o o cnowteel Thess dfofies ws oTposrced wen gerersiors by o desl
with S fersnoss sorom pipslrss 5 Fecs i ol sven 5 senderd ot for desaribing S ouslty
Publication f Pr ted: (heremailer reforred m m the " Frovider ™) P
i Cumdomesrs woukl bersf Fom feving scoses iz clemty dSedred esismssi of pipsirs oueity (e
Pough  verss bom pizgsing & pesies| in B form of Meusl Gas Sesc Thesks (comparet s o whet
= Fodn = Bl feevs) porides] im sorssn arel downiosdet s formel usls ISloTmelbonsl Posioge on
LLE posirs websfem

https://yadi.sk/i/ytwN4Lu_3ap8TC
Dute. 01/F0200R

e 1.0

https://yadi.sk/i/lwZz6iG13aoy8t

Natural gas pretreatment

The Energy and Fuel Data Sheet

WI1P1 - Revision 1 lain Staffell, University of Birmingham, UK March 2011

staffell@gmail.com

Melcury CO2,/H2s H20 5ales gas

Length, Area, Volume
imile = L1609344km
1 foot 3048 cm
linch 2.540 cm

Weight, Mass Energy, Power*
ishertton = 0.90718474 tonnes 1kWwh = 3.6M]
1longton 1.016046909 tonnes
1 pound 0.45359237 kg 1Btu
1ks 9.80665 Newtons 1 therm

= 1055.056]

= 105.5056 M]
4.54609L
3.785411784L

1 imperial gallon
1US gallon

= 44.010kgof CO; = 12.0t1kgofC fealorie = 4.1863]

1 tonne of oil
0.56826125 L Speed equivalent (toe]
0473176473 L imph = 0.44704m/s 1 barrel of oil
1km/h = 0.27m/s (LHV)

1 imperial pint 41.868 G] (LHV)

1USpint =

5.70 G] (IEA def))
5.86 GJ (global avg.)

Mercury Sour gas

temoval

Lbarrelofoil = 158.9872949281L

—_ s Dehydeation Separation

¥

Time 1 mechanical hp
1day = 86400 seconds 1Ps
1year = 8760 hours

T45.7EV

Pressure 7355 W

1 atmosphere 101325 bar

facilities
1atmosphere = 101.325kFa
1atmosphere = 14.6959494 psi
B

1 atmosphere 760 torr (mmHg) i
lpsi = 6894757 Pa

https://yadi.sk/i/lwZz6iG13aoy8t

Heavy Ends

* Alternate definitions exist for many of these units, the 150 standards were chosen where possible.
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A compressor station is a facility which helps the transportation process of natural gas from one location to another. Natural gas,
while being transported through a gas pipeline, needs to be constantly pressurized at intervals of 40 to 100 miles.[1] Siting is
dependent on terrain, and the number of gas wells in the vicinity. Frequent elevation changes and a greater number of gas wells
will require more compressor stations. The gas in compressor stations is normally pressurized by special turbines, motors and
engines.

The compressor station, also called a pumping station, is the "engine” that powers an interstate natural gas pipeline. As the

name implies, the compressor station compresses the natural gas (increasing its pressure) thereby providing energy to move the
gas through the pipeline.[3]

Pipeline companies install compressor stations along a pipeline route. The size of the station and the number of compressors
(pumps) varies, based on the diameter of the pipe and the volume of gas to be moved. Nevertheless, the basic components of a
station are similar.

Gas pipeline
Proposed gas pipeline
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QUALITY SPECIFICATIONS (NOTE 1) DELIVERY LOCATIONS

MANATEE
CHARACTERISTIC sz TEET METHOD evemaLs e e e PALM BEACH
L HOTE PORT EVERGLADES
MATURAL GAS SPECS SHEET _ofi- pRoFERTY  |conpmons (MaTED (TPERPE) CAMAVERAL (TMREPMAPRY)
S3ANFORD (TCCIPCT)

Methanea . E7.0-096.0 [TJEIFEN]
Fuel Providers and thelr large wolume Customers (particulany Electric Utiities and possibly other End
Users) arz used to defining fuel requiremants In the form of Spec Sheets. Attached, as an example, Is a
#6 Fuel Ol Quallty Specifcations tabie develiped t conform to federal, state, and local regulations p— p—— - s a0 i ore s | 5220 i mete e .20 MIN aTE
govermning the genarator (e.g., emisslons compliance), operational requirements [e.g., fype of generating R ———— . —— D MAX oTE S L0 MAX morE D 1.0 MAX moTE B
andvor backend chean-up equipment], andior any other constrainis Imposed on the generator. Other prep— prr— P 20 AKX 220 WA RERTTE

= o T3 .. M. .2k
axamples of Spec Shests and standards lists are Included. This docwment Includes an excallent = . . T Sz T
example of a Gas Quallly Spec Sheet from Brazll (GasEnergla) and additonally, the regulatory FLASH POINT PENGHY £ ] = =

FOUR FOMT F O=3T &0 MAX B0 MAX 50 MAX

standards behind It
005 MAX for 70% S for PMR

is0 - Butanes | 0.01 -0.3 =
With othar generation fuels, the guality of the dellverad product |5 a result of an agreement between the L 010 MAX 0.10 MAX D.O7 MAX for 1.0% 5 for PMR
D10 MAX for PRV

proviger and me cusinmer (the transporter doss not generaly have a significant Input, IT any).
25 MIN 7 140 MAX for PMR

normal - Butane J 0.01-03 nag S s oTE ' b '
With Natural Gas, gus to the nature of the product and the fransportation mechanism, the quallty of the ERFRIATT) DesE NOTEE) 28 MIN 225 MAX 75 MIN 225 MAX 75 MINJ 225 MAX for PRV

deliversd product 15 primarnly delemmined by Me pipsing.

MAX As Orderzd
(.70 -OR- 1.0%)

BULFUR WEIGHT % D-4234 (NOTE 3) 1.0 MAX 1.0 MAX

Ethane . 18-51

Propane ] 01-15

8.0 MIM for PPE & PMT
AP CHIET or DR40S2 . 5.0 MIN £.0 MIN
trace - 0.14 £.0 MIN for PSN

isa - Pentans Utilky genesators have 3 need to know the expected range of quality of the fuel being delivered o them prery—
and igeally in have some conirol over the vanabliiy of Mat fuel to assure complance with regulations, to M [ 200 MAX
protect thelr invesiment In generating equipment, and o be able to meet the neads of thelr customers In

fthe most economic manner. WEIGHT % O-sTEZ

200 MAX 200 MAX

30 MAX for 70% & for PMR
40 MAX for 1.0% 5 for PMR:
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P . 5T -
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u

Comparison between Natural Gas and other Gases
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LNG TERMINALS-EUROPE AND FAR EAST

2.7M tons of LNG / year
Start up -2003
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Cargo Aug 2003

Mugardos (El Ferrol)
2.0M tons of LNG / year
Start up -2007

under construction

Sines
3.0M fons of LNG / year
Start up -2003

Huelva
2.9M tons of LNG / year
Start up -1988

Cartagena
2.7M tons of LNG / year

Grain

3.3M tons of LNG / year
Start up -2005

Zeoobrugge
4.BM tons of LNG / year
Start up -1987

7 ETHERLANDS
BELGIUM

FRANCE

Gate Terminal
Startup - 2010 +

North Adriatic LNG

Start up <2008

=1 6M tons of LNG / year

%

Marmara Eregles!

Startup -1994

4.6M tons of LNG / year

kzmir

3.0M tons of LNG / year

Start up -2000

1.9M tons of LNG / year

Sagun|

3.7M tons of LNG / year
Start up -2006/7
under construction

Barcelona

6.4M tons of LNG / year

Fos-sur-Mer
Panigaglia <
gBM Innx,;;;Nleu 2.7M tons of LNG / year 3:;:0 OLTO" X gmr-” o
o 105,200 | [Startup-1971 Start up -2007 +

Brindisi
6M tons of LNG / year
Start up -2008 +

Figure 3.7
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THE GLOBAL LIQUEFIED NATURAL GAS MARKET : STATUS AND OUTLOOK
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LNG TERMINALS AND SUPPLY PROJECTS (ASIA PACIFIC AND MIDDLE EAST) Environmental
(SOURCES: WORLD LNG MAP FEBRUARY 2006 EDITION. PETROLEUM ECONOMIST & Resources
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Depth
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LNG PLANTS
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LNG PLANTS SKID MOUNTED READY FOR DELIVERY
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LNG PLANTS SKID MOUNTED READY FOR DELIVERY-900 TPD

900 tpd LNG piant in Stavanges/Norway
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NATURAL GAS VERSUS LNG COMPOSITION AND CONVERSION

Appendix 1: Conversion Table

Conversion Units Source: BP Statistical Review of U.5. Energy June 2002

MNatural gas (NG) To:

and LNG 1 1 1 million 1 1 1 million
billion | billion | tons oil million | trillion barrels oil
cubic cubic | equivalent | tons British | equivalent
meters | feet LNG thermal | (Boe)
NG NG units

(Btus)

From: Multiply by:

1 billion cubic 1 35.3 |0.90 0.73 |36 6.29

meters NG

I{Jé"”'o” cubic feet | 5 5o |1 0.026 0.021 |1.03 0.18

L million tons oil 14 444|395 |1 0.81 |40.4 |7.33

equivalent

1 million tons LNG | 1.38 48.7 1.23 1 52.0 8.68

1 trillion British

thermal units 0.028 | 0.98 0.025 0.02 1 0.17

(Btus)

1 million barrels

oil equivalent 0.16 5.61 0.14 0.12 5.8 1

(Boe)
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https://www.fortune-gas.com
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THE LINDE GROUP

P o 1:48/545

COOL FUEL-LNG PROCESS PROPOSALS

CLEAN

TECHNOLOGY

£ Youlube L3

Liquefied Natural Gas (LNG)

Natural gas is converted to Liquefied Natural Gas (LNG) by harnessing innovative cryogenic
technologies that make it available both for worldwide transport as well as for local markets.
This conversion can also contribute to increased use of biogas.

Cooling to minus 162 degrees Celsius

Just like crude oil, most natural gas deposits are located far away from their actual point of use.
At present, over 90 percent of natural gas is fed through long pipelines to power plants,
industrial facilities and homes. But once the distance in relation to the volume of gas to be
transported becomes too high, this ceases to be economically viable due to the high costs of
construction, materials and compressor stations. To efficiently transport natural gas, it is
liguefied by cooling it to minus 162 degrees Celsius. This reduces its volume some 600-fold.

Globally, there are circa 70 so-called world-scale plants with a capacity of some ten million
tonnes per year. They are directly connected to large natural gas deposits and produce LNG for
export purposes. In addition to the globally oriented LNG trade, construction of regional and
local infrastructures is becoming increasingly significant, just as is the development of deposits
that are difficult to access.

Liquid natural gas can be transported from coastal LNG terminals by truck, or it can be re-
evaporated and fed into a regional pipeline network to thus reach the consumer. Linde offers
efficient technologies and innovative complete solutions both for LNG transport as well as for the
development of LNG infrastructures — from natural gas cleanup to storage tanks and
vaporisation equipment for port facilities and ships all the way to regional distribution and
customer applications.

https://youtu.be/Xzf9rB2IBOM
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WORLD SCALE LNG PLANTS
L

THE LINDE GROUP

Linde Engineering has the know-how and experience to individually design and build highly efficient base load plants for even the largest world-scale LNG plants.

World-scale liquefied natural gas (LNG) plants contribute the majority of liquefied natural gas products traded globally today. They range in capacity between a few million tonnes per
annum (tpa) and more than 10 million tpa. Typically the liquefied natural gas from these plants is transported by ship from export to import terminals, and then evaporated into
pipelines for supply to the end user.

We established our cryogenic liquefaction technology for world-scale LNG plants at the world's northernmost natural gas liquefaction plant, Hammerfest. It is located 800 km north of
the Arctic Circle on the Melkgya island off Norway.

Our patented Mixed Fluid Cascade (MFC®) process, jointly developed with Statoil for base load LNG plants, is designed for highest efficiency and reliability in any environment and
climate.

The MFC® process features three independent refrigeration cycles. The intermediate liquefaction cycle and the coldest (sub-cooling) cycle always use mixed refrigerants, while the
warmest (pre-cooling) cycle can vary its refrigerant depending on the ambient temperature. MFC® stands for propane pre-cooling, with load balancing between the three refrigeration
cycles so the shaft power of all three compressor trains is identical. This unique configuration enables the largest LNG capacities with a given set of main compressor drives.

In a moderate or cold climate, propane pre-cooling and perfect load balancing across the three refrigeration cycles is no longer feasible. Under these circumstances, the 'arctic’ version
of our MFC® process - as implemented in Hammerfest, Norway - with three mixed refrigerant cycles is the preferred solution.
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Linde has been optimising gas processing technologies for 140 years,
successfully delivering more than 4,000 plant engineering projects around the
globe. Favouring trusted, lasting business relationships, the company
collaborates closely with customers to enhance plant lifecycle productivity and
innovate process flows. The company’s proven gas processing expertise play
an indispensable role in the success of customers across multiple industries -
from natural gas and oil refining through petrochemicals and fertilizers to
electronics and metal processing.
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Linde’s pre-engineered solution
for the small-scale LNG supply chain.

Main design features:
base case, Vol. %

- LNG production capacity:
0.85 200 tpd liquefaction capacity
- Product storage capacity:
4.80 4.000 m?
LNG load-out rate:
2871 2x 50 m3/h (by truck) - 1000 m3/h (by ship)
5.25
0.36
0.02
0.00

0.01
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600:1 ratio

/

The same amount of natural gas
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3,000 TPD

Capacity range.

Site layout
The 200 tpd base case LNG plant including pre-treatment, utilities and LNG s been ceveloned
. . StarlNG™ [ LNG ca-
storage tank features a required plot space of only approx.135 x 150m Feed Gas a Pre- "'._: TRG pjcﬁwrangji,eﬁf;ff;of:d UE,rt,:r;éoof;d
at the same time fulfilling all safety requirements. treatment Reiaction COMOIEssion with PFHE or up t 3000 tpd with CWHE; Le. the
I"-I'" . I:l same, pre-engineered plant design concept
can be used for the above ranges with a simple
Batte n | I'I'Ii'.,.-"'il'l'.'E'faEES: adjustment to the actual throughput. For the
= Ciwvil (d | EWET 5y I ) liquefaction, two proprietary designs are avail-
L?III .l ( {EI FEI:'IFEJ : _E._:TfStE:I_IJ._ 0ads) 2 hA l able for the main cryogenic heat exchanger,
- Piping { eed Jas, ut |I.'3.l Waler) typically depending on plant capacity.
- Electrical power
NG : :
_ _ = Liquefaction e Storage  jee——— NG
rXiracton
Basis of design, assumptions for codes & standards H
Applied codes, standards and safety requirements (excerpt):
“Installation and equipment for liquefied natural gas™ EN 1473 ) )
“Standard for the production, storage and handling of LNG” NFPA 59 Refrigeration p& Make-up main process unit
Design codes for pressure bearing parts and piping ASME, EN, GB g System e LLility System
E&l design codes IEC, ANSI, NEC, NEMA
Structural materials EN, ASTM
Process safety AP, NFRA
Demin. : : :
Fuel Gas Hot Oi Nitrogen Air
water
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- WORLD SCALE LNG PLANTS-200 TPD-70,000 TPA

THE LINDE GROUP

Site layout

The 200 tpd base case LNG plant including pre-treatment, utilities and LNG
storage tank features a required plot space of only approx.135 x 150m
at the same time fulfilling all safety requirements.

Battery limit/interfaces:

- Civil (drainage, sewer system, roads) 2 hA
- Piping (feed gas, utility water)

- Electrical power

Basis of design, assumptions for codes & standards

Applied codes, standards and safety requirements (excerpt):

- “Installation and equipment for liquefied natural gas” EN 1473

- "Standard tor the production, storage and handling of LNG™ NFPA 59
- Design codes for pressure bearing parts and piping ASME, EN, GB

- E&l design codes IEC, ANSI, NEC, NEMA

- Structural materials EN, ASTM

- Process safety API, NFPA

Making our world
more productive s

intte

As the investment decisions will be materialized in the near future, the fiscal and economic aspects of the LNG projects are coming
to spotlight. Hence, the aim of this study is to provide an overview of global LNG project development costs which could then
provide a benchmark for a specific LNG project in Canada. This article provides an insight into the process cycle for an LNG export
facility followed by a high level assessment of the development costs for a complete LNG plant.

https://www.linkedin.com/pulse/overview-global-Ing-plant-develepment-costs-reza-naghash-cpm-p-e-/

The demand for LNG in the beginning of new millennium in importing regions and the development of new supply source around
the world allow LNG to compete in markets formerly dominated by pipeline gas. The rationale for liquefying natural gas is that at
atmospheric pressure, the liquid density at normal boiling point of methane is approximately 610 times greater than that of the gas
at ambient temperature and pressure. As a result, a given volume of liquefied natural gas contains over 600 times the heating
value as the same volume of ambient gas. This density increase at ambient pressure makes it attractive to liquefy, transport and
store natural gas in large quantities. Liquefaction and transport become economically feasible when the size of the reserves justify
the capital investment of a baseload LNG plant. Storage applications include storage at LNG terminals, and storage for gas utility
peak shaving operations. In recent years, LNG has also become a means of gas supply in remote parts of the world where the gas
pipeline infrastructure is not well developed.

Gas production costs account for 15 - 20%, liquefaction costs are in the rage of 30 — 40%, shipping costs account for 10 - 30%
and receiving costs are in the rage of 15 - 25%. All are based on the total LNG costs. In light of current LNG export development
projects in Asia, Australia and USA, LNG global market could yield to sustainable hub prices (based on today’s development costs)
of US: 4.75 - $5.7/GJ; Europe: 9.5 - $10.5/GJ; and Asia: 11.4 - $12.4/GJ (to convert to $/MMBtu multiply by 1.05).

Today there are over 40 liquefaction plants worldwide producing about 300MM tonnes per annum (mtpa) and the production is
expected to double around 600 mtpa by 2025. The largest trains are constructed in Qatar at the capacity of 8 mtpa although
current and planned plants are typically in the range of 4 — 5 mtpa per train.

For the purpose of clarity, liquefaction plant refers to the complete facility to treat and liquefy the gas, store the produced LNG and
export it via a jetty together with the required utility systems and other necessary infrastructure. A liquefaction train refers solely
to the liquefaction process.

Most often the liquefaction plant cost is expressed as a metric cost of $US/tonne per annum ($/tpa). For instance, at the price of
$US400/tpa, a 8 mtpa liquefaction plant will cost $US3.2B. Figure 1 shows the metric cost for LNG plants over the past 5
decades. The year stated is the start-up date. As a general role, from concept to production including 4 years of site construction,
the liquefaction plants typically take 10 years to develop. The date in the Figure indicates that the metric cost for early plants in
the period of 70’s — 90’s averaged $US600/tpa. The price decreased to an average of $US400/tpa in the period 1990 -2000 as the
plants increase in size reflecting on economy of scale. However, from 2008 the metric cost increased dramatically to an average
$US1200/tpa for projects executed in the period 2011 - 2015. Over the period 2000 to 2012, this represents a 300% increase in
cost.
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Most often the liquefaction plant cost is expressed as a metric cost of $US/tonne per annum ($/tpa). For
instance, at the price of $US400/tpa, a 8 mtpa liquefaction plant will cost $US3.2B. Figure 1 shows the
metric cost for LNG plants over the past 5 decades. The year stated is the start-up date. As a general role,
from concept to production including 4 years of site construction, the liquefaction plants typically take 10
years to develop. The date in the Figure indicates that the metric cost for early plants in the period of 70’s
- 90’s averaged $US600/tpa. The price decreased to an average of $US400/tpa in the period 1990 -2000
as the plants increase in size reflecting on economy of scale. However, from 2008 the metric cost increased
dramatically to an average $US1200/tpa for projects executed in the period 2011 - 2015. Over the period
2000 to 2012, this represents a 300% increase in cost.

H Owner's costs

¥ Engineering & Project
management

# Equipment

® Bulk materials

® Construction

{; ENGINEERING ENERGY NATURAL GAS FACTS
PETROLEUM INVESTMENT LTD
&%  PAKPAS ENGINEERING ==
Rev Description Date Name Check = AND CONSTRUCTION LTD
Date Drawn Check Appr. Scale Zi|  This document cortaining confdential Job No | Page |Symboal|Unit Ng Cat| Type+Format| Serial No Rev
ég information and is the property of PAI_(PAS and
MARCH 2019 | O.Songur | O.Songur NS & hestummene - |1715.75] 1/1 |DWG| 00 ubD 0100.27 6




My

THE LINDE GROUP

1970

1980 1990 2000

2010

WORLD SCALE LNG PLANTS-200 TPD-70,000 TPA

Making our world
more productive

As stated earlier, liquefaction plants range from a simple liquefaction train added
to an existing plant through to a complete new facility requiring all necessary
infrastructure, including possibly an air strip, construction camp, township, roll-
on/roll-off deck, breakwater and dredging. Some projects even include carbon
capture and storage. Therefore, depending on project scope, the plant costs
could be doubled or trebled for the same capacity and thus increase the metric
cost dramatically.

The future of Canada’s LNG mega projects is dependent on LNG market
dynamics, such as demand and supply and overall global economy. As demand
for energy will increase in the next decade and the time span for developing a
complete LNG facility is between 6 to 10 years, Canadian LNG proponents must
have a clear plan as to where they have to position themselves in global LNG
markets. LNG plant metric costs are essentially driven by two factors: 1. the
scope (liquefaction only or complete facility), 2. location where local costs are the
major factor driver. Plant scope, as typically measured by equipment count, can
increase by a factor 4 from a simple base liquefaction train to a complete facility
including storage, utilities and export jetty.

Full Scope Plant

- Slugcatcher L\\S CO, Sequestering I
Year K Inhibior Lol Stapiization sl . ACK Gas Dehydration &
: m Recovery | Stablization Removal Unit [ Mercury Removal
o0 ]
]
o
o | Fractionation H Liguefaction | Propane MR SRU & AG
o | Refrigeration Refrigeration | | Enrichment
. J
1
@ : :
-~ Flare & Liquid Product Refrigerant _
% Burner Storage Storage '
o |
- Power Fuel Heat Diesel Air &
@ Generation Gas Medium Storage Nitrogen
prer]
g Sea Fresh BFW / Steam /| | Waste Water Fire
Water Water Condensate Effluents Protection
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WORLD SCALE LNG PLANTS MAP-QATARGAS 1

GLOBAL ENERGY SUPPLIER QATARGAS

SETTING HIGHER STANDARDS OF
EXCELLENCE

Qatargas is a unique global energy operator in terms of size, service and reliability. The
Company operates 14 Liquefied Natural Gas (LNG) trains with a total annual production
capacity of 77 million tonnes. This makes Qatargas the largest LNG producer in the world.
Established in 1984, Qatargas develops, produces, and markets hydrocarbons from the
world’s largest non-associated natural gas field. In addition to producing LNG, Qatargas is
also a leading exporter of natural gas, helium, condensate and associated products. Today,
Qatargas continues to set the benchmark in the LNG industry as it safely and reliably
supplies energy to customers all over the world.

THE TRAINS

QATARGAS 1

Qatargas 1, established in 1984, consists of three trains, which, after a debottlenecking
project in 2005, now produce approximately 10 million tonnes per annum (mtpa) of LNG.
Twenty production wells have been drilled and completed to supply 1,600 million standard
cubic feet (45 million cubic metres) of raw natural gas per day from the North Field, the
largest single non-associated gas reservoir in the world.

The first shipment of LNG was delivered to Chubu Electric, our foundation customer, in
January 1997.

QATARGAS 2

The Qatargas 2 (QGZ2) project was the world'’s first fully integrated value chain LNG venture. It includes two world class LNG mega trains (Train 4 and Train 5) each with a capacity of 7.8
mtpa of LNG and 0.85 mtpa liquefied petroleum gas (LPG), condensate production of 90,000 barrels per day (bpd), a fleet of 14 Q-Flex and Q-Max ships and Europe's largest LNG
receiving terminal, the South Hook LNG Terminal, in Milford Haven, Wales.

QG2 includes 30 offshore wells and three onshore injection wells for waste water disposal. There are three unmanned offshore platforms in Qatar's North Field which produce 2.9 billion
cubic feet of gas per day. Total production is piped to shore via two wet-gas pipelines. The Liquefied Natural Gas is processed using Air Product's proprietary APX process technology. LNG

production from Train 4 started in March 2009, while Train 5 became operational in September 20009.

As part of the expansion of Ras Laffan's capacity, QG2 also led to the construction of facilities for expanded LNG storage and loading, including five 145,000-cubic metre tanks and three
LNG berths, a 12,000 tonne per day common sulphur system serving all Ras Laffan ventures, and an export pipeline and mooring buoy for loading condensate ships some 55 kilometres
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WORLD SCALE LNG PLANTS MAP
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LNG TERMINALS AND SUPPLY PROJECTS (ASIA PACIFIC AND MIDDLE EAST)
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Properties  Trinidad
MW 16.582
LNG Spiar 0.44
NG SpGr 0.58
HHV 1056
Wobbe 1385
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Nigeria
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LNG SUPPLY PROPERTIES

LNG PRICING MECHANISM

SOME KEY FIGURES IN DECISION MAKING

TYPICAL LNG REGAS SYSTEM
‘ NATURAL GAS NETWORK ; [ 9
| T LNG NETWORK B S
| | ‘ SHWP
GAS RETURN
UN_OADING COMPRESSOR
ARMS
V FLARE
SUBMERGED h 806G
a2l i BOIL OFF GAS RECONDENSER
COMPRESSOR
-
BOG PIPELINE
COMPRESSOR -
OPEN
LNG CARRIER Y - A
FTITICIT
PIPELINE =
: O
@ HP PUMPS
METERING CDORIZATION
SENDOUT GAS Tosea FROM SEA
SUPERMHEATER
LNG LIQUEFACTION LNG SHIPPING REGAS TERMINAL
$10.00/MMBtu
HH@$5.00/MMBtu Average UK NBP
x 102.2% $7.61/MMBtu $9.25/MMBtu Price (2015-2019)
5.11/MMB
Fseed Gas C:;t LNG Liquefaction LN:;:‘: R LNGShipping L';gfel 4 LNGGats
> Sabine PassLNG $120,000 /day - Rotterdam
UCC Fee 11.530 Nat Miles “1 Regas Tolling
$2.50/MMBtu $1.64/MMBtu Fee $0.75/MMBtU
$7.61/MMBtu
LNPGri:SB $10.76/MMBtu
+ Curacao
NOTE: PSAs For Gulf $0.42/MMBtu l-—> Average
Coast LNG Supply Have A $8.82/MMBtu Delivered Price
Been Recently Executed LNG Shipping LNG' CIF CuracaoLNG (2015-2019)
Based on 115% of Henry $120.000 (day Price i Terminal
Hub +$2.50/MMBtuUCC 4,080 Nat Miles “1 RegasTolling
Fee. This Yields A Higher $0.79/MMBtU Fee $1,94/MMBtu
Delivered Gas Cost Than
The European NEBP
Pricing Mechanism.
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LNG PRICING MECHANISM

SHIPPING
$0.21-%$1.64/ MMBtu *
(Dependent on Distance)

LIQUEFACTION
$1.75-$2.55 !/ MMBtu *

LNG REGAS TERMINAL
$0.50-$1.00/ MMBtu*

LNG LNG LNG

— I —

Wellhead Netback
$0.75 - $2.05/ MMB1tu *

PROOUCTION
Onshore/Offshore

LNG

\ 4

LNG
VAPORIZATION

Sendout Gas
$3.21-$7.24 | MMBtu *

SENDOUT GAS
FPIPELINE

PRETREATMENT

& LIQUEFACTION

walhesd

Netiral Gas Natural Gas

Fuald

Produchon

* Source: Drewry Maritime Research. Published 2011

SOME FEEDSTOCK COMPOSITIONS

SOME KEY FIGURES IN DECISION MAKING

Natural gas and
LNG
From

1 billion cubic metres
NG

1 billion cubic feet NG

1 million tonnes oil
equivalent

1 million tonnes LNG

1 trillion British thermal
units

1 million barrels oil
equivalent

To Convert

billion cubic
metres NG

0.028

111

1.36

0.028

0.15

billion cubic
feat NG

353

39.2

430

0.99

535

million tonnes oil
equivalent

Multiply by

0.90

0.025

122

0.025

0.14

million tonnes
LNG

074

0.021

0.82

0.021

0.11

trillion British million barrels oil

thermal units equivalent
38T 6.60

1.01 0.19

39.7 733

436 897

1 0.18

541 1

Sabine Appendix 1: Conversion Table
PRUPERTlEf.r Trinidad Idku Damietta | Nigeria Oman Algeria Peru Pass DESIGN Conversion Units Source: BP Statistical Review of U.S. Energy June 2002
Molecular Weight 16.82 16.55 16.39 17.44 18.20 18.34 17.55 16.51 16.67 : :
Natural gas (NG) To:
LNG Density Ib/ft’ 27.46 26.83 26.83 28.08 29.32 29 60 26.42 27.14 27.09 and LNG 1 1 1 million |1 1 1 million dﬂdbOOk ()f NATURA[ ()AS
NG Sp.Gr. 0.58 057 057 0.60 0.63 0.63 0.61 0.57 05T billion | billion | tons oil million | trillion | barrels oil i
HHV Btu/scf 1056 | 1037 | 1028 | 1084 | 1119| 1410| 1083 | 1007 | 1,044 cubic | cubic | equivalent | tons | British | equivalent SAEID HOKWATAB TRANSMISS'ON and
— . "E - : - . - ! . . meters | feet LNG thermal | (Boe) WILLIAM A. POE P
Wobbe Index 1385 | 1375 | 1367 | 1396 | 1410 1396 | 1391 | 1360 | 1376 NG NG Units wise s PROCESSING
COMPOSITION Mole% | Mole%: | Mole% | Mole% | Mole% | Mole% | Mole% | Mole% | Mole% (Btus)
CO2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 From: : Multiply by:
N 0.01 0.01 0.02 0.08 0.43 1.40 0.55 0.50 0.00 Ilﬂ';!'[‘f;‘l\l‘:gb'c 1 35.3 |0.90 0.73 36 6.29
C, 96.07 97 06 97 .81 92.85 80 68 £6.90 89.20 97.19 95 50 > billion cubic fect
C, 275 2 41 201 4,69 6.19 9.00 10.21 1.92 450 NG 0.028 |1 0.026 0.021 11.03 | 0.18
C; 0.77 0.36 0.07 1.93 2.31 1.95 0.04 0.25 0.00 1 m_llhclm ttons ol .11 302 |1 0.81 40.4 733
i-Ca 0.21 0.08 0.04 0.24 0.71 0.25 0.00 0.06 0.00 iq”'_“? e"t e Tiss Ta57 15 - =0 s
n-Cs 0.18 0.07 0.01 0.19 0.66 0.50 0.00 0.05 0.00 Ctrillion Britial . . ' ' '
i-Cs 0.01 0.01 0.00 0.02 0.02 0.00 0.00 0.02 0.00 thermal units 0.028 |0.98 |0.025 0.02 1 0.17
n-Cs 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.01 0.00 (Btus)
Cs 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1 million barrels
Total | 100.00 | 10000 | 10000 | 10000 | 100.00 | 10000 | 100.00 | 100.00 | 100.00 ?goiC;L"“a'e"t 0.16 15.61 10.14 012 158 1
1 TON LNG=1,300 NM3 NG (GAS)
1 M3 LNG=0.450 TON LNG 072 PAGES
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fIGU

INTERMATIONAL GAS UNION
WUNEON INTERMATIOMNALE DU GAZ

VOLUME REDUCES 600 TIMES

NATURAL GAS

PIPE LINE

LIQUID NATURAL GAS
(LNG)

(NG)
1,000 M3
70 USD2o1s

https://www.gazprom.com/about/marketing/russia/

For LNG
® 1 tonne LNG = 1,300 Nm? gas [*N: Normal. Normal means “(0 °C, 1 atm)];
Density = 450 kg/m?® LNG

!

Natural Gas
Conversion Pocketbook

7 26y

&

| |

1 TON LNG=1,300 NM3 NG (GAS)

1 M3 LNG=0.450 TON LNG

450 TON-23350 MMBTU
1,000 MTON LNG=51,900 MM BTU

SOME KEY FIGURES IN DECISION MAKING

~

PROMETHEUS éenergy

LNG TRANSPORT

- »
1 e

Tonnes LNG m? LNG mmBtu boe

Tonnes LNG

2222 53.38 9.203

m* LNG

0.450 2402 4141

m* gas 7.692 x 10+ 0.0017 0.0411 0.0071

t* gas 2178 x 10* 48x10° 0.0012 2.005x 10

mmBtu 0.0187 00416 01724

boe 0.1087 02415 58
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https://www.2b1stconsulting.com/regassification/
https://yadi.sk/i/zttVFJI50FRUZQ
https://www.gazprom.com/marketing/russia/
https://www.prometheusenergy.com/calculators/lng-calculator

LNG PLANT TYPICAL LAYOUT PLAN
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