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Master programmes in English
at Wroctaw University of Technology

Ciecz | M T. | »s 0, o, | To | Pe | AHy [V,/v, | ViV,
6 | | b | G| G| K] | (W] | L)
He |4,003|42 |1249 1691|0178 |52 |0229 203 |7.4 |701
H, |2,016 203 |7081 |1,34 |0,089 33,04 |1,29 |4460 |528 |788
Ne |20.18 |2717 [1207 |958 |0,00 |445 |273 |858 |1260 |1341
N, |2801 77,3 [808 |462 |1,25 |126,2 |3:39 |199,0 |175,0 |646
Pow. | 28.96 | 788 |874 |- |129 |132.6 |377 |2050 | |678
0, |32,00[90,2 |1140 |447 |143 |1546 |504 |213,0 |2550 |797
123|182 |0717 |190,5 |4.60 |510,0 | 232,0 | 590
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LNG to gaz ziemny, ktory zostat oczyszczony i osuszony,
a nastepnie schtodzony i skroplony do postaci ciektej w
celu zmniejszenia jego objetosci.

LNG to z angielskiego liquified natural gas, czyli
skroplony gaz ziemny.

LNG jest cieczg kriogeniczng - jego temperatura
normalna to -162 °C (111 K). LNG jest cieczg bezbarwna,
bezwonng, nie oddziatujgcg agresywnie na metale i
nietoksyczng. Jednakze odparowujgce LNG moze
wypierac tlen i w ten sposob dziata¢ duszgco.

Zakres palnosci miesci sie od 5 do 15 % objetosciowo.
Temperatura samozaptonu: 540 °C.

Sktad LNG zalezy gtownie od sktadu gazu naturalnego
| zastosowanych metod jego oczyszczania | osuszania.
Z reguty 85-95% stanowi metan.

Natural gas
Heptane -
Hexane
Pentane-|

i Ethane

Butane |
3 .~ Propane

Methane -
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Master programmes in English
at Wroctaw University of Technology

BuHasa Kanada (Pincher Polska -
Component (Abu Dhabi) USA (Kansas) Creek, podkarpacie
Alberta)

H, - 0.45 - -

N, 0.30 14.65 0.40 2,04
CO, 4.48 - 6.30 0,19
H,S 0.02 - 10.50 -
CH, 67.48 72.89 74.69 93,24
C,Hq 11.54 6.27 3.26 3,46
C,H; 8.20 3.74 1.25 0,73
C,H,, (izo) 1.48 0.33 0.35 0,06
C,Hy, (n) 3.08 1.05 0.46 0,09
C.H,, (izo) 0.93 0.20 0.21 0,02
C.Hy, (n) 1.07 0.21 0.22 0,02
CHy 0.83 0.10 0.45 0,02
C.Hy 0.59 0.11 1.91 0,01

i HUMAN CAPITAL
HUMAN - BEST INVESTMENT!

Wroclaw University of Technology
ject co-financed from the EU.European Social F

-financed from the EU European Social Fund
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LNG — przyktadowe sktady

Properties at bubblepoint at normal pressure LNG LNG LNG
| Example 1 Example 2 Example 3
Molar content (%)
N 0.5 1,79 0,36
CHy 97.5 83,9 87,20
C-Hj 8 3,26 8,61
C3Hg 0.2 0,69 274
i C4Hyp — 0,12 0,42
n CyHyq — 0,15 0,65
C:H;» — 0,09 0,02
[Molecular weight (kg/kmol) 16,41 17,07 18,52
Bubble point temperature (°C) - 162.6 -165,3 -161,3
Density (kg/m®) 4316 148 8 468.7
Volume of gas measured at 0 °C and
101 325 Palvolume of liguid (m*m?) 590 590 568
Volume of gas measured at 0 °C and
101 325 Pa/mass of liquid (m%10° kg) 1367 1314 1211
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Dlaczego LNG?

LNG jest gtownie produkowany dla celow transportowych.
W sytuacji gdy rynek zbytu gazu ziemnego jest potozony bardzo daleko od
ztoza LNG jest najlepszym rozwigzaniem na ograniczenie kosztow przesytu

gazu.

Transportation Cost

$3.00
$2.50

$2.00

$/MMBtu

$1.50

$1.00

Ca 4000 km
$0.80 Ca 1500 km

i I 1 ) 1 I !
0 620 1,240 1,860 2480 3,100 3,720 4340 4,960

Distance in Miles

Sourca: Institute of Gas Technology
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Przyktadowa obrodbka i skraplanie gazu ziemnego

CO, reinjection Mm.
Feed flow: 6.9 BCM/yr <{topipeline)
LPG: 0.3 mtpa and Nitrogen
Condensate: 0.7 mtpa | recompression removal
| Fuelgas T o
7 system
Storage
Feed from
pipeline }  sjug | | Inletfacilities/ | | co, || De | Merdry
catcher Metering removal hydration remd Storage
v C1</ C,/ C; Refrig. Ma
MEG BeTC
Recovery Make-up)
Lean MEG
4(to pipeline) STATOH.
) Condensate
treatment

HUMAN CAPITAL [ e
i HUMA - BEST INVESTMENT! Wroclaw University of Technology o daiacd
Project co-finar

inanced from the EU European Social Fund
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Metody produkcji LNG:

« 7 zastosowaniem wymiennika/ow ciepta z ciektym
azotem

o z zastosowaniem chtodziarki Joule'a-Thomsona

e proces Prico

e z zastosowaniem chtodziarki Stirlinga

o z zastosowaniem azotowej turbiny rozpreznej

e oparta na izentropowym rozprezaniu gazu ziemnego
« oparta na wykorzystaniu mieszaniny czynnikow DMR
« kaskadowy proces Conco-Phillipsa

e proces AP-X

e proces MFC
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Isobars in Natural Gas —
temperature slopes visible

Heat transfer from the gas in
liquefaction process

A

ps ps p p1 700

600 —

3

500 —

400 —

300 — 5.52 MPa

Ciepto odebrane, kJ/m

200 —
3.45 MPa

100 —

| | | | >

i HUMAN CAPITAL
HUMAN - BEST INVESTMENT!

> 150 200 250 300 350
Temperatura, K

‘ EUROPEAN
Wroclaw University of T(’Chnology SOOAL FUND
nced from the EU European Social F
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Procesy otrzymywania LNG o niewielkich

wydajnosciach

GZ N R -
- 2 « L
Azot
GZ _ SGZ _ IR I NG
Uktad oparty na wymienniku i . ] 1
z cieklym azotem " — . .
3., o 4 5

Azot

2.

_G;,@l' R 2 3'/-" Uklad oparty na rozprezarkach azotowych
5

A 4

A

uktad z uzyciem
zaworu Joule’a-Thomsona
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LNG storage 257 m3 pressure storage cold box compressor building
i f:}fm "(iﬁF:‘IIIAL Wroclaw University of Technology sk Ao
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Proces skraplania gazu ziemnego
Proces kaskadowy Philipsa

Ethylene
Propane
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Proces skraplania gazu ziemnego

w technologii AP-X

LNG

Obieg z Propanem

)

GZ

VVV

A\ A 4

B 1.
2. ) 2.
Obieg z Mieszaning chtodzacag

Obieg z Azotem

Metoda oparta na projekcie AP-X jest stosowana jedynie w bardzo duzych
instalacjach skraplania gazu ziemnego. Proces zostat stworzony poprzez
rozwiniecie i usprawnienie metody C;-MR
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Proces skraplania gazu ziemnego

w technologii MFC (Mixed Fluid Cascade)

Trzy oddzielne obieqi

. . Cold box Cycle compression and Eleciric power generation
Ch*Od n ICzyCh . seawater cooling waste heat recovery,
hot oil cycke
Unit 25 Unit 23 Unit 81 and 50

Electric 3 x GE LM 6000 GT

PCC — chtodzenie =) Fome” 1 Vorsans s oy
wstepne OE

LCC — skraplanie i AIAN ‘ é, I S S g NI

SCC — przechfadzania | e >4 Bre-_ e ,
e NI VLY 47 “_k.@ — ~@E

W kazdym obiegu < L PecCompresso

zastosowano Vi ﬁfi | ’@_ﬁ

zoptymalizowang e /] 4 ¥ veied

mieszanke czynnikéw = M

chtodniczych. . s - _@_ET

_\n
~ - IS
Electric Fﬂﬂ__“ Process heat

from the Grid
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Stirling cryocooler coupled with NG
heat exchanger — mate wydajnosci

Russian variant
Gazotron [1]
200 kg/day

These machines originally
developed by Philips and
manufactured by more
companies, now, are used
mostly for liquefaction of
boil-off of large flat-bottom
LNG tanks

HUMAN CAPITAL & -
i LR R Vot Universty of Technolgy so0M. AN
Project co-financed from the

-financed from the EU European Social Fund
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Liquefaction by vaporization of liquid nitrogen (LIN)

T e Sk

Start-Lip Vet

LNG Liquafacion HX

N Amitent Vaporzer
ACiD GAS REMOwAL 0D EJ
AND .

SEHYDRATION UHITS

el w5 L e
Chart |,
Process Syitems Dwhicn
i e s i, e 0 o Wl " 1701 LW
PROCERE FLO
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Liquefaction by vaporization of liquid nitrogen (LIN)
Origing - | k
nitroge -
vVaporiz

nitrogen.
tank ‘

*_purification
_and ontrols

! LY T

Product
pump

— EUROPEAN
i l':llJlMJAN - BEST MC?STPJLIIAL ‘g‘? Wroclaw University of Technology SOTm

Project co-financed from the EU European Social Fund
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| /xi\} ' Fuelling of a

" track with LNG

== A= ‘ 5 ‘ X
N \ £ i g X . .
f, e B ‘\ - wl e ﬁ%:_‘._ b liguefied by
' ’ ~ vaporization of
nitrogen

cryogenic T
~ 1 flexible ™

= | hose
; g,"" J
MAN EUROPEAN
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Wymienniki ciepta LNG
- wymienniki rurowe

Dysza wylotowa LNG — |

Catkowita kondensacja —

Wzrastajacy udziat fazy
ciektej transportowanej

w gore wymiennika pedem
fazy gazowej

Dysza wylotowa gazu —
ziemnego

h 4

v

—A SHELL-STREAM
= 1. TUBE-STREAM

Kierunek przeptywu od gazu ziemnego do LNG




THE LINDE GROUP

Coil Wound Heat Exchangers

530 km tubes

Linde AG Engineering Division 22 LI LNG Value Chain / NSC-24 Jan 2013
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Gléwna przyczyna wielkoskalowego skraplania gazu ziemnego jest "
obnizenie kosztéw jego transportu dalekosieznego. W transporcie ip
morskim dominujg dwa rodzaje zbiornikowcéw LNG: '

Zbiornikowce LNG ze
zbiornikami membranowymi

v

Zbiornikowce LNG ze
zbiornikami sferycznymi
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145,000 cbm Maoss type vessel, length over all 288 metres
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Terminale LNG (fot. Norwegia)
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LNG Export Terminals

MR process (CWHE) with
transcritical open LNG cycle

Bintulu / Malaysia
700,000 tpa LNG

Large boil-off gas compressor with mechanical drive
Nitrogen rich (up to 30 vol%) fuel for gas turbines

Linde AG Engineering Division 27 LI LNG Value Chain / NSC-24 Jan 2013
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LNG Export Terminals

Pressure-Enthalpy Diagram: Methane (CH 4)

Vapor Quality [Q %] Temperature [T K] Density [pkg/m] Entropy [S kIikg K)]

-100 0 100 2000 3000 400 SO0 G00 T00 B0 o00 1000 1100 1200
i AT T = - — et _ L . -
ekt S AV »,-,-/7‘;- 7 _
" a2k ; () A L A L= fl ! ‘-I __:]—/T g I
| 16356 kit A AL ATV A / { ampial || et A1
f 7T A i 3 N LR = N
1t
=
(=™
=
£
g
[-»
"f — compression
— cooling
— 1st expansion
. — 2nd expansion
' 1 )
-100r Q 100 200 300 400 300 a0 T00 B00 200 1000 1100 1200 I
e L AL SR S e e e, Enthalpy [kJ/ke] — recycle

Linde AG Engineering Division 28 LI LNG Value Chain / NSC-24 Jan 2013
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LNG Import & Regasification Terminals

— NGL extraction

— no need for gas compression

— driving force is subcooled LNG

;l s
.-l-l——l-.._‘\
: O

Linde AG Engineering Division 29 LI LNG Value Chain / NSC-24 Jan 2013
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LNG Import & Regasification Terminals

I:> . — cold energy utilization
— mixed working fluid (C1-C5)
LINORC
— heat sources above ambient

temperature boost power output

Phase envelope of the working fluid

o

100

P
Ll

-150 -50 50 150
U o
temperature (°C)

T ™ 5l

T o

pressure (bar)

e |)0iling curve dew curve

working line A critical point

Linde AG Engineering Division 30 LI LNG Value Chain / NSC-24 Jan 2013
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Przelewanie LNG z i do tankowca

~—

e | " i

Loadin q ett :
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Przelewanie LNG z i do tankowca

Emergency
disconnect:

Break between two
ball valves,

thus sealing against
both loading
system and ship
(connector stays on
ship manifold)
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Magazynowanie LNG

Pojedyncza obudowa
bezpieczenstwa

-
-3

Podwdéjna obudowa bezp. W przypadku

nieszczelnosci
zbiornika
wewnetrznego

Peina obudowa bezp. ﬁ




Potaé dachowa Konstrukcja Podwieszana pokrywa
betonowa stalowa zbiornika wewnetrznego

. _— V— Zbiornik wewnetrzny
- (stal stopowa 9% niklu)

|zolacja termiczna
’f wykonana z perlitu

T Konstrukcja zbiornika

—

® = zewnetrznego z
[~ —— betonu sprezonego
Izolacja termiczna Dno zbiornika zewnetrznego betonowego

wykonana z pianki szklanej z przewodami grzewczymi
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Magazynowanie LNG

1 - Cztery pompy
LNG gtebinowe
przeladunkowe

—

2 —Pompa LNG
mieszalnikowa
(anty rollover)

- el i B T S e e e S e A '.

E
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Magazynowanie LNG
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Magazynowanie LNG - zjawisko ,,rollover”

Lekkie frakcje odparowujg
parowanie Wzrasta gestosc!

A

— - Gdy gestosc gornej warstwy stanie
— «— sie wyzsza od gestosci warstwy
ciepto ciepto dolnej wowczas moze nastgpic

gwattowne przemieszczenie sie
obu warstw — rollover.
Zjawisku temu towarzyszy gwattone
parowanie skroplonego gazu i silny
wzrost cisnienia w zbiorniku!!!

Pt

Wzrost temperatury!
Gestos¢ maleje!
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Magazynowanie LNG - zbiorniki
cisSnieniowe
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Satelitarne stacje LNG

Stavanger VT60/12,6 500 Nm3/hr
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Snghvit
Cold Box Transport

i o
f i o mde B TR
RN e

WARIE
-~ 1

Linde AG Engineering Division 40 LI LNG Value Chain / NSC-24 Jan 2013
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Snghvit
Process Barge Transport

D5 el L D
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Linde AG Engineering Division 41 LI LNG Value Chain / NSC-24 Jan 2013
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Sneghvit LNG Plant

l :I._j_‘ ‘-‘\:m.lh 4‘:: T : :
AL nlu mv.,,, " :
=<l nrmn

Linde AG Engineering Division 42 LI LNG Value Chain / NSC-24 Jan 2013
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Budowa terminala LNG w Swinoujsciu

Koszt gazoportu wyniesie okoto 2,5 mid zt. Wokot
budowy gazoportu trwaty spory dotyczgce m.in. dotacji
ze strony UE oraz gtebokosci tras zeglugowych
przecinanych przez budowany Gazocigg Potnocny.
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Zestawienie krajow eksportujacych i

importujacych LNG

Oman Oman
Trinidad Trinidad
Nigeria Nigeria
LNG exporters: Qatar Qatar
Australia  Australia Australia  Australia
Malaysia Malaysia Malaysia Malaysia Malaysia
Indonesia Indonesia Indonesia Indonesia Indonesia Indonesia
UAE UAE UAE UAE UAE UAE
Brunei Brunei Brunei Brunei Brunei Brunei Brunei
Libya Libya Libya Libya Libya Libya Libya Libya
us us us us us us us us
Algeria  Algeria Algeria Algeria Algeria Algeria Algeria Algeria Algeria
UK UK UK UK UK
France France France France France France France France France
Japan Japan Japan Japan Japan Japan Japan Japan
Spain Spain Spain Spain Spain Spain Spain Spain
UsA USA Usa USA UsSA UsA usa Usa
Italy Italy Italy Italy Italy Italy Iltaly
T Belgium Belgium Belgium Belgium
S. Korea S. Korea S. Korea 5. Korea
. Taiwan Taiwan Taiwan Taiwan
LNG importers: Turkey ~ Turkey  Turkey
Greece Greace
Portugal
Puerto Rico
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Lokalizacja produkcji LNG na swiecie

NIOCl LNG
Pars LNG
QG | Persian LNG
Gaz Shtokman Yamal :
Snphvit @ = © : . |_ Abu Dhabi
tupkowy A | C
Kenai .\
¢ © Baltic LNG RasGas 6/7 N\
Oman LNG
Marsa el Brega ® sakhalin
Arzew :
. Damietta
Mariscal Gassi
Sycre - .
_ Touil  Skikda Bintulu .
3 Atlantic ® 1dku )
Deltana— /NG Mauritania t Arun. /Central Salawes!
Yemen .Tangguh
Peru LNG\. LNG BOntang/.“-" = __—Ichthys
. g ——Sunrise
Bolivia LNG™ Angola LNG Pilbara—gagl Darwin LNG
Gorgon —
Brass )
OK LNG Pluto Browse Basin
23 \, // Australia
O Lo NWS 1-5

i Akwa Ibom
y @ Liquefaction Plant - Existing/

NLNG//(""
I;VGLNG 7/8/9?\ ~ Under Construction
\ Ediiiatoril “' Liquefaction Plant — Proposed

Guinea




Prognoza kierunkow sprzedazy LNG
z lat 90 —tych XX wieku
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importu na eksport
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‘ .vi’.,_;;'?“"s'.‘w“’“‘“p“"" 33 Potential North American LNG Export
d Sites Relative to Shale Gas Basins

Source: May 2011 EIA North American Shale Plays Map, Zeus Analysis

@ Color Rankings of

Potential L NG
Export Sites

Proposed terminal

Export permits received |
Export permits filed
Announced expart plan
Existing regas w/space

Current shale plays
Stacked plays
= Shallowest / youngest
— Intermediate depth / age
— Deepest / oldest
* Mixed shale & chalk play
** Mixed shale & imestone play
*** Mixed shale & tight dolostone-
siltstone-sandstone play

Prospective shale plays

Basins

Zmiana kierunku dostaw LNG w USA - z

LNG bedzie
najwiekszg
rewolucja
energetyczng
najblizsze;
dekady i
moze miecC
Istotne
reperkusje
polityczne.



r Master programmes in English
Wroctaw University of Technology e

at Wroctaw University of Technology

East Hanover Salzwedel, Germany

Field Odolanow, _
Poland Orenburg, Russia

i
Y ,

J Helium Producing
J Non-Helium Prm:luciril

N
o 4

North
Sea

Irkutsk, Russia

British Columbia/
Alberta, Canada

Riley Ridge,
Wyoming

Moab,
Utah

Four
Corners
Area

b

Southeast
Colorado
pu%otnclﬁf
annandale .
Fields J W reenie
Hassi R'Mel : Northern
Field, Algeria W‘mdafg;'rg'l?é Territory

Fig 1 Helium can be extracted from only a few natural gas fields around the world. The rich-
est field is in the state of Utah in the U.5.

HUMAN CAPITAL [ e
i HUMA - BEST INVESTMENT! Wroclaw University of Technology o daiacd
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inanced from the EU European Social Fund
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World helium consumption: 75 tons/day , 27 375
tons/year, most of it is recovered from natural gas

East Hanover Salzwedel, Germany

Field 0dolanow

J Helium Producing
Poland  Orenburg, Russia

J Non-Helium Produciq

North

Atmospheres
3%

Metal Diving 2% (]therm%—l rSupercunductnrs incld. MRI 29%

Space
Program 4%

Semiconductor
5%

outheast

:0lorado
. \ , ] Hugoton/
Leak”  Analytical Fiber Optics  Welding Balloons & ST gatet Mereenia
Detection 6% 6% 7% 12% Airships 16% ,_ I N\ Feld,
Hassi R'Mel Woodada Field Northern
Field, Algeria Wil Territory

Fig 3 Helium use in various applications

Fig 1 Helium can be extracted from only a few natural gas fields around the world. The rich-
est field is in the state of Utah in the U.S.

Most of the helium is lost by definition — the helium
will be available as long as natural gas is produced




—

b
' Wroclaw University of Technology \

The only place in Europe where helium is produced
from natural gas is PGNIG Odolanow, Poland

=
Helium: 446

ton/year
1 1.6% of world
] consumption

el ol B SA e
S —

Natural gas
(pipe): about
3500 ton/day
About 30% of
Poland gas
production

—

! -t d . S
) 3 =3 e s T el o F- -
N 2| Dyt e e o s | _m‘\_-
v- A gy
- 5 :

N

=
Low-methane gas purification
— Liquid Natural Gas (LNG):
M Low temperature distillation of natural gas
- About 150 ton/day (ca 4% of

P Helium purification, liquefaction and storage total gas production)
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Can we manage without cryogenics?
Yes but sometimes it can be impractical!!!




