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The history of the oil and gas industry from 347 AD to today, https://www.offshore-
technology.com/comment/history-oil-gas/?cf-view&cf-closed
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(#1: https://www.afpm.org/newsroom/blog/refining-and-
petrochemical-industries-170-years-innovation)
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The “oil” industry is really several different industries

Upstream— Midstream — Downstream- Midstream — Marketing &

Extracts feedstocks Moves and stores feedstocks  Refines/processes crude oil Transports and stores fuels
used to produce fuels like crude oil and natural gas  and gas into finished products  and petrochemical products Consu mers
and petrochemicals Sells & uses finished products

gy TEwiiii

Petrochemical Manufacturing

S
d “Bad |
Storage

Refining

Transportation

| Markets & Preducts

|3 Rd R ﬁj

Storage

Qil Production

Downstream Midstream tLag Upstream ‘Luqmﬁﬁwniiuﬂ’lﬁuuamﬂﬁ
(911 https://www.afpm.org/newsroom/infographic/infographic-downstream-midstream-and-upstream)
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The refining and petrochemical industries: 170 years of innovation,
https://www.afpm.org/newsroom/blog/refining-and-petrochemical-industries-170-years-innovation
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1. nsdsnoumaulmidziiiou (Seismic Reflection - 2D/3D/4D) duwmadananlun1svinunud
Tassasslaiufuwazadutuiy (stratigraphy) lagtawizlunesiiuuaznigvislusisnuniowazln s
VUUNLAZUDNTIURA
e 2D: lwdmsunisdrsialeenu
X A a 4o > ! ' ° o . . ' @A =
e 3D: wwspuluiunaNvauILa) WY weuwesilliey (Permian Basin) waga1dnglnmauan
(deepwater Gulf of Mexico)

* 4D (Time-lapse): lvRnnunsildsunvasvesinasiniulugisaainis 9 edssiliunsuaniag

N159ANITLNALINLAY

ﬂ']WNaﬂ']iﬂ'li'ﬁ]ﬂ'JEJﬂﬁu‘lﬁ'JﬁuLW@ULLUUﬁ@QNWWﬂS@‘UﬂaNWQLL?N (2-D surveys Coverlng entire basins N1981573
LLUUﬁWNQJGﬂuﬁ“@‘ULLWﬁQﬂﬂLﬂ‘U (3-D projects on the reservow scale) LLa”ﬂ']S'JLﬂi?”ﬂﬂaulﬂ')ﬁ“L‘V]'ﬂusUu']ﬂLaﬂ
(microseismic analysis) PNuMAIRURUAIINS@ada (Marcellus Shale) Iuawsm

ﬁmaLmﬂumwLLamiJimmmsmammszﬂumn 180 TuusnNNMULIITUUILEY Imﬂwmwwuwwmamlmﬂﬂ maeﬂu
UmmmnmmasaLsumam';'memau snwmﬂmmmmlmﬂmuammﬂumwﬂma (anisotropy) # avwaummaa
LLmﬂmm&JLmemmﬂuasslwuwu wﬂwmqﬂwamulmm wwaqamﬂumwLLammLammaumaumaawlmm (Vfast
#) %qmmmmnmﬁmaaLLmﬂ‘mmmﬂmq muwwaaammemnmwﬂaumaawlmm (Vfast g9) uazdl
anisotropy &3 v ilsesuanifssuuaierlua sy lnnsinavesmestauinn

(17ia.l'1: Seismic Acquisition Trends, https://www.aogr.com/magazine/cover-story/technologjcal-innovations-
drive-trends-in-onshore-offshore-seismic-acquisit)
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® Full Wavefield Inversion (FWI)
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Full Wavefield Inversion (FWI) animation

Circa 1990

Circa 2012
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(*7im: https://corporate.exxonmobil.com/who-we-
are/technology-and-collaborations/energy-

technologies/exploration-technology/discovering-hidden-

hydrocarbons-using-seismic-imaging-technology-to-map-
formations#FullWavefieldInversionFWI)
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® Ocean-Bottom Seismic (OBS)

WATA Ocean-Bottom Seismic (OBS) 158 Ocean-Bottom Nodes (OBN) ABn15319:9ULy8IaIUY
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d03a119laRIAUN9TU (broader illumination) waglndgyaaarudmnauysanin welnlszuanadu
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msdrsrariuaewmaiia Ocean-Bottom Seismic (OBS) %30
. Ocean-Bottom Nodes (OBN)
(#111: https://www.sonardyne.com/case-study/greater-
efficiency-lower-overheads-with-underwater-autonomy-in-

deepwater-seismic/)

On-Demand Ocean Bottom Node animation
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wlaangnveslasen1s On-Demand Ocean Bottom Node (OD-OBN) Fafmunlngausiuiion
Shell Petrobras waz SENAI CIMATEC wsnsziunisérsanluanivmeszuufndavuanaiaadulm
aziiounuudnludfvuiiunziafiannsovnussezenuardinislamuneinis  aansfisnidedisg
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\AE9U0IUAAINT

17'im:
OBN for pre-salt imaging and reservoir monitoring — Potential and road ahead,

https://sbsf.org.br/mysbgf/eventos/expanded abstracts/16th CISBGf/OBN

Latest phase of pioneering On Demand Ocean Bottom Node project confirmed with Shell,

Petrobras and SENAI CIMATEC in Brazil, https://www.sonardyne.com/latest-phase-of-pioneering-

on-demand-ocean-bottom-node-project-confirmed-with-shell-petrobras-and-senai-cimatec-in-

brazil/



https://sbgf.org.br/mysbgf/eventos/expanded_abstracts/16th_CISBGf/OBN
https://www.sonardyne.com/latest-phase-of-pioneering-on-demand-ocean-bottom-node-project-confirmed-with-shell-petrobras-and-senai-cimatec-in-brazil/
https://www.sonardyne.com/latest-phase-of-pioneering-on-demand-ocean-bottom-node-project-confirmed-with-shell-petrobras-and-senai-cimatec-in-brazil/
https://www.sonardyne.com/latest-phase-of-pioneering-on-demand-ocean-bottom-node-project-confirmed-with-shell-petrobras-and-senai-cimatec-in-brazil/

2. 11581529059l UNAUATAUINUALUAAN (Gravity and Magnetic Surveys) latilarinunalaseasialag

(%
=€ o a

JIUVRILBIMENBY (basin framework) wagAIUANTItULgIW (depth-to-basement) Tagsintusiudu

o '
=] I

voyanaulmanioudiolslufiuiivieddnuietiuiidrsalv (fontier areas) msdisauszianilyiu
pgnunsvangluonifindlnuesaniss wazudinaveunivdu 4

3. ﬂ’ﬁﬁ'ﬁ’mg’)ﬁ]ﬂéuuﬁiméﬂlﬂﬁ"lﬁﬁLL‘Vialﬂﬁ']L‘ﬁﬂﬂ’JUQN (Controlled-Source Electromagnetic -
csEM)  gnianleluvisaiuvestunivuenmediondindln  Wemessyunasiniivlelnsaisuouiia
arununulaings (resistive hydrocarbon-filled reservoirs) Tngsfnlasanfunisdimandulmandiou

Wiardusuadlalasansusulaensa

Conductive seawater
Electro magnetic field

EM so;.urcea

Receiver

o Y o4 a ¥ da ' o a Y o a w - ¥ vy v a9 & §
nﬁm‘nﬁ]maﬁawmmaqulﬂwmmqanpuﬂmqu mumLumacyzyﬂml,mman‘lylw'lwgnmn'hmwmLsam‘na gunIniuazUaey
Fygrauumanluvaudsuin @indnan 2 Bsaw) zlsalﬂgl’qﬁuvlma dyayrauiiaznaunduazgniuiinlaedafudyaradaludinas
sguuitunzia uasiilansdisaadadu wmnilasgiiudygameiduuiiethveyaeenainiages
(‘ﬁlm: https://www.boem.gov/sites/default/files/about-boem/BOEM-Regions/Atlantic-Region/Outreach-Meetings/Non-Acoustic-
Sources-Handout.pdf)
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https://www.boem.gov/sites/default/files/about-boem/BOEM-Regions/Atlantic-Region/Outreach-Meetings/Non-Acoustic-Sources-Handout.pdf
https://www.boem.gov/sites/default/files/about-boem/BOEM-Regions/Atlantic-Region/Outreach-Meetings/Non-Acoustic-Sources-Handout.pdf

Mnseuatiuatgalud 2024 vesdtinuUsmMInINeInINEIUNmMEIaYesansgT (Bureau of
Ocean Energy Management — BOEM) e‘z’iqé’qﬁmmwawwmlwmaaaﬁgﬂ (BOEM 2024 Geological &
Geophysical (G&G) Data Inventory) Lﬁai’wi’m‘;aj;ljamiﬁ’li’ﬁm’lﬂﬁiﬂja%mLLaxﬁiiﬁﬂaﬂé wiluofnuaz
Jagtiuvulvavivuenyedsvesansz (US. Outer Continental Shelf - OCS) wuiwﬂwﬁmﬂumﬂ%
3D way 4D seismic (time-lapse) wnu 2D wioruwuuglunsusaiufnenimurasnifusas iy

maadeufivesesivaluwvawdn Tnedinislunaiafivas wu Amplitude Variation with Offset (AVO)

¥ %
[y

Wiaseylalasmsuau wag Controlled Source Electromagnetic (CSEM) dmsuiiuiithan

Washington/

Oregon

North
Northern Atlantic
California

Central
California

Mid-
Atlantic

Southern
California

Atlantic

H
St Matthew-Hall g:‘::

\  Norton ) ('-"" &
Alouiian Navern', - Basin /1,

Basin Basin Y
\ . ALASKA

Straits
of Florida

Bowars
Basin

Western Gulf Central Gulf

Cook lnlet OfMexluco of MGXJCO Eastern Guff
e of Mexico

TR
AN

" Gulf of

) -
Alaulian Arc ; ] Norh  Kodiak Aloska
S Goorge Shumagin - Algulian
Basin L

X > ‘ - : o=
wuinsrulyyselevuuulvanivusnyedivesansgaiuini ausieeu BOEM 2023
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B®EM oOuter Continental Shelf Planning Areas

& ’ . - : v =
wuinrulyuslevuuulvanivusnyedivesanigaiuini ausiee1u BOEM 2024

fan:
Seismic Acquisition Trends, https://www.aogr.com/magazine/cover-story/technological-

innovations-drive-trends-in-onshore-offshore-seismic-acquisit

2024 Geological & Geophysical Data Inventory, https://www.boem.gov/oil-gas-energy/resource-
evaluation/seismic-data-inventor
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https://www.aogr.com/magazine/cover-story/technological-innovations-drive-trends-in-onshore-offshore-seismic-acquisit
https://www.aogr.com/magazine/cover-story/technological-innovations-drive-trends-in-onshore-offshore-seismic-acquisit
https://www.boem.gov/oil-gas-energy/resource-evaluation/seismic-data-inventory
https://www.boem.gov/oil-gas-energy/resource-evaluation/seismic-data-inventory

Aasi1:kaulugaaikassuinduuaz:AMvsssuy10

dnauEsAUARIUNE 1Y (Energy Information Administration — EIA) molansynsrmasny
anig" (U.S. Department of Energy - DOE) wavdinniows (Bureau of Mines) melansensaa
umnlneanss (U.S. Department of the Interior) szqiﬁ%mimwqﬂuqmmmmsuﬁwﬁuLLaszwﬁau
Tngudunisianzuuulsni (otary drilling Tnefiviaviauds (vertical) wauidesiie (directional) uazviau
wou (horizontal) Fslasunsifinuszansnmene hydraulic fracturing  dwSuwnasinifiuwuufiuay

(unconventional)

Vertical Well Horizontal Well Extended-Reach Multilateral Well Hydraulic
Horizontal Fracturing
Well

mwa‘hamLU'%&JULﬁamsmewquLmzu,mﬁmamu'mau S l C
)

(ﬁm: https://www.src.sk.ca/blog/drilling-through-advancements-oil-production

N151912UURUUTSAS (Vertical Rotary Drilling)

(%
1Y

nauaazastadbufuiiudmunelaglyainungu (rotating drill bit) Anefuyaniuiaiy

(drillstring) wazdULAGOUIINAIRUNIY rotary table 3o top drive dnisnyuisulaauaiziiionasiiu

aa LY [y

Wau warauauauiuvgy tnedslinaidumedavdnaufiavimaissy 2010 undagtulidnaiuues

9

allaiguiunauuay
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N15L918kUIUBU (Horizontal Drilling)

N13LIZLUINBUTUIINURUAIIUTY “Kickoff point” wiTleduiniiu 9 ntumses @s1ayulas

(build angle) walurawuIuey YIVFUNATUALUNNY WY FiuAua1Y (shale) MSounTieitowuu (tight

sands) lae1TulazfindnsIn1sudn EIA szurmadatnateidudsuandund 2011 Tnedadu 69% vaq

Tuuvguluansys uay 83% vesszuziatgyiavantud 2016 lagA1Ue1LRLAYAIETOULUATIUTINANY

Mlawns n1saruAuwuIvguluaIesile Measurement While Drilling (MWD) titelnuayayuvednisiang

(inclination wag azimuth) wuutsealny

Horizontal well

| Wk

Traditional vertical well | ,\

NS
/S

Kickoff point

Hydraulic fracture zone

NOT TO SCALE

kickoff point © 2018 Elsevier B.V. All rights reserved
(Aun: https://doi.org/10.1016/j.petrol.2017.12.084)

nsinzilesfiALazsEuUAUANTIANIY (Directional and Steerable Techniques)

nszdesiie (directional drilling) ﬁﬂwqmLﬁmmml,m@fﬂmﬂﬁu Rotary Steerable Systems

(RsS)  Fadwwmeluladnisyaaizwguinduwazneiwgluaiuisadsduiianiaiianslalurasianu

Mawiyuey 1ag RSS ¥I8AIUA

9 Y

UNAY N194eseeglng (extended-reach) warasIVAUASIUTY Lty

gnsanusiiIzfiauisofanutuiu wazanaunuluwaniedn
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https://doi.org/10.1016/j.petrol.2017.12.084

ASLAULAUAULATNI5LAZANIEN4 (Core and Specialty Drilling)
nsiusnuiiy (coring) laymnszuanaizinumes i/ Auluuisnduneaioiaida (wireline-
retrievable core barrels) dailaugiyaussain 24 Wndgnlvlunquideniglawnsnves DOE inauns

guvquanglaauniiauaissiiesnwanmunuiuandunsiedn 1,700-2,000 we

A15%1 Hydraulic Fracturing #84n15t31¢ (Hydraulic Fracturing Integration)

W8IN156912 22dIn15911 hydraulic fracturing (fracking) lnednvaamaiussiugedaduianmqu

q 9

seeuANlUMANLANE (proppant) WU N518 lagangvauuauikuuaIedy (multi-stage) Agiin1suhen

' 1%
=

yumegunsagadandnuauiats (packers) Liedosiunistnaiivewedlva wy 1 ne uay leau
Wumu EPA s2ym fracking Junszuiumsddyy wszidunisasisvemisluaiignAidunie proppant

ilulalasansveuviaindiulranduanaulaegnsiuszdnsam

Na":

Hydraulically fractured horizontal wells account for most new oil and natural gas wells,
https://www.eia.gov/todayinenergy/detail.php?id=34732

Oil & Natural Gas Technology, https://netl.doe.gov/sites/default/files/netl-

file/NT42962 DraftCoreProcedures.pdf

Analysis of Rotary Steerable Systems versus Conventional Mud Motors for Vertical and Horizontal
Wells in the Caney Formation, Southwest Oklahoma, https://www.osti.sov/serviets/purl/2589903
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https://www.eia.gov/todayinenergy/detail.php?id=34732
https://netl.doe.gov/sites/default/files/netl-file/NT42962_DraftCoreProcedures.pdf
https://netl.doe.gov/sites/default/files/netl-file/NT42962_DraftCoreProcedures.pdf
https://www.osti.gov/servlets/purl/2589903

isammﬁwLﬁumﬁamawqmmém%wﬁwqué’mﬁqmﬂLﬁm Mansfield Sgunnda (11UN1553
natusvesuaastunew) Taun: nswauiuil 1 U, Jumeunaunsians 1 dUam, n1siany 14 Su
VINMSLAREUENEULTIUANEEN 2-3 Fu, Tumeundinisians 1 dUnv, nnsvin fracturing 10 14, N19L312
Fpuazeands fracturing 1 dUam Lwazdumeu flowback 8n 2 dUan saueviuaUszaiar 8-9
dUnm dmdunguiien

5718974 Drilling Productivity Report 984 EIA fsfianiuvayanisniniazUsednsnmaeiouly

(%
Y [

shale ndnvesUssine AsauAguAIinaeIWanandINvauinnownuatz (new-well output per rig)
Y3nnunsuansinseniinim (production be region) LLazfﬁﬂqumﬁﬂmLLa'JLLmETﬂlaJLLa’JLa% (Drilled
But Uncompleted - DUC) 9 nveyaangaluiioudiguiey 2024 wandlmiundnisndninduingudn
Y g ! s a ! S o . o N Y o

wey vaurn1wanas unatslszansamunuianziiag leg Permian fanadugiiniafiduinfiounts

WulnveIn1sHaRNINTgA o Weumw1ey 2024 wazARevau DUC Y09ansg nssieguseanu 4,510

UGEY
NEW-WELL PRODUCTION PRODUCTION DUC WELLS BY
PER RIG BY REGION BY REGION REGION
o Mew-well oil preduction per rig Mew-well gas production per rig
barrels/day thousand cubic feet/day

Region May 2024 June 2024 change May 2024 June 2024 change
Anadarke 717 719 2 4,840 4,875 3s
Appalachia 239 241 2 28,465 28,643 178
Bakken 1,745 1,747 2 2,660 2,663 3
Eagle Ford 1,635 1,639 4 6,059 6,065 [
Haynesville 14 14 : 13,453 13,487 34
Michkrara 1,496 1,498 2 4,622 4,678 56
Permian 1,386 1,400 14 2,536 2,547 1
Rig-weighted average 1,199 1,222 23 5,964 5,831 (133)
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NEW-WELL PRODUCTION PRODUCTION DUC WELLS BY

PER RIG BY REGION BY REGION REGION

Oil production Gas production

thousand barrels/day million cubic feet/day
Region May 2024 June 2024 change May 2024 June 2024 change
Anadarko 382 383 1 6,528 6,518 (10)
Appalachia 136 135 (1) 35,967 35,79 (176)
Bakken 1,313 1,313 - 3,471 3,487 16
Eagle Ford 1,102 1,106 4 7,344 7,323 (21)
Haynesville 32 32 - 15,606 15,339 (267)
Niobrara 702 697 (5) 5,359 5,344 (15)
Permian 6,169 6,187 18 25,250 25,393 143
Total 9,836 9,853 17 99,525 99,195 (330)

NEW-WELL PRODUCTION PRODUCTION DUC WELLS BY

PER RIG BY REGION BY REGION REGION
Drilled but uncompleted wells (DUC)
wells
Region March 2024 April 2024 change
Anadarko 697 70N 4
Appalachia 819 824 5
Bakken 322 328 <]
Eagle Ford 347 345 (2)
Haynesville 784 791 7
Niobrara 644 628 (16)
Permian 89 893 2
Total 4,504 4,510 6

17;3.1’]:
Gas Well Drilling Process, https://www.mansfieldtexas.gov/356/Drilling-Process
Drilling Productivity Report, https://www.eia.gov/petroleum/drilling/
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281491577 WIRNTIUNITIRANAITINIULUNLAT UBNY eI UAsuLUa10819590157 Tneviuannu

W WuauUaeady  wagvihluwufdRauaiusainulaeedivssdnsamanniuluaninuinasunan

e 5SS

2]

uwazduraunINAY 1wy 151y Al uag Machine Learning 938Lituuse@nSn1nnnsinasiunuaviauuas
nsindulanuiianig  Iaglyveyain  Measurement While Drilling/  Logging While Drilling

(MWD/LWD) wazveyaiafu anliafilunalminnandnlagadslssann 30% luunisiiuiiveseusnumile

danesfiu  Machine Learning 3ATIEVUBYANaNLUUSEALNNBLLLINNTUTURANIILALATIITUNTS

I
al Y v

a gj a ydl .&( aa a o 5 s aaa s va
wWaguuUaweatuiulaiitu  8nvsidvianiudiassurunisiaienslasinisiegleveyassaidna Jseda
W LaThUUTIaoWraIiniu WiielinUszansa1mneuliuianzase Edge computing uaz 1oT UULNY

! ! ¥ o ¢ d U o U a a s a ! i
Wistvaeyaludinanaieuiuusinsinseine ladadina wazn1sinnunisUaseniy Aaenauns

lyn1smivauanszerlnanis yusun uag “robotic roughnecks” ¥IganAIMLELIYBINENIUULUNY

Y]

11 vauedl Shell Vito waz Whale luerudndlnluszuuddvawaznisaiupuainszezlnaiioanuuin

Y v
o w

lassaseesiidedidny lnewny Whale gnesnuwuuinlunil aduuuvuvesaIsuey (Carbon Intensity)

Aasiie 30% naene1gnIsiyau

ﬁﬁﬂ:

Tech innovations transforming onshore and offshore drilling,

https://ognnews.com/Article/47612/Tech innovations transforming_onshore and offshore drilling#
Engineering by design | Shell's latest platform, https://www.youtube.com/watch?v=-sASRWKOCQI&t=66s
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https://www.youtube.com/watch?v=-gA5RwKOCQI&t=66s

A1snauuldudu
REFINING BASICS

. FINAL
INTERMEDIATES &F PRODUCTS
FURNAGE CRUDE DISTILLATION <%0 LSRN e Propane
Propane and Butane TREATMINT Hglg
g — —
a90.220 ISOMERIZATION &
UghtVirgnaptha Tmmmm ¢S Gasoline
—_—————————— ==
220:315 REFORMER B Gasoline
Heavy Virgin Naptha e L
315450 HDRATREATER K
Kerosene — (:} Frosene
—_—— —
450-650 HITROTREATER Gasoline
Diesel / Light Gas Ol T ﬂ Diesel
s =
650-800 i3 Gasoline
Heavy Gas Oil T—— fi Diesel
* — .
= Gasoline
>&un COKER 1
ResidualFuel Ol /Asphalt o Y8 FueiGi

N3TUIUNITNAUUNNIUAUBEI9TE
(#137: https://www.afpm.org/newsroom/infographic/refining-basics)

naunszuIuNIddey laun

nsiaandenaziadeuinsuiv (Desalting and preparation) 51ﬁuﬁugﬂﬂ%’uamwLﬁaqgul,ﬁaam
U3mannde 1h uazesuds ielesstuaudemenegunsailulsindy

nsndudduaiu (Distillation / Separation) ﬁwﬁuﬁugﬂiﬁmm;auuazéqL%ﬁgjwaﬂé’u ilouenau

Usznaumuaasien 1wy Medlasidey wunni (Naphtha) difuuu@u (Gasoline) difuniaviseialsdu

[% '

Y [y

iduRwa (Diesel) 11l (Fuel Oil) uazensugnoe/nnfunendy (Residue) 1uau
. ' v aa ' s ¥ a o ‘A !
N32UIUNIIHUTENIN (Conversion processes) auntiniifiyanimgnulsanmividundndamiiuing
= ! £ !
Laziyangedu 1wy
® Cracking (thermal/catalytic) nszurunisuaniiduluianabngbmduinduuudusazindunguy
* Hydrocracking nszuaunislulalasiauaziissufiseniendnidunauazain
e Coking / Visbreaking nszuiunIsUANAINIEAINTOU Tlvdnn1sAvlndunune (Residue) N1win
= P . . ¥ A oA Yy o aX a o 7
wazdiaunilags lae Visbreaking tuuanauviaivelvlaindumiaunimfvusasndndumnun
g ¥ - , v oo ¥ o ¥ Yooy w v "
W@nuey @ Coking tuuasuniniidunsvualmdundndimmuinazlan  (Coke) lngluwmde
YDUNAINNAN
. d‘ & ! a
* Reforming nszuiunsiUasukuriminduaiunauuudusennugs
[ o ¥ a Q‘ . . . . Yo o
n13USuANINLAENT5ININUIANS (Treatment and finishing) nsgUIuNMS Hydrotreating laridn

(% v
o

Muzdukardaudoudu o uagnuaudivodteindstuganie
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AIsuUssUAUsSSUBI

The natural gas production and delivery

oil and natural main consumers
gas well line natural gas o
L natural gas sales  company 111
oil processing 4 Y.
A plant COMpressor ik
] station odorant [ ——

| H—l— - b |:_;__  %_‘.
separation - oIl BT | ‘ o

| - compressor =5
P o[B8

| voged 1' - products removed station
‘ and | nonhydrocarbon storage | .
flared ‘ gases removed "'""" - /9
| » retumned to field r glr'loriggr;%round =y
natural water - vented and flared 5‘_ reservoir
gas well
|———————— production 1 transmission ———}——— distribution ———|
Data source: U.S. Energy Information Administration eia'

NMINBALAZEINIFSTINYIR
(fwn: https://www.eia.gov/energyexplained/natural-gas/)

&V v v

mmﬂsgﬂm%asum@Lﬂuﬂizmums‘mmaﬁﬁgumamﬁaiwl@fs{w@zumwmmgmﬁm%’mzuwiaén
Fasinszuauniseall
. nsweniosau (nitial separation) Jun1suenniy drfunazih memsmusuuiiefdnveaman
Sasglnanquedn
. Msmdadadevu (Removal of impurities) tiardnth lelasaudalin asveulaoenlan Tulnsiou
Sidon uazdsludoudu 9
. n'l'iLLEJﬂgﬂ‘*Uﬁ’iimnama’J (Natural Gas Liquids - NGL / Hydrocarbon Gas Liquids - HGL)
recovery) wgndmu (Ethane) Insiwy (Propane) Sy (Butane) wasuunmlnglanszuaunislanany
Wudn (Cryogenic) wion139adu (Absorption)
. miLLElnflmuLLazﬂ'lsﬂé"uﬁ'lﬁU’s‘i"m (Methane separation & fractionation)

fivugnuenesnanvesnal wagveumalgnnaukeniiuninfunsievinniugaiiien

ni":

Oil and petroleum products explained Refining crude oil, https://www.eia.gsov/energyexplained/oil-and-
petroleum-products/refining-crude-oil-the-refining-process.php

Petroleum Refining, https://www.epa.gov/sites/default/files/2020-

09/documents/5.1 petroleum refining.pdf

Natural gas explained Delivery and storage, https://www.eia.gsov/energyexplained/natural-gas/delivery-
and-storage.php
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uuwslivilkulugaaikassunisnau (Emerging Trends in Refining)

[y

9AAMNTINATNAUMAUNTYN1TURuLUaIRSIdAey Tnedvargwuiludlnuifideiivuagiuuy
a ¥ a (% ¢ a ¥ '
n1snaakaznslendndundlasdenluouinn lown
1) N1TYUUUNANUELDIALATAITAANITUARENYITOUNTLAN
LIIHANAUTEAULANABNEIUAZDIALAZNITAANITUARENILTOUNTEAN INIMARAIINABINITLTBLNEY
= = J Ao a a & o ¥ a & a da a ° YRR
Nar01ATULALNTTUIUNINAUNTUTEANSAMAINTY 159naunenanlialndafiusanumuzdudn annis
lyndsau wazannsiinvaade
2) aun1anunlumalulagaaiseuiseinanuyssansam
ssslfisenduiilavesnseuiunsnau nendadomdwazdlasalinanings aAnunnuiy
wAlulagflsaufAsemeiuuseansamm  AuTdnIg  wazAUEiesveINITUINNIINAY  awnalvan
AUNULALAANANTENUADEILINADY
3) AMIHETUNAIIUNYULIYUVINUATTUIUNIINAY
N1SUNAIUNWIBY U NENIULEIDTIRE kAT NANIUaN wlesudunsEuIunIsndumaslasy

Avaula wualuuilvigan carbon footprint U89lsINAULALIANAINIUAIATUNAIY

udaassuaiuairsvufnasen (Innovations in Catalysis)

Fussufisenduosnusznavddyuesnssuiumandu mewdsuhduiulndundnfunyangs

PgensEAUUTEAEAm ﬂmmwwﬁmﬁm% uazAuBunudanaen
1) nMswadassUiserlnnieiiinyssansawnszuaunisnay

nsWanegnellomesiisslfizendunssiuindouddguosuinnssulugnamnsmnisndu lu
EthLLsﬂsuam']sﬂa“"uﬁmﬂ%ﬁaL%ﬁﬂg’jﬁ%muwmmaémqa ﬁau%ﬁwmlﬂgjssw@hLéﬂﬂgjﬁ%mﬁﬁmm
ﬁunm:ﬁLLazﬁﬂizﬁw%mwgaﬁumm"w fu nsvvaunsndualieluaiianndissufzendlelan (Zeolite) &
isUiseeenleavedlavy wazdnssUfiselansuay ioaualuufftonanzlunszuiunisndu 1wy
Anscracking hydrocracking way reforming ﬂizmumiméwﬁﬂwamahLaqalaimmguawmmimyﬂﬁ
duluianafiiyangnan mdadadovu wu dugdu () warlulasiou (V) swdsdaedasanduans

' (%
= A v

TruaL AN INYDATLNEIN LA At AaL39URATENMHANBNIAIUANAINALATHENAVDINITNAULAE

[

HANTENUARAIINARY  laedauseufisenniuseaniamguanunsaannislendanuiaznisuaseans

1anule
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2) nsusznaunTumaluladluniseenuuuiasaUjiten

Tugasluddinuan fenunmvumnnlusunsiaudisfisedmiunisndudinndey fesn
ArmmeInInanSumnduiidintusarngsnifounudaneasuiionnatuitilan  wilsluaruniimund
Tnaaufensifnduvasuluaiadan (Nanocatalyst) dvanunsamuauufiserlnosnsusugi iosnd

[ '
aa G

WunrigwazauantAsug Mesdselevw wiluaindanidneninegauinlunseuiunis hydrocracking
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Uffseanvaefiiausuusiginn ey hydrocracker  Ilglumasfifienusuussiinn

hydrotreater @adunslvauiuuaifudu (Cascading)

Nni":

Refining Future: Trends and Innovations, https://www.numberanalytics.com/blog/future-of-
refining-trends-innovations

Recent Advancements in Catalysts for Petroleum Refining, https://doi.org/10.3390/catal14120841
Question 40: As it relates to overall catalyst cycle life management, https://www.afpm.org/data-
reports/technical-papers/ga-search/question-40-it-relates-overall-catalyst-cycle-life
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‘17i3.l’]:
Circular and decentralized refineries for a sustainable energy transition, https://doi.org/10.1016/j.cep.2025.110479
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Ufnsetuniesssued @) wekenlalasiaueenun laedagdunin 95% wed
lalasiauluansys naanunszuInn1susunigsssud (Natural Gas Reforming)
Q’lldl’ adad o o a o QU %5 2
Tguduisnddglunisndslelasiaudwiulalugaamnssunazndanuluszasusn

uudnlalasiudonaveuaslsinauiidulnssuiuns SMR - dieuunazney

151 lalasaueana1NoEnaUA1SUBLIUMTIWMY  kANSZUIUATS SMR  aznabinnIg
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(fuel cells) wiandnlvivuugueinaursdssian Jagdulalasudilulagnludu

Welndsegaunsviany walldneamiaggnlyanuuiniulusuian

iun:
Energy sources Hydrogen, https://www.eia.gsov/kids/energy-sources/hydrosen/

Hydrogen Production: Natural Gas Reforming, https://www.energy.gov/eere/fuelcells/hydrogen-
production-natural-gas-reforming
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