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@ (verview of Downstream 0&G Industry
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‘ = The downstream sector is the final stage in the oil and gas value chain.

= |tinvolves the processing, refining, distribution, and marketing of petroleum products and derivatives.

Key activities include:

A. Refining crude ail into usable products (e.g., A. Refineries:
gasoline, diesel, jet fuel). B. Large-scale facilities that process crude oil into refined
products.

Key Players in the Downstream Industry

B. Treating natural gas to remove impurities.

C. Distributing and selling finished products to

C. Gas Processing Plants:
D. Facilities that treat and purify natural gas.
E. Petrochemical Plants:
F. Convert hydrocarbons into chemicals and plastics.

G. Distribution Networks: .

H. Pipelines, storage terminals, and transportation systems.

consumers.




® (Jlassification of Downstream Equipment
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= Process operations rely on a wide range of equipment to process, store, and transport oil and gas
products.

Equipment can be classified into two main categories:

Oil field Equipment

@ Stationary
|

[ [ [ \ ] 1
Coolers - fans Agitators

Further classification can be based on their function in the process (e.g., process equipment vs. utility .
equipment).




@ (Glassification of Downstream Equipment
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Process operations rely on a wide range of equipment to process, store, and transport oil and gas

products.

Stationary Equipment

1. Definition:

Equipment that remains fixed in place during

operation.

2. Key Characteristics:

No moving parts (or minimal moving parts).

Designed for storage, separation, heat transfer, or

chemical reactions.

3. Examples:

Storage Tanks
Heat Exchangers
Reactors

Distillation Columns

Separators
Pressure \Vessels
Furnaces and Boilers

Piping and Valves

Rotary Equipment

1. Definition:

Equipment that involves rotating components to

perform their function.

2. Key Characteristics:

Contains moving parts (e.g., impellers, blades, rotors).

Used for fluid transfer, compression, or mechanical

energy conversion.

3. Examples:

Pumps
Compressors

Turbines

Fans and Blowers

Mixers and Agitators

Centrifuges

=r
ot
i



@ Process Equipment vs. Utility Equipment
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* Steam and Condensate

* Fuel Handling: Gasoline, Diesel
* Cooling Water

*  Motor/Hydraulic/Cutting Oil

* Process Gases: N,, H, and CO.,.

®= Process Equipment: Directly involved in the = Utility Equipment: Supports the main process
transformation of raw materials into finished by providing essential services (e.g., power,
products. cooling, heating).
= Examples: = Examples:
* Reactors, * Plant and Instrument Air
* Distillation columns, * Fuel natural Gas ,
* Separators, * Fire Protection
* Compressors, * City and Process Water |
* Pumps +  Wastewater
* Tanks * Hot Water Heating




Stationary Equipment Overview
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@ee Stationary Equipment
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= Stationary Equipment: refers to fixed equipment that does not have moving parts (or has minimal moving
parts) during operation.

= |tis designed to perform specific functions such as storage, separation, heat transfer, or chemical reactions.
Core Functions:

» Storage of raw materials, intermediates,
and finished products.

* Separation of oil, gas, and water.

» Heat exchange for temperature control.

» Facilitating chemical reactions in reactors.




@ Stationary Equipment
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Equipment Function

Storage Tanks Store crude oil, products, and chemicals

Heat Exchangers Transfer heat between fluids

Reactors Facilitate chemical reactions

Distillation Columns Separate crude oil into fractions ;
Separators Separate oil, gas, and water
Pressure Vessels Store or process fluids under pressure
Furnaces and Boilers Provide heat or generate steam
Piping and Valves Transport and control fluid flow




@ Storage Tanks
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= |arge containers designed to store liquids or gases.
= Used for crude oil, refined products, chemicals, and water.

*  Primary Functions:

* Store raw materials (e.g., crude oil) before processing.
* Store intermediate and finished products (e.g., gasoline, diesel).

* Ensure a steady supply of materials for downstream processes.

* |Importance:

* Critical for inventory management and supply chain efficiency.

* Provides buffer storage to handle fluctuations in production and demand.




@ Storage Tanks
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@ Storage Tanks
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» Storage Tanks Types — (Hoskacanat Ot Tark)
phere
Type of Tank Design Applications
Non-volatile
Fixed Roof Tank Fixed roof, vertical | liquids (e.g., Spherical Storage Tank Doubke-Wall Hemispheroid
d iE‘S e I) Hemispheroid Tank Tank i
. Floating roof, Volatile liquids
Floating Roof Tank _ - 9 _ :
vertical (e.g., crude oil) ;
Open-Top Tank. rnte;'-al If[[aahng- Cone-Roof Tank ~ External F'WT'”EI i
oof Tank l
High-pressure |
Spherical Tank Spherical shape S 0
gases (e.g., LPG) .
Cylindrical, Fuel storage (e.g., n . R
Underground Tank Y rag (e-g ° b Vertical Cylindrical  Ellipsoid Tank
underground gas stations) Tank or Bullet




® Storage Tanks
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@ Storage Tanks
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@ Storage Tanks
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* Floating Roof Tanks:

* Roof floats on the liquid surface to minimize vapor space.
* Used for storing volatile liquids (e.g., crude oil, gasoline).

P
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@® Storage Tanks
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@ Storage Tanks
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PONTOON




@ Storage Tanks INTERNAL FLOATING COVER | |

Process Technology Equipment and Systems

Pressure
Man hole Vacuum Valve

HRATTIEN




@ Storage Tanks ok Sembing
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® Storage Tanks
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@ Storage Tanks
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* Spherical Tanks:

 Spherical shape for high-pressure storage.

* Used for storing liquefied gases (e.g., LPG, LNG)




Storage Tanks
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* Underground Storage Tanks: * A bullet tank

* |nstalled below ground for space efficiency and safety. * A bullet tank is a storage container that
» Used for fuel storage at gas stations. houses natural gas liquids (NGLs).
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@ Heat Exchangers
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= Devices that transfer heat between fluids without mixing them.

= Essential for heating, cooling, and heat recovery. Heat Exchangers

Role in Process Operations
= Preheat crude oil.
= (ool refined products.

= Recover waste heat for energy efficiency.
SHELL& TUBES DOUEBLE PIPES PLATES AIR COOLEES

Types of Heat Exchangers
= Shell and Tube: High-pressure and high-temperature applications.

= Plate and Frame: Compact and efficient for low to medium pressure.
= Air-Cooled: Uses air for cooling, ideal for water-scarce areas.
= Double-Pipe: Simple design for small-scale applications. .




VENT

DRAIN

| H.\\\ = /J il
iy
st o
kbl ]
kEFalii
o e B R
TRRR AR RA
iR R R
THAR R R H
[y

FLOATIN

{
i
__

TUBE
BUNDLE

="+

SHELL

i
1

BAFFLE
PLATES

| "4

TUBE
SHEET

CHANNEL

HEAD

"ER

TUBE
HEAD
COv

Process Technology Equipment and Systems

@ Heat Exchangers

-
-



@ Heat Exchangers
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@ Separators
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= Equipment used to separate oil, gas, and water from a mixed fluid stream.

= (Critical for purifying hydrocarbons and ensuring product quality.

Gas
* (Can be names as: Outflow
Pressure
l.  Separator Release .
r Y — i
I[I. Scrubber Inctruameit
5 Gas Supply i
1. Knock out Well ldd it — - Mi_s.t Emulsion Layer i
e uid Intlow |
V. Vessel
V. Gun barrel Sand Detection S
VI. Drum ll

' Qil Outflow
Water OQutflow



@ Separators
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|
|
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@e® Separators P
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Key Components
* Inlet: Entry point for the mixed fluid stream.

* Gravity Settling Section: Separates phases based on density.
* Mist Extractor: Removes liquid droplets from the gas stream.

* Liquid Outlet: Discharges separated oil and water.
BECOFHASE Coalescer _

* Gas Outlet: Discharges purified gas.

Type of Separator Applications Water
Two-Phase Horizontal/Vertical Separate liquid and gas
Three-Phase Horizontal/Vertical Separate oil, gas, and water
Horizontal Cylindrical High gas-to-liquid ratios .
Vertical Compact Low gas-to-liquid ratios
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Reactors
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= Equipment designed to facilitate chemical reactions in downstream processes.

= Used to convert raw materials into desired products through catalytic or thermal processes.

Primary Functions:

= Convert hydrocarbons into valuable products (e.g., gasoline, diesel, petrochemicals).

= Remove impurities (e.g., sulfur, nitrogen) through hydrotreating.
= Break down heavy hydrocarbons into lighter fractions (e.g., cracking).

Key Components:
= Reactor Vessel: Contains the reaction mixture.
= (Catalyst: Speeds up the reaction without being consumed.
» Heating/Cooling System: Maintains optimal reaction temperature.
* |nlet/Outlet Nozzles: Allow reactant entry and product exit.
= Control Systems: Monitor and adjust reaction conditions.

Disbutor
Trays

Support
Beams

s Supprt
Grids

& Quench
Distributors

" Redistributor

Cutlet
Collectors




o Distillation Columns
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= Equipment used to separate crude oil into fractions based on boiling points. Cooling water __ Condenser
= A key component of refining processes in the downstream industry. 35
Primary Functions: Top p:ﬂduct

= Separate crude oil into useful fractions (e.g., gasoline, diesel, kerosene).

= Remove impurities and light gases.

Feed

Key Components:
= Trays or Packing: Provide surface area for vapor-liquid contact.

= Reboiler: Supplies heat to vaporize the liquid.

= (Condenser: Cools and condenses the vapor into liquid.

Reboiler T T T.
@ 5 x| g
»  Feed Inlet: Introduces crude oil into the column. Steam e o

* Product Outlets: Collect separated fractions at different heights.

|

Bottom product



@@ Furnaces and Boilers
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= Furnaces: Equipment that provides direct heat for processes (e.g., heating crude oil).

= Boilers: Equipment that generates steam for heating, power, or process requirements.

Primary Functions:
= Furnaces: Heat crude oil, process fluids, or reactors.
= Boilers: Generate steam for power, heating, or chemical processes.

Key Components: i
Furnaces: o
= Burners: Provide combustion for heat generation.
= Heat Exchanger Tubes: Transfer heat to the process fluid.

= Stack: Releases exhaust gases.
Boilers:

= Burners: Provide combustion for steam generation.

= Steam Drum: Separates steam from water.

= Economizer: Preheats feedwater to improve efficiency.



@ Piping and Valves
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= Piping: A network of pipes used to transport fluids (e.g., oil, gas, water) between equipment and processes.

= Valves: Devices used to control, regulate, or isolate fluid flow within the piping system.

Primary Functions:
= Piping: Transport raw materials, intermediates, and finished products.
= Valves: Regulate flow, pressure, and direction of fluids.

Types of Piping

Carbon Steel Pipes: Commonly used for high-
pressure and high-temperature applications.
Stainless Steel Pipes: Resistant to corrosion,
used for corrosive fluids.

Plastic Pipes: Lightweight and corrosion- el a

resistant, used for low-pressure applications. : W k:&’ v .
Cﬂmpﬂs.tte Pipes: Combine matérlals f:.:nr specific e MaE SOCKET — R

properties (e.g., strength, corrosion resistance).

% O @

ELBOW SOCKET STREET ELEOW




@ Piping and Valves
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X

Gate Valve Diaphragm Valve Globe Valve Check Valve Needle Valve

® 31

Plug Valve Butterfly Valve Piston Valve Relief valve Ball Valve

& f

Control Valve Rotary Valve Pinch Valve Pressure Regulator Solenoid Valve

= Types of valves




@ Piping and Valves
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Valve Type Function

Gate Valve - Used for on/off control of fluid flow - Provides minimal pressure drop when fully open.

Globe Valve - Used for throttling and regulating flow. - Provides precise flow control.

Ball Valve - Used for quick on/off control. - Low torque operation.

Check Valve - Allows flow in one direction only and prevents backflow. - used in pump discharge |
Butterfly Valve - Used for on/off and throttling in large pipelines. - - Compact and cost-effective. i
Plug Valve - Used for on/off control and flow diversion. - Suitable for high-pressure and high-temperature. i
Diaphragm Valve - Used for on/off and throttling in corrosive or abrasive fluids. - - Provides leak-proof sealing. i
Needle Valve - Used for precise flow control in small-diameter pipelines. - used in instrumentation and control

Pressure Relief Valve | - Automatically releases excess pressure to protect equipment .
Control Valve - Automatically regulates flow, pressure, or temperature. - Used in process control systems.




Rotary Equipment
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@ Rotary Equipment
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= Equipment with rotating components (e.g., impellers, blades, rotors) to transfer energy, fluids, or mechanical

power. Examples: Pumps, compressors, turbines, mixers, fans.

Core Functions:

* Fluid Transfer: Move liquids/gases through
pipelines.

* Energy Conversion: Convert energy (e.g., steam

to mechanical power in turbines).

* Processing: Mix, compress, or separate fluids.



“e Rotary Equipment
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Electrical Motors
_ Driver {
Turbines

Compressors

Rotating Equipment

GCenerators




@ Rotary Equipment
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A driver
Is a device designed to provide rotational energy to another piece of equipment “driven equipment”

/_‘ Motor “ Driver”

Pump “ Driven” Coupling




@ Rotary Equipment
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Drivers: Prime movers

Electrical Motors Steam Turbines internal combustion engines




@ Rotary Equipment
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Driven Equipment

Pumps Compressors Generators Fans




@ Rotary Equipment
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Coupling: Connect two shafts of rotating equipment, allowing them to transmit power and motion

from one shaft to another.

The choice of coupling method depends on factors such as the type of equipment, the torque and

speed requirements, misalignment allowances, maintenance considerations

R

o I
=2 )

Sleeve Coupling

A\

Jaw Coupling

Universal Coupling

Gear Coupling

Magnetic Coupling



@ Rotary Equipment
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[ Belt drives ] = Belts are used to connect two parallel shafts: the drive shaft and the driven shaft. A

pulley is mounted on the end of each shaft. Belts fit in the grooves of the pulley.

Driven Pully
N ~ (output)

_u_‘ * L]
| adjusting screw

Driver Pully ( Input)



@ Rotary Equipment
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[ Chain drives ] = Chain drives are designed for low speeds and high torque conversions

Larger sprocket
Chain link




@ Rotary Equipment
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[ Gearboxes ] = |n gear drives, gear wheels, are also referred to as

cogwheels or toothed wheels or simply gears,
engage with each other and thus form-locking

Speed-to-Torque Conversion convert the revolution speed and torque of the

drive shaft to the desired value on the output shaft.

Drive Gear

Torque-to-Speed Conversion

Driven Gear

Driven Gear
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[ Gearboxes ]

f=&-sci=nc= com

output shaft
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> input power (P)

output power (P,)




@ Rotary Equipment
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Electrical motors

Electric Motors

@ Alternating current (AC).

Differences Between AC & DC Motors 5

AC MOTOR DC MOTOR

End Bracked
Baaring Armabiew Sl

w Howing HAolor  Windeg Windng Siater

DC Motor AC Motor




@® Rotary Equipment
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= Required transformer.

DC Motors

= Provide High output torque.
= Expensive and repeated maintenance required.
®» Used for Generator Startup

= Used batteries to obtain power supply :

= High availability |

= |[ow maintenance Cost. |

= Many types available depend on voltage, usages, usages.




Pumps
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= Mechanical devices that move fluids (liquids or slurries) by converting
mechanical energy into hydraulic energy.

= Essential for transporting fluids through pipelines, reactors, and storage systems.

Discharge Nozzle Power

Connections Suction Valve

Casing Vent

Suction Nozzle

Suction Strainer

Expansion Joint

Electric Motor

Casing Drain :
Coupling Guard Drive




@ Pumps
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r_‘,! , E7
g Y
Role in Downstream Operations ﬁ L B ‘

S -

= Transfer crude oil, refined products, and

ANSI Lobe/Sanitary  Self Priming Rotary Gear Horizontal
chemicals. Centrifugal Centrifugal Split Case

ok N W o~

Metering/Dosing Reciprocating  Air Operated High Pressure  Progressing
Plunger/Piston Cavity

i »* @

Submersible Vertical High Pressure  Magnetically Multistage
Pumps Diaphragm Driven

= Maintain flow rates and pressure in

pipelines.

= Support processes like cooling, injection,

and mixing.




@@ Pumps

Process Technology Equipment and Systems

* Pumps family tree

! 1

[ Dynamic Pumps ] [ Positive Displacement ]

1 1
! ! l l

[ Axial ] [ Centrifugal ] { Rotating ] { Reciprocating ] |
+—s Gear + ------ + Piston |
15»———+ Vane + ------ + Plunger

+ - Screw b Diaphragm




@ Pumps
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R

Positive D.P. Centrifugal Axial Flow
Dis. Pressure P V. HIGH HIGH Low
- Low HIGH V. HIGH

Efficiency HIGH MEDIUM V. HIGH

Pulsation YES -

V. HIGH LOW LOW




@ (Compressors
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= Mechanical devices that increase gas pressure by reducing its volume.

= Essential for transporting and processing gases in downstream operations.

Role in Downstream Operations
= Compress natural gas for pipelines or storage.
= Boost gas pressure for processing (e.g., refining, petrochemicals).

= Support gas injection in enhanced oil recovery (EOR).

1 positive displacement (Reciprocating) Dynamic compressors

Reciprocating Compressors: Centrifugal Compressors: .

[ high pressure f] [ low Flow § ] [ Low pressure *] [ High Flow 4 ]




@ (Compressors
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Compressor Family

1 1

[ Positive Displacement ] [ Dynamic ]

! 1
1 1 1 1

_— { Reciprocating ] e { Rotary ] [ Centrifugal ] [ Axial ]
+ ------ + Single acting piston + ------ -+ LOBE (straight — helical ) i i
+ ------ + Double acting 1r ------ -« Liquid Ring s i
+ ------ -+ Diaphragm + ------ -+ Screw (wet— d,t}r} i \?f,lma B
| e 2 el OO bl e
+-—+ Sliding Vane - pm oo - Tenm
2 f::-}f {- — -

_KI I\l"" _ : ’ er\ COMPRESSR :ﬁi—; T FLARE
. SPRITR | o



	Slide1
	Slide2
	Slide3
	Slide4
	Slide5
	Slide6
	Slide7
	Slide8
	Slide9
	Slide10
	Slide11
	Slide12
	Slide13
	Slide14
	Slide15
	Slide16
	Slide17
	Slide18
	Slide19
	Slide20
	Slide21
	Slide22
	Slide23
	Slide24
	Slide25
	Slide26
	Slide27
	Slide28
	Slide29
	Slide30
	Slide31
	Slide32
	Slide33
	Slide34
	Slide35
	Slide36
	Slide37
	Slide38
	Slide39
	Slide40
	Slide41
	Slide42
	Slide43
	Slide44
	Slide45
	Slide46
	Slide47
	Slide48
	Slide49
	Slide50
	Slide51
	Slide52
	Slide53
	Slide54
	Slide55
	Slide56
	Slide57
	Slide58
	Slide59
	Slide60
	Slide61
	Slide62



