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Sequence of process design

Input - Output Diagram

1B

Generic Block Flow Diagramn

1

Block Flow Diagram (BFD)

| |

Process Flow Diagram (PFD)

| |

Piping and Instrument Diagram (PID)




What are P& ID?

P&ID ---------- Piping and Instrumentation Diagram

Block flow diagram

is the bird’s eye view of
the plant that compiles
the results of its basic

. A4
design Process flow diagram
v Communication tool
v A record to assist memory ﬂ

P&ID

v Extension of the flow diagram
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Block Flow Diagram

The block or rectangles represents unit operations and the
blocks are connected by lines representing the process flow

streams
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Block flow diagram

It consists of simple block elements that are
connected with an arrow. It describes following
information’s,

Each block represents a process function which in
reality may consist of several pieces of equipment.

Gives a clear overview uncluttered by details.

II;;‘:fsctive for conceptualizing a new process or a

Major flow lines shown with arrows giving direction
of flow.

Flow goes from left to right whenever possible.

Light streams (gases, vapors) move towards top
gnd heavy streams (solid, liquid) go towards
ottom.

If lines cross each other then, horizontal line is
continuous and vertical line is broken.

Provides preliminary material balance.
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L Urea Prills
A I
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Process Flow Diagram or Flow Sheet

v Relationships between the major components in the system

v Tabulate process design values for the components
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It is a diagranm™6f "fiLid?fAow system showing the
equipment items connected by major process pipes
and containing data on essential process control
circuits or major process requirements. It would
include following details.

Process piping

Major equipment names

Major equipment numbers

Major equipment identification numbers
Control valves

Interconnection with other system
Major bypass and circulation lines

System rating and operational values as maximum,
minimum and normal flow




Continued.......

pressure
Composition of fluids

A process flow diagram does not following
details,

Pipe class

Pipe line number
Maintenance vents and drains
Relief and safety valves

Code class information
Seismic class information
Instruments




Process Flow Diagram or Flow Sheet (Cont'd)

Exatnple of a Process Flow Diagram
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Process Flow Diagram or Flow Sheet (Cont'd)

Classic Symbols

_Cj'—

Pump

Stirred
tank

Assignment:

A- Each team come up with symbols of other equipments
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Another Example of PFD

11200
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Hogging Q — M

machine
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Pneum. conv.
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feeder

- Moist air

Pigment
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Loss of
weight

feeder
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Another Example of PFD (Cont'd)

&

©

O

%

%

hogger feed drying air hogger discherge moist air extruder feed pigment chips
averooe[ gesign | everage | design average; design | average | design aversge | design | aversge| design
rete | rate rate rate rate rate rate rate rate rate rate rate
polymer 1858 1260 1859 1260
o 1858 12608 36 34
dir1 28 52 26 9.2 26 9.2 ; -
:
I
other #1| 21 295 nil 1 | nil |
name #1 water water water water water WB;OI‘
other #2
name #2
|
[ |
:;:TO" S |8 7.1 205 7.1 285
450 900 450 900 450 500
temparature 130 158 130 150 138 150
pressure ~atm, ~atm, i
!
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Another Example of PFD (Cont'd)

X%

<

4

4

unused) (unused) extrudate blew air dicer feed dicer output
svgrage | aesign | average | desi average | design | sverage | design 'evera e | design
jL are rate rete ra?& rate rate rate rate ‘ ra?eo ra?g evrear??e d::‘:gﬂ
]
p?m: % 1076 | 1294 1076 | 1284 | 1076 | 1294
;; g;nen 4.1 ._6.3 4.1 63 4.1 £3
r / 28 92 2B 92 26 5.2
other # 11 13 n/a n‘a nil o nil )
name #| ater water
other #1
name 'Z\\
\ |
water XL {
air \ ] 224 258
\ u
\ /.
temperature \ /|
pressure 4
7

2. November 2022/

Dr. —Ing Naveed Ramzan




Piping and instrument diagram

It is a schematic representation of functional
relationship of piping, instrumentation and system
equipment components. It is termed as final step of
process design. It includes following information’s,

Instrumentation and their designation along with
indicators, recorders and controllers

All equipments with their names and particular numbers
All valves and their corresponding numbers

Piping related to its size, schedule, material of
construction and insulation

Miscellaneous - vents, drains, special fittings, sampling
lines, reducers

Permanent start-up and flush lines
Directions of flow

Interlinked references

Control inputs and outputs, interlocks
Quality standard




lni@omputer control system input

Identification of components and subsystems
delivered by others

Intended physical sequence of the equipment

All utilities with identification related to inputs and
outputs

It doesn't include following parameters,
Route valves for instruments
Control relays
Manual switches
Equipment rating or capacity
Pressure, temperature and flow data
Elbows, tees and its related standard fitting
Extensive explanatory notes




Distinction Between PFD & PID

PFD P&ID
Used During Construction No Yes*
Shows all process and service piping No Yes
Indicates presence of all controls No Yes
Shows all motors No Yes
Shows thermal insulations No Yes
Shows major equipment Yes Yes
Shows flow quantities Yes No
Shows stream compositions Yes NO
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P&ID

P&ID quality determines whether the projects succeeds or fails

Types of P&ID

Composing the onsite & offsite facilities -

v P&ID for Individual Units

v P&ID for Utility Distribution > UFD ; flow of utilities in onsite facilities |

v

v P&ID for Interconnecting Pipe work
vP&ID for Tie-in Connection _ : _ _

interconnection B/W units & offsite
v P&ID for Auxiliary facilties ,onsite facilities

T
v'P&ID for packaged units = = _ — = =
l Tie in points of new units with existing

r I Detailed information for equipments can |

L not be shown on P&ID for individual units J

Coordination flow diagram;

P& ID for units such as compressor, T|
refrigeration etc. J

Not all of the above P&IDs are always prepared in a project
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P&ID Symbols

Good symbols are essential to helping the reader of P&ID

Lines and Connections

Common Hne for depleting a plplng connection, or for tracing the outline of an equipment symbaol.
Arrow shows direction of flow, Often a heavy line is used to represent piping, while equipment is
outlined with a normal line thickness. Major englneering companies do this. Equal line welghts for
the two are not uncommon, however,

Tilde [~) means line Is continued farther along the same trajectory. Occasionally it is used to show
}— the end of a line. The symbol is meant to show a slight tear in the drawing whereby the line
continues unimpeded under the paper.
— — = = = = Mosily means electrical connection, but can be hidden line.

------------ Multipurpase. Perhaps most commonly a hidden line.

£ Instrument capillary.

. e Instrument alr,

h— Hydraulic, power and/or control.

m—  Multisignal.

g— (Class break.

e o
_ﬂm__ Elephant trunk or flexible duct.

- w Hose.

— }——— Insulated line.
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P&ID Symbols

) Piping reducers (eccentric on the
<+ left, concentric on the right).
This symbot flags items included
* with other components.

4 Steam trap assembly—type 4.

SP, Specialty itern—sketch 23 shows
23 the delzils.

Instrument function performed via
goftware in a programmable logic
controller or a micro/mind
computer (also referred to as MBE,
see po 191). Control reom mounted.

Same function in a stand-alone
unil.

Adr-gperated control valve.

Internals are the globe valve lypse—
even though symbol is for a gate

vablve—by convention.

Solenoid valve,

Three-way solenoid valve.

= 2

EqNo.

K-89

®RSGO

a0

Assignment:

=
[4)
U

N
o
7

A symbol expresses or suggests an idea by standing for it

Check valve.

Afr sct, instrument air—type 8.
Line delimiter. Equipment at
destination Is given. The
continuing P&ID and pertinent
coordinates are givern.

Electric motor and electric motor
with Integra! speed reducer (gear
motor].

Gearbox.

Commeon feld-mounted
instrument.+ This instance shows

a manually operated switch.

Rotameter. 1

Interlock—interlock 9.

Purge connecton—iype 6.

Connection at battery limit,

Shutdown.

A- Come with as much symbols as you can

Winner who come with more symbols

20
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Standard symbols for instruments




Standard symbols for equipments

Rackad Section










Standard symbols for fluid motive machinery




Standard symbols for vessels




Standard symbols for valves




Standard symbols for lines

| exible

Expansicn

A

Ly




DIRECTION OF FLOW —_— e Sf————
AIR CONDITIONING

BRINE RETURN — — — [ —— — —
BRINE SUPPLY 8
CIRCULATING CHILLED OR HOT-WATER PLOW CcH

CIRCULATING CHILLED OR HOT-WATER RETURN

-_ —— ——CHR— —— —

CONDENSER WATER FLOW c
CONDENSER WATER RETURN — i O i e
DRAIN o
HUMIDIFICATION LINE = H =
MAKE-UP WATER - - ——
REFRIGERANT DISCHARGE RD
REFRIGERANT LIQUID RL
REFRIGERANT SUCTION _— RS ————
HEATING
AIR-RELIEF LINE e —_— —
BOILER BLOW OFF
COMPRESSED AIR A
CONDENSATE OR VACUUM PUMP DISCHARGE S S S —  —
FEEOWATER PUMP DISCHARGE —00——00 — —00 —
FUEL -OIL FLOW FOF
FUEL-OIL RETURN s i it P R s i - i
FUEL-OIL TANK VENT B Y S S —
HIGH -PRESSURE RETURN e e
HIGH -~-PRESSURE STEAM AL Ls La

e v LLd

HOT-WATER HEATING RETURN

HOT-WATER HEATING SUPPLY




P&ID Symbols

The ISA standards and symbols are important for the P&IDs

Process Yariahle  Symbaol Type of Instrument Symbol

Analyses A Alarm A
Burner B Users Choice B
Combustion B Controller C
Users Choice C Control walve Ch
Users Choice D Trap Ch
Yaltage Y% Zensar (primary element)  E

Flow Hate F Rupture disc E
Users Choice ] Sight or gage glass ]
Current (electric) I hanitar ]
P ower J Indicataor I

Time K Cantrol Station K

Lewvel L Light (pilot/foperation) L

Users Choice i Users Choice M
Users Choice N Flow Resistance Orifice o
Users Choice O Test point (sample paint) F
FPressure / %acuum F Recorder R
Radiation K =witch o
speed (or Frequencyl S Transmitter T
Temperature T Multifunction L
Multivariable u “alve/Damper 4
“ibration 4% Wi'all Wy
Waight (force) WY Unclassified *
Unclassified o Relay e
Event f Driver i
Fosition, dimension £ Actuatar L
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Example: ISA Symbols for a Level Indicator

"L" for the process variable "Level"”, and

LI R " "I" for the "Indicator" type of instrument.

Lies > the code for level indicator no. eight

Flowmeter - Indicating
FI 001

Temperature - Transmitter
TT 001

Control Valve
FV 001

Position Switch - High Level
ZSH 001
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Instrument identifigat_ion(t:)ly _
Instruments are igentified by a tag number in

P & ID. For example,

- TIC 103 shows instrument identification
or tag number

- T 103 shows loop identification

- 103 shows loop nhumber

- TIC shows functional identification
- T shows first letter

- IC shows second letter.

The first letter dictates the control device
involved in a process. And second letter
dictates the parameter the device is intended
to control.




From Tranefer Fromp
P-201

From Tranefer Fraomp
P-504

I3

(hetnnnet 47 Sapphd

L
b

F-3-3040 $
Dulizer - To Feartor
[y 08 E-102
s

[Rernonert ST Sapply) Sarple Dot

F/-3-3041 @
|
=1

A Srmall and Simplified

Piping & Instrumentation
Diagram (P&ID)

wnanar Eigiree Tt ToolBo oot
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Information available from P&ID

vInstrumentation and designations

v'"Mechanical equipment with names and numbers

v All valves and their identifications

v’ Process piping, sizes and identification

v'"Miscellaneous - vents, drains, special fittings,
sampling lines, reducers, increasers etc.

vPermanent start-up and flush lines

v Flow directions

v Interconnections references

v’ Control inputs and outputs, interlocks

v Interfaces for class changes

v'Seismic category

v Quality level

v Annunciation inputs

v Computer control system input

v'Vendor and contractor interfaces

v Identification of components and subsystems delivered by others

vIntended physical sequence of the equipment

2. November 2022/ Dr. —Ing Naveed Ramzan
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’ Preliminary P&IS

1. Format & Sheet Size:
AO or Al (ISO) | D B |

wall of menu- | oxhaust vent
facturing butlding SN

R v N BB
=

’
: |
| i ! ]
@ ' s
e : 2. o) B @ == et
‘ . ! (typ. of 4) see fore) airlock #1 - ee FETE
l
)
1
(
1
!
|
i

T

fais [y bullding

] alr intake out-

M &
| CP & O 4
T ¥ fj%) o (E_% SSS
o0 v v ~
2. Title Block:

L \/® | =4 Client Name, Unit Name, Section
F e ‘I Name, Project Name

'

S el L e \
B |J-1 ! = \ ] s

ueAe|l 1eoydoyd 207
i
. : (3
f
(9

1. Provided es pert of

3 ] COI u m n Note: a":»l‘;ﬁecst:rull)j;ope of

2. This fan to be belt
driven and insulated with
1 ole—-

foam to cut down nolse,
(condenwe B "__} e ﬂ f°&1[0) . HUMIDIFICATION OF COATINGS ROOM

ensation in cold weather.

4. Insulste from Inside bldg
wall fo EqPc. 29400

drain

wastewater
K-39 C4

process water
K-33 F.3

rafr. water Supply‘

K-33 Fi
refr. water return
K-33 F1

Figure 11-26 Preliminary P&ID of humidification equipment.

4. Equipment Design Data

3. Insulate 1o prevent cond-

- ” ” _[;CJG. SRR A RS
S K- 'Z[
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Preliminary P&IS

Pumps "o Vessels
1.Item no. . 1.Item no.
2.Service number ; 2.Service number
3.Design Capacity 33 3.Diameter x Length
4 .Differential pressure gg 4.Design pressure. /Temp.
5.Driver power %E 5. Operating pressure/Temp

3" 6.Insulation thickness
Heat Exchangers |
1. Itemno. 2. Servicenumber 3. TEMA Type
4.Diameter & Tube length 5. Duty
6. Shell design press./temp 7. Tube design press./Temp.

8. Insulation Th_ickness

2. November 2022/ Dr. —Ing Naveed Ramzan
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Preliminary P&IS

wall of manu | exheust vent
N

lacrurlng bulldlng
o
o e T SO

e A

@ O/’ @ '”.“, )

AN
—_————

AR YAATY ALY
NA A

l COATINGS i e 29500
» & O i B

T
(ductwork over coetings room) @
o Syl '

airlock #2 @_A __J ores s e oy Bl g s *

ueAe|3 leydoyd oz
=T

| Rt |
E
!
|
|
|
L

sarwnad wates
£ ‘
vent
@\ ‘
3 . NOTES
LP steam A —
1. Provided es pert of
test 239400 architectursl scope of
______ = 1tquid connection work. See Dwg ______
senl 2. This fan to be belt
driven and insulated with
_— foam 1o cut down nolse.
3. Insulate 1o prevent cond-
drain 3 “3sdegf ensation in cold weather,
— gt 4. Insulete from Inside bldg
wastewater wall fo EqPc. 29400
K-39 C4
process water -
x-33 F3 (} PREL IMINARY
4 P>, e e e e
refr. water supply

K-33 F
f°&10) : HUMIDIFICATION OF COATINGS ROOM

e — - Candensete .
refr. water return " = - R N —
k-33 Fo S ey

I K- 18

Figure 11-26 Preliminary P&ID of humidification equipment.
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Hours Spent on P&ID

Layout and symbols

Hand sketching

CADD drafting, 1st

Gedanken experiments and revisions
Review by instrumentation department
CADD update

In-house reviews

Incorporation of review information
CADD update

Client reviews

Miscellaneous client input
Incorporation of review information
CADD update

Total
(Total including client)

— MO N0 -

(15)
(8}

45
(68)

2. November 2022/
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sdI8d

€Le

A 1 B D | E | F
Note #35
Tog NOTES
r Thermowell supplled by vessel
7777
o W11609 opport fabricator.
X-9 o4 . Sample port.
Set ol -
P #15300 =318 FSiG 1‘,(4“"2" tpihale . Third vessel lug not shown.
l K-18 cA 25 ahead of tee . Valve s mounted on reactor flan
. Yent 1o atmosphere outside of
building.

w

.

Note #(3

Note #1@

L
Note #3

Note #11
Note #20

seply
k-22 £2

£-22 El

DETAIL A

22002
removable

4 hopper

3 Note #23

o solids nddn
< port

manway

Veolve Positions

DETAIL B DETAIL C_ DETAIL D

Note #21 | _ _‘
14308 Y

_—Note #0

Note H89

Note #5

Set at 208 deg F 23,
_NOLB!IQ'
%/

& 14342 27
coollng waler

P D D

reactor fill reflux

o @

arain ine tank, or
drum

D

tonk storoge

A

Notes IS, 19, ¢ 26

. Yalve must close connect to tee.

Tee must close connect to flex.

. Meke storage scebbard for this h
end, so the

hose drains towerd f
reactor.

Place within eesy sight of drum
valve V2.

9. Supported fram Floor Bt second

leval -- by struct. engineer.

Heng from pendant so operstor c
ralse and lower drum with one b
whila gulding drum with the ather

. Orume ore moved into position us

menusl certs. Jib 1S used to hol
drums from grade.

. Hosa connectlons close-coupled t

valves.
Manusl reset.

. Asterisk (%) means supplied with

equipment, or as part of piping
specialty.

Electrical engineer to provide gr
connection

Elecirical engineer ta provide
flex condult 1o allow operator te
instell and remove LSH-289.

. Slope 1/4" per foot toward drair

18, Use non-sparking equipment inside

the fenced area See note 26.

19. Locate F1-298 so 1t 1s vistble F

V5 In line 14328
. Drums supplied lent.
connt 4P

Flex

3 mmfunc'lmrslgal. Beull::s with
temp rete of change ( /mind,
changes to PID comm'l:.’ug

. Nitrogen purge. Comnecis to SP

. Prassure equalization

25. Remps to scale on two sides onl

Other two sides are open for
housekeeping

oop!
26. Architect shnll provide fenced
for drum

enclosure
. Discha

to floor, near trench |
visible

ocation.

L €2 28. Menway not shown. See Detell A.

P&ID :

Synthesis Reactor

K-11

Figure 11-31 Construction grade P&ID of synthesis reactor.






