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Petrochemical Industry

e The most important building blocks of the petrochemical
industry are olefins (ethylene, propylene, butylenes and
butadiene) and aromatics (benzene, toluene, xylenes) produced
from hydrocarbon feedstocks such as ethane, naphtha, gas oil or
aromatic mixtures from catalytic reforming in refineries.
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Petrochemical Production Processes

e Involves the following steps:
— Supply and preparation of the raw materials.

— Synthesis of the crude product from the raw materials via one
or more chemical reactioiis (pyrolysis, alkylation,
hydrogenation, etc.)

— Separation and refinement of the desired product from the
crude product stream (e.qg. distillation, filtration and
evaporation)

— Storage, packaging and shipment of the product

— Abatement of emissions and waste streams
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Chemical Reactions

According to U.S.-EPA (1993), between 30 and 35 types of chemical

reactions are used to produce 176 high-volume chemicals.

Table 3.1 Chemical reaction types.

Reaction type Number of Reaction type Number of
chemicals ! chemicals’

1 Pyrolysis 7 16 Oxidation 4

2 Alkylation 13 17 Hydrodealkylation 2

3 Hydrogenation 3 18 Isomerization 3

4 Dehydration 5 | 19 Oxyacetylation 1

5 Hydroformylation 6 ' 20 Oligormerization 7

6 Halogenation 23 2! Nitration 3

7 Hydrolysis/Hydration 8 22 Hyarohalogenation 2

8 Dehydrogenation 4 23 Reduction 1

O Esterification 12 24 Sulfonation 4

10 Dehydrohalogenation 1 25 Hydrocyanation 2

11 Ammonolysis 7 26 Neutralization 2

12 Reforming 4 27 Hydrodimerization 1

13 Oxyhalogenation 1 28 Miscellaneous 6

14 Condensation 12 29 Nonreactor processes’ 26

15 Cleavage 2

Source: U.S. EPA (1993), based on a source from the early 1980s.
! Ranking by amount of production for each chemical reaction type.
“ Produced by air oxidation, distillation, or other non-reactor processes not covered in the U.S. EPA study.
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3.2 Process hlocks for the production of petrochemical building blocks.
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TFigure 3.1 Pathways from basic hvdrocarbons to polymers.
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Energy Consumption

e Energy consumption of chemical industries: Including
feedstock, the chemical industry consumed 6,465 TBtu or 28%
of all energy consumed by the manufacturing industry in the
United States in 2002 (U.S. DOE, 2005c¢).

e Petrochemical Industries - ti2 large volume organic chemical
industry consumed approximately 70% of the total energy used
in the chemical industry in US (2002).
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Energy Saving Measures in Petrochemical
Industries

Table 5.2 Summary of process specific measures included in this Enerev Guide,
Process Specific Measures (Chapter 16)

Process Measures

lilhy lene More selecive linmace conls

Tinproved ransler hne excliangers

Secondary transfer line exchanzers

Increased efficiency cracking firrnaces
Pre-coupled gas mrbine to cracker furnace
higher gasolme fractionator botfom remperamre
iproved heal tecovery quench waler

Feoduced pressure drop in compressor  inter-
slages

Addinonal cxpander on de-methanizer
Additional re-boilers (cold recuperation)
Exilended heal exclhanwer sunlace

Oprinuzation steam and power balance
Impraved compressors
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Aromatics Improved product recovery svatems

Polyoers Low pressure sleanl recovery

Caar pump to replace exrmider

COnline compounding extmsion

He-use solvenls, ols amd catslvsis

Ethvlene Oxide S Ethvlene Glyeol Incrcased sclectivity catalyst
Optimal desizn EOYEG-sections
Mulii-ettect evaporators (Glyeol)

| Recovery and sales of by-product CO,

Process mlegrahon

I'thylenz Ihchlomde @ Vinyl Chlonde Monomer Cplimse recyele loops

Gas-phase dircet chlorination of ethvlene

Catalvie crackimg EDC

Styvrens Condenzate recovery and process intesration

Tohhene disocvanate Recover exothermic heat

Recupersiive imemerilors

SSY2

17-March-2011 M Subramanian




Energy Efficient Measures in General

Steam Systems: (Chapier 7)
Seam Supply

Hotler feed waler preparahon Ilie mas heal vecovery
Holer process conlrol [How down slemn recovery
Reduction of fluc pas quantitics Reoduce standbyv losses
Reduetion of exeess air Combined Heat and Power (CHI')
Luproved boiler misulalion High temperainre CHP
Boiler mamtenance steanl expansion turbines
Steam Distributinn Sysiems and Steam Iond Use
lprovetd distmbution system msulanon ‘) [eak repar
Insulation maintenance / _Flash steam recovery
Stoam trap Lnprovement Koot condensate
Sledin lrap nunlensace hoprove elliciency al steqn end use

Stoam frap montorng

Furnaces / P'rocess Healers (Chapler 8)

{ontrol awr-to-fucl ratio Improve contral

Improve heat transfer Maintenance

hinprove heal conlamren| Swilch elecine healers (o nelled healers
Heating, Cooling and Process Integration (Chapler 9)

Reduce fouling in heat transter equupment Process nteeration

Regular checks of coaling water systems Pinch analysis

Heat recovery Total site pinch analysis

SSY2
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Elvctric Motors Systems (Chaplers 10-13)

Motor Svstems

Properly sized molors

educe valiare imbalance

High ctficiency motors

Adjustable-speed drives

[nprove power factor

Variable voltape controls

I"'umps

Puanp svslem mamlenance

Avordmg lmoitlmg valves

Pump svstem monitoring

Beplaccment of belt drives

Prump demand reduction

Proper pipe s17ing

Controls

Adjustable-speed drives

High-ctficicney pumps

ara

['recizion castings, surface coatings or polishing

Properly stred purnips

Inprove seahings

Multiple pumips [or varable loads

Curlaling leakage through clearance reducion

Ipeller trumming

-y

L se diy vacuum pumnps

Fans and blowers

Properly sized fans

Improved coutrols

Athusitable speed dives

hgh elliciency bells

Compressors and compresscd air syslems

Svstem improvements (pressure reduction)

Controls

Malnteoance Droperly sized regulators
MNomilormg Properly size pipog
Leak raduction Heat recovery

Reccing the mlet air temperatire

Adustable speed drives

Maxnmeg allirwablz pressure dew ponl

gl elhiciency molory

Iproved load manapcment
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Distillation (Chapter 14)
Optimization of reflux ratio ' Feed conditioning
Check required product purity ___Upgrading column mternals
Seasonal operating pressure adjustments “iripper optimization
Reducing reboiler duty Insviation
Enhanced distillation control

17-March-2011 M Subramanian



Building Energy Efficiency Measures (Chapter 15)
HVAC Systems

Energy efficient system design Fan modification
Recomissioning Efficient exhaust fans
Energy monitoring and control systems Use of ventilation fans
Non-production hours set-back temperatures Cooling water recovery
Duct leakage repair /. Solar air heating
Variable-air-volume systems ____Bulding reflection
Adjustable-speed drives Low-emittance windows
Heat recovery systems

Lighting
Turming off lights in unoccupied areas Replacement of mercury lights
Lighting controls High-intensity discharge voltage reduction
Exit signs High-intensity fluorescent lights
Electronic ballasts Daylighting

Replacement of T-12 tubes with T-8 tubes
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