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4.1 Introduction

The downstream oil sector is an extremely important part of the supply chain.  
Growing demand for oil products clearly means that there will be a rising volume of 
crude oil that needs to be refined. Moreover, the oil products demand structure will 
change, with the expected continued move towards lighter distillates.  At the same 
time, driven by environmental concerns, products specifications shall be moving 
towards significantly cleaner products that will necessitate substantial reduction in 
sulphur content as well as improvements in other quality parameters. To meet these 
challenges, the downstream sector will require significant investments to ensure 
that sufficient distillation capacity is in place, supported by adequate conversion 
and desulphurisation, as well as other secondary processes and facilities. 

Refining capacity additions have fluctuated considerably through cycles of both 
excess and tight capacity. In the 1970s and 1980s, the refining industry experienced 
periods of rapid expansion fuelled by rising demand and anticipated sustained 
growth. Global capacity peaked at 82 million barrels per day (mb/d) in 1981 and 
declined to 73-74 mb/d by the late 1980s. The 1990s and early part of this century 
were more balanced with regard to capacity and demand, until the consumption 
surge of refined products in 2004 and 2005 that created a much tighter situation in 
the refining sector. Regionally, the Middle East, India and China are the focus for 
major refining capacity expansions over the rest of this decade, accounting together 
for almost 8 mb/d of announced projects.

4.2 Refining sector in India

thHaving achieved the capacity additions targets of 34 MTPA of the 10  Plan (Period 
th2002-07), the installed capacity at the end of 11  Plan (2007-08 to  2011-2012) has 

been pegged at around 241 MTPA (Table 4.1). Among the refineries expected to 
thcome up during the 11  Plan, the most significant is the export  oriented 29 MTPA 

RPL refinery at Jamnagar.

Table- 4.1 Cumulative refining capacity and capacity additions during 

Eleventh Plan  (by year) (MT)

Refining Sector

Chapter - 4

1  April
 

2007
 

2008
 

2009
 

2010 2011 2012

Refining 
Capacity 

148.97  158.70 194.70 210.21 225.88 240.96

Capacity 
addition 

    9.73   36.00   15.51   15.67  15.08
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As on April, 2008, India with 19 refineries had a total installed refinery capacity of 
149 MTPA. Of this, 105.5 MTPA capacity was in the public sector and the rest in 
private sector.  (Table - 4.2)

Table - 4.2

The complexity of the refining sector has increased markedly since the end of the 
1990s due to capacity additions and expansion of cracking units.  Between 1997 
and 2006, Vis breaker capacity increased from 65 to 130 kb per day, Coking 
capacity from 30 to 250 kb per day, Catalytic cracking capacity from 150 to 470 kb 
per day and Catalytic Hydro Cracking Capacity from 25 to 310 kb per day. 
Distillation capacity is projected to be almost doubled by 2014 to 5.2 Mb per day as 
a result of capacity expansion and commissioning of New Greenfields Refineries.

Refinery      State             Capacity  
MTA  

Throughput             
(MT) 

Capacity 
Utilization 

(%) 
Public sector 

Indian Oil 
Corporation Limited 
(IOCL) 

    

Guwahati Assam 1.00 0.92 92.00 
Barauni Bihar 6.00 5.64 94.00 
Koyali Gujarat 13.70 13.71 100.07 
Haldia West Bengal 6.00 5.72 95.33 
Mathura Uttar Pradesh 8.00 8.03 100.38 
Digboi Assam 0.65 0.56 86.15 
Panipat Haryana 12.00 12.82 106.83 

BRPL, Bongaigaon Assam 2.35 2.01 85.53 
CPCL, Manali Tamil Nadu 9.50 9.80 103.16 
CPCL, Narimanam Tamil Nadu 1.00 0.46 46.00 
Total (IOCL)  
 

            60.20 59.67 99.12 

Hinudstan Petroleum 
Corporation 
Limited(HPCL)  

   

 
Mumbai Maharashtra 5.50 7.35 133.64 
Visakhapatnam Andhra 

Pradesh 
7.50 9.41 125.47 

Total (HPCL)   13.00 16.76 128.92 

     
Oil & Natural Gas 
Corporation (O NGC) 

  
 

Tatipaka  Tamil Nadu 0.08 0.06 75.00 
MRPL, Mangalore Karnataka 9.69 12.53 129.31 
Total (ONGC)   9.77 12.59 128.86 
Bharat Petroleum 
Corporation Limited 
(BPCL)  

  

 
BPCL, Mumbai Maharashtra 12.00 12.74 106.17 
KRL, Kochib Kerala 7.50   8.17 108.93 
NRL, Numaligarh Assam 3.00   2.57 85.67 
Total (BPCL)   22.5 23.48 104.36 
Total (public sector)   105.47 112.50 106.67 
Private sector      
RIL, Jamnagar Gujarat 33.00 31.80 96.36 
Essar Oil, Vadinar Gujarat 10.50 6.50 61.90 
Total (private sector)   43.50 38.30        88.05 

Grand total  All India   148.97        150.80      101.22 

4.3 Oil Trade

With indigenous production stagnating at around 30 MT per annum during the last 
five years and the increase in demand being met through increased imports, India's 
self-sufficiency in petroleum products has decreased from 29.4% in 2003-04 to 
25.5% in 2007-08. India imported 121.7 MT of crude and 22.7MT of petroleum 
products at a value of Rs. 3,50,270 Crore. As per Hydro-carbon vision 2025, almost 
90% of India's crude demand shall have to be met through imports, India's net oil 
import is projected to increase to 3 mb/day in 2015 and 6 mb/day in 2030 while 
product exports are expected to reach nearly 1.6 mb/day. 

The total production of petroleum products in India during 2007-08 was 149.90 
MT, against domestic consumption of 129.24 MT. Since the year 2001-02, with 
excess production vis-à-vis in-house consumption, India became net exporter of 
petroleum products (Figure-4.1). In the year 2007-08, India's total export of 
petroleum products was 39.33 MT resulting in export earnings of Rs.1,07,603 crore 
(Figure-4.2). The export of petroleum products during the year were dominated by 
diesel (14.3 MT), followed by naphtha  (9.3 MT), petrol  (4.2 MT), and Fuel Oil 
(4.72 MT). Foreign exchange earnings from petroleum products export during the 
year 2007-08 constituted around 15% of the country's total export earnings, which 
is more than any other sector i.e. minerals, textiles or gems & jewellery etc. It is 
projected that by 2015, India's  net product export shall reach nearly 1.6 Mb per day. 

Figure -4.1 Demand- supply position of petroleum products since 2001-02

Source : PPAC (2007) and  MOP&NG (2006)
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Energy is consumed in refineries as: -

• Direct fuel in heaters/ boilers/ GTGs

• Indirect fuel to raise steam

• To generate power through STGs

• To meet process requirement

• Steam & power for process equipments drive, utilities, illumination etc.

• Cooling water circulation

4.4.1 Specific energy consumption in Indian refineries

Amongst the 19 refineries in Public and Private Sector, Reliance refinery is India's 
most energy efficient in terms of the Energy Intensity Index*.  Reliance ranks in the 
top 5% of worldwide refineries, with an EII of 64 in 2002, and it ranked highest of 
all participating refineries in the Shell Benchmark of energy and loss performance. 
Table - 4.4 shows the performance of PSU, Indian refineries in terms of their MBN 
rating (excluding the Reliance refinery, which does not report an MBN index).

However, energy consumption per unit of input, is a misleading indicator of the 
energy performance of refineries as it does not account for differences in 
complexities, output slates or type of crude processed. A simple topping unit, for 
example, will always have a lower specific energy consumption than a complex 
refinery- sometimes one-fourth as much- but may not be able to produce blended 
gasoline or to remove sulfur from final products. In India, the energy performance 
of refineries is expressed in terms of specific energy consumption, measured as 
1000 BTUs per barrel per Energy Factor (MBTU/Bbl/NRGF). This unit, 
commonly referred to as MBN, was developed by the Centre for High Technology 
(sponsored by the Ministry of Petroleum & Natural Gas) to provide a comparable 
basis to compare energy performance of refineries of different configurations by 
accounting for the throughput of secondary units.  

4.4.2 Secondary Processing Units in Indian Refineries

Comparing the ratio of primary upgrading capacity to crude distillation i.e. 
cracking to distillation ratio, Indian refineries are relatively simple. Most large 
refineries in India have a cracking to distillation ratio of less than 40%, the only 
exceptions being the Reliance Refinery (59%) and Panipat Refinery (55%), that 
meet the average of the US Refinery Industry (56%). Higher cracking to distillation 
ratio facilitate refineries the flexibility to process lighter to very heavy crudes.

4.4.3 Refinery fuel use and losses

As can be seen from Table-4.5, aggregate refinery fuel use and losses have 
increased over the years as refinery throughput has expanded and new upgrading 
units have been brought on line. To process less expensive, heavy  and higher 
sulphur crude to meet the domestic demand pattern, it would be necessary to 
expand the secondary cracking facilities  of  less complex refineries. 

* The Solomon's EII is a unit-by-unit bench marking methodology that adjusts 
the unit consumption energy coefficients for process units based on feedstock 
or operational parameters. 

Figure -4.2 Earnings from export of petroleum products

 

      

Source : PPAC (2007)

4.4  Energy Consumption in Refining Industry

Petroleum refining industry in India is one of the major energy users, consuming 
around 7.5% of the total energy consumed by the industrial sector. Energy use in a 
refinery varies due to changes in the type of crude processed, the product mix, the 
complexity of refinery as well as the sulfur content requirement of the final 
products. Furthermore, operational factors like capacity utilization, maintenance 
practices, as well as the age of the equipment affect energy use in a refinery.

The major energy consuming processes in a refinery are crude distillation, followed 
by the hydrotreater, reforming, and vacuum distillation. This is followed by a 
number of processes consuming a somewhat similar amount of energy, i.e., thermal 
cracking, catalytic cracking, hydrocracking, alkylate and isomer production.

Total energy consumption in Indian refineries during the year 2007-08, was about 
316 Trillion Btu or about 2.1 Trillion Btu per million tonne of crude oil throughput. 
During the five years period, between 2002-03 and 2006-07, while the refinery 
throughput rose by 28%, the corresponding increase in energy demand shotup by 
nearly 52%. This increase in energy consumption was due in part to the refinery 
capacity expansion but mainly it was due to the addition of energy intensive 
secondary processing units to improve fuel quality to meet Euro III & Euro IV 
norms for transport fuels and also to reduce the bottom of the barrel by producing 
value added products. However, the energy consumption per million tonne of crude 
throughput has reduced marginally in the year 2007-08, due to energy efficiency 
improvement programmes aggressively taken up by various refinery units 
(Table - 4.3).   

Table - 4.3:   Energy Consumption in Indian Refineries

Source:  CHT

  

Year

2002-03  
2003-04
2004-05
2005-06

 2006-07
2007-08

Throughput 
(MT)
 

110.582 
118.680
124.304
126.986

 141.463
150.806

Total Energy 
Consumed  

(TBtu)
 

202.558  
239.204
251.437
274.113

 308.002
316.506

Consumption 
per tonne of 
throughput
(TBtu/MT)

1.832

2.016
2.023
2.159
2.177
2.099

 
 

%  change 
over the 
previous 

year 

-

+10.04
+  0.35
+ 6.70
+ 0.83
-  3.60
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Table- 4.5  Refinery Throughput and Output (1000 tonnes per year)

*  This includes external fuels used such as natural gas etc.

 

Table 4.4    Energy Performance of Indian Refineries (1000BTU/Bbl/NRGF)

Source  : CHT

4.5 Energy Efficiency opportunities in Petroleum Refineries  

A large variety of opportunities exist within petroleum refineries to reduce   energy 
consumption while maintaining or enhancing the productivity of the plant. Studies 
by several companies in the petroleum refining industry have demonstrated the 
existence of a substantial potential for energy efficiency improvement in almost all 
facilities. Competitive benchmarking data indicate that most petroleum refineries 
can economically improve energy efficiency by 10-20%. 

Major areas for energy efficiency improvement are utilities (30%), fired heaters  
(10%), process optimization (15%), heat exchangers  (15%), motor and motor 
applications (10%), and other areas (10%). Of these areas, optimization of utilities, 
heat exchangers, and fired heaters offer the most low investment opportunities, 
while other opportunities may require higher investments. 

Energy efficiency in refining sector can be divided into three broad categories i.e.

• Process specific

• Utilities related 

• Generic

2007-08

77.44

69.34
68.52

69.33

67.08

92.06

61.31

92.26

86.83

70.48

87.25

73.55

  138.85

90.64

66.15
61.55

70.73

2006-07

77.21

72.95
73.03

71.13

66.8

92.49

68.07

90.41

87.56

70.47

93.06

73.75

  130.57

91.39

71.2
63.5

73.55

2005-06

77.67

71.91
75.00

76.42

69.19

92.37

66.76

94.62

94.39

78.19

95.50

77.17

  167.29

92.47

70.53
65.27

76.43

2004-05

81.68

74.07
78.86

80.35

76.42 

98.83 

68.81 
95.29 

99.39 

95.98

94.80

84.86

  154.21 

94.26 

72.22
65.07

81.09

2003-04

104.79

77.69
69.89

87.87

75.37 
  151.16 

69.19 
91.18 

99.85 

94.46

92.00

97.66

  139.81 

93.39 

81.39
66.69

81.85

Refinery

IOCL-Guwahati

IOCL-Barauni

IOCL-Gujarat

IOCL-Haldia

IOCL-Mathura 

IOCL-Digboi 

IOCL-Panipat 

HPCL-Mumbai 

HPCL-Visakh 

BPCL-Mumbai

BPCL-Kochi

CPCL-Manali

CPCL-CBR 

BRPL 

NRL

MRPL

Industry average

2004-05

124304

 5578.4

14219.6

11057.5

  2007.9

   226.5

  5197.2

  9042.8

  1385.2

     525.2

    645.8

 14814.5

  3159.9

    56.1
 3346.9

   373.7

 118444.9

9312.9

2005-06

126986

 5532

14493

8308

4091

  212

 6219

 8862

  944

40664

1649

  676

14118

3182

  54
3575

1224

   119911

10069

2006-07

141463

 6359

 16730

12423

41532

  187

  7850

  8477

   803

53666

  626

   967

15524

  3791

     62
   3838

   1761

136074

11691

Aviation Turbine Fuel     

Throughput

 

Light Distillates

 

LPG

 

Naphtha

 

Motor Gasoline

 
Others

 Middle Distillates 

 MTO
 

(Jet Kerosene)
 

Kerosene 
Light Diesel  Oil  

High Speed Diesel
 

Others
 

Heavy Distillates

 

Lubricants

 

Fuel Oil

 

Petroleum Coke

 

Paraffin Wax

 

Bitumen

 

Others

 

Total products

 

* Gross Refinery Fuel &   
Loss

2003-04

 

118680

    5362

  11046

  11211

    4393

     244

   4302

   9948

    1628

  43129

      486

      666

   13355

    2739

        50
    3379

    1304

113244

     8894

2007-08

150806

6743

16470

14129

3154

 186

8915

7867

 713

    58467

 891

 855

15957

4124

   66
4450

2772

145793

12274
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Table 4.6 provides access keys by process and utility system to the description of  
the energy efficiency opportunities. For individual refineries, actual payback 
period and energy savings for the measures will vary, depending on plant 
configuration and size, plant location, and plant operating characteristics.

Table 4.6   Energy Efficiency opportunities in petroleum refineries. For each 
major process in the refinery (in rows) the applicable categories of energy 
efficiency measures are given (in columns). 

Note :  "X" indicates that relevant energy efficiency measures are possible in these 
areas. Lighting and boilers, used throughout refineries, are all included under 
Utilities. 
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Desalting  X               
CDU X   X  X   X  X  X  X   X   
VDU X   X X    X  X  X  X   X   
Hydrotreater
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Alkylation 

 

X

        

X

 

X

 

X

 

X

  

X

  
Hydrogen X X X X X X X X
Utilities X X X X X X X X X X X X X

• PROCESS SPECIFIC

4.5.1 Desalting

The principle of desalting is to wash the crude oil or heavy residues with water at 
high temperature and pressure to dissolve, separate and remove the salts and solids. 
Crude oil may contain varying quantities of inorganic compounds such as water 
soluble salts, sand, silt, rust particles and other solids, together characterized as 
bottoms sediment. The salt in the crude is primarily in the form of dissolved or 
suspended salt crystals in water emulsified with the crude. These impurities, 
especially salts, could lead to fouling and corrosion of heat exchangers (crude 
preheaters) and especially the crude distillation unit overhead system.  Salts are 
detrimental to the activity of many of the catalysts used in the downstream 
conversion processes and sodium salts stimulates coke formation in furnaces.

The water phase from the overheads crude distillation unit and other used water 
streams are normally fed to the desalter as washwater. Efforts are made in the 
industry to minimize water content of the crude to less than 0.3% and bottoms 
sediments to less then 0.015%.  The concentration of inorganic impurities in the 
cleaned stream are highly dependent on the design and operation of the desalter as 
well as the crude source.

The quantity of inorganic impurities in the crude oil depends very much on the 
crude origin and the crude handling during transportation. The water used in crude 
desalting is often untreated or partially treated water from other refining process.  
Table 4.7 shows the typical operating conditions and water consumptions in the 
desalters, depending on the type of crude oil used.

Table- 4.7 Operating conditions and water consumption in the Desalters

Good Desalting Practices

I Multistage Desalters and the combined use of AC and DC fields:
Multistage desalters and the combined use of AC and DC fields provide high 
desalting efficiencies resulting in substantial energy savings. Two-stage or 
even three-stage desalting is used either (if) the crude oil salt content is higher 
than 0.02%, or (if) the heavy residue is further catalytically processed.

ii The Benefits of this Process are;

• The dual polarity field delivers twice the voltage of an AC fields, using the 
same power supply/transformer requirement as an AC field.

• Because of the unchanging polarity of the DC field, water droplets respond by 
migrating between electrodes.

• Once water droplets approach one of the electro droplets they become charged 
with the same high voltage static charge that is on that plate. In a plate net 
charge is imparted to the water droplets causing the attraction of

Crude oil density 
3kg/m   (at 150°C) 

Water Wash % 
v/v 

Temp (°C)

<825 3 - 4 115 - 125
825-875 4 - 7 125 - 140
>875   7 - 10 140 - 150
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water droplets causing coalescence. The DC field forces the water droplets into 
coalescence course for faster coalescence. These processes are operated at a 
lower temperature than the conventional de-salter. 

iii The lower operating temperatures mean lower fuel costs

The dual polarity Electrostatic Treater is designed to operate at temperature 
0lower than a conventional electrostatic treater and upto 60  F cooler than heater 

treaters. Consequently, it can process at higher viscosities, which means less 
heat is required to reduce the viscosity of the oil at processing conditions. It 
provides sizeable fuel cost for any gravity of crude oil. (For example, with 
32.5° API gravity, 10,000 BOPD of crude and 1,000 BWPD of water, the dual 
polarity Treater achieves a savings of 1,156,250 Btu/Hr. At 60% heat results in 
a fuel savings of 46,250 scf/day).

iv Enhancing the oil/water separation.

Techniques applied:

I. Transfer the water effluent from desalting units to a settling drum where a
further separation between oil and water can be achieved.  

II. Choosing accurate optimum interface level controllers.  As a function of
specific gravity and range of crudes processed, sensors like displacers,
capacitance probes or radio wave detectors are used to control interface
 level.

III. A good improvement in water-oil separation can be achieved by using
 "wetting" agents.

IV. Use of non-toxic, biodegradable, crude specific demulsifying chemicals
 to promote fast coalescence of the water droplets.

v Enhance the solid/ water-oil separation

Solids entering the crude distillation unit are likely to attract more oil and produce 
additional emulsions and sludge. The amount of solids removed from the desalting 
unit should, therefore, be maximized. The objective is to minimize solids leaving 
the desalter with the crude oil.  

Techniques Applied:

I. Use low-pressure water in the desalter to avoid turbulence.
II. Replace the water jets with mud rakes. They cause less turbulence when 

removing settled solids.
III. The water phase (suspension) can be separated in a pressurized plate separator. 

Alternatively a combination of a hydrocyclone desalter and a hydrocyclone 
de-oiler can be used.

IV. Evaluate the effectiveness of a sludge wash system.  

vi Re-use of water for the desalter

The desalting process plays an important role in the waste water management in a 
refinery. The water used in other processes can be re-used in the desalter. 

The following process water streams can be suitable for use as desalter wash water:

I. The accumulated water in the crude distillation unit overhead drum, usually 
1-2% w/w on crude feed from steam injection.

II. The (unstripped) steam condensates from the light and heavy gas oil dryers 
and the vacuum distillation overhead (about 3.5% w/w on feed)

III. Stripped sour water and also other solid-free process water streams. 
IV. Blowdowns from cooling water and boilers.

4.5.2 Distillation CDU/ VDU

Despite the high level of heat integration and heat recovery that is normally applied, 
crude distillation unit remains the most intensive energy-consuming process in a 
refinery. In a refinery, atmospheric and vacuum distillation units account for 35-
40% of the total process energy consumption followed by hydrotreating with 
approx. 18-20%. The various processes downstream of the CDU make use of the 
elevated temperatures of the product streams leaving the CDU. The number of side-
streams in a high vacuum unit is chosen to maximize heat integration of producing 
streams at different temperatures, rather than to match the number of products 
required. Heat is provided by process heaters and/or by steam. Energy efficiency 
opportunities exist in the heating side and by optimizing the operation of distillation 
column. The utility requirements for the atmospheric and vacuum distillation units 
are given in Table 4.8.

Table -  4.8   The utility requirements for CDU

Energy Saving Opportunities in CDU/ VDU

I Optimization of Operational Parameters. The optimization of the reflux 
ratio of the distillation column can produce significant energy savings. The 
efficiency of a distillation column is determined by the characteristics of the 
feed. If the characteristics of the feed have changed over time or compared to 
the design conditions, calculations to derive new optimal operational 
parameters should be done to improve operational efficiency. Steam and/or 
fuel intensity can be compared to the reflux ratio, product purity, etc.  and  
compared  with  calculated  and  design  performance  on  a  daily  basis  to 
improve the efficiency.

ii Checking Product Purity. Many companies tend to excessively purify 
products and sometimes with good reason. However, purifying to 98% when 
95% is  acceptable  is  not necessary. In this case, the reflux rate should be 
decreased in  small increments until  the desired purity is obtained. This will 
decrease the reboiler duties. This change will require no or very low 
investments (Saxena, 1997).

Unit Type
 

Fuel 
(MJ/t)

 Electricity 
(kWh/t)

 Steam 
consumed 

(kg/t)  

Cooling water 
(m3/t, DT=10°C)

Atmospheric 400 – 680 4 – 6 25 – 30  4.0
Vacuum 400 – 800 1.5 – 4.5 20 – 60  3  – 5
Note: Replacement of the steam ejectors by vacuum pumps will reduce steam consumption and waste 
water generation but increase the electricity consumption.
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iii Seasonal Operating Pressure Adjustments. For plants that are in locations 
that experience winter climates, the operating pressure can be reduced 
according to a decrease in cooling water temperatures (Saxena, 1997).  
However, this may not apply to the VDU or other separation processes 
operating under vacuum. These operational changes will generally not require 
any investment.

iv Reducing Reboiler Duty. Reboilers consume a large part of total refinery 
energy use as part of the distillation process.  By using chilled water, the 
reboiler  duty can in principal be lowered by reducing the overhead condenser 
temperature. A study of using chilled water in a 100,000 bbl/day CDU has led 
to an estimated fuel saving of 12.2  MBtu/hr  for  a  5% increase in cooling 
duty (2.5 MBtu/hr) (Petrick and Pellegrino, 1999).

v Upgrading Column Internals. Damaged or worn internals can result in 
increased operation costs. As the internals become damaged, efficiency 
decreases and pressure drop rise. This causes the column to run at a higher 
reflux rate over time. With an increased reflux rate, energy costs will increase 
accordingly. Replacing the trays with new ones or adding a high performance 
packing can have the column operating like the day it was brought online. 

When replacing the trays, it will often be worthwhile to consider new efficient 
tray designs. New tray designs can result in enhanced separation efficiency 
and decrease pressure drop. This will result in reduced energy consumption. 
When considering new tray designs, the number of trays should be optimized.

vi ReVamping of CDU column. By packing CDU HGO section by suitable 
packing material, contact time between the vapours and condensate increases 
which results in improved product quality and product volume in CDU.  We 
can achieve better distillation and lower overflash resulting in lower VDU 
throughput by recovering more HGO at CDU.

A Refinery in Japan achieved the following ENCON effect by packing of CDU 
HGO section as seen in Table  4.9.

Table -  4.9

vii Combination of GTG and CDU Furnace. Installation of GTG and utilization 
of GTG flue gas (550°C including 15% of oxygen) can be utilized as heat 
source for combustion of air for furnace resulting in low cost power 
production and minimizing the gas emissions.

Parameter  Before  After  

 

HGO drawoff (kl/h)  10.2  22.9  

2HGO sec. Liq. Load (gpm/ft )  0.45  0.12  

VDU furnace duty (Gcal/h)  28.2  25.9  

Different HGO yield (%)  1.3  4.7  

0900 F recovery (%)  79.7  84.7  

HGO properties Ni (ppm)  <0.1  <0.1  

A Refinery in Japan achieved the following energy conservation in their plant 
by the combination of GTG and CDU Furnace as seen in Table-  4.10:

                                                            Table -  4.10

viii Reduction in CDU Operating Pressure. By reducing pressure at flash zone 
by 0.12 Kg/cm², temperature drop of 80°C is achieved at flash zone and 
temperature drop of around 120°C is achieved at furnace outlet resulting in fuel 
reduction of 0.3 litre/ kl.

ix Stripper Optimization. Steam is injected into the process stream in strippers.  
Steam strippers are used in various processes and especially the CDU is a large 
user. The strip steam temperature may be too high and the strip steam use may 
be too high. Optimization of these parameters can reduce energy use 
considerably. This optimization can be part of a process integration (or pinch) 
analysis for the particular unit.

x Installation of Process Control Systems. A few companies supply control 
equipment for CDUs. Aspen technology has supplied over 70 control 
applications for CDUs and 10 optimization systems for CDUs. Typical cost 
savings are $0.05 - $0.12/bbl of feed, with paybacks less than 6 months. Key 
Control supplies an expert system advisor for CDUs. It has installed one system 
at a CDU, which resulted in reduced energy consumption and flaring and 
increased throughput with a payback of 1 year.

xi Process Integration/Pinch Analysis. Process integration is especially 
important in the CDU, as it is a large energy consumer processing all incoming 
crude oil. Older process integration studies show reductions in fuel use 
between 10 and 19% for the CDU (Clayton, 1986; Sunden, 1988; Lee, 1989) 
with payback periods less than 2 years. An interesting opportunity is the 
integration of the CDU and VDU, which can lead to fuel savings from 10-20% 
(Clayton, 1986; Petrick and Pellegrino, 1999) compared to non-integrated 
units, at relatively short paybacks. The actual payback period will depend 
heavily on the layout of the refinery, needed changes in the heat exchanger 
network and the fuel prices.

xii Installation of Combustion air preheater. By installing a combustion air 
preheater, using the hot flue gas and an additional FD fan in one of the VDU 
which used natural draft and had no heat recovery, a refinery in UK by reducing 
flue gas temperature to 275°C achieved energy cost saving of Rs. 95 lakhs  per 
year with a payback period of 2 years.

xiii Modification in Reduced Crude Cut Point. Typically crude distillation units 
in India have been designed for reduced crude cut point of 370-380°C. The 
design also provides necessary features to limit the quantity of diesel range 
material which goes to the vacuum unit to about 6-8 per cent on reduced crude. 
This results in additional energy consumption. If the reduced crude oil (RCO)

Parameter  Before  After  
Fuel Consumption 

(Gcal/H)  
66  46  

Flue Gas (O )2  3.0  4.5  
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cut point is reduced and the balance diesel (boiling between the reduced cut 
point and 370°C) is recovered as the top product in the vacuum column, there is 
a net saving in energy as can be seen in the following table 4.11.

                                        Table - 4.11   Net Saving of Energy

The total furnace duty is found to reduce as the RCO cut point is brought down, 
recovery in the atmospheric section. RCO cut point of 350-360°C has been 
found to be ideally suited resulting in low energy consumption and improved 
diesel quality.

iv Progressive Distillation Unit

Progressive distillation is the extreme of heat integration between atmospheric 
and vacuum distillation. It also avoids superheating of light cuts to 
temperatures higher than strictly necessary for their separation and it avoids 
degrading the thermal levels associated with the drawing-off of heavy cuts. A 
progressive distillation unit with integrated CDU/ VDU, saves up to 30% on 
total energy consumption for these units. The heater process duty (MW/100 
tonnes of crude) of a distillation capacity of 10 million tonnes per year is 
around 17.3 for light crude. Using progressive crude distillation it is reduced 
to 10.1. The specific energy consumption (overall energy consumption in 
tones of fuel equivalent per 100 tonnes of crude) for a distillation capacity of 
10 million tones per year is 1.7 - 2.0 for light crude, whereas using the 
progressive distillation unit only consumes 1.15. The energy savings for a 10 
million tonnes/year refinery is in the range of 50000 tonnes heavy fuel 
compared to conventional technology.

xv Use of vacuum pumps and surface condensers

Vacuum pumps and surface condensers have largely replaced barometric 
condensers in many refineries to eliminate this oily wastewater stream.  
Replacing the steam ejectors by vacuum pumps will reduce the sour water 
flow from 10 to 2 m³/h. The vacuum may be generated by a combination of 
vacuum pumps and ejectors to optimize energy efficiency. Other benefits are 
cross linked with cross-media effects.

Replacement of the steam ejectors by vacuum pumps will increase the 
electricity consumption for vacuum generation, but will reduce the heat 
consumption, the cooling water consumption, the electricity consumed for

S 
No.

Parameter Case I Case II Case III

1. RCO cut point, °C

 

370

 

360

 

350

2. Crude feed, T/hr

 

206

 

206

 

206
3. RCO, T/hr

 

93

 

96

 

100

4. PA heat recovery-

 

Atm column            
 

(Million kcal/hr) 
11.3

 
10.4

 
9.1

5. PA heat recovery- 
Vac. Column             
(Million kcal/hr)

 

8.4  9.1  10.0

6. Furnace duty -Atm, Million 
kcal/hr

 

18.2

 
16.9

 
15.7

7. Furnace duty -Vac., Million 
kcal/hr.

4.2

 

4.8

 

5.3

8. Total Heat Duty of 
furnaces, Million kcal/hr

22.4 21.7 21.0

cooling pumps and the consumption of agents used for conditioning of cooling 
water. Within the refinery there are many processes where surplus steam can 
be recovered and be used for the production of vacuum. However, an energy 
management analysis will help to decide, whether use of surplus steam for 
steam ejection instead of applying vacuum pumps is more efficient than using 
surplus steam for other purposes.

xvi Reduction of the vacuum pressure in the vacuum distillation unit

Lowering the vacuum pressure, e.g. down to 20-25 mm Hg, will allow a 
reduction in the furnace outlet temperature, while maintaining the same target 
cut point of the vacuum residue. This technique would provide some benefits, 
both in terms of energy conservation and of pollution.  The reduction benefits 
are:-

• A lowered potential for cracking or coking at furnace tubes.
• A reduced cracking of feed to lighter products.
• A lowered furnace fired duty and hence lowered fuel consumption.

xvii Energy Efficient Design for CDU. Technip and Elf (France) developed an 
energy efficient design for a crude distillation unit, by redesigning the crude 
preheater and the distillation column. The crude preheat train was separated in 
several steps to recover fractions at different temperatures. The
distillation tower was re-designed to work at low pressure and the outputs were 
changed to link to the other processes in the refinery and product mix of the 
refinery. The design resulted in reduced fuel consumption and better heat 
integration (reducing the net steam production of the CDU). Technip claims up 
to a 35% reduction in fuel use when compared to a conventional CDU.

xviii Other measures

• Recycling of overhead steam injected into the atmospheric distillation column 
by using the injector into the VDU - Energy saving 8562 kl/ yr.

• Installation of a side reboiler around the central levels of a distillation column 
to reduce consumption of heating steam - Energy saving in crude oil equivalent 
of 483 kl/ yr.

• An increase in temperature of the feed charged from atmospheric distillation 
unit to the VDU, reduces the specific consumption of energy required for the 
VDU equivalent of 1314 kl/ yr.

• Utilizing waste heat of heavy gas oil from the atmospheric column results in 
reduction in steam consumption for the reboiler of stripper - which is crude oil 
equivalent of 938 kl/ yr.

• The utilization of waste heat of the overhead vapor as a heat source for 
preheating the water of the boiler reduces steam requirement for heating the 
deaerator which results in energy reduction in crude oil equivalent of 454 kl/ yr.



155154

Case Study 1 : Trimming of impeller dia of crude boosters from 235 mm 
pump to

 220 mm.

Brief  

As the capacity utilization of CDU is 70% this modification called for trimming of 
pump impeller to reduce the motor power consumption by 15%.

Energy Savings

5Saving of 1.3 x 10 /year  KWhr.
Investment amount  -  Rs. 0.5 Lakh
Improvement effect  -  Rs. 1.02 Lakhs/year
Pay back period       -  6 months

Case Study 2 : Installation of online oxygen analyzer

Brief

Installation of online oxygen analyzer on the 2 nos. of AVU furnaces to measure and 
maintain the percentage of O  level level in the range 2-3% so as to maintain 2

furnace efficency beyond 85% maintaining the arch pressure level.

Energy savings

3Saving of 26Nm/hr of fuel gas.

Investment amount   -  Rs. 2 Lakhs (for 2 nos. of on line O analyser)2

Improvement effect   - Rs. 7.64 Lakhs/year (Considering 8000 hrs of operation)
Pay back Period- 16 months

Case Study 3 : Reduction of top pressure of Pre flash Drum (PFD) of crude
 distillation unit

Brief

Reduction of top pressure of PFD (Pre flash Drum) of crude distillation unit from 
the range 7.5 - 8.5 kg/cm²g to the range 5.5 - 6.5 kg/cm²g for LS crude and reduction 
of PFD top pressure from the range 10.0 - 12.0 kg/m²g (for various crudes) to the 
range 8.0-10.0 kg/m²g for HS crude. Fuel saving accrued by reduction the pressure 
is 1688 SRFT/yr and distillate yield improvement is from 14 to 19%.

Before trimming of impeller          
KWhr x 10 5/year 

After trimming of impeller                  
KWhr x 10 5/year  

Consumption of 
Power for the 
booster pump

9.3 8  

Parameter
 

Before installation of new 
O2 analyser (the existing 

analyzer not working)  

After installation of new 
O2 analyser

Fuel Gas Consumption 
in 2 nos. of furnaces 877 Nm³/hr  851 Nm³/hr

This has resulted distillate yield improvement from 14% to 19% resulting less 
energy requirement for vaporization in the column and furnace resulting fuel saving 
of 1688 SRFT/annum. Hasys software was used to arrive at the energy saving 
effects operating pressure for various crudes.

Energy Savings

Saving of 1688 SRFT/year 

Investment amount -  Nil
Improvement Effect -  Rs. 2.4 crores/year
Pay back Period -  Immediate

Case Study 4:  Energy Efficiency improvement through crude preheat train
 optimization in the refinery

Brief

The preheat temperature of crude before entering into the furnace of crude 
distillation unit (for the processing of LS crude) is on an average 225°C. Pinch 
technology was applied to optimize, reorient the preheat exchangers. This 
modification calls for installation of new exchangers (8 nos.) and new 13 nos. of 
pumps and rec-orientation of exchangers. The modification also calls for 
replacement of existing main fractionator for reflux drum and provision of boot in 
the stabilizer.

By carrying out the above modification crude preheat temperature increased from 
225°C to 284°C min. thereby reducing the fuel consumption in the furnace by an 
amount 6874 kL/year. The investment for the total modification is 34.6 crores.

Energy Savings

Annual Fuel Oil Saving -  6874 kL of FO/year
 Investment amount -  Rs. 34.6 crores
Improvement Effect -  Rs. 11.6 crores/year
Pay back Period -  3 years

4.5.3 Production of Lube Oil Base Stock 

i Vaccum Distillation 

The atmospheric residuum or reduced crude leaving the bottom of the CDU column 
passes through the fired heater into the flash zone of the VDU where it is 
fractionated into lube distillates. Steam is introduced into the VDU flash zone to 
lower the vapor pressure of the distillates and permit removal of high boiling 
hydrocarbons. 

Refiners have in recent years refurbished existing VDUs and installed new VDUs 
with high efficiency internals to reduce the flash zone pressure and improve the 
purity and yield of lube oil distillates obtained from lube crudes. These changes 
result in improved processing response in down stream units and improve base oil 
viscosity. 
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Case Study 5 : Reduction of injection steam in vacuum column by recycling
 overhead steam.

Brief

Steam is injected into the vacuum distillation column to reduce the partial pressure 
of lighter fractions. The injected steam goes to the overhead condenser as overhead 
steam to be condensed to waste water. This modification recycled the injected steam 
back to the distillation column by means of an injector, thereby achieving energy 
saving.

The steam ejector generates vacuum inside the body by injecting high pressure 
(driving steam) at a high velocity from nozzles and induces the low pressure steam 
(supply steam) which is used as recycled steam in this case. This enables the 
hitherto unused and discharged low pressure steam to be pressurized and reused.

Energy Savings

Reduction of 15 Tonnes/hr. of Steam

Investment amount -  6 crores
Improvement effect -  8 crores/year
Pay back Period -   9 months

ii Deasphalting Process   

Deasphalting is an extractive - precipitation process. The purpose of the process is 
the removal of asphaltenes, resins and metals from vacuum residua and very heavy 
vacuum gas oils. 

The deasphalted oils from atmospheric residua and very heavy vacuum distillates 
are used as feedstocks to lube processing units for the manufacture of lube base oils 
ranging from solvent neutral oils to cylinder oils and bright stocks. 

iii Solvent Recovery Techniques in propane Deasphalting unit 

Conventional Solvent Recovery Supercritical Solvent Recovery
Single effect evaporation ROSE@ process
Double effect evaporation
Triple effect evaporation DEMEX process

Double and triple effect evaporation units use 40 to 50 percent of the energy of a 
single effect evaporation for solvent recovery. These reductions in energy are 
obtained because the heat required to vaporize the solvent in the higher pressure 
flash vaporization stages is used to vaporize solvent in the next lower pressure flash 
vaporization stages. The amount of energy saved is proportional to the solvent to 
feed ratio and the cost of steam, fuel and electrical power.

After  
improvement  

 

 

Steam consumption    
(for 5 MMT/year t’put) 

Reduction of 120,000 
t/year (15 tons/hr)  

Operating hours :   
8000 hr/year  

iv Solvent Extraction of Lube Distillate

EXON & Texaco Development Corporation Refining Processes based on the use of 
N-methyl-2-pyrrolidone (NMP) as the extraction solvent are being used in the 
refineries as NMP Process.  

This process is being used as a replacement for furfural and phenol in the extraction 
of lube base stocks.

The by products from lube solvent refining processes are aromatic extracts which 
are used in manufacture of asphalt, carbon black, fuel, petrochemicals, rubber and 
as coker and FCCU feed.

Solvent extraction is used for the purpose of removing aromatics and other 
undesirable constituents to improve the VI and quality of lube base stocks.

v Energy Reduction Techniques for extraction of lube distillate

a Multiple effect evaporation

The solvent based processes used for the manufacture of lube oils are energy 
intensive because large volumes of solvent must be recovered by flash distillation 
for recycle in the process. The number of stages used for evaporation of the solvent 
has a significant effect on the energy cost. 

b Single effect

1. Solvent is vaporized at one pressure level
2. Energy is wasted in condensation; it is not recovered

c Double effect

1. Solvent is vaporized at two pressure levels.
2. One half of he solvent is vaporized at each pressure level
3. Condensing vapors are used to operate the first evaporator
4. Energy requirements are reduced by 45 to 50 percent

d Triple effect

1. Solvent is vaporized at three pressure levels
2. One third of the solvent is removed at each pressure level
3. Condensing vapors are used to operate the first two stages
4. Energy requirements are reduced by an additional 30 - 33 percent

 compared to double effect evaporation
5. Energy requirements are 30 to 33 percent of single effect.

vi Solvent Dewaxing Process

The raw paraffin distillates and residual oils leaving the crude stills contain wax and 
are normally solids at ambient temperature. The desphalting and refining processes 
concentrate the wax in the base oil feedstocks. Removal of wax from these fractions 
is necessary to permit manufacture of lubricating oils with the desired low 
temperature properties. Although the cold settling pressure filtration processes and 
centrifuge dewaxing processes have for the most part been replaced by solvent 
dewaxing using MEK (Methyl Ethyl Ketone)/Toluene and MIBK/ Toluene. The
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wax produced in this process is separated by filtration and is a by product of this 
process called as Slack Wax. The solvent recovery units in this process consumes 
considerable amount of energy. 

a Inert Gas Stripping  

This involves using inert gas in place of steam for stripping the last traces of 
solvent from the dewaxed oil and wax.

b Benefits from use of Inert Gas Stripping

Energy requirements reduced Dilution ratios reduced
Dewaxed oil yield increased Solvent losses reduced
Dewaxing differential decreased Maintenance costs reduced

vii Catalytic Dewaxing/isodewaxing Process 

Modern wax processing routes for producing VHVI LOBs is wax or paraffin waxy 
isomerisation straight away from the lube stocks by using catalyst to reduce pour 
point.

Case Study 6 : Use of controlled hot refrigerant gas by-passing SDU Plant
Chiller

Brief

Use of controlled hot refrigerant gas by-passing SDU Plant Chiller to maintain 
desired suction pressure and stop use of steam tracing on brine return line.

For stable operation, the suction pressure should be maintained at a desired 
minimum level even in the absence of real heat load. This can be achieved by 
controlled discharge hot gas bypass arrangement with the control valve operating 
based on feed back of suction pressure. The control valve can be programmed to 
control the suction pressure in a tight bond. This can avoid the use of steam to create 
spurious heat load and save about 1.2 TPH steam.

Energy Savings

Steam saving potential is 1.2 TPH and 9600 T/year (considering 8000 hrs of operation)
Investment amount-   Rs. 10 Lakhs 

(for the modification i.e control valve, piping & instrumentation) 
Improvement effect    -  Rs. 30 Lakhs/year 
Pay back Period   -  4 months

4.5.4 Hydrogen Management and Recovery

Hydrogen is used in the refinery in processes such as hydrocrackers and  
desulfurization using hydrotreaters. The production of hydrogen is an energy 
intensive process using naphtha reformers and natural gas-fueled reformers.  These 
processes and other processes also generate gas streams that may  contain a certain  
amount  of  hydrogen  not  used  in  the processes or  generated  as  by-product of 
distillation of conversion  processes.  In addition, different processes have varying 
quality demands for the hydrogen feed. Reducing the need for hydrogen make-up 
will reduce energy use in the reformer and reduce the need for natural gas. 

The major technology developments in hydrogen management within the refinery 
are hydrogen process integration or hydrogen cascading and hydrogen recovery 
technology (Zagoria and Huycke, 2003).  Revamping and retrofitting of existing 
hydrogen networks can also increase hydrogen capacity between 3% and 30% 
(Ratan and Vales, 2002).

i Hydrogen Integration

Hydrogen network integration and optimization at refineries is an important 
application of pinch analysis. Most hydrogen systems in refineries feature limited 
integration and pure hydrogen flows are sent from the reformers to  the  different 
processes in the refinery. But as the use of hydrogen is increasing in refineries, the 
value of hydrogen is more and more appreciated.  Using the approach of 
composition curves used in pinch analysis, the production and uses of hydrogen of a 
refinery can be made visible.  

ii Hydrogen Recovery

a Utilizing low purity hydrogen streams

Hydrogen recovery is an important technology development area to improve the 
efficiency of hydrogen recovery, reduce the costs of hydrogen recovered and 
increasing the purity of the resulting hydrogen flow. Hydrogen can be recovered 
indirectly by routing low-purity hydrogen streams to the hydrogen plant (Zagoria 
and Huycke, 2003).  Hydrogen can also be recovered from offgases by routing it to 
the existing purifier of the hydrogen plant or by installing additional purifiers to 
treat the offgases and ventgases. Suitable gas streams for hydrogen recovery are the 
offgases from the hydrocracker, hydrotreater, coker, or FCC. The cost savings of 
recovered hydrogen is around 50% of the costs of hydrogen production (Zagoria 
and Huycke, 2003).

b Using Absorption/  Membrane Technology

Hydrogen can also be recovered using various technologies, of which the most  
common are pressure swing and thermal swing  absorption, cryogenic  distillation,  
and  membranes. The choice of separation technology is driven by desired purity, 
degree of recovery, pressure, and temperature. Various manufacturers supply 
different types of hydrogen recovery technologies, including Air Products, Air  
Liquide, and UOP.Membrane technology generally represents the lowest cost 
option for low product rates, but not necessarily for high flow rates (Zagoria  and  
Hucyke, 2003).  

c Using  PSA Technology  for  High  flow  rates

For high-flow rates, PSA technology is often the conventional technology of 
choice. PSA is the common technology to separate hydrogen from the reformer 
product gas. Hundreds of PSA units are used around the world to recover hydrogen 
from various gas streams. Cryogenic units are favored if other gases, such as LPG, 
can be recovered from the gas stream as well. Cryogenic units  produce a medium  
purity hydrogen gas stream (up to 96%). Membranes are an attractive technology 
for hydrogen recovery in the refinery. If the content of recoverable products is 
higher than 2-5% (or preferably 10%), recovery may  make economic sense (Baker  
et  al.,  2000).  
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iii Hydrogen Production

If there is excess steam available at a plant, a pre- reformer can be installed at  the  
reformer. Adiabatic steam reforming uses a highly active nickel catalyst to reform a 
hydrocarbon feed, using waste heat (900°F) from the convection section of the 
reformer. This may result in a production increase of as much as  10% (Abrardo and 
Khurana, 1995). The technology can also be used to increase  the production  
capacity  at  no  additional  energy  cost,  or  to  increase  the  feed  flexibility of the 
reformer. This is especially attractive if a refinery faces increased hydrogen 
demand to achieve increased desulfurization needs or switches to  heavier crudes. 
Various suppliers provide pre-reformers including Haldor-Topsoe, Süd-Chemie, 
and Technip-KTI.

iv Other Options

• By reducing steam/ carbon ratio in the hydrogen production unit energy saving 
in crude oil equivalent of 3848 kl/ yr is achieved.

• The minimization of surplus hydrogen production and reduction in energy 
consumption of flare required to combust the gas in a hydrogen production unit 
results in energy saving which is crude oil equivalent of 1431 kl/yr.

• Installation of a membrane separator for hydrogen results in energy saving and 
reduction of cost by recovering hydrogen from refinery by-product gas - 
Energy saving in crude oil equivalent of 6466 kl/yr.

Case Study 7 : De-staging of 6 stages to 5 stages of HGU reformer boiler fuel
pump

Brief

De-staging of 6 stages to 5 stages of HGU reformer boiler fuel pump so as to 
elimate pressure difference between the pump discharge pressure, 44 kg/cm²g and 
boiler drum pressure 30kg/cm²g. This pressure drop is presently maintained by 
reduction of pressure through a control valve.

By de-staging of the pump from 6 stages to 5 stages, the discharge pressure of the 
pump will come down from 44 kg/cm²g to 35 kg/cm²g eliminating/reducing the 
pressure drop in the boiler drum feed control valve. Power consumption of the 
pump motor will come down from 50.7 kW to 43 kW resulting saving of 58,000 
kwh/year.

Energy Savings

Before de -staging of HGU 
boiler feed pump  

After de -staging of HGU 
boiler feed pump  

Power Consumption 
 

50.7 kW  43 kW  

Saving of 7.7 kW of power resulting 58,800 kWh/year of power saving.

Investment amount -  Rs. 45,000/- (for de-staging)
Improvement effect -  Rs. 41,000/-/year 
Pay back Period - 1.1 year

Case Study 8 :  Reduction of steam / carbon ratio

Brief 

The steam to carbon ratio of this hydrogen production unit was 5.5 and higher than 
other refineries values of 4.5 to 5.0 because of the specific energy consumption is 
high, the refinery embarked on a modification to reduce the steam to carbon ratio 
and successfully reduced it to 4.7

Problems that are anticipated when the steam to carbon ratio is reduced are as 
follows;

• Increase carbon deposits on the catalysts
• Rise of surface temperature of the reaction tubes of the reforming furnace
• Insufficient steam supply to the conversion reactors
• Insufficient heat supply to the absorption agent regenerating column
• Foaming in the absorption tower

At steam to carbon ratio - 4.7 or higher none of the problems except foaming was 
encountered.

Countermeasures to foaming:

• The cause of foaming was identified, blow velocity of the absorbent became too 
fast because the ceramic packing in the absorption tower had been broken into 
small pieces.

• Replacement of the ceramic packing by more study stainless steel packing. 
Solved the foaming problem. As a result the steam to carbon ratio was reduced 
from 5.5 to 4.7

Energy Savings

Investment amount   -  Operational improvement without capital investment
Improvement effect      -  6 crores per annum 

Before modifi cation After modification  
 

Fuel consumption – Fuel Oil Equivalent      3,630 kl/y reduction  
 

Fuel Consumption – Crude Oil Equivalent      3,848 kl/y reduction  
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Case Study 9: Use of H  rich gas catalytic reformer unit (via HGU) for2

 recycling in CRU in place of use of pure H2  ex HGU and PSA.

Brief

The H  is generated from HGU and PSA using feed as Natural Gas. A part of pure H  2 2

is being recycled to CRU. At the same time,  H  rich gas generated in the catalytic 2

Reforming Unit (CRU) is routed to Fuel Gas. This Hydrogen rich gas ex CRU can 
be routed to HGU replacing NG feed and this H  after HGU can be recycled back to 2

CRU stopping recycling of pure H  from HGU and PSA. This can save use of NG 2

from outside source to HGU and PSA for the production of H  and the net saving of 2

natural gas is to the tune of 38 kg/hr.

Higher chlorine content in the hydrogen rich gas is harmful to the reformer catalyst. 
The chlorine content of H rich gas is 3 ppm. When an amount of 38 kg/hr of H  rich 2 2

gas is mixed with 1229 kg/hr of natural gas feed going to HGU, the concentration of 
chlorine comes down to 0.09 ppm which is not at all harmful to CRU catalyst. (as it 
is less than 1 ppm. However, installation of chlorine guard at the downstream of 
HGU can also take care of chlorine shock to CRU catalyst.

Energy Savings

NG Saving = 38 kg/hr

Investment amount -  Rs. 6 lakhs (For lying pipeline from CRU to PSA outlet line)
Improvement effect -  Rs. 18 lakhs/year
Pay back Period -  4 months

Case Study 10 :  Installation of a membrane separator for hydrogen

Brief 

The hydrogen production cost of the existing hydrogen production plant is high.  
Installation of a membrane separator for hydrogen realized energy saving and 
reduction of cost by recovering hydrogen from refinery byproduct gas streams and 
consequently by reducing the operation rate of the existing hydrogen production 
plant 

Energy Savings

Investment amount  : Rs 120 million
Improvement effect : Rs 52 million /year
Investment payback :  2.5 years

Attr ibute   Effect by introdu cti on 

Fuel  oil  equivalent  of  fuel  
consumption  

Reduction of 6,100 kl/y 

Crude  oil  equivalent  of  fuel  

consumption  
Reduction of 6,466 kl/y 

Case Study 11 : Computer-controlled reduction of surplus hydrogen in
Hydrogen production unit

Brief 

The operation of the hydrogen production unit is required to ensure stable supply of 
hydrogen to the related units regardless of fluctuation of all operational variations.  
Because of this requirement, production quantity of purified hydrogen tends to be 
excessive, resulting in production loss. This method minimizes the surplus hydrogen 
production by computer control.

Conventionally, the quantity of hydrogen production was manually controlled in 
response to the changes in demand for hydrogen as well as the changes in the 
amount of raw materials fed into the hydrogen production unit. However, the 
control was insufficient because of the manual operation, and the surplus hydrogen 
tends to be about 2.5% on an average. The surplus hydrogen had to be flared. After 
modification, production quantity of hydrogen was controlled by ACS computers in 
response to changes in hydrogen demand and in the amount of raw materials and 
production loss of the hydrogen production unit became 0 %.

Energy Savings

Investment amount : Rs 4  million,
Improvement effect : Rs 12 million/year
Investment payback             : 0.4 year

Case Study 12 : Routing of excess low pressure separator off gas ex
Hydrocracker to hydrogen generation plant 

Brief

Hydrocracker unit low pressure separator off gas which is in excess has been used 
as recycle H2 for HGU. This has resulted in the reduction of make up H2 production 
demand. 

Energy Saving Effects

Fuel oil saving to the tune of 1740 MT  per annum 

Investment amount :  Nil
Improvement effect :  Rs. 1.74 crores
Pay back Period :  Immediate 

4.5.5   Fluid Catalytic Cracker (FCC)  Fluid catalytic crackers are net energy 
users, due to the energy needed to preheat the feed stream in a modern refinery, FCC 
energy use is estimated at 6% of total energy use.   

Attribute  After improvement 
Fuel  consumption  -  heavy  oil  
equivalent  

1,350 kL/y reduction 

Fuel  consumption  -  Crude  oil  
equivalent  

1,431 kL/y reduction 
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The following table 4.12 shows the energy and process materials usage in the 
catcrackers:-

Table 4.12

Virtually all the heat required in a FCC unit is generated in the regenerator.  The 
catalyst used depends greatly on the type of product required and can be silica-
alumina substrate carrying rare earth and/ or precious metals or can be based on 
zeolites.

The fuel oil from the CDU is converted into lighter products over a hot catalyst bed 
in the fluid catalytic cracker (FCC).  FCC is the most widely used conversion 
process in refineries.  The FCC produces high octane gasoline, diesel, and fuel oil.  
The FCC is mostly used to convert heavy fuel oils into gasoline and lighter 
products.  The FCC has virtually replaced all thermal crackers.

Energy Conservation Options in FCC

i Installation of Process Control System

Several companies offer FCC control systems, including ABB Simcon, 
AspenTech, Honeywell, Invensys, and Yokogawa. Cost savings may vary between 
$0.02 to $0.40/bbl of feed with paybacks between 6 and 18 months. Timmons et al. 
(2000) report on the advantages of combining an online optimizer with an existing 
control system to optimize the operation of a FCC unit at the CITGO refinery in 
Corpus Christi, Texas. The Citgo refinery installed a modern control system and an 
online optimizer on a 65,000 bpd FCC unit. The combination of the two systems 
was effective in improving the economic  operation of the FCC. The installation of 
the optimizer led to additional cost savings of approximately $0.05/barrel of feed to 
the FCC, which resulted in an attractive payback (Timmons et al., 2000).

ii Opportunities for Power Recovery

FCC runs at elevated  pressures, enabling  the  opportunity  for  power  recovery 
from the pressure in the flue gas. The major application for power recovery in the 
petroleum refinery is the fluid catalytic cracker (FCC). However, power recovery 
can also be applied to hydrocrackers or other equipment operated at elevated 
pressures. Modern FCC designs use a power recovery turbine or turbo expander to 
recover energy from the pressure. The recovered energy can be used to drive  the 
FCC compressor or to generate power. Power recovery applications for FCC are 
characterized by high volumes of high temperature gases at relatively low 
pressures, while operating continuously over long periods of time between
 

 FCC  RCC  

Fuel (MJ/t)  120 – 2000   120 – 1200  
Electric ity (kWh/t)       8 – 50       2 –    60  
Steam consumed (kg/t     30 – 90      50 – 300  
Steam produced (kg/t)     40 – 60    100 – 170  

Cooling water (m3/t, 
DT-17ºC)  

     5 – 20      10 –   20  

Catalyst make -up (kg/t)     0.4 – 2.5         2 - 4  

maintenance stops  (> 32,000 hours). There is wide and long-term experience  with  
power recovery turbines for FCC applications. Various designs are marketed, and 
newer designs tend to be more efficient in power recovery.  Recovery turbines are 
supplied by a small number of global suppliers, including GE Power Systems.

A refinery in Houston, USA replaced an older power recovery turbine to enable 
increased blower capacity to allow an expansion of the FCC. The re-rating of the  
FCC power recovery train led to power savings of 22 MW. Petro Canada's 
Edmonton refinery replaced an older turbo expander by a new more efficient unit, 
saving around 18 TBtu annually.

Power recovery turbines can also be applied at hydrocrackers. Power can be 
recovered from the pressure difference between the reactor and fractionation stages 
of the process. In 1993, the Total refinery in Vlissingen, the Netherlands, installed a 
910 kW power recovery turbine to replace the throttle at its hydrocracker (get data 
on hydrocracker). The cracker operates at 160 bar. The power recovery turbine 
produces about 7.3 million kWh/year (assuming 8000 hours/year). The investment 
was equal to $1.2 million (1993$). This resulted in a payback period of 
approximately 2.5 years at the conditions in the Netherlands (Caddet, 2003).

Iii    Optimisation of Process Design

The product quality demands and feeds of FCCs may change over time. The  
process design  should  remain  optimized for this change. Increasing or changing 
the number of pumparounds can improve energy efficiency of the FCC, as it allows 
increased heat recovery (Golden and Fulton, 2000). A change in pumparounds may 
affect the potential combinations of heat sinks and sources.

iv Heat Recovery from the regenerator flue gas

Heat recovery from the regenerator flue gas is conducted in a waste heat boiler or in 
a CO-boiler. The steam produced in the CO boiler normally balances the steam 
consumed.  Installing an expander in the flue gas stream from the regenerator can 
further increase the energy efficiency.  The waste heat boiler recovers the heat from 
the flue gas and the expander can recover part of the pressure to be used in the 
compression of the air needed in the regenerator. An example of the application of 
an expander saved 15MWe for the flue gas generated by a FCC of a capacity of 
5Mt/yr.

v  Waste Water Management within FCCU

The latest design of catcrackers contained a cascading overhead wishing section 
which minimizes water usage.  Re-use waste water generated in FCCU can be used 
for the desalters thereby reducing water usage and reuse of water refinery.

New design and operational tools enable the optimization of FCC operating 
conditions to enhance product yields. Petrick and Pellegrino  (1999) cite studies 
that have shown that optimization of the FCC-unit with appropriate modifications 
of equipment and operating conditions can increase the yield of high octane 
gasoline and alkylate from 3% to 7% per barrel of crude oil. This would result in 
energy savings.
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vi Other Options

• Optimization of heat recovery from the overhead, middle and bottom refluxes 
improves the energy saving effects in FCCU - energy reduction in crude oil 
equivalent of 1884 kl/ yr.

• In the FCC unit, the reduction of pressure inside the regeneration column 
reduces the consumption of steam for driving the air blower for the 
regeneration column resulting in energy saving of 1024 kl/ yr of oil equivalent.

Case Study 13 : Energy saving by reducing the pressure inside the
 regeneration column.

Brief 

The pressure within the fluid catalytic cracking (FCC) unit can be reduced by 
increasing the capacity of the cooler at the top of the FCC distillation column. The 
modification achieves energy saving by reducing the pressure inside the 
regeneration column and thereby reducing, the consumption of steam for driving 
the air blower for the regeneration column.

The possibility of the following items were examined before modification.

(1) To reduce the pressure inside the system by increasing the capacity of the air 
cooler at the top of the distillation column.

(2) To reduce the air volume of the air blower for the regeneration column.

Air volume of the air blower and air pressure of the regeneration column before 
and after improvement.

Energy Savings

Investment amount - Rs. 14.5 lakhs (For modification of air cooler)
Improvement effect - Rs. 4.9 lakhs 
Pay back Period - 3 years

Case Study 14 :  Power recovery system in Fluid catalytic cracking (FCC) unit

Brief

The flue gas, or coke combustion gas (containing CO at a high content), generated 
from the regenerator of a fluid catalytic cracking (FCC) unit of petroleum refining 
process, is normally sent to a CO boiler after pressure reduction using a pressure-

Before 
improvement  

After 
improvement  

Effect

Regeneration column air pressure (kg/cm2) 2.86  2.63  0.23 reduction
Air blower. Air volume (Nm 3/hr)  1755  860  895 reduction

 After improvement 
FCC oil throughout 8,42,000 Kl/y 

increase 
High Pressure Steam Consumption 12,557 t/y reduction  
Crude oil equivalent 1,024 kl/y reduction 

reducing valve and pressure-reducing orifice. The present technology recovers a 
portion of the pressure energy of this gas in the form of power by installing an 
expander turbine for pressure reduction.  The flue gas, after being de-pressured by 
the expander turbine, is sent to the CO boiler for combus- tion.

The coke (CO gas) required for 10,000 BPD production is 3 to 6 tons. 11 to 14 
kilograms of air is required for combustion of one kilogram of coke.  The power 
required for feeding this combustion air accounts for more than 50 percent of the 
entire power requirement of the FCC unit. 

After modification

1) The gas expander turbine is connected with the air blower and a steam turbine 
on the same axis.

2)  The coke combustion gas discharged from the regenerator has a pressure from 
21.5 to 3.0 Kg/cm g and temperature from 620 to 730ºC. This flue gas is sent to a 

CO boiler where its CO content is burned to recover heat energy in the form of 
steam.

Energy Savings

Investment amount :  Rs 800  million  
Improvement effect :  Rs 336  million/year Investment
Pay back Period :  2.5 years

4.5.6  Catalytic Reforming

Reforming is undertaken by passing the hot feed stream through a catalytic reactor. 
In the reactor, various reactions such as isomerization, dehydrogenation and 
hydrocracking occur to reformulate the hydrocarbons in the stream.  Some of these 
reactions are endothermic and others are exothermic. The types of reactions depend 
on the temperature, pressure and velocity in the reactor.  Undesirable side reactions 
may also occur and need to be limited.

Two techniques, namely Continuous regeneration and Semi-regeneration are 
employed in catalytic reforming.  In the regeneration process of the catalyst in a 
continuous reforming unit, a slip stream of catalyst is withdrawn, 60-80 kg coke/ 
tonne feed is burned off with hot air/ steam. In the cyclic or semi-regenerative units, 
the regeneration of catalyst and the resulting emissions are discontinuous.

While the continuous catalyst reformer process has higher energy efficiency due to 
the heat recovery from product, from pump around and due to integration with 
topping and vacuum units, the heat integration is lower in the semi-regenerative

 
Before  

installation  
After  

 installation  
Generation capacity 
(35,000 BPD) 

- 7,000  kW  

Annual generation 
capacity (8,000 
hour/year) 

- 56,000  MWh  

Crude oil equivalent - Reduction  of  
13,600  kl/year  
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reformer process. However, many semi-regenerative units have applied better feed 
affluent exchange to minimize energy consumption.

Table 4.13 given below shows the summary of the utilities and catalyst 
requirement for the catalytic reforming.

Table - 4.13

i Increased  Product  Recovery

Product recovery from a reformer may be limited by the temperature of the 
distillation to separate the various products. An analysis of a reformer at the 
Colorado Refinery in Commerce City, showed increased LPG losses at  increased  
summer  temperatures. The LPG would either be flared or used as fuel  gas.  By 
installing a waste heat driven ammonia absorption refrigeration plant, the  recovery  
temperature  was  lowered,  debottlenecking  the compressors and the unsaturated 
light-cycle oil streams (Petrick and Pellegrino, 1999). The heat  pump  uses a 150°F 
waste heat stream  of  the reformer  to  drive  the  compressor. The project resulted 
in annual savings of 65,000 barrels of LPG. The recovery rate varies with ambient 
temperature. The liquid product fraction contained a higher percentage of heavier 
carbon chain (C5, C6+) products. The payback period  is estimated at 1.5 years.

ii Reduction of system pressure (Separator drum Pressure)

Modern CCR (Continuous Catalyst regeneration) process can maintain a very low 
pressure of about 3.5 kg/m2g. This low pressure obviously calls for high severity of 
operation and faster deposition of coke on catalyst. But the continuous regeneration 
can remove the coke from the catalyst. As a whole this can reduce the power 
consumption of recycle compressor and fetch energy saving as a whole.

iii Other Options

Recycle ratio (H  recycle flow/feed) plays an important role in CRU for 2

maintaining the catalyst health with respect to catalyst coking. The reduction of this 
ratio increases the coking tendency of the catalyst and decreases the cycle length 
(between two successive regeneration of catalyst in semi regeneration process). 
However optimization of the same can give reduction of power for driving the 
recycle compressor.

 Parameter Reforming Semi-regenerative 
process 

 
Continuous 
regeneration process

Electric power, kWh

 

Specific consumption (kWh/t)

 -

 

25-50

 246*

 

55

 6142*
-

 

Fuel fired, GJ
 

Specific fuel consumption (MJ/t)
 -

 

1400 -
 

2900 

185*
 

71.5 t/kt
 232*

Cooling water, 
3(m /t, D 0T=10 C) 

1 - 3 0.12 – 3  5.5

High-pressure steam generated, 
kg/t

50-90
 

64 - 90
 

97
 

Boiler feed water, kg/t

  

170

 

22

 * Values related to a capacity of 2351 t/d.  Specific values related to capacity values.
Note: First column gives ranges for all types of reformers.

Reduction in recycled gas quantity to the allowable limits in the catalytic reforming 
unit saves the power for recycling the gas and the heat power required for the 
furnace resulting in energy saving.

Case Study 15 : Reduction of quantity of the recycle gas in the reforming unit

Brief 

In the reforming unit a gas rich in hydrogen is circulated for maintaining the 
hydrogen concentration necessary for the reaction and for preventing deterioration 
of the catalyst due to carbon deposition on the catalyst. The volume of the recycling 
gas often becomes more than necessary.

By reducing the volume of recycled gas, it is possible to reduce the power for driving 
the compressor as well as heat required for the furnace. However, as the decrease of 
the recycling gas may lead to the deterioration of the catalyst, the reduction of the 
recycle gas to be controlled within the allowable limit.

Energy Savings

Saving of Fuel  - 2.5 Kl/day
Saving of Electricity    -  5120 KWhr./day
Investment amount  -  Operational improvement without capital investment
Improvement Effect   -  Rs.1.33 crores/annum 

(Basis: 330 days of operation per  annum)

Case Study 16 : Installation of 4 nos. of on line O2 analyzer in the four furnaces
of CRU to maintain the O2 level 

Brief 

By installing on line O  analyser will allow the measurement and control of % O  in 2 2

the flue gas. By controlling % of O  level at 2-3% will increase the furnace efficiency 2

to 80% from the existing level of about 77%. This will ensure saving of 30 Nm3/hr of 
fuel gas saving.

Energy Savings

Before
 

After
 

Effect
 

Molar ratio of 
hydrogen/hydrocarbon 

6.4 5.1   

Fuel   2.56 kl/d reductionEnergy 
Consumption Electricity   5,120 kWh/d 

reduction

Before installation on line O2  
analyser in the 4 nos. of furnaces 
in CRU 

After installation of online 
O2 analyser in the 4 nos. of 
furnaces in CRU  

Fuel Gas Consumption 
 

1000 Nm3/hr
 

970 Nm3/hr
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3Saving of 30 Nm/hr of fuel gas.

Investment amount -  Rs. 20 Lakhs (for 4 nos. of O analyser)2

Improvement effect -  Rs. 12.6 Lakhs/year 
Pay back Period -  22 months

4.5.7 Coking

A new generation of coking processes has added additional flexibility to the 
refinery by converting the heavy bottom fed into lighter feedstocks and coke. 
Coking can be considered a severe thermal cracking process. Modern coking 
processes can also be used to prepare feed for the hydrocracker.

Coking processes :

Two types of Coking processes are used in Petroleum refineries, the delayed and 
fluid coking processes that produce coke and the flexi coking process which 
gasifies the coke produced in a fluid coking process to produce coke gas.

i The Delayed and fluid coking

The basic process is the same as thermal cracking except that feed streams are 
allowed to react for longer without being cooled.  The delayed coking feedstream 
of residual oil is first introduced to fractioning tower where residual lighter 
materials are drawn off and the heavy ends are condensed.  The heavy ends are 
removed, heated in a furnace and then fed to a insulated vessel called the coke drum 
where the cracking takes place.  In the case of fluid coking, the fluidized bed is 
used. Temperature (440 - 450 °C), pressure (1.5 - 7.0 bar g) and recycle ratio are the 
main process variables which contribute to the quality and yields of delayed coking 
products. Energy & process materials required in the Delayed coking Process are 
given in the Table  4.14 : 

Table - 4.14

ii Flexi coking

In the Flexi coking process, a heavy feed is preheated to 315-370 °C and sprayed on 
a bed of hot fluidized coke (recycled internally). The coke bed has a reaction 
temperature between 510-540 °C. At this temperature, cracking reactions take 
place.  Cracked vapor products are separated in cyclones and are quenched.  Some 
of the products are condensed, while the vapors are led to a fractionator column, 
which separates various product streams. The coke is stripped from other products, 
and then processed in a second fluidized and reactor where it is heated to 590 °C. 
The hot coke is then gasified in a third reactor in the presence of steam and air to 
produce synthesis gas.  Sulfur (in the form of H S) is removed, and the synthesis gas 2

(mainly consisting of CO, H , CO  and N ) can be used as fuel in (adapted) boilers or 2 2 2

furnaces.  The coking unit is a consumer of fuel (in preheating), steam and power. 
Utility requirement in the Flexi Coking Process is given in Table 15: -

Fuel                
(MJ/t)

Electricity        
(kWh/t) Steam consumed  

(kg/t)  Steam produced 
 

(kg/t)  Cooling water   
(m3/t, DT = 17 °C)

800 – 1200 20 – 30 50 – 60  50 – 125  6 – 10
Note: Electricity including the electric motor drives for the hydraulic decoking pump.

Table - 15

Coking Process - Energy Conservation Measures

i Heat Integration: The delayed coking process has a low level of heat 
integration. The heat to maintain the coke drums at coking temperature is 
supplied by heating feed and the recycle stream in a furnace. The atmospheric 
or vacuum residue can be fed straight into the delayed coking unit without 
intermediate cooling, which results in high heat integration level between the 
different units and saves considerable amount of cost on heat exchangers.

ii Combustion of Coking Gas: - The Flexi Coking process has a high level of heat 
integration. The only source of heat in the Flexi Coking Process is the gasifier, 
where coke is partially oxidized. The remainder of the heat in the coker gas is 
recovered by generating steam. The energy efficiency can be further increased 
of the coking gas is combusted in a gas turbine of a combined cycle unit.

iii Use of Oily Sludges as Coker feed stocker: - In the case of delayed coker, the 
sludge can be injected into the coking drum with the quench water or can be 
injected into the coker blowdown contactor used in separating the quenching 
products. In refineries with a coker, oily sludges from the waste water 
treatment plant can be used to produce coke which can be further used as fuel 
within the refinery.

iv Water use in the cooling/ cutting processes: The water used in the cutting/ 
cooling operations is continuously re-circulated with a bleed-off to the refinery 
wastewater treatment.  Settling and filtering over a vacuum filter enables the 
reuse of this water resulting in a "Closed Water Loop" for water make up to the 
quenching and cutting water loop.

Case Study 17:  Installation of VFD for ID & FD fans of DCU furnace.

Brief 

This modification installs VFD for 1 No. each of ID and FD fan of 60 kW each.

Energy Savings

Reduction of  1.60 lacs KWhr./year

Investment amount -  15 lacs
Improvement effect -  5.6 lacs / yr (for 8000 hrs & electricity cost @                         

Rs. 3.5 per kWh
Pay back Period -  32 months

Before installation of 
VFD  

After installation of VFD

Consumption of Power in 
ID/FD

60 kW  50 kW  

Electricity 
(kWh/t) 

Steam consumed 
(kg/t) 

Steam produced  
(kg/t)  

Cooling water                         
(m3/t, DT=10 0C)

60 – 140 300 – 500 (MP) 500 – 600 (HP)  20 - 40
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Case Study 18 :  Proper insulation of DCU furnace.

Brief

Furnace surface temperature varied between 60 - 96°C proper insulation called for 
the safety and energy conservation point of view.

Energy Savings

Saving of 110 kl of FO

Investment amount      -  32 lacs
Improvement effect      -  18 lacs 
Pay back Period     -  1.8 years

Case Study 19 : Installation of the lowest sized impeller in the DCU

Brief

Installation of the lowest sized impeller as suggested by manufacture in the DCU 
(Delayed coking unit) fractionators bottom pump to reduce the operating point 

2 2from 57 kg/cmg to 40 kg/ cmg to elimate the pressure drop in the feed control valve 
to Coker furnace.

1. In operation of DCU fractionator bottom pump which sends the material to 
furnace through a control valve where the pressure developed by the pump 

2gets lost by 20 to 30 kg/cm (50% of the pressure developed by the 
fractionators bottom pump is lost).

2. By replacing the existing impeller of the pump by the smallest impeller (as 
per manufacturer) the discharge pressure of the pump can be brought down 
to 40kg/cm2g thereby eliminating the pressure drop in the control valve.

Energy Savings

Reduction of power 6.0 lakh kWh/year.

Investment amount -   Rs. 1 Lakh (for 2 nos. of pump motor)
Improvement effect -   Rs. 4.2 Lakhs/year 
Pay back Period -   3 months

Case Study 20 :  Heat recovery from RFO stream in DCU (Delayed Coking Unit).

Brief

The RFO was getting cooled by on open box cooler. Two new exchangers were 
installed. One exchangers is thermosyphon type where the RFO is routed first to 

o obring down the temperature from 400C to 200C and to generate steam at low 
0pressure. This stream of 200C RFO then routed to normal shell and tube exchanger 

to heat BFW water. The additional steam generated was sent to furnace. This was 
resulted in FO saving of about 1860 MT/year. New lines were laid for 
interconnecting RFO stream to thermos phone exchanger.

Before replacement of impeller 
of the fractionators bottom pump

 After replacement of impeller of 
the fractionators bottom pump 

Consumption of power by 
fractionators bottom pump 
motor

215.5 kW  143.5 kW

Energy Savings

Fuel Saving -  1800 mt/year in DCU furnace
Investment amount -  Rs. 1.06 crores (For installation of 2 nos. of exchangers 
                                       and allied piping)
Improvement effect -  1.70 crores/year
Pay back Period -  8 months

4.5.8   Hydrotreater

Desulfurization is becoming more and more important as probable future 
regulations will demand a lower sulfur content of fuels. Desulfurization is currently 
mainly done by hydrotreaters. In a hydrotreater, the feedstream is mixed with 
hydrogen and heated to a temperature between 260-430ºC. In some designs, the 
feedstream is heated and then mixed with the hydrogen. The reaction temperature 
should not exceed 430ºC to minimize cracking. The gas mixture is led over a 
catalyst bed of metal oxides most often cobalt or molybdenum oxides on different 
metal carriers. The catalysts help the hydrogen to react with sulfur and nitrogen to 
form hydrogen sulfides H S and ammonia. The reactor effluent is then cooled, and 2

the oil feed and gas mixture is then separated in a stripper column. Part of the 
stripped gas may be recycled to the reactor.

The operating conditions are dependent on feedstock composition (related to crude 
source as well as type and severity of prior processing), catalyst and product 
specifications.

The feedstocks to hydrogen finishing processes include the following;

Solvent extracted deasphalted oils Hydrocracked distillates
Hydrocracked deasphalted oils Deasphalted oils
Solvent refined distillates Slack waxes
Unrefined distillates Hard waxes

The effects of hydrogen finishing temperature and pressure are highly dependent on 
the quality of the feedstock, produce specifications and the type of catalyst used. An 
increase in temperature or pressure will normally improve neutralization, 
desulfurization, denitrification, product colour and product stability. However, 
increasing the temperature above some maximum which is related to the catalyst 
and feedstock quality will degrade the colour, colour stability, oxidation stability 
and other properties of the base oil and at the same time energy consumption will 
also increase.

Hydrotreating Options

• HDT heavy naptha pre-cat reforming is very common
• HDT of FCC napths becoming more common and more sophisticated
• 95 - 99% of sulfur may be removed
• Saturation of olefins and aromatics possible by typically avoided because of

octane loss

Diesel Hydrotreating Technologies

• Tightening sulfur specs have stimulated massive investment in new HDT 
technologies

• 95 - 99% sulphur typically removed
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• HDT improves cetane number and saturates some olefins and aromatics
• HAD techs have evolved to saturate aromatics and eliminate sulfur
• GTL technologies also evolving to produce zero - sulfur synthetic diesels.

Resid/VGO Hydrotreating Technologies

• RDS was rare outside of Japan (Belgium, Kuwait, S. Korea, UK, US also have)
• FCC feed (VGO) pretreatment more common, resulting in lower - sulfur light 

and middle distillate output
• May also be considered mild hydrocracking depending on level of conversion

Growth in World HDT Capacity

• World HDT capacity grew from 24.9 mb/d in 1985 to 40.5 mb/d in 2003 -a 
2.7% increase per year.

• CDU capacity grew at only 0.7% / year 
• Further expansions expected with many markets working to improve fuel 

quality.
• Automakers ask for "as close to zero - sulfur as soon as possible"

A hydrotreater unit specifically employed to remove sulphur from, various 
feedstocks, is called a Hydro De-Sulphurisation Unit (HDS). The H  consumption, 2

and consequently the energy requirement, significantly increase in the order 
naphtha (0.05% H ), distillate (0.3% H ) and residue hydrotreating (1.8% H ). Table 2 2 2

16 shows the utility requirements for different hydrotreatments.

Table  4.16 - Utilities requirement of Hydrotreater

Hydrotreaters use a considerable amount of energy directly (fuel, steam, 
electricity) and indirectly (hydrogen).

Various alternatives are demonstrated at refineries around the world, including the 
oxidative desulfurization process (Valero's Krotz Springs,  Louisiana)  and  the  S  
Zorb  process  at Philip's Borger (TX). The S Zorb process is a sorbent operated in a 
fluidized bed reactor. Philips Petroleum Co. claims a significant reduction in 
hydrogen consumption to produce low-sulfur gasoline and diesel (Gislason, 2001). 
A cursory comparison of the characteristics of the S Zorb process and that of 
selected hydrotreaters suggests a lower fuel and electricity consumption, but 
increased water consumption.

Fuel 
(MJ/t)

Electricity 
(kWh/t)

Steam 
consumed 

(kg/t)

 
Cooling 
water 
(m3/t, 

DT=10°C)

 
Wash 
water 
(kg/t)

H2

(kg/t)

Naphtha processed

 
200-
350

 5-10

 
10-60

 
2-3

 
40-50 1-15

Distillate processed
 

300-
500 

10-20
 

60-150
 

2-3
 

30-40 1-15

Residue processed 300-
800

 
10-30 60-150  2-3  30-40 10-

100
Hydroconversion

 
600-
1000

 

50-110

 
200-300 
(steam 

produced)

 

2-10

 
- -

Note:Hydroconversion is an exothermic reaction and the heat generated in the reactor system is 
partially recovered in the feed product exchanger.

i Energy Conservation Options

Installation of a multivariable predictive control. MPC system was demonstrated 
on a hydrotreater at a SASOL refinery in South Africa. The MPC aimed to improve 
the product yield while minimizing the utility costs. The implementation of  the 
system  led  to  improved  yield  of  gasoline  and  diesel,  reduction  of  flaring,  
and  a  12% reduction in hydrogen consumption and an 18% reduction in fuel 
consumption of the heater (Taylor et al., 2000). Fuel consumption for the reboiler 
increased to improve throughput of the unit. With a payback period of 2 months, the 
project resulted in improved yield and in direct and indirect i.e., reduced hydrogen 
consumption and energy efficiency improvements.

Case Study 21 :Improvement of heat recovery system in Vacuum gas oil
 hydrotreater unit

Brief

The existing vacuum gas oil desulfurization unit cools the reaction products to 
separate them into gas, including recycling gas, and oil, and then reheats the oil for 
fractionation.  The amount of heat dissipated at this condensing cooler is great.  To 
recover a portion of this heat loss on one hand, and to overcome the increasing 
fouling of the combined feed heat exchanger which increases restriction on 
throughput on the other, the heat recovery system of the entire plant was improved 
and a new hot separator was installed.

Installation of a hot separator/heat exchanger

1)   A hot separator was installed to reduce the heat loss at the effluent cooling 
condenser.

2)  The combined heat exchanger system was expanded to increase heat recovery 
from the reactor effluent.

3)   A preheater was added to the charge oil system to increase heat recovery from 
the fractionator bottom.

Improvement effects and system flow

01)  The temperature at the inlet to the reactor charge heater has risen from 323C to 
0344C.

02)  The temperature at the fractionator charge heater has risen from 230C to 
0261C.

3)  The throughput has increased because of the reduced loads on the heaters.

Energy saving effects

Investment amount    :  Rs 200 million  
Improvement effect     :   Rs 87.2 million/year 
Investment payback    :   2.3 years

 After  improvement  

Fuel consumption - heavy fuel oil equivalent 7,300  kl/y  reduction  
Fuel consumption - crude oil equivalent 7,738  kl/y  reduction   
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referred to as a sulfuric acid alkylation unit (SAAU) or a hydrofluoric alkylation 
Unit, (HFAU). However, oil refinery employees may simply refer to the unit as the 
Alkyl or Alky unit. The catalyst is able to protonate the alkenes (propylene, 
butylenes) to produce reactive carbocations, which alkylate isobutene. The reaction 

0is carried out at mild temperatures (0 and 30 C) in a two phase reaction. It is 
important to keep a high ratio of isobutene to olefin at the point of reaction to 
prevent side reactions that lead to a lower octane product, so the plants have a high 
recycle of isobutene back to feed. The phases separate spontaneously, so the acid 
phase is vigorously mixed with the hydrocarbon phase to create sufficient contact 
surface.

The product is called alkylate and is composed of a mixture of high octane, 
branched chain paraffinic hydrocarbons (mostly isopentane and isooctane). 
Alkylate is a premium gasoline blending stock because it has exceptional antiknock 
properties.

The octane number of the alkylate depends mainly upon the kind of olefins used and 
upon operating conditions. For example, isooctane results from combining 
butylenes with isobutene and has an octane rating of 100 by definition. As there are 
other products   in the alkylate, so the octane rating will vary accordingly.

Most crude oils conytain only 10 to 40 percent of their hydrocarbon constituents in 
the gasoline range, so refineries use a fluid catalytic cracking process to convert 
high molecular weight hydrocarbons into smaller and more volatile compounds. 
Polymerization converts small gaseous olefins into liquid gasoline size 
hydrocarbons. Alkylation processes transform small olefin and iso paraffin 
molecules into larger iso-paraffins with a high octane number.

 The summary of the utility consumptions in the two techniques currently used in 
the alkylation processes is given in the Table  4.17.

Table 4.17 Estimated utilities and chemical consumption for the various 
alkylation techniques 

Energy Conservation Opportunities

i Feedstock upgradation by selective hydrogenation

The naphtha hydrotreatment or isomerisation (e.g. hydrogenation of butadiene, 
isomerisation of 1-butene to 2-butene) helps the alkylation units to reduce the acid 
losses and consequently the waste generation. As consequence, the amount of 
caustic consumption is decreased. The reduction in acid and caustic consumption 
depends on the feed diene content, which varies widely at different refineries.

Alkylation technique
Values per tonne of alkylate produced

 
Sulphuric acid

 
Hydrofluoric

Utilities
Electricity (kWh)

 
4

 
20 – 65

Fuel (MJ) n.a.  1000 – 3000
Steam (kg) 830  100 – 1000
Cooling water (m3)

 (DT = 11 °C)

 

72
 

62

Industrial water (m3) 0.08

Case Study 22 : Rotation control of the recycle gas compressor in Heavy oil
direct hydrotreater unit

Brief

The recycle gas of this unit is pressurized by the recycle gas compressor and loses 
pressure as it passes through the reactor, heat exchangers and control valves. If it is 
possible to operate the unit with the control valves, the major contributor to the 
pressure drop, nearly fully open, the power consumption of the compressor could 
be reduced. The improvement herein explained realized energy saving by 
controlling r.p.m. of the compressor in operation to reduce pressure drops across 
control valves

The pressure loss at the control valves accounts for 17% of all losses in this system 
when the valves are 80% open. Control valves, if operated in full open, reduce most 
efficiently the power consumption required. However,  in actual operations, RPM. 
of the compressor has been controlled so that control valves are 90 % open to 
accommodate the fluctuation of the process

Energy savings

Investment amount (A) :  a set of microcomputers: Rs 4.8 million, 
Improvement effect (B) :  Rs 24.4 million/year
Investment payback (A/B )  :  3 months

4.5.9    Alkylation

Alkylation is the transfer of an alkyl group from one molecule to another. The alkyl 
group may be transferred as an alkyl carbocation, a free radical, a carbanion or a 
carbine (or their equivalents).

Alkylating agents are widely used in chemistry because the alkyl group is probably 
the most common group encountered in organic molecules. 

In oil refining contexts, alkylation refers to a particular alkylation of isobutene with 
olefins. It is a major aspect of the upgrading of petroleum.

Options for Alkylation

It depends upon the type of alkylating agents

i Nucleophilic alkylating agents
ii Electrophilic alkylating agents
iii Radical alkylating agents
iv Carbene alkylating agents

In a standard oil refinery process, isobutene is alkylated with low molecular weight 
alkenes (primarily a mixture of propylene and butylenes) in the presence of a strong 
acid calatyst, either sulphuric acid or hydrofluoric acid. In an oil refinery it is 

Befor e
 

improv ement
 

 

After
 

improv ement
 Effect  

Steam consumption (t/h) 32.8 t/h 30.6  t/h  2.2  t/h  reduction
Steam consumption (t/y)   18,400  t/y  reduction
Crude oil equivalent   1,582  kl/y  reduction
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ii Implementation of ACS

Motiva's Convent (Louisiana) refinery implemented an advanced control system 
for their 100,000 bpd sulfuric acid alkylaiton plant. The software package 
integrates information from chemical reactor analysis, pinch analysis, information 
on flows, and information on energy use and emissions to optimize efficient 
operation of the plant.  The system aims to increase product yield by approximately 
1%, reduce electricity consumption by 4.4%, reduce steam use by 2.2%, reduce 
cooling water use by 4.9%, and reduce chemicals consumption by 5-6% (caustic 
soda by 5.15, sulfuric acid by 6.4%) (U.S.DOE-OIT, 2000). The companies 
offering alkylation controls are ABB Simcon, Aspen technology, Emerson, 
Honeywell, Invensys, and Yokogawa.  The controls typically result in cost savings 
of $0.10 to $0.20/ bbl of feed with paybacks of 6 to 18 months.

4.5.10 Visbreaking

Visbreaking/ thermal cracking is one of the oldest conversion processes to upgrade 
0heavy oil fractions.  The fuel stock is heated above 500 C and then fed to a reaction 

chamber which is kept at a presence of about 9.65 bar (g). 

Options of Visbreaking

i Coil Visbreaking: The term coil (or furnace) visbreaking is applied to 
units where the cracking process occurs in the furnace tubes (or "coils") . Material 
exiting the furnace is quenched to halt the cracking reactions: frequently this is 
achieved by heat exchange with the virgin material being fed to the furnace, which 
in turn is a good energy efficiency step, but sometimes a stream of cold oil (usually 
gas oil) is used to the same effect. The gas oil is recovered and re-used. The extent of 
the cracking reaction is controlled by regulation of the speed of flow of the oil 
through the furnace tubes. The quenched oil then passes to a fractionator where the 
products of the cracking (gas, LPG, gasoline, gas oil and tar) are separated and 
recoverd.

ii  Soaker Visbreaking:In soaker visbreaking, the bulk of the cracking 
reaction occurs not in the furnace but in a drum located after the furnace called the 
soaker. Here the oil is held at an elevated temperature for a pre-determined period of 
time to allow cracking to occur before being quenched. The oil then passes to a 
fractrionator. In soaker visbreaking, lower temperatures are used than in coil 
visbreaking. The comparatively long duration of the cracking reaction is used 
instead.

Process Options

Visbreaker tar can be further refined by feeding it to a vacuum fractionator. Here 
additional heavy gas oil may be recovered and routed either to catalytic cracking, 
hydrocracking or thermal cracking units on the refinery. The vacuum - flashed tar 
(sometimes referred to as pitch) is then routed to fuel oil blending. In a few refinery 
locations, visbreaker tar is routed to a delayed coker for the production of certain 
specialist cokes such as anode coke or needle coke.

Soaker visbreaking versus coil visbreaking 

From the standpoint of yield, there is little or nothing to choose between the 
two approaches. However, each offers significant advantages in particular 
situations:

0" Coil cracking uses higher furnace outlet temperatures (470-500 C) and 
reaction times from one to three minutes, while soaker cracking uses lower 

0furnace outlet temperatures (430 - 440 C) and longer reaction times.  The 
product yields and properties are similar.

" For visbreaking, fuel consumption accounts for about 80% of the operating 
costs with a net fuel consumption of 1-1.5% w/w on feed. Fuel requirements for 
soaker visbreaking are about 30 - 35% lower.

" De-coking: The cracking reactions forms petroleum coke as a byproduct. In 
coil visbreaking, this lays down in the tubes of the furnace and will eventually 
lead to fouling or blocking of the tubes.

The same will occur in the drum of a soaker visbreasker, though the lower 
temperature used in the soaker drum lead to fouling at a much slower rate. Coil 
visbreakers therefore require frequent decoking. This is quite labour intensive. 
Soaker drums require far less frequent attention but while taken out of service 
normally requires a complete halt to the operation which is the more disruptive 
activity and will vary from refinery to refinery.

" Fuel Economy: The lower temperatures used in the soaker approach mean that 
these units use less fuel. In cases where a refinery buys fuel to support process 
operations, any savings in fuel consumption could be extremely valuable. In 
such cases, soaker visbreaking may be advantageous.

The typical utilities consumption for a visbreaker are: -

Table 4.18 Utility consumptions for a visbreaker

The most important factor in controlling the cracking severity should always be 
stability and viscosity of the visbroken residue fed to the fuel oil pool.  In general, an 
increase in the temperature or residence time results in an increase in severity.  
Increased severity produces higher gas-plus-gasoline yield and at the same time a 
cracked residue (fuel oil) of lower viscosity.  Excessive cracking, however, leads to 
an unstable fuel oil, resulting in sludge and sediment formation during storage. 
Thermal cracking units to upgrade atmospheric residue have conversion levels of 
35-45% and the viscosity of the atmospheric residue is reduced.

Fuel (MJ/t)  400 –  800  
Electricity (kWh/t)  10 – 15  
Steam consumed (kg/t)  5 –  30  
Cooling water (m3/t, DT = 10°C) 2 - 10  
Note: the power consumption given is for “furnace” cracking. 



181180

• UTILITIES 

4.5.11 Steam Generation and Distribution

An estimated 30% of all onsite energy use in Refineries is in the form of steam. The 
refining industry uses steam for a wide variety of purposes, the most important 
being process heating, drying or concentrating, steam cracking, and distillation. 
Steam can be generated through waste heat recovery from processes, cogeneration, 
and boilers. In most refineries, steam will be generated by all three sources, while 
some smaller refineries may not have cogeneration equipment installed. While the 
exact size and use of a modern steam systems varies greatly, there is an overall 
pattern that steam systems follow, as shown in Figure 3.

 

Whatever the use or the source of the steam, efficiency improvements in steam 
generation, distribution and end-use are possible. A recent study by the U.S. 
Department of Energy estimates the overall potential for energy savings in 
petroleum refineries at over 12%  (U.S.  DOE, 2002).  

i Boilers

a   Boiler Feed Water Preparation. Depending on the quality of incoming water, 
the boiler feed water (BFW) needs to be pre-treated to a varying degree. Various 
technologies may be used to clean the water. A new technology is based on the use 
of membranes. In reverse osmosis  (RO), the pre-filtered water is pressed at 
increased pressure through a semi-permeable membrane. Reverse osmosis and 
other membrane technologies are used more and more in water treatment  (Martin  
et  al.,  2000).  

The Flying J refinery in North Salt Lake Utah installed a RO-unit to remove 
hardness and reduce the alkalinity from boiler feed water, replacing a hot lime 
water softener, resulting in reduced boiler blowdown from 13.3% to 1.5% of steam 
produced and reduced chemical use, maintenance, and waste disposal costs.  With 
an investment of $350,000 and annual benefits of approximately $200,000, the 
payback period amounted to less than 2 years.

b Improved Process Control. Flue gas monitors are used to maintain 
optimum flame temperature, and to monitor CO, oxygen and smoke. The oxygen 
content of the exhaust gas is a combination of excess air deliberately introduced to 
improve safety or reduce emissions and air infiltration (air leaking into the boiler). 

Figure 4.3 Schematic presentation of a steam production and distribution system

By combining an oxygen monitor with an intake airflow monitor, it is possible to 
detect small leaks. Using a combination of CO and oxygen readings, it is possible to 
optimize the fuel/air mixture for high flame temperature and thus the best energy 
efficiency and low emissions. The payback of improved process control is 
approximately 0.6 years (IAC, 1999). 

c Reduce Flue Gas Quantities. Often, excessive flue gas results from leaks in 
the boiler and the flue, reducing the heat transferred to the steam, and increasing 
pumping requirements. These leaks are often easily repaired. Savings amount to 2-
5% (OIT, 1998). This measure consists of a periodic repair based on visual 
inspection. The savings from this measure and from flue gas monitoring are not 
cumulative, as they both address the same losses.

d Reduce Excess Air. The more air is used to burn the fuel, the more heat is 
wasted in heating air. Air slightly in excess of the ideal stoichometric fuel/air ratio is 
required for safety, and to reduce NOx  emissions, and is dependent on the type of 
fuel. For gas and oil-fired boilers, approximately 15% excess air is adequate (OIT, 
1998; Ganapathy, 1994). Poorly maintained boilers can have up to 140% excess air.  
Reducing this back down to 15% even without continuous automatic monitoring 
would save 8%.

e Maintenance. A simple maintenance program to ensure that all components of 
the boiler are operating at peak performance can result in substantial savings. The 
absence of a good maintenance system can end up costing a steam system up to 20-
30% of initial efficiency over 2-3 years.  On average, the possible energy savings 
are estimated at 10%  (DOE, 2001a).  Improved maintenance may also reduce the 
emission of criteria air pollutants.

Fouling of the fireside of the boiler tubes or scaling on the waterside of the boiler 
should also be controlled. Tests show that a soot layer of 0.03 inches (0.8 mm) 
reduces heat transfer by 9.5%, while a 0.18-inch (4.5 mm) soot layer reduces heat 
transfer by 69% (CIPEC, 2001). For scaling, 0.04 inches (1 mm) of buildup can 
increase fuel consumption by 2%  (CIPEC, 2001).  Moreover, scaling may result in 
tube failures.

f Recover Heat From Flue Gas. Heat from flue gases can be used to preheat 
boiler feed water in an economizer. While this measure is fairly common in large 
boilers, there is often still potential for more heat recovery. The limiting factor for 
flue gas heat recovery is the economizer wall temperature that should not drop 
below the dew point of acids in the flue gas. One percent   of   fuel   use   is   saved   
for   every   25°C   reduction   in   exhaust   gas   temperature. (Ganapathy, 1994). 
Since exhaust gas temperatures are already quite low, limiting savings to 1% across 
all boilers, with a payback of  2 years (IAC, 1999).

g Recover Steam From Blowdown. When the water is blown from the high-
pressure boiler tank, the pressure reduction often produces substantial amounts of 
steam. This steam is low grade, but can be used for space heating and feed water 
preheating. For larger high-pressure boilers, the losses may be less than 0.5%. It is 
estimated that this measure can save 1.3% of boiler fuel use for all boilers below 100 
MMBtu/hr (approximately 5% of all boiler capacity in refineries). The payback 
period of blowdown steam recovery will vary between 1 and 2.7 years (IAC, 1999).
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h Reduce Standby Losses. In refineries often one or more boilers are kept on 
standby in case of failure of the operating boiler. The steam production at standby 
can be reduced to virtually zero by modifying the burner, combustion air supply and 
boiler feed water supply. By installing an automatic control system the boiler can 
reach full capacity within 12 minutes. Installing the control system and modifying 
the boiler can result in energy savings up to 85% of the standby boiler, depending on 
the use pattern of the boiler.

ii Steam Distribution

When designing new steam distribution systems, it is very important to take into 
account the velocity and pressure drop (Van de Ruit, 2000). This reduces the risk of 
oversizing a steam pipe, which is not only a cost issue but would also lead to higher 
heat losses. However, it may be too expensive to optimize the system for changed 
steam demands. Still, checking for excess distribution lines and shutting off those 
lines is a cost-effective way to reduce steam distribution losses.  Other maintenance 
measures for steam distribution systems are described below.

a Improve Insulation: Crucial factors in choosing insulating material include 
low thermal conductivity, dimensional stability under temperature change, 
resistance to water absorption, and resistance to combustion. New materials 
insulate better, and have a lower heat capacity. Savings of 6-26% can be achieved if 
this improved insulation is combined with improved heater circuit controls. The 
shell losses of a well-maintained boiler should be less than 1%.

b Maintain Insulation. It is often found that after repairs, the insulation is not 
replaced. In addition, some types of insulation can become brittle, or rot.  As a 
result, energy can be saved by a regular inspection and maintenance system (CIBO, 
1998). Exact energy savings and payback periods vary with the specific situation in 
the plant.

Case Study 23: Replacing the Damaged Insulation to arrest Heat Losses.

Brief

In a gas based Petrochemical plant, the VHP steam is supplied from utility boilers 
(UB#2 & UB#3) to the process plants GCU and LPG.  The length of the steam 
headers to these plants from the Utility Plant is approximately one kilometer. The 
discussions of the audit team with shift-in charge and respective Heads of the 
Plants revealed that the temperature drop across the pipeline has been significantly 

0high as a result the steam temperature at the battery limit of LPG (470C) and GCV 
0(460C) are lower. 

The high surface temperatures of insulated steam headers / pipes indicate the 
damaged or inadequate insulation. For the above-mentioned areas, it was 
recommended to replace the insulation to arrest the heat losses. Since the measured 
surface temperatures are significantly higher than the normal temperature, the 
anticipated energy savings will be substantial and the payback period will be 
attractive (less than a year). Table gives the cost-benefit analysis of replacing the 
insulation.

Energy Savings

c Improve Steam Traps. Using modern thermostatic elements, steam traps can 
reduce energy use while improving reliability. The main advantages offered by 
these traps are that they open when the temperature is very close to that of the 
saturated steam (within 2°C), purge non-condensable gases after each opening, and 
are open on startup to allow a fast steam system warm-up. These traps are also very 
reliable, and useable for a wide variety of steam pressures (Alesson, 1995). Energy 
savings will vary depending on the steam traps installed and state of maintenance.

d Maintain  Steam  Traps.  A  simple  program  of  checking  steam  traps  to  
ensure  that  they operate properly can save significant amounts of energy. If the 
steam traps are not regularly monitored, 15-20% of the traps can be malfunctioning. 
In some plants, as many as 40% of the steam traps were  malfunctioning. Energy 
savings  for  a  regular  system  of  steam  trap checks and follow-up maintenance is 
estimated at up to 10% (OIT, 1998; Jones 1997; Bloss, 1997) with a payback period 
of 0.5 years.

e Monitor Steam Traps Automatically. Attaching automated monitors to  
steam traps  in conjunction  with  a  maintenance  program  can  save  even  more  
energy, without  significant added cost. This system is an improvement over steam 
trap maintenance alone, because it gives quicker notice of steam trap 
malfunctioning or failure. Using automatic monitoring is estimated to save an 
additional 5% over steam trap maintenance, with a payback of 1 year  (Johnston, 
1995; Jones, 1997).

Annual 
reduction 
in  heat 
loss

 Equivalent 
annual 
monetary  
saving

 Approximate 
cost of 
insulation

 
Simple 
payback 
period

Area Identi fied Surface

Temp oC

mil lion 
Kcal

 
Rs. lacs

 

Rs. lacs

 

Months

HP steam pipeline

 
85

 
9.91

 
0.13

 
0.03

 
2.24

VHP steam header
 

70
 

21.96
 

0.30
 

0.09
 

3.79

Pipeline opposite 
compressor 

200
 

214.89
 

2.92
 

0.10
 

0.41

VHP line near 90-JBA-207 75 7.13 0.10  0.03  3.10

Inlet vertical pipe 60 2.53 0.03  0.02  6.57

Drain pipe
 

75
 

7.16
 

0.10
 

0.03
 

3.10

HP line near condensate 
drum

91

 
11.64

 
0.16

 
0.03

 
1.90

Condensate header

 

75

 

7.16

 

0.10

 

0.03

 

3.10

HP header at B/l

 

90

 

11.34

 

0.15

 

0.03

 

1.95

HP line near PRDS

 

85

 

9.90

 

0.13

 

0.03

 

2.24

246.76 3.5 0.22 0.76
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Case Study 24 : Replacement of Damaged Steam Traps.

Brief 

Study of Steam Traps  In a gas based Petrochemical plant, there are over 1,000 
steam traps in different sections of the plant for varying applications on the steam 
mains, condensate lines, and process requirement. The traps installed are of 
different types - Thermodynamic, Bucket, and Orifice, and of different sizes.  

Field testing of steam traps  During an energy audit study, about 170 representative 
steam traps were tested using the portable steam trap tester "TRAPMAN", from 
different sections of the plant, viz., GCU, LPG, Butene - 1, Boiler & Power Plant, 
and GPU. The working condition of the traps in terms of Good / Blowing / Chocked 
/ Low Temperature / Bypass was measured using the portable instrument.

The findings of the steam traps performance evaluation are summarized below :

Performance of Steam Traps

As can be observed from the table, only 48% of the traps tested are in good working 
conditions. The remaining 52% of the traps are either blocked (chocked), leaking, 
or at low temperature. The following measures are recommended to improve the 
performance of the steam traps and reduce the steam losses and associated energy 
losses.  It is recommended to replace all the 89 faulty steam traps immediately to 
arrest steam leakage and losses. The anticipated energy savings, investment 
required, and approximate payback period are as follows:

Energy Savings

S. 
No. 

Item No. of 
traps  

% 

1  No. of traps in good condition 81 48 
2. No. of traps blowing / leaking 44 26 
3. No. of traps chocked 16 9 
4. No. of traps indicating low temperature  29 17 
 Total No. of traps studied  170 100 

Description Unit Value

No. of steam traps leaking nos. 44

Estimated steam leakage per 
trap

kg/hr

 

7.5

Enthalpy of leakage steam

 
kCal/kg

 
750

Heat loss due to leakage
 

kCal/hr
 

247500

NCV of natural gas
 

kCal/sm3  
8176

Boiler efficiency %  90

Loss of natural gas sm3/hr  33.64

Operational hours per annum
 

hrs
 

7200

Annual natural gas loss

 
sm3

 
242172

Cost of natural gas

 

Rs/sm3

 

10

Annual monetary savings by 
stopping leakages

 

Rs. lacs

 

24

Anticipated Investment Rs. lacs 4.5

Payback period months 2

The traps which are chocked or indicated as low temperature needs to be repaired 
immediately to let the condensate flow smoothly out of the system and to ensure 
effective heat transfer. Though it is difficult to precisely estimate the achievable 
energy savings, it can be concluded that by ensuring effective operation of the 
remaining 45 traps, fuel savings worth more than Rs.10 lac per annum can be easily 
achieved. The investment required towards replacement of parts of the traps or 
replacement the traps itself can be paid back in less than an year. The improved 
steam trap performance also would ensure effective heat transfer hence enhanced 
throughput. Therefore, the overall savings that can accrued due to satisfactory 
functioning of traps would be many fold.

f Repair Leaks. As with steam traps, the distribution pipes themselves often 
have leaks that go unnoticed without a program of regular inspection and 
maintenance. In addition to saving up to 3% of energy costs for steam  production, 
having  such  a  program  can  reduce  the likelihood  of  having  to  repair  major  
leaks  (OIT,  1998).  

Case study 25 : Arresting the Steam Leakages 

Brief 

In one of the gas based Petrochemical plant the steam distribution network was 
studied in detail to identify steam leakage points and quantify the leakages. All the 
process sections, utilities, and headers were covered in the study. Leakages were 
identified from flanges, valves, joints, etc. The nature of leakage varies from 
medium to heavy in many places. The steam leakage points were identified during 
the survey and listed below:

It is recommended to arrest the steam leakages from the above mentioned areas 
immediately by replacing the damaged valves, pipe fittings, flanges, traps, etc. The 
resultant monetary savings and payback period are as follows:

Energy Savings 

 
Particulars   

No of steam leakage points 
identified 20 

Steam leakage per point 7.5 kg/hr 

Working hours per annum 7200 hr 

Steam savings due to arrest of 
leakages 

1,080 Tonnes/annum 

Equivalent natural gas savings 392,000 SM /annum 

Annual monetary savings Rs.9 lac 

Investment required Rs.5 lac 

Simple payback period 7 months 
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As can be seen from the table above, by attending to steam leakages, monetary 
savings worth Rs.9 lac can be achieved with an investment of Rs.5 lac towards 
replacement of damaged pipe sections. The payback works out to be 7 months.

g Recover Flash Steam. When a steam trap purges condensate from a  
pressurized steam distribution system to ambient pressure, flash steam is produced. 
This steam can be used for space heating or feed water preheating (Johnston, 1995). 

h Return Condensate. Reusing the hot condensate in the boiler saves energy 
and reduces the need for treated boiler feed water. The substantial savings in energy 
costs and purchased chemicals costs makes building a return piping system 
attractive. Care has to be taken to design the recovery system to reduce efficiency 
losses (van de Ruit, 2000). Maximum energy savings are estimated at 10% (OIT, 
1998) with a payback of 1.1 years (IAC, 1999) for those sites without or with 
insufficient condensate return. An additional benefit of condensate recovery is the 
reduction of the blowdown flow rate because boiler feedwater quality has been 
increased.

4.5.12 Compressors and Compressed Air

Compressors consume about 12% of total electricity use in refineries. The major 
energy users are compressors for furnace combustion air and gas streams in the 
refinery. Compressed air is probably the most expensive form of energy available in 
an industrial plant because of its poor efficiency. Typically, efficiency from start to 
end-use is around 10% for compressed air systems (LBNL et al., 1998). In addition, 
the annual energy cost required to operate compressed air systems is greater than 
their initial cost. Many opportunities to reduce energy in  compressed air systems 
are not prohibitively expensive; payback periods for some options are extremely 
short - less than one year.

i Maintenance. Inadequate maintenance can lower compression efficiency, 
increase air leakage or pressure variability and lead to increased operating 
temperatures, poor moisture control and excessive contamination. Better 
maintenance will reduce these problems and save energy:

• Blocked pipeline filters increase pressure drop. A 2% reduction   of  annual   
energy   consumption   in compressed air systems is projected for more 
frequent filter changing (Radgen and Blaustein, 2001).  

• Poor motor cooling can increase motor temperature and winding   resistance, 
shortening motor life, in addition to increasing energy  consumption. In 
addition to energy savings, this can help avoid corrosion and degradation of 
the system.

• Inspect fans and water pumps for peak performance.

• Inspect drain traps periodically to ensure they are not stuck in either the  open  
or closed position and are clean. According to vendors, inspecting and 
maintaining drains typically has a payback of less than 2 years (Ingersoll-
Rand, 2001).

• Maintain the coolers on the compressor to ensure that the dryer gets the  lowest 
possible inlet temperature (Ingersoll-Rand, 2001).

• Check belts for wear and adjust them. A good rule of thumb is to adjust them 
every 400 hours of operation.

• Check water-cooling systems for water quality (pH and total dissolved solids), 
flow and temperature. Clean and replace filters and heat exchangers as  per  
manufacturer's specifications.

• Minimize leaks (see also Reduce leaks section, below).

• Specify regulators that close when failed.

• Applications requiring compressed air should be checked for excessive  
pressure, duration or volume. They should be regulated, either by production 
line sectioning or by pressure regulators on the equipment itself.

ii Monitoring. Proper monitoring and maintenance can save a lot of energy and 
money in compressed air systems. Proper monitoring includes the following 
(CADDET, 1997):

• Pressure gauges on each receiver or main branch line and differential gauges 
across dryers, filters, etc.

• Temperature gauges across the compressor and its cooling system to detect 
fouling and blockages

• Flow meters to measure the quantity of air used
• Dew point temperature gauges to monitor the effectiveness of air dryers
• kWh meters and hours run meters on the compressor drive
• Compressed air distribution systems when equipment has been 

reconfigured.
• Check for flow restrictions of any type in a system, pressure rise resulting 

from resistance to flow increases the drive energy on the compressor by 1% 
of connected power for every 2 psi of differential (LBNL et al., 1998; 
Ingersoll- Rand, 2001).

iii Reduce leaks in pipes and equipment. Leaks can be a significant source of 
wasted energy. A typical plant that has not been well maintained could have a 
leak rate between 20 to 50% of total compressed air production capacity 
(Ingersoll Rand, 2001). Overall, a 20% reduction of annual energy 
consumption in compressed air systems is projected for fixing leaks (Radgen 
and Blaustein, 2001).

iv Reducing the Inlet Air Temperature Reducing the inlet air temperature 
reduces energy used by the compressor. In many plants, it is possible to reduce inlet 
air temperature to the compressor by taking suction from outside the building. As a 
rule of thumb, each 3°C will save 1% compressor energy use (CADDET, 1997; 
Parekh, 2000).

v Maximize Allowable Pressure Dew Point at Air Intake. Choose the dryer 
that has the maximum allowable pressure dew point and best efficiency. A rule of 
thumb is that desiccant dryers consume 7 to 14% of the total energy of the 
compressor, whereas refrigerated dryers consume 1 to 2% as much energy  as  the 
compressor  (Ingersoll  Rand, 2001). Consider using a dryer with a floating dew 
point. Note that where pneumatic lines are exposed to freezing conditions, 
refrigerated dryers are not an option.
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vi Controls. The objective of any control strategy is to shut off unneeded 
compressors or delay bringing on additional compressors until needed. All 
compressors that are on should be running at full load. Positioning of the control 
loop is also important; reducing and controlling the system pressure downstream of 
the primary receiver results in reduced energy consumption of up to 10% or  more  
(LBNL  et  al., 1998).  

• Start/stop (on/off) is the simplest control available and can be applied to small 
reciprocating or rotary screw compressors.   

• Load/unload control, or constant speed control, allows the motor to run 
continuously but unloads the compressor when the discharge pressure is 
adequate. In most cases, unloaded rotary screw compressors still consume 15 
to 35% of full-load power when fully unloaded, while delivering no useful 
work (LBNL et al., 1998). 

Modulating or throttling controls allows the output of a compressor to be  varied to  
meet flow requirements by closing down the inlet valve and restricting inlet air to 
the compressor. Changing the compressor control to a variable speed  control  
saves  up  to  8%  per  year  (CADDET, 1997).

vii Properly Sized Regulators. Regulators sometimes contribute to the  biggest 
savings in compressed air systems. By properly sizing regulators, compressed 
air will be saved that is otherwise wasted as excess air. 

viii Sizing Pipe Diameter Correctly. Inadequate pipe sizing can cause pressure 
losses, increase leaks, and increase generating costs. Pipes must be sized 
correctly for optimal performance or resized to fit the current compressor 
system. Increasing pipe diameter typically reduces annual energy 
consumption by 3% (Radgen and Blaustein, 2001).

ix Heat Recovery For Water Preheating. As much as 80 to 93% of the electrical 
energy used by an industrial air compressor is converted into heat. In many 
cases, a heat recovery unit can recover 50 to 90% of the available thermal 
energy for space heating, industrial process heating, water heating,  makeup 
air heating, boiler makeup water preheating,  industrial drying, industrial 
cleaning processes, heat pumps, laundries or preheating aspirated air for oil  
burners  (Parekh,  2000).  Paybacks  are  typically  less  than  one  year.  

x Adjustable Speed Drives (ASDs). Implementing adjustable speed   drives in 
rotary compressor systems has saved 15% of the annual compressed air energy 
consumption (Radgen  and  Blaustein,  2001).  

xi High Efficiency Motors. Installing high efficiency motors in compressor 
systems reduces annual energy consumption by 2%, and has a payback of less  
than  3  years  (Radgen  and Blaustein,  2001).  

 Case Study 26 : Replacement of reciprocating air compressor 

In a Petroleum refinery, there were 4  reciprocating air compressors, out of which 2 
used to run to cater instrument air and service air requirement in the original 
refinery configuration. These compressors were lower energy efficient and 
obsolete in nature and had problems of frequent breakdowns and maintenance. 

With the addition of more secondary units, air requirement had increased. To meet 
increased air requirement compressor with higher energy efficiencies have been 

3installed. Thus, new Centrifugal Air Compressors of capacity 5000 NM /Hr, 650 
KW each were provided replacing four numbers of old reciprocating compressors. 
ith the provision of this centrifugal compressor savings of ~ 100 SRFT  per 
compressor has been achieved. 

4.5.13 Process Heaters 

Over 60% of all fuel used in the refinery is used in furnaces and boilers. The average 
thermal efficiency of furnaces is estimated at 75-90%. Accounting for unavoidable 
heat losses and dewpoint considerations, the theoretical maximum efficiency is 
around 92% (HHV) (Petrick and Pellegrino, 1999).  This suggests that on average a 
10% improvement in energy efficiency can be achieved in furnace  and burner 
design.

The efficiency of heaters can be improved by improving heat transfer 
characteristics, enhancing flame luminosity, installing recuperators or air-
preheaters, and improved controls. New burner designs aim at improved mixing of 
fuel and air and more efficient heat transfer. Many different concepts are  developed 
to achieve  these  goals,  including  lean-premix burners (Seebold et al., 2001), 
swirl burners (Cheng, 1999), pulsating burners (Petrick and Pellegrino, 1999) and 
rotary burners (U.S. DOE-OIT, 2002e). Also, furnace and burner design has to 
address safety and environmental  concerns.  

i Maintenance

Regular maintenance of burners, draft control and heat exchangers is essential 
to maintain safe and energy efficient operation of a process heater.

Draft Control. Badly maintained process heaters may use excess air.  This 
reduces the efficiency of the burners. Excess air should be limited to 2-3% 
oxygen to ensure complete combustion.

Valero's Houston refinery has installed control systems to reduce excess 
combustion air at the three furnaces of the CDU. The control system allows 
running the furnace with 1% excess oxygen instead of the regular 3-4%. The 
system has not only reduced energy use by 3 to 6% but also reduced NOx 
emissions by 10-25%, and enhanced the safety of the heater.

ii Air Preheating

Air preheating is an efficient way of improving the efficiency and increasing 
the capacity of a process heater. The flue gases of the furnace are used to 
preheat the combustion air. Every 35°F drop in the exit flue gas temperature 
increases the thermal efficiency of the furnace by 1% (Garg, 1998). Typical 
fuel savings range between 8 and 18% and is typically economically attractive 
if the flue gas temperature is higher than 650°F and the heater size is 50 
MMBtu/hr or more (Garg, 1998).

VDU. At a refinery in the United Kingdom, the temperature of the flue gas was 
reduced to 470°F. This led to energy cost savings of $109,000/year with a 
payback period of 2.2 years (Venkatesan and Iordanova, 2003).



iii New Burners

In many areas, new air quality regulation will demand refineries to reduce NOx 
and VOC emissions from furnaces and boilers. Instead of installing  expensive 
selective catalytic reduction (SCR) flue gas treatment plants, new burner 
technology developed by ChevronTexaco, in collaboration with John Zink 
Co., for refinery  applications  based  on  the  lean  premix  concept, reduces  
NOx emissions from 180 ppm to below 20 ppm.

Case Study 27 :  Installation of High efficiency furnace in Hydro-finishing
unit

Brief

In a refinery, the existing old furnace (with radiation section only) in HFU was 
replaced with new high efficiency furnace  (with both radiation & convection 
section) and with Low NOx   &  low excess air burners.

Energy Savings 

Investments  :  Rs. 200.00 Lakhs
Fuel Savings :  215 MT of IFO /annum on full T'put Operation
Savings :  Rs. 19.40 Lakhs

4.514 Electric Motors

Electric motors are used throughout the refinery, and represent over 80% of all 
electricity use in the refinery. The major applications are pumps  (60% of all motor 
use), air compressors (15% of all motor use), fans (9%), and other applications 
(16%).

Using a "systems approach" that looks at the entire motor system (pumps,  
compressors, motors, and fans) to optimize supply and demand of energy services 
often yields the most savings. For example, in pumping, a systems approach 
analyzes both the supply and demand sides and how they interact, shifting the focus 
of the analysis from individual components to total system  performance. The 
measures identified below reflect aspects of this system approach including 
matching speed and load (adjustable speed drives), sizing  the  system correctly,  as  
well  as  upgrading  system  components.  

i Motor Optimization

a Sizing of Motors.  Motors and pumps that are sized inappropriately result in 
unnecessary energy losses. Where peak loads can be reduced, motor size can 
also be reduced. Correcting for motor over sizing saves 1.2% of their 
electricity consumption, and even larger percentages for smaller motors 
(Xenergy, 1998).

b Higher Efficiency Motors. High efficiency motors reduce energy losses 
through improved design, better materials, tighter tolerances, and improved 
manufacturing techniques. With proper installation, energy efficient motors 
run cooler and consequently have higher service factors, longer bearing and 
insulation life and less vibration. 

Typically, high efficiency motors are economically justified when exchanging 
a motor that needs replacement. The best savings are achieved on motors 
running for long hours at high loads. Replacing a motor with a high  efficiency  
motor  is  often  a  better  choice  than  rewinding  a motor. The practice of 
rewinding motors currently has no quality or efficiency standards.

ii Power Factor.  Inductive loads like transformers, electric motors and HID 
lighting may cause a low power factor. A low power factor may result in 
increased power consumption, and hence increased electricity costs. The 
power factor can be corrected by minimizing idling of electric motors, 
avoiding operation of equipment over its rated voltage, replacing motors by 
energy efficient motors and installing capacitors in the AC circuit to reduce the 
magnitude of reactive power in the system.

iii Voltage Unbalance. Voltage unbalance degrades the performance and 
shortens the life of three-phase motors. A voltage unbalance causes a current 
unbalance, which will result torque pulsations, increased vibration and   
mechanical stress, increased losses, motor overheating reducing the life of a 
motor.  It is recommended that voltage unbalance at the motor terminals does 
not exceed 1%. For a 100 hp motor operating 8000 hours per year, a correction 
of the voltage unbalance from 2.5% to 1% will result in electricity savings of 
9,500 kWh.

iv Adjustable Speed Drives (ASDS)/Variable Speed Drives (VSDs).  ASDs 
better match speed to load requirements for motor operations. Energy use on 
many centrifugal systems like pumps, fans and compressors is approximately 
proportional to the cube of the flow rate. Hence, small reductions in flow that 
are proportional to motor speed can sometimes yield large energy savings.  
Paybacks for installing new ASD motors in new systems or plants can be as low 
as 1.1 years (Martin et al., 2000). The installation of ASDs improves overall 
productivity, controls product quality and reduces wear on equipment, thereby 
reducing maintenance cost.

Case study 28 : Installation of Variable Speed Drives for pumps in DM plant
 and CPU plant

Brief 

The major pumps in DM water plant and condensate polishing units have 
recirculation lines along with valves in order to maintain the desired line pressure 
in view of variable requirement. This recirculation results in bypassing of excess 
water from the discharge line to the supply source. The pump is operated with the 
constant load since variations are controlled by recirculation valve. 

The recirculation results in energy loss since the pump is operated on full load 
condition though there is variable requirement. The following table gives the 
measured water flows of discharge line and recirculation.

191190
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Energy Loss due to recirculation

It can be seen that on average about 33 % of energy is being lost due to 
recirculation. 

The energy loss due to recirculation can be avoided by installing the variable speed 
drives (VSD) to the pumps. Installation of variable speed drives will enable the 
pumps only to discharge as per the requirement by sensing the pressure in the 
discharge line. After installation of VSD, the recirculation valves should be fully 
closed to achieve the energy savings.  

Energy Savings 

Considering the minimum energy savings to the tune of 25 % (present average loss 
is of 33%) the total energy savings achievable in the above three pumping systems 
estimated and tabulated below:

Pump  ID  code Pump 
discharge 
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 Supply 
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users, 
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n flow , lps 
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Degasser water -

 

32 PPP1A 
3

 
1

 
59.7

 
15

 
1.20

 
5.40

 
5.00

Condensate feed 
pump-
32 P 102 A 

3 1 55 14  1.12  5.04  5.00

Polished 
Condensate 
transfer pump-

 32 P 101 A

 

3
 

1
 

51.3
 

13
 

1.04
 

4.68
 
5.00

Total 166 42 3.36 15.12 15.00

Reduction in power consumption :   42 kW
Operating hours :   8000 per year
Energy savings per annum :   3.36  lakh kWh
Annual cost savings (Rs.4.50/kWh):   Rs.15.12  lakh
Anticipated Investment :   Rs. 21  lakh
Payback period :   one year six months

v Variable Voltage Controls (VVCs). In contrast to ASDs, which have variable 
flow requirements, VVCs are applicable to variable loads requiring constant 
speed. The principle of matching supply with demand, however, is the same as 
for ASDs.

4.5.15 Pumps

In the petroleum refining industry, about 59% of all electricity use in motors is for 
pumps (Xenergy, 1998). This equals 48% of the total electrical energy in refineries, 
making pumps the single largest electricity user in a refinery. Pumps are used 
throughout the entire plant to generate a pressure and  move  liquids. Studies have 
shown that over 20% of the energy consumed by  these  systems  could  be  saved 
through  equipment  or  control  system changes (Xenergy, 1998).

It is important to note that initial costs are only a fraction of the life cycle costs of a 
pump system. In general, for a pump system with a lifetime of 20 years, the initial 
capital costs of the pump and motor make up merely 2.5% of the total costs (Best 
Practice Programme, 1998). Depending on the pump application, energy costs may 
make up about 95% of the lifetime costs of the pump.

i Operations and Maintenance. Inadequate maintenance at times lowers pump 
system efficiency, causes pumps to wear out more quickly and increases costs. 
Better maintenance will reduce these problems and save energy. Proper  
maintenance includes the  following (Hydraulic Institute, 1994; LBNL et al., 
1999):

• Replacement of worn impellers.
• Bearing inspection and repair.
• Bearing lubrication once annually or semiannually.
• Inspection and replacement of packing seals. 
• Inspection and replacement of mechanical seals. 
• Wear ring and impeller replacement. 
• Pump/motor alignment check.

Typical energy savings for operations and maintenance are estimated to be between 
2 and 7% of pumping electricity use. The payback is usually one year (Xenergy, 
1998; U.S. DOE-OIT, 2002c).

ii Monitoring.  Monitoring in conjunction with operations and maintenance  
can be used to detect problems and determine solutions to create a more 
efficient system. Monitoring can determine clearances that need be adjusted, 
indicate blockage, impeller damage, inadequate suction, operation outside  
preferences, clogged or gas-filled pumps or pipes, or worn out pumps. 
Monitoring should include:
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• Wear monitoring
• Vibration analyses
• Pressure and flow monitoring
• Current or power monitoring
• Differential head and temperature rise across the pump/ thermodynamic 

monitoring
• Distribution system inspection for scaling or contaminant build-up

iii Reduce Need. Holding tanks can be used to equalize the flow over the 
production cycle, enhancing energy efficiency and potentially reducing the 
need  to add  pump capacity. In addition, bypass loops and other unnecessary 
flows  should be  eliminated. Energy savings may be as high as 5-10% for each 
of these  steps  (Easton  Consultants,  1995).  

Case study 29 : Optimisation of Cooling Water Flow 

Brief  

Three numbers of cooling water pumps were used to supply cooling water to 
refinery units. Excess flow /wastage of cooling water observed in AVU and DCU 
plant. The problem of cooling water system is not the flow but the low pressure of 
the cooling water, hence by stopping one of the cooling water pumps and optimizing 
cooling water in AVU and DCU and installation of one small booster pump of 

2maintaining supply header pressure at 4.5 kg/cm can save 257 kW per hour, which 
is equivalent to 21.6 lakhs kwhr/year.

Energy savings

Investment costs :  Rs.   10  lakhs (for the installation of booster pump)
Savings achieved  :  Rs. 15 lakhs
Pay back period :  8 months

iv More Efficient Pumps. According to Easton Consultants, 1995, pump 
efficiency may degrade 10 to 25% in its lifetime. Replacing a pump with a new 
efficient one saves between 2 to 10% of its energy consumption (Elliott, 1994).

v Correct Sizing Of Pump(s) (Matching Pump To Intended Duty). Pumps 
that are sized inappropriately result in unnecessary losses. Where peak loads 
can be reduced, pump size can also be reduced. Correcting for pump over 
sizing can save 15 to 25% of electricity consumption for pumping (Easton 
Consultants, 1995).

vi Use Multiple Pumps. Often using multiple pumps is the most cost-effective 
and most energy efficient solution for varying loads, particularly in a static 
head-dominated system. Installing parallel systems for highly variable loads 
saves 10 to 50% of the electricity consumption for pumping  (Easton 
Consultants, 1995). Variable speed controls should also be considered for 
dynamic systems.

vii Trimming Impeller or Shaving Sheaves. If a large differential pressure 
exists at the operating rate of flow, the impeller diameter can be trimmed so 
that the pump does not develop as much head

Case study 30 :  Trimming the Diameter of Pump Impeller

Brief 

Salt Union Ltd. produces white salt by the multistage evaporation of brine.  A by-
product of the process is condensate, which is exported to a nearby power station to 
feed the boiler. Operational analysis showed that the pressure generated by the 
condensate export pump was considerably higher than was necessary. The high 
degree of throttling that was consequently needed had led to instability in the 
system, resulting in mal-operation and high maintenance costs. 

Energy  savings

Trimming the diameter of pump impeller resulted in reducing power required by the 
pump and also allowed a smaller motor to be fitted which further resulted in energy 
savings.  

Potential users :  Any user of pumps
Investment costs :  Rs.   20,000.00 
Savings achieved  -

(a) Energy Saving   :  Rs. 7,50,000.00
(b) Savings in repair  :  Rs. 2,50,000.00

             & maintenance

Payback period :  8 days 

viii Controls. Remote controls enable pumping systems to be started and  stopped  
more  quickly  and  accurately  when  needed,  and  reduce  the  required 
labor. In addition to energy savings, the control system reduces maintenance 
costs and increases the pumping system's equipment life.

ix Adjustable Speed Drives (ASDs). ASDs better match speed to load  
requirements for pumps  where,  as  for  motors,  energy  use  is  
approximately  proportional  to  the  cube  of  the flow rate. Hence, small 
reductions in flow that are proportional to pump speed may yield large energy 
savings. In addition, the installation of ASDs improves overall productivity, 
and product quality, and reduces wear on equipment, thereby reducing future 
maintenance costs.

x Avoid Throttling Valves. Extensive use of throttling valves or bypass loops 
may be an indication of an oversized pump. Variable speed drives or on off 
regulated systems always save energy compared to throttling valves 
(Hovstadius, 2002).
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xi Correct  Sizing  Of  Pipes. Similar to pumps, undersized pipes also result  in 
unnecessary losses. Increasing the pipe diameter may save energy but must be 
balanced with costs for pump system components. Correct sizing of pipes 
should be done at the design or system retrofit stages where costs may not be 
restrictive.

xii Replace Belt Drives.  Inventory data suggests 4% of pumps have V-belt  
drives, many  of which can be replaced with direct couplings to save energy 
(Xenergy, 1998). Savings are estimated at 1%.

xiii Precision Castings, Surface Coatings, Or Polishing. The use of castings, 
coatings, or polishing reduces surface roughness that in turn,  increases  
energy  efficiency. It may also help maintain efficiency over time. Energy 
savings for coating pump surfaces are estimated to be 2 to 3% over uncoated 
pumps (Best Practice Programme, 1998).

xiv Sealings. Seal failure accounts for up to 70% of pump failures in many 
applications (Hydraulic Institute and Europump, 2001). The sealing 
arrangements on pumps will contribute to the power absorbed. Often the use of 
gas barrier seals, balanced seals, and no- contacting labyrinth seals optimize 
pump efficiency.

xv Curtailing Leakage Through Clearance Reduction. Internal leakage losses 
are a result of differential pressure across the clearance between the impeller 
and the pump casing. The larger the clearance, the greater is the internal 
leakage causing inefficiencies. The normal clearance in new pumps ranges 
from 0.35 to 1.0 mm (Hydraulic Institute and Europump, 2001). With wider 
clearances, the leakage increases almost linearly with the clearance. For 
example, a clearance of 5 mm decreases the efficiency by 7 to 15% in closed 
impellers and by 10 to 22% in semi-open impellers.

xvi Dry Vacuum Pumps. Dry vacuum pumps were introduced in the 
semiconductor industry in Japan in the mid-1980s. The advantages of a dry 
vacuum pump are high energy efficiency, increased reliability, and reduced air  
and water pollution. It is expected that dry vacuum pumps will displace oil- 
sealed pumps (Ryans and Bays, 2001) in the next 5 to 7 years. Dry pumps have 
major advantages in applications where contamination is a concern.

4.5.16 Lighting

Lighting and other utilities represent less than 3% of electricity use in  refineries. 
Still, potential energy efficiency improvement measures exist, and may contribute 
to an overall energy management strategy. Because of the relative minor 
importance of lighting and other utilities, this Energy Guide focuses on the most 
important measures that can be undertaken.

i Lighting Controls. Lights can be shut off during non-working hours by 
automatic controls, such as occupancy sensors. Manual controls can also be 
used in addition to automatic controls to save additional energy in small areas.

ii Replace T-12 Tubes by T-5 Tubes or Metal Halides. The initial output for T- 
12 lights is high, but energy consumption is also high. T-12 tubes have poor 
efficacy, lamp life, lumen depreciation and color rendering index. Because of 
this, maintenance and energy costs are high. Replacing T-12 lamps with T-5 
lamps approximately doubles the efficacy of the former. There are a number of 

T-5 lights and ballasts in the market and the correct combination should be 
chosen for each system.

iii Replace Mercury Lights by Metal Halide or High-Pressure Sodium 
Lights. In industries where color rendition is critical, metal halide lamps save  
50% energy compared  to  mercury  or fluorescent lamps. Where color 
rendition is not critical, high-pressure sodium lamps offer energy savings of 50 
to 60%  compared to mercury lamps. High-pressure sodium and metal halide 
lamps also produce less heat, reducing HVAC loads. In addition to energy 
reductions, the  metal halide lights provide  better lighting, provide better 
distribution of light across work surfaces, improve color rendition, and reduce 
operating costs (GM, 2001).

iv Replace Standard Metal Halide HID With High-Intensity Fluorescent 
Lights.  Advantages of the high efficiency fluorescent lamps are many: lower 
energy consumption, lower lumen depreciation over the lifetime of the lamp, 
better dimming options, faster start-up and restrike capability, better color 
rendition, higher pupil lumens ratings, and less glare (Martin et al., 2000). 
High-intensity fluorescent systems yield 50% electricity savings over standard 
metal  halide  HID.  

v Replace Magnetic Ballasts With Electronic Ballasts. A ballast is a  
mechanism that regulates the amount of electricity required to start a lighting 
fixture and maintain a steady output of light. Electronic ballasts save 12 to 25% 
power over their magnetic predecessors (EPA, 2001). If automatic daylight 
sensing, occupancy sensing and manual dimming are included with the 
ballasts, savings can be greater than 65% (Turiel et al., 1995).

vi Reflectors. A reflector is a highly polished  "mirror-like" component that 
directs light downward, reducing light loss within a fixture. Reflectors can  
minimize  required  wattage effectively.

vii Light  Emitting  Diodes  (LEDs)  or  Radium  Lights.  One way to  reduce  
energy  costs  is simply switching from incandescent lamps to LEDs or radium 
strips in exit sign lighting. LEDs use  about  90%  less  energy  than  
conventional  exit  signs  (Anaheim  Public  Utilities,  2001).

Case study 31  :  Using Energy Transformer for Plant Lighting 

Brief 

The actual wattage of lamps used is always higher than the manufacturer's rated 
wattage and it depends mainly on the characteristic of the Ballast with which the 
particular lamp is operated on the mains supply voltage at any given time. Thus 
saving can be achieved. 

By using energy saving transformer for plant lighting in a refinery, 20% power 
consumption reduction has been possible in two major units, i.e. Crude Distillation 
uni t and hydrocracker  resul ting in saving of 9 lakhs kwhr/year.

Energy Savings

Investment costs :  Rs.   4.46 lakhs (for the transformer)
Savings achieved  :  Rs. 27  Lakhs/annum
Pay back period :  2 months 
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iii High Efficiency Belts (Cog Belts). Belts make up a variable, but significant 
portion of the fan system in many plants. It is estimated that about half of the 
fan systems use standard V- belts, and about two-thirds of these could be 
replaced by more efficient cog belts (Xenergy, 1998).  Standard V-belts tend to 
stretch, slip, bend and compress, resulting in loss of efficiency. Replacing 
standard V-belts with cog belts can save energy, even as a retrofit. Cog belts run 
cooler, last longer, require less maintenance and have an efficiency that is 
about 2% higher than standard V-belts. Typical payback periods is less than 
one year.

4.5.18 Power Generation

Most refineries have some form of onsite power generation. In fact, refineries offer 
an excellent opportunity for energy efficient power generation in  the  form of 
combined heat and power production (CHP). CHP provides the opportunity to use 
internally generated fuels for power production, and allowing greater independence 
of grid operation. This increases reliability of supply as  well  as  the  cost-
effectiveness.  

i  Combined Heat and Power Generation (CHP)

The petroleum refining industry is one of the largest users of cogeneration or CHP 
in the country. Total installed capacity is next only to the chemical and pulp & paper 
industry. Still, only about 10% of all steam used in refineries is generated in 
cogeneration units. Hence, the petroleum refining industry is also identified as one 
of the industries with the largest potential for increased application of CHP.

Wherever process heat, steam, or cooling and electricity are used,  cogeneration 
plants  are significantly more efficient than standard power plants because they take 
advantage of what are losses in conventional power plants by utilizing waste heat. 
In addition, transportation losses are minimized when CHP systems are located at or 
near the refinery.

Innovative gas turbine technologies can make CHP more attractive for  sites with 
large variations in heat demand. Steam injected gas turbines (STIG or Cheng cycle) 
can absorb excess steam, e.g., due to seasonal  reduced heating  needs,  to  boost  
power  production  by injecting the steam in the turbine. The size of typical STIGs 
starts around 5 MWe, and is currently scaled up to sizes of 125 MW. STIGs have 
been installed at various sites worldwide, especially in Japan, Europe and in the 
United States. Energy savings and payback period will depend on the local 
circumstances (e.g., energy patterns, power sales, conditions).

Steam turbines are often used as part of the CHP system in a refinery or as stand-
alone systems for power generation. The efficiency of the steam turbine is 
determined by the inlet steam pressure and temperature as well as the outlet 
pressure. Each turbine is designed for a certain steam inlet pressure and 
temperature. The operators should make sure that the steam inlet temperature and 
pressure are optimal. An 18°F decrease in steam inlet temperature will reduce the 
efficiency of the steam turbine by 1.1%  (Patel and Nath, 2000).  Similarly, 
maintaining exhaust vacuum of a condensing turbine or the outlet pressure of a 
backpressure turbine too high will result in efficiency losses.

Case study 32 : Replacement of conventional tube-lights with energy efficient 
           tube-lights

Brief

During the course of the audit it was found that there are around 3500 nos. of 
conventional 40W fluorescent tube-lights installed in the plant and operating on 
the normal copper chokes. These type of fittings take more power as compared to 
the energy efficient tube-lights now available in the market. It is therefore 
recommended to replace all the existing conventional tube light fittings with the 
energy efficient tube-lights along-with electronic ballast. The cost benefit analysis 
of replacing the existing fluorescent tube-lights (FTLs) with T-5 is substantial.

Energy Savings

4.5.17 Fans

Fans are used in boilers, furnaces, cooling towers, and many other applications. As 
in other motor applications, considerable opportunities   exist   to   upgrade the 
performance and improve the energy efficiency of fan systems. Efficiencies of fan 
systems vary considerably across impeller types (Xenergy,1998). However, the 
cost-effectiveness of energy efficiency opportunities depends strongly on the 
characteristics of the individual system.

i Fan Oversizing. Most of the fans are oversized for the particular application, 
which can result in efficiency losses. However, it may often be more cost- 
effective to control the speed, than to replace the fan system.

ii Adjustable Speed Drive (ASD). Significant energy savings can be achieved 
by installing adjustable speed drives on fans. Savings may vary between 14 
and 49% when retrofitting fans with ASDs (Xnergy, 1998)

INSTALLATION OF T -5 FTLs WITH ELECTRONIC BALLAST IN PLACE 

OF EXISTING CONVENTIONAL FTLs 
Number of tube-lights   3500 

Present power consumption per tube-light W 48 

Total power consumption by these tube lights kW 168 

Power consumption per tube light after 

replacement with T-5 & electronic ballast W 28 

New power consumption kW 98 

Power saved kW 70 

Annual operating time hrs 3300 

Annual energy savings kWh 231000 

Cost benefit Rs. Lacs 10.40 

Expected Investment Rs. Lacs 19.25 

Payback period months 22 
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Case study 33 : Installation of lower capacity Pump in HRSG

Brief 

3Installation of a smaller pump of rated capacity 37m/hr for feeding water to Heat 
Recovery Steam Generator (HRSG-5) and input power requirement of new 45 kw 
pump motor is available from the steam turbine (which will be able to produce max 
150 kw). This could replace the existing pump/motor which consumes 146 kw for 
supplying the water to HRSG-4. The saving of 146 kw is achieved by installing a 
lower capacity pump. By this, the requirement of PRV is to reduce 6.5 TPH of MP 
steam to LP steam for process required.

Energy Savings 

Investment costs :  Rs.   22  lakhs 
Savings achieved  :  Rs. 8.6Lakhs
Pay back period :  2.6 years 

ii  Steam Expansion Turbines

Steam is generated at high pressures, but often the pressure is reduced to allow the 
steam to be used by different processes.  For example, steam is generated at 120 to 
150 psig. This steam then flows through the distribution system within the plant. 
The pressure is reduced to as low as 10-15 psig for use in different process. Once the 
heat has been extracted, the condensate is often returned to the steam generating 
plant. Typically, the pressure reduction is accomplished through a pressure 
reduction valve (PRV). These valves do not recover the energy embodied in the 
pressure drop. This energy could be recovered by using a micro scale backpressure 
steam turbine. Several manufactures produce these turbine sets.

iii High-temperature CHP

Turbines can be pre-coupled to a crude distillation unit (or other continuously 
operated processes with an applicable temperature range). The off gases of the gas 
turbine can be used to supply the heat for the distillation furnace, if the outlet 
temperature of the turbine is high enough. One option is the so-called 'repowering' 
option. In this option, the furnace is not modified, but the combustion air fans in the 
furnace are replaced by a gas turbine. The exhaust gases still contain a considerable 
amount of oxygen, and can thus be used as combustion air for the furnaces. The gas 
turbine can deliver up to 20% of the furnace heat.

Another option, with a larger CHP potential and associated energy savings, is 
"high- temperature CHP". In this case, the flue gases of a CHP plant are used to heat 
the input of a furnace or to preheat the combustion air.

iv Gasification

Gasification provides the opportunity for cogeneration using the heavy bottom 
fraction and refinery residues (Marano, 2003). Because of the increased demand for 
lighter products and increased use of conversion processes, refineries will have to 
manage an increasing stream of heavy bottoms and residues. Gasification of the 
heavy fractions and coke to produce synthesis gas can help to efficiently remove 
these by-products. The   state-of-the-art gasification processes combine the heavy 
by-products with oxygen at high temperature in an entrained bed gasifier. 

Due to the limited oxygen supply, the heavy fractions are gasified to a mixture of 
carbon monoxide and hydrogen. Sulfur can easily be removed in the form of H S to 2

produce elemental sulfur. The synthesis gas can be used as feedstock for chemical 
processes. However, the most attractive application seems to be generation of 
power in an Integrated Gasifier Combined Cycle (IGCC). In this installation the 
synthesis gas is combusted in a gas turbine (with an adapted combustion chamber to 
handle the low to medium-BTU gas) generating electricity. The hot flue gases are 
used to generate steam. The steam can be used onsite or used in a steam turbine to 
produce additional electricity (i.e., the combined cycle). Cogeneration efficiencies 
can be up to 75% (LHV) and for power production alone the efficiency is estimated 
at 38-39% (Marano, 2003).

Entrained bed IGCC technology is basically developed for refinery applications, 
but is also used for the gasification of coal. Hence, the major gasification 
technology developers were oil companies like Shell and Texaco. IGCC provides 
a low-cost opportunity to reduce emissions (SOx, NOx) when  compared  to  
combustion  of  the  residue,  and  to  process  the heavy  bottoms  and  residues  
while  producing  power  and/or feedstocks for the refinery.

IGCC is being used by the Shell refinery in Netherlands to treat residues from the 
hydrocracker and other residues to generate 110 MWe of power and 285 tonnes of 
hydrogen for the refinery. The investment costs will vary by capacity and products 
of the installation. The capital costs of a gasification unit consuming 2,000 tons per 
day of heavy residue would cost about $229 million of the production of hydrogen 
and $347 million for an IGCC unit. The operating cost savings will depend on the 
costs of power, natural gas, and the costs of heavy residue disposal or processing.

4.6 Refinery Environmental Issues

Refineries are industrial sites that manage huge amounts of raw materials and 
products and are intensive consumers of energy and water. In their storage and 
refining processes, refineries generate emissions to the atmosphere, to the water 
and to the soil, to the extent that environmental management has become a major 
factor for refineries. The type and quantity of refinery emissions to the environment 
are oxides of carbon, nitrogen and sulphur, particulates mainly generated from 
combustion processes, and volatile organic carbons. Water is used intensively in a 
refinery as process water and for cooling purposes. The main water contaminates 
are hydrocarbons, sulphides, ammonia and some metals. 

In the context of the huge amount of raw material that are processed, refineries do 
not generate substantial quantities of waste. Currently, waste generated by 
refineries are dominated by sludges, and spent chemicals e.g. acids, amines, 
catalysts.  Emissions to air are the main pollutants generated by the oil refineries.  
For every million ton of crude oil processed, refineries emit from 20000 - 820000 
tonnes of carbon dioxide, 60-700 tonnes of nitrogen oxides, 10 - 3000 tonnes of 
particulate matter, 30 - 6000 tonnes of sulphur oxides and 50 - 6000 tonnes of 
volatile organic chemicals. To process per million tonnes of crude oil, refineries 
generated 0.1 to 5 Million of waste water and 10 - 2000 tonnes of solid waste.  These 
big differences in emissions can be partially explained by the differences in 
integration and type of refineries e.g. simple vs. complex. 

A large number of techniques have been considered in the determination of best 
available techniques to combat emissions in various refining processes.
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4.6.1   Crude Desalting

Increased efficiency of desalters may reduce wash water usage.  Other 
environmental benefits would be limited to energy savings, related to more 
efficient electric field.

Available Techniques to Combat Emissions

(i) Enhance the oil/water separation before discharge to the waste water 
treatment plant

The system results in oil/ water separation, reducing the charge of oil to the waste 
water treatment and recycling it to the process as well as reductions in the oily 
sludge generation. With the application of the technique some to the API separators.  

(ii) Enhance the solid/ water-oil separation

By using water at low pressure and loss shear mixing device, the content of oil in the 
generated sludges can be decreased and the separation of the sludges from the water 
phase can be enhanced. In a few refineries, desalters have been equipped with a 
bottom flushing system.

(iii) Re-use of water for the desalter

By reusing the water, the refinery could reduce the hydraulic loading to the waste 
water treatment units and reduce consumption of water.

(iv) Stripping of the desalter brine

Strip desalter brine for hydrocarbons, sour components and ammonia removal 
before sending treatment This can be resulted in reduction of the hydrocarbon, 
sulphur and ammonia content of the waste water generated within the desalter.  For 
example, phenol emissions can be reduced by 90% and benzene emissions by 95%.

4.6.2  Distillation CDU/ VDU

Potential releases into the air from primary distillation units are: -

• Flue gases arising from the combustion of fuels in the furnaces to heat the 
crude oil.

• Pressure relief valves on column overheads; relief from overhead 
accumulator are piped to flare as well as the vent points.

• Poor containment in overhead systems, including barometric sumps and 
vents.

• Glands and seals on pumps, compressors and valves.
• De-coking vents from process heaters. During furnace decoking, some 

emission of soot can occur if operation is not properly controlled in terms of 
temperature or steam/ air injection.

• Venting during clean-out procedures.
• Some light gases leaving the top of the condensers on the vacuum 

distillation column. 
• Fugitive emissions from atmospheric and vacuum distillation units alone 

account for 5-190 t/yr for a refinery with a crude capacity of around 8.5 
MT/ yr.

The following table gives example of the air emissions generated by the 
atmospheric and vacuum distillation units by two European refineries. These tables 
include the emissions from combustion of fuels in the furnaces.

Table  4.19 Examples of air emissions generated by crude oil and vacuum 
 distillation  units

Process Waste Water

3Process waste water generated in the atmospheric distillation units is 0.08 - 0.75 m  
per tonne of crude oil processed. It contains oil, H S, suspended solids, chlorides, 2

mercaptans, phenol, an elevated pH, and ammonia and caustic soda used in column 
overhead corrosion protection. It is generated in the overhead condensers, in the 
fractionators and can also become contaminated from spillages and leaks. The 
overheads reflux drum (gasoil dryer condensator) generates 0.5% water on crude + 
1.5% steam on feed with a composition of H S 10 - 200 mg/I and NH  10 - 30 mg/I. 2 3

Sour water is normally sent to water stripper/treatment.

Wastewater (sour water) is generated in the vacuum distillation units from process 
steam injection in furnace and vacuum tower. It contains H S, NH  and dissolved 2 3

hydrocarbons. If steam ejectors and barometric condensers are used in vacuum 
3distillation, significant amounts of oily wastewater can be generated (+10 m /h) 

.containing also H S, NH2 3

Residual Wastes Generated

Sludges can be generated from the cleaning-out of the columns. The amount 
depends on the mode of desludging and the base solid and water content of the crude 
processed. The range of solid waste generation from a crude unit of 8.5 MT/ yr 
ranges from 6.3 - 20 t/day.

Available techniques to combat emissions

(i) Treatment of non-condensables from vacuum ejector set condensor 
uncondensable from overhead condensers can be passed to light ends 
treatment or recovery systems or refinery fuel gas systems; sour 
uncondensable gases vented from sealed barometric pumps of vacuum 
distillation units should be extracted and dealt with in a manner appropriate to 
the nature of the sour gas.  

3Vacuum distillation column condensers may emit 0.14 kg/m  of vacuum feed 
and can be reduced to negligible levels if they are vented to heater or 
incinerator. Pollution reduction is achieved if vacuum gaseous streams (vent 
gas) are routed to an appropriate amine scrubbing unit instead of being directly 
burned in the process heater.

Installation Fuel 
Consumption 

(GWh/yr)
 

Throughput 
(MT/yr)

 Units SO2 NOx CO CO2 Particu-
lates

CDU mg/m3  35  100  100   5
1138.8 

8.5 
Crude Oil t/yr 35.2  100.4  100.4  220927 5

Vacuum
 

mg/m3

 
35

 
100

 
100

  
5

Distillation 639.5
4.5

 Atm. Res. t/yr 19.8 56.6 56.6 182252 2.8
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(ii) Waste Water treatment and re-use

The overhead reflux drum generates some waste water. That water can be re-used as 
a desalter wash water. Sour water from atmospheric and vacuum unit condensates 
should pass to a sour water stripper in enclosed systems to optimize water re-use by 
application of side-stream softening to blowdown streams. This reduces water 
consumption and reabsorb pollutants.

(iii) Other techniques to consider in the atmospheric units are:-

a) De-coking vents to be provided with suitable knock-out and dust suppression 
facilities; suitable methods of preventing emissions during clean-out 
procedures need to be used.

b) Many oily sludges can be sent to the crude distillation or in alternative to the 
coking unit where they become part of the refinery products.

c) Use of spend caustic instead of fresh caustic for corrosion control on 
distillation unit.

4.6.3  Fluid Catalytic Cracking - FCC

This section gives emission information from the FCC when it is run under 
favourable conditions and the regenerator in total combustion mode. The 
catcracker is the source of SO  and Nox, CO , CO, dust particulates, N O, SO , 2 2 2 3

metals, hydrocarbons (ex. Aldehydes) and ammonia emissions. For example, the 
basic design of a FCC includes two-stage cyclones in the regenerator vessel, which 
prevent the bulk of the fine catalyst used from escaping from the system.  However, 
smaller catalyst particles, some of which are introduced with fresh catalyst and 
some created by attrition in the circulating system, are not easily retained by the 
two-stage cyclone system. Consequently, in many cases, other abatement 
techniques can be included to complement the process abatement techniques. The 
table gives a summary of the lowest emissions of pollutants to the atmosphere due 
to an uncontrolled catcracker.

Table 4.20 Emission factors in Kg. /1000 litres of fresh feedstock

Available Techniques to combat Emissions

(i) Partial combustion mode in the regenerator

The use of partial combustion mode together with a CO boiler generates 
less CO and Nox emissions compared with full combustion.

(ii) Hydrotreatment of feed to the catcracker

FCC feed hydrotreatment can reduce the sulphur content to <0.1 - 0.5% w/w 
(depending on the feedstock).

PM    Sox
  

(as SO2) 
CO
 

HC
 

Nox (as No2)
 

Aldehydes 
 

NH3

0.267 – 
0.976

0.286 – 
1.505 

39.2 0.630 0.107 – 0.416  0.054  0.155

(iii) Selective non-catalytic reduction (SNCR)

These systems reduce the NOx emissions by 40-80%.  The outlet 
3concentrations can be down to <200 - 400 mg/Nm @3% O  depending on the 2

nitrogen content of the feedstock.  Instead of ammonia, urea can be also 
used.  The use of urea has the advantage to be more soluble in water and 
consequently reduce the risk of handling/ storage of NH .3

(iv) Wet scrubbing

A suitably designed wet scrubbing process will normally provide an 
effective removal efficiency of both SO /SO  and particulates.  With the 2 3

inclusion of an extra treatment tower, to oxidize the NO to NO , NOx can 2

also be removed partially.  

(v) Venturi Scrubbing

Venturi scrubbing can also remove most of the sulphur dioxide present in the 
flue gases.  Tertiary cyclones with venturi scrubber in the FCCU regenerator 
have reached efficiencies of 93% in reducing SO  and particulate emissions.2

4.6.4   Catalytic Reforming 

Air emissions from catalytic reforming arise from the process heater gas, 
hydrocarbons from pressure relief valves and leakages and regeneration.  
Hydrocarbons and dust releases may arise from venting during catalyst 
replacement procedures and during clean-out operations. The table 4.21 shows an 
example of emissions to the air generated by reformers in two European refineries. 
The table also shows the emissions generated by the heaters.

Table  4.21

The amount of waste water generated in the catalytic reforming is around 1-3 litres 
per tonne of feestock. The waste water contains high-level of oils, suspended solids, 
COD and relatively low levels of H S (sulphides), chloride, ammonia and 2

mercaptans. Spent catalyst fines (alumina silicate and metals) may be generated 
from the particulate abatement techniques. Spent catalyst generated is around 20 to 
25 tonnes per year for a 5 Mtonnes per year refinery.

Available Techniques to combat Emissions

(I) Type of catalyst promoter

Ozone depleting substances (e.g. carbon tetrachloride) are sometimes used 
during the regeneration of the catalyst of the reformer. Emissions of such

Installation Fuel 
Consumption

 
Throughput 
(t/yr)

 
SO2 NOx CO CO2 Particulars

Platformer 
Mider (1)

753.4

 
1000000 
Naphtha

 mg/m3

 

t/yr
 

kg/t 
feed 

35

 

24.1
 

0.024
 

100

 

68.7
 

0.069
 

100

 

68.7
 

0.069
 

 

146152
 

146
 

5
3.4
0.003

Platformer 
OMV

494.1 728000 
Naphtha 

mg/m3 
t/yr 
kg/t 
feed

 

18  
8.8  
0.012

 

170  
83  
0.114

 

5  
2.4  
0.003

 

 
95848  
132

 

1
0.5
0.001

Notes:   Data are related to yearly average, 3% O2, dry conditions. (1) Emissions from the Mider refinery, only 
limit values are given.  Loads and specific emissions were calculated.
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substances should be minimized by using less harmful substitutes or by using 
them in confined compartments. 

(ii) Cleaning of the regeneration flue gas

Regenerator flue gas containing HCI, H S, small quantities of catalyst fines, 2

traces of Cl , SO  and dioxides can be sent to a scrubber prior to release to 2 2

atmosphere. This results in reduction of particulates and volatile acids (HCI, 
H S).  It has been reported that Cl  filter also traps dioxins.2 2

(iii) Electrostatic precipitator in the regeneration flue gas

Regenerator flue gas containing HCI, H S, small quantities of catalyst fines, 2

traces of Cl , SO  and dioxins can be sent to an electrostatic precipitator prior to 2 2

release to atmosphere. This results in reduction of particulate content in the 
flue gas coming from the regenerator.

(iv) Dioxins formation in catalytic reforming units

Dioxins are typically formed in the three types (continuous, cyclic and semi 
regenerative) of catalytic reforming during the regeneration of the catalyst.  If 
the regenerator flue gas is treated in a water scrubber, dioxins are transferred in 
waste water. In some other cases, the use of fixed bed filters have resulted in 
combine reduction of chlorine and dioxins.

4.6.5   Hydrogen Consuming Processes (Hydrotreater/ Hydrocracker)

i Hydrotreating

Air emissions from hydrotreating may arise from process heater flue gas vents, 
fugitive emissions and catalyst regeneration (CO , CO, NOx, SOx).  The off-2

gas stream may be very rich in hydrogen sulphide and light fuel gas.  The fuel 
gas and hydrogen sulphide are typically sent to the sour gas treatment unit and 
sulphur recovery unit.  Hydrocarbons and sulphur compounds from pressure 
relief valves; leakages from flanges, glands and seals on pumps, compressors 
and valves, particularly on sour gas and sour water lines; venting during 
catalyst regeneration and replacement procedures or during cleaning 
operations. The following table 4.22 shows two examples of emissions from 
hydrotreating processes. These air emissions include the emissions generated 
by the combustion of fuel required in those processes.

Table  4.22

Installation 
Mider

F
u

e
l

c
o

n
s
u

m
p

ti
o

n
(G

W
h

/y
r)

T
h

ro
u

g
h

p
u

t
(t

/y
r)

U
n

it
s

S
O

2

N
O

x

C
O

C
O

2

P
a
rt

ic
u

la
rs

Naphtha 

 
1500000

 

Hydrotreater 205.9
 

Naphtha
 

  

mg/m3

 

t/yr

 

kg/t feed
 

35

 

7.1

 

0.005
 

100

 

20.3

 

0014
 

100

 

20.3

 

0.014
 

 

39937
27

 
5
1
0.001

Middle distillate  
205.9 

3000000 
GO 

5
1

  

mg/m3  
t/yr kg/t feed

 

35  
7.1  0.002

 

100  
20.3  0.007

 

100  
20.3  0.007

 

 
39937
13

 0
Vacuum 
distillate 578.2

 

2600000

 VGO

 

35

 18.6

 

100

 53.2

 

100

 53.2

 
 164776

5
2.7

  

mg/m3

 t/yr

 
kg/t feed

 
0.007

 

0.02

 

0.02

 
 

63

 

0.001

Emissions are only limit values. Loads and specific emissions were calculated.  Data are related to yearly average, 3% O2, dry conditions.

a Waste Water generated by hydrotreatments

Hydrotreating and hydroprocessing generate a flow of waste water of 30-55 
l/tonne.  It contains H S, NH , high pH, phenols, hydrocarbons, suspended 2 3

solids, BOD and COD. This process sour water should be sent to the sour water 
stripper/ treatment.  Potential releases into water include HC and sulphur 
compounds from spillages and leaks, particularly from sour water lines. In 
distillate hydro treatments, solid deposits such as (NH ) SO  and NH CL are 4 2 4 4

formed in the cooler parts of the unit and must be removed by water wash.

b Solid Wastes generated by hydrotreatments

Those processes generate spent catalyst fines (aluminium silicate and metals 
Co/Mo and Ni/ Mo 50 - 200 t/yr for 5 Mt/ yr refinery).  For process units using 
expensive catalysts, contracts with the supplier exist for taking the spent 
catalyst back for regeneration and/ or recycling.  This practice is also being 
adopted for other types of catalysts. During the last 20 years the use of catalytic 
processes has increased considerably and hence also the regeneration and 
rework services, particularly used to capture the water content of some streams 
(e.g. distillate hydrodesulphurisation).

ii Hydrocracking

Emissions from hydrocracking units included heater stack gas containing CO, 
SOx, NOx, hydrocarbons and particulates that generate smoke, grit and dust in 
the flue gas, fugitive emissions (hydrocarbons) and catalyst regeneration (CO , 2

CO, NOx, SOx, and catalyst dust). Fuel gas and bleed stream will contain H S 2

and should be further treated. VOCs are generated by the non-condensable 
from vacuum ejectors set condenser.

a Waste Water

Hydrocracking generates a flow of waste water of 50-110 I per tonne 
processed.  It contains high COD, suspended solids, H S, NH  and relatively 2 3

low levels of BOD. The sour water from the first stage HP separator, LP 
separator, and overhead accumulator should be sent to the sour water stripper/ 
treatment. Effluent from hydro conversion processes may contain occasionally 
metals (Ni/ V).

b Solid wastes

Hydrocracking also generates spent catalysts fines (metals from crude oil, and 
hydrocarbons). Catalyst should be replaced once per <1-3 years generating an 
average of 50-200 t/yr for a refinery of 5 Mt/ yr. Hydroconversion normally 
generates between 100 and 300 t/yr of spent catalysts which contain more 
heavy metals than hydrocracking catalysts.

4.6.6 Hydrogen Production

The feed for the hydrogen plant consists of hydrocarbons in the range from 
natural gas to heavy residue oils and coke. The conventional steam reformer 
process produces hydrogen of 97-98% v/v purity and is the most commonly 
used method for hydrogen production. The second commonly used route is to 
transform heavy oil residues to petroleum coke and its subsequent gasification
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to produce syn gas. Hydrogen production through steam reformer and coke 
gasification results in various types of air emissions and generation of solid 
waste in case of coke gasification process.

i Steam Reforming

Nox emissions are the most important to consider. Other emissions such as 
SOx or water emissions are minimal, because low-sulphur fuel is typically 
used and there are few emissions other than flue gas. The choice of heat 
recovery system can have a major effect on NOx production, since both the 
amount of fuel fired and the flame temperature will be affected. NOx emissions 
from a steam-reforming unit using gas or light gasoline as fuels and with low - 

3NOx burners are 25-40 mg/MJ (100-140 mg/ Nm , 3% O ). Other emissions, 2

such as CO , originate from carbon in the feed.2

ii Coke gasification

Sulphur sorbents, such as limestone (CaCO ) or dolomite (Mg, Ca carbonate), 3

are normally used in the gasifier, reducing drastically the sulphur content.  
3Sulphur composition in the exhaust gas ranges from 600 to 1200 mg/Nm  of 

H S and COS. If no sorbent is used, the sulphur content of the gas will be in 2

proportion to the sulphur in the feed. In oxygen-blown gasification, the sulphur 
3content will be about 10000 mg/ Nm  per percent sulphur in the feed.  

Ammonia is formed in the gasifier from the fuel-bound nitrogen.  Ammonia in 
the product gas typically contained less than 5% of the fuel-bound nitrogen 
when limestone was present in the gasifier.

iii Solid Waste

The solid waste from the process consists mainly of spent limestone and metals 
from the petcoke. Volatile metals and alkalis tend to accumulate on the 
particulate as the gas is cooled. The particulates contain a high percentage of 
carbon and are usually sent with the ash to a combustor, where the remaining 
carbon is burned and the calcium sulphide is oxidized to sulphate.

4.6.7  Alkylation

As described earlier, the alkylation process is catalyzed by using hydrofluoric 
acid or sulphuric acid. The main advantages of the HF alkylation process are 
the regeneration of HF which minimizes waste formation and disposal and also 
lower acid/ catalyst consumption as well as less consumption of energy and 
cooling. In the sulphuric acid alkylation process, the major drawback is the 
disposal of spent acid.  

i HF- Alkylation Process

a Effluent gases

HF is a very dangerous compound because of its severe corrosive nature and 
burning effects of both liquid and fumes to skin, eyes and mucous membranes. 
Consequently, storage and handling it should comply with all safety rules.  
Scrubber using alkylation solution (NaOH or KOH) is necessary to remove HF 
from the incondensable gas stream. The acid relief neutralizer is operated so as 
to minimize the hydrogen fluoride content of the incondensable gas stream.

3Emissions levels of  <1mg HF/Nm  can be achieved.  The vent gas should pass 
to flare not to the refinery fuel gas system; a dedicated flare /stack is normally 
retained for this. Fugitive emissions are also generated by this process. KF or 
NaF is formed during the neutralization process. The spent solution is stored 
and then requires regeneration with lime (or alumina). 

b Water

HF alkylation effluents are a potential cause of acid excursions in refinery 
effluents and a high standard of control should be exercised on the 
neutralization treatment system, e.g. online pH monitoring. The effluent 
containing HF acid can be treated with lime (CaO-Ca (OH) , AlCl  or CaCl   or 2) 3 2

it can be neutralized indirectly in a KOH system to produce the desired CaF  or 2

AlF  (insolubles) which is separated in a settlement basin.3

c Wastes

The HF process also yields tars (polymeric material) but these are essentially 
free from HF. HF-containing tars are neutralized (with lime or alumina) and 
disposed of by incineration or blended as a fuel-oil component in small 
amounts because its pronounced odours. However, technology and special 
operating techniques such as internal acid regeneration have virtually 
eliminated this liquid-waste stream.

ii Sulphuric Acid - Alkylation Process

Technologies using sulphuric acid as catalyst produce very large quantities of 
spent acid (sulphuric and sulphonic acids) that has to be regenerated. The 
transport of spent and fresh acid to and from the sulphuric acid regeneration has 
give rise to some concern and increased the pressur on refiners to establish 
sulphuric acid regeneration plants near the alkylation unit. In some cases this 
transport to/from the regeneration facility is by pipeline.  However, no major 
new improvements have been introduced in sulphuric acid alkylation 
technology dealing with the spent acid issue. Fugitive  emissions from this 
process is similar to the HF alkylation.

Potential releases in terms of air pollutants, wastewater and solid waste 
generated by the alkylation processes are summarized in the tables 4.23, 4.24 & 
4.25 given below: 

Table  4.23: Air emissions generated by the alkylation processes

Air Pollutant Sulphuric acid Hydrofluoric
CO2, SO2, NOx and other 
pollutants arise from the 
furnaces*

From column heating 
furnaces

From column heating 
furnaces

Hydrocarbons May be released from 
pressure reliefs, storage, 
handling operations, spillages 
and fugitive emissions and 
water and waste discharges

 

May be released from 
pressure reliefs, storage, 
handling operations, 
spillages and fugitive 
emissions and water and 
waste discharges

Halogens n.a. Fluoride compounds may be 
released from pressure 
reliefs, vent gas and 
spillages

 Odours n.a.

 
Acid-sulphide oil may be 
released from process shut-
down ponds during 
maintenance work, 
particularly the descaling of 
pipes conveying hydrogen 
fluoride.  This may be 
odorous

* Emissions from these combustion processes are addressed in an integrated way.
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Table  4.24:  Waste water generated by alkylation processes

Table  4.25:  Solid waste generated by the alkylation techniques

4.6.8  Coking Process 

The most important health and safety aspect of coking processes is the handling of 
the coke fines.

i Emissions to the air

Air emissions from coking operations include the process heater flue gas emissions 
and fugitive emissions.  In addition, the removal of coke from the drum (delayed 
coking) can release particulate and any remaining hydrocarbons to the atmosphere. 
The main pollutants generated as well as the sources are described below: -

• Hydrogen sulphide and sulphur compounds in mercaptans may be released 
from the sour water stream from reflux condensers.

• Hydrocarbons may be released from pressure reliefs on reflux drums and 
vessels, quench tower emissions, storage and handling operations, spillages 
and waste and water discharges.

• Particulate matter may be released from the kiln gas cleaning system, the 
rotary cooker gas cleaning system, coke handling and storage, loading 
operations and from the calcinatory process.

Water parameter Sulphuric Hydrofluoric

Waste Water

 

Waste water produced in the 
alkylation processes has low pH, 
suspended solids, dissolved solids, 
COD, H2S, and spend acid.

 

 

Hydrocarbons

 
n.a.

 
HC from separator drains 
(surge drum, accumulator, 
dryer) and spillages, and of 
acidic effluent containing 
dissolved and suspended 
chlorides and fluorides from 
the settlement pit or the 
process shutdown ponds.

Acid Sulphuric acid

 

Effluents from HF scrubber are 
2- 38 m /h with compositions 
min/ max of 1000 – 10000 
ppm F; after time treatment 10 
– 40 ppm F.

Solid waste Sulphuric Hydrofluoric

Sludge n.a.

 

The flow 7 – 70 kg sludge per 
kg used HF (dry solids 
contents 3 – 30%)

 

Hydrocarbons

 

Sludge generated in the 
neutralization process 
contains hydrocarbons. 
Dissolved polymerization 
products are removed from the 
acid as a thick dark oil.  

HC from spent molecular 
sieves, carbon packings and 
acid-soluble oil.  Sludge 
generated in the neutralization 
process contains 
hydrocarbons. Dissolved 
polymerization products are 
removed from the acid as a 
thick dark oil.

 Acid products in the sludge

 
Sludge generated in the 
neutralization process 
contains sulphuric acid.

 

Inorganic fluorides (Na/KF) 
and chlorides from treatment 
stages. Sludge generated in 
the neutralization process 
contains CaF2.

Halides n/a Composition of sludge is 10 –
40 ppm F- after lime treatment.

ii Waste Water

Waste water is generated from the coke removal, water bleed from coke 
handling, sour water from fractionator overhead, cooling operations and from 
the steam injection and should be treated. The amount of waste water 
generated in the coking processes is around 25 litres per tonne of feedstock. It 
contains H S, NH  suspended solids (coke fines with high metal contents), 2 3

COD, high pH, particulate matter, particulate matter, hydrocarbons, sulphur 
compounds, cyanides and phenols.

iii Solid Wastes

Solid wastes generated in the coking processes are coke dust (carbon particles 
and hydrocarbons) and hot oil blowdown sludges containing hydrocarbons.

iv Delayed Coking

1. Uncondensable vapours generated in the coking processes should not pass to 
the flare system.

2. Pressure reliefs from the coke drums should pass to the quench tower.
3. Steam generated in this process can be used to heat up other refinery processes.
4. The delayed coking process has a low level of heat integration.  The heat to 

maintain the coke drums at coking temperature is supplied by heating the feed 
and the recycle stream in a furnace.  The atmospheric residue and/ or vacuum 
residue can be fed straight into the delayed coking unit without intermediate 
cooling, which results in a high heat integration level between the different 
units and saves a considerable amount of capital on heat exchangers.

v Fluid Coking

Another technique that can be used to prevent emissions or increase energy 
integration in the fluid coking is to use the coking gas in a gas turbine of a 
combined cycle unit. Extra information on the application of refinery fuel gas 
in combined cycle units appears in Table 4.26 .

Table - 4.26 

Available techniques to combat emissions: -

I Handling and storage of the coke

• Cut the coke into a double roll cluster and convey it to an intermediate storage 
silo.

• Spray the coke with a very fine layer of oil, which sticks the dust fines to the 
coke.

• Covered and de-pressurized conveyor belts.
• Aspiration systems to extract or collect dust.
• Use of an enclosed hot blowdown system.
• Dust extraction systems can be incorporated with loading equipment.

Process PM SOx (as 
SO2)

 CO HC NOx (as 
NO2)

 Aldehyde NH3

Fluid coking units 
uncontrolled

1.5 n.a. n.a. n.a.  n.a.  n.a.  n.a.

Fluid coking with 
ESP and CO boiler

 
0.019
6

 
n.a. Neg Neg  n.a.  Neg  Neg

Neg: Negligible 
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ii Particulate abatement in coking processes

The particulate abatement technique used in the FCC (Cyclones or ESP) that 
may be also used here, bag filters can be used in this processes.

SO  abatement techniques2

Sulphur oxides are emitted during the coking processes, especially during the 
calcinations processes.  The principal option to reduce sulphur dioxide 
releases from the process is the use of the lowest possible sulphur-content 
feedstocks. In practice, low-sulphur feeds are typically used for product 
quality reasons, since a substantial part of the sulphur remains fixed in the 
product.

iii Treatment of the waste water

In the coking processes, sour water is generated (steam condensate).  
Consequently, all water from the coking process is send to the sour-water 
stripper before being sent to the waste water treatment plant.

iv Separation of the oil/ coke fines from the coke-cutting water

The proposed pollution prevention alternative was to retrofit the sump where 
the oil/ coke fines are collected with an inclined plate separator to increase the 
separation efficiency.

Coke fines and water generated from the coke-cutting operation enter an in-
ground sump where the solids and water are separated by gravity.  A refinery 
study indicated that over twenty-five tones a year of coke fines entered the 
sewer system from that separator.

v Control and re-use of the coke fines

Coke fines are often present around the coker unit and coke storage areas.  The 
coke fines can be collected and recycled before being washed to the sewers or 
migrating off-site via the wind. Collection techniques include dry sweeping 
the coke fines and sending the solids to be recycled or disposed of as non-
hazardous waste.  Another collection technique involves the use of vacuum 
ducts in dusty areas and vacuum hoses for manual collection which run to a 
small baghouse for collection. This results in reduced soil contamination by 
coke particulates including metals.
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