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Petroleum geology is principally concerned with the

evaluation of seven key elements in sedimentary basins:

� Source

� Reservoir

� Seal

� Trap

� Timing

� Maturation

� Migration

1. How the Hydrocarbon is formed ?

Two theories have been proposed so far viz. organic and

inorganic, for generation of hydrocarbon. The organic

origin theory appears more logical as evident from carbon

isotope study, lab analysis, analogy with coal etc.

The organic matter (OM) is deposited in a basin in

anaerobic condition lacking free oxygen. Source of this

OM may be terrestrial (land derived), transitional or

marine. In order to form hydrocarbon, this OM must not

be exposed to atmosphere or water carrying acids or

bases for long time, which can lead to its decay and
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The generation of hydrocarbon and its occurrence in earth is a very complex system governed by thermal

and fluid dynamics. Many factors act simultaneously in order to constitute a producing petroleum system. A

detailed analysis needs to be carried out to understand each and every stage of hydrocarbon generation,

maturation and deposition. Some of factors governing formation of a petroleum system are: supply of organic

matter (OM); physico-chemical conditions of deposition of OM and source rock; OM burial and its cooking

conditions; migration history of expelled hydrocarbons; reservoir analysis; trapping mechanism; and most

importantly its tectonic history. All factors together account for the accumulation of any hydrocarbon.

disintegration. It must not be long transported, reworked

or oxidized.

Once deposited, the OM undergoes the following

processes under microbial activity, burial temperature

and overburden pressure:

� Diagenesis

� Catagenesis
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� Metagenesis

� Metamorphism

The physico-chemical transformation of OM during the

geological history of a sedimentary rock is neither a static

system nor an isolated process. It is controlled by

biological activities in the early stage followed by

temperature and pressure. Furthermore, organic-

inorganic matter reactions are active throughout the

process.

Diagenesis: Sediments deposited in the sub-aquatic

conditions contain large amount of water (about 60%

by weight of total sediments), minerals, dead organic

materials and living organism. Diagenesis is a process

through which the system tends to approach equilibrium

under the condition of shallow burial, and through which

the sediments normally get consolidated. Depth is of

the order of a few hundred metres. A schematic diagram

representing the state of OM with respect to temperature

and pressure is given below:

In early diagenesis stage, microbial activity is dominant.

Aerobic micro-organisms consume oxygen from the

uppermost sediments. Anaerobes reduce sulphates to

obtain the required oxygen. The energy is provided by

decomposition of OM, which in the process is converted

into CO
2
, NH

3
 and H

2
O. Within the sediments, OM

proceeds toward equilibrium. Previous biogenic

polymers or biopolymers (protein, carbohydrates) are

destroyed by microbial activities, converted into

geopolymers (new poly-condensed structure) precursing

kerogen (discussed later). The important hydrocarbon

formed during digenesis is methane. In addition CO
2
 and

H
2
O also are formed.

In short, diagenesis includes both, biogenic decay aided

by bacteria and abiogenic reactions.

Catagenesis: There is increase in temperature and

pressure due to burial depth. In the catagenesis zone,

temperature ranges around 500-1500C and geostatic

pressure around 300-1500 bars. Petroleum is released

from kerogen. The H:C ratio gradually decreases.

Metagenesis: High temperature and pressure are

involved in this zone. Generally, only methane is

expelled. The H:C ratio decreases further. Porosity and

permeability decrease.

Metamorphism: Graphite is formed. Porosity and

permeability (primary) are negligible.

The generation of hydrocarbon is based on the

transformation of biopolymers to geopolymers (from

amino acid – fulvic acid - humic acid - humins to

kerogen).

Kerogen is the smallest part of hydrocarbon, insoluble

in normal organic solvents because of the huge molecular

weight (upwards of 1,000 Daltons) of its component

compounds. The soluble portion is known as bitumen.

When heated to the right temperatures in the Earth’s crust,

(oil window  600-1600C, gas window 1500->2000C, both

depending on how the source rock is heated) kerogen

releases crude oil or natural gas, collectively known as

hydrocarbons (fossil fuels). When such kerogens are

present in high concentration in rocks such as shale, they

form possible source rocks. The kerogen type decides

the type of hydrocarbon to be produced from source rock.

Kerogens are classified broadly into four types based on

the matter from which they are derived, which also

decides the type of hydrocarbon to be produced.Source: http://www.glossary.oilfield.slb.com
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Type I

� Hydrogen: Carbon ratio > 1.25

� Oxygen: Carbon ratio < 0.15

� Shows great tendency to readily produce liquid

hydrocarbons.

� It is derived principally from lacustrine algae and

forms only in anoxic lakes and several other unusual

marine environments

� Has few cyclic or aromatic structures

� Formed mainly from proteins and lipids

Type II

� Hydrogen: Carbon ratio < 1.25

� Oxygen: Carbon ratio 0.03 to 0.18

� Tends to produce a mix of gas and oil.

� Derived from casings of pollens and spores, terrestrial

plants and animals.

� Has great tendencies to produce petroleum.

� Formed from lipids deposited under reducing

conditions.

Type III

� Hydrogen: Carbon ratio < 1

� Oxygen: Carbon ratio 0.03 to 0.3

� Material is thick, resembling wood or coal.

� Tends to produce coal and gas

� Has very low hydrogen because of the extensive ring

and aromatic systems

Type IV (residue)

� Hydrogen: Carbon ratio < 0.5

� Type IV kerogen contains mostly decomposed OM in

the form of polycyclic aromatic hydrocarbons. It has

no potential to produce hydrocarbons.

2. Where is the Hydrocarbon formed ?

The environment in which the OM is deposited decides

whether the matter will be eaten up (in oxidized

environment in the presence of bacteria) or preserved

(immediate burial in anaerobic condition in reducing

environment). Once preserved in proper physico-

chemical condition, the cooking condition of

hydrocarbon is achieved and hydrocarbon is generated.

Only, a fine grained litho-unit is capable of generating

and expelling hydrocarbon (known as Source rock).

Source Rock – Geological formation that is capable of

forming and expelling hydrocarbon provided proper

temperature and pressure regimes are achieved. Source

rock refers to rocks from which hydrocarbons have been

generated or are capable of being generated. They form

one of the necessary elements of a working petroleum

system. They are organic-rich sediments that may have

been deposited in a variety of environments including

deepwater marine, lacustrine and deltaic.

Types of Source Rock

Source rocks are classified on the basis of the type of

kerogen (already described) they contain, which in turn

governs the type of hydrocarbons that will be generated.

� Type 1 source rocks are formed from algal remains

deposited under anoxic conditions in deep lakes. They

tend to generate waxy crude oils when exposed to

thermal stress during deep burial.

� Type 2 source rocks are formed from marine

planktonic remains preserved under anoxic conditions

in marine environments. They produce both oil and

gas when thermally cracked during deep burial.

Hydrocarbon Generation and Occurrence & Sedimentary Basins in India
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� Type 3 source rocks are formed from terrestrial plant

material that has been decomposed by bacteria and

fungi under oxic or sub-oxic conditions. They tend

to generate mostly gas with associated light oils

when thermally cracked during deep burial. Most

coals and coaly shales are generally Type 3 source

rocks.

3. What happens once the Hydrocarbon is
formed ?

With increasing burial sediments and temperature, the

kerogen within the rock begins to break down. This

thermal degradation or cracking releases shorter chain

hydrocarbons from the original large and complex

molecules found in the kerogen.

Once the hydrocarbon is formed, it is expelled by the

source rock under compaction and many other complex

phenomenon to reach the carrier bed. Thereafter, the

migrated hydrocarbon follows fluid mechanics

principles and migrates further. This phenomenon is

called Migration.

Migration - The hydrocarbons generated from the

source rock are expelled, along with other pore fluids,

due to the continuing effects of compaction and

overburden pressure and start moving upwards towards

the surface. The phenomenon occurs through three

density-related mechanisms:

1. The newly-matured hydrocarbons are less dense

than their precursors, which causes overpressure;

2. The hydrocarbons are lighter medium, and so

migrate upwards due to buoyancy; and

3. The fluids expand as further burial causes increased

heating. Most hydrocarbons migrate to the surface

as oil seeps, but some get trapped.

Migration can be primary, secondary or even tertiary.

Primary migration is within the fine grained source rock.

Secondary migration is from source to carrier bed and

reservoir rock, whereas tertiary migration can happen

after the petroleum system has been established or

hydrocarbon is trapped, in a later stage.

4. What happens to the migrated
Hydrocarbon ?

The migrated hydrocarbon moves to the surface as

seepages unless it is arrested by some geological barrier

that is impervious enough to obstruct its passage. This

geological mechanism is called trapping.

Traps - The mechanical condition which prevents the

hydrocarbon to migrate/escape, leading to accumulation

of hydrocarbons, is called a trap. It is classified into two

types: structural and stratigraphic. A reservoir can be

formed by any one kind of trap or by a combination of

both.

Structural Traps - Structural traps are formed by the

deformation in a rock layer that contains the

hydrocarbons. Domes, anticlines and folds are common

structures. Fault-related features also may be classified

as structural traps if closure is ýpresent. Structural traps

are the easiest to locate by surface and subsurface

geological and geophysical studies.

Stratigraphic Traps - Stratigraphic traps are formed when

other beds seal a reservoir bed or when the permeability

and facies change within the reservoir bed itself. Example:

pinch outs, channels deposits etc.

Hydrocarbon Generation and Occurrence & Sedimentary Basins in India
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DEVELOPMENT OF KAYA IDENTITY

The first step in the Development of Kaya Identity couldn’t be simpler, i.e.

CO
2
 = CO

2

The RHS of the equation can be multiplied and divided by Total Energy ‘E’, resulting into the following:

CO
2
 = (CO

2
/ E) * E

The idea was to transform the equation into a more meaningful shape, i.e.

CO
2
 emissions = Carbon content of the * Amount of energy

energy consumption

The ratio (CO
2
/E) also bears the name of “carbon content of the energy”. This quantity is not the same

whatever primary energy is used, and can therefore, vary depending on the technological choices that are

made

The above operation of multiplying and dividing by the same term can be repeated. Let’s multiply and divide

the right side of the equality by GDP, i.e., unit that measures the economic activity

CO
2
 = (CO

2
/ E) * (E/ GDP) * GDP

The equation can now be written as:

CO
2
 emissions = Carbon content of the * Energy intensity of * GDP

energy economy

Eventually, demography may also be included to derive at an interesting identity.  Let’s multiply and divide the

right side by Population (POP), which leads to:

CO
2
 = (CO

2
/ E) * (E/ GDP) * GDP/ POP * POP

Or in simpler words:

CO
2
 emissions = Carbon content of the * Energy intensity of * GDP per capita * Population

energy economy

Significance of Kaya Identity

At any point in time, the level of energy-related carbon

dioxide emissions can be seen as the product of these four

Kaya Identity components. It can now be inferred that any

debate focusing on only one of the terms is not sufficient

to reach a conclusion. Apart from its simplicity, an

advantage of analysis that uses the Kaya identity is that it

facilitates at least some standardization in the comparison

and analysis of various diverse emissions scenarios. These

can be more convincingly depicted through a practical

example:

When a country announces that it will fight climate change

by cutting the energy intensity of the economy by 20% in

25 years, it is easier to see that this commitment only

concerns the term ‘E/GDP’. If the economic output per

person (GDP/POP) rises by 25% in the same time (a

conservative objective), with the population (POP) rising

by another couple of percentage points, and the carbon

intensity of energy staying the same (reasonable

assumption given the present trends), the result will be a

growth of CO
2
 emissions, not a diminution!

Further Analysis

Conversely, having a prior knowledge of the reduction

target required for carbon emissions, the improvement

desired in the carbon intensity can be worked out.

Understanding the Drivers of CO
2
 Emissions - The Kaya Identity
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Understanding the Drivers of CO
2
 Emissions - The Kaya Identity

Table 2: Major driving Kaya factors of CO
2
 emissions

Driving 2010 CAGR 2035 Remarks
Factor (Base)

GDP 1 3.20% 2.20 Considering 2010
as the base year,
GDP in 2035
(25 years hence)
shall be 2.2  times
of the present value
@ a CAGR of 3.2%

Population 1 0.90% 1.25 Similarly, population
shall reach a level of
1.25 times the
present level @ 0.9%

Energy 1 -1.50% 0.69 Energy Intensity is
Intensity continuously

improving. IEA
projects this
improvement at
1.5% PA, which
makes it 0.69 times
the present value
by 2035

Productivity- 1 1.76 Economic
GDP/ productivity can be
Population derived from the

futuristic values of
GDP and the
population

CO
2

30 Gt 21.70 Gt In order to limit the
Emissions concentration of

Green House Gasses
in the atmosphere to
450 ppm, CO

2

emissions ought to
be brought down
from the present
level of approx 30
Gt to 21.7 Gt by
2035, discounting it
by a factor of 0.72

From the above table, it is established that to stabilize

the level of CO
2
 in the atmosphere at 450 ppm, the

emissions would have to be brought down from the

present level of about 30 Gt to 21.7 Gt in 2035, i.e. the

Left Hand Side (LHS) of Kaya Identity be divided by 1.4.

That brings up a situation where the Right Hand Side

(RHS) of the identity must also be divided by 1.4.

How do we do this? Kaya again provides various

alternatives that can be explored to find the solution.

Can the world population be divided by 1.4?

Implementing such an objective in a planned manner

within a short span of 25 years does not seem to be a

practical and serious option. Whereas, when we target

to divide the emissions by 1.4, there would be 1.25 times

more people on earth (@ 0.9%) in 2035. It means that

the product of the other three factors of Kaya identity

should now be divided by 1.75 (=1.4 * 1.25).

Can we then divide the economic output per person

(GDP/POP) by 1.75? This would suppose a deliberate

choice of a recession that can also be considered as

unlikely. In fact, WEO, 2010 projects a growth of 3.2%

in the GDP, thereby, increasing the ratio ‘GDP/POP’ by

1.76 times in 25 years. That leads to a conclusion that

the remaining two terms on the right hand side of the

equation, i.e. carbon intensity of the economy have

to be divided by 3 (=1.25*1.4*1.76).

Of the remaining two factors, if Carbon Intensity is

reasonably assumed to remain at today’s level, then the

energy intensity or ‘E/GDP’ alone will have to be divided

by 3. Most of the outlooks do predict a significant

improvement in this parameter, but not to the extent of

67% over next 25 years. A realistic improvement of 1.5%

improvement per year would knock off only 31% of

today’s value in 25 years, leaving us to divide the last

and the only remaining factor, i.e Carbon content of

energy by 2.1 (=1.25*1.4*1.76*0.69).

Division by 2.1 on the ratio ‘CO
2
/E’ implies a reduction

of a whopping 52% in the Carbon Intensity over next

25 years, at a CAGR of 2.9%.

What Ahead

Having analysed so far and knowing well that the

contribution of renewables is limited by physical as well

as by economic or technological factors, an immediate

question pops up: what action is required to be called

upon for achieving this reduction?

Even with adoption rates for low-carbon technologies,

that are all near or even beyond the limits of plausibility,

the trajectory to achieve the desired emission reductions

while simultaneously maintaining reasonable economic

growth unless is extremely steep. Unless, in addition,

the energy efficiency of the economy improves at a rate

significantly above the historical trend.

Based on the projections of the World energy Outlook,

2010 by IEA, the present and the projected values of the

four essential factors of the Kaya Identity are tabulated

below:
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Understanding the Drivers of CO
2
 Emissions - The Kaya Identity

Therefore, of the four Kaya components, policymakers

are most actively concerned with energy intensity of

economic output (E/GDP) and carbon dioxide intensity

of the energy supply (CO
2
/ E), because they correspond

to the policy levers most available to them. While the

first choice is intended to improve the efficiency of

energy use (energy productivity) or, equivalently,

reducing the ‘energy intensity’ of the economy; and

second, ‘decarbonizing’ the energy supply infrastructure

– that is, reducing the carbon intensity of the energy

system by moving away from primary reliance on

petroleum and high carbon fuels. It is evident that these

two elements of an overall strategy are interdependent.

The more rapid the transition to low carbon energy

supplies, the less will be the need to rely on energy end-

use efficiency gains to achieve a given emission

reduction target, and vice versa.

U.S. Energy Information Agency (EIA) in its International

Energy Outlook, 2010 has also acknowledged the impact

of four Kaya factors on CO
2
 emissions. While CAGR of

the Kaya factors in this outlook matches, more or less

with the values derived from IEA’s World Energy

Outlook, 2010 (Table 2), EIA projects an improvement

of 0.2%  in the Carbon Intensity over the period up to

2035. Following this path, it projects the Carbon

emissions to actually go up by 1.4 times by 2035. This

is illustrated in the Figure 1.

anyway - not because of ideology, but just because, the

resources are finite. That makes the famous quote of

Gandhi ji “The nature provides enough to satisfy every

man’s needs, but not every man’s greed” ,

astonishingly relevant today. It should be noted that

significance of renewable sources of energy, evils of large

scale industrialisation and dangers of environmental

pollution were recognised by Gandhi ji eight decades

ago and he once observed “It obscures the generous

bounty of Nature, which provides enough for all if

each holds in trust only what he needs, without

excess or exploitation’’.

Conclusion

The present energy trends imply that commitments to

reduce greenhouse-gas emissions, while expected to have

some impact, are collectively inadequate to meet the

overall goal of holding the global temperature increase

to below 20C. Rising demand for fossil fuels continue to

drive up energy-related carbon-dioxide (CO
2
) emissions,

making it all but extremely difficult to achieve the

20C goal.

Renewable energy and nuclear can play a central role

in reducing carbon-dioxide emissions and diversifying

energy supplies, but only if a phenomenal policy push is

imparted by governments around the world. The

technology exists today to enable such a change, but

the required rate of technological transformation would

be unprecedented. Mr. Nobuo Tanaka, Executive Director

of the International Energy Agency, has rightly remarked

“The message here is clear. We must act now to ensure

that climate commitments are interpreted in the strongest

way possible and that much stronger commitments are

adopted and taken up. Otherwise, the 20C goal could be

out of reach for good.”
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Of course, another alternative would be to choose right

away a sufficient decrease of the material consumption

per person, to which we will all be compelled one day

Figure 1: Kaya Factors Trends
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India as Refining Hub

As of April 2010, India’s Refining capacity is at 185

Million Tonne Per Annum (MMTPA) i.e. 3.7 Million

barrels per day, accounting for 4.3 percent of global

refining capacity. Public sector companies account for

close to 112 MMPTA & private sector accounts for 72.5

MMTPA being 60.5 percent and 39.5 percent of total

installed capacity respectively.

Refining capacity has more than trebled in the last 12

years. It was at 62.4 MMTPA in April 98, just before the

commissioning of Reliance Industries’ first refinery in

Jamnagar in 1999. This leap in short period was

significant, considering that the industry is more than a

century old in India. This growth is likely to continue

with refining capacities expected to touch 255 MMTPA

by 2012 and 302 MMTPA by 2017, with a slew of projects

announced by both public and private sector.

The consumption of petroleum products has also grown

from 111.6 MMTPA in 2004-05 to 138.2 MMPTA in

Indian refining industry has performed creditably in the last 12 years by trebling its name plate capacity

between 1998 to 2010. India has certainly arrived in the global refining space & some of the largest and most

complex refineries with matching allied infrastructure like pipelines, terminals etc. operate out of here. Also,

our refining industry has performed creditably by modernizing its complexes to meet the tighter fuel/emission

norms. Indian refineries are clocking higher GRMs compared to regional benchmarks (Singapore GRMs), a

clear sign for competitiveness in refining operations. But, to sustain this buoyancy, it is a time for our

Government, Policy makers, Planners and Industry to plan and commit to third generation hub development

which leverages on supply chain integrated oil, petrochemical and derivatives based hubs.  They should

enjoy the shared utilities and other infrastructure and individually concentrate on core process and product

excellence.  The downstream industry offers substantial investment multiplier, growth, capital leverage and

employment.  This excellence should be converted to national objective of refinery hub with multi-sector,

multi-industry and government enabled development like in the Jurong Island in Singapore.   Petroleum

Chemical and Petrochemical Investment Region (PCPIR) was a move in the direction and we do hope it gets

much needed impetus.

2009-10, growing at a CAGR of 4 to 5%, slightly lower

than the GDP growth rates. The expected economic

development at robust growth rates will expectedly

generate equal if not more petroleum products demand

growth.

Since 2001-02, India transformed herself from a net

importer of petroleum products to a net exporter. The

growth is so much that foreign exchange earned by

petroleum products exports is the now highest amongst

all exports. If all the planned projects materialize, India

will have an exportable surplus petroleum product of

around 100 MMTPA by 2012 and 140 MMTPA by 2017.

Defying the negative sentiments during economic

downturn in 2009, Indian refinery projects were being

put together to meet tight deadlines and production from

almost all operating refineries were breaching name plate

capacities. The contrast with the western world was

evident. To illustrate, while the crude throughput in

western world and developed economies fell by around

India as Refining Hub
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4 million barrel per day due to economic downturn,

India, China and Middle East added similar capacities

in the last few years. This shift now has profound impact

on crude and product trade-flows and logistics. The

strength of Indian refineries was demonstrated more

prominently when in the face of downturn, and when

western capacities were shutting down or reducing,

Indian refineries operated to capacity and exported. Not

only Indian demand but competitiveness of Indian

refineries was proven beyond doubt. India’s aim of being

a refinery hub of the world seems to be realizing.

The refining hub case continues to receive impetus by

private sector implementing additional projects with

export objective. The Government expects refining

capacity to be over 250 MMTPA by the end of fifth period

of our systemic planning in 2012. More projects are being

announced. As one of the refinery CEOs puts it, India

will need to commission 15 MMTPA capacity every

second year if not each year.

The demand and competitiveness is also making room

for innovative refineries.  Reliance Industries Limited

commissioned its export oriented refinery in Jamnagar

SEZ in 2009 with ability to produce Euro V grades of

gasoline and diesel. The ability to commission refinery

during periods of trough in demand and to succeed in

exporting full capacity in the cut-throat market was a

fete in itself.

Indian refineries are also consistently clocking higher

Gross Refining Margins (GRMs) compared to regional

benchmarks e.g. Singapore GRMs, a clear sign of

competitiveness in refining operations.

It was unclear when the economies will show up again,

and the Government went ahead with issuing two

licenses to Coal-to-Liquid based projects expecting to

produce diesel and like products in Orissa.  This was a

clear indication of confidence the Government had about

the demand growth at home. Three grass-root

(or greenfield) refineries – Bhatinda, Bina and Paradip –

were as such under construction, and the second mega

Jamnagar refinery had just commissioned.  Essar, which

deferred its refinery expansion during downturn has

re-activated its expansion plans from 14 MMTPA to 18

MMTPA by 2011 and with plans to ultimately to take it

to 36 MMTPA. IndianOil’s Paradip refinery is being put

on fast-track and HMEL’s Bathinda refinery and BORL’s

Bina refinery are expected to go on stream before the

end of 2011.

Pertinent to mention, while capacities get added, the

Indian refiners are also investing substantially on fuel

quality upgrade projects demanding a substantial capital

commitment.  This achievement assumes special

dimension since this has been made possible despite

inability of integrated refining and marketing companies

to realise full value of product due to controlled transport

and domestic prices.

The unique feature of India is that none of the global

refinery majors have invested in India.  Mittals were first

timers in refining deciding to create foot print in India

and Oman investment was ostensibly with similar

objective of being there where demand is, although the

latter investment commitment came in over a decade

back.  The exception, obviously, is of Chevron who

invested in the SEZ refinery with Reliance Industries but

chose to opt out of that soon.  Majors like Total, Shell

and BP seriously looked at Indian refining and/or

marketing sector but the likes await the transport and

domestic fuels pricing decontrol, and apparently continue

to do so.  Notwithstanding, the Indian capital seems to

have thus far not fallen short to meet both demand and

the objective of becoming a refinery hub.

India’s competitive and market advantages in refining

industry is a mix of various strengths, mentioned below:

� Geographically India is positioned closer to crude

sources and also product markets than China.

�· Old refineries in USA and Europe are shutting down

due to un-competitiveness, costly carbon abatement

actions and reduced demand.

� New US vehicle mileage norm may lead to

dieselization, while refineries are geared for gasoline

production making room for Indian refineries to export.

�· New refinery additions in Arab Gulf delayed and some

shelved due to cost overruns.

� Cheaper labour, favorable FDI environment and

economics of scale besides skill sets, capital and

operating costs prove favourable.

� Vast coastline -7,500 km provides good location

advantage for import of crude oil and product exports.

� Low capital and cash operating costs compared to

developed countries.

India as Refining Hub
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� Access to large, technically skilled manufacturing base

and workforce.

The industry, though, faces challenges. To be competitive,

the industry desires to use gas as fuel but supply

constraints continue to deprive refineries of gas. Gas,

also poses challenge to refineries in another manner.

Gas will displace petroleum products being consumed

in the industries, automobile sector, and likes reducing

the demand. It however appears that the demand is

growing at much higher pace and that gas will be

deployed in greenfield projects more than for liquid fuel

displacement.  Refinery hubs will need all weather port

and infrastructure development for import and exports,

necessitating development infrastructure not available

now. Refining business is relatively low margin business

and need for integration with petrochemical & power

plants for higher value additions is high. Growing

Environmental concerns is expected to make operating

refineries a challenge.

While there is no “silver bullet” to fix the above issues,

India has certainly arrived in refining space. India’s

refining industry is also critical for the economic viability

of our petrochemical sector and it has also created

impetus for allied sectors like engineering, procurement,

construction firms, project management consultancy

firms and other such service providers. Refining industry’s

competiveness can also potentially instill self belief to

our manufacturing industry as well, that India can be

potentially competitive manufacturing hub.

The demand in India fuelled growth of refining sector;

supported by other enablers the private sector took it to

a substantial exporting status.  For India to be a “hub”

however, a lot more needs to be done.  If India continues

to follow this ambition, it may not suffice couple of

private sector companies put up single owner industry

or public sector develop projects only to satiate local

demand. It needs to be a much more secular and

inclusive growth.  It’s time the policy makers, government

and the investors plan and commit to third generation

hub development which leverages on supply chain

integrated oil, petrochemical, and derivatives based

hubs. They should enjoy the shared utilities and other

infrastructure and individually concentrate on core

process and product excellence. The downstream

industry offers substantial investment multiplier, growth,

capital leverage and employment.  May the excellence

be converted to national objective of refinery hub with

multi-sector, multi-industry and government enabled

development like in the Jurong Island in Singapore.

PCPIR was a move in the direction and we look forward

to their development.

India as Refining Hub
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Agricultural Spray Oil

Agricultural Spray Oil
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Indian Oil Corporation Limited

Views expressed in the article are of the authors
and not necessarily of the organization they belong

Since 1700 Mineral oil is popular for use in controlling Insects and Pests population in plants. Development

in Refining Technology provided Group II Lube Base Oil which is Saturated Paraffinic Oil found to be very

effective for controlling of Pests and Mites over the plants. Indian Oil Corporation has developed Servo

Agropsray Oil based on this technology whose efficacy has been established through product performance

evaluation from various Agricultural Research Institutions / Universities across the country and field trials.

Trials are conducted on several crops like cotton, mustard, tea, mango, grapes, banana, pulses, apple, etc

against various pests and mites like Red spider mites, Thrips, Mealy bugs, Aphids, Hoppers etc and diseases

like scale, sigatoka, phytothora etc. This product is non-toxic, bio-degradable and residue free safe for human

and environment. This product is effective to control European Red Mites and San Jose Scale on Apple

Orchards and can be used round the year even during the dormancy of the plants.

Various types of bacteria and micro-organisms attack

human body giving rise to various types of diseases which

can be cured / eliminated by use of proper type of

chemicals in the form of medicines (antibiotics).

Similarly various types of insects and pest existing in

the world affect the plant life. As applicable to human

beings if proper steps are not taken at correct time by

using remedial measures, these insects/pests can destroy

the entire vegetation/plant population in an orchard/field/

forest.

The insect starts sucking the SAP from the tree and the

insect grows secretes a wax like substance which hardens

providing a protective scale to the insect under which it

grows undeterred. The insects are carried from one tree

to another and from one orchard /bud to another on the

bodies of the birds or by strong blowing winds.

Ultimately it kills the orchards/ buds. Some of the insects

which are found to attack these plants and trees are as

under:

Tree / Plant Insect

Apples San Jose Scales, Olive scales, Prune

Scales, Red Mites, Two Spotted Mites,

Leaf Rollers

Citrus Whiteflies, Spider Mites, Rust Mites

Pears Psyllids, Blister Mites, Rust Mites

Almonds, Cherries, Plums, Walnuts San Jose

Apricots, scales, other scale insects, Mites,

Spiders, Mealy Bugs, Woolly Aphids

Ornamental Powdery Mildew, Canker Disease

Plants

Tea Red, Purple and Pink Mites,

Helopeltis, Thrips, Aphids, Powdery

Mildew.

In order to control these insects/pests the use of mineral

oil is popular since 1700. Initially petroleum turpentine

and kerosene were applied unmodified which resulted
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in killing the plants with the insects.   Hence a mix of

kerosene and water was in use which also resulted in

disastrous destruction of trees and other foliage.

Subsequently use of oil became useful when oil and

water emulsion spray was introduced.  The first

commercial oil emulsion was introduced in the market

in 1904.   Further developments, in the field of refining

helped in improving the quality of oils which was free

from acid volatile and unsaturated elements reducing

the residual toxicity.   Group II Lube Base Oil producing

where the presence of unsaturated substantially

minimized, improved the quality of spray oil to the fullest

extent.

Chemical composition of Agrospray Oils

Saturated mineral oil is paraffinic in nature used in

agricultural spray oil which is produced by process of

distillation of petroleum (Crude Oil derived from earth).

After advanced refining of it, all the impurities like

Nitrogen, Sulphur, Phosphorus, trace metals etc. are

removed and we get a transparent, colorless oil

composed mainly of alkanes (typically 15 to 40 carbons)

and cyclic paraffin. Which is further distilled to get the

different variety of oils.

Agricultural Spray Oil is a combination of highly

saturated mineral base oil derived from crude oil and

carefully selected emulsifiers (Inert Ingredients).

The major component of this spray oil is petroleum

derived mineral oil containing C15 to C 30 paraffins,

iso-paraffins and cyclo paraffins which is  present in

concentration of   >95 wt% and other constituents are

minor components which are present < 5 wt%. The

minor/inert ingredients consist of emulsifiers and other

performance chemicals.

The active ingredient is produced by distillation of crude

oil above 310 0C and subsequent refinement of distilled

products through modern refining processes like

hydroprcessing etc. to give saturated hydrocarbons which

are largely paraffinic in nature.

Physico-chemical Properties

The typical physico-chemical properties of the
Agricultural spray oils are as follows:

S. Characteristics Method Typical
No. ASTM/BIS Values

1. Appearance @ Visual Clear water like
25/30 oC  liquid

2. Appearance Visual Milky
of emulsion

3. Odor Smell Odorless

4. Density, g/ml ASTM D 1298/ 0.83
@ 29.5 oC IS 1448: P 16

5. Saybolt  Colour ASTM D 156 / (+) 10
IS 1448: P 16

6. Flash point ASTM D 92 / 154
COC, oC IS 1448: P 66

7. Pour point, oC ASTM D 97/ 0
IS 1448: P 10

8. Kin. Viscosity ASTM D 445 / 14.1
@ 40 oC, cSt IS 1448: P 25

9. Total Acid ASTM D 664/ 0.2
Number, IS 1448: P 1
mg KOH/gm,

10. Ash, % wt. ASTM D 482/ 0.01
IS 1448: P 4

11. pH of 5% vol. By pH meter 7.3
emulsion in
distilled water

12. Emulsion IP 263 / IS Formation of milky
formation test 1448: P 98 emulsion with
with water of stability of  at
200 ppm least 4 hrs
hardness  as
CaCO

3

at 3% v/va)
a) At 25 Deg.C.
b) At 0 Deg.C

13. Initial Boiling ASTM D 1160 320
Point, oC

14. % of C15-C30 GC 95
carbons by
GC, Min.

15. Biodegradability, CEC-L-33-A-93 70
% Wt

16. Unsulphonated ASTM D 483 95
Residue
(USR Value), %

17. Sulphur, ppm ASTM D 2622 50

18. Aromatics, By IR 0.2
% wt

19. Trace Elements, ASTM D 5185 45
ppm

Agricultural Spray Oil
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Preparation of Emulsion

Concentration of Servo Agrospray oil may be selected

from 0.5% or higher concentration depending upon the

population of pests, damage by pest/disease.   Higher

concentration of emulsion may have to be used if severity

of damage by pests/disease is high. However the

concentration should not be more than 2%, then there

are chances of leaf burning (phytotoxicity).

For preparing the emulsion following procedures are to

be followed -

� Take half the quantity of water in mixing tank.

� Add required quantity Servo Agrospray S oil under

continuous agitation/stirring. Add remaining half

amount of water and stir the solution to get a milky

white emulsion.

� Always add oil to water and not water to oil.

Spraying of Emulsion

Frequency of usage:  Depending upon the damage by

pest, ideally 2-3 sprays at an interval of one week are

recommended.

Spray volume: Ideally 400 to 600 litres of emulsion per

hector per spray.

Spray conditions: Avoid spray when temperatures are

below 10 Deg C and above 35 Deg C.  Avoid spray

when relative humidity is more than 90%.   Spray should

also be avoided when rain is expected within few hours.

Spray should be done only after 1-2 hours of rain.  Not

to spray this oil with copper fungicides or sulphur

containing fungicides.

The principle of acting the Spray Oil:

� As dormant (winter) sprays for scale insects, mites,

insect eggs and some hibernating caterpillars.

� As summer or foliage sprays for aphids mealy bugs,

mites, thrips, psyllids, white flies and scale insects.

� As a carrier for contact insecticides to increase their

effectiveness.

� As pesticide for lice, fleas and mites on animals.

� By way of forming film after evaporating the water

in emulsion, surrounding the pest, creating a physical

barrier, killing the pest by suffocating.

In order to achieve the effectiveness and efficient

performance, the oil should have satisfactory physical

and chemical characteristics. Some of the important

properties are -

� Lower Boiling Range as heavier oils are not

recommended for this application

� The oils should have proper viscosity for safe usage

in foliage and in dormant stage.

� The most important properties of spray oil should be

free from unsaturates and aromatics.

� The oils should be non-toxic and bio-degradable.

� The oil should be taint and residue free.

� The oil should be free from sulphur.

Precaution to be taken during spraying of
Agrospray oils

� Temperature plays a major role in the safety of oil

sprays.

� Oil should not be applied when temperature is high

(more than 30 Deg C) or very low (less than 10 Deg

C). High temp over a prolonged period results in

drought or stress like condition making the plant

susceptible to oil spray.  During low temperature oil

emulsion breaks down and results in uneven coverage

of the plant.  Leaf tip burn and blossom damage can

also occur when there is high temperature.

� Oil should not be applied when leaves are wet or

rain is likely to occur.  High humidity (above 90%)

also contributes to injury risk while low humidity

generally reduces it.  In high humidity, oil dries slowly

which blocks stomata which may result in phytotoxic

burns.   Application of oil should also be avoided in

heavy foggy days.

� Oil should be applied when the plants are not thirsty

and Relative Humidity is low to moderate so the water

in oil will evaporate quickly.

� Oil should not be applied with sulfur containing

pesticides.   They can react with oil to form phytotoxic

compounds.   Oil spraying may be avoided at least

25 – 30 days before or after sulfur application.

� In glass houses, wood ventilation is important

otherwise due to high humidity sometimes spots

appear on the leaves after oil spray.

Agricultural Spray Oil
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� Oils should be sprayed on dry leaves preferably in

the morning and evening hours.   To avoid any plant

injury timings of oil spray is very important.

� Pesticide should not be mixed with the oil which

may affect the emulsion and develop phytotoxicity.

Basic properties of oil

1. Highly paraffinic

· � Modifies surface wax of leaf and insect facilitating

penetration

· � Modifies respiration of insects and mites

2. Optimum Molecular Weight

� Assures low phytotoxicity

· � Facilitates coverage of pests and penetration of

insect trachea system

3. Low Surface tension

· � Excellent spread ability for efficient coverage

· � Improve attachment of pesticide to insect

4. Low volatility

· � Minimizes drip and controls droplet size in spray

applications

· � Adheres to leaf surface

5. Low water solubility

· � Resist rain water washout

� Extends availability of water soluble pesticides by

slowing rate of penetration in to leaf

6. General

� Does not promote resistant insect and cellular

changes

· � Causes irreversible insect tissue and cellular

changes

� Low intoxicity, bio-degrades to harmless

components

IndianOil has developed several Agricultural Spray Oils

namely Servo Orchard Spray Oil (for apple Orchards),

Servo Agrospray M (for Mango plantation), Servo

Agrospray T (for Tea Plantation), Servo Agrospray S (for

vegetables, mustards, grapes, cotton, banana, etc) for

different crops. Several trials / field evaluation were

organised on different crops and plantation like apple,

mango, cotton, vegetables, tea, banana, mustard, etc

against different pests and mites like red spider mites,

loopers, thriphs, mealybugs, hoppers, scales, etc through

various Agricultural Research Institutions of repute across

the country like  RHRS Mashobra, Shimla, UPASI Tea

Research Foundation, Coimbatore, Central Institute for

Subtropical Horticulture, Lucknow, CRC, Nagpur,

NRCG, Pune, NRCB, Tiruchirapalli, TRA, Tocklai,

NRCRM, Bharatpur, Orissa University of Agriculture and

Technology, Bhubaneshwar etc.  It has been observed

that the product is having remarkable potential for

improved bio-efficacy, non phytotoxicity, taint and

residue free, non-toxic and bio-degradable product.

Because of its, residue free and eco-friendliness the

manufacturing process has been audited by Institute of

Marketecology (IMO) as suitable for Organic Farming

which is very essential particularly for the produce

(Grapes and Tea) which are exported to European

Countries. IndianOil has bagged the CSIR Award for S&T

innovations for Rural Development-2009 (Figure 1) for

developing environment friendly, non-toxic, bio-

degradable ‘Servo Agro spray Oil’ for pest control in

diverse agricultural crops.

These products are also having no adverse effect on the

friendly insects like beetles, black ants, etc which helps

in improving the control of the pests. During the field

Agricultural Spray Oil
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application it has been observed that this product is

helping in improvement of the quality and yield of the

grains.

The product was evaluated for its genotoxic potential

on occupational health at one of the reputed genetic

Research and Diagnosis Laboratory.  The preliminary

data was recorded in 2 dosage of Servo Agrospray Oil

(60 microlitre and 120 microlitre per 100 ml of water)

and 3 dosage of a conventional pesticide (60 microlitre,

30 microlitre, 50 microlitre per 100 ml of water) on

peripheral blood sample collecting from two different

healthy male individuals of 37 years and 40 years of age

keeping an average age of the farmers in mind. It has

been observed that all the blood cells in contact with

conventional pesticides were dead and the same with

Agrospray Oil were remaining intact establishing the

non-toxicity of the product proving safe for occupational

health.

Considering the above merits and performance of the

product which has been established through various trials

and field evaluation, it is recommended that such product

can be  used in Pest Control application on different

plants and crops against almost all sucking pests which

will indirectly help in reducing the environmental

pollution because of its eco-friendliness, non-toxic and

bio-degradability.

Agricultural Spray Oil
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Gulf of Mexico Oil Spill - A Review

Introduction

The Gulf of Mexico (GOM) oil spill also known as

Maconda blowout or the BP disaster occurred on

April 20, 2010 due to Deepwater Horizon drilling rig

explosion. Hydrocarbons continued to flow from the

reservoir through well bore and the blowout preventer

(BOP) for 87 days and caused very significant impact

on the effected parties and environment. Gush of oil

started with a rate of 1,000 barrels per day (bbls/day)

and reached to about 62,000 bbls/day by the time it

was capped.

Well was finally capped on July 15, 2010 and had

resulted in a leak of 4.9 million barrels of crude oil in

the sea. This incident has significant impacts on the

overall US offshore industry and BP Plc as a global oil

and gas company. Currently, BP Plc is undertaking every

possible measure to emerge

intact from this crisis. Company

has already undertaken several

significant response measures to

satisfy all the liability claims and

has incurred cost of USD 6

billion.

The Deepwater Horizon was a

semi-submersible Mobile

Offshore Drilling Unit (MODU)

which could operate in upto

8,000 feet deep waters and drill

down to 30,000 feet.  It was

owned by Transocean and leased

to BP from March 2008 to

September 2013. Minerals

Management Service leased the

rights to drill to BP in the Maconda Prospects in March

2008. BP was the lease operator and principal developer

of it (in Mississippi Canyon block 252 (MC 252), offshore

Louisiana, Gulf of Mexico, US) with a 65% share. The

balance is owned by Anadarko Petroleum Corporation

with a 25% share and MOEX Offshore 2007 LLC, a unit

of Mitsui, with a 10% share. However, BP is the largest

leaseholder in the GOM, with around 650 lease blocks.

Gulf of Mexico Oil Spill - A Review
This spill is causing major environmental concerns for

GOM and has once again aroused questions on the safety

of deep offshore drilling activities. In order to ensure the

safety of other deep offshore drilling activities, the US

Interior Department ordered safety inspections of 30

deepwater drilling rigs and 47 deepwater production

platforms on April 30, 2010.

Cause of Spill

In order to know the causes behind this accident, BP

constituted an investigation team which with the help of

several independent and Government agencies published

a report titled “Deepwater Horizon Accident

Investigation Report” in September, 2010. In this report

eight key findings related to the causal chains of events

have been pointed out. Brief description of key findings

is given below (Refer to below mentioned figure for

detailed understanding of Maconda Well):

� The annulus cement barrier did not isolate the

hydrocarbons: the annulus cement barrier failed to
prevent hydrocarbons from migrating into the
wellbore. Halliburton cement slurry design was
used. In report, it was concluded that there were
weakness in the cement design and testing, quality
assurance and risk management.

� The shoe track barriers did not isolate the
hydrocarbons: As annulus cement was not able to
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isolate reservoir, hydrocarbon ingress to the wellbore
was made possible due to failure of mechanical
barrier. Since, hydrocarbon ingress could enter
through three ways:

� Through the shoe track barriers

� Through the production casing hanger seal
assembly

� Through the production casing and components

In report, it was concluded that initial flow into the

wellbore came through the shoe track barriers.

� The negative-pressure test was accepted although

well integrity has not been established: negative

pressure test is conducted to test the ability of

mechanical barriers to withstand the pressure

differential. Investigation team concluded that the

negative pressure test results indicated that well

integrity had not been established. This situation

was not recognized at the time of the test; therefore,

remedial steps were not taken. This unsuccessful

completion of test has created doubts on the

competency, leadership skills and integrity of the

BP and Transocean rig leaders.

� Influx was not recognized until hydrocarbons were

in the riser: maintain control of the well and prevent

influx of hydrocarbons are the fundamental

requirements for safe drilling and completions

operations. On the Maconda well, as influx of

hydrocarbon was not recognized until hydrocarbon

were in the riser, this clearly shows negligence on

the part of rig crew members who were responsible

for monitoring the indicators of the operations.

� Well control response actions failed to regain control

of the well:  rapid and correct response is a critical

factor in these kinds of situations. To act rapidly

and effectively, the rig crew needs to be trained

properly, so that at the time of requirement they

can show their competencies immediately and

correctly to prevent such kinds of havoc.

� Diversion to the mud gas separator resulted in gas

vending onto the rig.

� The fire and gas system did not prevent hydrocarbon

ignition: secondary level of protective system did

not work properly in this case and did not prevent

released hydrocarbons from reaching potential

ignition sources.

� The BOP emergency mode did not seal the well:

none of the emergency methods available for

operating the BOP were successful in isolating the

wellbore. This suggests the lack of a robust

Transocean maintenance management system for

Deepwater Horizon BOP.

Impact on Offshore Drilling Activities in the US

In past decades, several companies have been attracted

by promising prospects of GOM deep waters. However,

high risks are associated with deep water drilling and

this Maconda incident has made concerned parties even

more risk averse and raised several question on the

feasibility of deep water drilling projects.

In order to understand the causes of oil spill and prevent

any future oil spills, the US Secretary of the Interior, Ken

Salazar, issued a moratorium on all deepwater offshore

drilling on the outer continental shelf for a period of six

months on May 30, 2010. Adding to this on July 12,

2010, a new conditional moratorium on deepwater

offshore drilling subject to the fulfillment of stringent

safety standards by offshore exploration operators,

drilling contractors, equipment providers and oilfield

service companies to ensure safe, accident-free and

environmental friendly drilling activity in the future was

issued by US government.

It is expected that oil spill would adversely affect the

major current and upcoming deepwater drilling activities

in the US. The new prospective areas of Alaska and the

Outer Continental Shelf could be the most affected as

these regions are expected to be the next major areas for

offshore development in the country. The Alaskan Arctic

waters are expected to hold some of the biggest oil and

gas deposits in the US. The timing of the spill will also

affect the new national oil drilling proposal which was

unveiled by the US President in March, 2010 to allow

exploration for oil and natural gas along the Atlantic

coastline from Delaware to Florida.

Impact on Environment

The environment and the habitat of the GOM were

severely impacted by the oil spill and it can be considered

as the severest environmental accident in the US. This

accident has raised concerns amongst Governments and

Gulf of Mexico Oil Spill - A Review
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environmentalists and prompted them to make stringent

polices to avoid these kind of accidents and reduce the

aftermath effects of an accident if it happens. GOM spill

has affected fishery industry in the seafood-producing

states of Louisiana, Mississippi and Alabama. The impact

on the environment and the habitat has been significant

to the extent that 30% of all the lawsuits filed were due

to environmental mailers.

Impact on BP

This rig explosion has huge economical and social

implications for BP and could force the company to take

some strict steps related to its strategy and investments

to lessen the effects of this turmoil. As per sources till

now company has incurred costs of more than USD 6

billion in the spill response actions and it is expected

the total cost (including claims) associated with this

accident can go up to USD 70 billion in worst case

scenario. Apart from the mounting costs for BP, the

company is being pressurized by the US government

and the governments of other countries as well. The US

government has asked BP to review its offshore drilling

policies and procedures related to safety.

GOM spill has also affected several other projects of BP

in other countries e.g. Libya is asking BP to provide safety

assurances before the company undertakes deepwater

drilling activities in the Mediterranean. Libya national

oil company is apprehensive about deepwater drilling

activities since the GOM oil spill has occurred.

Impact on Safety Policies and Procedures for
Offshore Drilling

The GOM oil spill has put focus on safety procedures

and regulatory policies followed by oil and gas players,

offshore drilling and field service providers. It has also

impacted offshore field services companies and their

drilling activities due to the safety concerns involved in

deep water drilling. The oil spill has raised questions

about Transocean’s ability to provide offshore field

services. Halliburton, which was providing services on

the rig and was involved in cementing the well, is also

being blamed for the oil spill disaster. The financial

burden for Transocean and Halliburton is also expected

to be significant.

After this oil spill US Government has proposed several

strict safety regulations. Few of them are mentioned

below:

� Unlimited Liability

� Increased Civil and Criminal Penalties

� Increased Redundancy in Equipment

� Additional Inspections

� Stringent Requirements for Obtaining Drilling Permits

� State’s Right to Exercise Veto

Conclusion

This oil spill will change the regulatory, economical and

operational scenario of deepwater drilling in US and other

parts of the world. Uniform and strict regulations across

the world are required to avoid these kinds of accidents

in other parts of the world also. On other side, this may

increase US dependence on oil imports and force it to

look for other supply options and conventional/

unconventional sources of energy.
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Renewable Energy at a Glance in India

MW – megawatt; kW – kilowatt; MWp – megawatt peak; m2 – square metre; km2 – kilometre square
Source: Akshay Urja (Volume 4|Issue 1, August 2010)

S. Source/System Estimated Achievement as on

No. Potential 30 June 2010

I. Power from renewables

A Grid-interactive renewable power (MW) (MW)

1. Wind power 45 195 12009.48

2. Bio power (agro residues and plantations) 16 881 901.10

3. Bagasse cogeneration 5 000 1411.53

4. Small hydro power (up to 25 MW) 15 000 2767.05

5. Energy recovery from waste (MW) 2 700 72.46

6. Solar photovoltaic power — 12.28

Sub total (A) 84 776 17173.90

B Captive/combined heat and power/

distributed renewable power (MW)

7. Biomass/cogeneration (non-bagasse) — 238.17

8. Biomass gasifier — 125.44

9. Energy recovery from waste — 52.72

10. Aero generator/hybrid systems 1.07

Sub total (B) — 417.40

Total (A+B) — 17591.30

II. Remote village electrification — 6867 villages/hamlets

III. Decentralized energy systems

11. Family-type biogas plants 120 lakh 42.60 lakh

12. Solar photovoltaic systems 50 MW/km2 120 MWp

i. Solar street lighting system — 119 634 nos

ii. Home lighting system — 603 307 nos

iii. Solar lantern — 797 344 nos

iv. Solar power plants — 2.92 MW p

v. Solar photovoltaic pumps 7334 nos

13. Solar thermal systems

i. Solar water heating systems 140 million m2 3.53 million m2

collector area collector area

ii. Solar cookers 6.72 lakh

iii. Wind pumps 1347 nos

IV. Awareness programmes

15. Energy parks — 511 nos

16. Aditya Solar Shops — 302 nos

Statistics
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Statistics

Worldwide Planned New Refineries

(Primary Distillation Capacity)
Participants Capacity Completion

(probable)

Europe & Eurasia

Russia

Nizhnekamsk Tatneft 140 2011

Turkey

Aliaga Socar/Turcas 210 P

Ceyhan Calik 300 P

Ceyhan Petrol Ofisi/OMV 200 P

Africa

Algeria

Tiaret Sonatrach 300 2015

Angola

Lobito Sonangol 200 2016

Chad

N’Djamena CNPC/Government 20 2011

Libya

Mellitah Tamoil 200 P

Morocco

Jorf Lasfar lpic 200 P

South Africa

Ceoega PetrosSA 400 2015

Sudan

Port Sudan State/Petronas 100 P

Tunisia

La Skhira QP/Petronas 150 P

Uganda

Undecided Government 150 P

Middle East

Iran

Bandar Abbas NIORDC 360 2012

Shiraz NIORDC 120 2012

Tabriz NIORDC 150 2012

Iraq

Nasiriyah Government 300 P

Oman

Al-Duqm Oman Oil/partner 300 P

Saudi Arabia

Jubail Saudi Aramco/Total 400 2013

Yanbu Saudi Aramco 400 2013

Asia Pacific

Asia Pacific

China

Quanzhou Sinopec 200 2012

Unit: ‘000b/d
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P= Planned, start-up date uncertain. “Targeted to come on stream at 1000,000 b/d in 2015 Condensate refinery
Source: Petroleum Economist, September 2010

India

Bhatinda Hindustan Petroleum 180 2011

Cuddalore Nagarjuna 120 2012

Haldia Cals 100 2012

Paradip IndianOil 300 2012

Vietnam

Nghi Son Petro Vietnam/KP/Idemitsu Kosan 200 2015

North America

US

Union County Hyperion 400 P

(South Dakota)

Yuma(Arizona) Arzona Clean Fuels 150 2014

S and C America

Brazil

Abrea e Lima Petrobras/PDV 230 2012

Ecuador

Manabi PetroEcuador/PDV 300 2013

Mexico

Tula Premex 300 2015

Planned new capacity by 2016 7080

Statistics

Participants Capacity Completion

(probable)

Substantial Refinery Expansions

(Primary Distillation Capacity)
Participants Present Planned Net Probable

Capacity total addition completion

Europe & Eurasia

Russia

Komsomolsk Rosneft 140 160 20 2013

Tuapse Rosneft 140 240 140 P

Spain

Cartagena Repsol 110 220 110 2011

Africa

Algeria

Skikda Sonatrach 300 330 30 2012

Angola

Luanda Sonangol 40 100 60 P

Egypt

Mostorod Citadel/EGPC 140 220 80 2011

Sudan

Khartoum CNPC/Government 100 200 100 P

Unit: ‘000b/d

Unit: ‘000b/d
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Number of  Number of  Total number  

New refineries Capacity Expansion Capacity of Projects Capacity

Europe & Eurasia 4 850 3 270 7 1120

Africa 9 1720 4 270 13 1990

Middle East 7 2030 4 735 11 2765

Asia-Pacific 6 1100 3 170 9 1270

North America 2 550 2 425 4 975

S and C America 3 830 3 160 6 990

Total 31 7080 19 2030 50 9110

Source: Petroleum Economist, September 2010

Where Refining Capacity is being built

(Primary Distillation)

P= Planned, start-up date uncertain. “Planned eventual capacity is 0.72m b/d

Source: Petroleum Economist, September 2010

Statistics

Middle East

Abu Dhabi

Ruwais Takreer (Adnoc) 400 800 400 2014

Iraq

Daura Government 140 280 140 2011

Qatar

Ras Laffan Qatar Petroleum 145 290 145 2015

Saudi Arabia

Ras Tanura Saudi Aramco 550 600 50 2012

Asia Pacific

India

Panipat IOC 240 300 60 2010

Vadinar Essar 280 360 80 2011

Vietnam

Dung Quat Petro Vietnam/JX 140 170 30 2016

North America

US

Pasadena (Texas) Petrobras 100 200 100 2011

Port Arthur (Texas) Motiva (Shell/Saudi Amraco) 275 600 325 2012

S and C America

Colombia

Barrancabermeja Ecopetrol 245 300 55 2012

Cartagena Ecopetrol 80 150 70 2011

Costa Rica

Limon Recope/CNPC 25 60 35 2015

Participants Present Planned Net Probable

Capacity total addition completion

Unit: ‘000b/d

Unit: ‘000b/d


