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The financial year 2022-23 was a year full of 
challenges and complexities for the oil and gas 
sector. The period witnessed a steady recovery in 
the oil and gas sector as crude oil prices stabilised 
at levels higher than a year ago. The crude oil prices 
swung from a high of USD 105 a barrel in April 2022 
to around USD 77 a barrel in March 2023; as 
markets reacted to, first, the Russia-Ukraine war 
crisis and then to a conservative global economic 
growth outlook due to the collapse of US based 
banks and possible fears of recession in the U.S. 

The Indian economy, however is highly resilient and 
relatively insulated from global headwinds. RBI 
anticipates India’s GDP growth projection for FY 
2023-24 at 6.5%. India’s stable macro-economic 
fundamentals in terms of robust financial and non-
financial sectors, buoyant domestic demand, a pick-
up in capital investment and high forex reserves are 
the key drivers of economic growth in 2023-24. 
Further, I am pleased to mention that India's gross 
domestic product (GDP) has touched the $3.75 
trillion-mark in 2023, making it the 5th largest 
economy in the world. This represents India as a 
bright spot in the global economy.

The robust growth in the Indian economy offers 
immense opportunities for the oil and gas sector in 
India. According to PPAC data, India’s fuel 
consumption surged in May, 2023 totalling to 20.03 
MT from 18.54 MT in April 2023 due to uptick in 
manufacturing and construction activity coupled with 
growing air travel. The sale of petrol and diesel were 
also 16% and 5.1% higher than the previous month.

As an impetus to accelerate domestic exploration 
and production and build strong energy security, 
India plans to increase its exploration acreage to 0.5 
million sq. km  by   2025  and  1.0  million  sq. km  
by 2030. Further,  MoP&NG  has launched the Open 

Acreage Licensing Programme (OALP) Bid Round-
VIII, offering 10 blocks, for International Competitive 
Bidding. The EOI for submission of bids has been 
extended by MoP&NG up till the end of July, 2023, in 
order to have wider participation. Thus, backed by 
government support and enabling policy 
interventions, India is expected to witness a 
significant rise in its E&P activities.

Further, the revised domestic gas pricing guidelines 
by the Cabinet will ensure a stable pricing regime for 
domestic gas consumers while at the same time 
providing adequate protection to producers from 
adverse market fluctuation with incentives for 
enhancing production. Such reforms will help expand 
the consumption of natural gas and will further 
promote a gas-based Indian economy. 

In the downstream segment, India has become a net 
exporter of petroleum products by investing in 
refineries designed for export. India's refining 
capacity, currently at 252 MMTPA, is estimated to 
reach 450 MMTPA by 2030 after completion of 
projects undertaken by several refineries, which are 
currently under various stages of implementation. 
This will ensure self-reliance for India in terms of 
import substitution of petrochemicals as well as an 
incentive to produce green hydrogen. 

To meet ambitious goals of energy security and self-
reliance, the Indian government has made 
leapfrogged steps in its foray into energy transition, 
ranging from renewables, energy storage, e-mobility, 
biofuels, and green hydrogen, and has the potential 
to push it further in achieving India’s net zero targets 
by 2070.  

In the renewable space, the Government has decided 
to invite bids for 50 GW of renewable energy capacity 
annually for the next five years up till FY 2027-28. 
This is a significant step towards achieving the goal 
of 500 GW of non-fossil fuel capacity by 2030 and 
towards a faster energy transition. 

From the Desk of the 

     Director General
Greetings from Federation of Indian Petroleum Industry (FIPI)!
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Further, the Government has laid down schemes 
and financial incentive mechanisms to support 
domestic manufacturing of electrolysers and 
production of green hydrogen. Such schemes will 
help in realizing the government’s target to produce 
5 MT green hydrogen annually and would ensure a 
sustainable environment for future.

Various Events organized by FIPI during the 
quarter

During the quarter, FIPI participated in various 
knowledge sharing events and webinars.

FIPI, jointly with bp India, organized the bp Energy 
Outlook – 2023 edition on 19th April, 2023 at New 
Delhi. This Outlook was unveiled in a physical 
gathering and was attended by Shri Hardeep Singh 
Puri, Hon'ble Minister of Petroleum & Natural Gas 
and Housing & Urban Affairs; Shri Rameswar Teli, 
Hon'ble Minister of State of Petroleum & Natural 
Gas and Ministry of Labor & Employment; Shri 
Pankaj Jain, Secretary, MoP&NG; Mr. Spencer 
Dale, Group Chief Economist, bp plc, senior 
Government officials and eminent CMDs of major 
oil and gas companies in the country. Mr. Spencer 
Dale, made a detailed presentation on the bp 
Energy Outlook 2023. He said that the events of 
the past year have highlighted the complexity and 
interconnectedness of the global energy system 
and the need to address all three dimensions of the 
energy trilemma. While giving India’s perspective 
on the energy transition, Mr. Dale emphasized 
there is a strong growth in primary energy in India 
led by renewables and, to a lesser extent, natural 
gas and nuclear. This growth is underpinned by an 
increasing population, industrialization, and 
prosperity.

Further, FIPI’s Oil & Gas Awards for 2022 
ceremony was organized on 7th June 2023. The 
programme was graced by the Hon’ble Minister of 
Petroleum & Natural Gas and Housing & Urban 
Affairs, Honourable Minister of State for Petroleum 
and Natural Gas & Labour and Employment, 
Secretary MOP&NG, and other senior leaders of oil 
and gas industry and awardees from oil & gas 
companies. The FIPI Oil and Gas Awards have 
been created to recognise the leaders, innovators 
and pioneers in the oil and gas industry. To keep 
up with the changing energy scenario, FIPI has 
incorporated clean energy awards this year, that 
recognize the efforts of organizations in the field of 
hydrogen, CBG etc.  The objective of the FIPI Oil & 
Gas Awards is to felicitate excellence in the Indian 
oil & gas sector.

On 28th June 2023, FIPI in association with EY 
organized a webinar on “Green Hydrogen”. The 
webinar was conducted to shed light on the 
approaches that have been adopted by 
companies globally, along with key opportunities 
and challenges in enabling India’s hydrogen 
transition. The webinar witnessed an 
overwhelming response with the participation of 
around 400 professionals working across the oil 
and gas value chain.

Ongoing FIPI Studies

FIPI on behalf of its member companies is 
currently carrying out study on ‘Emerging 
Hydrogen Market and its Opportunities in India’ to 
assess the hydrogen market potential in India. 
The study is being carried out by ICF as the 
Knowledge Partner.  The final presentation has 
been made by ICF to all the study partners. The 
final report is expected in July 2023.   

FIPI on behalf of its member companies is 
carrying out a study on ‘Analysis of revenue and 
impact on oil industry and other sectors due to the 
exclusion of 5 petroleum products from GST and 
recommendation for their inclusion under GST’. 
The study is being updated by Deloitte for the 
reference years as, FY 2018-19, FY 2019-20, and 
FY 2020-21. Deloitte has submitted its final report 
after incorporating comments/inputs from the 
study partners. 

FIPI, in collaboration with its five partner 
organizations, has launched a comprehensive 
study on the "Role and Potential of Natural Gas in 
Mitigating Industrial Air Pollution." The Energy and 
Resources Institute (TERI) has been appointed as 
the research partner for this study, which focuses 
on three key industrial clusters: Gurgaon 
(Haryana), Varanasi (Uttar Pradesh), and 
Sangareddy (Telangana). TERI has already 
submitted a preliminary draft report, which is 
currently undergoing a thorough review by the 
partner organizations involved. Once the feedback 
and suggestions from the partners have been 
incorporated, TERI will finalize the report. The 
target timeline for submitting the final report is set 
for August 2023. The report's findings will play a 
vital role in advocating for the adoption of natural 
gas in industrial clusters, as it will provide 
compelling evidence to policymakers. 
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FIPI, under the guidance of the Ministry of 
Petroleum & Natural Gas, awarded BCG an 
international study to promote the Indian E&P 
sector for enhancing E&P activities among the 
International Operators/Investors. To achieve this 
goal, BCG organized roadshows in London and 
Houston. These roadshows, led by the Secretary of 
the Ministry and the Director General of the 
Directorate General of Hydrocarbons (DGH), have 
concluded successfully. BCG has submitted an 
"Investors Engagement" report to the Ministry and 
DGH, which highlights the key issues that need 
attention and outlines investors' expectations 
regarding investment opportunities in India's E&P 
sector.

FIPI has awarded International Consultant “BCG” a 
Study on “Global Biofuel Alliance under India’s G20 
Presidency”. This study's main aim is to develop a 
Global Biofuel Alliance (GBA) among interested 
countries under India’s G20 Presidency. This 
Alliance aims at facilitating cooperation and 
intensifying the use of sustainable biofuels, 
including in the transportation sector. It will place 
emphasis on strengthening markets, facilitating 
global biofuels trade, development of concrete 
policy lesson-sharing and provision of technical 
support for national biofuels programs worldwide.

FIPI relentlessly strives to fulfil expectations of its 
members and endeavours to create superior value 
for all its members through conducting periodic 
Committee meetings in order to discuss the relevant 
issues pertaining to the oil and gas sector.

Conclusion
I firmly believe that achieving energy security 
requires continuous and collaborative efforts from 
the Government, industry leaders, oil and gas 
companies, and stakeholders. The country has 
already made significant progress in adopting 
cleaner forms of energy and further, the ever- 
increasing energy demand provides a plethora of 
opportunities for oil and gas industry in India to 
ensure energy efficiency and the availability of 
affordable fuel to the common people. While 
acknowledging the significant role being played by 
our member companies, I would like to put on 
record our appreciation for their support and 
cooperation last year and would like to seek their 
continued support and cooperation in future as well.

Wishing our readers, the very best!

Gurmeet Singh



Abstract

Heavy metal pollution, in the aquatic ecosystem, has 
become an area of concern garnering increasing 
attention since the past few decades. Some metals 
like manganese (Mn), copper (Cu), iron (Fe) and 
zinc (Zn) are biologically important for marine life, 
others non-essential like lead (Pb), cadmium (Cd), 
and Arsenic (As) become toxic at higher 
concentrations. These metals introduced into the 
marine ecosystem mainly due to anthropogenic 
activities. Hence, monitoring the heavy metal 
concentrations in these marine water over a period 
of time is of great help in checking the pollution level 
and identifying the trend, which in turn will be 
instrumental in formulating sustainable practices.

The paper mainly focuses on the study of the 
concentration of lead (Pb), cadmium (Cd), and 
Arsenic (As) in sea water around the operational 
areas of ONGC in Eastern offshore area. The 
distribution of heavy metals in the seawater of 
ONGC’s exploratory blocks in Krishna-Godavari 
Basin, Bay of Bengal was studied.  Fifty four sea 
water samples collected as per OSPAR Commission 
guidelines from each blocks (Block A, Block B, 
Block C, Block D & Block E) of Krishna-Godavari 
Basin, Bay of Bengal and processed samples were 
analyzed by ICP-MS for Pb, As, and Cd. 
Comparison of average results in studied 5 blocks 
with various seawater quality guidelines is discussed 
to assess the present contamination. It reveals that

+eavy 0etal Accumulation in 0arine water - An Assessment of ONGC’s Blocks in 
Krishna-Godavari Basin, Bay of Bengal
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seawater in study area are not contaminated with 
respect to perceived heavy metals. Generated data 
will assist in future for proactive measures and 
minimize the impact of anthropogenic sources. 

�� ,ntroduction

Govt. of India started encouraging upstream 
hydrocarbon industry to surge the domestic oil and 
gas production to shrink import encumbrance. 
World-wide experiences with updating technology 
have proven that offshore regions have great 
potential for exploration and production (E&P) 
activities. These E&P activities, include exploration, 
development, production and transportation activities 
etc., may have adverse impact on marine 
environment. Oil and Natural Gas Corporation 
Limited (ONGC), accounts for two third of India’s 
total oil and gas production, has an environment 
protection policy under which environmental 
monitoring study is carried out in its operational 
areas including exploratory blocks of the KG-PG 
Basin in Bay of Bengal. Present paper deals with the 
concentration of heavy metals in the seawater of five 
ONGC’s blocks (Block A, Block B, Block C, Block 
D & Block E) of Krishna-Godavari Basin, Bay of 
Bengal.

Keywords: Heavy metal pollution, E&P activities, 
Krishna-Godavari Basin, Seawater 4uality 
Guidelines
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Marine environmental pollution is a worldwide 
problem and heavy metals belonging to the 
important pollutants. They are intrinsic, natural 
constituents of aquatic environment in small 
concentrations. In oceans, they originate from both 
natural processes and anthropogenic activities. 
Natural processes like soil erosion around 
mangrove forests, atmospheric inputs and aeolian 
processes set the background values whereas 
anthropogenic inputs, rapid industrialization and 
urbanization in coastal regions, are the main 
sources of pollution in the marine environment. 
Heavy metals are also increasingly introduced to the 
coastal environments through oceanic dumping and 
riverine discharge where rivers that flow via high-
populated urban areas may carry these substances 
to the downstream. It is difficult to remove them 
completely from the marine environment once they 
enter into it.

The study of heavy metals in the aquatic 
environment has attracted more attention in 
comparison  with  other  pollutants  due  to their 
non-biodegradable nature, accumulative properties 
and long biological half-lives. They also pose 
potential threats to ecosystems because they could 
be    concentrated    and   biomagnified  at  sufficient 

high concentrations, and partly converted to more 
toxic organic compounds. Many of these metals 
tend to remain in the ecosystem and eventually 
move from one compartment to the other within the 
food chain. 

In this paper, analysis of distribution of three heavy 
metals Pb, As and Cd, has been done in marine 
water of ONGC’s five Blocks (Block A, Block B, 
Block C, Block D & Block E), in Krishna-Godavari 
Basin, Bay of Bengal, from the year of 2021.

The study is intended to determine the present level 
of three heavy metals, (Pb, As and Cd) 
concentrations in seawater of ONGC’s five Blocks 
(Block A, Block B, Block C, Block D & Block E) in 
Krishna-Godavari Basin, Bay of Bengal. Pollution 
status of collected seawater was assessed by 
comparing average value of heavy metals, (Pb, As 
and Cd) with different quality guidelines of marine 
as well as drinking water. The results of this study, 
can be considered as base-line data, will help for 
proactive measurements to manage and control 
pollution in coastal region. Thus, study is vital so 
that any change caused by anthropogenic sources 
over a period of time can be monitored and 
managed.

7KH�-RXUQDO�RI�)HGHUDWLRQ�RI�,QGLDQ�3HWUROHXP�,QGXVWU\
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�� 6tudy Area

Krishna-Godavari Basin in Bay of Bengal is considered 
significant address for oil and gas reserves. Subsequently, 
offshore E&P activities have been started on Indian east 
coast nearly two decades ago by public and private 
operators as well. In the study area, the depth of water 
column varies from 20-1075 m. (Reference Table-1)

)ig�� Map showing the location of sampling stations in the study area

Table 1: The Depths of each Blocks



9RLFH�RI�,QGLDQ�2LO�	�*DV�,QGXVWU\

1� April - June 2023 _ Vol. 22 Issue 2

�� 0aterials and 0ethods

��� Sample Collection and Pre-treatment

Niksin sampler was used to sample of heavy metals from the sub surface, middle and above bottom sample. 
These bottles are non-metallic, free-flushing sampler recommended for general purpose water sampling. 
During the sampling this plastic cylinder, was lowered to the desired depth with both ends open. Closure of the 
cylinder was usually triggered by a mechanical messenger. In Niksin sampler, top and bottom cap are held 
open by a clamp against the tension of a rubber string connecting through the cylinder. The action of the 
messenger release clamp and caps are pulled into a position closing off top and bottom of the cylinder by 
retaining the water column in the cylinder from the depth and time of closure. This water can be retrieved 
without any contamination from the upper lying water column. As soon as the field work was finished, water 
samples were carefully shipped and preserved at laboratory.

��� /aboratory Analysis

Trace metal extraction is carried out following the standard method APHA- 23rd Ed. 3111B. 

A) Preparation of sample for 9, Cr, Mn, )e, Co, Ni, Cu, =n, Cd, Ba, & Pb :
1. Transfer 50.0 ml of well-mixed, acid-preserved sample appropriate for expected metals concentrations to a
flask or beaker. 
2. In a hood, add 2.5 ml conc. Nitric acid. If beaker is used, cover it with ribbed watch glass to minimize the
contamination. 
3. Boiling chips or glass bead may be added to aid boiling and minimizing spatter when high level (!10mg/L)
concentrations are being determined. 
4. Bring to a slow boil and evaporate on a hot plate to the lowest volume possible (about 10 to 20ml) before
precipitations occur. 
5. Continue heating and adding conc. HNO3 as necessary until digestion is complete, as shown by a light
coloured clear solution.
6. Do not let sample dry during digestion. Wash down flasks or beaker walls and watch glass cover (if used)
with metal –free water and then filter with 42 filter paper.
7. Transfer filtrate to 50 ml volumetric flask. Cool, dilute to the mark and mix thoroughly. Take portion of this
solution for metal determination.

B) Preparation of sample for Arsenic�
1. Add 50.0 ml sample to 250.0 ml in Kjeldahl flask.
2. Add 7.0 ml 18 N H2SO4 and 5.0 ml conc. HNO3.
3. Add small boiling chips or glass beads if necessary. Evaporate to SO3 fumes.
4. Maintain oxidizing conditions at all times by adding small amounts of HNO3 to prevent solution from
darkening. 
5. Maintain an excess of HNO3 until all organic matter is destroyed. Complete digestion is usually indicated by
light colour solution.
6. Cool slightly, add 25 ml water and 1.0 ml HCLO4 and again evaporate to SO3 fumes to expel oxides of
nitrogen. 
7. After final evaporation of SO3 fumes, filter with 42 filter paper and dilute to 50.0 ml with distilled Water.

In order to obtain more accurate data, all the glassware and 
teflon sample cups in this study were soaked with 5� nitric 
acid, rinsed with milli-4 water, and dried to eliminate potential 
contamination. An inductively coupled plasma mass 
spectrometer (ICP-MS� model Agilent 7700) was used for 
determination of trace metals concentration. Background 
correction and matrix interference were monitored throughout 
the analysis. The accuracy was examined by analysing all 
samples in duplicate. The analytical concentrations of the 
selected metals of our interest were listed in Table 2. 

Table �: Average metal concentration in ppb (μg/l) of 
each blocks
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exploration. Exploration handbook, Halliburton Landmark

O63A5 (Oslo and 3aris) Commission Guidelines >�@ have been followed, as shown in )igure ��

)igure �: OSPAR Commission Sampling Strategy

�� 5esults and Discussion

In this study, the concentrations of Lead (Pb), Cadmium (Cd), and Arsenic (As) in seawater were measured 
(Table 2). These three heavy metals Lead (Pb), Cadmium (Cd), and Arsenic (As) cause a serious threat to aqua 
system at higher concentrations. 

In the present investigation, average concentrations of heavy metals in seawater of different ONGC’s five 
Blocks (Block A, Block B, Block C, Block D & Block E) varied from 0.94-4.84 μg/l for Lead, 0.05-0.91μg/l for 
Cadmium, and 1.32-4.45μg/l for Arsenic. It is noticed that the distribution of metal concentrations in the 
seawater of study area has not followed any particular trend as concentration varied from one location to 
another but variation is found minimum when area, depth, and other oceanographic parameters are taken into 
account. It was also documented that all measured metals were found nearly uniformly distributed across all the 
sampling sites.

Table �: Comparison of average concentration heavy metals obtained in 
this research with water 4uality Guidelines

These obtained metal 
concentrations were compared 
with water quality guidelines to 
assess present marine pollution 
status with respect to perceived 
metals and impact of industrial 
and economic activities in this 
area. Table 3 shows guidelines 
used in present study� water 
criteria   proposed   by  8SEPA, 
WHO, E8, BIS (ISO: 10500, 2012), ANZECC (Australian and New Zealand Environment and Conservation 
Council), and MMW4CS (Malaysia Marine Water 4uality Criteria and Standard (Class 3) for heavy metals 
contents in marine seawater. 

It is observed that metal contents in seawater are falling under non-polluted category with respect to perceived 
metals. Present relative lower values could be caused due to high turbulence, which basically restrict the 
accumulation of trace metals into the seawater. Therefore, it may be concluded that studied seawater are not 
contaminated in terms of studied heavy metals. Though the precise source of current metal inputs in the study 
area is accurately unknown and, hence requires further research. However, observed concentrations are 
believed to have perhaps been enriched through natural processes, industrial activities around the study area 
and polluted river water influx.

*Assessment of Heavy Metal Pollution in Water Resources and their Impacts: A Review by Priti Saha1 and Biswajit Paul2        ** Australian 
and New Zealand Environment and Conservation Council        *** Malaysia Marine Water Quality Criteria and Standard (Class 3)



9RLFH�RI�,QGLDQ�2LO�	�*DV�,QGXVWU\

12 April - June 2023 _ Vol. 22 Issue 2

The results of this study supply valuable information about the metal contents in seawater from different 
ONGC’s blocks in Krishna-Godavari Basin, Bay of Bengal. This can be considered as a bio-indicator of the 
environmental contamination in this zone by estimating the bioavailability of metals to the marine biota.

Conclusion

The results of present study that the concentrations of the three heavy metals As, Cd and Pb  concentrations in 
seawater of  5 different ONGC’s blocks (Block A, Block B, Block C, Block D & Block E) of Krishna-
Godavari Basin, Bay of Bengal were on absolutely lower side and well comparable with the reported values of 
available oceanographic scientific literature. This can be thought to have resulted from absence of significant 
anthropogenic influence around the study area.  Based on the study, it can be said that the low contents of the 
heavy metals in the studied sea water samples, which are well within the internationally accepted norms, will 
not have any toxicological effects on human health, when sea food from this area is included in the diet. 
Therefore, seawater samples in present study area in Bay of Bengal are not polluted with respect to heavy 
perceived metals but requires regular monitoring of marine environment, particularly zones, where industrial 
operations are planned.
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Table 4: Heavy Metals Cocentration in ppb (μg/l) in collected Seawater sample as per OSPAR 
guidelines of different blocks
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Table 5: Heavy Metals Concentration in ppb (μg/l) in collected Seawater sample as per OSPAR 
guidelines of different blocks

Table 6: Heavy Metals Concentration in ppb (μg/l) in collected Seawater sample as per OSPAR 
guidelines of different blocks



AEstract

Gandhar Field is one of the oldest producing field in 
:estern India. Over three decades of exploitation, 
substantial quantity of hydrocarbon is being 
produced from the field.  Field comprises of multi-
layered clastic reservoirs with several hydrocarbon 
bearing sands, bottom-most named as H-0. All 
hydrocarbon bearing layers are of Mid-Eocene age 
overlain and underlain by Shale sequence.

The paper has lucidly come out with a suitable 
development strategy for realization of maximum oil 
& gas recovery at this challenging stage of being 
water flooded mature Gas Cap Gas reservoir with 
thin oil rim. OIIP of study area of H-4 Sand is ~ 8 
MMT, E8R is about 2 MMT. Total GIIP is ~11.5 BCM 
and E8R is 9 BCM. Oil rim is overlain by a large gas 
cap of ~8 BCM, i.e. initial gas cap size, µm¶ which is 
ratio of initial gas cap volume to initial oil volume (rb/
rb) is of order 1.5. Currently, sand has produced 2.4 
MMT of oil & condensate (Recovery 30%) and 4 
BCM of gas (Recovery 35%). Further, enhancement 
of hydrocarbon recovery beyond current level is quite 
challenging. However, due to substantial decline in 
oil production, it was thought prudent to go for blow-
down of GCG of H-4 Sand.

,ntroduction

The Gandhar Field is one of the oldest producing 
field in :estern India. It covers a vast area of about 
240 Sq. .m. Field comprises of multi-layered clastic 
reservoirs with several hydrocarbon bearing sands, 
bottom-most named as H-0. All hydrocarbon 
bearing layers are of Mid-Eocene age overlain and 
underlain by Shale sequence �7able-��.

Simulation Guided Gas Cap Gas %low-down Strategy in a 
%rown Gas Cap 7hin Oil 5im Clastic 5eserYoir
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7able-�: Generali]ed Stratigraphy of Study Area
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Sands have been deposited through distributary channels and distributary mouth bars in an overall deltaic 
regime. Hydrocarbons are found mainly in strati-structural traps formed in a deltaic depositional environment. 
The Gandhar Field is flanked by depression in the :est and in the East. Field has NNE-SS: trending 
structural nose with a S: plunge straddles between depressions towards North-:est. Thick Shale is main 
hydrocarbon source rock in the Basin. Transgressed shales within deltaic sequences provided a good cap 
rock in the depositional setting. Peak of oil generation and migration is understood to have taken place during 
Early to Middle Miocene. Number of fluid anomaly faults are also present in this field. Structural Highs and 
fault closures & Stratigraphic traps (pinch-outs, lenticular sands) in Paleocene to Miocene sequences have 
been proved as important plays of the Gandhar Field (Figure-��.

E[ploitation Strategies- Past 

Field had initial reservoir pressure of 301 kg/cm2 and current average reservoir pressure is ~ 100 kg/cm2. 
During initial depletion phase, reservoir pressure was decreased to ~ 280 kg/cm2 before initiation of water 
injection. After cumulative oil & cond. production of 0.2 MMT, pattern water injection was started in this block 
in 1991. To  maintain  reservoir  health,  lean  hydro-carbon  gas  injection  in  the  gas  cap  commenced  
from Jan-1997. Subsequently,  reservoir  pressure  was  maintained  at 280 kg/cm2 till 2000. In Jan-2013 after 

However, due to substantial decline in oil production, it was thought prudent to go for blow-down of GCG of H-4 
Sand �Figure-��.

Figure-�: 7ypical 'epositional setting of Gandhar Field
H-4 is one of the major 
hydrocarbon bearing sand of the 
field Gandhar. Hydro-carbon 
bearing reservoir is further sub-
divided in to three sub-layers from 
bottom to top as 4A, 4B & 4C. H-4 
Sand had been reviewed several 
times in the past to maximize 
hydrocarbon production through 
conserving gas cap energy by 
means of shutting peripheral GOC 
wells and injecting lean hydro-
carbon gas into the gas cap. 
Further, enhancement of 
hydrocarbon recovery beyond 
current level is quite challenging. 

OIIP of study area of H-4 Sand is 
~8 MMT, E8R is ~2 MMT. Total 
GIIP is ~11.5 BCM and E8R is 9 
BCM. Oil rim is overlain by a large 
gas cap of ~8 BCM, i.e. gas cap 
size (m) of 1.5 with moderate gas 
cap drive. Sand has produced 2.4 
MMT of oil & condensate (Rec. 
30%), 4 BCM of gas (Rec. 35%) 
and 8.5 MMm3 of water has been 
injected into the reservoir for 
pressure support. Currently, 14 
gas producers are producing ~1.5 
LCMD of gas, 17 m3/d of 
condensate with 94% of :/C.

Figure-�: Structure Contour Map of H-4 Sand
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cumulative oil & cond. production of 2 MMT (Rec. 26 %) reservoir pressure was declined to 240-250 kg/cm2. 
Cumulatively, ~0.7 BCM of gas was injected into the gas cap till Sep-2014 and total 2.3 BCM of gas was 
produced. Production performance and cumulative oil/condensate & gas production bubble maps are given in 
Figure-3 & Figure-4 respectively. However from Oct-2014, 35 gas producers were completed in the reservoir to 
exploit GCG.

April - June 2023 _ 9ol. 22 Issue 2

Methodology 

Based on production performance review of H-4 Sand and seeing the substantial decline in oil production, 
GCG blow-down strategy was firmed-up in Sep-2014. During review, following strategies were framed guided 
by well optimum gas production rate, plateau production rate and plateau period:

• Carry-out multi-bean study in wells completed in GCG for estimation of current AOFP
• Reservoir pressure measurements in wells completed in GCG
• Selection of wells for GCG blow-down
• Completion & laying of flow-lines by the end of Dec-2014
• Start of GCG blow-down from 1st Jan-2015
• For realizing profiles and to achieve envisaged gas production rates timely availability of surface facilities
such as flow lines, well completions, optimum perforations, re-perforation & additional perforation along with 
regular SBHP, THP measurements were also recommended

Figure-3: Production Performance
Figure-4: Cum. Oil/Condensate and 
Gas Production Bubble Map

Simulation Study

Simulation study of H-4 Sand was carried out on fine scale geo-cellular model (211×139×22) of 100mX100m 
grid dimension. History match plot is shown in Figure-5.

Figure-5: History Match Plot of H-4 Sand AOFP Estimation

Multi-bean studies in two gas cap 
wells were carried-out to estimate 
current gas potential of wells and 
AOFP of 1.9 & 1.4 LCMD 
respectively were estimated. Based 
on AOFP data, average gas 
prediction rate of 50000 m3/d/well 
(25 % of AOFP) were considered in 
the simulation study.

GCG Pressure Measurements
Reservoir pressures of 196 and 
213.7 kg/cm2 were recorded in 
Sep-2014 in two wells.



Selection of wells & Prediction Profile

Initially, 24 wells (9 existing wells in GCG and 15 non-flowing wells completed in other sands) were identified 
for GCG blow-down and different scenarios with plateau period ranging from 5 to 10 years and plateau gas 
rate of 10-15 LCMD with average gas production rate of ~ 50,000 m3/d/well were generated. Finally, plateau 
rate of 15 LCMD for 5 years with 50000 m3/d/well through 35 wells were recommended (Figure-6) that 
translates into gas recovery of 85 % by year 2030. Comparison of plan vs. actual gas rates is given in 
Figure-7.

the oil-rim. Since selecting suitable and optimum number of wells for blow-down of GCG is a challenging task 
in water flooded mature reservoir, the simulation tool found to be best to capture fluid dynamics and doing 
multiple sensitivities/scenarios to get a befitting development strategy   Coning and channeling are major 
issues for gas wells operating under support of active aquifer/water flooded reservoir, which needs to be 
monitored closely in order to maximize the gas recovery during the project life.
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Figure-6: Gas producers on top of H-4 Sand

Conclusions

In a saturated reservoir, conserving gas cap energy by means 
of shutting peripheral GOC wells and injecting lean hydro-
carbon gas into the gas cap zone is a good strategy. In order 
to maximize hydrocarbon production in life cycle of a field, 
blow-down  of  GCG  can be planned after optimally exploiting 
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Figure-7: Comparison of Plan vs. Actual gas rates



$bstract

7KH WUDQVIRUPDWLRQ RI &DUERQ GLR[LGH �&2�� WR 
QDQRPDWHULDOV KDV HPHUJHG DV D SURPLVLQJ 
DSSURDFK WR PLWLJDWH WKH QHJDWLYH LPSDFWV RI FDUERQ 
HPLVVLRQV� 7KH FRQYHUVLRQ RI &2� WR QDQRPDWHULDOV 
LV LPSRUWDQW EHFDXVH LW RIIHUV D VXVWDLQDEOH DQG 
FRVW�HIIHFWLYH PHWKRG IRU UHGXFLQJ FDUERQ HPLVVLRQV 
ZKLOH VLPXOWDQHRXVO\ SURGXFLQJ YDOXDEOH PDWHULDOV 
ZLWK XQLTXH SURSHUWLHV� +RZHYHU� WKH FRQYHUVLRQ RI 
&2� WR QDQRPDWHULDOV LV D FKDOOHQJLQJ SURFHVV GXH 
WR VHYHUDO IDFWRUV� LQFOXGLQJ WKH WKHUPRG\QDPLF 
VWDELOLW\ RI &2�� WKH ORZ UHDFWLYLW\ RI &2�� DQG WKH 
FRPSOH[LW\ RI QDQRPDWHULDO V\QWKHVLV�

1DQRPDWHULDOV V\QWKHVL]HG IURP &2� KDYH D ZLGH 
UDQJH RI DSSOLFDWLRQV� LQFOXGLQJ HQHUJ\ VWRUDJH� 
FDWDO\VLV� DQG VHQVLQJ� $GGLWLRQDOO\� WKH XVH RI &2� 
DV D IHHGVWRFN IRU QDQRPDWHULDO V\QWKHVLV FDQ KHOS 
WR UHGXFH WKH GHSHQGHQFH RQ IRVVLO IXHOV DQG 
SURPRWH WKH GHYHORSPHQW RI D FLUFXODU FDUERQ 
HFRQRP\�

OSSortunities and Challenges in TransIorming CO2 into Nanomaterials: 
ToZards DeveloSment oI a Sustainable Economy
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,ntroduction

7KH FRQWLQXRXV JURZWK LQ WKH ZRUOG SRSXODWLRQ� UDSLG 
GHIRUHVWDWLRQ� XUEDQL]DWLRQ� DQG FRQWLQXRXV 
XWLOL]DWLRQ RI IRVVLO UHVRXUFHV IRU WKH SURGXFWLRQ RI 
HQHUJ\� IXHOV� DQG FKHPLFDOV IRU HFRQRPLF 
GHYHORSPHQW KDYH FROOHFWLYHO\ UHVXOWHG LQ WKH 
GHWHULRUDWLRQ RI WKH HQYLURQPHQW� %HFDXVH RI 
DQWKURSRJHQLF DFWLYLWLHV� DWPRVSKHULF &2� 
FRQFHQWUDWLRQ KDV UHDFKHG DQ XQSUHFHGHQWHG OHYHO 
RI ������ SSP LQ UHFHQW WLPHV ZKLFK LV DOPRVW �� � 
KLJKHU WKDQ WKH YDOXH RI WKH DWPRVSKHULF &2� 
FRQFHQWUDWLRQ RI ��� SSP DW WKH EHJLQQLQJ RI WKH 
SUH�LQGXVWULDO HUD� 

7KH LQFUHDVLQJ OHYHOV RI &2� LQ WKH DWPRVSKHUH DUH 
FDXVLQJ JOREDO ZDUPLQJ DQG FOLPDWH FKDQJH� 
7KHUHIRUH� LW LV LPSRUWDQW WR ILQG ZD\V WR UHGXFH WKH 
DPRXQW RI &2� LQ WKH DWPRVSKHUH� 7KH WUDGLWLRQDO 
XVH RI &2� FRQYHUVLRQ KDV EHHQ WR SURGXFH 
FKHPLFDOV DQG IXHOV� 2QH RI WKH PRVW FRPPRQ 
PHWKRGV RI &2� FRQYHUVLRQ LV WKURXJK LWV 
K\GURJHQDWLRQ    WR    SURGXFH    FKHPLFDOV   VXFK  DV

Dr. Chanchal Samanta

Dr. Shivanand Pai        Dr. Chiranjeevi Thota
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PHWKDQRO� PHWKDQH� HWF� ZKLFK FDQ EH XVHG DV D IXHO 
RU DV D IHHGVWRFN IRU WKH SURGXFWLRQ RI RWKHU 
FKHPLFDOV� &2� FDQ DOVR EH FRQYHUWHG LQWR DQRWKHU 
LQWHUPHGLDWH VXFK DV &2 ZKLFK FDQ EH IXUWKHU 
XWLOL]HG IRU WKH SURGXFWLRQ RI FKHPLFDOV OLNH XUHD� 
IRUPLF DFLG� PHWKDQRO� DFHWLF DFLG HWF� 7KHVH 
PDWHULDOV FDQ EH XVHG LQ WKH SURGXFWLRQ RI G\HV� 
SKDUPDFHXWLFDOV� DQG IRRG SUHVHUYDWLYHV�  2QH RI 
WKH IXWXUH VROXWLRQV IRU PLWLJDWLQJ WKH QHJDWLYH LPSDFW 
RI FDUERQ HPLVVLRQ ZRXOG EH WR WUDQVIRUP &2� LQWR 
PDWHULDOV� VXFK DV RUJDQLF DQG LQRUJDQLF 
QDQRPDWHULDOV� 1DQRPDWHULDOV KDYH DWWUDFWHG 
VLJQLILFDQW DWWHQWLRQ LQ UHFHQW \HDUV GXH WR WKHLU 
XQLTXH SURSHUWLHV DQG SRWHQWLDO DSSOLFDWLRQV LQ 
YDULRXV ILHOGV� LQFOXGLQJ HOHFWURQLFV� FDWDO\VLV� HQHUJ\ 
VWRUDJH� DQG ELRPHGLFDO HQJLQHHULQJ�

:KHQ WKH VL]H RI D PDWHULDO UDQJHV IURP DERXW � QP WR 
��� QP� LW LV VDLG WR EH QDQR�VFDOHG DQG WKHVH 
PDWHULDOV KDYH JDLQHG FRQVLGHUDEOH LQWHUHVW EHFDXVH 
RI WKHLU LQFUHGLEOH FKDUDFWHULVWLFV >�@� &DUERQ� RQH RI 
WKH PRVW FRPPRQ PLQHUDOV RQ WKH SODQHW� PD\ EH 
IRXQG LQ QDWXUH DV JUDSKLWH� GLDPRQG� DQG FRDO DV ZHOO 
DV LQ ELRPDVV DQG FUXGH RLO� &DUERQ QDQRPDWHULDOV 
DUH EHFRPLQJ LQFUHDVLQJO\ SRSXODU GXH WR WKHLU 
SRWHQWLDO IRU  DGYDQFHG  DSSOLFDWLRQV  LQ  HOHFWURQLFV� 
PHPEUDQHV� wastewater treatment, batteries, 
capacitors, heterogeneous catalysis, biological and 
medical sciences [2].

Discussion

7KH GHPDQG IRU FDUERQ QDQRPDWHULDOV KDV EHHQ 
VWHDGLO\ LQFUHDVLQJ LQ UHFHQW \HDUV GXH WR WKHLU XQLTXH 
SURSHUWLHV DQG SRWHQWLDO DSSOLFDWLRQV LQ YDULRXV 
LQGXVWULHV� LQFOXGLQJ HOHFWURQLFV� HQHUJ\� ELRPHGLFDO� 
DQG DHURVSDFH� &DUERQ QDQRWXEHV� IRU H[DPSOH� 
KDYH EHHQ H[WHQVLYHO\ VWXGLHG DQG KDYH VKRZQ 
SURPLVH IRU DSSOLFDWLRQV VXFK DV OLJKWZHLJKW DQG KLJK�
VWUHQJWK PDWHULDOV� HQHUJ\ VWRUDJH GHYLFHV� DQG 
QDQRHOHFWURQLFV� &DUERQ QDQRPDWHULDOV LQFOXGH 
IXOOHUHQHV� &17V� JUDSKHQH DQG LWV GHULYDWLYHV� 
JUDSKHQH R[LGH� QDQRGLDPRQGV� DQG FDUERQ�EDVHG 
TXDQWXP GRWV �&4'V�� 'XH WR WKHLU XQLTXH VWUXFWXUDO 
GLPHQVLRQV DQG LQFUHDVHG PHFKDQLFDO� HOHFWULFDO� 
WKHUPDO� RSWLFDO� DQG FKHPLFDO SURSHUWLHV� FDUERQ 
QDQRVWUXFWXUHV KDYH DWWUDFWHG PDQ\ LQGXVWULDO XVHV 
ZKLFK FRXOG OHDG WR WKH GHYHORSPHQW RI QHZ 
WHFKQRORJLHV VXFK DV IOH[LEOH HOHFWURQLFV� VHQVRUV� 
DQG EDWWHULHV�  9DULRXV W\SHV RI FDUERQ QDQRPDWHULDOV 
DQG WKHLU DSSOLFDWLRQV DUH WDEXODWHG LQ 7DEOH �� >���@� 
According to a report by Markets and Markets (Fig 1), 
the global carbon nanomaterials market was valued 
at $2.9 billion in 2021 and is projected to reach $31.6 
billion by 2031, growing at a CAGR of 27.7% from 
2022 to 2031. The fullerenes segment accounted for 
the largest share i.e., 93.2% owing to its wide range 
of applications in electronics products. The graphene 
segment is the fastest growing segment, growing 
around 31.0% CAGR over the forecasted period, this 
is due to increasing demand for graphene from the 
automobile and energy industries.

&DUERQ QDQRSDUWLFOHV DUH LQFUHDVLQJO\ EHLQJ XVHG LQ WKH 
DXWRPRELOH LQGXVWU\ IRU GHYHORSLQJ DQG SURGXFLQJ FDU 
LQWHULRUV DQG H[WHULRUV GXH WR WKHLU H[FHOOHQW PHFKDQLFDO 
TXDOLWLHV DQG OLJKWZHLJKW� ,Q DGGLWLRQ�  WKH\  DUH ZLGHO\ XVHG 

7KH UHSRUW DOVR VXJJHVWV WKDW WKH LQFUHDVLQJ GHPDQG IRU OLJKWZHLJKW DQG KLJK�SHUIRUPDQFH PDWHULDOV LQ YDULRXV 
LQGXVWULHV� VXFK DV DHURVSDFH DQG DXWRPRWLYH� LV GULYLQJ WKH JURZWK RI WKH FDUERQ QDQRWXEHV PDUNHW�

Figure 1. Global carbon nanomaterial market Table 1. Types of carbon nanomaterials and their 
application

LQ DXWRPRELOHV WR UHGXFH DOXPLQXP HQJLQH ZHLJKW� IRU LPSURYHG JULS DQG UHGXFHG UROOLQJ UHVLVWDQFH� DQG LQ OLWKLXP�
LRQ EDWWHULHV WR PLQLPL]H FKDUJLQJ WLPH� LQFUHDVH WHQVLOH VWUHQJWK� DQG UHGXFH YHKLFOH ZHLJKW� 7KHVH IDFWRUV DUH 
GULYLQJ WKH JOREDO FDUERQ QDQRPDWHULDOV PDUNHW�

CO2 conversion to carbon nanomaterials

&2� FDQ EH FRQYHUWHG WR D YDULHW\ RI QDQRPDWHULDOV LQFOXGLQJ FDUERQ QDQRWXEHV �&17V�� FDUERQ QDQRILEHUV 
�&1)V�� FDUERQ QDQRVKHHWV� QDQRSDUWLFOHV� QDQR�RQLRQV� SRURXV QDQRPDWHULDOV� JUDSKLWH KRQH\FRPEV� DQG 
JUDSKHQH�JUDIWHG &1)V�
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�� &DrERn nDnRWXEes �&17s�

&DUERQ QDQRWXEHV DUH F\OLQGULFDO 
QDQRPDWHULDOV PDGH XS RI FDUERQ DWRPV 
DUUDQJHG LQ D KH[DJRQDO ODWWLFH� 7KH\ 
KDYH XQLTXH PHFKDQLFDO� WKHUPDO� DQG 
HOHFWULFDO SURSHUWLHV� PDNLQJ WKHP XVHIXO 
IRU YDULRXV DSSOLFDWLRQV VXFK DV 
HOHFWURQLFV� HQHUJ\ VWRUDJH� DQG 
ELRPHGLFDO GHYLFHV� &2� FDQ EH XVHG DV 
D FDUERQ VRXUFH IRU WKH V\QWKHVLV RI 
&17V WKURXJK FKHPLFDO YDSRU GHSRVLWLRQ 
�&9'�   RU   DUF   GLVFKDUJH   PHWKRGV� )RU 

�� *rDSKene

*UDSKHQH LV D WZR�GLPHQVLRQDO QDQRPDWHULDO 
PDGH XS RI D VLQJOH OD\HU RI FDUERQ DWRPV 
DUUDQJHG LQ D KH[DJRQDO ODWWLFH� ,W KDV H[FHOOHQW 
HOHFWULFDO� WKHUPDO� DQG PHFKDQLFDO SURSHUWLHV� 
PDNLQJ LW XVHIXO IRU YDULRXV DSSOLFDWLRQV VXFK DV 
HOHFWURQLFV� VHQVRUV� DQG HQHUJ\ VWRUDJH� &2� 
FDQ EH XVHG DV D FDUERQ VRXUFH IRU WKH 
V\QWKHVLV RI JUDSKHQH WKURXJK YDULRXV PHWKRGV 
VXFK DV FKHPLFDO UHGXFWLRQ� HOHFWURFKHPLFDO 
UHGXFWLRQ� DQG SODVPD�HQKDQFHG FKHPLFDO YDSRU 
GHSRVLWLRQ� )RU H[DPSOH� +RX HW DO� >�@ 
V\QWKHVL]HG JUDSKHQH IURP &2� XVLQJ D SODVPD�
HQKDQFHG FKHPLFDO YDSRU GHSRVLWLRQ PHWKRG�

Figure 2. Different types of carbon nanotubes (CNTs)

H[DPSOH� :DQJ HW DO� >�@ V\QWKHVL]HG PXOWL�ZDOOHG FDUERQ QDQRWXEHV IURP &2� XVLQJ D &9' PHWKRG ZLWK D 
QLFNHO FDWDO\VW�

Figure 3. Different types grapheme (a) Graphene oxide (b) 
pristine grapheme (c) functionalized graphene (d) grapheme 
quantum dot and (e) reduced graphene oxide

�� &DrERn nDnRfLEers �&1)s�
&DUERQ QDQRILEHUV DUH F\OLQGULFDO QDQRPDWHULDOV PDGH XS RI 
FDUERQ DWRPV DUUDQJHG LQ D JUDSKLWLF VWUXFWXUH� 7KH\ KDYH 
KLJK DVSHFW UDWLRV DQG H[FHOOHQW PHFKDQLFDO SURSHUWLHV� 
PDNLQJ WKHP XVHIXO IRU YDULRXV DSSOLFDWLRQV VXFK DV 
FRPSRVLWHV� VHQVRUV� DQG HQHUJ\ VWRUDJH� &2� FDQ EH XVHG 
DV D FDUERQ VRXUFH IRU WKH V\QWKHVLV RI &1)V WKURXJK 
YDULRXV PHWKRGV VXFK DV FDWDO\WLF FKHPLFDO YDSRU GHSRVLWLRQ� 
HOHFWURVSLQQLQJ�     DQG     HOHFWURFKHPLFDO    GHSRVLWLRQ�    )RU 

Figure 4. SEM Image of carbon nanofibers

H[DPSOH� 0XNKHUMHH HW DO� >�@ V\QWKHVL]HG FDUERQ QDQRILEHUV IURP &2� XVLQJ D FDWDO\WLF FKHPLFDO YDSRU 
GHSRVLWLRQ PHWKRG ZLWK D QLFNHO FDWDO\VW�

�� &DrERn TXDnWXP GRWs �&4's�

&DUERQ TXDQWXP GRWV DUH VPDOO FDUERQ�EDVHG QDQRPDWHULDOV ZLWK VL]HV OHVV WKDQ �� QP� 7KH\ KDYH XQLTXH 
RSWLFDO SURSHUWLHV� LQFOXGLQJ WXQDEOH IOXRUHVFHQFH DQG H[FHOOHQW ELRFRPSDWLELOLW\� PDNLQJ WKHP XVHIXO IRU YDULRXV 
DSSOLFDWLRQV VXFK DV ELRLPDJLQJ� VHQVLQJ� DQG GUXJ GHOLYHU\� &2� FDQ EH XVHG DV D FDUERQ VRXUFH IRU WKH 
V\QWKHVLV RI &4'V WKURXJK YDULRXV PHWKRGV VXFK DV K\GURWKHUPDO V\QWKHVLV� PLFURZDYH�DVVLVWHG V\QWKHVLV� 
DQG HOHFWURFKHPLFDO V\QWKHVLV >�@� 
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exploration. Exploration handbook, Halliburton Landmark

CO2 conversion to organic materials

&DUERQ QDQRPDWHULDOV DUH PDWHULDOV PDGH XS RI FDUERQ DWRPV WKDW DUH DUUDQJHG LQ VSHFLILF ZD\V WR IRUP 
YDULRXV VWUXFWXUHV� +HUH DUH VRPH H[DPSOHV RI GLIIHUHQW W\SHV RI FDUERQ QDQRPDWHULDOV� 

�� =erR�GLPensLRnDO ��'� &DrERn 1DnRPDWerLDOs: 7KHVH DUH FDUERQ QDQRPDWHULDOV WKDW KDYH D ]HUR�
GLPHQVLRQDO VWUXFWXUH� PHDQLQJ WKDW WKH\ DUH HVVHQWLDOO\ LQGLYLGXDO PROHFXOHV RU FOXVWHUV RI FDUERQ DWRPV� 
([DPSOHV RI �' FDUERQ QDQRPDWHULDOV LQFOXGH IXOOHUHQHV� ZKLFK DUH VSKHULFDO FDUERQ PROHFXOHV WKDW DUH 
VRPHWLPHV UHIHUUHG WR DV �EXFN\EDOOV�� )XOOHUHQHV KDYH D XQLTXH VWUXFWXUH WKDW PDNHV WKHP XVHIXO IRU D 
YDULHW\ RI DSSOLFDWLRQV� LQFOXGLQJ GUXJ GHOLYHU\ DQG HOHFWURQLFV�

�� 2ne�GLPensLRnDO ��'� &DrERn 1DnRPDWerLDOs: 7KHVH DUH FDUERQ QDQRPDWHULDOV WKDW KDYH D RQH�
GLPHQVLRQDO VWUXFWXUH� PHDQLQJ WKDW WKH\ DUH HORQJDWHG LQ RQH GLPHQVLRQ� ([DPSOHV RI �' FDUERQ 
QDQRPDWHULDOV LQFOXGH FDUERQ QDQRWXEHV� ZKLFK DUH F\OLQGULFDO VWUXFWXUHV PDGH XS RI UROOHG�XS VKHHWV RI 
JUDSKHQH� &DUERQ QDQRWXEHV DUH LQFUHGLEO\ VWURQJ DQG KDYH XQLTXH HOHFWULFDO DQG WKHUPDO SURSHUWLHV� PDNLQJ 
WKHP XVHIXO IRU D ZLGH UDQJH RI DSSOLFDWLRQV� LQFOXGLQJ HOHFWURQLFV� HQHUJ\ VWRUDJH� DQG FRPSRVLWH PDWHULDOV�

�� 7ZR�GLPensLRnDO ��'� &DrERn 1DnRPDWerLDOs: 7KHVH DUH FDUERQ QDQRPDWHULDOV WKDW KDYH D WZR�
GLPHQVLRQDO VWUXFWXUH� PHDQLQJ WKDW WKH\ DUH IODW DQG KDYH D WKLFNQHVV RI RQO\ D IHZ DWRPV� ([DPSOHV RI �' 
FDUERQ QDQRPDWHULDOV LQFOXGH JUDSKHQH� ZKLFK LV D VLQJOH OD\HU RI FDUERQ DWRPV DUUDQJHG LQ D KH[DJRQDO 
ODWWLFH� *UDSKHQH KDV XQLTXH PHFKDQLFDO� HOHFWULFDO� DQG WKHUPDO SURSHUWLHV� PDNLQJ LW XVHIXO IRU D ZLGH UDQJH 
RI DSSOLFDWLRQV� LQFOXGLQJ HOHFWURQLFV� HQHUJ\ VWRUDJH� DQG FRPSRVLWH PDWHULDOV�

�� 7Kree�GLPensLRnDO ��'� &DrERn 1DnRPDWerLDOs: 7KHVH DUH FDUERQ QDQRPDWHULDOV WKDW KDYH D WKUHH�
GLPHQVLRQDO VWUXFWXUH� PHDQLQJ WKDW WKH\ KDYH D FRPSOH[� WKUHH�GLPHQVLRQDO VKDSH� ([DPSOHV RI �' FDUERQ 
QDQRPDWHULDOV LQFOXGH FDUERQ QDQRILEHUV DQG DHURJHOV� ZKLFK DUH SRURXV� OLJKWZHLJKW PDWHULDOV PDGH XS RI 
LQWHUFRQQHFWHG FDUERQ QDQRWXEHV RU JUDSKHQH VKHHWV� 7KHVH PDWHULDOV KDYH XQLTXH PHFKDQLFDO� HOHFWULFDO� 
DQG WKHUPDO SURSHUWLHV� PDNLQJ WKHP XVHIXO IRU D YDULHW\ RI DSSOLFDWLRQV� LQFOXGLQJ HQHUJ\ VWRUDJH� FDWDO\VLV� 
DQG ILOWUDWLRQ�

Figure 5. Functionalized carbon quantum dots Table 2. Nanomaterials Produced from CO2 >9@

Figure 6. Various types of carbon allotropes 6HYHUDO VWUDWHJLHV KDYH EHHQ SXEOLVKHG LQ WKH 
OLWHUDWXUH IRU WKH V\QWKHVLV RI �'� �'� �'� DQG 
�' FDUERQ QDQRPDWHULDOV� &KHPLFDO YDSRU 
GHSRVLWLRQ �&9'�� $UF�GLVFKDUJH� DQG ODVHU 
DEODWLRQ >��@ DUH VRPH RI WKH PRVW RIWHQ XVHG 
WHFKQLTXHV� &9' LV WKH PRVW ZLGHO\ XWLOL]HG WKLQ�
ILOP GHSRVLWLRQ WHFKQRORJ\ IRU PDNLQJ 
QDQRPDWHULDOV� $ FRQFLVH RYHUYLHZ RI WKH 
PHWKRGV LV GLVFXVVHG IRU FUHDWLQJ YDULRXV 
FDUERQ QDQRPDWHULDOV� LQFOXGLQJ IXOOHUHQHV� 
FDUERQ QDQRWXEHV� FDUERQ QDQRILEHUV� 
JUDSKHQH� FDUELGH�GHULYHG FDUERQ �&'&�� 
FDUERQ QDQR�RQLRQV �&12�� DQG 0;HQH�
D� &KHPLFDO 9DSRU 'HSRVLWLRQ �&9'��%DVHG 
&17V DQG &1)V� 
E� (OHFWURFKHPLFDO�0HWKRG�%DVHG &17V DQG 
&1)V� F� +\GURWKHUPDO 6\QWKHVLV
G� 6RODU 7HFKQLTXH



�D�  &KePLcDO 9DSRr 'eSRsLWLRn �&9'� �%DseG &17s DnG &1)s�

$V D QHZ FDUERQ PDWHULDO LQ WKH WZHQW\�ILUVW FHQWXU\� FDUERQ QDQRWXEHV �&17V� KDYH H[FHOOHQW RSWLFDO� HOHFWULFDO� 
PDJQHWLF� WKHUPDO� FKHPLFDO� DQG PHFKDQLFDO SURSHUWLHV� 7KHUH DUH PDQ\ V\QWKHVLV PHWKRGV WR SURGXFH &17V� 
&RPSDUHG ZLWK RWKHU PHWKRGV� FKHPLFDO YDSRU GHSRVLWLRQ �&9'� LV WKH PRVW HIIHFWLYH PHWKRG WKDW KDV EURDG 
SURVSHFWV IRU ODUJH�VFDOH FRQWURO RI &17V� GXH WR LWV VLPSOH HTXLSPHQW� VLPSOH RSHUDWLRQ� DQG ORZHU FRVW�
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Figure 7. Schematic representation of Chemical 
Vapor Deposition Process &KHPLFDO YDSRU GHSRVLWLRQ �&9'� LV D FRPPRQ PHWKRG 

XVHG WR V\QWKHVL]H FDUERQ QDQRWXEHV �&17V� DQG 
FDUERQ QDQRILEHUV �&1)V�� ,Q WKLV SURFHVV� D FDUERQ�
FRQWDLQLQJ JDV VXFK DV PHWKDQH RU DFHW\OHQH LV 
LQWURGXFHG LQWR D UHDFWLRQ FKDPEHU DORQJ ZLWK D FDWDO\VW 
VXFK DV LURQ� FREDOW� RU QLFNHO� 7KH JDV LV WKHQ KHDWHG 
WR D KLJK WHPSHUDWXUH� W\SLFDOO\ LQ WKH UDQJH RI 
���������&� DQG WKH FDUERQ DWRPV LQ WKH JDV UHDFW 
ZLWK WKH FDWDO\VW WR IRUP &17V RU &1)V �)LJXUH ��� 7KH 
SURFHVV FDQ EH FRQGXFWHG XVLQJ GLIIHUHQW PHWKRGV� 
VXFK DV WKHUPDO &9'� SODVPD�HQKDQFHG &9'� RU KRW 
ILODPHQW &9'� 7KH FKRLFH RI PHWKRG GHSHQGV RQ WKH 
VSHFLILF UHTXLUHPHQWV RI WKH &17 RU &1) DSSOLFDWLRQ� 
2QH  RI  WKH  DGYDQWDJHV RI &9'�EDVHG &17V DQG &1) 

V\QWKHVLV LV WKH DELOLW\ WR FRQWURO WKHLU GLDPHWHU� OHQJWK� DQG RULHQWDWLRQ RQ WKH VXEVWUDWH� 7KH SURSHUWLHV RI WKH 
&17V RU &1)V FDQ DOVR EH WXQHG E\ FRQWUROOLQJ WKH SDUDPHWHUV RI WKH V\QWKHVLV SURFHVV� VXFK DV WKH JDV 
FRPSRVLWLRQ� SUHVVXUH� WHPSHUDWXUH� DQG GXUDWLRQ RI WKH UHDFWLRQ� &17V DQG &1)V KDYH PDQ\ SRWHQWLDO 
DSSOLFDWLRQV LQ ILHOGV VXFK DV HOHFWURQLFV� HQHUJ\ VWRUDJH� DQG FRPSRVLWH PDWHULDOV GXH WR WKHLU XQLTXH 
PHFKDQLFDO� HOHFWULFDO� DQG WKHUPDO SURSHUWLHV� 'HSHQGLQJ RQ WKH WHPSHUDWXUH� WKLV SURFHVV FDQ FUHDWH ERWK 
0:17V DQG 6:17V� ZLWK 6:17 SURGXFWLRQ WDNLQJ SODFH DW D KLJKHU WHPSHUDWXUH WKDQ 0:17 SURGXFWLRQ� (QGR 
HW DO� SXEOLVKHG WKH LQLWLDO UHSRUW RQ WKH &KHPLFDO 9DSRU 'HSRVLWLRQ �&9'� WHFKQRORJ\ IRU WKH SURGXFWLRQ RI 
0:17V LQ ���� >��@� 'DL LQ 6PDOOH\
V JURXS VXFFHVVIXOO\ PRGLILHG &2�EDVHG &9' WR FUHDWH 6:17V WKUHH 
\HDUV ODWHU >��@� $W SUHVHQW� WKH SUHSDUDWLRQ SURFHVV RI PXOWL�ZDOOHG &17V LV TXLWH PDWXUH� DQG LQGXVWULDOO\ 
SURGXFHG E\ WKH &9' SURFHVV� 7KH SURGXFWLRQ FRVW RI VLQJOH�ZDOOHG &17V LV VWLOO TXLWH KLJK� DQG WKH SUHSDUDWLRQ 
RI PDFURVFRSLF DUUD\V RI VRPH RULHQWHG VLQJOH�ZDOOHG &17V KDV QRW EHHQ FRPSUHKHQGHG�

:KHQ FRPSDUHG ZLWK $UFK GLVFKDUJH DQG /DVHU DEODWLRQ PHWKRGV �7DEOH �� IRU &17V� &9' LV WKH PRVW ZLGHO\ 
XVHG PHWKRG IRU &17¶V FRQWLQXRXV PDVV SURGXFWLRQ�

Table 3. Carbon nanotubes (CNTs) from various methods



�E� (OecWrRcKePLcDO�0eWKRG�%DseG &17s DnG &1)s

(OHFWURFKHPLFDO PHWKRGV FDQ DOVR EH XVHG WR 
V\QWKHVL]H FDUERQ QDQRWXEHV �&17V� DQG FDUERQ 
QDQRILEHUV �&1)V�� ,Q WKHVH PHWKRGV� D FDWKRGH PDGH 
RI PHWDO RU FDUERQ LV XVHG WR UHGXFH D FDUERQ�
FRQWDLQLQJ SUHFXUVRU VXFK DV &2�� RU DFHW\OHQH RU 
HWK\OHQH LQ DQ HOHFWURO\WH VROXWLRQ FRQWDLQLQJ D 
FDWDO\VW� 7KH UHGXFWLRQ UHDFWLRQ OHDGV WR WKH JURZWK RI 
&17V RU &1)V RQ WKH FDWKRGH� 2QH H[DPSOH RI DQ 
HOHFWURFKHPLFDO PHWKRG IRU &17V DQG &1)V V\QWKHVLV 
LV WKH WHPSODWH�DVVLVWHG HOHFWURFKHPLFDO GHSRVLWLRQ 
�7$('� PHWKRG� ,Q WKLV PHWKRG� D SRURXV WHPSODWH 
PDGH RI DQ LQVXODWLQJ PDWHULDO VXFK DV DQRGL]HG 
DOXPLQXP R[LGH LV XVHG DV WKH FDWKRGH� 7KH WHPSODWH 
LV ILUVW FRDWHG ZLWK D OD\HU RI FDWDO\VWV VXFK DV QLFNHO RU 
LURQ� DQG WKHQ LPPHUVHG LQ DQ HOHFWURO\WH VROXWLRQ 
FRQWDLQLQJ WKH FDUERQ SUHFXUVRU� $Q HOHFWULFDO SRWHQWLDO 
LV DSSOLHG EHWZHHQ WKH FDWKRGH DQG DQ DQRGH� FDXVLQJ 
WKH UHGXFWLRQ UHDFWLRQ WR RFFXU DQG OHDGLQJ WR WKH 
JURZWK RI &17V RU &1)V ZLWKLQ WKH SRUHV RI WKH 
WHPSODWH� $QRWKHU H[DPSOH RI DQ HOHFWURFKHPLFDO 
PHWKRG LV WKH HOHFWURVSLQQLQJ PHWKRG� ZKLFK LQYROYHV 
WKH XVH RI DQ HOHFWULF ILHOG WR GUDZ D SRO\PHU VROXWLRQ 
FRQWDLQLQJ D FDUERQ SUHFXUVRU WKURXJK D VSLQQHUHW� 
7KH SUHFXUVRU LV WKHQ UHGXFHG HOHFWURFKHPLFDOO\ WR 
IRUP &17V RU &1)V� (OHFWURFKHPLFDO PHWKRGV RIIHU 
VHYHUDO DGYDQWDJHV RYHU RWKHU PHWKRGV RI V\QWKHVLV� 
LQFOXGLQJ WKH DELOLW\ WR FRQWURO WKH VL]H� GHQVLW\� DQG 
RULHQWDWLRQ RI WKH &17V RU &1)V� DQG WKH SRWHQWLDO IRU 
ODUJH�VFDOH SURGXFWLRQ� +RZHYHU� WKH SURFHVV LV RIWHQ 
PRUH FRPSOH[ DQG UHTXLUHV VSHFLDO HTXLSPHQW DQG 
H[SHUWLVH�

7KH /LFKW JURXS >��@ SLRQHHUHG WKH HOHFWURFKHPLFDO 
FRQYHUVLRQ RI &2� LQWR XVDEOH QDQRPDWHULDOV� 7KH 
SURFHVV XVHV HOHFWURO\VLV RI PROWHQ FDUERQDWH WR 
SURGXFH &17V DQG &1)V PRUH SURILWDEO\� $IWHU 
VXEWUDFWLQJ ������N:K HQHUJ\� ����� OLWKLXP 
FDUERQDWH� DQG ���� HOHFWURO\WHV� WKH\ HVWLPDWHG WKDW 
/L�&2��EDVHG PROWHQ HOHFWURO\VLV ZRXOG FRVW ������ 
SHU PHWULF WRQQH RI &1)� 7KLV FRVWV ��� WLPHV OHVV 
WKDQ &9' DQG SRO\PHU HOHFWURVSXQ FDUERQ ILEHUV >��@�

-RKQVRQ HW DO� >��@ HOHFWURFKHPLFDOO\ FRQYHUWHG &2� 
LQWR PDFURVFRSLF &17�EDVHG ZRROV� :DQJ HW DO� >��@ 
XWLOL]HG &2� JDV GLUHFWO\ FROOHFWHG IURP WKH DLU ZLWKRXW 
SUH�FRQFHQWUDWLRQ WR SURGXFH WKLQ�ZDOOHG� VPDOO�
GLDPHWHU &17V ZLWK D KLJKHU \LHOG� /LFKW DQG 3LQW 
GHYHORSHG FRQWLQXRXV PHWKRGV IRU HOHFWURFKHPLFDOO\ 
VSOLWWLQJ &2� WR SURGXFH PDJQHWLF &17V >��@� +X HW DO� 
HOHFWURFKHPLFDOO\ GHSRVLWHG KLJK�TXDOLW\� SXUH &&17V 
XVLQJ PROWHQ &D&O� � 1D&O &D2 VDOWV� D JODVV\ FDUERQ�
JUDSKLWH� DQG 5X2�7L2� HOHFWURGH SDLU DW ��� GHJUHHV 
&HOVLXV>��@�

�c� +\GrRWKerPDO 6\nWKesLs

+\GURWKHUPDO V\QWKHVLV LV DQRWKHU PHWKRG XVHG WR 
V\QWKHVL]H FDUERQ QDQRPDWHULDOV VXFK DV FDUERQ 
QDQRWXEHV �&17V� DQG FDUERQ QDQRILEHUV �&1)V� 
XVLQJ D K\GURWKHUPDO UHDFWRU� ,Q WKLV SURFHVV� D 
FDUERQ VRXUFH VXFK DV &2� HYROYLQJ IURP JOXFRVH 
RU VXFURVH LV GLVVROYHG LQ ZDWHU DQG PL[HG ZLWK D 
FDWDO\VW VXFK DV LURQ� FREDOW� RU QLFNHO� 7KH PL[WXUH 
LV WKHQ KHDWHG LQ D K\GURWKHUPDO UHDFWRU DW KLJK 
SUHVVXUH DQG WHPSHUDWXUH� W\SLFDOO\ LQ WKH UDQJH RI 
������� �& DQG ����� EDU� IRU VHYHUDO KRXUV� 
'XULQJ WKH K\GURWKHUPDO UHDFWLRQ� WKH FDUERQ 
VRXUFH GHFRPSRVHV DQG UHDFWV ZLWK WKH FDWDO\VW WR 
IRUP &17V RU &1)V� 7KH UHDFWLRQ FRQGLWLRQV FDQ 
EH DGMXVWHG WR FRQWURO WKH GLDPHWHU� OHQJWK� DQG 
PRUSKRORJ\ RI WKH QDQRPDWHULDOV� 2QH RI WKH 
DGYDQWDJHV RI K\GURWKHUPDO V\QWKHVLV LV WKDW LW LV D 
UHODWLYHO\ VLPSOH DQG ORZ�FRVW PHWKRG� ZKLFK FDQ 
EH XVHG WR SURGXFH ODUJH TXDQWLWLHV RI &17V RU 
&1)V� $GGLWLRQDOO\� WKH XVH RI ZDWHU DV D VROYHQW 
PDNHV WKH SURFHVV HQYLURQPHQWDOO\ IULHQGO\� 
+\GURWKHUPDO V\QWKHVLV KDV EHHQ XVHG WR SURGXFH 
&17V DQG &1)V IRU YDULRXV DSSOLFDWLRQV� LQFOXGLQJ 
HQHUJ\ VWRUDJH� FDWDO\VLV� DQG VHQVRUV� +RZHYHU� 
WKH PHWKRG KDV VRPH OLPLWDWLRQV� VXFK DV WKH 
GLIILFXOW\ LQ FRQWUROOLQJ WKH VL]H GLVWULEXWLRQ RI WKH 
QDQRPDWHULDOV DQG WKH SRWHQWLDO IRU LPSXULWLHV WR EH 
LQWURGXFHG GXULQJ WKH V\QWKHVLV SURFHVV�

�G�  6RODr 7ecKnLTXe

$QRWKHU WHFKQLTXH WKDW LV EHLQJ H[SORUHG LQ 
QDQRPDWHULDO SUHSDUDWLRQ LV VRODU HQHUJ\ ZKLFK 
ZDV XVHG RQO\ IRU IXOOHUHQH SURGXFWLRQ XQWLO ����� 
/DWHU� /DSOD]H HW DO� >��@ DQG /X[HPERXUJ DQG FR�
ZRUNHUV >��@ GHPRQVWUDWHG WKH SURGXFWLRQ RI 
6:17V LQ JUDP TXDQWLWLHV E\ D VRODU SURFHVV 
XVLQJ D �� N: VRODU UHDFWRU� 6RODU WHFKQLTXHV FDQ 
DOVR EH XVHG WR V\QWKHVL]H FDUERQ QDQRPDWHULDOV 
VXFK DV FDUERQ QDQRWXEHV �&17V� DQG FDUERQ 
QDQRILEHUV �&1)V�� 2QH H[DPSOH RI D VRODU 
WHFKQLTXH IRU &17V DQG &1)V V\QWKHVLV LV WKH 
VRODU WKHUPDO FKHPLFDO YDSRU GHSRVLWLRQ �67&9'� 
PHWKRG� ,Q WKH 67&9' PHWKRG� D FDUERQ�
FRQWDLQLQJ JDV VXFK DV &2� RU PHWKDQH RU 
DFHW\OHQH LV LQWURGXFHG LQWR D UHDFWLRQ FKDPEHU 
DORQJ ZLWK D FDWDO\VW VXFK DV LURQ� FREDOW� RU QLFNHO� 
7KH FKDPEHU LV WKHQ KHDWHG XVLQJ FRQFHQWUDWHG 
VRODU HQHUJ\� ZKLFK LV IRFXVHG XVLQJ PLUURUV LQ WKH 
UHDFWLRQ FKDPEHU� 7KH FDUERQ DWRPV LQ WKH JDV 
UHDFW ZLWK WKH FDWDO\VW WR IRUP &17V RU &1)V�
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6RODU WHFKQLTXHV RIIHU VHYHUDO DGYDQWDJHV RYHU RWKHU PHWKRGV RI V\QWKHVLV� LQFOXGLQJ WKH SRWHQWLDO IRU 
UHQHZDEOH DQG VXVWDLQDEOH HQHUJ\ VRXUFHV� DQG WKH DELOLW\ WR RSHUDWH LQ UHPRWH ORFDWLRQV ZLWKRXW DFFHVV WR 
WUDGLWLRQDO VRXUFHV RI HQHUJ\� $GGLWLRQDOO\� VRODU WHFKQLTXHV FDQ EH PRUH HQYLURQPHQWDOO\ IULHQGO\ WKDQ RWKHU 
PHWKRGV� DV WKH\ GR QRW UHTXLUH WKH XVH RI IRVVLO IXHOV� +RZHYHU� VRODU WHFKQLTXHV FDQ DOVR KDYH VRPH 
OLPLWDWLRQV� VXFK DV WKH UHTXLUHPHQW IRU VSHFLILF ZHDWKHU FRQGLWLRQV DQG WKH SRWHQWLDO IRU ORZHU UHDFWLRQ 
WHPSHUDWXUHV FRPSDUHG WR RWKHU PHWKRGV� )XUWKHU UHVHDUFK LV QHHGHG WR RSWLPL]H VRODU WHFKQLTXHV IRU WKH 
V\QWKHVLV RI FDUERQ QDQRPDWHULDOV DQG WR H[SORUH WKHLU SRWHQWLDO DSSOLFDWLRQV�

CO2 conversion to inorganic nanomaterials

&DUERQ GLR[LGH �&2�� FDQ EH FRQYHUWHG LQWR LQRUJDQLF QDQRPDWHULDOV WKURXJK YDULRXV PHWKRGV� LQFOXGLQJ 
FKHPLFDO DQG HOHFWURFKHPLFDO PHWKRGV�

2QH H[DPSOH RI D FKHPLFDO PHWKRG IRU &2� FRQYHUVLRQ LV WKH VROYRWKHUPDO PHWKRG� ,Q WKLV PHWKRG� &2� LV 
GLVVROYHG LQ D VROYHQW VXFK DV ZDWHU RU HWKDQRO� DQG D UHGXFLQJ DJHQW VXFK DV VRGLXP ERURK\GULGH LV DGGHG WR 
WKH VROXWLRQ� 7KH VROXWLRQ LV WKHQ KHDWHG LQ D VHDOHG YHVVHO DW KLJK SUHVVXUH DQG WHPSHUDWXUH� W\SLFDOO\ LQ WKH 
UDQJH RI ��������& DQG ����� EDU� WR LQGXFH WKH UHGXFWLRQ RI &2� DQG WKH IRUPDWLRQ RI LQRUJDQLF QDQRPDWHULDOV 
VXFK DV PHWDO R[LGHV RU FDUERQDWHV�

'LVVROXWLRQ�      &2� �JDV� � /L�2 �VROXEOH� ĺ /L�&2� �PROWHQ� ��� 
(OHFWURO\VLV�       /L�&2� �PROWHQ� ĺ   & �&17� � /L�2 �VROXEOH� � 2� �JDV� ���
             1HW�        &2� �JDV� ĺ & �&17� � 2� �JDV� ���

Figure 8. High-yield electrolytic 
synthesis of carbon nano-onions 
from CO2, either directly from the 
air or from smoke stack CO2, in 
molten carbonate.
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Figure 9. During carbon mineralization, CO2 reacts with natural deposits like Ca or Mg to make carbonates that 
are better from an energy standpoint and cost to store for a long time >21-26@. SEM images of CaCO3 crystals 
obtained with CO2 captured by (a) CaCl2 and (b and c) Ca(OH)2, respectively. This ¿gure was adapted from 
refs 25 and 26. Microstructures of magnesium carbonates by carbon mineralization: (d) MgCO3, (e)   
MgCO3ā3H2O, and (f) >Mg5(CO3)4(OH)2ā4H2O@ obtained by capturing CO2 with sodium salts of glycine and 
alanine. This ¿gure was adapted from refs 22,23 respectively.



,Q DQRWKHU PHWKRG� WKH HOHFWURFKHPLFDO UHGXFWLRQ 
RI &2� FDQ EH XVHG WR SURGXFH LQRUJDQLF 
QDQRPDWHULDOV� ,Q WKLV PHWKRG� D FDWKRGH PDGH RI 
D PHWDO RU FDUERQ LV LPPHUVHG LQ DQ HOHFWURO\WH 
VROXWLRQ FRQWDLQLQJ &2� DQG D PHWDO VDOW� $Q 
HOHFWULFDO SRWHQWLDO LV DSSOLHG EHWZHHQ WKH FDWKRGH 
DQG DQ DQRGH� FDXVLQJ WKH UHGXFWLRQ RI &2� DQG 
WKH IRUPDWLRQ RI LQRUJDQLF QDQRPDWHULDOV VXFK DV 
PHWDO RU PHWDO R[LGH QDQRSDUWLFOHV�

&2� FRQYHUVLRQ WR LQRUJDQLF QDQRPDWHULDOV KDV 
VHYHUDO SRWHQWLDO DSSOLFDWLRQV� LQFOXGLQJ LQ 
FDWDO\VLV� HQHUJ\ VWRUDJH� DQG HQYLURQPHQWDO 
UHPHGLDWLRQ� +RZHYHU� WKH SURFHVV LV VWLOO LQ WKH 
HDUO\ VWDJHV RI GHYHORSPHQW� DQG WKHUH DUH 
FKDOOHQJHV WR EH DGGUHVVHG� VXFK DV LPSURYLQJ WKH 
VHOHFWLYLW\ DQG HIILFLHQF\ RI WKH FRQYHUVLRQ SURFHVV 
DQG UHGXFLQJ WKH FRVW RI WKH PDWHULDOV DQG 
HTXLSPHQW UHTXLUHG�

Conclusion: 
7KH XVH RI QDQRPDWHULDOV GHULYHG IURP &2� FDQ EH 
XVHG DV FDWDO\VWV� VHQVRUV� DQG HQHUJ\ VWRUDJH 
PDWHULDOV ZKLFK ZRXOG FRQWULEXWH WR WKH UHGXFWLRQ 
RI &2� HPLVVLRQV DQG FUHDWH QHZ DYHQXHV IRU 
VXVWDLQDEOH HFRQRPLF JURZWK�

7KH V\QWKHVLV RI QDQRPDWHULDOV IURP &2� UHTXLUHV 
WKH XVH RI DGYDQFHG QDQRWHFKQRORJ\ DQG PDWHULDOV 
VFLHQFH WHFKQLTXHV� 7KHVH WHFKQLTXHV HQDEOH WKH 
PDQLSXODWLRQ RI &2� PROHFXOHV DW WKH QDQRVFDOH� 
OHDGLQJ WR WKH FUHDWLRQ RI KLJKO\ IXQFWLRQDO 
QDQRPDWHULDOV� 7KH XVH RI UHQHZDEOH HQHUJ\ 
VRXUFHV LQ WKH V\QWKHVLV RI WKHVH PDWHULDOV FDQ 
IXUWKHU UHGXFH WKH FDUERQ IRRWSULQW RI WKH SURFHVV�

7KH SHUIRUPDQFH RI &2��GHULYHG QDQRPDWHULDOV DV 
FDWDO\VWV DQG HQHUJ\ VWRUDJH PDWHULDOV LV KLJKO\ 
GHSHQGHQW RQ WKHLU PRUSKRORJ\� FRPSRVLWLRQ� DQG 
VXUIDFH SURSHUWLHV� 7KH RSWLPL]DWLRQ RI WKHVH 
SDUDPHWHUV FDQ LPSURYH WKH HIILFLHQF\ DQG 
VHOHFWLYLW\ RI WKH PDWHULDOV� PDNLQJ WKHP PRUH 
VXLWDEOH IRU YDULRXV DSSOLFDWLRQV�

7KH GHYHORSPHQW RI VFDODEOH DQG FRVW�HIIHFWLYH 
SURFHVVHV IRU WKH V\QWKHVLV RI &2��GHULYHG 
QDQRPDWHULDOV LV HVVHQWLDO WR HQDEOH WKHLU 
ZLGHVSUHDG XVH LQ YDULRXV DSSOLFDWLRQV� 7KH 
LQWHJUDWLRQ RI WKHVH PDWHULDOV LQWR H[LVWLQJ 
LQGXVWULDO SURFHVVHV FDQ SURYLGH D YLDEOH SDWKZD\ 
IRU WKH XWLOL]DWLRQ RI &2� HPLVVLRQV� WKHUHE\ 
UHGXFLQJ WKHLU LPSDFW RQ WKH HQYLURQPHQW�
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7KH WUDQVIRUPDWLRQ RI &2� LQWR FDUERQ�EDVHG 
QDQRPDWHULDOV LV D VLJQLILFDQW SRWHQWLDO LQ DGGUHVVLQJ 
WKH FKDOOHQJHV RI FOLPDWH FKDQJH DQG VXVWDLQDEOH 
GHYHORSPHQW� +HUH DUH VRPH RI WKH NH\ DUHDV WKDW 
DUH H[SHFWHG WR GULYH WKH IXWXUH GHYHORSPHQW RI 
&2��GHULYHG QDQRPDWHULDOV�

�� (QHUJ\ VWRUDJH� &2��GHULYHG QDQRPDWHULDOV KDYH
JUHDW SRWHQWLDO IRU HQHUJ\ VWRUDJH DSSOLFDWLRQV� VXFK 
DV LQ EDWWHULHV DQG VXSHUFDSDFLWRUV� 7KH 
GHYHORSPHQW RI QHZ PDWHULDOV ZLWK KLJKHU HQHUJ\ 
GHQVLWLHV DQG ORQJHU F\FOH OLIH FRXOG OHDG WR D 
VLJQLILFDQW UHGXFWLRQ LQ WKH XVH RI IRVVLO IXHOV IRU 
HQHUJ\ VWRUDJH�

�� &DWDO\VLV� &2��GHULYHG QDQRPDWHULDOV DUH
SURPLVLQJ EHFDXVH RI WKHLU HIIHFWLYHQHVV DV FDWDO\VWV 
IRU D UDQJH RI FKHPLFDO UHDFWLRQV� )XUWKHU UHVHDUFK 
LQ WKLV DUHD FRXOG OHDG WR WKH GHYHORSPHQW RI QHZ 
FDWDO\VWV ZLWK LPSURYHG HIILFLHQF\ DQG VHOHFWLYLW\� 
HQDEOLQJ WKH SURGXFWLRQ RI KLJK�YDOXH FKHPLFDOV DQG 
IXHOV IURP &2� HPLVVLRQV�

�� 6HQVRUV� &2��GHULYHG QDQRPDWHULDOV FDQ DOVR EH
XVHG DV VHQVRUV IRU GHWHFWLQJ DQG PRQLWRULQJ &2� 
OHYHOV LQ WKH HQYLURQPHQW� 7KH GHYHORSPHQW RI QHZ 
PDWHULDOV ZLWK KLJK VHQVLWLYLW\ DQG VHOHFWLYLW\ FRXOG 
HQDEOH WKH GHYHORSPHQW RI PRUH DFFXUDWH DQG 
UHOLDEOH &2� VHQVRUV�

�� &DUERQ FDSWXUH� &2��GHULYHG QDQRPDWHULDOV FDQ
DOVR EH XVHG IRU FDUERQ FDSWXUH DQG VWRUDJH �&&6� 
DSSOLFDWLRQV� 7KH GHYHORSPHQW RI QHZ PDWHULDOV WKDW 
FDQ VHOHFWLYHO\ FDSWXUH &2� IURP LQGXVWULDO 
HPLVVLRQV FRXOG UHGXFH WKH FDUERQ IRRWSULQW RI PDQ\ 
LQGXVWULDO SURFHVVHV�

�� 6XVWDLQDEOH GHYHORSPHQW� 7KH GHYHORSPHQW RI
&2��GHULYHG QDQRPDWHULDOV FDQ FRQWULEXWH WR 
VXVWDLQDEOH GHYHORSPHQW E\ FUHDWLQJ QHZ DYHQXHV 
IRU HFRQRPLF JURZWK ZKLOH UHGXFLQJ WKH LPSDFW RI 
&2� HPLVVLRQV RQ WKH HQYLURQPHQW� 7KLV FRXOG OHDG 
WR WKH FUHDWLRQ RI QHZ LQGXVWULHV DQG MRE 
RSSRUWXQLWLHV LQ WKH ILHOG RI QDQRWHFKQRORJ\�

2YHUDOO� WKH &2� FRQYHUVLRQV WR QDQRPDWHULDOV DUH 
SURPLVLQJ� ZLWK VLJQLILFDQW SRWHQWLDO IRU DGGUHVVLQJ 
WKH FKDOOHQJHV RI FOLPDWH FKDQJH DQG VXVWDLQDEOH 
GHYHORSPHQW� &RQWLQXHG UHVHDUFK LQ WKLV ILHOG FRXOG 
OHDG WR WKH GHYHORSPHQW RI QHZ PDWHULDOV DQG 
SURFHVVHV WKDW FDQ FRQWULEXWH WR D PRUH VXVWDLQDEOH 
DQG SURVSHURXV IXWXUH IRU DOO�

$SULO � -XQH  ���� _ 9RO� �� ,VVXH �
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3URFHVV VDIHW\ LV FRQFHUQHG ZLWK PDNLQJ VXUH WKDW 
KD]DUGRXV FKHPLFDO LQGXVWULHV DUH GHVLJQHG 
LQKHUHQWO\ VDIHU DQG RSHUDWHG� DQG PDLQWDLQHG E\ 
LPSOHPHQWLQJ VDIH RSHUDWLRQDO DQG PDLQWHQDQFH 
SULQFLSOHV� ,W IRFXVHV RQ SUHYHQWLQJ HYHQWV LQYROYLQJ 
OHDNV� VSLOOV� ILUHV� RU H[SORVLRQV� 3URFHVV LQGXVWULHV 
DUH FRQVWDQWO\ XVLQJ WKH OHVVRQV OHDUQHG IURP SULRU 
PLVKDSV DQG QHDU PLVVHV WR VWRS VLPLODU LQFLGHQWV 
IURP KDSSHQLQJ DJDLQ� $ UREXVW QHDU�PLVV UHSRUWLQJ 
V\VWHP DW +3&/�0LWWDO (QHUJ\ /LPLWHG �+0(/�� 
ZKLFK RZQV DQG RSHUDWHV WKH *XUX *RELQG 6LQJK 
5HILQHU\� HQDEOHG WKH GHYHORSPHQW RI DQ LQFLGHQW 
DQDO\WLFDO PHWKRG WKDW XVHV ELJ GDWD WR LGHQWLI\ DUHDV 
RI VDIHW\ FRQFHUQ DQG RIIHU SUDFWLFDO LQVLJKWV WR KHOS 
SUHYHQW IXWXUH SRWHQWLDO SURFHVV VDIHW\ LQFLGHQWV� 
7KURXJK WKLV PRGHO� ZH KDYH GHPRQVWUDWHG WKDW LI D 
SDUWLFXODU FDWHJRU\ RI SURFHVV VDIHW\�UHODWHG QHDU 
PLVV� VXFK DV XQVDIH FRQGLWLRQV RU XQVDIH DFWV� DUH 
UHSRUWHG PRUH IUHTXHQWO\� LW LV D FOHDU VLJQ WR WKH 
RUJDQL]DWLRQ WKDW WKHUH PD\ EH D SRWHQWLDO ZHDNQHVV 
LQ WKH RSHUDWLRQDO GLVFLSOLQH� ZRUN SURFHVVHV� RU 
VDIHW\ OD\HUV RI SURWHFWLRQ� 7KH PHWKRGRORJ\ DOVR 
JLYHV RUJDQL]DWLRQV WKH DELOLW\ WR FUHDWH DQ DFWLRQ 
SODQ WR DGGUHVV LGHQWLILHG URRW FDXVHV DQG LQFUHDVH 
WKH LQWHJULW\ RI VDIHW\ V\VWHPV� 7KLV DUWLFOH H[DPLQHV 
+0(/
V VXFFHVVHV LQ SUHYHQWLQJ IXWXUH ELJ LQFLGHQWV 
DQG SURYLGHV DQ LOOXVWUDWLRQ RI WKH LQFLGHQW DQDO\WLFDO 
PHWKRG RSHUDWLRQDO PHWKRGRORJ\� 

�  ,ntroGuction

3URFHVV VDIHW\ LV FRQFHUQHG ZLWK PDNLQJ VXUH WKDW 
KD]DUGRXV FKHPLFDO LQGXVWULHV DUH LQWULQVLFDOO\ 
VDIHU DQG RSHUDWHG DQG PDLQWDLQHG E\ 
LPSOHPHQWLQJ VDIH RSHUDWLRQDO DQG PDLQWHQDQFH 
SULQFLSOHV� ,W IRFXVHV RQ SUHYHQWLQJ HYHQWV 
LQYROYLQJ OHDNV� VSLOOV� ILUHV� RU H[SORVLRQV� ,Q 
SDUWLFXODU� LW LQYROYHV HQVXULQJ WKDW IDFLOLWLHV DUH 
GHVLJQHG DQG HQJLQHHUHG SURSHUO\ ZLWK V\VWHPV LQ 
SODFH WR PRQLWRU DQG FRQWURO KD]DUGV� 3URFHVV 
VDIHW\ PD\ DOVR EH FRQVLGHUHG WKH UHVXOW RI D ZLGH 
UDQJH RI WHFKQLFDO� PDQDJHPHQW DQG RSHUDWLRQDO 
V\VWHPV ZRUNLQJ WRJHWKHU WR DFKLHYH WKH GHVLUHG 
RXWFRPH RI QR LQFLGHQWV� 

3URFHVV VDIHW\ SHUIRUPDQFH LQGLFDWRUV HQDEOH 
RUJDQL]DWLRQV WR WUDFN WKH HIIHFWLYHQHVV RI VDIHW\ 
PDQDJHPHQW V\VWHPV DQG KLJKOLJKW DUHDV IRU 
LPSURYHPHQW� ,Q +0(/� ZH IROORZ D WLHU�EDVHG 
DSSURDFK IRU VHWWLQJ NH\ SHUIRUPDQFH LQGLFDWRUV� 
)LJXUH � VKRZV WKH WLHU�EDVHG VDIHW\ S\UDPLG 
DGRSWHG LQ +0(/ ± 360 IUDPHZRUN ZKLFK 
LOOXVWUDWHV WKH SURJUHVVLRQ WR D PDMRU SURFHVV 
VDIHW\ LQFLGHQW�

Harnessing Near Miss Big Data for Enhanced Process Safety: 
A Proactive Approach 
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Figure �: +0(/¶V 7ier %aVed 3roceVV 6aIety 3yramid 

7KH VDIHW\ S\UDPLG KLJKOLJKWV WKDW ORZ FRQVHTXHQFH 
HYHQWV SODFHG DW WKH ERWWRP RI WKH S\UDPLG RFFXU PRUH 
IUHTXHQWO\ DQG WKHVH HYHQWV LQGLFDWH WKH SRWHQWLDO 
GHJUDGDWLRQ RI VDIHW\ EDUULHUV� ,Q WLPH� WKH EDUULHU 
GHJUDGDWLRQV FDQ HYROYH DQG UHVXOW LQ D PDMRU SURFHVV 
VDIHW\ LQFLGHQW ZLWK KLJK FRQVHTXHQFH �SODFHG DW WKH 
WRS RI S\UDPLG�� 

/HDGLQJ LQGLFDWRUV SURDFWLYHO\ PRQLWRU WKH 
HIIHFWLYHQHVV RI VDIHW\ PDQDJHPHQW V\VWHPV DQG 
SURYLGH IHHGEDFN RQ VDIHW\ SHUIRUPDQFH EHIRUH DQ 
DFFLGHQW KDSSHQV� 2Q WKH RWKHU KDQG� ODJJLQJ 
LQGLFDWRUV UHDFWLYHO\ PRQLWRU WKH HIIHFWLYHQHVV RI VDIHW\ 
PDQDJHPHQW V\VWHPV DQG LGHQWLI\ JDSV DQG 
ZHDNQHVVHV LQ WKH V\VWHP WKURXJK LQFLGHQW 
LQYHVWLJDWLRQV DIWHU DQ DFFLGHQW KDSSHQV� 
7R HIIHFWLYHO\ PDQDJH SURFHVV VDIHW\ KD]DUGV� D 
SURDFWLYH DSSURDFK WR ULVN PDQDJHPHQW LV XQGRXEWHGO\ 
HVVHQWLDO� /HDGLQJ LQGLFDWRUV PHQWLRQHG LQ 7LHU �� 7LHU 
� DQG 7LHU � LQ WKH VDIHW\ S\UDPLG WKXV SOD\ DQ 
LPSRUWDQW UROH LQ VWUHQJWKHQLQJ VDIHW\ PDQDJHPHQW 
V\VWHPV DQG SUHYHQWLQJ SURFHVV VDIHW\ LQFLGHQWV� 7LHU 
� 	 � DUH EDVLFDOO\ FKDOOHQJHV WR VDIHW\ V\VWHPV DQG LQ 
JHQHUDO WKH\ DUH FDOOHG SURFHVV VDIHW\ QHDU PLVVHV� 
7KHVH QHDU PLVVHV SURYLGH YDOXDEOH LQVLJKWV RQ VDIHW\ 
EDUULHU GHJUDGDWLRQ� 6LPLODUO\� WKH ERWWRPPRVW OD\HU RI 
WKH S\UDPLG �7LHU �� LQGLFDWHV ODFN RI RSHUDWLQJ 
GLVFLSOLQH� (OLPLQDWLRQ RI 7LHU �� � 	 � LVVXHV DW WKH 
EDVH RI WKH VDIHW\ S\UDPLG ZLOO UHVXOW LQ UHGXFWLRQ RI 
SURFHVV VDIHW\ LQFLGHQWV DW 7LHU � 	 � DW WKH WRS RI WKH 
S\UDPLG� 

7KH REMHFWLYH RI WKLV DUWLFOH LV WR HOXFLGDWH WKH 
GHYHORSPHQW RI DQ LQFLGHQW DQDO\WLFDO PHWKRG DGRSWHG 
LQ +0(/ IRU XWLOL]LQJ SURFHVV VDIHW\ QHDU PLVV GDWD WR 
HOLPLQDWH IXWXUH PDMRU SURFHVV VDIHW\ LQFLGHQWV IURP 
KDSSHQLQJ� 

2   ,nciGent $nDl\ticDl PetKoG

3URFHVV VDIHW\ QHDU PLVV GDWD WKDW KLJKOLJKWV 
XQVDIH FRQGLWLRQV� XQVDIH DFWV LV DQ HVVHQWLDO LQSXW 
IRU ULVN PDQDJHPHQW LQ WKH RSHUDWLQJ SODQW� ,I 
UHSRUWHG FRUUHFWO\� QHDU PLVV GDWD FDQ JLYH LQVLJKW 
LQWR WKH SHUIRUPDQFH RI RUJDQL]DWLRQV NH\ ZRUN 
SURFHVVHV� V\VWHPV DQG GLVFLSOLQH RI RSHUDWLRQDO� 
PDLQWHQDQFH SURIHVVLRQDOV DQG FRQWUDFWRUV� ,Q 
+0(/� ZH GHYHORSHG D UREXVW QHDU PLVV UHSRUWLQJ 
V\VWHP WR JDWKHU DQG DXWRPDWLFDOO\ ILOWHU� FOHDQ QHDU 
PLVV GDWD WR UHWDLQ RQO\ SURFHVV VDIHW\ UHODWHG QHDU 
PLVVHV IRU IXUWKHU DQDO\VLV� 7KH OHIW�RXW GDWD ZKLFK 
PRVWO\ FRQVLVWV RI 2+6 QHDU PLVVHV LV DQDO\]HG 
VHSDUDWHO\ DQG ZLOO QRW EH GLVFXVVHG LQ WKLV DUWLFOH� 
7R EHWWHU XQGHUVWDQG QHDU PLVV GDWD DQG LWV 
FODVVLILFDWLRQ� WKH EHORZ GHILQLWLRQV DUH SURYLGHG� 

3rRcess 6DfeW\ 1eDr 0Lss � $Q XQSODQQHG HYHQW 
RU VHTXHQFH RI HYHQWV WKDW FRXOG KDYH FDXVHG 
KDUP RU ORVV LI FRQGLWLRQV ZHUH GLIIHUHQW RU ZHUH 
DOORZHG WR SURJUHVV� EXW DFWXDOO\ GLG QRW� 3URFHVV 
VDIHW\ QHDU PLVV LV VXE FODVVLILHG LQWR XQVDIH DFWV 
DQG XQVDIH FRQGLWLRQV� 

8nsDfe $cW � LV DQ\ DFW WKDW GHYLDWHV IURP D 
JHQHUDOO\ UHFRJQL]HG VDIH ZD\ RU VSHFLILHG PHWKRG 
RI GRLQJ D MRE DQG ZKLFK LQFUHDVHV WKH SUREDELOLW\ 
RI DQ DFFLGHQW� ([DPSOHV RI XQVDIH DFWV LQFOXGH 
FKRRVLQJ VKRUW FXWV� XVLQJ GHIHFWLYH HTXLSPHQW� 
ODFN RI DWWHQWLRQ� QRW ZHDULQJ UHTXLUHG 33(� HWF�

8nsDfe &RnGLWLRn� LV D VXEVWDQGDUG SK\VLFDO 
FRQGLWLRQ WKDW FDQ UHVXOW LQ UHOHDVH RI PDWHULDO� ILUH� 
SK\VLFDO LQMXU\� RU SURSHUW\ GDPDJH� LI QRW FRUUHFWHG 
SURSHUO\� 8QVDIH FRQGLWLRQV DUH QRUPDOO\ OHIW EHKLQG 
E\ HDUOLHU XQVDIH DFWV� %HORZ DUH VRPH H[DPSOHV 
RI XQVDIH FRQGLWLRQV DQG WKHLU VXE�FODVVLILFDWLRQ� 
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7DEOH � LV SURYLGHG DV D UHIHUHQFH WR VKRZ KRZ ZH KDYH 
IXUWKHU VXE FODVVLILHG WKH PDLQ XQVDIH FRQGLWLRQ ³/RVV RI 
FRQWDLQPHQW �YHU\ PLQRU�´� ,Q WKLV ZD\� VXE FODVVLILFDWLRQ FDQ 
EH FDUULHG RXW IRU RWKHU PDLQ XQVDIH FRQGLWLRQV DV ZHOO�

6XE�FDWHJRU\ � KLJKOLJKWV ZKDW W\SH RI PDWHULDO LV UHOHDVHG� 

6XE�FDWHJRU\ � KLJKOLJKWV ZKDW HTXLSPHQW LV LQYROYHG LQ WKH 
UHOHDVH RI PDWHULDO� 

6XE�FDWHJRU\ � KLJKOLJKWV SRLQW RI UHOHDVH RI PDWHULDO IURP 
HTXLSPHQW� 

$SULO � -XQH ���� _ 9RO� �� ,VVXH �

7aEle �: 8nVaIe ConditionV ([amSleV and 
6uE ClaVViIication

7aEle 2: /oVV oI containment VuE claVViIication

(VWDEOLVKLQJ D UREXVW FXOWXUH RI SURFHVV VDIHW\ LV FUXFLDO IRU 
SUHYHQWLQJ DFFLGHQWV DQG PDLQWDLQLQJ D VDIH ZRUNLQJ 
HQYLURQPHQW� 2QH RI WKH NH\ HOHPHQWV LQ EXLOGLQJ VXFK D 
FXOWXUH  LV  WKH  HIIHFWLYH  UHSRUWLQJ  RI  SURFHVV   VDIHW\  QHDU 

PLVVHV� XQVDIH DFWV� DQG FRQGLWLRQV� +RZHYHU� RUJDQL]DWLRQV RIWHQ IDFH FKDOOHQJHV LQ REWDLQLQJ DQ 
DGHTXDWH TXDQWLW\ DQG TXDOLW\ RI QHDU�PLVV GDWD� 7KURXJK WKLV DUWLFOH� ZH H[SODLQHG DQ DSSURDFK WKDW 
IRFXVHV RQ VHQVLWL]LQJ DOO OHYHOV RI WKH RUJDQL]DWLRQ WKURXJK WDUJHWHG FDPSDLJQV DQG HQJDJHPHQW 
LQLWLDWLYHV� UHVXOWLQJ LQ LQFUHDVHG QHDU�PLVV UHSRUWLQJ DQG LPSURYHG SURFHVV VDIHW\�

� CDPSDiJns to DriYe $ZDreness

7R DGGUHVV WKH FKDOOHQJH RI DFTXLULQJ VXIILFLHQW QHDU�PLVV GDWD� +0(/ KDV LPSOHPHQWHG IRFXVHG FDPSDLJQV 
WR UDLVH DZDUHQHVV DERXW SRWHQWLDO KD]DUGV DQG WKH LPSRUWDQFH RI UHSRUWLQJ QHDU PLVVHV� 7ZR NH\ FDPSDLJQV� 
�.HHS LW LQ WKH 3LSHOLQH� DQG �/HDUQ WR %HDW� 1RW WR 5HSHDW�� KDYH EHHQ LQWURGXFHG WR FUHDWH D FXOWXUH RI VDIHW\ 
FRQVFLRXVQHVV WKURXJKRXW WKH RUJDQL]DWLRQ�

7KH �.HHS LW LQ WKH 3LSHOLQH� FDPSDLJQ HPSKDVL]HV WKH VLJQLILFDQFH RI LGHQWLI\LQJ DQG UHSRUWLQJ XQVDIH DFWV 
DQG FRQGLWLRQV WKDW KDYH WKH SRWHQWLDO WR FDXVH PDMRU SURFHVV VDIHW\ LQFLGHQWV� %\ HGXFDWLQJ HPSOR\HHV DERXW 
WKH ZDUQLQJ VLJQV DQG ULVNV DVVRFLDWHG ZLWK VXFK DFWV DQG FRQGLWLRQV� WKH FDPSDLJQ HQFRXUDJHV LQGLYLGXDOV WR 
EH SURDFWLYH LQ UHSRUWLQJ QHDU PLVVHV�

7KH �/HDUQ WR %HDW� 1RW WR 5HSHDW� FDPSDLJQ IXUWKHU HQKDQFHV WKH DZDUHQHVV DQG NQRZOHGJH RI SURFHVV 
VDIHW\ ULVNV� 7KLV LQLWLDWLYH IRFXVHV RQ VKDULQJ FDVH VWXGLHV� OHVVRQV OHDUQHG� DQG EHVW SUDFWLFHV UHODWHG WR 
SURFHVV VDIHW\ LQFLGHQWV� KLJKOLJKWLQJ WKH LPSRUWDQFH RI DYRLGLQJ UHSHDW RFFXUUHQFHV� %\ OHDUQLQJ IURP SDVW 
LQFLGHQWV DQG XQGHUVWDQGLQJ WKHLU FRQVHTXHQFHV� HPSOR\HHV DUH PRWLYDWHG WR DFWLYHO\ UHSRUW QHDU PLVVHV WR 
SUHYHQW VLPLODU LQFLGHQWV LQ WKH IXWXUH�

� ,nYolYePent of /eDGersKiS DnG /ine 0DnDJers

3URPRWLQJ D FXOWXUH RI SURFHVV VDIHW\ UHTXLUHV HQJDJHPHQW DQG FRPPLWPHQW IURP DOO OHYHOV RI WKH 
RUJDQL]DWLRQ� /HDGHUVKLS DQG OLQH PDQDJHUV DW +0(/ SOD\ D YLWDO UROH LQ GULYLQJ WKLV HQJDJHPHQW� 7KURXJK 
LQLWLDWLYHV VXFK DV ZDONWKURXJKV� /LQH /HDGHUVKLS )LHOG 6XSHUYLVLRQ �//)6� URXQGV� DQG WRROER[ WDONV� OHDGHUV 
DFWLYHO\ SDUWLFLSDWH LQ REVHUYLQJ ZRUN SURFHVVHV� LGHQWLI\LQJ SRWHQWLDO ULVNV� DQG HQFRXUDJLQJ HPSOR\HHV WR 
UHSRUW QHDU PLVVHV�



$ZDUHQHVV VHVVLRQV DQG FRPSHWLWLRQV DUH 
RUJDQL]HG WR IXUWKHU LQYROYH HPSOR\HHV DQG 
UHLQIRUFH WKH LPSRUWDQFH RI QHDU�PLVV UHSRUWLQJ� 
7KHVH VHVVLRQV SURYLGH D SODWIRUP IRU HPSOR\HHV 
WR VKDUH WKHLU H[SHULHQFHV� GLVFXVV VDIHW\ 
FRQFHUQV� DQG OHDUQ IURP HDFK RWKHU� &RPSHWLWLRQV 
HQFRXUDJH IULHQGO\ ULYDOU\ DPRQJ WHDPV� IRVWHULQJ D 
SRVLWLYH DQG SURDFWLYH DSSURDFK WRZDUG QHDU�PLVV 
UHSRUWLQJ�

7RS H[HFXWLYHV RI +0(/� LQFOXGLQJ WKH OHDGHUVKLS 
WHDP� HPSKDVL]H WKH VLJQLILFDQFH RI UHSRUWLQJ QHDU 
PLVVHV� %\ VHWWLQJ DQ H[DPSOH DQG RSHQO\ 
DFNQRZOHGJLQJ WKH YDOXH RI QHDU�PLVV GDWD� WRS 
H[HFXWLYHV GHPRQVWUDWH WKHLU FRPPLWPHQW WR 
FUHDWLQJ D VDIHU ZRUN HQYLURQPHQW� 7KLV WRS�GRZQ 
DSSURDFK HQFRXUDJHV HPSOR\HHV DW DOO OHYHOV WR 
DFWLYHO\ UHSRUW QHDU PLVVHV ZLWKRXW IHDU RI 
UHSHUFXVVLRQV� XOWLPDWHO\ LPSURYLQJ WKH TXDOLW\ DQG 
TXDQWLW\ RI QHDU�PLVV GDWD�

� 3ositiYe Results DnG Continuous ,PSroYePent

7KH LPSOHPHQWDWLRQ RI DZDUHQHVV FDPSDLJQV DQG 
HQJDJHPHQW LQLWLDWLYHV LQ +0(/ KDV \LHOGHG 
SRVLWLYH UHVXOWV LQ SURPRWLQJ D FXOWXUH RI SURFHVV 
VDIHW\ QHDU�PLVV UHSRUWLQJ� (PSOR\HHV DUH 
LQFUHDVLQJO\ DZDUH RI SRWHQWLDO KD]DUGV DQG DUH 
DFWLYHO\ UHSRUWLQJ QHDU PLVVHV� XQVDIH DFWV� DQG 
FRQGLWLRQV� 7KLV YDOXDEOH GDWD SURYLGHV 
RUJDQL]DWLRQV ZLWK LQVLJKWV LQWR SRWHQWLDO ULVNV DQG 
KHOSV WKHP SURDFWLYHO\ LPSOHPHQW PHDVXUHV WR 
SUHYHQW LQFLGHQWV�

&RQWLQXRXV LPSURYHPHQW LV DW WKH FRUH RI 
PDLQWDLQLQJ D FXOWXUH RI SURFHVV VDIHW\� 
2UJDQL]DWLRQV PXVW FRQVLVWHQWO\ HYDOXDWH DQG 
UHILQH WKHLU FDPSDLJQV DQG HQJDJHPHQW VWUDWHJLHV� 
)HHGEDFN IURP HPSOR\HHV� DQDO\VLV RI QHDU�PLVV 
GDWD� DQG RQJRLQJ PRQLWRULQJ RI VDIHW\ SUDFWLFHV 
DOORZ RUJDQL]DWLRQV WR LGHQWLI\ DUHDV IRU 
LPSURYHPHQW DQG PDNH QHFHVVDU\ DGMXVWPHQWV WR 
IXUWKHU VWUHQJWKHQ WKH UHSRUWLQJ FXOWXUH� 

��� ,ncLGenW $nDO\WLcDO 0eWKRGRORJ\

7KH DELOLW\ WR PDQDJH WKH FROOHFWHG SURFHVV VDIHW\ 
QHDU PLVV GDWD HIILFLHQWO\ KDV EHFRPH FUXFLDO IRU 
GHULYLQJ YDOXDEOH LQVLJKWV DQG EHQHILWV IURP LW� ,Q 
+0(/� WKH LQWHJUDWLRQ RI 6$3 IRU UHSRUWLQJ DQG 
UHFRUGLQJ� DORQJ ZLWK 0LFURVRIW 3RZHU %, IRU GDWD 
DQDO\VLV� KDV UHYROXWLRQL]HG WKH ZD\ QHDU�PLVV GDWD 
LV KDQGOHG DQG DQDO\]HG�
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� 6treDPlininJ DDtD ReSortinJ DnG RecorGinJ
ZitK 6$3

/HYHUDJLQJ 6$3 IRU UHSRUWLQJ DQG UHFRUGLQJ QHDU�
PLVV GDWD SURYLGHV D FHQWUDOL]HG DQG VWDQGDUGL]HG 
DSSURDFK WR GDWD FROOHFWLRQ� %\ FRQILJXULQJ D 
GHGLFDWHG PRGXOH ZLWKLQ 6$3� +0(/ HPSOR\HHV 
DQG FRQWUDFWRUV FDQ HDVLO\ UHSRUW QHDU PLVVHV� 
LQFOXGLQJ UHOHYDQW GHWDLOV VXFK DV ORFDWLRQ� WLPH� 
SHUVRQQHO LQYROYHG� DQG SRWHQWLDO FDXVHV� 7KH 
DXWRPDWHG QDWXUH RI 6$3 HQVXUHV WKDW GDWD LV 
DFFXUDWHO\ FDSWXUHG DQG VWRUHG LQ D FRQVLVWHQW 
PDQQHU� UHGXFLQJ KXPDQ HUURU DQG LPSURYLQJ GDWD 
LQWHJULW\�

� 6eDPless ,nteJrDtion ZitK 0icrosoft 3oZer %,

7R XQORFN WKH IXOO SRWHQWLDO RI WKH FDSWXUHG QHDU�
PLVV GDWD� +0(/ LQWHJUDWHG 6$3 ZLWK 0LFURVRIW 
3RZHU %,� D SRZHUIXO EXVLQHVV LQWHOOLJHQFH WRRO� 
3RZHU %, DOORZV IRU FRPSUHKHQVLYH GDWD DQDO\VLV� 
YLVXDOL]DWLRQ� DQG UHSRUWLQJ� HQDEOLQJ VWDNHKROGHUV 
WR JDLQ DFWLRQDEOH LQVLJKWV IURP WKH QHDU�PLVV 
GDWD� %\ FRQQHFWLQJ 6$3 GDWD WR 3RZHU %,� 
RUJDQL]DWLRQV FDQ DXWRPDWLFDOO\ H[WUDFW QHDU�PLVV 
UHSRUWV� HQVXULQJ WKDW WKH DQDO\VLV LV EDVHG RQ WKH 
ODWHVW DQG PRVW XS�WR�GDWH LQIRUPDWLRQ�

� DDtD CleDninJ DnG )iltrDtion $lJoritKP

7R IDFLOLWDWH WKH DQDO\VLV SURFHVV� LW LV FUXFLDO WR 
KDYH D FOHDQ DQG DFFXUDWH GDWDVHW� 7KLV LV ZKHUH 
WKH LPSOHPHQWDWLRQ RI D GDWD FOHDQLQJ DQG 
ILOWUDWLRQ DOJRULWKP SOD\V D YLWDO UROH� 7KH DOJRULWKP 
FDQ EH GHVLJQHG WR LGHQWLI\ DQG UHFWLI\ 
LQFRQVLVWHQFLHV� HUURUV� DQG RXWOLHUV ZLWKLQ WKH 
QHDU�PLVV GDWD� %\ DSSO\LQJ SUHGHILQHG UXOHV DQG 
FULWHULD� WKH DOJRULWKP FDQ FDWHJRUL]H DQG 
VXEFDWHJRUL]H WKH QHDU PLVVHV� DOLJQLQJ WKHP ZLWK 
UHOHYDQW VDIHW\ SDUDPHWHUV DQG IDFLOLWDWLQJ 
PHDQLQJIXO DQDO\VLV�

%eORZ Ls WKe sWeS�ZLse eDs\ e[SODnDWLRn Rf 
KRZ WKe LncLGenW DnDO\WLcDO PeWKRG Ln +0(/ 
ZRrNs Rn neDr PLss GDWD�

6WHS � � 7KH PRGHO WDNHV WKH ELJ GDWD JHQHUDWHG 
WKURXJK FRPSDQ\¶V QHDU PLVV UHSRUWLQJ PRGXOH LQ 
6$3 DV LQSXW� 7KH GDWD LV FOHDQHG DQG ILOWHUHG WR 
UHWDLQ RQO\ SURFHVV VDIHW\�UHODWHG QHDU PLVVHV� 

6WHS � � )XUWKHU ILOWHULQJ RI SURFHVV VDIHW\ QHDU 
PLVVHV LQWR VXEFDWHJRULHV DV PHQWLRQHG LQ 7DEOH 
�� 
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6WHS � � 'DWD YLVXDOL]DWLRQ DW UHILQHU\�ZLGH DQG XQLW�ZLGH OHYHOV WR JHQHUDWH LQVLJKWV� 

6WHS � � &RQGXFWLQJ URRW FDXVH DQDO\VLV DQG LGHQWLI\LQJ XQGHUO\LQJ LVVXHV� 

6WHS � � 'HYHORSPHQW RI DUHD�XQLW VSHFLILF DFWLRQ SODQ WR DWWDFN URRW FDXVHV DQG FRQWLQXRXV PRQLWRULQJ %HORZ 
LV WKH IORZ FKDUW GHSLFWLQJ WKH DERYH VWHS�ZLVH H[SODQDWLRQ RI WKH LQFLGHQW DQDO\WLFV PHWKRG� 

2.2  Results & Discussion

7KH LQFLGHQW DQDO\WLFDO PHWKRG VKRZQ LQ )LJXUH � LV KHOSLQJ +0(/ WR LGHQWLI\� SLQSRLQW WKH DUHDV RI FRQFHUQ 
DQG JLYH XVHIXO LQIRUPDWLRQ DERXW SRWHQWLDO SURFHVV VDIHW\ LQFLGHQWV EHIRUH WKH\ RFFXU�

7KH GDWD DQDO\VLV VKRZV WKDW RXW RI WRWDO UHSRUWHG ORVV RI FRQWDLQPHQW QHDU PLVVHV� D PDMRULW\ RI QHDU PLVVHV 
ZHUH RULJLQDWHG GXH WR VXEVWDQGDUG FRQGLWLRQ RI SLSHOLQH ILWWLQJV� VPDOO ERUH FRQQHFWLRQV �6%&� DQG RWKHU 
GHVLJQ LQFRQVLVWHQFLHV� $SDUW IURP KLJKOLJKWLQJ WRS UHSRUWHG XQVDIH FRQGLWLRQV� DFWV FDWHJRULHV� WKH LQFLGHQW 
DQDO\WLFDO PHWKRG DOVR KDV RWKHU XVHIXO IXQFWLRQDOLWLHV VXFK DV KLJKOLJKWLQJ WKH DUHD RU VSHFLILF VHFWLRQ ZKLFK 
LV SURGXFLQJ WKH PRUH DEQRUPDO FRQGLWLRQV� WLPH WUHQG YLVXDOL]DWLRQV� HWF�

:H EHOLHYH WKDW HYHU\ GD\� HYHU\ QHDU PLVV WKDW LV UHSRUWHG LV JLYLQJ XV DQ LQGLFDWLRQ RI D ZHDNQHVV LQ HLWKHU 
GHVLJQ� VDIHW\ PDQDJHPHQW V\VWHPV RU RSHUDWLRQDO�PDLQWHQDQFH GLVFLSOLQH� 7KURXJK WKLV LQFLGHQW DQDO\WLFV 
PRGHO� ZH DUH GHULYLQJ XVHIXO LQVLJKWV ZKLFK KHOS XV IRFXV RQ FULWLFDO SURFHVV VDIHW\ UHODWHG LVVXHV DQG 
SUHYHQWLQJ D IXWXUH PDMRU SURFHVV VDIHW\ LQFLGHQW IURP KDSSHQLQJ�  

3  Conclusion

$ VWURQJ EHOLHI LQ WKH SURFHVV VDIHW\ ILHOG LV ³QHDU PLVVHV SURYLGH WKH RUJDQL]DWLRQ ZLWK DQ RSSRUWXQLW\ WR 
LGHQWLI\ ZHDNQHVVHV LQ VDIHW\ PDQDJHPHQW V\VWHPV�´ :H DW +0(/ DOVR EHOLHYH DQ DFWLRQ�RULHQWHG DSSURDFK 
WKURXJK LQ�GHSWK DQDO\VLV RQ UHSRUWHG SURFHVV VDIHW\ QHDU PLVVHV ZLOO VXUHO\ SUHYHQW PDMRU SURFHVV VDIHW\ 
LQFLGHQWV� 8VLQJ WKH ELJ GDWD DQDO\VLV PRGHO ³LQFLGHQW DQDO\WLFDO PHWKRG XVLQJ QHDU PLVV GDWD´ RYHU WKH SDVW 
� \HDUV KDV JLYHQ +0(/ DQ RSSRUWXQLW\ WR LPSURYH RXU LQWHUQDO VDIHW\ PDQDJHPHQW V\VWHPV� HQJLQHHULQJ 
SURFHGXUHV DQG RSHUDWLRQDO� PDLQWHQDQFH GLVFLSOLQH�

4 References
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>�@  $3, 5HFRPPHQGHG 3UDFWLFH ���� 3URFHVV 6DIHW\ 3HUIRUPDQFH ,QGLFDWRUV IRU WKH 5HILQLQJ DQG 3HWURFKHPLFDO ,QGXVWULHV� 7KLUG 
(GLWLRQ� $XJXVW ����� 
>�@  3UHGLFW ,QFLGHQWV ZLWK 3URFHVV 6DIHW\ 3HUIRUPDQFH ,QGLFDWRUV� ������� KWWSV���ZZZ�DLFKH�RUJ�UHVRXUFHV�SXEOLFDWLRQV�FHS������
IHEUXDU\�SUHGLFW�LQFLGHQWV�SURFHVVVDIHW\�SHUIRUPDQFHLQGLFDWRUV��a�WH[W 7KH���S\UDPLG���LV���GLYLGHG���LQWR��H�J���&���XQVDIH
���EHKDYLRU V��
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Figure 2: Incident analytical method Flow Chart



Abstract 

2LO UHVHUYRLU SURGXFWLRQ ZDWHUV DUH VRXUFH RI ULFK 
PLFURIORUD FDSDEOH RI PHWDEROL]LQJ FUXGH RLO FDUERQ 
VRXUFH DQG WUDQVIRUPLQJ LW LQWR JDV� 6XFK 
PHWKDQRJHQLF ELRGHJUDGDWLRQ LV D FUXFLDO 
SKHQRPHQRQ WKDW QDWXUDOO\ RFFXUV LQ K\GURFDUERQ 
UHVHUYRLUV DQG RWKHU RLO�FRQWDLQLQJ HQYLURQPHQWV 
�FRQWDPLQDWHG DTXLIHUV�� 6XFK K\GURFDUERQ 
VXEVWUDWHV DUH GHJUDGHG E\ V\QWURSKLF EDFWHULD WR 
SURGXFH DFHWDWH� DQG�RU K\GURJHQ DQG FDUERQ 
GLR[LGH� 0HWKDQRJHQV IXUWKHU XVH WKH LQWHUPHGLDWHV 
WR SURGXFH PHWKDQH LQ D WKHUPRG\QDPLFDOO\ 
GHSHQGHQW PDQQHU� 0LFURELDO FRPPXQLW\ PHPEHUV 
RI WKH JHQXV 6PLWKHOOD� 0HWKDQRVDHWD� DQG 
0HWKDQRFXOOHXV DUH XVXDOO\ LQYROYHG LQ WKH 
HQULFKPHQW SURFHVV� $QRWKHU SUHGRPLQDQW 
K\GURFDUERQ�GHJUDGLQJ VSHFLHV DUH 3VHXGRPRQDV 
WKDW DUH IDFXOWDWLYH PLFUREHV� 7KH SUROLIHUDWLRQ RI WKLV 
VSHFLHV UHVXOWV LQ ELRILOP IRUPDWLRQ JLYLQJ WKHP D 
FRPSHWLWLYH DGYDQWDJH LQ VHVVLOH HQYLURQPHQWV� 
$QRWKHU H[RSRO\VDFFKDULGH�IRUPLQJ VSHFLHV 
+DORPRQDV FDQ DOVR IRUP ELRILOP DQG UHVXOW LQ 
VROXELOL]DWLRQ RI K\GURFDUERQV DWWDFKHG WR URFN� 
*OREDO VWXGLHV UHYHDO WKDW GLIIHUHQW RUJDQLVPV DUH 
OLNHO\ WR FRQWULEXWH LQ RLO ELRGHJUDGDWLRQ ZLWKLQ 
GLIIHUHQW SKDVHV �SODQNWRQLF YV� VHVVLOH� ZLWKLQ D 
VXEVXUIDFH FUXGH RLO UHVHUYRLU� 7KH SULQFLSOH RI VXFK 
ELRSURFHVV LV FUXGH RLO�GHJUDGLQJ PHWKDQRJHQLF 
FRQVRUWLXP HQULFKHG IURP SURGXFWLRQ ZDWHUV WKDW FDQ 
EH VDPSOHG IURP KHDY\ RLO UHVHUYRLU� 

21*& (QHUJ\ &HQWUH KDV REWDLQHG HQFRXUDJLQJ 
UHVXOWV IRU WKH PHWKDQH SURGXFWLRQ UDWHV LQ ODE 
VFDOH LQ D V\VWHP FORVHO\ UHVHPEOLQJ D PDUJLQDO 
RLOILHOG� 7KH ILHOG WULDOV DUH XQGHUZD\ IRU WKH 
GHYHORSHG ELRSURFHVV� 7KH VXFFHVV RI VXFK 
SURFHVV KDV WKH SRWHQWLDO WR UHYROXWLRQL]H WKH 
HQHUJ\ UHFRYHU\ DVSHFW IURP WKH DEDQGRQHG 
ZHOOV DQG WKHUHE\� UHGXFLQJ WKH LPSRUW ELOOV RI WKH 
FRXQWU\�

Keywords 
Methanogenesis, Oil reservoir, energy recovery, 
residual oil

Introduction

7KH QHFHVVLW\ RI LPSURYLQJ DQG�RU DGYDQFLQJ WKH 
FXUUHQW HQKDQFHG HQHUJ\ UHFRYHU\ SURFHVVHV IRU 
KLJKHU HIILFLHQF\ KDV GUDZQ WKH DWWHQWLRQ RI 
UHVHDUFKHUV DQG RLO ILHOG RSHUDWRUV� UHVXOWLQJ LQ 
VORZ EXW VWHDG\ JURZWK RI WKH DYHUDJH RLO 
UHFRYHU\ IDFWRUV� )RU LQVWDQFH� WKH FXUUHQW 
ZRUOGZLGH DYHUDJH UHFRYHU\ UDWH LV DERXW ���� 
KRZHYHU LQ WKH 86$� WKH DYHUDJH RLO UHFRYHU\ 
IDFWRU LV DERXW ���� ,W LV SUHGLFWHG WKDW WKH 
UHFRYHU\ IDFWRU PD\ UHDFK ��±��� DQG HYHQ ��±
��� LQ WKH IRUHVHHDEOH IXWXUH�

Advancements in Biotechnology Applications for Conversion of 
Unrecoverable Crude Oil to Methane
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7KH RLOILHOG GHYHORSPHQW UHIHUV WR WKH SURFHVV RI 
GLVSODFHPHQW RI WKH DFFXPXODWHG OLTXLG DQG JDV 
K\GURFDUERQV LQ WKH UHVHUYRLU WRZDUGV SURGXFWLRQ 
ZHOOV� ,QLWLDOO\� WKH RLO LV SURGXFHG XVLQJ WKH QDWXUDO 
GULYLQJ HQHUJ\ RI WKH UHVHUYRLU �L�H�� SULPDU\ UHFRYHU\ 
RSHUDWLRQV�� RU E\ LQWURGXFLQJ HQHUJ\ LQWR WKH UHVHUYRLU 
GXULQJ VHFRQGDU\ RLO UHFRYHU\ �L�H�� ZDWHUIORRGLQJ RU 
JDV IORRGLQJ�� DV VRRQ DV WKH QDWXUDO UHVHUYRLU HQHUJ\ 
KDV EHHQ GHSOHWHG�

)RU H[DPSOH� .D]DNKVWDQ KDV PRVW RI WKH GLVFRYHUHG 
K\GURFDUERQ GHSRVLWV WKDW KDYH DOUHDG\ EHHQ 
FRPPHUFLDOO\ SURGXFHG� 3UHVHQWO\� IHZHU DQG IHZHU 
GULOOLQJ VLWHV DUH DYDLODEOH LQ VXFK PDWXUH UHVHUYRLUV 
WKDW DUH RI LQWHUHVW IURP WKH FRPPHUFLDO VWDQGSRLQW� 
&RQVLGHULQJ WKLV VFHQDULR� WKH UHVLGXDO RU 
XQUHFRYHUDEOH RLO OHIW EHKLQG LQ VXFK PDWXUH 
K\GURFDUERQ GHSRVLWV DIWHU SULPDU\ DQG VHFRQGDU\ RLO 
UHFRYHU\ RIIHUV DQ RSSRUWXQLW\ IRU WKH LPSOHPHQWDWLRQ 
RI (25 SURFHVVHV� LQFOXGLQJ WKH DSSOLFDWLRQ RI 
PLFURELDO HQKDQFHG RLO DQG JDV UHFRYHU\ WHFKQRORJ\�

Bioprocess for conversion of unrecoverable crude 
oil to methane

7KHUH DUH KDQGIXO RI UHSRUWV WKDW FRQFXU WKH DELOLW\ RI 
K\GURFDUERQ�GHJUDGLQJ RLOILHOG�GHULYHG FRQVRUWLD� 
6XFK GHPRQVWUDWLRQ VWXGLHV KDYH UHPDLQHG HOXVLYH 
VLQFH ORQJ� 5HSRUWV VXJJHVW WKDW WKH DFWLYDWLRQ 
PHFKDQLVP RI K\GURFDUERQV XQGHU PHWKDQRJHQLF 
FRQGLWLRQV LV KLJKO\ XQSUHGLFWDEOH� DQG YDULRXV 
XQFHUWDLQ PHFKDQLVPV DUH OLNHO\ WR RFFXU� EDVHG RQ 
WKH JHQHWLF FRPSRVLWLRQ RI WKH PLFURELDO FRQVRUWLXP� 
+RZHYHU� D FOHDU FRQVHQVXV IRU DVFHUWDLQLQJ WKH 
SUHGRPLQDQW URXWH �YLD DFHWRWURSKLF RU 
K\GURJHQRWURSKLF PHWKDQRJHQHVLV� LV ODFNLQJ LQ WKLV 
UHJDUG VLQFH ERWK PHFKDQLVPV KDYH EHHQ REVHUYHG LQ 
K\GURFDUERQ ELRGHJUDGDWLRQ VWXGLHV� &RQFHUWHG 
HIIRUWV DUH UHTXLUHG WR LGHQWLI\ WKH VSHFLILF UROHV RI WKH 
DQDHURELF RUJDQLVPV LQYROYHG LQ WKH ELRGHJUDGDWLRQ� 

0RVW RI WKH VWXGLHV DUH EDVHG RQ µSURRI�RI�
FRQFHSW¶ DVVHVVPHQW� $OWKRXJK� D IHZ UHSRUWV DUH 
EDVHG RQ DQDO\VLV LQ VDQGVWRQH SDFNHG FROXPQV 
FRQWDLQLQJ UHVLGXDO RLO XQGHU SUHVVXUL]HG 
FRQGLWLRQV WKDW ZRXOG PRUH FORVHO\ VLPXODWH DQ 
DFWXDO RLOILHOG� 7KH GRPLQDQFH RI GLIIHUHQW 
PLFURELDO WD[D FDQ EH DQDO\]HG E\ PHWDJHQRPLF 
VHTXHQFLQJ PHWKRGV WR LGHQWLI\ WKH GHJUDGDWLRQ 
PHFKDQLVP DVVRFLDWHG ZLWK VROLG RU OLTXLG SKDVHV 
LQ SHWUROHXP UHVHUYRLUV�

7KH KXII�SXII EDVHG ILHOG WULDO DSSOLFDWLRQV 
FRQVLGHU WKH IROORZLQJ SDUDPHWHUV� UHVHUYRLUV¶ 
OLWKRORJ\ DQG SURSHUWLHV� PLFURRUJDQLVPV DQG 
QXWULHQWV� SHUPHDELOLW\ SURILOH� LQFUHDVH RI 
FDSLOODU\ QXPEHU �L�H�� ELRVXUIDFWDQWV� DOFRKROV� 
ELRSRO\PHUV� DQG DFLGV�� ELRGHJUDGDWLRQ RI KHDY\ 
FUXGH RLO FRPSRQHQWV PDNLQJ WKH RLO OHVV YLVFRXV� 
DQG VZHOOLQJ RI WKH RLO GXH WR WKH DEVRUSWLRQ RI 
ELRJDV �L�H�� &2� DQG &+�� ZLWKLQ WKH EXON RLO 
SKDVH� 6WXGLHV UHSRUW WKH FRPPRQ FKDUDFWHULVWLFV 
IRU ILHOG VHOHFWLRQ WKDW DUH DV IROORZV�

�� &DQGLGDWH ILHOGV DUH LGHDOO\ ZDWHUIORRGHG ZLWK
UHODWLYHO\ KLJK RLO VDWXUDWLRQ
�� 0LQLPXP UHVHUYRLU SHUPHDELOLW\ RI �� PG
�PLOOLGDUF\� IRU DVFHUWDLQLQJ SURSDJDWLRQ RI 
EDFWHULD DQG QXWULHQWV GHHS LQWR WKH UHVHUYRLU�
�� 5HVHUYRLU WHPSHUDWXUH � ���&�
�� %ULQH VDOLQLW\ �������� SSP�
�� 2LO VDWXUDWLRQ� �� � ����
�� %LR�VWLPXODWLRQ RI LQGLJHQRXV PLFUREHV E\
VXSSO\ RI QXWULHQWV IDFLOLWDWH WKHLU HDV\ 
PXOWLSOLFDWLRQ XQGHU UHVHUYRLU FRQGLWLRQV� 
LPSURYLQJ WKH FRVW�HFRQRPLFV RI WKH SURFHVV�
�� $ FKHDS QXWULHQW VKRXOG EH HDVLO\ DYDLODEOH� $
IHZ UHSRUWV VXJJHVW XVLQJ PRODVVHV� ZKLOH 
SKRVSKRUXV DQG QLWURJHQ IHUWLOL]HUV FDQ EH XVHG 
DV LQRUJDQLF QXWULHQWV�
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7KH RLO DQG JDV VHFWRU LV DPRQJ WKH FRUH LQGXVWULHV 
LQ ,QGLD DQG SOD\V D PDMRU UROH LQ LQIOXHQFLQJ 
GHFLVLRQ PDNLQJ IRU DOO RWKHU LPSRUWDQW VHFWLRQV RI 
WKH HFRQRP\�

7KH RLO DQG JDV �2	*� LQGXVWU\ HDUQHG UHFRUG 
SURILWV LQ ����� SURYLGLQJ DPSOH FDVK IORZ WR IXQG 
WKHLU VWUDWHJLHV LQ ����� $QG ZKLOH 2	* FRPSDQLHV 
UHFRJQL]H JHRSROLWLFDO DQG PDFURHFRQRPLF 
XQFHUWDLQW\ LQ WKH \HDU DKHDG� WKH\¶YH DOVR EHHQ 
JLYHQ D FOHDU PDQGDWH WR VHFXUH VXSSO\ LQ WKH VKRUW 
WHUP ZKLOH WUDQVLWLRQLQJ WR FOHDQHU HQHUJ\ LQ WKH 
ORQJ WHUP� 

:KLOH WKH RLO DQG JDV LQGXVWU\ LV QRW QHZ WR VXSSO\ 
GLVUXSWLRQV DQG SULFH YRODWLOLW\� WKH VLWXDWLRQ WRGD\ LV 
XQLTXH� $ FRQIOXHQFH RI HFRQRPLF� JHRSROLWLFDO� 
WUDGH� SROLF\� DQG ILQDQFLDO IDFWRUV KDYH 
H[DFHUEDWHG WKH LVVXH RI XQGHULQYHVWPHQW DQG 
WULJJHUHG D UHDGMXVWPHQW LQ WKH EURDGHU HQHUJ\ 
PDUNHW� $V D UHVXOW� DOO WKUHH FRPSRQHQWV RI D 
EDODQFHG HQHUJ\ HTXDWLRQ²HQHUJ\ VHFXULW\� VXSSO\ 
GLYHUVLILFDWLRQ� DQG ORZ�FDUERQ WUDQVLWLRQ²DUH QRZ 
IDFLQJ D ³WULOHPPD´ RI FRQFHUQV�

$OWKRXJK WKH LPPHGLDWH LPSDFW RI WKLV LPEDODQFH LV 
KLJK HQHUJ\ SULFHV DQG UHFRUG FDVK IORZV IRU 2	* 
FRPSDQLHV� KRZ DQG ZKHUH WKH LQGXVWU\ ZLOO LQYHVW 
LQ WKH IXWXUH UHPDLQV XQFHUWDLQ� 7KH WUDGLWLRQDO 
EXVLQHVV PRGHO RI RLO DQG JDV SOD\HUV LV XQGHU 
SUHVVXUH� ,QYHVWLQJ LQ WKH VXVWDLQDEOH�SRZHU YDOXH 
FKDLQ FDQ SURYLGH DQ RSSRUWXQLW\ WR GLYHUVLI\ DQG 
SOD\ D OHDGLQJ UROH DV WKH LQGXVWU\ WUDQVLWLRQV�

Recent Developments in Oil and Gas industry
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8UYi ThaNNaU 
'LUHFWRU

Neetu Vinayek 
3DrtQer

Ernst & Young LLP

6hUe\a $gUaZal 
0DQDJHU

7UDQVLWLRQ WR D ORZHU�FDUERQ HQHUJ\ V\VWHP UHTXLUHV 
XUJHQW DQG IXQGDPHQWDO VKLIWV LQ KRZ HQHUJ\ LV 
SURGXFHG DQG XVHG WKH ZRUOG RYHU� 6XFK VKLIWV� LQ 
WXUQ� UHTXLUH VWUDWHJLF UHVSRQVHV IURP EXVLQHVVHV� 
2LO DQG JDV FRPSDQLHV� ZKRVH IRVVLO�EDVHG 
SURGXFWV KDYH ORQJ EHHQ LQWHJUDO WR WKH HQHUJ\�
VXSSO\ ODQGVFDSH� DUH QR H[FHSWLRQ� 7KH\ QHHG WR 
QDYLJDWH DQ HQYLURQPHQW LQ ZKLFK LQFUHDVLQJO\ 
VWULQJHQW FDUERQ�UHGXFWLRQ WDUJHWV DIIHFW LQYHVWPHQW 
GHFLVLRQV� ZLWK VWURQJ XQFHUWDLQW\ DERXW ZKHUH DQG 
KRZ WR VXSSRUW DFWLYLWLHV VXFK DV RIIVKRUH 
JHQHUDWLRQ� HOHFWULF�YHKLFOH �(9� FKDUJLQJ� DQG 
K\GURJHQ SURGXFWLRQ DQG GHYHORSPHQW� $V D 
FRQVHTXHQFH� RSHUDWLQJ PRGHOV IRU QHZ DQG OHJDF\ 
EXVLQHVVHV DUH FKDQJLQJ IDVW�

7KHUH DUH PDQ\ ZD\V E\ ZKLFK RLO DQG JDV 
FRPSDQLHV FDQ OHDG WR HQHUJ\ WUDQVLWLRQ VXFK DV 
GHYHORSLQJ EXVLQHVV PRGHOV ZLWK FXVWRPHU 
FHQWULFLW\ DW WKH FRUH� LPSURYLQJ HQHUJ\ 
PDQDJHPHQW� GLYHUVLI\LQJ HQHUJ\ SRUWIROLRV� DQG 
SXUVXLQJ FDSLWDO H[FHOOHQFH DQG SURMHFW FDSDELOLWLHV 
ZLWK DQ RYHU�DUFKLQJ JRDO RI UHGXFLQJ FDUERQ 
IRRWSULQW JOREDOO\�

%. (neUg\ tUansition�

2LO DQG JDV FRPSDQLHV DVSLULQJ WR OHDG WKH HQHUJ\ 
WUDQVLWLRQ QHHG WR WDNH D VWDQFH RQ DW OHDVW WKUHH 
VWUDWHJLF TXHVWLRQV�

• Capital and Risk:
7R EHJLQ� SOD\HUV QHHG WLPH IRU LQYHVWPHQW LQ 
VXVWDLQDEOH RIIHULQJV VXFK WKDW LW PHHWV ERWK FDUERQ 
HPLVVLRQ JRDOV �FXUUHQW DQG SURMHFWHG� DV ZHOO DV 
VKDUHKROGHUV H[SHFWDWLRQV� ,QYHVWLQJ HDUO\ UHTXLUHV 
FRQILGHQFH WKDW GHPDQG ZLOO IROORZ� HOVH ZLOO OHDG WR 
VXESDU UHWXUQV RQ FDSLWDO H[SHQGLWXUH� 2Q  WKH  RWKHU 
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• Decarbonization solutions:
3UHVVXUH RQ RLO DQG JDV FRPSDQLHV WR GHFDUERQL]H 
KDV SXVKHG WKHP WR GHYHORS WHFKQLFDO VROXWLRQV 
DQG NQRZ�KRZ WKDW FDQ EH UHOHYDQW� 2LO DQG JDV 
FRPSDQLHV FDQ OHYHUDJH WKLV RSSRUWXQLW\ WR RIIHU 
GHFDUERQL]DWLRQ VROXWLRQV� LQFOXGLQJ UHQHZDEOHV 
JHQHUDWLRQ� HQHUJ\ UHWDLO� EDWWHULHV� DQG FDUERQ 
FDSWXUH� XWLOL]DWLRQ� DQG VWRUDJH �&&86�� $QG 
EHFDXVH WKH LQGXVWU\ FXUUHQWO\ UHOLHV RQ IRVVLO IXHOV 
DQG KDV ORQJ�VWDQGLQJ UHODWLRQVKLSV ZLWK VXSSOLHUV� 
LWV UHSUHVHQWDWLYHV DOVR EHORQJ DW WKH WDEOH ZKHQ 
GHVLJQLQJ WKH WUDQVLWLRQ SDWKZD\�

KDQG� SOD\LQJ ³FDWFK�XS´ LQ QHZ HQHUJ\ PDUNHWV 
FRXOG WHVW SOD\HUV¶ DELOLWLHV WR PDLQWDLQ D 
FRPSHWLWLYH DGYDQWDJH DJDLQVW XQIRUHVHHQ ULVN ZLWK 
WKRVH ZKR LQYHVWHG ³RQ WLPH´� ZKHUHLQ &2��
LQWHQVLYH VRXUFHV RI HQHUJ\ DUH LQFUHDVLQJO\ 
UHJXODWHG�

• Scope and Segment:
3OD\HUV DOVR QHHG WR FKRRVH WKH YDOXH FKDLQ DQG 
VHJPHQWV LQ ZKLFK WKH\ ZRXOG OLNH WR RSHUDWH� 
:LWKLQ SRZHU� SRWHQWLDO DUHDV IRU LQYHVWPHQW E\ RLO 
DQG JDV SOD\HUV LQFOXGH RIIVKRUH SRZHU JHQHUDWLRQ� 
(9 FKDUJLQJ� DQG YDULHG K\GURJHQ SURGXFWLRQ� 
(DFK RI WKHVH KDV GLIIHUHQW ULVN�UHWXUQ SURILOHV� 
FDSLWDO UHTXLUHPHQWV� DQG QHHGHG FDSDELOLWLHV�

• Operating models ideal for both new and
legacy businesses:
7R XQORFN YDOXH� DQ ³DUP¶V OHQJWK´ VHWXS FDQ 
HQDEOH WKH QHZ EXVLQHVV WR EH LQGHSHQGHQW� 7KLV LQ 
WXUQ FDQ OHDG WR SRWHQWLDOO\ KLJKHU YDOXDWLRQ� DWWUDFW 
FDSLWDO PDUNHWV� DOORZ JUHDWHU DFFHVV WR 
HQYLURQPHQWDO� VRFLDO� DQG JRYHUQDQFH �(6*�� DQG 
HQDEOH YDULHG ILQDQFLQJ VWUXFWXUHV�

2LO DQG JDV SOD\HUV FDQ RIIHU GLVWLQFWLYH YDOXH 
SURSRVLWLRQV LQ WKH IROORZLQJ IRXU DUHDV RI WKH 
HQHUJ\ WUDQVLWLRQ�

• Offshore project development:
2LO DQG JDV SOD\HUV ZLWK H[WHQVLYH H[SHULHQFH LQ 
ODUJH�VFDOH SURMHFWV FDQ GHYHORS DQG EXLOG 
LQWHJUDWHG SURMHFWV� LQFOXGLQJ UHQHZDEOHV 
JHQHUDWLRQ DQG K\GURJHQ DQG KHDW SURGXFWLRQ� ,Q 
DGGLWLRQ� VRPH ELGGHUV FDQ LQYLWH IRU KHDW DQG 
K\GURJHQ LQYHVWPHQWV�

• Hydrogen production and transportation:
2LO DQG JDV FRPSDQLHV RIWHQ KDYH ORQJ KLVWRULHV 
ZLWK K\GURJHQ SURGXFWLRQ LQ WKHLU UHILQLQJ DQG 
FKHPLFDO SURFHVVHV� ,Q DGGLWLRQ� H[LVWLQJ 
FDSDELOLWLHV LQ JDV VWRUDJH DQG WUDQVSRUWDWLRQ DUH 
UHOHYDQW IRU K\GURJHQ SURGXFWLRQ DQG WUDQVSRUWDWLRQ 
EHFDXVH RI WKHLU FKHPLFDO SURSHUWLHV EHLQJ KLJKO\ 
IODPPDEOH JDV WKDW QHHGV WR EH NHSW XQGHU 
SUHVVXUH DQG FDUHIXOO\ PDQDJHG�

• EV charging:

3OD\HUV DFURVV WKH YDOXH FKDLQ� LQFOXGLQJ UHWDLOHUV� 
UHILQHUV� DQG SURGXFHUV� FDQ OHYHUDJH WKHLU EUDQGV� 
FXVWRPHU UHODWLRQVKLSV� UHDO HVWDWH� DQG IXHO 
VWDWLRQV QHDU URDGV DQG KLJKZD\V WR GHOLYHU IDVW�
FKDUJLQJ VHUYLFHV IRU (9V� 

C. 5educing caUEon ePissions�

Oil and gas operations account for nearly 15% 
of energy-related greenhouse gas emissions 
today and the industry has the ability and 
resources to cut them quickly and cost 
effectively.

7KH QHHG RI WKH KRXU LV WR VLJQLILFDQWO\ UHGXFH 
FDUERQ IRRWSULQW DQG KHOS PRYH WKH ZRUOG FORVHU WR 
PHHWLQJ LWV LQWHUQDWLRQDO HQHUJ\ DQG FOLPDWH JRDOV�

7KH SURGXFWLRQ� WUDQVSRUWDWLRQ DQG SURFHVVLQJ RI RLO 
DQG JDV HPLWWHG DQ HTXLYDOHQW RI ��� ELOOLRQ WRQQHV 
RI &2� LQ ����� $V SHU ,QWHUQDWLRQDO (QHUJ\ 
$JHQF\¶V 1HW =HUR (PLVVLRQV� E\ ���� WKH 
HPLVVLRQ LQWHQVLW\ RI WKHVH DFWLYLWLHV WR IDOO E\ ���� 
)XUWKHU� FRPELQHG ZLWK WKH UHGXFWLRQV LQ RLO DQG JDV 
FRQVXPSWLRQ� ��� UHGXFWLRQ LQ HPLVVLRQ IURP RLO 
DQG JDV RSHUDWLRQV LV HQYLVDJHG E\ �����



6SHQGLQJ RI 86' ��� ELOOLRQ� LV HVWLPDWHG GXULQJ WKLV 
GHFDGH WR DFKLHYH WKH DQWLFLSDWHG FXW LQ RLO DQG JDV 
HPLVVLRQV� 7KLV LV RQO\ D IUDFWLRQ RI WKH UHFRUG 
ZLQGIDOO LQFRPH WKDW RLO DQG JDV SURGXFHUV DFFUXHG LQ 
����� 3DUDOOHOO\ WR FRPH XS ZLWK PHDVXUHV WR 
JHQHUDWH DGGLWLRQDO LQFRPH VWUHDPV E\ DYRLGLQJ WKH 
XVH RU ZDVWH RI JDV� PHDQLQJ TXLFNO\ UHFRXS WKH 
XSIURQW VSHQGLQJ GRQH�

+DQGOLQJ PHWKDQH HPLVVLRQV LV WKH PRVW LPSRUWDQW 
PHDVXUH WR OLPLW HPLVVLRQV IURP WKH LQGXVWU\
V 
RSHUDWLRQV� ,W LV DOVR RQH RI WKH PRVW FRVW HIIHFWLYH
DQG LPSDFWIXO PHDVXUHV WR FXW HPLVVLRQV DFURVV WKH 
HFRQRP\ DQG OLPLW QHDU WHUP JOREDO ZDUPLQJ� $V SHU 
WKH UHSRUW LVVXHG E\ ,QWHUQDWLRQDO (QHUJ\ $JHQF\ 
�,($� HDUOLHU WKLV \HDU� WKH PHWKDQH HPLVVLRQV 
UHPDLQHG VWXEERUQO\ KLJK LQ ���� GHVSLWH WKH 
KHDGZLQGV RI WKH JOREDO HQHUJ\ FULVLV�

&RQVLGHULQJ WKH ULVH LQ RLO SULFHV GXH WR 
XQSUHFHGHQWHG FXWV LQ FUXGH RLO VXSSO\ E\ WKH 
2UJDQLVDWLRQ RI WKH 3HWUROHXP ([SRUWLQJ &RXQWULHV 
�23(&� DQG VXSSO\ GLVUXSWLRQV DPLG ULVLQJ WHQVLRQV 
LQ HDVWHUQ (XURSH� WKH ,QGLDQ *RYHUQPHQW KDV ODLG 
GRZQ D YLVLRQ LQ %XGJHW ����� WR VSXU D PRYHPHQW RI 
HQYLURQPHQWDOO\ FRQVFLRXV OLIH DQG DLPV WR PRYH 
WRZDUGV DQ DPELWLRXV WDUJHW RI QHW�]HUR FDUERQ 
HPLVVLRQ E\ ���� WR XVKHU LQ D JUHHQ LQGXVWULDO DQG 
HFRQRPLF WUDQVLWLRQ� 

)XUWKHU� PDLQWDLQLQJ SURILWDELOLW\ DPLG D WUDQVIRUPLQJ 
HQHUJ\ PDUNHW ZLOO UHTXLUH RLO DQG JDV FRPSDQLHV WR 
IRFXV RQ NH\ SULRULWLHV VXFK DV�
� %XLOGLQJ GLJLWDO FDUERQ FDSDELOLWLHV�
� 'LJLWL]LQJ RSHUDWLRQV�
� &UHDWLQJ DQ LQWHOOLJHQW HQWHUSULVH�
� 7UDQVIRUPLQJ WKH EDFN RIILFH� DQG
� 3ODQQLQJ IRU JURZWK DQG WUDQVLWLRQ

D. CaUEon CaStuUe� 8tili]ation and 6toUage �CC86�

&DUERQ &DSWXUH� 8WLOL]DWLRQ DQG 6WRUDJH� �&&86� LV 
D SURYHQ PHWKRG RI UHGXFLQJ JUHHQKRXVH JDV 
HPLVVLRQV IURP HQHUJ\�LQWHQVLYH PDQXIDFWXULQJ 
IDFLOLWLHV� LQGXVWULDO IDFLOLWLHV DQG SRZHU SODQWV�

&&6 LV WKH SURFHVV E\ ZKLFK FDUERQ LV FDSWXUHG DW 
VRXUFH� FRPSUHVVHG DQG WUDQVSRUWHG WR D VWRUDJH 
VLWH� PRVW FRPPRQO\ D GHSOHWHG RLO RU QDWXUDO JDV 
UHVHUYRLU�

&&86 W\SLFDOO\ LQYROYHV FDSWXULQJ FDUERQ R[LGHV 
IURP DQ HPLVVLRQV VWUHDP SULRU WR LWV UHOHDVH LQWR WKH 
DWPRVSKHUH DQG HLWKHU VHTXHVWHULQJ WKH FDSWXUHG 
R[LGHV LQ SHUPDQHQW JHRORJLFDO VWRUDJH� XVLQJ WKH
FDSWXUHG R[LGHV LQ HQKDQFHG RLO RU QDWXUDO JDV 
SURGXFWLRQ �DQG VHTXHVWHULQJ WKH R[LGHV�� RU XVLQJ 
WKH R[LGHV LQ DSSURYHG FRPPHUFLDO RU FKHPLFDO 
DSSOLFDWLRQV� 
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*OREDOO\� SRZHU DQG LQGXVWU\ DFFRXQW IRU DERXW �� 
SHU FHQW RI DOO JUHHQKRXVH JDV �*+*� HPLVVLRQV� 7R 
HQDEOH FLUFXODU FDUERQ HFRQRP\ �&&(�� WKH 
WHFKQRORJ\ KHOSV PDQXIDFWXUHUV FDSWXUH FDUERQ DW 
WKH SRLQW RI HPLVVLRQ� L�H�� FKLPQH\V� DQG WUDS FDUERQ 
GLR[LGH XVLQJ D FKHPLFDO R[LGDWLRQ SURFHVV� IRU 
UHXVH LQ WKH SURGXFWLRQ RI IXHOV �PHWKDQH DQG 
PHWKDQRO�� SODVWLF FRPSRQHQWV� ILUH H[WLQJXLVKHUV� 
SKDUPD� VRGD DVK� IRRG DQG GULQNV� EXLOGLQJ 
PDWHULDOV� DJULFXOWXUH� HWF� ,QQRYDWLRQV LQ WKLV DUHD 
LQFOXGH DUWLILFLDO SKRWRV\QWKHVLV XVLQJ ELR�VRODU 
OHDYHV DQG SK\WRSODQNWRQ�EDVHG VROXWLRQV WKDW 
PLPLF WKH FKHPLFDO SURFHVV RI SKRWRV\QWKHVLV� 7KH 
FDUERQ FDSWXUHG FDQ EH VWDFNHG DQG VWRUHG GHHS 
LQVLGH JHRORJLFDO IRUPDWLRQV VXFK DV H[SORLWHG RLO 
DQG JDV ZHOOV�

,QGLD
V JHRORJLFDO VWRUDJH SRWHQWLDO IRU FDUERQ 
GLR[LGH �&2�� LQ WKH UDQJH RI ��� WR ����� JLJDWRQV 
�*7� PDNHV FDUERQ FDSWXUH DQG VWRUDJH D IHDVLEOH 
RSWLRQ� EXW D ORQJ�WHUP VWUDWHJ\ LV QHHGHG WR PDS
DQG DFWXDOL]H WKLV SRWHQWLDO� :KLOH *RYHUQPHQW LV \HW 
WR IRUPXODULVH SROLF\ DURXQG &&86� ,QGLD
V 
'HSDUWPHQW RI 6FLHQFH DQG 7HFKQRORJ\ �'67� DLPV 
WR QXUWXUH WKH DUHD RI &DUERQ &DSWXUH� 8WLOL]DWLRQ� 
DQG 6WRUDJH WKURXJK HPSKDVLV RQ UHVHDUFK DQG 
GHYHORSPHQW DQG FDSDFLW\ EXLOGLQJ RI ERWK KXPDQ 
UHVRXUFH DQG LQIUDVWUXFWXUH� WR HYROYH WHFKQRORJLHV 
DQG PHWKRGRORJLHV DGGUHVVLQJ LVVXHV UHODWHG WR KLJK 
FDSLWDO FRVWV� VDIHW\� ORJLVWLFV DQG KLJK DX[LOLDU\ 
SRZHU FRQVXPSWLRQ�

(. ,PSact oI GeoSolitical oil and gas PaUNets�

2LO DQG JDV DUH NH\ HFRQRPLF LQSXWV DQG GULYHUV 
ZKLFK FRXQWULHV DURXQG WKH ZRUOG DUH FRQVWDQWO\ 
SODQQLQJ WR HQVXUH VXIILFLHQF\� DIIRUGDELOLW\� DQG 
DERYH DOO VHFXULW\ RI VXSSO\� 2LO DQG JDV VXSSO\ 
FKDLQV �SURGXFWLRQ� VKLSSLQJ� SLSHOLQHV� DUH SDUW RI 
LQWHJUDWHG JOREDO FRPPRGLW\ PDUNHWV ZKLFK DUH 
DOZD\V SURQH WR GLVUXSWLRQV E\ QDWXUDO LQFLGHQWV� 
DFFLGHQWV� RU SROLWLFDO FRQIOLFWV DPRQJ RU ZLWKLQ 
QDWLRQV� :KHQ D VLJQLILFDQW GLVUXSWLRQ KDSSHQV LQ 
RQH SDUW RI WKH ZRUOG� VXSSOLHV DQG SULFHV DFURVV WKH 
HQWLUH ZRUOG DUH LPSDFWHG�

7KH RQJRLQJ FRQIOLFWV EHWZHHQ 5XVVLD DQG 8NUDLQH 
KDYH GLUHFWO\ LPSDFWHG WKH HQWLUH ZRUOG� 7KH UHFHQW 
JOREDO RLO SULFHV KDV FOLPEHG WR ������ )XUWKHU� 
5XVVLDQ JDV VXSSO\ WR (XURSH KDYH VLQFH PLG����� 
EHHQ GZLQGOLQJ ZLWK VXSSOHPHQWDU\ VXSSOLHV RI 
OLTXHILHG QDWXUDO JDV �/1*� EHLQJ VRXUFHG IURP 86$ 
DQG 0LGGOH (DVW� 7KH QDWXUDO JDV VXSSO\�GHPDQG 
LPEDODQFH LQ (XURSH KDV UHVXOWHG LQ KLJK HQHUJ\ 
SULFHV� HVFDODWLQJ LQIODWLRQ� ,Q QRUPDO WLPHV� 5XVVLD 
VXSSOLHG DERXW �� SHU FHQW RI (XURSH¶V QDWXUDO JDV 
GHPDQGV WKURXJK D PDWUL[ RI SLSHOLQHV� VRPH RI 
ZKLFK SDVV WKRXJK 8NUDLQH�



5XVVLD KDV VLQFH ���� DQQH[DWLRQ RI &ULPHD DQG 
VXEVHTXHQW 86 VDQFWLRQV EHHQ GHYHORSLQJ 
DOWHUQDWLYH RLO DQG JDV H[SRUW LQIUDVWUXFWXUH 
HDVWZDUGV LQWR DQG WKURXJK &KLQD�

,Q UHVSHFW RI WKH GROODU SD\PHQW SODWIRUPV� 5XVVLD 
DQG &KLQD KDYH EHHQ PXOOLQJ DQ HYHQWXDOLW\ WKDW 
FRXOG LQYROYH WKH WZR FRXQWULHV VHWWLQJ XS QRQ�GROODU 
SD\PHQW V\VWHPV LQ WKHLU RLO DQG JDV WUDGH WR FUHDWH 
LQGHSHQGHQFH IURP WKH GROODU FXUUHQF\ SODWIRUPV�

,UDQ LV DQRWKHU DUHQD RI RQJRLQJ JHRSROLWLFDO 
DFWLYLWLHV� 6KRXOG WKH RXWFRPH RI WKH RQJRLQJ ,UDQLDQ 
QXFOHDU QHJRWLDWLRQV UHVXOW LQ D QHZ GHDO� WKH 86 LV 
OLNHO\ WR ZLWKGUDZ HFRQRPLF VDQFWLRQV� DQG WKLV PD\ 
UHVXOW LQ LQFUHDVHG H[SRUWV RI RLO IURP ,UDQ� $GGLQJ 
PRUH EDUUHOV RI ,UDQLDQ RLO LQWR JOREDO RLO VXSSO\ ZLOO 
KHOS WR UHGXFH JOREDO RLO SULFHV� DW D WLPH ZKHQ RWKHU 
JOREDO IDFWRUV DUH OHDGLQJ WR LQFUHDVH SULFHV�

2Q D ZLGHU SHUVSHFWLYH� JHRSROLWLFDO LQIOXHQFHV DQG 
FRQWURO RI 0LGGOH (DVW RLO DQG JDV UHVRXUFHV VHHPV 
YLVLEO\ VKLIWLQJ DZD\ IURP WKH :HVW �86$ DQG 
(XURSH� WRZDUGV WKH IDVW�HYROYLQJ 5XVVLD�&KLQD 
DOOLDQFH� 

F.  Digital Technologies

'LJLWDO WHFKQRORJLHV FDQ KHOS RLO DQG JDV &(2V DQG 
OHDGHUV FXW FRVWV� ERRVW RXWSXW� DQG UHGXFH FDUERQ 
HPLVVLRQV�

7KH RLO SULFH UROOHU FRDVWHU VKRZV QR VLJQ RI VORZLQJ 
GRZQ DQG IXUWKHU GULYHQ KLJKHU E\ VXUJLQJ GHPDQG� 
JHRSROLWLFDO YRODWLOLW\ DQG VXSSO\ FKDLQ GLVUXSWLRQV 
DQG LQGXVWU\ H[SHFW IXUWKHU FKDOOHQJHV� 

,Q WKH LPPHGLDWH WHUP� FRPSDQLHV QHHG WR PDLQWDLQ 
RXWSXW DJDLQVW D EDFNGURS RI ULVLQJ FRVW IDFWRU DQG 
WDOHQW VKRUWDJHV� 0HDQZKLOH� WKH JOREDO HQHUJ\ 
WUDQVLWLRQ LV OLNHO\ WR OHDG WR WKH FORVXUH RI D 
VLJQLILFDQW QXPEHU RI DVVHWV DFURVV WKH RLO DQG JDV 
YDOXH FKDLQ LQ WKH FRPLQJ GHFDGHV� ZKLOH DOO IDFLOLWLHV 
DUH XQGHU SUHVVXUH WR LPSURYH HIILFLHQF\ DQG FXW 
WKHLU GLUHFW FDUERQ HPLVVLRQV�

2YHU WKH SDVW GHFDGH� WHFKQRORJLFDO DGYDQFHV LQ 
GDWD DQDO\WLFV� DUWLILFLDO LQWHOOLJHQFH �$,�� DQG WKH 
,QGXVWULDO ,QWHUQHW RI 7KLQJV �,,R7� KDYH KHOSHG 
SOD\HUV LQ PDQ\ VHFWRUV WR RSWLPL]H FRPSOH[ 
SURFHVVHV� WUDFN GRZQ HOXVLYH VRXUFHV RI ORVV DQG 
LQHIILFLHQF\� DQG UHVSRQG PRUH HIIHFWLYHO\ WR 
YRODWLOLW\� VKRFNV� DQG GLVUXSWLRQV� 2LO DQG JDV 
FRPSDQLHV VHH RSSRUWXQLWLHV IRU WKH DSSOLFDWLRQ RI D 
ZLGH UDQJH RI UDSLGO\ PDWXULQJ WHFKQRORJLHV� 
LQFOXGLQJ HQWHUSULVH FORXG FRPSXWLQJ� YLUWXDO DQG 
DXJPHQWHG UHDOLW\� GURQHV� DQG EORFNFKDLQ�EDVHG 
GDWD H[FKDQJH�

Few factors which will aid to O&G industry if 
management focuses on:

� 'LJLWDO WUDQVIRUPDWLRQ ZLWK D UHOHQWOHVV IRFXV RQ
YDOXH FUHDWLRQ
� ,PSOHPHQW ULJRURXV V\VWHPV WR WUDFN WKH ERWWRP�
OLQH LPSDFW RI GLJLWDO LQLWLDWLYH
� ,PSOHPHQW D ODUJH�VFDOH FXOWXUDO WUDQVIRUPDWLRQ
DQG FKDQJH PDQDJHPHQW SURJUDP� IRVWHULQJ QHZ 
VNLOOV DQG EHKDYLRXUV IURP WKH ERDUGURRP WR WKH 
IURQW OLQH 
� $GDSW LQFHQWLYH V\VWHPV WR HQFRXUDJH ODUJH�VFDOH
DGRSWLRQ RI GLJLWDO�ILUVW SUDFWLFHV 
� ,QWHJUDWHG DQG FRPSUHKHQVLYH ,7�27 VWUDWHJ\ WR
HQVXUH QHZ LQLWLDWLYHV WR VFDOH QHZ EXVLQHVV QHHGV

G.   Concluding thoughts

7KH RLO DQG JDV LQGXVWU\ LV IDFLQJ VLJQLILFDQW 
FKDOOHQJHV UHODWHG WR VXVWDLQDELOLW\� WHFKQRORJ\� DQG 
JHRSROLWLFV� :KLOH WKHVH FKDOOHQJHV DUH VLJQLILFDQW� 
WKH\ DOVR UHSUHVHQW DQ RSSRUWXQLW\ IRU WKH LQGXVWU\ WR 
DGDSW DQG HYROYH� %\ LQYHVWLQJ LQ UHQHZDEOH HQHUJ\� 
HPEUDFLQJ QHZ WHFKQRORJLHV� DQG DGGUHVVLQJ 
VXVWDLQDELOLW\ FRQFHUQV ZLWK D PRGLILHG VXSSO\ FKDLQ� 
WKH LQGXVWU\ FDQ FRQWLQXH WR SOD\ D FULWLFDO UROH LQ WKH 
JOREDO HFRQRP\ IRU PDQ\ \HDUV WR FRPH�

7KH LQIRUPDWLRQ FRQWDLQHG KHUHLQ LV RI D JHQHUDO 
QDWXUH DQG LV QRW LQWHQGHG WR DGGUHVV WKH 
FLUFXPVWDQFHV RI DQ\ SDUWLFXODU LQGLYLGXDO RU HQWLW\� 
7KH YLHZV DQG RSLQLRQV H[SUHVVHG KHUHLQ DUH WKRVH 
RI WKH DXWKRU�
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Events

7Ke )ederation of Indian Petroleum Industr\ ()IPI) orJanised tKe Annual AZards 2022 on 7tK -une 2023 at 
1eZ 'elKi� 7Ke )IPI 2il and *as AZards KaYe Eeen created to recoJnise tKe leaders� innoYators and pioneers 
in tKe oil and Jas industr\� 7Ke oEMectiYe of tKe )IPI 2il 	 *as AZards is to celeErate tKe industr\
s most 
outstandinJ acKieYements�

7alNinJ furtKer aEout tKe prestiJious aZards SKri Puri said tKat tKe )IPI 2il and *as AZards KaYe Eeen 
created to proYide an encouraJinJ and motiYatinJ platform for all tKe participants to striYe for e[cellence in 
tKeir respectiYe fields� 2Yer tKe last feZ \ears� )IPI 2il 	 *as AZards KaYe emerJed as tKe most prestiJious 
aZards for tKe Indian 2il 	 *as Industr\�

In tKe aZard eYeninJ¶s Zelcome address� SKri 
Arun .umar SinJK� CKairman 	 CE2� 21*C 	 
CKairman )IPI KiJKliJKted tKat )IPI is all set to 
pla\ a role� more crucial tKan eYer� to KandKold our 
memEers to neJotiate tKrouJK tKe cKallenJes of 
enerJ\ transition�

AddressinJ tKe JatKerinJ� SKri 5amesKZar 7eli 
said� �In line ZitK our Clean and *reen enerJ\ 
Yision under tKe *reen +\droJen Polic\ of 
*oYernment of India� tKe tarJet of production of 
same is 5 Million 7onne E\ 2030� 7Ke 2MCs are 
ZorNinJ relentlessl\ to acKieYe it��

Union Minister of Petroleum 	 1atural *as and +ousinJ 	 
UrEan Affairs SKri +ardeep SinJK Puri� addressinJ tKe 
auJust JatKerinJ of leaders� innoYators media personnels¶ 
and pioneers in tKe 2il and *as Industr\� at )IPI¶s 2il 	 
*as AZards�2022 ceremon\ said tKat ³Indian K\drocarEon 
industr\ is JraYitatinJ toZards a neZ arena of 
deYelopment� )urtKer� a 7�2� economic JroZtK in )< 
2022�23� indicates resilience in India¶s econom\ despite 
multiple JloEal KeadZinds durinJ tKe \ear arisinJ from 
economic and Jeo�political uncertainties´�

ComplimentinJ )IPI for felicitatinJ tKe neZ clean enerJ\ 
initiatiYes taNen up E\ Indian oil and Jas companies� SKri 
Puri said� ³7Kis is m\ second )IPI aZard function and I am 
Kapp\ tKat tKis \ear more tKan 20 aZard cateJories 
includinJ recoJnition to PK'� tKesis from )IPI student 
cKapters in neZ enerJ\ areas� is also featurinJ in tKe 
coYeted list of aZards� 7Ke sanctit\ of tKe aZards is 
clearl\ eYident from tKe Jrandness of tKe eYaluation 
committee�Mur\ comprisinJ of a former Secretar\ alonJ 
ZitK e[ CM's of 2il PSUs and eminent Scientists´� added 
tKe Petroleum Minister�
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7Ke AZard cateJories ranJe from IndiYidual appreciation aZards for %est InnoYator� %est :omen E[ecutiYe� 
<ounJ AcKieYer of tKe <ear AZard to 2utstandinJ Performance in areas of E[ploration and Production� 5efininJ� 
MarNetinJ� 'iJitali]ation 	 SustainaEilit\� all of ZKicK enYelope important aspects tKat lead to tKe s\mEiotic 
JroZtK of tKe industr\�

)urtKer SKri Puri said� tKat ³India is undertaNinJ an amEitious Mourne\ of enerJ\ transition culminatinJ in India 
acKieYinJ µ1et =ero CarEon¶ E\ 2070� +oZeYer� for tKe transition to Ee endurinJ and staEle� it is imperatiYe tKat 
tKe accessiEilit\ and affordaEilit\ aspects of enerJ\ remain intact� :Kile Ze are onl\ one of tKe *20 countries on 
course to acKieYe its Paris amEitions� Ze are also aZare tKat in tKe cominJ decades� India¶s enerJ\ Ease load 
Zill Ee met E\ K\drocarEons� In tKis conte[t� *oYernment of India Kas undertaNen landmarN reforms in tKe 
upstream� midstream� and doZnstream sectors of +\drocarEon industr\ in India´�

7Ke occasion Zitnessed oYerZKelminJ participation E\ SKri PanNaM -ain� Secretar\� MoP	1* and Senior 
2fficials from MoP	1*� industr\ leaders from across tKe oil and Jas Yalue cKain and seYeral eminent 
personalities�

Ms� Gummalla Rama of HPCL receiving the :oman Executive of 
the Year Award

Ms� Sonali PareNh, L&T receiving the :oman Executive of the 
Year (Special Commendation) Award

Ms� PinNi, IOCL receiving the 
Young Achiever of the Year ()emale) Award

Ms� 'ivya 'utta, EIL  receiving  the Young  Achiever of the Year 
()emale) (Special Commendation)Award

Mr� Sharad GoenNa, Cairn Oil & Gas receiving the Young 
Achiever of the Year (Male) Award

Mr� Susobhan Panda, L&T receiving the Young  Achiever of the 
Year (Male) (Special Commendation) Award
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'r� .rishna Raghav Chaturvedi, RGIPT receiving the Award for 
Best Ph�'� thesis in 1ew Energy Studies

Oil India Ltd� receipient of Exploration Company of the Year 
Award

Sun Petrochemicals Pvt� Ltd� receipient of Oil and Gas 
Production Company of the year: (�� MMTOE) Award

Cairn Oil & Gas, Vedanta Ltd receipient of Oil and Gas 
Production Company of the year- (!�MMTOE) Award

Team SLB receiving the Service Provider of the Year Award Team L&T receiving the EPC Company of the Year Award

GAIL India Ltd�receipient of Best Managed ProMect  of the Year 
Award

Sun Petrochemicals receipient of Best Managed ProMect (Special 
Commendation) of the Year Award
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IndianOil receipient of 'igitally Advanced Company of the Year 
Award

BPCL receipient of 'igitally Advanced Company of the Year 
(Special Commendation) Award

AspenTech receipient of 'igital Technology Provider of the 
Year Award

Team Central 8P Gas receiving CG' Company of the Year 
(Established) Award

AG&P Pratham receipient of CG' Company of the Year 
(Growing) Award

Cairn Oil & Gas, Vedanta Ltd receipient of Oil�Petroleum 
Products Pipeline Transportation - Company of The Year Award

GAIL (India) Ltd receipient of 1atural Gas Pipeline 
Transportation - Company of The Year Award

Initiatives in Compressed Bio-Gas Company of the year - 
Special Commendation to IOCL 
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Initiatives in Compressed Bio-Gas - Company of the year 
Special Commendation to OIL 

Refinery of the Year Award: (Small & Medium Refineries  Total 
Capacity up to ( � ) ��� MMTPA) to BPCL Bina Refinery

Refinery of the Year Award (Special Commendation): (Small & 
Medium Refineries  Total Capacity up to ( � ) ��� MMTPA) to 

IOCL Mathura Refinery

Refinery of the Year Award: (Large Refineries - Total Capacity 
higher than ��� MMTPA) to BPCL .ochi Refinery 

Team BPCL receiving the Oil MarNeting Company of the Year 
Award

Oil & Gas Retailer of the Year: Special commendation to 
THI1. Gas

Excellence in Human Resource Management - Company of 
the Year Award: Cairn Oil & Gas, Vedanta Ltd

Excellence in Human Resource Management - Company of  
the Year Award (Special Commendation) HPCL
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Sustainably Growing Corporate of The Year Award to HPCL Innovator of the Year (Team) Award to BPCL

Innovator of the Year (Team) Award to HPCL
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0r 6penFer 'Dle� *rRup &KieI (FRnRPiVW� %3 3lF�� PDGe 
D GeWDileG preVenWDWiRn Rn WKe %3 (nerJ\ 2uWlRRN 2�2�� 
+e DppriVeG WKe pDrWiFipDnWV WKDW %3¶V (nerJ\ 2uWlRRN 
2�2� e[plRreV WKe Ne\ WrenGV DnG unFerWDinWieV 
DVVRFiDWinJ ZiWK enerJ\ WrDnViWiRn� +e WDlNeG DERuW WKe 
IRFuV RI WKe enerJ\ RuWlRRN priPDril\ GepenGV Rn WKree 
PDin VFenDriRV WR e[plRre WKe enerJ\ WrDnViWiRn�  
AFFelerDWeG� 1eW =erR DnG 1eZ 0RPenWuP� +e 
PenWiRneG WKDW WKe VFenDriRV Dre EDVeG Rn WKe e[iVWinJ 
WeFKnRlRJieV DnG GR nRW FRnViGer WKe iPpDFW RI neZ Rr 
unNnRZn WeFKnRlRJieV� +e IurWKer DGGeG WKDW WKe 
VFenDriRV in WKiV \eDr¶V 2uWlRRN KDYe Eeen upGDWeG WR 
FRnViGer WZR PDMRr GeYelRpPenWV Yi]� WKe 5uVViD-8NrDine 
ZDr DnG WKe pDVVinJ RI WKe ,nIlDWiRn 5eGuFWiRn AFW in WKe 
86�

bp Energy Outlook
7Ke )eGerDWiRn RI ,nGiDn 3eWrRleuP ,nGuVWr\ �),3,� in DVVRFiDWiRn ZiWK %3 ,nGiD RrJDni]eG preVenWDWiRn Rn %3 
(nerJ\ 2uWlRRN ± 2�2� eGiWiRn Rn �� April 2�2� DW /e 0eriGien� JDnpDWK� 1eZ 'elKi� 7Ke unYeilinJ RI RuWlRRN 
DnG preVenWDWiRn ZDV DWWenGeG E\ 6Kri +DrGeep 6inJK 3uri� +Rn
Ele 0iniVWer RI 3eWrRleuP 	 1DWurDl *DV DnG 
+RuVinJ 	 8rEDn AIIDirV� 6Kri 5DPeVZDr 7eli� +Rn
Ele 0iniVWer RI 6WDWe in WKe 0iniVWr\ RI 3eWrRleuP 	 1DWurDl 
*DV DnG 0iniVWr\ RI /DERur 	 (PplR\PenW� 6Kri 3DnNDM JDin� 6eFreWDr\� 0R3	1*� 0r 6penFer 'Dle� *rRup 
&KieI (FRnRPiVW� %3 3lF� 6Kri 6� 0� 9DiG\D� &KDirPDn� ),3, 	 &KDirPDn� ,nGiDn 2il� 6Kri 6DVKi 0uNunGDn� 
3reViGenW� Ep ,nGiD DnG 6eniRr 9iFe 3reViGenW� Ep *rRup DnG &(2V RI PDMRr Ril DnG JDV FRPpDnieV in WKe 
FRunWr\�

7Ke preVenWDWiRn WDlNeG DERuW WKe WKree 
GiPenViRnV RI WKe enerJ\ V\VWeP- VeFuriW\� 
DIIRrGDEiliW\� DnG VuVWDinDEiliW\� WKDW PDNe up WKe 
enerJ\ WrilePPD� +e VDiG WKDW WKe eYenWV RI WKe 
pDVW \eDr KDYe KiJKliJKWeG WKe FRPple[iW\ DnG 
inWerFRnneFWeGneVV RI WKe JlREDl enerJ\ V\VWeP 
DnG WKe neeG WR DGGreVV Dll WKree GiPenViRnV RI 
WKe enerJ\ WrilePPD� 7Ke RppRrWuniWieV DnG riVNV 
DVVRFiDWeG ZiWK WKe WrDnViWiRn Dre ViJniIiFDnW DnG 
WKiV \eDr
V (nerJ\ 2uWlRRN Zill Ee uVeIul WR 
eYer\Rne Wr\inJ WR nDYiJDWe WKiV unFerWDin IuWure 
DnG DFFelerDWe WKe WrDnViWiRn WR 1eW =erR�

+Rn
Ele 0iniVWer RI 3eWrRleuP DnG 1DWurDl *DV 	 
+RuVinJ DnG 8rEDn AIIDirV� 6Kri +DrGeep 6inJK 
3uri in KiV DGGreVV� FRPpliPenWeG 0r 6penFer 
'Dle  IRr   KiV GeWDileG preVenWDWiRn� +e KiJKliJKWeG 

WKDW ZKile DFFurDWe preGiFWiRnV FDnnRW Ee PDGe DERuW WKe IuWure VFenDriRV Gue WR PDn\ YDriDEleV DnG 
GiVrupWiRnV� WKe %3 RuWlRRN KDV VerYeG DV D JuiGinJ liJKW IRr WKe enWire inGuVWr\ in IRrPulDWinJ VWrDWeJieV� +e 
VDiG WKDW WKe RuWlRRN Zill Kelp WKe Ril DnG JDV FRPpDnieV WR nDYiJDWe WKrRuJK WKe pRWenWiDl unFerWDinWieV 
VurrRunGinJ enerJ\ WrDnViWiRn� +e VKDreG KiV YiViRn Rn WKe FKDnJinJ enerJ\ VFenDriR� WKe eIIeFWV JlREDl WrenGV 
KDYe Rn enerJ\ VeFuriW\ in ,nGiD DnG WKe ZD\ IRrZDrG�

+Rn
Ele 0iniVWer RI 6WDWe in WKe 0iniVWr\ RI 3eWrRleuP 	 1DWurDl *DV DnG 0iniVWr\ RI /DERur 	 (PplR\PenW� 
6Kri 5DPeVZDr 7eli in KiV VpeeFK VWDWeG WKDW WKe riVinJ inGuVWriDliVDWiRn DnG urEDniVDWiRn KDYe leG WR Dn 
inFreDVe in WKe GePDnG IRr enerJ\ in ,nGiD� +e PenWiRneG WKDW DW WKe reFenWl\ FRnFluGeG ,nGiD (nerJ\ :eeN 
KelG in %enJDluru� WKe +Rn¶Ele 3riPe 0iniVWer� 6Kri 1DrenGrD 0RGi VDiG WKDW WKe FRunWr\
V enerJ\ VWrDWeJ\ iV 
EeinJ GeYelRpeG DrRunG IRur YerWiFDlV DnG WKe JRYernPenW iV rDpiGl\ ZRrNinJ in WKe IRur GireFWiRnV- nDPel\- 
,nFreDVinJ GRPeVWiF e[plRrDWiRn DnG prRGuFWiRn� GiYerViI\inJ  WKe  Vuppl\�  e[pDnGinJ IuelV liNe EiRIuel� eWKDnRl�

Events
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FRPpreVVeG EiRJDV� DnG VRlDr� DnG Ge-
FDrERni]DWiRn YiD eleFWriF YeKiFleV DnG K\GrRJen� 
+e FRnFluGeG WKDW ,nGiDn enerJ\ VeFWRr¶V 
FRPPiWPenW WRZDrGV D lRZ FDrERn eFRnRP\ 
rePDinV VWeDGIDVW�

Webinar on Green Hydrogen

DGGeG WKDW %3 iV enFRurDJeG E\ WKe prRJreVViYe pRliFieV DnnRunFeG E\ WKe JRYernPenW WR PD[iPi]e 
prRGuFWiRn IrRP Dll IRrPV RI enerJ\� enKDnFe ,nGiD
V enerJ\ VeFuriW\ DnG prRYiGe DIIRrGDEle DnG reliDEle 
enerJ\ WR PilliRnV RI ,nGiDnV in D VuVWDinDEle PDnner�

7Ke )eGerDWiRn RI ,nGiDn 3eWrRleuP ,nGuVWr\ �),3,� in DVVRFiDWiRn ZiWK (< RrJDni]eG D ZeEinDr Rn µ*reen 
+\GrRJen¶ Rn 2�WK June 2�2�� 7Ke ZeEinDr ZDV FRnGuFWeG in RrGer WR VKeG D liJKW Rn WKe DpprRDFKeV WKDW 
KDYe Eeen DGRpWeG E\ FRPpDnieV JlREDll\� DlRnJ ZiWK Ne\ RppRrWuniWieV DnG FKDllenJeV in enDElinJ ,nGiD¶V 
K\GrRJen WrDnViWiRn� 7Ke ZeEinDr ZiWneVVeG Dn RYerZKelPinJ reVpRnVe ZiWK pDrWiFipDWiRn RI DrRunG ��� 
prRIeVViRnDlV ZRrNinJ DFrRVV WKe Ril DnG JDV YDlue FKDin�

0r� '/1 6DVWri� 'ireFWRr �2il 5eIininJ 	 0DrNeWinJ�� ),3, 
EeJDn WKe VeVViRn ZiWK WKe RpeninJ rePDrNV� +e VpRNe 
WKDW ZiWK neeG WR FRPEDW FliPDWe FKDnJe� WKe Ril DnG 
JDV inGuVWr\ WRGD\� iV WrDnViWiRninJ WRZDrGV PRre FleDn 
enerJ\ iniWiDWiYeV DnG RppRrWuniWieV� +e PenWiRneG WKDW 
ZKile Ril DnG JDV FRPpDnieV Dre GeplR\inJ inWR Ne\ 
reneZDEle enerJ\ RpWiRnV VuFK DV RIIVKRre ZinG� VRlDr� 
eWF� WKe\ Dre� DW WKe VDPe WiPe DlVR inYeVWinJ inWR Ne\ 
FDpiWDl-inWenViYe FleDn enerJ\ WeFKnRlRJieV ± VuFK DV 
FDrERn FDpWure� uWiliVDWiRn DnG VWRrDJe DnG Jreen 
K\GrRJen� +e WDlNeG DERuW WKe iPpRrWDnFe RI 1DWiRnDl 
*reen +\GrRJen 0iVViRn DnnRunFeG E\ +RnRurDEle 
3riPe 0iniVWer� 6Kri 1DrenGrD 0RGi� in PDNinJ ,nGiD D 
KuE IRr prRGuFWiRn DnG e[pRrW RI Jreen K\GrRJen� +e 
VDiG VuFK JRYernPenW iniWiDWiYeV Zill Kelp ,nGiD DFKieYe 
neW-]erR FDrERn neuWrDliW\ E\ 2��� DnG DlVR enVure 
enerJ\ VeFuriW\�

0r� .Dpil %DnVDl� 3DrWner (< WDlNeG DERuW WKe JrRZinJ enerJ\ GePDnG WKDW neeGV WR Ee FDWereG ZKile NeepinJ 
FDrERn JRDlV in PinG� +e JDYe WKe reIerenFeV RI PDMRr Ril FRPpDnieV VuFK DV 6Kell� Ep� &KeYrRn� ([[Rn0REil� 
DnG WKeir neW ]erR WDrJeWV WR DFKieYe FDrERn neuWrDliW\� +e ePpKDVi]eG WKe rRle RI Jreen K\GrRJen DnG 
DPPRniD IRr DppliFDWiRn in IerWili]er 	 reIinerieV� IRr GeFDrERni]inJ +DrG-WR-DEDWe VeFWRrV DnG KeDY\-GuW\ 
PREiliW\ 	 VKippinJ� in DGGiWiRn WR uWili]inJ iW DV D pRZer VWRrDJe� +e DlVR WDlNeG DERuW WKe VWDNeKRlGer 
iniWiDWiYeV unGerWDNen E\ (< in KelpinJ iWV FlienWV EuilG K\GrRJen eFRV\VWeP�

0r 6DVKi 0uNunGDn� 3reViGenW� %3 ,nGiD DnG 6eniRr 9iFe 
3reViGenW� %3 JrRup� GeliYerinJ KiV YRWe RI WKDnNV� 
KiJKliJKWeG WKe iPpRrWDnFe RI WKiV \eDr
V %3 enerJ\ RuWlRRN 
in WKe EDFNGrRp RI WKe enerJ\ WrDnViWiRn DnG WKe reFenW 
JlREDl   GeYelRpPenWV   WKe  ZRrlG   iV  unGerJRinJ�  +e  DlVR 
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+e WKen WDlNeG DERuW WKe iniWiDWiYeV WDNen E\ Ril 
DnG JDV VeFWRr JlREDll\ in KDrneVVinJ Jreen 
K\GrRJen DV D lRZ FDrERn Iuel� 0Dn\ FRunWrieV 
liNe 86 DnG AuVWrDliD� in RrGer WR DFKieYe WKeir 
neW ]erR WDrJeWV KDYe DllRFDWeG VuEViGieV WR 
VuppRrW Jreen WeFKnRlRJieV liNe WKe 86 
,nIlDWiRn AFW �86' ��� En� DnG A8� ��� Pn� 
)urWKer Ke PenWiRneG WKDW JlREDl Ril DnG JDV 
FRPpDnieV¶ inYeVWPenWV in FleDn enerJ\ 
EuVineVVeV KDYe inFreDVeG WenIRlG RYer WKe 
lDVW VeYen \eDrV DnG iV e[peFWeG WR riVe eYen 
PRre   in   WKe  ne[W  GeFDGe�  )Rr  inVWDnFe�  Ep 
plDnV iWV DYerDJe DnnuDl inYeVWPenWV in EiR-enerJ\� (9 FKDrJinJ� reneZDEleV� DnG K\GrRJen E\ 2��� �86
��E±86��E� FRPpDreG ZiWK 2�22 �86����E�� ,n RrGer WR DFKieYe neW ]erR WDrJeW E\ 2���� 3eWrRnDV KDV 
IRrPeG D VepDrDWe YenWure WR IRFuV Rn reneZDEle enerJ\ DnG Jreen K\GrRJen iniWiDWiYeV� +RZeYer� Ke 
PenWiRneG WKDW WKeVe JlREDl Ril DnG JDV plD\erV Zill KDYe WR IRFuV ViPulWDneRuVl\ Rn RpWiPi]inJ RperDWiRnV DV 
Zell DV PDnDJinJ FRVW DnG VuVWDinDEiliW\ WR DFKieYe WKeir enG JRDl�

0r� (Pil 7KRPDV� 6eniRr 0DnDJer� (< JDYe ,nGiDn perVpeFWiYe Rn KRZ JRYernPenW pRliF\ iniWiDWiYeV Dre 
VKDpinJ WKe K\GrRJen eFRV\VWeP in ,nGiD� +e PenWiRneG WKDW WKe JRYernPenW RuWlD\ RI 5V� ������ Fr iV 
FriWiFDl in DFKieYinJ WKe � 0073A WDrJeW RI Jreen K\GrRJen prRGuFWiRn E\ 2���� AFKieYinJ RI WKe WDrJeW� Zill 
reVulW in PulWiple EeneIiWV Yi]� �� 007 reGuFWiRn in JreenKRuVe ePiVViRnV DnG a5V� � lDNK Fr reGuFWiRn in 
IRVVil Iuel iPpRrWV� +e PenWiRneG WKDW ZKile ,nGiD¶V K\GrRJen GePDnG DV D IeeGVWRFN iV GriYen E\ PDWure +2 
PDrNeWV VuFK DV reIinerieV 	 IerWili]er� WKe enG-uVe DppliFDWiRnV Dre DlVR e[peFWeG WR inFreDVe in WKe IRrP RI 
3RZer JenerDWiRn �DPPRniD FR-IirinJ� Iuel FellV�� )uel Fell eleFWriF YeKiFleV� inGuVWriDl KeDWinJ eWF� /DVWl\� Ke 
VDiG WKDW ZiWK Dn inWerplD\ RI eleFWrRl\Ver eIIiFienF\ iPprRYePenWV� lRnJer eTuipPenW liIe� DWWDininJ eFRnRPieV 
RI VFDle DnG DFTuirinJ lRZer FRVW RI IinDnFinJ� FDn reVulW in DFKieYinJ WKe Jreen K\GrRJen prRGuFWiRn FRVW WR 
86' ��� ± 86' 2�NJ IrRP WKe e[iVWinJ leYel RI 86' ��2�NJ�

0V� 1eeWu 9inD\eN� 3DrWner DW (< WDlNeG DERuW WKe GireFW WD[ DnG pRliF\ inWerYenWiRnV WKDW ZRulG Kelp in 
WrDnVIRrPinJ ,nGiD inWR D K\GrRJen KuE� 6Ke PenWiRneG WKDW WKe FRnFeVViRnDl WD[ rDWe RI ������ iV DYDilDEle 
IRr neZ PDnuIDFWurinJ � prRGuFinJ FRPpDn\ ZKiFK FRPPenFe DFWiYiW\ EeIRre �� 0DrFK 2�2��  )urWKer VKe 
DGGeG WKDW WR enFRurDJe 5	' in WKe FRunWr\ FDpiWDl� reYenue e[penGiWure inFurreG PD\ Ee FRnViGereG IRr 
ZeiJKWeG GeGuFWiRn IRr WD[ purpRVeV�  0r� %KDYeVK 7KDNNDr� 3DrWner DW (< WDlNeG DERuW WKe VWDWe leYel 
inFenWiYeV VuFK DV VWDPp GuW\ e[ePpWiRn Rn FDpiWDl WrDnVDFWiRn� inWereVW VuEViG\ eWF� )urWKer Ke PenWiRneG D 
VerieV RI FRnViGerDWiRnV IRr JRYernPenW in RrGer WR prRPRWe GeplR\PenW RI Jreen K\GrRJen in WKe FRunWr\ Yi]� 
reYDPp RI WKe preVenW GuW\ VWruFWure� FRnFeVViRnDl GuW\ VWruFWure IRr iPpRrW RI FDpiWDl JRRGV reTuireG IRr 
VeWWinJ-up WKe prRGuFWiRn uniW� FlDriW\ Rn WKe *67 rDWeV DppliFDEle Rn prRGuFWiRn RI Jreen K\GrRJen� 6(= AFW 
�'(6+ Eill� WR Ee e[WenGeG IRr VeWWinJ-up D prRGuFWiRn uniW DV D 6(=� inWrRGuFinJ FDrERn FreGiW VFKePe in 
,nGiD eWF�

7Ke preVenWDWiRnV Zere IRllRZeG E\ FRnGuFWinJ D 4	A 
VeVViRn ZKerein YDriRuV TuerieV pRVWeG E\ Rur 
pDrWiFipDnWV Zere Zell DGGreVVeG E\ Rur pDnelliVWV�

/DVWl\� 0r� 9iYeNDnDnG� 'ireFWRr �)inDnFe� 7D[DWiRn 	 
/eJDl�� ),3, in KiV YRWe RI WKDnNV� ePpKDVi]eG WKe Ne\ 
PeVVDJe IrRP preVenWDWiRn WKDW PDMRr FRunWrieV DnG 
FRPpDnieV Dre WDrJeWinJ neW ]erR WDrJeW E\ 2��� DnG 
DFWiRnV WKe\ Dre WDNinJ in WKiV reJDrG� +e 
FRPpliPenWeG WKe (< WeDP IRr JiYinJ inViJKW Rn IiVFDl 
DnG nRn-IiVFDl inFenWiYeV JrDnWeG DV Zell DV reTuireG WR 
prRPRWe Jreen K\GrRJen in ,nGiD� +e WKDnNeG WKe (< 
DnG ),3, WeDP ZKR ZRrNeG KDrG WR PDNe WKiV eYenW 
VuFFeVVIul� +e DlVR WKDnNeG WKe pDrWiFipDnWV IrRP 
enerJ\ inGuVWr\ IRr WKeir DFWiYe DnG inWerDFWiYe 
pDrWiFipDWiRn GurinJ WKe eYenW�
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Mr. Raj Kumar Dubey has taken over as Director (Human Resources) of 
Bharat Petroleum Corporation Ltd. on 1st May 2023. Mr. Dubey brings with 
him a wealth of experience in business and human capital development, 
having worked in the industry for over 3� years.

Mr. Dubey is an alumnus of NIT Allahabad, with a degree in Mechanical 
Engineering. He has also acquired a Master of Business Administration from 
the International Centre for Promotion of Enterprises, Slovenia. Throughout 
his career, he has implemented several strategic organizational development 

Raj .Xmar DXEey takes over as DireFtor (+R) of %PCL

initiatives and change management processes impacting more than �00 locations and �,500 people and has 
worked closely with international consultants in the areas of organization restructuring, visioning, and HR 
planning, and has successfully led several leadership positions and concluded various critical and 
challenging assignments across various business verticals like Aviation, Operations, HR, and Retail in and 
across different regions.

Mr. Dubey has brought in customer centricity in the )uel Retailing Channel by pioneering the marketing of 
differentiated products & premium fuels to great heights maintaining the leadership position.

NEW APPOINTMENTS

Mr. K.S. Shetty has assumed the charge of Director (Human Resources) of 
Hindustan Petroleum Corporation Limited (HPCL) effective May 01, 2023. Prior 
to joining as Director (Human Resources) of HPCL, Mr. K. S. Shetty was 
Executive Director (Human Resources) with additional charge of Executive 
Director (Employee Relations) in HPCL.

Mr. K. S. Shetty is a Gold Medalist in Human Resource Management from 
Andhra University and also a distinguished alumnus of the Swedish Institute, 
Stockholm from where he completed his Diploma in Sustainable Development in 
2012. He has also completed his Advanced Management Program from MDI, 
Gurgaon / ESCP Europe Business School, Paris (2016). He is an SHRM, USA - 
Senior Certified Professional and is currently on the AIMA Core Committee on HR and also on the National 
Council of the Indian Society for Training and Development (ISTD). He is also on the Board of HPCL’s :holly 
Owned Subsidiary Company (HPLNG), effective October 10, 2022.

Mr. K. S. Shetty has over 25 years of experience in HR in various capacities at HPCL. In his current role at 
HPCL, he is responsible for the entire gamut of HR/ER functions ranging from Talent Acquisition, Capability 
Building, Career and Succession Planning, Performance and Rewards Management, Discipline Management 
etc. He also has in-depth knowledge of various Statutory/ Regulatory requirements under various Labour 
Laws.

K.S. Shetty takes over as Director (+5) of +3CL
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Mr. Vivek Chandrakant Tongaonkar took charge as Director ()inance) of MRPL on 
2nd May 2023.

Mr. Vivek Chandrakant Tongaonkar started his career in ONGC in March 198�. An 
engineering graduate from the College of Engineering, Pune he started his career 
as an Assistant Executive Engineer (Electrical) and worked in the Engineering & 
Construction Division of ONGC during the first decade of his career. During this 
period he gained rich experience in the design, engineering, fabrication, installation, 
pre-commissioning & commissioning of offshore facilities like well platforms, process 
platforms and pipelines. 

He enrolled for full time MBA ()inance) program in the Symbiosis Institute of Business Management, Pune 
by availing leave for higher education. After completion of the program, he laterally shifted to the )inance 
discipline in ONGC. Shri Vivek Chandrakant Tongaonkar is an industry veteran with over 36 years of 
professional experience in diverse activities across the Exploration & Production (E&P) value-chain. Mr. 
Tongaonkar grew up along the hierarchy and served in different capacities in ONGC. 

Mr. Tongaonkar had extensive experience in Accounts, Audit, Budget, Treasury & Investments, Capital 
Investments, Commercial & Marketing, Taxation, JV )inance and Strategy. He was Head of Investors 
Relation Cell of ONGC. As ED-Chief Corporate )inance of ONGC, he handled the crucial portfolios of 
)inance in the Organisation and steering the Organisation in its transformation journey. Before being 
appointed as the Executive Director ± Chief Corporate )inance, he held the position of C)O, ONGC, from 
April 2021 to December 2021. Prior to that he was the Executive Director ± Chief Offshore )inance at 
Mumbai overseeing the finance functions of Mumbai Region which is ONGC’s biggest operational and 
revenue area. 

9ivek ChanGrakant 7ongaonkar took charge as Director ()inance) ² M53L

Manish Patil joins as O1*C DireFtor (+Xman ResoXrFe)

Manish Patil has joined as the Director (Human Resource) of the Energy Maharatna 
Oil and Natural Gas Corporation Limited (ONGC). He took over the charge of the post 
of Director (HR) of India’s largest energy company on May 5, 2023.

A Mechanical Engineer from the Government Engineering College, Raipur, Mr Patil 
also holds an Executive MBA degree from the University of Ljubljana, an Advanced 
Diploma in Cyber Laws from Government Law College, apart from a Post Graduate 
Diploma in Human Resources Management (HRM).

Mr Patil is a thorough energy professional having worked across locations and functions with the downstream 
Maharatna and )ortune 500 energy Company, Indian Oil Corporation Limited (IndianOil). He brings with him, 
rich and varied experience of over three decades, spanning Operations & Supplies, Information Systems and 
Management Services in HR. Mr Patil’s key profiles include being the Regional HR Head at IndianOil’s 
Northern Regional Office, followed by a fruitful stint as the Head of Institutional Business in the Southern 
Region. He has also served as an Executive Director of HR & CSR at IndianOil’s Corporate Office.
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Mr. Sanjay Varma taken over as Managing Director (Additional Charge) of 
MRPL on 1.6.2023. 

Mr. Varma has had rich exposure to various domains of expertise in the Oil & 
Gas industry. During his three and half decades of service, he has headed 
the organisation in Operations Management, Project Management, Materials 
Management and Health, Safety and Environment Management. Mr. Varma 
has been on the board of MRPL as Director Refinery since June 2020. He 
has also had extensive exposure by being on the Boards of MSTPL, ONGC 
Mangalore Petrochemicals Ltd and Shell-MRPL Aviation. 

Sanjay Varma Takes Over as MD (Additional Charge) of MRPL 

A Graduate of Mechanical Engineering, Mr. Sanjay Varma joined MRPL in December 1993 and has played a 
pivotal role in the execution and operation of all three major phases of the Refinery and its Aromatic 
Complex. Known for his excellent track record across the functions, he has been instrumental in leading a 
major revival of MRPL’s fortunes, which has resulted in the best-ever physical performance and financial 
position, making it India’s largest operated singlesite Oil PSU in the entire nation for the financial year 
2022-23. As the Managing Director of the Coastal Karnataka-based Hydrocarbon refinery, Mr. Varma is 
poised to steer MRPL in its efforts towards executing a major expansion, meeting energy transformation 
targets and foraying into ambitious marketing ventures.

Mr. Kamal Kishore Chatiwal has taken over as Managing Director of Indraprastha 
Gas Ltd. (IGL), on 15th June 2023. 

Mr. Chatiwal, a Chemical Engineer from prestigious IIT Delhi brings to IGL, a rich 
domain experience of over 32 years in Oil & Gas Sector particularly in Project 
Execution and Commissioning of Mega Petrochemical Projects, Operation & 
Maintenance of Gas Processing units, Natural Gas Compressor Station and 
cross-country LPG Pipeline. 

Before joining IGL, he was working as Executive Director (O&M-JLPL) & Head of 
Zonal Marketing of GAIL in Jaipur. 
After joining GAIL in 1990, he was associated with the Execution and commissioning of GAIL’s first 
Petrochemical plant at Pata, first LPG Recovery Plant at Vijaipur and grass root Petrochemical complex at 
Lepetkata Assam, as Head of Ethylene Cracker Unit of Brahmaputra Cracker and Polymer Ltd, a subsidiary of 
GAIL. He has been actively involved in conceptualization, approval and licensor selection process of India’s 
1st Propane Dehydrogenation (PDH) unit and also Polypropylene (PP) plant at GAIL-USAR & new initiatives 
like Green Hydrogen and renewables, Specialty Chemicals etc.

Mr Chatiwal also has experience of working in various corporate functions like Corporate planning and 
strategy, Project Development and Corporate training. One of his key achievements in GAIL has been 
implementation of a change Management program named “Project Parivartan” and start of sustainable 
development initiative as a Core team member.

Kamal Kishore Chatiwal takes over as Managing Director of IGL
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Mr. Sanjay Kumar assumed charge as Director (Marketing) of GAIL (India) 
Limited on 15th June 2023. Prior to his new role, Mr. Kumar was the Managing 
Director of Indraprastha Gas Limited, largest CNG distribution company of India, 
since April 2022.

Mr. Kumar, a Mechanical Engineer from prestigious IIT Kharagpur and an MBA, 
has a rich domain experience of over 35 years in the natural gas sector. He joined 
GAIL in the year 1988 and over the next three decades worked in various roles 
across domains including Gas Marketing, LNG Sourcing/Trading/Shipping, 
Business Development, Gas Transmission, Projects  Management & Gas Pipeline 

operation & maintenance. This cross-functional experience has enabled him to gain deep insight of natural 
gas and LNG value chain.

In the year 2011, Mr. Kumar was tasked with setting up GAIL’s overseas LNG trading subsidiary GAIL Global 
(Singapore) Pte. Limited in Singapore. This was the first such subsidiary created by any Indian Oil & Gas 
PSU and over the next five years, he played an important role in developing this subsidiary into a well-
established player in the global LNG market.

Prior to his role as MD, IGL, he was also GAIL’s nominee Director on the Boards of Maharashtra Natural Gas 
Ltd (MNGL) and GAIL Global (Singapore) Pte. Limited.

Sanjay Kumar assumes charge as Director (Marketing), GAIL



STATISTICS
INDIA: OIL & GAS

DOMESTIC OIL PRODUCTION (MILLION MT)

% of Total
Onshore ONGC 5.9 6.0 6.1 6.1 ����

OIL 3.3 3.4 3.3 3.1 �1��
Pvt./ JV (PSC) 8.4 8.2 8.0 7.0 ���1
Sub Total 17.6 17.5 17.3 16.2 100

Offshore ONGC 16.3 16.2 15.0 14.5 ����
OIL 0.0 0.0 0.0 0.0 0.0
Pvt./ JV (PSC) 2.1 1.9 1.9 1.5 ���
Sub Total 18.4 18.1 16.9 16.0 100.0

Total 
Domestic 
Production

36.0 35.7 34.2 32.2 100.0
ONGC 22.2 22.2 21.0 20.6 ����
OIL 3.3 3.4 3.3 3.1 1���
Pvt./ JV (PSC) 10.5 10.1 9.9 8.4 ����

Total 
Domestic 
Production

36.0 35.7 34.2 32.2 100.0

6RXUFH : MoP&NG/PPAC

Digboi 0.65
Guwahati 1.00
Koyali 13.70
Barauni 6.00
Haldia 8.00
Mathura 8.00
Panipat 15.00
Bongaigoan 2.70
Paradip 15.00
Total 70.05

Chennai Petroleum Corp. Ltd.
Chennai 10.50
Narimanam 0.00
Total 10.50

REFINING 
Refining Capacity (Million MT on 1st $SrLO 2023) 

Indian Oil Corporation Ltd. Bharat Petroleum Corp. Ltd.
Mumbai 12.00
Kochi 15.50
Bina ����

JV Refineries
11���HMEL

JV Total 11�30

Hindustan Petroleum Corp. Ltd.
Mumbai 9.50
Visakhapattnam 8.30
Total 17.80
Other PSU Refineries
NRL, Numaligarh 3.00
MRPL 15.00
ONGC, Tatipaka 0.07
Total PSU Refineries Capacity 151�72

Private Refineries
RIL, (DTA) Jamnagar 33.00
RIL , (SEZ), Jamnagar 35.20
Nayara Energy Ltd. , Jamnagar 20.00
Pvt. Total 88.20

Total Refining Capacity of India 251�5 (5.02 million barrels per day) 
Source : PPAC

5.9
2.9
6.2

15.1
14.2
0.0
1.1

15.4
30.5
20.2

2.9
7.4

30.5

2016-17  2017-18  2018-19   2019-20  2020-21

1551

2021-22 
(P)

5.8
3.0
6.3

15.1
13.6
0.0
1.0

14.6
29.7
19.5
3.0
7.3

29.7
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���
���
���

14�7
1���
0.0
���

14�5
����
1���
���
���

29�2

Total 35�30



CRUDE PROCESSING (MILLION MT) 

Source : MoP&NG/PPAC

CRUDE CAPACITY VS. PROCESSING
Capacity On  

01/04/2023 Million MT
% Share Crude Processing  

2022�23 (P)
% Share

PSU Ref 1�1�� ���� 1�1�� ����
JV. Ref 11�� ��� 1��� ���
Pvt. Ref 88.2 35.1 �1�� �1��
Total 251.2 100 255�2 100

Source : MoP&NG/PPAC
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PSU Refineries 20����� 20����� 20����� 20���20 2020�2� 202��22 2�22-23  (P)

IOCL 65�19 69�00 71�81 69�42 62�35 67�66 72.41

BPCL 25�30 28�20 30�90 31�53 26�22 29�84 38.40

HPCL 17�80 18�20 18�44 17�18 16�42 13�97 19.09

CPCL 10�30 10�80 10�69 10�16 8�24 9�04 11.32

MRPL 15�97 16�13 16�23 13�95 11�47 14�87 17.12

ONGC (Tatipaka) 0�09 0�08 0�07 0�09 0�08 0�08 0�07

NRL 2�68 2�81 2�90 2�38 2�71 2�62 3.09

68% 727$/ �3�.33 ���.22 ���.�� ���.�� �2�.�� �3�.�� ������

-V Refineries 20����� 20����� 20����� 20���20 2020�2� 202��22 2�22-23 �3�

HMEL 10�52 8�83 12�47 12�24 10�07 13�03 12.74

BORL 6�36 6�71 5�71 7�91 6�19 7�41 --

68% 727$/ ��.�� ��.�� ��.�� 2�.�� ��.2� 2�.�� �2���

Pvt. Refineries 20����� 20����� 20����� 20���20 2020�2� 202��22 2�22-23 �3�

NEL 20�92 20�69 18�89 20�62 17�07 20�16 18.69

RIL 70�20 70�50 69�14 68�89 60�94 63�02 62.30

68% 727$/ ��.�2 ��.�� ��.�3 ��.�� ��.�� �3.�� �����

20����� 20����� 20����� 20���20 2020�2� 202��22 2�22-23 �3�
All India Crude 
Processing 245�40 251�90 257�25 254�38 221�77 241�70 255.23
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PETROLEUM PRICING

OIL IMPORT - VOLUME AND VALUE

OIL IMPORT - PRICE USD / BARREL

DISTILLATE PRODUCTION (Million MT)
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POL PRODUCTION (Million MT)
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20����� 20����� 20����� 20���20 2020�2� 202��22 2�22-23 �3�

From Refineries 239�2 249�8 257�4 258�2 229�3 250�2 263.0
From 
Fractionators 3�5 4�6 4�9 4�8 4�2 4�1 3.5

Total 2�2.� 2��.� 2�2.� 2�2.� 2��.� 2��.� 2����

2016-17 2017-18 2018-19 2019-20 2020-21 2�2�-22 2�22-23 �3�

Light 'istillates� MMT 71�0 74�7 75�4 76�8 71�4 76�5 76.2

Middle 'istillates � MMT 122�5 127�5 130�8 130�2 110�7 120�2 130.4

Total 'istillates� MMT 193.5 202.2 206.1 206.9 182.1 196.7 206.6
� 'istillates Production 
on Crude ProcessinJ ���� ���� ���� ���� ���� ���� ����

20����� 20����� 20����� 20���20 2020�2� 202��22 (P) 2�22-23 �3�

4uantity� Million Mt 213�9 220�4 226�5 227�0 196�5 212�0 232.6

Value� INR '000 Cr� 470�2 566�5 783�2 717�0 469�8 899�3 1260.9

Value� US' Billion 70�2 87�8 111�9 101�4 62�2 120�4 157.7
Average conversion Rate� 
INR per US' (Calculated)

67�0 64�5 70�0 70�7 75�5 74�7 80.1

20�����  20����� 20�����  20���20 2020�2� 202��22 (P) 2�22-23 �3�
Brent (Low Sulphur - 
LS-marker) (a) 48�7 57�5 70�0 61�0 44�3 80�7 96.0

'ubai (b) 47�0 55�8 69�3 60�3 44�6 78�1 92.4
Low sulphur-High 
sulphur differential (a-b) 1�7 1�6 0�7 0�6 -0�3 2�7 3.5

Indian Crude Basket (ICB)  47�56 56�43 69�88 60�47 44�82 79�18 93.15

ICB High Sulphur share �  71�03 72�38 74�77 75�50 75�62 75�62 75�62

ICB Low Sulphur share �   28�97 27�62 25�23 24�50 24�38 24�38 24�38



INTERNATIONAL PETROLEUM PRODUCTS PRICES E; SINGAPORE, (�/bbl.)

CRACKS SPREADS (�/ BBL.)

DOMESTIC GAS PRICE (�/MMBTU)
Period Domestic Gas Price 

(GCV Basis)
3rLce &aS IRr 'eeSZaWer, +LJh 

Ɇtemp, High Pressure Areas

October 16 - March 17 2.50 5.30
April 17- September 17 2.48 5.56
October 17 - March 18 2.89 6.30
April 18 - September 18 3.06 6.78
October 18 - March 19 3.36 7.67
April 19 - September 19 3.69 9.32
October 19 - March 20 3.23 8.43

Source: MoP&NG/PPAC/OPEC

April 20 - September 20 2.39 5.61

October 20 - March 21 1.79 4.06
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April 21 - September 21 1.79 3.62

October 21 - March 22 2.90 6.13

The Journal of Federation of Indian Petroleum Industry

April 22 - September 22 6.10 9.92

2016-17 2017-18 2018-19 2019-20 2020-21 2021-22 (P) 2022-23 (P)

'ĂƐŽůŝŶĞ 58.1 67.8 75.3 67.0 47.5 89.7 107.2

EĂƉŚƚŚĂ 47.1 56.3 65.4 55.1 43.9 79.9 78.4

<ĞƌŽ�ͬ�:Ğƚ 58.4 69.2 83.9 70.4 45.8 87.3 125.5

'ĂƐ�Kŝů�;0.05й�^Ϳ 58.9 69.8 84.1 74.1 50.0 90.2 132.8

�ƵďĂŝ�ĐƌƵĚĞ 47.0 55.8 69.3 60.3 44.6 78.1 92.4

/ŶĚŝĂŶ�ĐƌƵĚĞ�ďĂƐŬĞƚ 47.6 56.4 69.9 60.5 44.8 79.2 93.2

20����� 20����� 20����� 20���20 2020�2� 202��22 (P) 2�22-23 �3�

Gasoline crack

'ubai crude based 11�1 12�0 5�9 6�7 2�9 11�7 14�7
Indian crude 
basket 10�6 11�4 5�4 6�5 2�6 10�5 14.0

Diesel crack

'ubai crude based 12�0 13�9 14�8 13�8 5�5 12�2 40.3
Indian crude 
basket 11�4 13�4 14�2 13�6 5�2 11�0 39.6

1 $Sril �� - � $Sril �� ��1� 12.1�
October 22 - March 23 8.57 12.46
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GAS PRODUCTION
2016-17 2017-18 2018-19 2019-20 2020-21 2021-22 (P) 2�22-23 �3�

ONGC 22088 23429 24677 23746 21872 20629 19969
Oil India 2937 2881 2722 2668 2480 2893 3041
Private/ Joint Ventures 6872 6338 5477 4770 4321 10502 11440
Total 3���� 32��� 32��� 3���� 2���2 3��2� 3����

2016-17 2017-18 2018-19 2019-20 2020-21 2021-22 (P)

Onshore
Natural Gas 9294 9904 10046 9893 9601 10471 10368
CBM 565 735 710 655 477 518 673
Sub Total ���� ���3� ����� ����� ����� ����� ����2

Offshore 22038 22011 22117 20635 18428 22869 23409
Sub Total 22038 22011 22117 20635 18428 22869 23409

Total 3���� 32��� 32��3 3���� 2���� 33��� 3����
(-) Flare loss 1049 918 815 927 721 727 786
Net Production 30848 31731 32058 30257 27785 33131 33664

2016-17 2017-18 2018-19 2019-20 2020-21 2�2�-22 
Net Production 30848 31731 32058 30257 27785 33131 33664
Own Consumption 5857 5806 6019 6053 5736 5760 5494
Availabilty 24991 25925 26039 24204 22049 27371 28170

ϮϬϭϲͲϭϳ ϮϬϭϳͲϭϴ ϮϬϭϴͲϭϵ ϮϬϭϵͲϮϬ ϮϬϮϬͲϮϭ ϮϬϮϭͲϮϮ 2022-23 (P)
KE'� 17059 18553 19597 18532 16972 15874 15519
Kŝů�/ŶĚŝĂ 2412 2365 2207 2123 1930 2190 2287
WƌŝǀĂƚĞͬ�
:ŽŝŶƚ�sĞŶƚƵƌĞƐ 5520 5007 4235 3549 3147 9307 10364
Total Ϯϰϵϵϭ ϮϱϵϮϱ ϮϲϬϯϵ ϮϰϮϬϰ ϮϮϬϰϵ Ϯϳϯϳϭ 2ϴ1ϳ0

AVAILABILIT< FOR SALE

ϮϬϭϲͲϭϳ ϮϬϭϳͲϭϴ ϮϬϭϴͲϭϵ ϮϬϭϵͲϮϬ ϮϬϮϬͲϮϭ ϮϬϮϭͲϮϮ 2022-23 (P)
dŽƚĂů��ŽŶƐƵŵƉƚŝŽŶ� 49677 53364 54779 58091 54910 59277 54817
�ǀĂŝůĂďŝůƚǇ�ĨŽƌ�ƐĂůĞ 24991 25925 26039 24204 22049 27371 28170
>E'�/ŵƉŽƌƚ 24686 27439 28740 33887 32861 31906 26647

CONSUMPTION (E;CLUDING OWN CONSUMPTION

2016-17 2017-18 2018-19 2019-20 2020-21 (P) 2021-22 2022-23 (P)
EĞƚ�'ĂƐ�WƌŽĚƵĐƚŝŽŶ 30848 31731 32058 30257 27785 33131 33664
>E'�/ŵƉŽƌƚƐ 24686 27439 28740 33887 32861 31906 26647
/ŵƉŽƌƚ��ĞƉĞŶĚĞŶĐǇ�;йͿ 44.5 46.4 47.3 52.8 54.2 49.1 44.2
Total Gas Consumption* 55534 59170 60798 64144 60646 65037 ϲ0311
Ύ /ŶĐůƵĚĞƐ�KǁŶ��ŽŶƐƵŵƉƚŝŽŶ

GAS IMPORT DEPENDENC<

Source: MoP&NG/PPAC

2�22-23 �3�

2�22-23 �3�



Qty. in MMSCM Source:PPAC

SECTOR WISE DEMAND AND CONSUMPTION OF NATURAL GAS

CGD INFRASTRUCTURE

Source: PPAC/Vahan

As on 
31st March 

2019

As on 
31st March

2020

As on 
31st March

2021

As on 
31st March

2023

PNG

Domestic 50,43,188 60,68,415 78,20,387 1�1� Cr�

Commercial 28,046 30,622 32,339 ��,���
Industrial 8,823 10,258 11,803 1�,���

CNG

CNG 
Stations

1,730 2,207 3,101 �,���

CNG 
Vehicles

33.47 lakhs 37.10 lakhs 39.55 lakhs �1��� lakhs

As on 
31st March 

2022 

93,02,667

34,854
13,215

4,433

44.09 lakhs
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MAJOR NATURAL GAS PIPELINE NETWORK As on 31.03.2023

Nature of Pipeline GAIL GSPL PIL IOCL AGCL RGPL
Operational Length 1�,��� �,�1� 1,4�� 143 107 304

Capacity ����� 43.0 85.0 20.0 2.4 3.5
Partially

commissioned#

Length �,1�� ���
Capacity

Total operational length 15,103 2,716 1,484 425 107 304
Under

construction

Length �,��� 100 1,1��
Capacity 3.0

Total length 20,197 2,816 1,484 1,574 107 304

2021-22 

(P)

2022-23

Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Total
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ΎIncludes AGCL, DFPCL, ONGC and excludes CGD pipeline network Source: PPAC/PNGRB 

Nature of pipeline GGL DFPCL ONGC GIGL GITL Others* Total

Operational Length 73 42 24 15,823

Capacity 5.1 0.7 6.0

Partially

commissioned#

Length 1,��� 365 6,099

Capacity -

Total operational length 73 42 24 1,279 365 0 21,921

Under

construction

Length 1,��� 1,666 �,�1� 12,002

Capacity -

Total length 73 42 24 2,356 2,031 2,915 33,131

EXISTING LNG TERMINALS
Location Companies Capacity 

(MMTPA) As on 
01st June. 23

Capacity Utilisation 
(%)  

April 2023 
Dahej Petronet LNG Ltd 17.5 ����

Hazira Shell Energy India Pvt Ltd 5.2 �1��

Dabhol* Konkan LNG Ltd 5 ����

Kochi Petronet LNG Ltd 5 1���

5 1���Ennore Indian Oil LNG Pvt Ltd 

Mundra GSPC LNG Ltd 5 ���

Total Capacity 42.7 MMTPA 

*To increase to 5 MMTPA with breakwater. Only HP stream of capacity of 2.9 MMTPA is commissioned
Source: PPAC 

2022 - - 23 WORLDWIDE ACTIVE RIG COUNT

S
(

REGION APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY

US 690 718 739 756 764 763 768 779 779 772 758 753 752 728

Canada 107 93 143 186 201 211 214 201 155 226 248 196 109 90

Latin America 163 155 160 163 172 180 188 185 173 170 181 183 178 190

Europe 81 79 87 87 104 106 107 102 115 117 111 118 120 109

Middle East 300 314 303 309 308 308 326 330 323 318 327 323 337 339

Africa 78 76 78 78 77 80 84 91 92 92 94 97 93 94

Asia Pacific(1) 108 115 119 119 122 128 129 124 119 126 125 132 144 158

India 76 78 77 77 77 77 77 78 78 78 77 77 75 75
TOTAL 1603 1628 1706 1775 1825 1853 1893 1890 1834 1899 1921 1879 1808 1783
Source: Baker Hughes,                  (1) Excluding India's Rig Count
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S.No Organization Name Designation

1 Adani Welspun Exploration Ltd. Mr. Arvind Hareendran Sr. Vice-President (Exploration)

2 Axens India (P) Ltd. Mr. Siddhartha Saha Managing Director 

3 Baker Hughes, A GE Company Mr. Neeraj Sethi Country Leader

4 Bharat Petroleum Corporation Ltd. Mr. G. Krishnakumar Chairman & Managing Director

5 Bliss Anand Pvt. Limited Mr. Vikas Anand Managing Director 

6 BP Exploration (Alpha) Ltd Mr. Sashi Mukundan President, bp India & Senior Vice-President, bp Group

7 Cairn Oil & Gas, Vedanta Ltd Mr. Sunil Duggal Group CEO, Vedanta Ltd

8 Central U.P. Gas Ltd. Mr. Rathish Kumar Das Managing Director 

9 Chandigarh University Mr. Satnam Singh Sandhu Chancellor

10 Chennai Petroleum Corporation Ltd. Mr. Arvind Kumar Managing Director 

11 Chi Energie Pvt. Ltd. Mr. Ajay Khandelwal Director

12 CSIR- Indian Institute of Petroleum Prof. R. Pradeep Kumar Director

13 Decom North Sea Mr. Will Rowley Interim Managing Director

14 Dynamic Drilling & Services Pvt. Ltd. Mr. S.M. Malhotra President

15 Engineers India Ltd. Ms. Vartika Shukla Chairman & Managing Director

16 Ernst & Young LLP Mr. Rajiv Memani Country Manager & Partner

17 ExxonMobil Gas (India) Pvt. Ltd. Mr. Monte Dobson Chief Executive Officer

18 FMC Technologies India Pvt. Ltd. Mr. Housila Tiwari Managing Director

19 GAIL (India) Ltd. Mr. Sandeep Kumar Gupta Chairman & Managing Director

20 GSPC LNG Ltd. Mr. Anil K. Joshi Chief Executive Officer

21 h2e Power Systems Pvt Ltd. Mr. Siddharth R. Mayur MD &CEO

22 Haldor Topsoe India Pvt. Ltd. Mr. Alok Verma Managing Director

23 Hindustan Petroleum Corporation Ltd. Dr. Pushp Kumar Joshi Chairman & Managing Director

24 HPCL Mittal Energy Ltd. Mr. Prabh Das Managing Director & CEO

25 S&P Global Commodity Insights Mr. James Burkhard Managing Director

26 IIT (ISM) Dhanbad Prof. Rajiv Shekhar Director

27 IMC Ltd. Mr. A. Mallesh Rao Managing Director

28 Indian Gas Exchange Ltd. Mr. Rajesh Kumar Mediratta Managing Director & CEO 

29 Indian Oil Corporation Ltd. Mr. S.M. Vaidya Chairman

30 IndianOil Adani Ventures Ltd. Mr. Anubhav Jain Managing Director

31 Indian Strategic Petroleum Reserves Ltd. Mr. L.R. Jain CEO & MD

32 Indradhanush Gas Grid Ltd. Mr. Ajit Kumar Thakur Chief Executive Officer

33 Indraprastha Gas Ltd. Mr. Kamal Kishore Chatiwal Managing Director

34 International Gas Union Mr. Milton Catelin Secretary General
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Organization Name Designation

35 IPIECA Mr. Brian Sullivan Executive Director

36 IRM Energy Pvt. Ltd. Mr. Karan Kaushal Chief Executive Officer

37 Jindal Drilling & Industries Pvt. Ltd. Mr. Raghav Jindal Managing Director

38 Lanzatech Pvt. Ltd. Dr. Jennifer Holmgren Chief Executive Officer

39 Larsen & Toubro Ltd. Mr. S.N. Subrahmanyan CEO & Managing Director

40 Maharashtra Institute of Technology (MIT) Pune Mr. Rahul V. Karad Executive President

41 Mangalore Refinery & Petrochemicals Ltd. Mr. Sanjay Varma Director (Refinery) & MD (Addl. Charge)

42 Nayara Energy Ltd. Mr. Prasad K. Panicker Chairman & Head of Refinery

43 Numaligarh Refinery Ltd. Mr. Bhaskar Jyoti Phukan Managing Director

44 Oil and Natural Gas Corporation Ltd. Mr. Arun Kumar Singh Chairman & CEO

45 Oil India Ltd. Dr. Ranjit Rath Chairman & Managing Director

46 Petronet LNG Ltd. Mr. Akshay Kumar Singh Managing Director & CEO

47 Pipeline Infrastructure Ltd. Mr. Akhil Mehrotra Chief Executive Officer

48 Rajiv Gandhi Institute of Petroleum Technology Prof. A.S.K. Sinha Director

49 Reliance BP Mobility Ltd. Mr. Harish C Mehta Chief Executive Officer

50 Reliance Industries Ltd. Mr. Mukesh Ambani Chairman & Managing Director

51 SAS Institute (India) Pvt Ltd. Mr. Noshin Kagalwalla CEO & Managing Director-India

52 Schlumberger Asia Services Ltd. Mr. Vinay Malhotra Manging Director

53 Scottish Development International Mr. Kevin Liu Head of Energy Trade, Asia Pacific

54 Secure Meters Ltd. Mr. Sunil Singhvi CEO-Energy

55 Shell Companies in India Mr. Nitin Prasad Chairman

56 Siemens Ltd. Mr. Guilherme Vieira De Mendonca CEO (Siemens Energy - India)

57 SNF Flopam India Pvt. Ltd. Mr. Shital Khot Managing Director

58 South Asia Gas Enterprise Pvt. Ltd. Mr. Subodh Kumar Jain Director

59 Sun Petrochemicals Pvt. Ltd. Mr. Padam Singh President

60 THINK Gas Distribution Pvt. Ltd. Mr. Hardip Singh Rai Chief Executive Officer

61 TotalEnergies Marketing India Pvt. Ltd. Ms. Ahlem FRIGA-NOY Country Chair

62 University of Petroleum & Energy Studies Dr. Sunil Rai Chancellor

63 VCS Quality Services Pvt. Ltd. Mr. Shaker Vayuvegula Director

64 World LP Gas Association Mr. James Rockall CEO & Managing Director

Member Organizations



CORE PURPOSE STATEMENT To be the credible voice of Indian hydrocarbon industry enabling
its sustained growth and global competitiveness.

SHARED VISION

FEDERATION OF INDIAN PETROLEUM INDUSTRY

•  A progressive and credible energy advisory body stimulating
growth of Indian hydrocarbon sector with global linkages.

•  A healthy and strong interface with Government, legislative
agencies and regulatory bodies.

• Create value for stakeholders in all our actions.
•  Enablers of collaborative research and technology adoption in

the domain of energy and environment.
•  A vibrant, adaptive and trustworthy team of professionals

with domain expertise.
• A financially self-sustaining, not-for-profit organization.

For more details 
kindly visit our website 

www.fipi.org.in

Follow us on:

Federation oI Indian PetroleuP Industr\
3rd Floor, PHD House, 4/2, Siri Institutional Area,

August Kranti Marg, New Delhi-110016

Follow us on:
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