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Report description:

Global enhanced oil recovery nanoparticle market is projected to witness a CAGR of 6.61% during the forecast period 2025-2032,
growing from USD 6,661.6 million in 2024 to USD 11,251.7 million in 2032. Primary and secondary oil recovery methods help
extract conventional oil and gas. Primary and secondary methods can recover oil by 30% and 60% of oil initially in place (OIIP).
The role of tertiary oil recovery techniques called enhanced oil recovery (EOR) becomes prominent for unconventional oil and gas
where it can recover up to 75% of OIIP. The robust growth of EOR nanoparticles is primarily driven by the increasing need to
maximize oil recovery from mature and declining fields, where conventional recovery techniques often fail to extract the original
oil in place. Nanoparticles present a more efficient, environmentally friendly, and frequently cost-effective solution compared to
traditional EOR agents. The ability to modify interfacial tension, improve wettability, and stabilize emulsions makes them highly
suitable for improving recovery rates in complex reservoirs thus drive its demand in the market. Moreover, technological
advancements, rising global energy demand, and the oil & gas sector's growing emphasis on sustainability are further propelling
the adoption of nanoparticle-based EOR techniques. With the industry increasingly focusing on efficiency and smaller carbon
footprints, the EOR nanoparticles market will be on a high-growth trajectory during the forecast period.

Companies are looking for innovative techniques to increase production from mature oil reserves and are looking to introduce new
methods in the production process, thereby driving the demand for EOR nanoparticles in the market.

For instance, in April 2025, Del Mar Energy Inc. are looking to use the Thermal-Stimulated Nano-Chemical Recovery (TSNCR)
method in oil extraction which would significantly increase oil extraction rates while reducing environmental impact. TSNCR uses
controlled heat and engineered nanoparticles to gently stimulate oil flow from hard-to-reach rock formations. Furthermore, the
process avoids damaging the geological structure and minimizes water consumption and increases the oil recovery from the well.



Furthermore, nanoparticles are considered as a green alternative to conventional polymers and chemicals for enhanced oil
recovery (EOR). Under the inorganic nanoparticles, nano silica particles are abundant as they have flexible properties of
resembling hydrophobic and hydrophilic, as required for oil extractions. Injection of silica nanoparticles can improve microscopic
displacements by altering various parameters such as reducing interfacial tension between oil and water, and desired wettability
variations. Celluloses under the category of organic nanoparticles are highly effective in improving macroscopic sweep efficiency
by enhancing the viscosity of injected water.

Rising Adoption of EOR Nanoparticles for Efficient Carbon Mobility to Foster Market Growth

High mobility of carbon dioxide occurs in ultra-low permeability reservoirs which causes severe gas channeling during carbon
dioxide flooding. Mobility control has become an important parameter to enhance oil recovery, in which conventional processes
reduce carbon dioxide gas channeling such as polymer injection, gas injection, etc. These methods are accompanied by certain
limitations as the heterogenous appearance of reservoirs makes extraction exacerbated leading to less sweep efficiency.
Responsive nanoparticles provide various functional characteristics such as surface action, wettability, and pressure reduction.
Responsive nanoparticles are developed by modifying nano-silica (silica oxide) using 3-aminopropyltrimethoxysilane (KH540)
through Eschweiler-Clark reaction (Methylation Process). Electrostatic interaction in the responsive nanoparticles resembles a
remarkable nanoparticle dispersity control. It shows a perfect plugging capacity of around 93.3% for carbon dioxide mobility
control and more than 26% for oil recovery. The excellent characteristic of developed responsive nanoparticles unveils immense
potential for enhancing oil recovery during flooding of carbon dioxide in ultra-low permeability reservoirs. The unique properties of
nanoparticles for tertiary oil recovery can create incredible opportunities to gain experience in the oil and gas market, thus driving
its demand in the market. Moreover, companies are adopting clean energy strategies for the extraction of oil from the well, which
will lower the emission of gases in the environment, thus helping to achieve the net-zero objective.

For instance, in September 2024, PetroChina advanced its clean energy strategy by acquiring CNPC Electric Energy from its parent
company by investing around USD 839 million. This development highlights that companies are adopting innovative technologies,
which will drive the demand for the EOR nanoparticle market size in the coming years.

Rise in Demand from Growing Mature Oil Fields Boosting the Demand of Nanoparticles

The Enhanced Oil Recovery (EOR) nanoparticles market is witnessing robust growth, fueled by factors such as the industry's focus
on optimizing production from aging and complex reservoirs, as well as increased oil extraction activities. Nanoparticle-based EOR
solutions are revolutionizing extraction processes by enhancing reservoir performance through targeted modifications to
interfacial tension, wettability, and fluid mobility.

Enhanced oil recovery (EOR) nanoparticle technologies are particularly transformative for unconventional reserves, including
heavy oil and shale formations, where traditional methods fall short. For instance, silica nanoparticles demonstrate exceptional
efficacy in reducing interfacial tension between oil and water, enabling superior microscopic displacement and recovery rates.

For instance, the International Energy Agency (IEA) projects global oil demand to rise from 840 kb/d (thousand barrels per day) in
2024 to 1.1 mb/d (million barrels per day) in 2025, reaching a total consumption of 103.9 mb/d, which highlights the rising
demand for oil in the coming year. The escalating demand for oil in the global market underscores the critical role of
nanoparticle-assisted EOR in meeting energy needs sustainably.

Further Companies like Saudi Aramco, operating in mature fields like Ghawar, which is one of the major oil fields globally, has
integrated nanoparticle-based EOR to combat declining production. By deploying silica nanoparticles, the company improved
sweep efficiency and recovered an additional 10-15% of residual oil in pilot tests. As research continues, the EOR nanoparticles
market is poised for exponential growth, driven by the oil and gas sector's demand for sustainable and high-yield extraction
solutions.

Technological Advancements in Nanoparticles Creating Market Opportunities

The Enhanced Oil Recovery (EOR) nanoparticles market is being propelled by rapid technological advancements in nanoparticle
design, functionalization, and application strategies. These innovations address critical challenges in oil extraction, such as



interfacial tension reduction, wettability alteration, and thermal stability, while improving recovery rates in complex reservoirs.
The technological advancement in metal oxide nanoparticles, such as titanium dioxide (TiO?) and zinc oxide (ZnO) enhance
thermal stability during steam flooding further creating its demand in the market.

For instance, Chevron's Duri Field, one of the world's largest steamflood projects, struggled with steam override (steam rising to
the top of the reservoir) and low sweep efficiency in mature zones. To address the challenge, company decided to introduce TiO?
nanoparticle-enhanced steam in 2018 to improve vertical conformance and helped to increase their oil production and reduce the
steam injection volume, helping in lowering the C02 emissions. Hence, projects like CNRL's Primrose East and Chevron's Duri Field
underscore their transformative potential, positioning TiO? and ZnO as cornerstones of next-generation thermal EOR technologies.

Furthermore, polymer-coated nanoparticles are adapted for specific applications, such as improving mobility control, reducing
interfacial tension (IFT), increasing displacing agent viscosity, altering surface wettability, and stabilizing foams and emulsions.
The polymer coating enhances nanoparticle dispersion and stability in the oil phase, increasing their effectiveness in EOR
processes. Hence, polymer-coated silica nanoparticles improved the efficiency of water flooding, achieving 60-72 % original oil in
place (OOIP) in secondary recovery, compared to 56 % OOIP with standard water flooding. These innovations enhance recovery
efficiency, reduce environmental impact, and lower operational costs, making them indispensable for tackling unconventional
reservoirs and declining oilfields.

Inorganic Nanoparticles Showcased Lucrative Position in Market

The inorganic nanoparticles are highly in demand due to their strong thermal and chemical stability, making them effective under
harsh reservoir conditions. The inorganic nanoparticles enhance oil recovery by altering rock wettability from oil-wet to water-wet
and significantly reducing interfacial tension, which facilitates the mobilization of trapped oil. In several applications, the inorganic
nanoparticles are used with surface-functionalized or polymers to improve their dispersion and compatibility within the reservoir.
The integration of inorganic nanoparticles into nano-surfactant systems has shown promising results, especially in
high-temperature and high-salinity environments where traditional EOR methods underperform thus driving its demand in the
market. Their continued dominance highlights their critical role in modern EOR strategies, especially as the industry seeks more
efficient and resilient recovery technologies.

North America Dominate the Global EOR Nanoparticle Market

The North America region remains a global leader in EOR nanotechnology adoption due to the presence of vast mature reserves
wells and unconventional oil fields. Several oil companies in the region are looking to integrate the advanced extraction
technologies to increase the oil production of the region, thus driving the demand for the EOR nanoparticles in the region. North
America is adopting the technology as it leverages engineered nanoparticles to improve oil recovery efficiency in complex
reservoirs. In particular, silica and metal oxide nanoparticles are utilized in formations like the Permian Basin to alter reservoir
wettability, reduce interfacial tension, and enhance fluid mobility in tight shale exploration. Additionally, the region's strong R&D
ecosystem and early field implementation strategies are accelerating the commercialization of tailored nanofluids across varied
EOR applications makes the region dominate the market in the forecast period.

For instance, in June 2024, United States Energy Development Corporation decided to expand its operations in the prolific Permian
basin which includes several matured reservoirs. The company decided to invest around USD 750 million to increase the
production from the area. This development highlights the rising investment in oil production activities which will drive the
demand for EOR nanoparticles technique in the market.

Impact of COVID-19

The COVID-19 pandemic has led to unprecedented consequences on the mobility, production, and exploration of oil and gas
globally. The gaps have been created in the supply chain and transportation due to reduction in labor workforce and presence in
the onshore and offshore oil recovery area. For instance, according to the U.S. Energy Information Administration, in 2020, the
average annual per day production of crude oil in the United States was 11.3 million barrels, a decline of 8% in comparison to 12.2
million b/d per day in 2019. To counteract the impact, the governments produced certain regulations to implement cost-effective
technologies in enhancing oil recovery. Nanoparticles are composed of unique properties which can be explored to enhance oil
recovery in different oil reservoirs. To compensate for the loss due to the outbreak, the companies are improving their
technologies to develop a new range of nanoparticles for application in enhanced oil recovery. These initiatives will create



prominent opportunities for the enhanced oil recovery nanoparticles market in the coming years.

Impact of Russia-Ukraine War

The annexation of Russia on Ukraine has been developing uncertainties across various energy industries. It has disrupted oil
supply chains and their distribution network. In 2020, Russia was one of the largest producers of oil and gas with an average of
10.5 million barrels of liquid fuel every day. Moreover, the war between the nations has triggered volatility in crude oil prices to
jump from USD 76 a barrel in January 2022 to above USD 110 a barrel in March 2022. The invasion led to sanctions on Russian
energy by United States and European Union by cutting around two-third Russia's oil export to other countries. With the
immediate ban, Western countries began investing in enhancing their oil recovery from the oil reservoirs and wells by
implementing innovative EOR technologies. Thus, the adoption of innovative technologies such as nanoparticles increased in
regions such as Europe and North America, which led to a surge in oil production in 2022.

For instance, according to the U.S. Energy Information Administration, in 2022, the global annual production of crude oil was 99.85
million barrels per day, representing an annual growth rate of 4.34% as compared to 95.69 million barrels per day. Therefore,
prominent factors such as the shift from Russian oil imports, increasing government measures to increase crude oil production,
and others due to the Russia-Ukraine war created a lucrative opportunity for the enhanced oil recovery nanoparticles market.
Future Market Scenario (2025 - 2032F)

?OMassive investments in oil extraction projects across the regions are driving the demand for enhanced oil recovery nanoparticles
in the coming years.

?0Companies are focusing on existing matured oil wells which is fostering the demand for Enhanced Oil Recovery Nanoparticles in
the forecast period.

?0Several countries are aligning with global net-zero goals, as nano-EOR cuts emissions by up to 30% versus conventional
techniques thus, driving its demand in the market

?0increased R&D funding from government, national oil companies (NOCs) and private players to enhance recovery rates, further
driving the market size.

Key Players Landscape and Outlook

The global enhanced oil recovery nanoparticles sector thrives on relentless innovation, with companies vying for leadership
through superior technological efficiency, extended product lifecycles, and differentiated capabilities. Industry players are
prioritizing three critical success factors: robust supply chain management, enhanced energy efficiency, and sustainable
environmental practices?elements that will shape the market's trajectory. This dynamic competitive landscape is further intensified
by strategic acquisitions, partnerships, geographic expansions, and technological co-development initiatives, setting the stage for
accelerated market evolution.

For instance, in May 2024, Exxon Mobil Corporation completed the acquisition of Pioneer Natural Resources, expanding its
footprint in the Permian Basin with 1.4 million net acres and an estimated 16 billion barrels of oil equivalent. The merger more
than doubled Exxon Mobil Corporation's Permian production.
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