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Petroleum Engineering is typical multi-
disciplinary engineering and it needs to cover wide 
temporal-spatial areas such as Geological time and 
Basin-wide to Chemical reaction time and Molecule 
structures of hydrocarbons. In order to handle these 
disciplines, engineers in oil and gas industry have 
been developing computer simulations such as 
reservoir simulators, LBM simulation for multi-phase 
flow in porous media. Now, molecular dynamics 
(MD) simulations become unavoidable in oil and gas 
industry. I will highlight two examples of MD 
simulations: (1) Digital Oil Conception; and (2) 
Wettability Evaluation for CO2/water/rock, and how 
to up-scale these results into geological space and 
time 

The initial objectives of digital oil are to 
understand and solve asphaltene problems through 
MD simulations. We have constructed a digital oil 
model (a full molecular model of crude oil) for a 
crude oil sample, of which the field actually confronts 
asphaltene problems, on the basis of analytical 
experiments and quantitative molecular 
representation (QMR) method. After constructing the 
digital oil model, we calculated association energies 
of asphaltenes by potential of mean force (PMF) 
using MD simulations. The data obtained in this work 
should be used in a thermodynamic model of phase 
behavior of asphaltene dealing with asphaltene 
association and precipitation. Furthermore, we 
propose that association energy of asphaltene can be 
criteria for selecting good asphaltene solvents.  

CO2 Geo-Sequestration, that substantial 
quantities of CO2 can be injected into subsurface 
porous rock formations, has been well accepted as the 
most effective way to reduce the anthropogenic 
greenhouse gas CO2. Cappliary phenomenon is 
dominant in the CO2 injection to the underground, 
and it is the capillary pressure to maintain the CO2 
under the caprocks. However, the wettability of 
CO2/water/rock exhibits different trends as function 
of pressure dependent on the type of the rock 
surfaces. Furthermore, it changes with sallt 
concentration. I’ll show how we could address this 
problem using MD simulations. Finally, I show my 
perspectives of application of nanogeosciences to 
petroleum engineering in near future. 
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