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By using X-ray microtomography to visualize 
fluid flows at the pore scale, R&D teams can 
incorporate more advanced physical equations 
into their simulators, making them more 
representative of the processes that take  
place in the reservoir. 



300
researchers working 
in a network  
of multi-site teams 

10
disruptive innovations 
field-tested per year, 
on average

1,700
patents of  
all nationalities

THE FRUITS
OF OUR
PERFORMANCE
The challenges of finding and producing tomorrow’s oil and gas resources 
to supply clean, reliable and affordable energy to the world’s growing  
population cannot be underestimated – but neither can our determination  
to overcome them. This will become evident in the pages of this brochure, 
which we invite you to discover for a glimpse of our technological advances. 

These innovations address the imperative of curbing exploration and production  
costs, the stakes of climate change and the increasingly high expectations 
regarding industrial safety and environmental protection. Some of our achievements  
are world firsts – new milestones along the road to a sustainable future for 
fossil energies. All of them reflect the performance of our groundbreaking R&D,  
organized to deliver a new generation of technologies with game-changing 
potential, providing greater efficiency at a lower cost.
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CT scan-based 
3D print of a carbonate 
core after acid injection 
experiment at Total 
Research Center Qatar.

SCIENCE 
& KNOWLEDGE
To defi ne new exploration 
and production paradigms, 
we need to get back to 
the basics: the fundamental 
sciences. For it is only 
through a detailed and 
multi-scale understanding 
that we will be able to better 
control the physical-chemical
phenomena involved
in hydrocarbon generation 
and production.

02



03

Gazcogne1 oceanographic survey. 
3D images of the edge of 
the Aquitaine continental shelf: 
polar echograms of the water 
column with acoustic artefacts 
caused by the presence of methane 
bubbles escaping from the seafl oor, 
visible on high-defi nition maps 
of bathymetry (top) and seafl oor 
backscatter (bottom).

EARTH 
SCIENCES 
NEW GEOLOGICAL CONCEPTS 
New categories of assets and new oil and 
gas provinces will need to be discovered 
in order to meet the world’s future energy 
needs. We are addressing that challenge 
by taking a fresh look at the fundamentals 
of petroleum geology and comparing our 
knowledge with new understanding of the 
overall geodynamics of sedimentary basin 
formation. This basic research, aimed 
at identifying new high-potential domains, 
has already delivered promising results. 

ORIGIN OF BIOGENIC GAS 

The discovery of major accumulations 
of biogenic gas demolished the theory 
that bacterial activity can generate only 
small, non-commercial volumes of gas. 
We now know which conditions allow 
the emplacement of large accumulations. 
An extensive and contemporary system 
of biogenic gas generation at the edge 
of the Aquitaine continental shelf (France) 

was revealed by scientifi c acquisition 
programs and studies led by Total 
and Ifremer along with fi ve partners, 
including IFPEN. We were able 
to develop a sedimentary and 
structural model of this system. 
The model became the basis 
for constructing a “biogenic gas” 
module that can be implemented 
directly in our numerical basin 
models.

HYDROCARBON MIGRATION: 
1st DETERMINATION 
OF ABSOLUTE AGE

Determining the date of hydrocarbon 
emplacement in a reservoir is essential 
when appraising a petroleum system. 
Until now, the techniques available 
could provide only a relative 

chronology with poorly constrained 
measurements of age between 
the different evolutionary phases 
of rocks and reservoirs through 
their burial history. Thanks to 
a disruptive method developed 
with the geochronology laboratory of 
the CEREGE based at the University 
of Aix-Marseille (France), we are 
now able to determine the precise 
and absolute date of hydrocarbon 
migration, independent of basin 
models.

This is a fi rst in petroleum exploration. 
It was achieved by adapting the 
uranium-lead (U-Pb) geochronology 
method to the dating of carbonate 
rocks. An application of the method 
to pre-salt reservoirs in Angola 
demonstrated just how powerful it is. 
By dispelling many of the uncertainties,
U-Pb geochronology has enabled 
us to completely revise our 
paleo-temperature concepts and 
model of this basin, thereby giving 
us a signifi cantly improved vision 
of the way the petroleum system 
functions and the prospectivity 
of this ultra-deepwater basin. 
This innovative approach gives 
us a major competitive edge for 
exploration of the pre-salt domain 
along the South Atlantic margin. 

Digital geologic mapping.



3  
priority areas for R&D in Frontier Exploration: 
continental margins, foothills and carbonate formations.

Prospecting for gas 
in the proximal foothills 
of the Pyrenees mountains
to map concentrations of native 
hydrogen and other gases 
(CO2, CH4, N2). The layout 
of the surface probes 
(to a depth of 1 m) is such 
that they intercept the major 
fracture zones. 

NATURAL HYDROGEN PLANT 
We discovered the presence of signifi cant concentrations 
of native hydrogen in the surface layers of the Pyrenees 
foothills. That discovery, guided by our understanding 
of the geologic context and the chemical processes 
occurring there, could mark the fi rst step toward 
an energy revolution. Indeed, fi nding hydrogen right where 
we expected it supports the hypothesis we formulated 
in 2016 upon discovering gas of abiotic origin in this basin. 
We believe that a natural inorganic reaction triggered 
by the hydration of ultramafi c rocks in the Earth’s mantle 
is generating abiotic methane and hydrogen. Our ability 
to understand this activity within its geologic context could 
inform our choice of the geologic formations in which 
we will site future research pilots to measure hydrogen 
fl ows, thus allowing us to confi rm the commercial potential 
of this hydrogen as a future renewable energy source
with a very low environmental footprint.
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PHYSICAL 
CHEMISTRY
ACID WELL STIMULATION 
Improving our understanding and control of 
the physical-chemical processes involved in matrix 
acidizing in carbonate formations is critical for 
optimizing the performance and cost-effectiveness 
of this stimulation treatment. To this end, we have 
been conducting an experimental program that 
combines multi-scale characterization of carbonates 
with core-sweep experiments using different types 
of acid at temperatures representative of reservoir 
conditions. The data we acquire will populate an 
in-house model of acid stimulation of carbonate rocks 
and will endow Total with a predictive simulator at 
the well scale, enabling us to optimize our operations.

PREDICTING WAX DEPOSITS 
A new physical description of fl uid fl ows in the presence 
of wax crystals, developed in house, has signifi cantly 
improved the accuracy of our predictions of paraffi n 
deposit formation.

This simulation algorithm, implemented in the 
off-the-shelf version of LedaFlow® in 2017, delivers 
higher accuracy and resolution. It will lead to major 
cost savings, particularly for multiphase transport 
over long distances. Until now, the limited accuracy 
of the existing simulation algorithms has led to overly 
conservative pipeline design (in terms of insulation 
and electric heating), to provide the necessary 
coeffi cients of safety against wax formation.

CEMENT-SHEATH INTEGRITY  
We developed a pioneering approach to designing robust and reliable cement sheaths able to guarantee the integrity of wells 
throughout their entire life cycle, including after plugging. Our approach is underpinned by two proprietary technologies 
that are unmatched in the industry:

•  the Slurry To Cement Analyzer™ (STCATM), which measures the poromechanical properties of cement (from hydration 
through to hardening) under the in situ temperature and pressure conditions of the well, providing data to feed 
into T-CemInt™;

•  the T-CemInt™ software, which simulates, evaluates and predicts cement sheath behavior over time under the prevailing 
temperature and pressure conditions and in all contexts (deepwater, offshore, onshore, unconventional).

To study acid well 
stimulation for 
carbonate reservoirs, 
research teams 
at the Total Research 
Center-Qatar are taking 
advantage of a dual 
core bench to perform 
simultaneous tests 
on two cores exhibiting 
different mineralogy 
and/or permeability 
characteristics. The same 
bench will also serve for 
experiments on diversion.

Total aims to upgrade its LedaFlow® transient multiphase 
fl ow simulation software, designed to meet the challenges 
of oil and gas found in deep water, longer tie-backs, 
harsh and remote environments.
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DISRUPTIVE ACQUISITION TOOLS 

DISRUPTIVE 
ACQUISITION
TECHNOLOGIES 
Analysis, characterization, modeling, 
simulation and monitoring – today, 
all the processes on which 
our exploration and production 
activities depend are data-driven. 
Thanks to a new generation 
of sensors that are more robust, 
more accurate, more affordable 
and in some cases extremely 
miniaturized, we are now able 
to acquire more measurement data, 
even in harsh in situ conditions 
that push the limits of these 
precision technologies.

Pursuant to the pilot trial carried 
out in 2017 in Papua New 
Guinea, the METIS® project team 
is preparing another pilot study, 
this time in a desert environment, 
to test a fl eet of drones in 
automated fl ight that will deploy 
several thousand DARTs®. 
The aim is to obtain the very fi rst 
interpretable High-Density 3D 
Seismic image of the subsurface.
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ROBOTICS
EXPLORING TO THE LIMITS 
AND BEYOND
ONSHORE, WITH METIS® 

We are pursuing our development of METIS®, 
a pioneering integrated multiphysics acquisition 
system that shows great promise for exploring 
and developing hard-to-access onshore acreage. 
Not only does METIS® rapidly deliver a stream of 
high-quality 3D data allowing images to be built 
as the acquisition progresses, but this integrated 
system will reduce the costs, operational risks and 
environmental footprint of acquisition operations. 
The METIS® system incorporates innovative logistical 
and aerial technologies: for example, acquisitions 
will blanket the ground with an extremely dense 
network of DART® sensors (Downfall Air Receiver 
Technology), a new generation of wireless probes 
deployed by a fleet of automated drones.  
In 2017, an initial pilot trial in a mountainous and 
heavily-forested area of Papua New Guinea allowed 
successful tests on several of the technological  
sub-parts of METIS® in actual field conditions. 

INSPECTIONS IN THE DEEP OFFSHORE
Future offshore fields will be situated in increasingly 
remote locations and even deeper waters, requiring 
innovative inspection technologies. Operating with  
no link to the surface, the inspection AUV (Autonomous 
Underwater Vehicle) developed jointly with Chevron 
is currently the only subsea robot able to carry out 
automated monitoring of pipelines from just a short 
distance away, at a speed of 3 knots. Deploying AUVs 
in place of ROVs (Remotely Operated Vehicles) will 
permit more frequent and less time-consuming pipeline 
inspections, at a lower cost.

OFFSHORE, WITH THE GLIDER  

This UUV (Underwater Unmanned Vehicle) known as “the Glider” is designed to detect natural hydrocarbon seeps,  
which indicate the presence of a mature source rock. The Glider was qualified through two field pilots after imaging seeps 
in the water column and successfully pinpointing the source of the release on the seabed. As a counterpart to satellite 
detection, this low-cost and disruptive innovation brings us new data crucial for de-risking the existence of petroleum 
systems during the very preliminary stages of exploration, especially in frontier or emerging petroleum basins.

Setting a new world precedent in late 2017, Total ran  
a pilot study in Angola by launching two gliders equipped 
with probes able to detect oil and methane in very  
deep water. 

DriX
DriX is an autonomous surface vessel that improves 

the accuracy of siting offshore wells by a factor  
of 10 and sharply cuts the cost of the operation,  
which is currently performed from a drilling rig  

or supply vessel. By siting the wellhead to a tolerance  
of ±1 meter, DriX allows more precise knowledge  

of the subsurface well trajectory. This will be  
particularly valuable when sinking a relief well  

in the event of a deepwater well failure. 
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BIOTECHNOLOGIES
HIGH-PERFORMANCE BIOMONITORING
WATER QUALITY  

High-Frequency Non-Invasive valvometry (HFNI) marks 
the fi rst time that living organisms, in this case bivalve 
mollusks, serve as the  backbone of an environmental 
monitoring system. Being 10 to 100 times more 
sensitive than conventional physical-chemical sensors, 
these mollusks allow continuous monitoring of overall 
water quality near industrial facilities, without any human 
intervention. HFNI valvometry monitors mollusks’ gaping 
(i.e., open-close) activity in real time. The open-close 
cycles are an indicator of disruption to the marine 
environment. Monitoring is achieved by placing 
electrodes on the mollusks’ shells without generating 
any stress to the animal. The technique is as effective 
as it is economical. It is suited to both marine and 
freshwater environments and constitutes a sharp break 
with the usual approaches to environmental monitoring. 
Industrial deployment of HFNI valvometry is currently 
under way adjacent to an offshore rig in Qatar.

GENOMICS

Molecular biology is revolutionizing the way we monitor 
microbiologically-infl uenced corrosion: deciphering the genome of microbes 
frequently associated with corrosion and present in a sample already 
allows us to quantify and characterize their activity in the laboratory. 
To take things further, we developed a technology for performing the analyses 
directly on site: we miniaturized the techniques of DNA extraction 
and genomic analysis and packaged them in a compact, portable tool. 
Analyses are performed quickly and routinely, and the results can be 
translated directly into operational parameters. This new-generation corrosion 
monitoring will be pilot-tested on the Vermillon fi eld (France) in 2019. 
It promises to enhance corrosion management by delivering three main benefi ts: 
better asset integrity management, cost savings through the elimination 
of remedial interventions, and reduced environmental impacts of chemical 
corrosion management because fewer treatments are required.

Tests were conducted on Corbicula (a genus of clams) 
in the pilot rivers of the PERL (southwestern France), in 2017. 
The demonstrator pilot in Qatar will test the technology 
in a hypoxic environment and will also aim to clarify the impact 
of subsea acoustic disruptions on the recorded signals 
and the reproduction of pearl oysters. 

A corrosive biofi lm generated by Desulfovibrio desulfuricans bacteria. 

Design of the genome analysis 
system being developed 
by Total and the LETI.
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FIELD MONITORING
GETTING MORE DATA OUT OF WELLS
MEASUREMENT WHILE DRILLING   

Much faster and costing ten times 
less than a PLT (Production Logging 
Tool), WTLog® is a Total-patented 
innovation in well testing, designed 
to optimize drilling programs in 
unconventional assets. By allowing 
much more systematic data 
acquisition throughout the different 
phases of well construction, WTLog®

will use data learning to optimize 
both fracking effi ciency and hydraulic 
fracture placement.

DOWNHOLE

The Smart SAND (Subsurface 
Autonomous Nanosensor Device) 
for pressure and temperature 
measurement has been successfully 
tested for downhole monitoring
in industrial conditions. The 3-mm3 

housing contains the sensors, battery, 
memory module and wireless 
communication system. Looking ahead, 
further miniaturization should permit 
applications in hydraulic fracture 
monitoring.

OFFSHORE REMOTE SENSING
As part of the NAOMI partnership 
(New Aerospace Observation 
Methods Integration) established 
with European remote sensing 
leader ONERA, we demonstrated 
that radar and hyperspectral 
imaging have the capacity to 
characterize not only the extent 
of an offshore hydrocarbon spill but 
also its thickness, a key parameter 
for optimizing pollution-control 
strategies. We now have a database 
at our disposal to simulate 
the spectral response of different 
thicknesses of different types 
of hydrocarbons.

MARINE VIBRATOR
The marine vibrator is an innovative type of seismic source that offers an alternative 
to air guns, with recent industrial development funded by Total, Shell and ExxonMobil 
through the Marine Vibrator Joint Industry Project (MVJIP). This innovative 
technology may contribute to reducing the potential impacts on marine life 
of underwater sound associated with geophysical data acquisition, 
while maintaining HSE standards and the current level of quality 
of the geophysical data produced.  As key developers of this innovative 
technology, the MVJIP, in conjunction with the Sound and Marine Life 
Joint Industry Project, has launched a scientifi c research project
to assess the potential environmental impact of implementing 
marine vibrator technology. For Total, demonstrating that 
the technology mitigates environmental concerns regarding 
the well-being of marine life is a prerequisite to using it in more
sensitive marine environments such as transition zones 
between land and sea.

GREENHOUSE GAS EMISSIONS 
SURVEILLANCE

AUSEA (Airborne Ultra-Light Spectrometer
for Environmental Application) is 

a drone-mounted, ultra-lightweight and 
ultra-sensitive detector of methane and CO2.

It is particularly well-suited to automated 
air quality monitoring around a site in the form 

of regular overfl ights by a programmed 
“sniffer” drone. The secret to this step forward – 

crucial for improving our management of 
our carbon footprint – is the miniaturization 

of the diode laser spectrometer.

Tests of the marine vibrator 
prototype developed by APS 
(Applied Physical Sciences)
in November 2017 (Virginia).
The prototype then passed 
the fi rst pilot test in real-world 
conditions with fl ying colors, 
at Seneca Lake (New York State) 
during 2Q2018.
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COMPUTATIONAL
SCIENCE 
ENGINEERING 
& DATA SCIENCE
Big data, artificial intelligence,  
new multiphysics and multi-scale 
approaches are examples of how Total, 
a leader in high-performance computing, 
is inventing algorithms and numerical 
methods able to take full advantage 
of the growth in computing power  
and the data at our disposal.

10



NUMERICAL SIMULATION
MULTIPHYSICS AND MULTI-SCALE
One of the greatest challenges we face is enhancing the fi delity of our simulations. In addition to the variety and complexity 
of the physical-chemical phenomena we need to take into account, our ability to grasp the ways in which they interact 
has already made a difference.

A COUPLING UNMATCHED IN THE WORLD  

We developed a simulation that couples
a basin model with a geomechanical model. 
This unprecedented coupling is currently the only 
tool able to deliver a stress history consistent with 
the geologic evolution of the basins over time. 
This coherence is essential for formulating 
accurate predictions, especially concerning 
caprock integrity, which is one of the major 
issues in exploration.

FRACTURING, ON EVERY SCALE 

We are qualifying GEOS, the hydraulic fracturing 
simulator developed by the Lawrence Livermore 
National Laboratory. Installed on Total’s PANGEA 
supercomputer, this massively parallel computational 
framework couples fl ow and geomechanical 
simulations to integrate the rock’s natural fracture 
network with the simulation of hydraulic fracturing. 
This is a decisive step forward for the quality of 
our predictions, due to the interactions between 
natural and hydraulically-induced fractures. 

SEABED/SURFACE INTEGRATED SIMULATION  

INTERSECT-Network is a unique and proprietary 
innovation. It makes feasible the simulation 
of a simplifi ed representation of surface networks 
directly in the new-generation INTERSECT 
simulator, of which Total is a co-owner. 
This development enriches a state-of-the-art 
set of seabed/surface integrated simulation tools 
that we can leverage to truly optimize the creation 
of value from a fi eld, from development through
to the end of its producing life. 

FROM THE WEATHER 
TO THE RESERVOIR 
We launched the development of the 
Ensemble method of assisted history 
matching, which calibrates a reservoir model 
to production history. Used especially to 
predict weather, climate and the spread 
of forest fi res, this code offers decisive 
advantages over the tools that conventionally
serve for calibrating our reservoir 
models to production data. It is faster, 
able to process several million uncertain 
parameters, and delivers matching 
solutions consistent with the geology. 
Based on its successful application 
for certain giant fi elds in the Middle East, 
this tool promises to yield more robust 
production profi le predictions.

2  
months were all 
it took to match 
a model with 
20 million cells 
to 20 years of 
production history 
from 200 wells.

The fruit of 10 years of research initiated by our Geoscience Research Centre 
in Aberdeen then taken over by the research team in Pau, the Ensemble History matching 

(EnHM) approach is unmatched in the industry today. Its distinguishing feature, 
compared to rival tools, is its integration into the overall chain: the Sismage-CIG 

geomodeling platform, the Intersect simulator and the Pangea supercomputer.

Predicting natural fracturing using the 3D simulation coupling 
of a basin model and a geomechanical model.

Before uplift After uplift

Horizontal stressHorizontal stress

Fractured cells Fractured cells
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NUMERICAL 
METHODS

NEW-GENERATION SEISMIC IMAGING  
When petroleum provinces present exceptional 
geologic complexity, enhancing the realism 
of the seismic images of both onshore (foothills) 
and offshore (pre-salt prospects) exploration targets 
is crucial. To this end, we are developing disruptive 
numerical methods able to make use of all 
the information contained in the seismic data, 
much of which is currently neglected.
Indeed, today’s images are generated and 
the models of our targets are built by simulating 
acoustic wave propagation. But seismic wave 
propagation is actually much more complex. 
Incorporating this complexity into our models 
requires a capacity to simulate the viscoelastic 
phenomena that are typically considered as “noise.” 

To achieve this step-change, we are fi nalizing 
the development of new-generation numerical 
simulation workfl ows that permit a more accurate 
representation of elastic wavefi eld propagation. 

We intend to implement these workfl ows in 
our proprietary tools for 3D elastic imaging (RTM, 
Reverse Time Migration) and 3D elastic inversion 
of seismic data (FWI, Full Waveform Inversion). 
These new algorithms will enable us to process 
the multicomponent data to be gathered in 2019
by an OBN (Ocean Bottom Nodes) seismic 
acquisition in the North Platte deepwater fi eld 
(Gulf of Mexico, United States).

With this leap from acoustic to elastic wavefi elds, 
we will be able to give our explorationists and 
production engineers actual quantitative 3D images 
of the subsurface, bringing signifi cant added value 
and confi rming our leadership in geophysics.

Taking elastic wavefi eld phenomena 
into account improves the imaging of salt 
fl anks and the adjacent sedimentary zones 
(circled on the image). In red: salt diapirs.
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DIGITAL ROCK 
PHYSICS

MACHINE 
LEARNING
PREDICTING PERFORMANCE IN UNCONVENTIONAL WELLS 
Standard methods for predicting the performance of unconventional wells are based on extrapolations of historical 
production data. The results lack the precision needed to optimize the development of such resources. But Smart Predictive 
Analytics changes the rules. Drawing on our Data Science expertise, we developed Smart Predictive Analytics, 
which analyzes the huge quantity of data available from these fi elds (subsurface synthesis, data base of well completions, 
continually updated production data, etc.), consolidated  into a single data base. The production forecasts (gas, condensates, 
water and gas composition) are then derived using machine learning algorithms.

By implementing this workfl ow in our HPC (High-Performance Computing) infrastructure, we can generate thousands 
of production profi les of future wells in under fi ve minutes, versus the several months required by conventional methods. 
In addition, Smart Predictive Analytics yields accuracy of 90% compared to 50% with conventional methods. 

SIMULATION AT THE PORE SCALE
The multi-scale simulation of petrophysical properties from pore scale to core 
scale in porous media advances our detailed understanding of fl uid fl ow dynamics 
within the reservoir. This knowledge is key to optimizing recovery mechanisms.

IN SANDSTONE RESERVOIRS  

We now have a complete Pore 
Network Modeling (PNM) workfl ow 
in which simulation is performed 
in a simplifi ed pore network model 
extracted from a true representation 
of the rock, keeping its key 
characteristics. Using this approach, 
we will be able to extrapolate the 
pore-scale results to the centimeter 
scale of the core.

IN SOURCE ROCKS  

We developed a pore-scale transport 
model for source rock based on 
imaging using FIB-SEM (Focused Ion 
Beam-Scanning Electron Microscope).
Because part of the porous network 
is smaller than the resolution 
of the imaging tool, a continuous 
microporous model is generated 
by a multi-scale algorithm, 
and a dual media numerical simulation 
approach is applied.

FIB-SEM imaging (2D slice) shows 
porosity at the nanometric scale. 
Pixel size: 5 nm.

Extraction of a simplifi ed 
pore network from a true 
representation of a rock 
sample: Cube size: 1.5 mm.

1.000
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The BIOMEM® process uses floating substrates 
on which bacteria grow to form biofilms,  
which give microorganisms greater resistance 
to salinity and to the sometimes sharp 
variations in feedwater quality. 

DISRUPTIVE 
TECHNOLOGIES AND 
ARCHITECTURES 
We are in the vanguard when 
it comes to designing innovative 
production architectures  
and operational methods 
based on intelligent, robust 
and disruptive technologies 
that we can count on to deliver 
cost savings and a smaller 
environmental footprint.
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TECHNOLOGICAL
BREAKTHROUGHS
HySWEET® 
Allowing the simultaneous removal of acid gases and sulfur compounds 
(mercaptans, carbonyl sulfide) from natural gas, HySWEET® offers 
a competitive solution compatible with recent requirements for more complete 
extraction of sulfur-containing compounds. The hybrid solvent used by  
the HySWEET® process combines the chemical capacities of an amine  
with the physical properties of thiodiglycol to absorb CO2, H2S and other  
sulfur compounds. This technology not only achieves mercaptan removal 
of 95% (against 55% using a water-amine solvent), it also cuts the process 
energy requirement by 8 to 15%. A final and major advantage is that 
HySWEET® can be retrofitted to existing plants with no need to modify  
the facilities. 

ULTRA-FAST PCRI
This revolutionary laboratory method patented  
by Total cuts the time it takes to determine 
the hydrocarbon content of reservoirs from one year 
to just a few weeks. By combining several imaging 
techniques, Ultra-Fast PCRI measures capillary 
pressure and resistivity index within a lapse of time 
compatible with drilling operations. The benefits 
are faster interpretation of the electrical well logging 
data and more reliable estimates of the hydrocarbon 
content of petroleum reservoirs.

In 2011, the competitive advantages of the HySWEET® 
process led to the sale of the first HySWEET® DEA 
unit to the SOBEGI company, which was seeking  
a solution to pursue its thiochemicals manufacture  
at the Lacq site in southwestern France. 
Commissioned in 2013, the original process was 
replaced in 2018 by HySWEET® Energized MDEA,  
the most recent addition to our process portfolio.

BIOMEM®

BIOMEM® is a disruptive technology for  
the biological treatment of produced water. 

It remedies the lack of biotreatment solutions 
compatible with offshore platforms, where the 

technologies available for dissolved solids  
removal are too cumbersome to be implemented.  

Featuring units 50 to 100 times smaller than 
available biotreatment processes and costing four 

times less than its solvent-based counterpart,  
this innovation reduces the overall toxicity of 

produced waters by around 85%. These advantages 
make BIOMEM® a highly competitive option for 

existing and future fields on offshore and onshore 
acreage alike. It is currently demonstrating its merits  
in a full-scale field pilot launched in Gabon in 2019.

4
times less costly than a solvent 

extraction process 
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NEW-GENERATION
ARCHITECTURES 
100% SUBSEA 
In the deep offshore, the technical costs of our future 
projects must be drastically reduced to permit economically 
viable access to new reserves. We aim to cut those costs 
in half by revamping our development architectures and 
installing all facilities on the seabed with all-electric control. 
By 2025, our ambition is to deliver the technology building 
blocks for these disruptive oilfi eld development layouts, 
designed to overcome the dual challenges of long tie-backs 
and extreme water depths. 

One key to making such projects cost-competitive 
will be to provide fully electric control of subsea production 
and processing systems. In 2016, we achieved a world 
premiere with the start-up of the industry’s very fi rst 
all-electric subsea well. Today, our wellhead design 
is serving as the basis for the development of a new 
industrial standard.

In parallel, development and upscaling are in progress
on the technological components of an integrated subsea 
processing plant. These include two major innovations 
that will mark fi rsts for the industry. One is SPRINGS®, 
a subsea seawater sulfate-removal and reinjection 
unit with the capacity to treat and inject water fi ltered 
to 0.01 micron on organic nanofi ltration membranes. 
The other is a subsea chemical storage and injection 
unit (SCS&I). Meanwhile, innovative subsea pumping 
and liquid/liquid or gas/liquid separation solutions 
are also being developed with our support 
within the framework of a JIP.

UNMANNED PLATFORMS
We are developing disruptive concepts and operational 
strategies for a new generation of surface facilities. 
Designed for both onshore and offshore sites, 
these concepts address the dual goals of cost reduction 
and improved operational safety. On streamlined unmanned 
platforms of “bare-bones” design, robots will perform 
routine inspection and maintenance tasks. Human 
presence will be confi ned to scheduled maintenance 
programs of limited duration, every 12 months. 

Accordingly, we developed the fi rst autonomous surface 
robot tailored to oil and gas facilities. Able to operate 
in potentially explosive atmospheres and perform routine 
inspections in normal as well as degraded operational 
conditions, the robot is being tested in 2019 in an industrial 
setting on one of Total’s onshore sites in the UK, 
for deployment at our facilities by 2021.

Total’s R&D is pursuing several initiatives to advance industrial 
robotics technologies and develop unmanned platforms, namely: 
a JIP dedicated to the development of robots specially tailored 
to the needs of the Oil & Gas industry, an E&P Robotics Development 
Platform at the Lacq complex and a pilot trial at the Shetland Gas Plant
in the Shetland Islands.
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