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Lithium Power 
International is a 
pure-play lithium 
development 
company on the 
verge of developing 
a new, low-cost mine 
in Chile

Lithium Power International (LPI) has a diversified asset base from a geological and resource type 
point of view, including its flagship Maricunga lithium brine project located in northern Chile at the 
Maricunga Salar, and its hard rock lithium production projects in Western Australia.

LPI’s Maricunga project, developed through its JV company, Minera Salar Blanco (MSB), is a 
sustainable, de-risked, major lithium production development supporting the energy transition. 
The project, located in South America’s “Lithium Triangle”, is home to the world’s largest and richest 
lithium reserves.

Andrew G Phillips

Executive Director / CFO

Lithium Power International Ltd

+61 (0) 403 388 447

phillips@lithiumpowerinternational.com 

lithiumpowerinternational.com

Lithium’s long-term position as an element critical in the global battery 
revolution has been assured during the last year. The rapid expansion in 
the metal’s use in batteries that power vehicles, store electricity and even 
propel some ferries and light aircraft is expected to continue for years 
as people strive to replace fossil fuels. Lithium sales increased by a very 
healthy 23% across the globe in 2021. This figure is expected to accelerate 
in the foreseeable future as the soft, silvery metal provides vital solutions 
for new, low carbon economies. There is simply no cheaper and more 
effective way to slash pollution than with lithium batteries. Even if carbon 
pollution was not a problem, lithium batteries are now among the cheapest 
power sources available.

Understandably, this is causing lithium prices to soar. S&P Global Platts, 
which tracks energy charges, commented in mid-February, that battery-
grade lithium carbonate prices in China had reached an all-time high of 
Yuan 450,000/mt ($A98,300/mt) on a delivered and duty paid basis. It 
quoted an unnamed producer as saying that lithium usage was increasing 
very aggressively, at a rate close to Yuan 10,000/mt daily. This is being cited 
as a reason for higher EV prices, and some speculate it was behind a recent 
10% price rise by Tesla, said to be the highest single hike yet for its cars.

Fitch, a ratings analyst, expects lithium demand to accelerate in coming 
years and apply more pressure on prices, despite a faster expected rise 
in lithium mine output. Its country-by-country forecast expects global 
output of lithium carbonate equivalent to rise by about 600,000 tonnes 
between 2021-25. While this is considerably more than the 240,000-tonne 
output hike between 2016-20, supply will continue to be confronted 
by bottlenecks. However, Fitch does leave some hope by saying that 
advancements in extraction technology could cause supply to rise more 
quickly, particularly from new sources such as geothermal brine and 
sedimentary clay deposits.

Strategic research provider BloombergNEF commented that: “For more 
than 10 years the clean energy sector has been unremitting in driving costs 
down, such that equipment for renewables plants is now as much as 10 
times cheaper. Many people working in renewables have known nothing 
but falling costs. So, the commodity price boom of the past months has 
been new ground for many. For batteries, the target is to get pack prices 
down to $US100/kWh – the figure at which EVs are expected to start 
competing with conventional vehicles on an upfront, purchase-cost basis, 
without subsidies. If we factor in continuing high input prices, the date gets 
pushed back just two years to 2026.” The publication warns, however, that 
higher prices will increasingly be fed through to consumers, leading to 
“soul-searching on whether green policies are the cause”.
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“For more than 10 years the clean energy 
sector has been unremitting in driving costs 
down, such that equipment for renewables 
plants is now as much as 10 times cheaper.”

KIT – The Research University in the Helmholtz Association

Thermal abuse – the heat-wait-seek, ramp

Electrical abuse – external short circuit,

Each of these allows:
Temperature measurement;
External or internal pressure measurement;

Post-mortem analysis; and

of ageing.

Isoperibolic cycling measurements which provide
constant environmental temperatures; and

that there is no heat exchange between the cell
and its surroundings.

Each of these allows:
Measurement of temperature curve and

irreversible parts; and
Ageing studies.

Calorimeters to advance battery safety
Ensure your lithium-ion and post-Li cells are safe and perform well

Dr Carlos Ziebert, Group Leader B tteries – Calorimetry and Safety, KIT, IAM-AWP, +49 721 
608 22919, carlos.ziebert@kit.edu,   www.iam.kit.edu/awp

INSTITUTE FOR APPLIED MATERIALS – APPLIED MATERIALS PHYSICS (IAM-AWP)

With  six  rate calorimeters of  sizes – from coin to large pouch, or 
  cell format – the IAM-AWP at KIT  the  of thermal and 

safety data for lithium-ion and post-lithium cells on material, cell and pack level. These data 
can be used on all levels of the  chain – from the design of intrinsically safe 
materials up to  thermal management and safety systems. Our  of research 
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For peat’s sake

One type of soil that is of particular interest to ERG
researchers are the organic soils found in peatlands. While
peatlands are estimated to cover only 3% of the continents,

they store approximately 30% of land-based organic carbon.
Canada has a large fraction of the world’s peatlands. Northern
peatlands are attracting much attention because high latitude
regions are warming faster than the global average, hence, creating
the possibility of rising carbon emissions from peat soils, further
accelerating global climate change.

Peat soils form by the accumulation of plant debris in wetlands.
Compared to most mineral soils, peat is a highly structured and
complex porous medium, with unique physical, geochemical,
thermal, and hydraulic properties. In particular, the structure of
peat comprises larger pores (the mobile porosity) that can actively
participate in macroscopic pore water flow and chemical transport,
and smaller pores (the immobile porosity) that are connected to the
mobile porosity but do not contribute to advective flow of water and
solutes through the soil. 

The immobile regions within peat are the primary sites where
microbially mediated biogeochemical processes take place.
Diffusional mass transfer limitations between the mobile and
immobile porosity may therefore largely regulate belowground
carbon and nutrient turnover and, hence, the biogeochemical
cycling and groundwater quality in peatlands. Researchers at ERG
are combining geochemical, isotopic, and genetic methods with X-
ray tomography and tracer experiments, to unravel how the pore
structure of peat soils controls their solute transport and
biogeochemical activity. 

Several of ERG’s recent studies focus on coastal peat deposits and
include assessing the effects of freshwater-seawater tidal mixing
and exposure to rising sulphate concentrations. This collaborative
work with colleagues from the University of Rostock is motivated by
the need to better understand and forecast the consequences of
sea-level rise and land subsidence from wetland drainage that are
increasingly exposing nearshore peatlands to seawater intrusion. In
other projects, the understanding of the hydrology and
biogeochemistry of peatlands is used to assess the potential of peat
to attenuate the dispersion of agricultural and municipal pollutants. 
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Fig. 2: Conceptual diagram illustrating the complex structure
of peat with increasing degree of decomposition (from top to
bottom). Reproduced from McCarter et al. (2020). 

Read more:

• Gosch, L., Townsend, H., Kreuzberg, M., Janssen, M., Rezanezhad, F., and Lennartz, B. (2019) Sulfate mobility in fen peat and its impact on the
release of solutes. Frontiers in Environmental Science 7, 189. doi: 0.3389/fenvs.2019.00189

• Kreuzburg, M., Rezanezhad, R., Milojevic, T., Voss, M., Gosch, L., Liebner, S., Van Cappellen, P., and Rehder, G. (2020) Carbon release and
transformation from coastal peat deposits controlled by submarine groundwater discharge: A column experiment study. Limnology and
Oceanography 65, 1116-1135. doi: 10.1002/lno.11438

• Liu, H., Price, J., Rezanezhad, F. and Lennartz, B. (2020). Centennial-scale shifts in hydrophysical properties of peat induced by drainage. Water
Resources Research 56, e2020WR027538. doi: 10.1029/2020WR027538

• McCarter, C.P.R., Rezanezhad, F., Gharedaghloo, B., Price, J., and Van Cappellen, P. (2019) Transport of chloride and deuterated water in peat: The
role of anion exclusion, diffusion, and anion adsorption in a dual porosity organic media. Journal of Contaminant Hydrology 225, 103497. 
doi: 10.1016/j.jconhyd.2019.103497

• McCarter, C.P.R., Rezanezhad, F., Quinton, W.L., Gharedaghloo, B., Lennartz, B., Price, J., Connon, R., Van Cappellen, P. (2020) Pore-scale controls
on hydrological and geochemical processes in peat: Implications on interacting processes. Earth-Science Reviews 207, 103227. 
doi: 10.1016/j.earscirev.2020.103227

“While peatlands are
estimated to cover only 3%
of the continents, they
store approximately 
30% of land-based 
organic carbon.”

Ecohydrology Research Group

uwaterloo.ca/ecohydrology/
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eBook examples
Front and back cover: Includes title, logo and contact details. 

Standard word count:  Around 1000 words per spread.  Even mixture 
of image and text.

Text heavy:   Around 2000 words per spread. Smaller headlines 
and font. Few, if any images.

Image heavy:  Less than 500 words per spread. Larger headlines, 
images and added elements, such as pull quotes.

CUA: towards 
the future of
aerospace 
technology 

CU Aerospace, L.L.C.
www.cuaerospace.com 

carroll@cua.space
+ 217-239-1701

3001 Newmark Drive
Champaign, Illinois

61822
USA

be possible because he estimated that the concentration of gold in seawater was 
65 mg/ MT of water or 0.065 ppm. His assumption was that his electrochemical 
extraction process would recover 40 lb of gold/ cubic mile of seawater. Thus, he 
would only have to process 1,250 cubic miles of seawater to reach his goal of 
50,000 lb of gold.  
Unfortunately, Haber’s scheme was doomed from the start. The issue was not 
Haber’s notable chemical genius. It was that the concentration was so low that it 
made the effort a “step too far”. Haber relied on incorrect gold concentrations that 
grossly overestimated the concentration of gold in seawater. Once he acquired 
seawater samples and did his own analysis, he abandoned the effort. However, 
even if his original estimate had been correct, the enterprise would have failed. 
The volume of water that had to be pumped was prohibitive. The thought of 
moving 1,250 cubic miles of seawater is unimaginable. Haber’s other error was his 
assumption that he would achieve high recovery rates of very low concentration 
gold. Virtually all extraction efficiencies drop dramatically with decreasing 
concentration of target ions. When concentrations are substantially less 1 ppm, 
recovery rates are typically pitifully low. Lithium from seawater projects have the 
same problem.  Thus, in today’s reality, it is not likely that we will see commercial 
lithium from seawater plants.  
Brine Resources: Brine resources are the next largest source of lithium, based 
on current estimates. When we think of brine resources, most lithium people 
immediately focus on the Lithium Triangle, Chile, Argentina, and Bolivia. However, 
identification of good lithium resources is a lot like oil exploration in the early 
20th century. The more that oil companies explored, the more they found. 
Correspondingly, our knowledge of lithium resources is limited, and new resources 
are being identified on a regular basis. That said, each brine resource has its own 
characteristics that can significantly impact the economics and sustainability of 
the resource.
The diagenesis of brine sources obviously varies with type of brine resources. 
Most salars fall in arid zones that are above and below the equator. Salars are also 
typically closed and are associated with uplift structures such as the Andes. Some 
articles in the literature have argued that all lithium baring brines originated with 
inundations of seawater that was trapped and ultimately subducted. This may be 
true however it cannot be the whole story because elemental concentrations of 
brines found around the world are quite varied, suggesting that sources other than 
the world’s oceans contributed to the elemental make-up of these brines.  
For example, brines in Chile and Argentina are predominantly sodium chloride 
solutions, with reasonably high concentrations of potassium, calcium, magnesium, 
sulphate and borate. Lithium concentrations can range from about 100 ppm to as 
high as 3000 ppm.  
However, Smackover brines in the US are typically very high in calcium. They also 
contain significant quantities of ferrous iron, H2S, and sulphate and lower levels of 
magnesium and borate. Lithium concentrations are typically about 150 to about 
300 ppm.
Brines in Alberta are “dilute” brines that exhibit a general elemental makeup that 
resembles seawater with an elevated lithium concentration of about 70 to 90 ppm.  
The Tibetan carbonate lakes are completely different. These solutions contain 
high concentrations of magnesium and lithium and very high concentrations of 
carbonate. One can also find impure lithium carbonate crystals in these lakes. 
Unfortunately, lithium production from these lakes is very expensive due to high 
magnesium concentrations.  

Geothermal brines such as the Imperial 
Valley brine have very different elemental 
composition. That brine contains 
extremely high concentrations of soluble 
silicate, and ferrous iron. It also contains 
high concentrations of strontium, 
manganese, sulphate, sodium and 
potassium. Calcium is relatively low. 
Lithium concentrations are moderate 
ranging from150 ppm to around  
300 ppm. 
These examples point to the obvious 
conclusion that while some of these 
resources may have been connected 
to seawater at points in their history, 
mineral extraction from local geology 
played a large part of creating what we 
see today. These varied elemental make-
ups also tell us that every resource is 
likely to be different. This must be taken 
in consideration when we design lithium 
extraction processes.
Mineral Resources: Current estimates 
suggest that hard rock and clay 
minerals are the next most abundant 
viable lithium resources. As with brine 
resources, however there are likely 
many undiscovered or underappreciated 
resources. To date the only commercial 
lithium minerals are pegmatites such 
as spodumene and phyllosilicates such 
as lepidolite, with spodumene being the 
most significant commercial lithium 
mineral. Unfortunately, extracting lithium 
from mineral solids is limited to only a 
few basic process schemes. From an 
environmental sustainability perspective, 
none of them are particularly attractive.
Spodumene: Processing spodumene is 
expensive. It involves high temperature 
roasting and extraction. These 
processes utilise large quantities 
of chemicals such as sulfuric or 
hydrochloric acid, lime, caustic soda, 
and soda ash. The processes generate 
wastes that include leachate by-
products from the undissolved minerals, 
and various salts. Alkaline and acidic 
waste streams must also be managed. 
There are also high volumes of residual 
reagents in waste solids and process 
waters that must go somewhere. 
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world’s energy needs. To realise this
ambition, OGCI launched OGCI
Climate Investments, a partnership to
invest heavily over the coming years to
support start-ups and help develop
innovative and game-changing
technologies, including CCUS. These
technologies should have a long-term
impact on CO2 emission reduction.

R&D to tackle 
CCUS challenges
Total has been involved in CCUS R&D
for many years. Conducted between
2010 and 2016, the Lacq Pilot Project
involved gas oxycombustion and
capture followed by storage in a
depleted gas reservoir. Today, we are
stepping up our efforts to treat our own
emissions whilst we develop solutions
that can be applied in other sectors,
such as power generation, cement
manufacturing and steel making.
Accordingly, our R&D budget for CCUS
is expected to eventually account for
10% of our overall R&D budget,
excluding R&D specialties. We will be
positioned as an integrator of the full
CCUS value chain, developing internal
competencies, working in collaboration
and boosting innovative technologies
and start-ups.

Total is developing academic
partnerships to foster fundamental
research. Carbon capture and
conversion need new materials and
deeper understanding of mechanisms at
the atomic scale to identify efficient new
pathways and decrease energy
consumption. To estimate carbon
storage capacity and control
containment, our research is focused on

understanding failure criteria, capturing
heterogeneities and uncertainties in
mechanical properties, estimating in situ
stress conditions prior to storing carbon,
and forecasting its evolution over the
long term.

Founded by 22 countries and the
European Commission following the
COP21 climate summit held in Paris,
France, in 2015, Mission Innovation is
another example of collaborative
research to which Total’s researchers
contribute. Each government seeks to
double its investment in clean energy
R&D over five years. CCUS is one of the
challenges. In September 2017, 250
CCUS experts from a variety of
academic and industry perspectives and
government representatives attended
the CCUS Experts Workshop, which
identified specific technical hurdles and
gaps in scientific knowledge and
discussed early-stage technologies and
breakthrough ideas on CCUS. The
experts will recommend R&D pathways
to address these challenges to
governments by the first quarter of 2018.

CCUS technology
development
Total’s R&D activities cover work at all
technology readiness levels through
several consortiums around the world, to
accelerate and de-risk development. We
have joined the Technology Centre
Mongstad (TCM) in Norway, one of
the world’s largest sites developing
carbon capture processes, to prepare
for the commercialisation of new
technologies by reducing costs and
environmental impact (Fig. 1). Recently,
Total and eight Chinese and European

partners launched a new initiative under
the European Union’s Horizon 2020
Programme: Sustainable Industry Low
Carbon Initiative to develop second-
generation chemical looping technology
– Chinese-European Emission-Reducing
Solutions (CHEERS). Within five years,
the core technology will be developed
into a 3MWth system prototype for
demonstration in China. This constitutes
a major step toward reducing the
energy penalty associated with carbon
capture at present.

CCUS chain integration
Process intensification and CCUS chain
integration will help improve the overall
efficiency of the CCUS value chain. For
example, in process intensification,
indirect pathways to utilisation of CO2
from flue gas are being developed as a
single process that does not require
preliminary CO2 separation and
purification. Retrofitting the process in
existing industrial plants is an efficient
way to use process energy and low-
temperature waste heat.

Process intensification is vital for
bioconversion pathways such as micro-
algae to reduce the footprint and
increase productivity. Total has been
exploring carbon capture by micro-algae.
Through photosynthesis, which uses
sunlight as an energy source and CO2 as
a carbon source, micro-algae (Fig. 2) can
directly convert carbon into lipids that
can in turn be converted into useful
molecules with a small carbon footprint.
Other advantages of micro-algae
include the fact that they are grown in
ponds or photobioreactors, rather than
on arable land, and that marine species
grow in seawater, and so do not require
freshwater resources.

Demonstrating CCUS’s
positive contribution
Total also works with numerous
stakeholders to develop technical,
economic and environmental
performance assessment tools. CCUS’s
positive contribution to climate change
mitigation will be established through a
fair evaluation of its potential to reduce
CO2 emissions cost effectively
compared to other options. It will also
be shown by demonstrating the benefits
of jointly optimising CCUS and other
carbon mitigation techniques in specific
geographical contexts through a
systemic approach.

Fig. 2 Carbon capture and conversion by micro-algae: liquid growth medium screening

According to the intergovernmental
panel on climate change (IPCC),
which is the leading international

scientific body for the assessment of
climate change, “Human influence on
climate change is clear, and recent
anthropogenic emissions of greenhouse
gases are the highest in history. Warming
of the climate system is unequivocal, and
since the 1950s, many of the observed
changes are unprecedented over
decades to millennia. The atmosphere
and ocean have warmed, the amounts of
snow and ice have diminished, and the
sea level has risen”. 
Carbon Capture and Storage (CCS) is
recognised by the IPCC as essential in
the mix of carbon mitigation
technologies (such as energy efficiency
and renewable energy) required to limit
climate change and its effects. In the
same fashion, the International Energy
Agency (IEA) believes that CCS is vital
for reducing emissions across the energy
system and for keeping the average
temperature increase to below 2°C. 
Combatting climate change is one of
the biggest challenges facing everybody
in this century. CCS and more broadly
CCUS (Carbon Capture, Utilization
and Storage) is part of the solution.

Special focus on industries
with “process CO2”
Anthropogenic or man-made CO2 is a
by-product of human activities.
Unfortunately, most often in the
industrial and power generation sectors,
it is not generated at high enough
purity to be directly transported and
ultimately stored. It has to be captured,
which consists of separating the CO2
from the other constituents of the main
stream, most commonly referred to as
flue gas. A few examples of CO2
concentrations in various flue gas: 

• gas power plant: 3 to 5%
• coal power plant 10 to 15%
• iron and steel industry: 20 to 27%
• cement plant: 14 to 33%
• Steam Methane Reformer (SMR)

process 30 to 45%
The main targeted point sources for
CO2 capture are the power generation
and industrial sectors, with special
emphasis on industries for which CCUS
is the most promising solution that can
lead to deep cuts in CO2 emissions,
while minimising the performance
impact on the industrial process or the
final product quality: the iron and steel
sector, the cement industry, refineries,
pulp mills and waste incineration.  
Some industries exhibit the particularity
of having a dual CO2 source: the
“combustion” and “process” CO2. The
combustion CO2 results from the
combustion of carbonaceous fuels such as
coal, oil, gas, or biomass, whereas the
process CO2 is the result of a chemical
reaction required to manufacture the
desired end product. A few processes
among the largest point source CO2
emitters that inherently produce CO2 are:
• The reduction of iron ore into iron

(Fe2O3 + CO  2Fe + 3 CO2) 
• The calcination of limestone into lime

(CaCO3  CaO + CO2) to produce
clinker and ultimately cement 

• The water-gas shift reaction in a
SMR to produce hydrogen (CO +
H2O  CO2 + H2) 

As stated by the european cement
association, “even with the most efficient
processes, a part of the CO2 emissions
linked to cement production cannot be
avoided.” Typically, the CO2 directly
released from the processing of limestone
represents 60% of the total CO2
emissions, and CO2 capture has great
potential to enable significant reductions. 
Industrial units having a significant
fraction of process CO2 and at the
same time, relatively high CO2
concentrations are the most relevant
targets for short / medium-term
deployment of CCUS. They typically are
the iron and steel as well as the cement
industries along with the hydrogen
production units in refineries. 

Equinor, Shell and Total are major
actors in the full-scale CCS project in
Norway which aims at accelerating the
commercial deployment of CCS. Not
surprisingly, this project is targeting a
cement plant and a waste to energy
facility (incinerator) as the CO2 sources.
It marks the start of a future industrial
CCS cluster in Norway, welcoming other
industries to join forces in the future. 
Total who has the ambition to become
a leader in CCUS is stepping up its
efforts in developing integrated
solutions applicable to the above-
mentioned industries. 

H2 Capture - From short-
term deployment to
disruptive technologies
CO2 capture technologies can be
classified in three main categories:
• Post-combustion capture (or PCC)

with consists of separating CO2 in
flue gas

• Oxy-combustion which separates O2
from the air in a combustion process

• Pre-combustion converting a fossil
feedstock to CO2 and H2 prior 
to combustion

These categories share similar
separation strategies including solvents
for absorption, solid sorbents for
adsorption, membranes and cryogenic
processes. Even though various
technologies have commercial
applications today (amine-based
solvents being the most widespread),
mainly in the hydrogen, ammonia and
food industries, the scale at which they
are deployed is at least an order of
magnitude less than what is required to
decarbonise the average size steel mill
or power plant. Also, in these
commercial applications, the cost of
separation is offset by the market value
of the end product. Large-scale
deployment of anthropogenic CCUS
needs an economic incentive, and surely,
the lesser the cost of CCUS the sooner
the deployment. 
A CCUS value chain comprises capture,
conditioning and transport and finally
injection and storage or utilisation of
the CO2. The cost of CO2 capture
usually represents significantly more
than half of the whole chain cost.
Specific efforts have to be made to
drive costs down (both CAPEX and
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A collaborative
approach to 
CO2 capture 

Samuel Lethier explains how
Total is contributing to the
industrial deployment of
CCUS through innovation
clusters with industry actors,
start-ups, academics and
government bodies 

Fig. 1 Carbon capture demonstration plant,
Technology Centre Mongstad (TCM), Norway
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Offering drone-
powered solutions
Drone usage is increasing greatly in sectors like infrastructure,
agriculture, transport, security, insurance, and research. Drones
are a key-enabling non-contact technology that is also
environmentally friendly. 
Our department RSS-Drones offers best-in-class technical
solutions to address the problems of our times, from
environmental and climate change-related issues to flood
mapping and ecosystem health monitoring. We use high-end
drones with newest sensor technologies to respond to 
every need. 

“It is possible
to fly
unmanned but
not unskilled” 

www.rss-hydro.lu

RSS-Hydro
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The benefit 
of choosing
RSS-Drones'
services
•   Versatile, science-based products
•   Environment friendly technology
•   Complete workflow, from flight to final product
•   Highly-skilled staff & trained pilots

Our services 
& products
•   High-precision terrain mapping
•   Infrastructure mapping
•   Precision viti- and agri-culture
•   River and flood risk mapping

www.rss-hydro.lu

RSS-Hydro
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