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Outline of a program for research and implementation of Olivine 
applications for CO2 reduction 
This proposal is composed of a number of sub-projects, partly national, partly international, 
partly in a stage of research or implementation, partly no more than the outline of an idea.  
Each sub-project has to be given a priority and to be worked out in a complete proposal if 
sufficient funds are available.  
The proposals for research and investigation are subdivided below and listed on the following 
pages: 
 

 
A Large scale applications of olivine to sequester CO2 .......................... 5 
B Smaller scale dedicated applications of olivine to sequester CO2 ..... 7 
C Mining research ..................................................................................... 9 
D Other projects: Natural CO2 producers ............................................ 11 
E Regulatory and organizational measures .......................................... 15 
 

 

Introduction 
Applications of Olivine have in common that they make use of the phenomenon of stimulated 
weathering of olivine and similar natural materials for the sustainable sequestration of CO2. 
Additional benefits include public health, improving the soil fertility, the restoration of marine 
ecosystems and aid to developing countries. It is our contention that together, when applied 
on a world scale, they will provide  

the most viable way to reduce the CO2 content of the atmosphere 
and counteract the acidification of the oceans. 

Large volumes of CO2 can be captured by stimulated weathering of olivine.  
Olivine (Mg,Fe)2SiO4 is the most common mineral on earth. When exposed to water and CO2 
it weathers rapidly, and stores CO2 sustainable in different forms, depending on the local 
conditions. It is estimated that at present the natural weathering of olivine sequesters about 2 
billion tons of CO2 annually, making it by far the largest sink for CO2. Sequestration in the 
form of organic carbon (biomass, oil, gas, coal) is a distant second. 
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It was found that the proposed natural approach, as opposed to expensive and energy-
consuming special technological solutions, is unfamiliar to many people. It leads to a number 
of frequently asked questions. Before presenting our research proposals, we will briefly touch 
on some of these FAQs. 

• What is olivine?  
Olivine is a silicate with a composition close to Mg2SiO4. It is the main mineral in a rock type 
called dunite. 

• Where are these dunites found? 
In many countries on every continent. In Europe among others in Russia, Finland, Sweden, 
Norway, Spain, Italy, Austria, the Balkan countries, Greece, Turkey and Cyprus. Large dunite 
massifs occur in New Caledonia, New Guinea, Australia, New Zealand, Philippines, 
Indonesia, China, Japan, Thailand, Myanmar, India, Oman, Tanzania, Ethiopia, Zambia, 
Zimbabwe, Madagascar, Malawi, Guinea, Sierra Leone, Ivory Coast, South Africa, 
Guatemala, Cuba, Columbia, Venezuela, Brazil, Canada, USA. 

• Which reactions make olivine to neutralize CO2? 
In the presence of excess water: 
Mg2SiO4 + 4 CO2 + 4 H2O à 2 Mg2+ + 4 HCO3

-  + H4SiO4 

In closed systems or dry climates 
2 Mg2SiO4  + CO2 + 2 H2O  à  MgCO3 + Mg3Si2O5 (OH)4 

In sea water 
Mg2SiO4  + 2 H2O à 2 Mg2+ + 4 OH-  + H4SiO4 

followed by 
4 OH- + 4 CO2 à 4 HCO3 

 

• Is there enough olivine?  
Yes, there is much more olivine available than will ever be needed to solve the greenhouse 
gas problem. 

• Will the process of weathering be fast enough to reduce the CO2 concentrations in a 
time span of a few decades?  

Yes, particularly if the bulk of olivine weathering takes place in the tropics, where weathering 
is fastest. 

• Can we expect negative ecological consequences when applied on a world scale?  
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No, because we stimulate a natural process that has operated during the whole of Earth’s 
history, and has never led to negative consequences. Olivine rocks are notoriously low in 
deleterious elements like cadmium, mercury, lead, arsenic, uranium and the like. Only its 
nickel and chromium content are higher than average rocks, but the chromium is tightly 
bound in the accessory mineral chromite, and is not bio-available. During weathering, nickel 
becomes available to some extent, but by limiting the amount of olivine rock per unit area, the 
nickel concentrations in soil, ground water and vegetation will remain well within the normal 
concentrations for this element. Besides, the high pH imposed by olivine weathering makes 
nickel poorly soluble. Hundreds of millions of people actually live on a substrate of olivine 
rocks, and drink the (Mg-enriched) ground water which favors their health. Epidemiological 
studies do not show any ill effects for human health. 
In the different scenarios described below, the olivine applied varies from fine grains to gravel 
and boulders. The rate of the chemical reactions depends on surface area. A certain volume of 
olivine thus captures CO2 much faster when ground to a powder than in the form of gravel 
and boulders. 
The application of larger-sized olivine is nevertheless included in some proposals, primarily 
to benefit from its physical properties like density and hardness. Ultimately it will also 
capture the same amount of CO2, albeit slower.  

Additional benefits 
The use of olivine has some favorable side effects like: 

• It reduces acidity of soils  

• It acts as a slow release magnesium fertilizer  and of silicate nutrients 

• Mg  in drinking water reduces the risk of heart attacks and other health problems 

• Avoidance of silicosis relative to quartz (-containing) rock materials 

• Raising the pH of sea water will bring back more normal living conditions for marine 
biota 

• Capturing of poisonous metals 

• Production of nickel 

• Increased employment in developing countries 
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List of (research) proposals of olivine applications to sequester CO2 
from the atmosphere or the soil  

A Large scale applications of olivine to sequester CO2 

1. Spreading of fine-grained olivine over farmland and meadows, where the olivine also 
reduces the acidity of the soil, additionally serves as a slow-release magnesium source 
and buffers the pH. Furthermore silicates are produced, a nutrient for e.g. rice and 
sugar cane.  
Tests in pot samples with soil and crops done at the WUR show positive results. A 
field experiment executed in the NOP was difficult to evaluate. 
The speed of weathering is enhanced by microbes and fungi. This plays a major role in 
the discrepancy between observed high rates of weathering under natural conditions, 
and low rates of weathering in laboratory experiments. 
 
Examples could be found:  
In Brazil on sugar cane fields (partly for fuel use) which are getting acid, where 
carbon credits are registered and where olivine is available. 
In Tanzania on rice fields. In Tanzania there are a large number of small private mines 
for different gemstones. Some of these are intimately associated with olivine rocks 
(peridots themselves, of course, are gemstone quality olivine crystals). Certain ruby 
deposits, formed by desilicification of pegmatites cutting though olivine rocks are also 
dependent on the availability of peridotites. By adding the fine-grained tailings of 
these mines to nearby rice fields before planting, it is expected that the rice yield will 
increase, and the irrigation waters will become less acid. Rice, like all Graminae, 
requires silica, which is supplied by the weathering of the olivine. A region in 
Tanzania that combines the required elements is around Tanga, in NE Tanzania. 

2. Spreading of olivine over beaches and shallow coastal seas.  
As a test for this the interaction of olivine with seawater can be tested in an olivine 
reactor, a long box filled with olivine, constructed perpendicular to the coast between 
the ebb line and the high tide line. Seawater will enter the box during high tide over a 
low inlet on the coastal side of the box, and after flowing through the olivine powder 
leaves the olivine reactor from the seaward side.  
The effect of the spreading of olivine in coastal waters is enhanced by the lugworm 
(Arenicola marina) which is ubiquitous on tidal flats. It is estimated that on average 
every mineral grain in the top few cm of tidal flats pass annually three times through 
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the guts of this animal. Experimental work has shown that mineral grains of 
plagioclase, and small chips of basalt are completely transformed into a mixture of 
fine-grained clay minerals. The transformation of plagioclase is 2 to 3 orders of 
magnitude faster than under abiotic conditions. Although the experiments were not 
carried out with olivine, the fact that olivine weathers faster than plagioclase is a 
strong indication that weathering of olivine would also proceed very fast, thereby 
providing alkalinity and increasing the CO2 capturing capacity of tidal flats when a 
thin layer of olivine grains would be spread over them. 

3. Use of olivine sand instead of quartz sand for sand suppletion over beaches that are 
subject to erosion. 

4. Use of olivine rocks in breakwaters and weirs.  
It is expected that if the interstitial sea water is only slowly being replenished, the pH 
rises by reaction with the olivine, and the breakwaters may self-cement by 
precipitation of carbonates.  

5. Use of olivine in weirs and dykes along rivers.  
In order to make it cost-effective, use will be made of coarse blocs of olivine rocks 
from mine dumps of magnesite or chromite mines. Also here self-cementing (see 11) 
may have an annealing effect.  

6. Use of olivine deposited on the sea floor to form artificial reefs, both as a niche for 
mussels, oysters and corals as well as protection of the coast; moreover, this will help 
to restore the natural acidity of the sea water 

7. The Green Highway. Use of olivine in highways.  
Sand-sized olivine grains, which have the same hardness as quartz can substitute for 
quartz sand in the top layer of highways. This top layer is gradually worn down by the 
traffic, and the olivine dust is spread over the surroundings, where it weathers and 
captures CO2. Another application is the use of fine-grained olivine in sound walls and 
roadsides along highways; positive also with respect to silicosis.  

8. Use of olivine in railways.  
One application is to use olivine pebbles as ballast, instead of Belgian porphyry. The 
other is as olivine grit on the pathways along the railways. Movares BV is going to 
test olivine on such pathways. 
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9. Spreading of fine-grained olivine in gardens and parks.   
GreenSands and EcoStyle do already market olivine enriched garden soil. 

10. Use of olivine grit on icy roads, instead of salt or normal grit. 

B Smaller scale dedicated applications of olivine to sequester CO2 

11. Use of olivine in concrete.  
This project is partly implemented and the first olivine concrete is commercially 
available (Geelen Beton).  

12. Application of crushed olivine as a substitute for gravel on tennis courts, and as fine-
grained olivine on golf courses and sport fields. 

13. Use of olivine grit in roof covering, use of olivine pebbles as ballast on roofs, and use 
of fine-grained olivine in the substrate for roof gardens, including sedum.  
In addition to CO2 sequestration, olivine has the advantage of a greater specific mass 
(3.3) than pebbles normally used (2.7). A test is done by Topdak BV on 7000 m2 roof 
in Amsterdam. 

14. Use of olivine suspensions to reduce CO2 levels in schools and office buildings, thus 
serving to remediate the “sick building” syndrome.  
These so-called CATO-installations (Clean Air Through Olivine) will reduce the CO2 
levels of the inside air, by circulating the air through olivine suspensions, while at the 
same time removing pollen and other allergenic dust particles. 

15. Addition of rock powders to composting installations to trap CO2.   

16. Addition of olivine powder to digesters.  
Digestion produces a mixture of biogas and CO2, and by the addition of olivine 
powder the CO2 is selectively captured. It is expected that the ferrous iron content of 
the olivine removes the H2S as a solid ferrous sulfide at the same time. The first test 
results are very promising. They show that 10% more biogas is produced in the batch 
reactors where a small amount of olivine powder has been added, and that the CO2 
content of the biogas is lower than in the blanc reference batch.  

17. Pellets of olivine powder could be used as filter sand in Urban Waste Treatment Plants 
(rwzi) instead of sand filters.  
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They will capture CO2, and by imposing a somewhat higher pH on the effluent, they 
may better retain heavy metals like copper, lead and zinc in the form of metal 
hydroxides or metal carbonates. First tests by Grontmy are promising. 

18. Olivine, Diatoms and Biodiesel 
Diatoms are unicellular marine or freshwater organisms with a silica skeleton. They 
make up between 20 and 25% of the ocean’s biomass. They have chlorophyll, and are 
photosynthesizers. They grow fast, and there would be even more of them but for the 
fact that dissolved silica is a limiting nutrient. These silica algae are a promising 
source for the production of biofuels. 
During the weathering of olivine, an effluent is produced that is rich in magnesium 
and bicarbonate, but also in dissolved silica. This opens the possibility to grow large 
amounts of diatoms in ponds or basins filled with the effluent of different olivine 
treatments (digestate from digesters, effluents from treatment of CO2 gas streams). 
These effluents are extremely rich in silica compared to natural waters. This will give 
the diatoms a competitive edge over other organisms, so it will lead to a quasi- 
monoculture of diatoms, which can be harvested for biodiesel production. Besides, 
these solutions are rich in magnesium, which is a major component of chlorophyll.  

19. The olivine hills.  
It is proposed to erect hills of fine-grained olivine in highly visible locations in and 
around cities to provide a symbol for people of the ways in which olivine can be used 
against climate change. The hills are to be covered by soil and planted with grass and 
shrubs, and the bottom of the hill is formed by a slightly inclined impermeable layer. 
Rainwater enters the soil and then trickle through the olivine powder. The water with 
its contained CO2 reacts with the olivine, and leaves the hill along the bottom as a 
magnesium bicarbonate mineral water. The first hill will be used for testing purposes 
on the design of such hills, the weathering process, and the formation and properties of 
the magnesium bicarbonate waters. It will also serve as a permanent exposition to 
familiarize the public with this approach to counteract climate change.  

20. Capture of CO2 from stack gases of coal fired power plants, oil refineries and cement 
factories, not as a gas but as a solid magnesium carbonate.  
A large volume of olivine powder is to be stored in an artificial hole in the ground. 
Stack gases will be injected at the bottom of the pile. In this way the heat of reaction, 
which is huge, but liberated slowly, can be recovered and converted into electrical 
power. 
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21. Another way of trapping the CO2 before injecting it into an olivine reactor as 
described in proposal 20 could be the possibility to freeze CO2 out of the flue gases, of 
which the major component is (incondensable) N2.  
 

22. Use of salt caverns.  
In several locations in the Netherlands, rock salt is produced by solution mining. This 
leaves caverns in the subsoil, which must remain filled with saturated brine to prevent 
subsidence, or even collapse. It is proposed to fill these with ground olivine. One can 
first recover the displaced brine. Afterwards CO2  must be injected. The reaction 
products are serpentine and magnesium carbonate, providing support for the cavern. 
The heat of reaction can be recovered in heat exchangers, and used, for example, to 
heat swimming pools.  

23. Fire fighting.  
Quite often olivine rocks have been altered into serpentine. Serpentine is a kind of 
magnesium clay, and becomes a very reactive amorphous material after calcination 
(heating the serpentine to temperatures between 600 and 800o C, by which the mineral 
is dehydrated). This product reacts rapidly with CO2 and water. Calcination, however, 
consumes a lot of energy. In case where extreme heat is a problem, like in burning 
buildings and industrial plants, it would be an advantage to use a material that absorbs 
much heat. It is proposed, therefore, to use serpentine slurries instead of water. The 
dehydration will absorb the heat closer to the center of the fire than in the case of 
water, because this energy-consuming reaction takes place at temperatures of > 500oC. 
Moreover, it may have a caking effect, by which it prevents inflammable gases to 
escape from hot materials. The serpentine, after its transformation into a kind of 
amorphous olivine, captures CO2. 

24. Use of olivine instead of quartz in sandblasting, primarily focused on the prevention of 
silicosis.  
The fine powder resulting after blasting will spread and capture CO2 on weathering 
(already implemented, but some facilitating measures expected from Government to 
promote the use of olivine over other materials)  

C Mining research 

25. Reconnaissance studies of suitable olivine rock deposits in tropical countries, as well 
as the local logistics of transport and spreading.  
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The World Bank has appointed Mr.Pete Kristensen, representative of their Ghana 
office to act as liaison officer for olivine mining in West Africa. 

26. Establishing contacts with mining companies operating in countries with suitable 
olivine rocks, and financing initial feasibility studies.  
These companies are best equipped to operate olivine mines in those countries, and 
could also be in charge of milling, transport and distribution  

27. In a number of countries, amongst others New Caledonia, Philippines, Indonesia and 
Cuba, the weathering residue above olivine rich rocks is mined for its nickel content. 
Contacts must be established with the mining companies involved. They should 
continue mining towards depth, and also mine the underlying olivine rocks. This has 
several advantages, the required infrastructure for mining is already in place, and 
unnecessary ecological damage by having to clear new mining sites is avoided. 

28. Study of deeply weathered dunites.  
During weathering, the major elements magnesium and silicium, which together make 
up 90% of the rock are leached. Thus one meter of the iron-rich residue represents 10 
meter of original rock. By combining the information on the age of formation of the 
rock with data on the thickness of the layer of dunite removed during weathering, 
minimal rates of weathering under tropical conditions are determined. Thickness of 
dunite removed, divided by age à minimum rate of weathering and consequent CO2 
uptake. 

29. Phytomining of nickel, combined with CO2 capture.  
Olivine rocks are low in most heavy metals, but have somewhat elevated contents of 
nickel. Their weathering residue is relatively enriched in nickel, because some of the 
major elements of the rock have been leached out during weathering. These so-called 
nickel laterites are mined in a number of tropical countries for their nickel content. It 
is found that the ash of certain plant species like Hybanthus floribundus from West 
Australia may contain up to 23% nickel, making it a valuable nickel bio-ore. Other 
well-known nickel accumulating plants are Alyssum sp (Dutch: Schildkruid) and 
Thlaspi sp.(Dutch: Boerenkers)  If, next to an olivine mine overlain by a nickel 
laterite, a thick bed of crushed laterite mixed with olivine powder is constructed, and 
planted with Ni-accumulating plants, several hundred US$ worth of nickel per hectare 
can be recovered annually. Thus, energy required for metallurgical nickel extraction is 
saved. At the same time, the weathering of the olivine captures CO2.  
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D Other projects: Natural CO2 producers 

30. In certain areas, the Earth releases continuously large volumes of almost pure CO2 . 
A case in point is near the Greek island of Milos, where annually 2.2 million tons of 
CO2 bubble out of the seafloor. The depth of the sea locally is only a few tens of 
meters. It is a known fact that the gas, even at a depth of less than a meter below the 
seafloor has a high temperature. If one would make an olivine seamount over a very 
active emission point, a carbonation reaction would be set in motion, and the pH of the 
seawater would locally be improved. By placing temperature and pH sensors inside 
this mount, the progress of the reaction can be followed. It could act as a geo-
experimental model for supergreen energy. Greece is very rich in olivine rocks, and 
some mine dumps contain millions of tons of already mined and broken olivine rocks. 
This project serves also to show countries that try to capture their “own” CO2 serves 
no purpose as far as climate change is concerned, and has no meaning. For the 
Netherlands, for example, their “own” CO2 is German the next day with a westerly 
wind, and French when the wind is from the north. It makes no difference where the 
CO2 is captured, nor from which source, because the world atmosphere is fairly 
rapidly homogenized, so we should capture this greenhouse gas where it can be done 
cheaply and sustainably anywhere in the world. 

31. There are many natural emissions of CO2 gas, partly in and around volcanoes. 
Particularly in cases where these gases are emitted at somewhat elevated temperatures, 
their capture can be carried out much cheaper than by CCS. In most cases it involves 
no more than constructing a hill of olivine sand over the emission point. The olivine 
will act as a thermal isolator, as rocks are excellent thermal isolators. This means that 
the gas will soon have heated the inside of the olivine hill to the temperature of the gas 
at some depth in the subsurface. The reaction of CO2 with olivine can only take place 
in the presence of water, so either the water must be ejected together with the CO2 gas, 
as in many geothermal wells in Greece, or it should be added to the hill, as rainwater, 
or alternatively as seawater. The olivine reaction is speeded up in saline solutions. 
Under favorable conditions the products of such an operation would be: 

• capture of significant volumes of CO2 as magnesium carbonate minerals 

• production of hot water for swimming pools, thermal baths, greenhouse or town 
heating additional heat from the heat of reaction of CO2-water mixtures with olivine 

32. Recent publications show that capture of CO2 by fine-grained olivine is a fairly rapid 
process, even under adverse climatic conditions like in British Columbia.  
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When the CO2 is injected from below at an elevated temperature, the reaction will 
even proceed considerably faster. By measuring the conversion of the olivine into 
magnesium carbonates, one can establish the amount of CO2 sustainably captured. 
Nations on whose territories such operations are carried out can claim this as part of 
their Kyoto obligations. 

33. Distribution and rate of weathering of other rock types (e.g.alkali basalts, nepheline 
syenites, anorthosites, kimberlites). that capture CO2 during weathering in areas that 
are far removed from suitable olivine rock deposits.  
Some studies have already been undertaken on the direct injection of CO2 in flood 
basalts in Oregon, USA, and in the Deccan Traps in India. 

34. Health effects of magnesium bicarbonate waters.  
The final products of the weathering of olivine are waters rich in magnesium and 
bicarbonate. According to a report of the FAO, such mineral waters help to prevent 
cardiovascular diseases and diabetes, and a deficiency of magnesium causes premature 
aging. Some epidemiological studies should be carried out on patterns of 
cardiovascular diseases and diabetes among populations living on olivine rich rocks, 
to be compared with similar populations living on a different geological substrate.  

35. Mitigation and adaptation.  
Countries like Bangladesh are subjected to catastrophic inundations, costing many 
lives. Life in Bangladesh is further complicated, because the ground water in many 
places contains very high concentrations of arsenic, and drinking surface water leads 
to cholera epidemics. Olivine hills constructed in villages threatened by inundations 
would provide safe drinking water in normal times, and serve as a refuge for the 
population in times of flooding.  

36. Possible Mitigation for Maldives.  
Sea level rise caused by global warming is threatening the survival of low-lying 
islands in the Indian and Pacific Oceans. In this paper two mitigation measures are 
considered. The first one is based on the fact that the islands consist of coralline 
limestone. By injecting sulfuric acid at some depth below the surface, the limestone is 
converted to gypsum, which has double the volume of the original limestone.  This 
causes an uplift of the surface above the injection point. A higher elevation extends 
the lifetime of the islands thus treated. The second one consists of constructing a 
number of olivine hills on the islands. In normal times these will provide healthy 
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magnesium carbonate mineral waters, but during storms they serve as safe havens 
where the population can seek refuge. 

37. LANCELOT (LAke Nyos Carbon Emission Lowering by Olivine Treatment). 
On August 27, 1986 a disaster struck Cameroon, when a deadly cloud of CO2 erupted 
from Lake Nyos and rolled down the slopes of the mountain, killing more than 1700 
people.. Since that time, after detailed studies had elucidated the sequence of events 
that led to this catastrophe, measures have been taken to avoid a repetition, mainly by 
installing a kind of artificial geyser system by which the CO2 that slowly accumulates 
near the bottom of the lake is forcibly removed and released in a controlled fashion to 
the atmosphere [1]. Carbon dioxide, however, is a greenhouse gas, this proposal aims 
to sustainably capture this gas instead of releasing it to the atmosphere, by placing a 
mound of olivine sand over the mnost active location of CO2 venting in the lake 
bottom. This will end the accumulation of CO2 in the bottom waters of the lake and 
help to slow down the rise of the CO2 concentration in the atmosphere caused by the 
burning of fossil fuels. 

38. At a former industrial location it was found that the groundwater was polluted by 
vanadium and tungsten.  
We propose here to pump up the water and pass it through a two-layered trickling 
filter, consisting of an upper layer of fine olivine sand, and a lower layer of gypsum 
grains. In the upper layer the pH is raised by reaction with the olivine, and in the lower 
level the Ca-concentration of the water is increased by dissolution of the gypsum. This 
way the vanadium will precipitate as a hydrated Ca-vanadate (there are many possible 
minerals, some of which can accommodate at the same time 4-valent and 5-valent 
vanadium), and the tungsten will precipitate as the mineral scheelite. Thanks to the 
fact that scheelite shows a brilliant blue fluorescence when irradiated by uv light, the 
success of the method can be easily checked.  

39. Determination of the conditions under which slow deep weathering of olivine rocks 
produces methane by the reaction of CO2 + water with the FeO compound of the 
olivine.  
Reaction: CO2 + 2 H2O + 12 FeO  à 4 Fe3O4 + CH4).  
In several places on Earth this reaction is observed, among others Turkey, where it is 
called Yanartasi (the rock that always burns) and in the Philippines, where it is called 
los Fuegos Eternos (the eternal fires). If these conditions can be imposed on a system, 
it may  become possible to form and recover abiogenic natural gas, while at the same 
time CO2 is rendered harmless as bicarbonate 



 
  
 
 
The Olivine Foundation 
 
 
 

 
 
 
 
 
© 2010 Olivine Foundation for the reduction of CO2 

 

 
 

40. Fighting algae with algae?  
Along many coasts, the discharge of nutrient-rich wastewaters into the sea leads to 
algal blooms. The (blue) algae secrete a poison that kills fish, and makes people 
swimming in these coastal waters sick. If we can grow non-poisonous organisms that 
grow faster than the blue algae, they could remove the nutrients before an algal bloom 
sets in. A possible candidate could be diatoms (siliceous algae), that grow fast and are 
not poisonous. The growth of diatoms in seawater is often silica-limited. By adding 
the silica-rich effluents from the weathering of olivine, this silica limitation can be 
lifted. The diatoms will have a competitive edge over other types of algae. Another 
advantage is that diatoms, with a life cycle of just a few days, sink fast after death. It is 
claimed that export of organic carbon by diatoms to the depths of the sea is 
disproportional large, and thus contributes significantly to the removal of carbon from 
the atmosphere-ocean system. A disadvantage of creating a diatom bloom instead of a 
dinoflagellate bloom on the shelf could be that it leads to hypoxia in the bottom 
waters, because the diatoms after their death will sink rapidly to the bottom. In the 
Chinese case one must choose between on the one hand the reduction or elimination of 
dinoflagellate blooms (“red tides”), bringing additional food in the food chain, and 
capturing CO2 as organic carbon in bottom sediments, but increasing hypoxia in the 
bottom waters, or accepting the regular occurrence of devastating red tides. 
Ultimately, a reduction of P and N in the waters flowing into the sea would be 
preferable, but this will take a lot of time and money, before all the required 
wastewater treatment facilities are built .  

41. Phosphate ores are treated with sulfuric acid to recover the phosphoric acid.  
This leaves huge acid waste ponds, with a high concentration of phosphate. If these 
ponds are treated with olivine, the acid is neutralized, and the remaining phosphate can 
be recovered as newberyite (MgHPO4.3H2O) and struvite (NH4MgPO4.6H2O), both 
suitable fertilizers. Moreover, while the pH is raised above a pH of 8, these waters will 
store large volumes of CO2 as bicarbonate. 

42. Huge volumes of bauxite are mined.  
The aluminium ore is treated with hot caustic soda in order to separate the alumina 
from the iron. The iron remains as a very alkaline red sludge (pH > 12), and is stored 
in ponds, containing hundreds of millions tons of toxic, alkaline red mud. Alkaline 
materials can absorb CO2. The red mud is detoxified, while it takes up CO2 at the same 
time by the reaction:   
OH- + CO2 à HCO3

-. In the alkaline and sodium-rich environment, the CO2 will 
ultimately be captured as the mineral dawsonite (NaAl(CO3)(OH)2,  
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After an initial study; it is hoped that the alumina industry will support subsequent 
studies, and apply the concept, for which they can claim carbon credits. 

43. Study of the logistics of transport and spreading of ground olivine around olivine 
mines in tropical countries. 
Transport by boat, railroad, truck, spreading from small boats along rivers, or mixed 
with fertilizers or pesticides on coffee, cacao, tea, banana and palm oil plantations. 

44. Study on the feasibility of transport of CO2 by LNG tankers on their return trip to the 
Persian Gulf, to be injected in Oman in shallow boreholes in the largest massif of 
olivine rocks on Earth.  

E Regulatory and organizational measures 

45. Certification of olivine uses to become eligible for carbon credits. 

46. The financial support of a legal body (the Olivine Foundation for the reduction of 
CO2) serves as an organization to direct and supervise the different projects, and to 
formulate new projects.  
This body should be supported, and its execution of the projects controlled by a 
steering group, composed among others by representatives of the different Ministries 
involved, preferably with a technical background.  

Final remark 

 
Utrecht, March 14, 2009 
Prof.Dr.R.D.Schuiling 

Conclusion 
It is our contention that these proposals offer the best solution for the greenhouse 
gas problem, and the threat of acidification of the ocean waters.  Besides, its full 
implementation on a world scale will provide employment for several million 
people, especially in poor and developing countries. 


