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Draft Projectplan  
 
 
Title:  Green beaches (groene stranden) 
 
First proponent: Prof. Dr. P.L. de Boer, Sedimentology Group, Department of Earth 
Sciences, Utrecht University, P.O. Box 80.021, 3508 TA Utrecht, The Netherlands. Tel. 
(0031) 30 253 5190, Fax (0031) 30 253 5030, pdeboer@geo.uu.nl 
Second proponent: Dr. G. Postma, Sedimentology Group, Department of Earth Sciences, 
Utrecht University, P.O. Box 80.021, 3508 TA Utrecht, The Netherlands. Tel. (0031) 30 
253 5190, Fax (0031) 30 253 5030, e-mail: gpostma@geo.uu.nl 
 
The project is not specifically part of a running program in the Department. The idea 
stems from Prof. Dr. R.D. Schuiling, Professor of Geochemistry (retired) who is a guest 
researcher at the Department of Earth Sciences. 
 
So far no support has been actively sought from other parties. Some support for a related 
subject, i.e., to investigate the availability of olivine and its possible role in greenhouse-
gas mitigation on a grand scale has been offered by the Ministry of the Environment 
(VROM). 
 
Keywords 
Sea-water-olivine interaction, pH buffering of sea water, enhanced CO2 capture, 
enhanced weathering 
 
Summary 
1.1 research 
Global warming is thought by many to be caused by rising CO2 levels in the atmosphere. 
This proposal deals with the possibility to sequester large volumes of CO2 from the 
atmosphere by spreading fine-grained olivine in coastal waters in order to adsorb CO2, 
and counteract the expected acidification of the sea water caused by the rising CO2 
concentration in the atmosphere. 
 
Olivine is a very abundant magnesium silicate that weathers easily. Olivine is definitely 
not in equilibrium with sea water. During a test in which fine-grained olivine was added 
to a bottle of sea water, closed and shaken, the pH of the sea water had increased from 
8.4 to 9.1 in 24 hours only. This makes the sea water strongly undersaturated with respect 
to CO2. If the system is open to the atmosphere this deficit of CO2 will be quickly 
compensated by the uptake of CO2. This opens the way to use the sea as a huge sink for 
CO2 without causing any acidification, and thus to sustainably remove large volumes of 
this greenhouse gas from the atmosphere. 
 
Mg2SiO4 + 4 CO2 + 4 H2O  ! 2 Mg2+ + 4 HCO3

-  +  H4SiO4
0 

 
In addition to the storage of organic carbon through deposition under anoxic conditions 
and burial into the fossil rock record, weathering of silicates is the major pathway by 
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which nature removes CO2 from the atmosphere. Indeed, the start of glaciations during 
the Tertiary has been attributed to enhanced weathering due to the uplift and erosion of 
the Himalaya and the consequent increased exposure of silicates to, and the withdrawal of 
CO2 from the atmosphere. This proposal introduces a simple technique for such enhanced 
weathering and CO2 consumption on a global scale. 
 
1.2 utilisation 
A worldwide (desperate) search is going on for effective and inexpensive methods to 
reduce the increasing CO2 levels in the atmosphere. If successful, the whole world will 
profit from solutions to the greenhouse gas problem and the global warming resulting 
from increased CO2 levels. Most vulnerable to the related sea-level rise and increased 
storminess are densely populated, low-lying areas, especially in developing countries. 
Moreover, consumers of fossil fuels seek compensation for their CO2 emissions.  
For industries that seek compensation for their CO2 emissions, the method proposed here 
offers considerable advantages over alternatives like underground storage or disposal in 
the deep ocean.  
 
 “Havenbedrijf Rotterdam” (Rotterdam Port Authority) actively supports the project by 
assisting in the design, the construction and the supervision of the “olivine reactor” on the 
Maasvlakte (see figures): 
 
  
2. Composition of the research team 
2.1 Present group 
Prof. Dr. P.L. de Boer, sedimentology, will act as project manager 
Dr. G. Postma will supervise the set-up and running of long-term laboratory experiments 
of olivine in rotating drums filled with sea water. 
Prof. Dr. R.D. Schuiling, geochemistry (retired), will assist in the setting up of the large-
scale field experiments and supporting batch experiments, and study field occurrences of 
olivine-containing beaches and their influence on the CO2 budget. 
 
2.2 Possible candidates 
Prof. Schuiling is the initiator of this project and principal member of the present group. 
Since his retirement he has been a guest researcher at the Department of Earth Sciences. 
He has formulated the concept, and carried out the preliminary sea-water experiments. It 
is logical, therefore, to appoint him as a senior (part-time) researcher in this project. 
Drs. A.W. Hoogesteger, geochemist and MBA, has assisted Prof. Schuiling in the early 
experiments, and has contributed significantly in the formulation of the concept. He will 
also be appointed as a part-time researcher, and carry out most of the laboratory 
experiments, and be primarily responsible for a preliminary economic evaluation.   
Dr. S.P. Vriend, geochemist, will model the sea-water-olivine interaction and the uptake 
of CO2 using PhreeqPitz software. 
 
3.1 Research 
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It will be investigated whether it is possible to sequester large volumes of CO2 by the 
spreading of fine-grained olivine in shallow seas and in other environments where 
conditions for rapid chemical reactions are favorable, e.g. humid tropical soils.  
 
Olivine is a common magnesium silicate that weathers easily. In Europe mines are 
operating in Norway, Spain, Greenland, Italy and Albania, and in addition huge massifs 
of olivine-rich rocks are found in Sweden, Finland, the Urals, Greece  and Turkey, where 
a new olivine mine was recently opened. 
 
Olivine is not in equilibrium with sea water. When freshly broken and mixed with sea 
water in a closed system and stirred, the pH rises rapidly. The reaction with olivine after a 
first “spike” is slower. This rise in pH causes the sea water to become strongly 
undersaturated with respect to CO2. In contact with the atmosphere sea water will rapidly 
take up additional CO2 without causing a pH drop to values lower than normal. The 
additional magnesium ions from the olivine take care of the required alkalinity. The other 
major component released by olivine is silica. This silica will be used by diatoms to build 
their silica exoskeletons. Olivine also contains some iron, which will be released during 
the dissolution of olivine. Iron is often a critical component for the marine biomass. The 
experiments will be done in a hydrodynamically active marine basin (North Sea), where 
organic productivity is high, and iron is not a limiting nutrient. So, the iron liberated upon 
the reaction of olivine with CO2 will not negatively affect the ecosystem. 
 
In first instance the problem will be tackled by experiments and modeling. A start will be 
made with simple batch experiments, rotating drums filled with olivine and sea water. A 
next step will be a large field experiment on the “Maasvlakte” near Rotterdam. A large 
oblong concrete box without bottom with a separating wall in the middle will be installed 
on the beach. One compartment will be filled with fine-grained olivine, the other with a 
mixture of fine and coarse olivine (grain size between 0.01 and 1 cm). The box will be 
positioned in such a way that at ebb tide the sea water drains through the porous seaward 
short side, while at high tide the top of the olivine will be just covered by sea water, 
which will enter the reactor from the back side over a low sill. pH electrodes will be 
positioned at different locations in the box, and the incoming and outgoing sea water will 
be sampled regularly. From time to time samples of the olivine will be taken to check for 
changes in roundness, surface (solution pitting) and grain size. The olivine will also be 
checked for the formation of new minerals like serpentine. 
Recently a paper has been submitted to “Marine Geology”, describing the occurrence of 
olivine-bearing beaches at the base of massifs of olivine-rich rocks along the South coast 
of Turkey. The first author, Prof. Mustafa Ergin, has been contacted, and he is willing to 
show these locations to Prof. Schuiling, who will check whether the interstitial sea water 
of these beaches shows a higher pH and higher bicarbonate content than normal sea 
water. It will be an advantage that Prof. Schuiling speaks fluently Turkish. 
The olivine-sea-water interaction will be modeled using PhreeqPitz software.  
When the experimental results are promising, a first-order economic evaluation will be 
made by Drs. Hoogesteger. 
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3.2 Required personnel and investment 
Most of the research can be carried out by University staff. The input in time of project 
personnel is limited (0.3 senior researcher, 0.1 senior researcher and 0.3 researcher during 
18 months). 
The largest material costs are 2 x 1.000 tons of olivine, and the construction of the large 
container on the coast near Rotterdam. Rotterdam Harbor Works will be asked to take 
care of part of the costs, and a favorable deal may be struck with the providers of the 
olivine regarding the price of the olivine.  
 
 
3.3 Time schedule 
At the start of the project the construction and testing of the drum will have priority. At 
the same time, the container for the pilot test at the coast near Rotterdam will be 
constructed, and the required amounts of olivine will be ordered. As soon as the tank will 
be ready, the large-scale experiment will start and run during the course of the project. 
Once the analytical results of the lab experiment as well as the first results of the pilot 
experiment are available, the olivine-sea-water interaction and the uptake of CO2 will be 
modeled.  
From the weight loss and the degree of rounding of the olivine in the rotating drum 
experiments it will be attempted to quantify the potential of the proposed method to 
remove large (> 1Gt) amounts of CO2 from the atmosphere. In case the results are 
favorable, it will be attempted, in collaboration with the authorities, to introduce the 
spreading of olivine, e.g. on beaches. 
 
 
3.4 Available infrastructure 
The Department of Earth Sciences is well equipped with standard laboratory equipment 
for experiments and analysis. The research will be mainly carried out in the combined 
laboratories of TNO-NITG and the Department of Earth Sciences, and the Geochemistry 
Division of the same department, where most of the analyses (XRF, XRD, ICP-MS and 
microprobe) will be performed.  
The rotating drum will be placed in the laboratory for flume experiments of the 
Sedimentology Group under supervision of Dr. Postma.  
 
3.5 Position of this research with respect to similar research in the Netherlands or 
the rest of the World. 
Greenhouse gases and Global Warming are hot issues (in more than one respect!). Even 
so, the approach chosen here is completely novel. It is a logical application of the concept 
of enhanced weathering set out in the paper by Schuiling and Krijgsman (Schuiling, R.D. 
and Krijgsman, P (2006) Enhanced weathering; an effective and cheap tool to sequester 
CO2. Climatic Change, 74, nrs 1-3, p.349-354) 
This is one of the 4 proposals submitted by Schuiling in response to Branson’s Virgin 
Earth Challenge, for the best proposal to remove 1 Gt of CO2 from the atmosphere. 
 
4.1, 4.2 Plan of utilization 
Most scientists, and almost all politicians are convinced that we are in a period of global 
warming, with dire consequences for humanity, and that this is caused by the rapid 
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increase of the CO2 concentration in the atmosphere resulting from the burning of fossil 
fuels. Most people feel that there is an urgent need to tackle the problem. This is the 
challenge. We are convinced that global problems call for global solutions, and not for 
technological fixes. Our proposal is such a global solution. 
This confronts us at the same time with a problem, because one cannot easily single out 
specific parties that profit from the solution, because every citizen of the world would 
profit, especially those who live in low-lying areas vulnerable to sea-level rise and 
increased storminess. Even so, there are sectors in the society that are more in particular 
involved, like the mining and transport of olivine, beach resorts that can acquire a green 
image for their visitors by constructing olivine sand beaches, (which will not be green 
only in the ecological sense, but also physically, because olivine is a green mineral), and 
companies that can buy CO2 emission certificates by taking part in green beaches projects 
(not only the project itself, but more importantly its larger scale follow-up).  
Support has been obtained from a chemicals and minerals trading Group (Joss 
Chemicals).  
From the energy sector we have received a support letter from Shell Global Solutions. 
Shell Global Solutions themselves are actively researching the possibilities of the use of 
olivine for large-scale sequestration of CO2, but their focus is on the development of 
autoclave technologies, whereas our approach is based on the stimulation of natural 
processes. 
Another company from the energy sector, NUON, has expressed its keen interest in this 
research. 
Havenbedrijf Rotterdam (Rotterdam Port Authority) will actively cooperate to design and 
construct an “olivine reactor” to be placed on the sea coast of the Maasvlakte. 
 
4.3 Implementation 
The follow-up, if the research appears promising indeed, is beyond our means, because it 
involves governments, and will bring about an enormous increase in olivine mining (from 
several tens of million tons of olivine annually at present to more than 1 billion tons). 
What we intend to do is to make the results available to the public, not only by 
publications in scientific journals, but also in the media. We will try to convince citizens 
that everybody can participate and take his responsibility. This is a great emotional 
advantage over difficult high-tech technologies, which remain a closed book to the 
general public. 
 
Economics 
The formula describing the reaction of olivine and CO2 

 
Mg2SiO4 + 4 CO2 + 4 H2O  --> 2 Mg2+  + 4 HCO3

-  + 4 H4SiO4
0 , 

 
the present oil price of $ 65.- /barrel (159 l), the specific gravity of oil 0.9, and the current 
price of mining, grinding and transport of olivine of € 20.- tot € 30.- per ton (1000 kg), 
allow a simple calculation from which it appears that at a price of 
€ 20.- per ton olivine 1 Ton of CO2 can be compensated for € 16.-  
€ 30.- per ton olivine 1 Ton of CO2 can be compensated for € 24.-  
(a recent quotation for olivine sand delivered in Rotterdam Harbour is 23 Euro/ton) 
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Similarly for 1 barrel of oil 420 kg olivine is needed costing € 8.4.- (at € 20.-/ton) to € 
12.6 (at € 30.-/ton). This is 17.2% to 25.7% of the current price of crude oil. Thus our 
method will be economic indeed if we realise that the capturing of CO2 in power plants 
costs about 19% extra fuel, and the storage of CO2 will bring about significant extra 
costs. Moreover the storage of the reactive CO2 will, especially when carbonate is present 
in the subsurface reservoirs, bring about additional risks. 
 
When mined and handled in large quantities, the price of olivine likely will be less than 
estimated above. 
 
 
4.4 Past performance 
No scientist has ever dealt with problem solving on this scale. Last year Springer 
published a book called “Macro-engineering; a challenge for the future”. Prof. Schuiling 
was one of the editors of this book, to which he also contributed two chapters. It gives us 
at least some feeling for problems and problem solving on a global scale  
 
 
5 Management of know-how 
Not applicable. There are no contracts with third parties, and no patents relevant to the 
present project. 
 
 
6. Budget 
Personnel 
1 senior researcher (Prof. Dr. R.D. Schuiling)  0.3 fte 
1 senior researcher (Dr. S.P. Vriend)   0.1 fte 
1 researcher (Drs. A.W. Hoogesteger)  0.3 fte 
 
All at STW approved salary scales 
 
Material 
laboratory material (field pH meters,  
chemicals a.o.)        6.000 Euro 
chemical and XRD analyses       8.000 Euro  
rotating drum, and container for sea water   25.000 Euro 
construction and installation of olivine “container” 
on Maas plain       80.000 Euro 
1000 ton olivine 0-5 mm     23.000 Euro 
1000 ton olivine <120 micron     25.000 Euro 
travel costs Netherlands. 20 x return ticket Rotterdam      318 Euro 
 
Travel costs 
Return flight Turkey, car rent          900 Euro 
Residence costs Turkey 8 x 180 euro       1440 Euro 
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Field assistant (5 days x 75 Euro)        375 Euro   
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Fig. 1 The olivine reactor on the Maasvlakte at ebb tide 
 

 
 
 
 
Fig. 2 Artist impression of the olivine reactor on the Maasvlakte 



 9 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  


