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Title:  The CATO reactor (de Cato reactor voor verbetering van de binnenatmosfeer)

The project is not specifically part of a running program in the Department of Geosciences. The idea was independently conceived by Prof. Dr. R.D. Schuiling, Professor of Geochemistry, Utrecht University (retired) who is a guest researcher at the Department of Earth Sciences. So far no support has been actively sought from other parties, but initial reactions from representatives of construction companies (air conditioner systems, air filters) are positive. 
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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 a small portion of CO2 from the atmosphere by recirculating the interior atmosphere in large buildings like schools or offices, and pass it through a slurry reactor filled with fine-grained olivine. The focus of this proposal is on the improvement of the air quality in buildings by removing part of the CO2 in the air. The same installation will also remove pollen and other allergenes.

Olivine is a very abundant magnesium silicate that weathers easily, and the name CATO (Clean Air Through Olivine) installation is derived from it. Olivine is not in equilibrium with normal waters. Addition of fine-grained olivine causes the pH of the water to rise. This makes the 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 as bicarbonate in solution. This opens the way to use a slurry of olivine as a sink for CO2, by bubbling the interior atmosphere through this slurry and thus sustainably remove this greenhouse gas from the air.

Mg2SiO4 + 4 CO2 + 4 H2O  ( 2 Mg2+ + 4 HCO3-  +  H4SiO40

.This proposal introduces a simple technique for enhanced weathering and CO2 consumption on a small scale that could improve the quality of life for many people.

1.2 utilisation
Many office buildings and schools suffer from the “sick building” syndrome, where people feel drowsy, or develop headaches as a result of breathing stale air with a high concentration of carbon dioxide over an extended period. Studies have shown that a level of >1000 ppm carbon dioxide will reduce the ability to concentrate by about 30 %, a significant drop by any means. It is observed that in schools or offices, the CO2 levels in the interior atmosphere reach 1500 to 1600 ppm CO2 at the end of the day! The high levels of CO2 build up when many people stay for extended periods of time in buildings, where ventilation and exchange with outside air are limited. It would be worthwhile to reduce these CO2 levels without the waste of energy associated with opening windows and doors. If successful, the public will profit from a solution to the sick building syndrome, improve the condition of hay fever or asthma patients, and, as a bonus, contribute a small part to the solution of the greenhouse problem and the global warming resulting from increased CO2 levels, by making their school or office building more CO2-neutral. 

Support for the project will be sought from companies or schools, and maybe from an engineering company interested in the production and sale of CATO (Clean Air Through Olivine) installations. The project is supported by the Olivine Foundation for the reduction of CO2.
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1.1 Onderzoek

Onderzoek
De oorzaak van een dreigende opwarming van de aarde wordt door velen gezocht in de stijging van het CO2 gehalte van de atmosfeer. Dit onderzoek gaat over de mogelijkheid om door middel van het gebruik van een reactor gevuld met een olivijn suspensie kleine hoeveelheden CO2 uit de atmosfeer te verwijderen, maar vooral om het binnenklimaat van openbare gebouwen te verbeteren.
Olivijn is een zeer veel voorkomend magnesiumsilikaat dat makkelijk verweert. Olivijn is zeker niet in evenwicht met water. Bij testen waarbij olivijnkorrels toegevoegd worden aan water, dat vervolgens na afsluiting  van de lucht intensief werd geschud loopt de pH snel op tot waarden tussen de 8 en 9. Dit betekent dat het water sterk onderverzadigd raakt aan CO2. In een systeem dat in contact staat met de atmosfeer maakt het water het tekort aan CO2 snel weer goed door opname van CO2. Dit opent de mogelijkheid om CO2 aan een binnenatmosfeer te onttrekken.

De methode maakt gebruik van verwering, hetzelfde proces waarmee de natuur CO2 uit de atmosfeer haalt. 
1.2 Utilisatie

Veel scholen en kantoorgebouwen lijden aan het “sick building”syndroom, dat althans gedeeltelijk veroorzaakt wordt door een hoge CO2 concentratie in de binnenlucht  Mensen voelen zich onwel, en kunnen zich slecht concentreren. Door het bouwen van CATO-installaties in zulke gebouwen, waarin de binnenlucht door een suspensie van fijnverdeelde olivijnkorrels wordt gebubbeld proberen we de CO2 concentratie te verlagen. Ook allergene stoffen, zoals pollen, worden tijdens deze operatie verwijderd.

De opzet is om de binnenlucht te recirculeren door een langgerekte trogvormige reactor gevuld met een suspensie van fijnkorrelige olivijn. De lucht wordt onder een kleine overdruk door een buis langs de bodem van deze reactor gevoerd die voorzien is van een groot aantal kleine gaatjes. De overdruk moet minstens gelijk zijn aan het gewicht van de kolom boven de buis. Door reactie van het water met de olivijn wordt de vloeistof basisch en is onderverzadigd aan CO2. Als de lucht uit de kantoorruimtes of klaslokalen, met een vrij hoge CO2 spanning, door een olivijnsuspensie wordt gebubbeld zal deze CO2 afgestaan worden aan het water, waarin de CO2 omgezet wordt tot bicarbonaat..De installatie is simpel onder te brengen in een kelder of basement van een gebouw. 

Prof. Dr. R.D. Schuiling, geochemistry (retired), will assist in the design of the slurrie reactor, assist in carrying out the tests, and help in contacting interested parties.

Since his retirement in 2002 as part time professor of geochemical engineering at the IHE/Delft, prof. Schuiling has been actively developing the use of the weathering of olivine as a means to counteract climate change. He is a guest researcher at the Department of Earth Sciences, Utrecht University, and member of the Board of the Olivine Foundation for the reduction of CO2 (a non-profit organization). 

3.1 Research
It will be investigated whether it is possible to sequester CO2 by passing CO2-rich air through an olivine slurry. Some of the parameters to be studied are the effects of grain size and temperature on the rate of reaction.

Other parameters involve the contact time of the bubbles with the water, dependent among others on bubble size and viscosity of the slurry and height of the olivine column. 

A start will be made with simple batch experiments, where a stirred olivine slurry will be reacted in a closed system with a pre-determined volume of air with different partial pressures of CO2. The process will be followed by measuring the CO2 concentration as a function of time.

The slurry reactor, and the air circulation system must be dimensioned in such a way, that the air volume of the building must be able to pass a few times through the reactor during one day, and remove a significant part of the CO2 contained in that volume. In order to bubble through the olivine slurry, the overpressure must be at least equal to the weight of the slurry column above the air tube.

People exhale on average 900 gram of CO2 daily. For an office or a class room of 20 people who are in this room for 8 hours, we would need about 5 kg of olivine powder/day. This is not a problem to stow in a fairly modest reactor with a volume of the order of 1 m3. The problem is that the water in this reactor cannot keep the corresponding amount of bicarbonate in solution. This leaves two possibilities

1. Let the bicarbonate precipitate as a solid magnesium carbonate or bicarbonate, and remove these solids from time to time.

2. Refresh the water in the reactor regularly by recirculating it through a large tank or a small pond. Even a moderate exchange of a few m3 per day will be enough to control this problem. A pond inside the building, but exposed to sunlight, filled with aquatic plants can accommodate part of the CO2 by photosynthesis, and deliver oxygen-rich air. In case a few neighboring buildings want to make use of the same pond, it is better to construct such a pond outside. The silica, that is also released through the weathering of olivine will probably stimulate the growth of diatoms (siliceous algae) in this pond, which are an excellent fish food. Silica is moreover important for the growth of “wet” grasses, like reed and rushes. 
Part of the research will focus on the choice between these two alternatives.
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 (3 x 0.1 senior researcher and 1.0 fulltime researcher (TWAIO) during 18 months).

The largest material costs, apart from a few hundred kg of fine-grained olivine are the construction of a full scale slurry reactor prototype. Other laboratory equipment (closed system box, on line pH and CO2 measurement) is partly available, or will be acquired with project funds.
3.3 Time schedule
At the start of the project the design, construction and testing of the slurry reactor will have priority, after some initial tests to define the major parameters have been carried out. After the prototype reactor has been constructed, this will be tested at a “real life” site, like a school or a large office building, preferably already equipped with an air circulation system that can be used in these experiments. A logical choice of location would be a technical high school in the neighborhood in Amsterdam, where the students can assist in the daily monitoring of the system, but any other school or office building eager to collaborate on making their occupants feel better and perform better would qualify.
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!). Admittedly, placing a number of CATO installations in schools or buildings will have only limited impact of the CO2 concentrations in the Earth’s atmosphere, although, if successful, it will make a large number of people aware of weathering as a possible way to counteract climate change. Looking at this specific project, as part of chemical engineering, reactor design and construction are typical items of research for a HTS.

The concept is a logical application of enhanced weathering, as 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)

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 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 would be a small item in such a global solution.

A large section of the general public would profit by the introduction of CATO installations, from children at primary schools to students at universities and their teachers, as well as office workers in all countries where climatic conditions make it impossible to open windows and doors of buildings during (part of) the year. The system will particularly help people that suffer from hay fever or asthma, because a CATO reactor will also remove pollen and allergene dust particles from the air. 
Once the concept has been proven, we will aim for a massive introduction of CATO installations in our Society. We hope that Dutch industries will quickly pick up the challenge and start the production of CATO installations, not only for the Dutch market, but as an export product as well.

4.3 Implementation
The follow-up, if the research shows that the CO2 levels can indeed be significantly lowered by a CATO installation, will be mainly in the hands of a company or companies that produce such units on a commercial basis. What we can contribute is to make the results available to the public, not only by publications in scientific journals, but also in the media. We will show to citizens that everybody can participate and take his responsibility. As our project involves a simple instrument with immediate positive effects, it has a great emotional advantage over difficult high-tech technologies, which remain a closed book to the general public.

4.4 Past performance
If we regard the grand picture of global mitigation of the greenhouse problem, 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 global problems and how to solve them on a global scale. 
5. Budget
Personnel

3 senior researchers 




3 x 0.1 fte

1 TWAIO





1.0       fte

All at STW approved salary scales

Material

laboratory material (pH meters, online instrumentation 

for CO2 measurement)




4.000 Euro 

Construction of prototype reactor



8.000 Euro

chemical and XRD analyses




3.000 Euro 

olivine powder (<63 micron)




   300 Euro


travel costs Netherlands. 20 x return ticket Delft

   400 Euro
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( hier referenties van jullie hand over procestechnologie e.d.)

Literature (external)
(hier een paar referenties toevoegen over het sick building syndroom)
Eventueel vast een schets toevoegen hoe een CATO reactor er uit zou kunnen zien
Confidentieel

De CATO- installatie (Clean Air  Through Olivine)
Er wordt geklaagd dat in kantoren of scholen de mensen vaak een beetje suf worden of hoofdpijn krijgen, omdat de binnenlucht te hoge gehaltes aan CO2 gaat bevatten. Dit gebeurt als veel mensen enige tijd in een beperkte ruimte ademen en daarbij CO2 produceren. Je kunt natuurlijk ramen open zetten, en veel verse buitenlucht circuleren. Dat helpt daar tegen, maar is energetisch ongunstig. Voor dit probleem is het beter om de lucht intern te circuleren, en de CO2 te verwijderen. Dit zou op de volgende manier kunnen. De lucht wordt aangezogen uit de klaslokalen, en gaat, bv. in de kelder, door een lange buis met gaatjes, die gemonteerd is op de bodem van een lange V-vormige bak. Deze is gevuld met een suspensie van fijnkorrelige olivijn. De lucht borrelt door deze suspensie en wordt weer gerecirculeerd in het ventilatiesysteem. De reactie met de olivijn maakt de oplossing basisch, zodat hij CO2 aantrekt. Om te voorkomen dat de lucht te vochtig wordt, is het niet een suspensie met gewoon water, maar met zoutwater van een zodanige concentratie, dat de lucht een aangename relatieve vochtigheid krijgt, niet te droog, niet te vochtig. (we hebben bovendien gemerkt dat de olivijnreactie sneller gaat in zoutwater dan in zoet water). Voor een klaslokaal van 1000 m3 is ruim 1 kilo olivijn per dag nodig (10 à 15 eurocent) om alle uitgeademde CO2 uit de lucht te halen en vast te leggen als bicarbonaationen. Bovendien, als de lucht in kleine belletjes door zo'n suspensie borrelt, vang je ook allerlei stofdeeltjes,ook allergieveroorzakende zoals pollen, een plezierige bijkomstigheid voor hooikoorts- of asthma-patiënten.
Je kunt het systeem zo ontwerpen dat je de inhoud van de olivijnbak bij voorbeeld elke 2 weken een keertje ververst. Als extra bonus kan iedere school die dit toepast zeggen dat ze in ieder geval hun eigen CO2 compenseren. 
Het is denk ik ook een aardige manier om olivijn "onder de mensen" te brengen.







Utrecht, 18 Oktober 2008
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