Carbon Capture and Renewable Energy Generation by Pyrolysis
by Bru Pearce
September 26, 2103 - Technology is available for restoring CO2 concentrations to pre industrial levels.  The fast pyrolysis process enables us to capture very large quantities of carbon out of the biosphere carbon cycle.
The pyrolysis unit heats organic fuels to circa 800°C in the absence of oxygen, at which point they cracks chemically, producing a fuel gas.  This is then scrubbed and used to drive a gas combustion engine, micro-turbine or fuel cell.  Left over from the process is carbon char / biochar.  Each pyrolysis unit can process 750 kg of organic waste per hour - including refuse derived fuel, wood chip or other biofuels - producing about: 
0.75 MWh of net electrical power (assumes 32% efficiency, using a gas engine and generator set);
1 MWh of heat, which can be used to improve the efficiency of the process, provide heat or cooling, and also has the potential to power water desalination;
185 kg of carbon char, making it a carbon negative process.
The only emission is the exhaust from the gas engine, which is carbon neutral, as the fuel is organic.  Multiple units can be deployed in parallel to create large power stations.
700,000 units deployed worldwide (1 for every 100,000 people on the planet) will enable us to capture 945 million tons of carbon = 3.4 Gt of CO2 per year taken out of the atmosphere.
In addition to the captured carbon they will deliver 4.8 billion MWh of electricity, which, if produced by coal fired power stations, would produce circa 4.2 Gt of CO2.  That’s more than the 3.5 Gt currently emitted by coal fired power stations.
Total World electricity generation is currently circa 20 billion MWh (of which 40% comes from coal), so 15.2 billion MWh will need to be derived from other renewable energy sources, if CO2 levels in the atmosphere are to start coming down, but the point about this process is that there is active carbon removal
Practicality?
The pyrolysis units are not large, the individual components can be containerized, and their mass production is entirely feasible.  We envisage licensed production taking place all over the world.
In most cases, the fuel for the individual pyrolysis power stations is produced locally and the captured carbon is also sequestered locally; greatly reducing the transportation carbon costs.
There are numerous uses for the captured carbon.  It can be deployed in the soil as biochar, which is a permanent fertilizer and soil improver; used for land restoration, where the carbon captures toxic residues, such as the stabilization of tar sands settling pools; simply put back in the ground; or sunk in the oceans - anything, so long there is no ability for it to combust.
The char is, of course, basically charcoal.  It can and will be used as an energy source.  It is, however, a renewable energy source.  Unlike conventional charcoal production, where very large amounts of methane are given off, all of the methane is captured and converted to CO2, when it powers a gas engine or turbine in this process.
3.4 Gt of CO2 negative emissions results in a CO2 ppm reduction of around 13.6 ppm per year.
Although this is not enough on its own to start taking down atmospheric CO2 levels, it will when coupled with other renewable energies, such as nuclear power, geothermal, wind, solar, and efficiency measures.
We calculate that 140,000 pyrolysis power plants (each of 5 units) could be on line within 10 years, i.e. 2023, (by which time atmospheric CO2 will be 430 ppm, possibly higher, as other feedbacks may have kicked in).  Accepting some inefficiencies, and the loss of some of the char to charcoal replacement in 3rd world countries, we can still target achieving CO2 reductions of 10 ppm per year; this means we could target reaching 330 ppm by 2033.  
Note: emissions of CO2 from the oceans back into the atmosphere are likely to slow and prolong this process.
Fuel Required
3.78 billion tonnes made up of RDF, agro-waste and sewage sludge - which pre preparation means around 7,56 billion tonnes of raw material.  (One way or another that is a tonne of waste biomass for every person on the planet per year).  
Availability of fuel will be the limiting factor; however, the world’s agro-waste certainly exceeds 12 billion tonnes, which will produce circa 6 billion tons of fuel.  Municipal solid waste adds up to another 0.8 billion tones of RDF, sewage sludge and animal waste around 0.4 billion tonnes, totaling 7.2 billion tonnes of available fuel, before we start growing dedicated fuel crops.
Thus there is the very real potential of deploying twice the number of pyrolysis units proposed here and capturing 6.8 Gt of carbon per year.  This would actually allow us to keep using liquid hydrocarbon fuels for transportation, and still bring CO2 levels down by 10 ppm per year, thus allowing a smooth transition to a sustainable world.
Economics
The capital cost of 140,000 5-unit pyrolysis power stations at $28 million each would total around $3.92 trillion; equal to $560 for every person on the planet.  EACH ONE OF THESE UNITS SHOULD BE A PROFITABLE OPERATION!  On average one would recover its capital cost within 10 years.  (Mass production should bring capital costs down).
Note; that the detailed business models and performance will depend on the competitive cost of power, the availabilities of gate fees for taking in MSW, the local fuel available and the cost / complexity of preparation, distance from and to markets for each power station location.  Carbon markets may also have a major impact.  
What’s Required Now?
1.  a substantial investment in the EPi pyrolysis technology
2.  education and training for operators and development teams
3.  applications from companies capable of manufacturing equipment
4.  an agreed methodology for calculating the value of sequestered carbon char (a methodology for biochar sequestration in the soil has recently been produced)
Apart from representing probably our best chance of stabilizing the planets climate, investing in pyrolysis technology may very well be amongst the largest business opportunities there has ever been.  This should not be a hard sell!
Please contact Envisionation for further information and appointments for qualified parties to view the development facility in the UK.
www.envisionation.co.uk/index.php/blogs/79-carbon-capture-and-renewable-energy-generation-by-pyrolysis?goback=%2Egde_119460_member_277875177#%21
