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Abstract:

Anaerobic digestion (AD) has its foundations as a technology in waste treatment particularly for sewage and sewage sludge. The technology progressed to digestion of agricultural slurries, which included for: storage of slurries; improved nutrient availability of the digested slurries; and renewable energy production in the form of biogas, typically used on farm as either a source of renewable heat or combined heat and power (CHP). In more recent times AD has been used with a primary function of renewable energy generation. In 2011 Germany had over 6000 crop digesters with maize as the dominant feed stock [1]. This may be seen as a very different approach to the corn ethanol facilities which have developed in the US. First generation ethanol production involves fermentation of the grain (or cobs) but not the straw (or stover). Existing AD technology includes whole crop digestion. The energy balance of crop digestion has been shown to be better than first generation ethanol and liquid biofuel production [2, 3]. Biogas developments are significantly smaller than ethanol facilities. A 1 MWe biogas system has an energy output 40 times less than a 150 million litre per annum ethanol facility. If biogas developments are well managed they may incorporate the proximity principle, involve sustainable communities and create local employment. 

The food/fuel debate has generated discord on energy systems based on edible crops. Countries such as Denmark, Switzerland and Sweden which have developed biogas industries do not use, and are not well disposed to the use of, crop digestion. It is suggested that the next evolution of AD will be in difficult substrates and will include for gas grid injection of upgraded biogas (biomethane). The evolution may be likened to second generation biofuels. The suggested substrates are predominately lignocellulosic and include grasses, residues and algae. Grasses may include intensive managed grass silage but it may be deemed more sustainable to concentrate on grass cuttings from parks and grass from marginal lands. Residues include source separated organic fraction of municipal solid waste (OFMSW) and industrial and commercial food waste. Macroalgae are of interest, especially those which are considered a nuisance such as sea lettuce. This can be a significant bioresource in coastal areas with large shallow estuaries. 

The digestion of these substrates will require novel technologies including pre-treatment and multi-phase digestion. Two phase anaerobic systems allow for separation of hydrolytic and methanogenic phases. Pretreatment may be concentrated in a hydrolytic batch phase. Methanogenisis may take place in a high rate system such as an Upflow Anaerobic Sludge Blanket (UASB). Two phase systems have the potential to generate more biogas with a higher methane content at shorter retention times than single phase systems [4]. This has significant advantages for upgrading technologies. Alternatively the multi-phase system may allow co-production of hydrogen and methane [5]. 
The distribution system for the end product is crucial for uptake and development of the technology. It is suggested that upgrading gas and injecting to the gas grid allows for a sustainable distribution through, in many countries, an existing infrastructure. As of 2011 Germany had 72 plants feeding biomethane into the natural gas grid with a combined capacity of 49,000 mn3/h [6]. This number is growing internationally as the advantage of a green gas certificate system allows use of biomethane at any facility off site that uses natural gas from the grid. Rather than limiting biogas use to a combined heat and power application at the biogas production site where the sale of heat may be limited, the biogas may be upgraded, gas grid injected and used elsewhere as renewable transport fuel, as renewable heat or as renewable electricity in for example a combined cycle gas turbine (CCGT) achieving electrical efficiencies close to 50%. Natural Gas Vehicles numbered close to 14.5 million in 2011 [7]. Thus the technology for biomethane as a transport fuel is very advanced as contrasted to for example hydrogen.

This paper suggests the next development of biogas systems including for substrates, technology, distribution and end use.
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