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Biorefinery may be defined as the sustainable processing of biomass into a spectrum of marketable biobased products (food, feed, materials, and chemicals) and bioenergy (fuels, power and/or heat) 1[]
, of which bioenergy is the core for the time being, considering the need of CO2 reduction and the importance of biofuels in the future transport sector.  Indeed, in Norway the Norwegian government has set a long-term Bioenergy Strategy aiming for a doubling of present levels of bioenergy use by 2020, and through the negotiated agreement (“Klimaforliket”) the Norwegian Parliament has allocated funds for renewable energy R&D, including the establishment of national research centre for environmentally friendly energy research (FMEs) in 2009 2[]
.  On the other hand, at the  international level the EU’s target is to increase the share of renewable energy resources in the EU energy supply from the present 6 % to 12 % by 2010 3[]
. Further, the EU states that it is necessary to establish a framework to increase the share of green electricity from 14% to 22% of gross electric consumption by 2010 4[]
. In the long term, biomass is expected to contribute around 20 % of the primary energy supply. Currently biomass is used to produce two-thirds of the energy derived from renewable sources. EU strongly emphasizes the importance of CHP (combined heat and power) production from biomass ranging from small to large scale. So, biomass-based CHP technology is the core of bioenergy.
Fig. 1 represents the conceptual biorefinery developed by NREL 5[]
, which is built on two different platforms: “sugar platform” and “syngas platform”, to produce multiple products, integrated with CHP production for reduction of costs and greenhouse-gas emissions. The "sugar platform" is based on biochemical conversion processes and focuses on the fermentation of sugars derived from plant biomass. The "syngas platform" is based on thermochemical conversion processes and focuses on the gasification of biomass and biomass residues.
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Figure 1: NREL's biorefinery concept 5[]

A critical step of the “sugar platform” is the conversion of cellulose to glucose, which may include chemical, physical and enzymatic processes. Intensive researches have been carried out both on the chemical and physical pretreatments, and development of new enzymes and production of microorganisms for the enzyme hydrolyses after the pretreatment. The crucial issue is to make the enzymes more effective and to produce them in a more cost-effective way.  Enzyme immobilization could reduce the enzyme cost by improving operational stability of the enzyme and allowing enzyme reuse. Other methods for reuse of the enzymes are also under development. However, the recycling of enzymes may be difficult when treating particulates containing lignocelluloses.

The production of liquid biofuels and chemicals according to the “syngas platform” is complicated due to the composition of the product gas from the gasifier, which may contain many impurities including H2S and other sulfur compounds, tars, alkali metals and other inorganic species and particles, as well as undesirable products (CH4, CO2). These impurities may cause failure of the downstream unit operations and/or negatively influence the performance of catalysts used in the process, and thus must be removed. Furthermore, the H2/CO ratio of the product gas from biomass gasification can be less suitable for Fischer-Tropsch synthesis (FTS) using conventional Co based catalysts, so that a separate adjustment step might be necessary. The complexity and the requirements of syngas purification and conditioning will increases the already high costs for FTS. 
Indeed, no commercial second generation biofuel production plant is under operation at present. Even if it reaches a commercial status, the plant size is expected to be very large 6[]
. However, biomass resources in Norway are distributed over the whole country, though the largest resources in the inland regions. This fact together with a distributed population makes CHP production in small-scale plants all the more suitable in Norway.  Therefore, it may be more suitable for Norway to promote the concept of biorefinery and reach its target in bioenergy by prioritizing the “CHP platform”, going directly from “biomass” to an Integrated Wet Torrefaction - Combined Heat and Power (IWT-CHP) plant as presented in Fig. 2. Such small distributed IWT-CHP plants, apart from production of heat and power, will serve as pretreatment plants providing feedstocks to large centralized plants for cost-effective production of second generation biofuels via “sugar” and “syngas” platforms. 
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Figure 2: Integrated wet-torrefaction CHP plant for biorefinery
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