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Biomass is the only renewable source of organic carbon currently on earth that, when utilized
efficiently and optimally, can significantly reduce our present reliance on fossil fuels. Biomass,
particularly lignocellulosic biomass, is abundant, inexpensive, and does not compete with the
production of food crops. However, the complex nature of biomass and many ill-defined issues related
to biomass utilization pose a substantial challenge to the large-scale biomass utilization. While it is
technologically feasible to utilize lignocellulosic materials and organic wastes into energy, chemicals and
fuels, the costs associated with it need to be lowered and new technologies must be developed at a
commercial scale. It also must be demonstrated that a commercial scale biomass utilization process is
environmentally sound and sustainable.

The system for utilization of biomass for producing energy, chemicals, and fuels, consists of
several steps, i.e. biomass production/procurement, biomass conversion processes, and product
upgrading/utilization. Each step has its unique opportunities and challenges, and is dependent of each
other. As a supply-chain type system, the success rate of the system will be based on success rate of the
weakest step. For developing a biomass utilization system that is successful, i.e. economically and
environmentally sound on commercial scale, concerted collaborative programs of scientific R&D
endeavors that address the opportunities and challenges in each of these steps need to be executed.
Such programs, to be successful, will require the collaborative involvements of researchers from almost
every field of studies.

As an example of a process-based research and education in biomass utilization, one
thermochemical process, called fast pyrolysis, will be discussed. Fast pyrolysis could be the most
promising way to utilize biomass via the formation of an intermediate product in liquid form which is
easy to transport. It is the rapid thermal decomposition of organic compounds in the absence of oxygen
to produce a liquid mixture, commonly referred as fast pyrolytic oil or bio-crude oil (BCO, which is the
primary product), a gas mixture (synthesis gas), and solid (bio-char). By producing BCO liquid, which has
the density 8-10 times of the original biomass, fast pyrolysis process, as a distributed process conducted
nearby the biomass production source, offers an intriguing opportunity to make biomass easier to
transport (as liquid) to a central processing facility. At the central processing facility, like petroleum
crude oil, BCO then can be used as feedstock for the production of power, chemicals, and/or
transportation fuels. This presentation will focus on process engineering and
sustainability/environmental aspects, including research opportunities/challenges, in developing a fast-
pyrolysis-based biorefinery for utilizing biomass to produce value added bio-based products.
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