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A promising alternative way to produce bioenergy,
biofuels, and bio-based chemicals is through
thermochemical conversion—the controlled heating or
oxidation of biomass. Bioenergy production covers a
range of technologies including pyrolysis, gasification,
and combustion, which can be variously configured to
produce outputs of heat, electricity, or gaseous or liquid
precursors for upgrading to liquid fuels or chemical
feedstocks Oxidation with air, oxygen from an ASU (air
separation unit) and/or various modes of indirect heating
may be used. Thermochemical technologies show great
promise for the production of renewable electricity, both
in the context of biomass co-firing in existing coal power
plants and for decentralized electrification projects in
developing countries.

For chemicals and biofuels production, thermochemical
conversion provides a means of crossing over from the
world of biological (biomass) resources of the widest-
ranging types to the world of petrochemical-type
processing, by leveraging established catalytic
technologies for converting syngas (carbon monoxide —
hydrogen mixtures) to chemicals and fuels, or by
converting bio-based naphtha-like fractions to olefins in
steam reformers.

Biomass feedstock for gasification must fit certain criteria
to be implemented economically at commercial scale.
The primary criteria are composition considerations, such
as energy density, which influences yield or efficiency of
the process, and dryness. Secondary criteria, but with
similar importance, include supply and logistics of
feedstock. The latter dictates cost of feed (including
recovery costs and transportation) and location suitability.

Biorenewable Insights: Biomass Gasification

Most types of gasifiers can be placed in one of the
following categories:

= Fluidized bed gasifiers
- Bubbling Fluidized Bed
- Circulating Fluidized Bed
= Moving-bed gasifiers
- Updraft
- Downdraft
- Cross draft
= Entrained flow gasifiers
= Plasma gasifiers

Each of these has a different range of feed particle size
requirements and all involve some level of challenge to
feeding different types of biomass, generally more so
than for coal, from which application these technologies
derive.

Cost of production models for USGC, Brazil, Western
Europe and China are shown for various products of
gasification (from Agricultural Residues, Wood, and
MSW):

= BFB:
- FT
- Methanol
- Hydrogen

- FT

- Methanol

- Hydrogen
= CO:2 Methanation
= Syngas-Based (SNG)
= Electrofuel

NexantECA has catalogued existing and planned
biomass gasification capacity.

For more information. please contact
Technology@NexantECA.com or www.NexantECA.com
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Biorenewable Insights: Biomass Gasification

The BI program (sister program to the world renowned TECH program, formerly known as PERP) is globally recognized as
the industry standard source of process evaluations of existing, new and emerging of interest to the renewable energy and
chemical industries.

Bl's comprehensive studies include detailed technology analyses, process economics, as well as capacity analysis and
impacts on conventional industry. Reports typically cover:

Trends in technology

Strategic/business overviews and/or developer profiles

Process Technology:

Chemistry

Process flow diagrams and descriptions of established/conventional, new and emerging processes

Process economics — comparative costs of production estimates for different technologies across various
geographic regions

Capacity tables of plants and analysis of announced capacities
Regulatory and environmental issues where relevant

A subscription to Bl comprises:

PDF reports including detailed technology analyses, process economics, as well as commercial overviews and
industry trends

Cost of production tables in spreadsheet format (as requested)
Consultation time with the project team

An annual subscription to Bl includes 10 reports published in a given program year. Reports can also be purchased on
an individual basis, including reports from previous program years.

For more information, please contact

Technology@NexantECA.com or www.NexantECA.com
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NexantECA Subscriptions & Reports provide clients with comprehensive analytics, forecasts and insights for the chemicals, polymers,
energy and cleantech industries. Using a combination of business and technical expertise, with deep and broad understanding of markets,
technologies and economics, NexantECA provides solutions that our clients have relied upon for over 50 years.

comprises the Technoeconomics — Energy & Chemicals (TECH) program, the Biorenewable Insights program (Bl),
and the new Cost Curve Analysis. These programs provide comparative economics of different process routes and technologies in various
geographic regions.

NexantECA serves its clients from over 10 offices located throughout the Americas, Europe, the Middle East, Africa, and Asia.
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