








information on many steps of the proposed conversion pathways. The research could
provide a basis for discussion on the feasibility and economics of these technologies and
could trigger further discussion around the topic of future sustainable waste management
and biomass use and how this fits into a portfolio of other measures striving towards

increased resource efficiency and recycling.

B. Future Research

The following projects have not been carried out as part of this dissertation but
they present logical future work to obtain a more comprehensive and holistic picture of
the conversion systems. There are numerable additional projects that could build upon the

results of the dissertation, only a few selected are presented here.

B.1. Advanced Sustainability Assessment

While attnbutional life cycle assessment (ALCA), used in this dissertation,
provides first insights into the system-wide environmental burdens associated with the
investigated conversion systems, to more fully understand their potential to contribute to
sustainable development, advanced system-based metrics and modeling tools considering
the three pillars of sustainability (environmental, social, economic) and interrelationships
of variables, indicators and metrics over time should be applied.

In fact, results from the ALCA studies do not account for indirect impacts, e.g.
occurring due to market forces (product substitution) outside the system boundaries

(Ekvall 2000). In addition, life cycle thinking (i.e. environmental LCA, life cycle costing
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(LCC), social LCA (SLCA) (Jergensen et al. 2007)) represent steady-state methods only
providing snapshots of impacts along the supply chain based on historical data (Halog
and Manik 2011). However, for results to be most useful to decision and policy makers
dynamic interrelationships over time are of importance.

Hence, a follow up study might include the development of an integrated systems
model applying consequential LCA (CLCA) (Earles and Halog 2011; Ekvall 2000) and
system dynamics (SD) (Halog and Manik 2011; Sterman 2001) for advanced

sustainability assessment of carbon recycling routes in the United States.

B.2. Additional Carbon Recycling Routes

This dissertation only focused on a few selected polymer production routes. This
was due to the limited inventory data and time available. However, theoretically both
conversion platforms (thermochemical and biochemical) allow the production of a variety

of base chemicals and subsequent plastic polymers from organic waste (Figure 6-2).
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With more inventory data becoming available on each of those routes in the

future, environmental assessment using LCA could be undertaken.

B.3. Policy Analysis: Barriers to Implementation

The hurdles for implementing emerging waste and biomass conversion
technologies in the United States are diverse. In general, low landfill costs and sufficient
space for landfilling (compared to EU and Japan) reduces pressures on the states to look
for sustainable alternatives that would enhance landfill diversion. The lack of fiscal
market distorters such as landfill and CO; taxes on the federal level result in less
willingness to switch from fossil-based feedstocks for electricity, fuels and chemicals
production to renewables including biomass and waste. Using interviews, statistics, and
related literature, this study could present some of the main drivers and barriers to the

introduction of conversion technologies into the market.
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