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Title

Abstract of Thesis

The global warming and a gradually depletion of limited fossil fuels imply to consider
bioenergy as an alternative to phasing out fossil fuels, therefore cutting GHG emission. Thus,
agro-residues for such as hioethanol and bioelectricity hold potentially significant advantages
over other feedstock in the developing countries because of less conflict with food production and
carbon-neutral. In the Ph.D. thesis, the aim is to carry out an evaluation and planning of a
nation-wide biocenergy utility system from agro-residues for bioethanol production and power
generation in a case study in Ecuador.

In Chapter 2, an evaluation of biomass theoretical potential at nation-scale was calculated by
using GIS spatial distribution data and national statistics. The findings determined that Ecuador
accounts with a vast biomass species, essentially agro-residues from country’s primary yield
crops. In Chapter 3, an optimization of plant allocation was addressed in which the croplands of
rice, banana, sugarcane and corn over the country were classified into groups by the hierarchical
cluster analysis, determining that seven plants are the optimum plants number located at the
centroid of each group, thus minimizing LC-COz emission through feedstock collection,
bio-refinery and product delivery processes. In Chapter 4, a nation-wide plan of agro-residue
utility for bioethanol production and power generation in Ecuador was examined. LC-COz and
energy profit were assessed, and two cases were proposed to supply E15 and bioelectricity in the
country by optimizing feedstock selection and energy provision from plants to provinces. The first
experiment is performed under no-restriction by minimizing total CO2 emission. The second
experiment is aimed to enlarge COz reduction as well as to maximize energy supply according to
energy sufficiency levels. Thus, selecting high efficiency and easy to derive feedstock and
matching demand and supply distribution were found to be the key measures. In Chapter 5, NPP
predicted by an ecosystem process model (Biome-BGC), LC-GHG assessment and optimization of
biomass energy system was utilized to attain the best feedstock utility in present and under
climate change for bioethanol production. Under the most severe climate change scenario, total
GHG emission reduction was decreased by 7% of present condition without considering CO:
fertilization effect and 1% with COq fertilization caused by crop productivity decrease, a longer
feedstock transportation as well as less use of efficient crops. In Chapter 6, following all above
results, several aspects of nation-wide bioenergy utility plan were discussed in the measures of
GHG reduction, energy profit and restrictions under socio-economical and climate changes in
future.

In conclusion, the thesis pointed out the importance of a totalized systematic optimization in
bioenergy utility not only within energy conversion facilities but also including feedstock use and
energy delivery stages. It also figured out the effect of climate change on agro-residue production
and the performance of optimum bioenergy system. The remarkable achievements of the thesis
should contribute and support building the advanced and sustainable energy policy in developing
countries.
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