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ABSTRACT

This dissertation assesses the carbon footprint (CF) and water footprint (WF)
of bioethanol from sugarcane and cassava at all stages of bioethanol production. The
entire production process consists of four stages: (1) cultivation, (2) raw material
production, (3) bioethanol production, and (4) transportation in all stages. In the stage
of cultivation, the data on amounts of fossil fuels, chemicals and fertilizers used and
practices adopted by growers were collected by field surveys, questionnaires and
interviews. It was found that CFs of one metric ton each of unburned sugarcane,
burned sugarcane and cassava were respectively 0.0193, 0.0571 and 0.0651kgCO2-
eq. Meanwhile, CFs of cassava-based bioethanol and of sugarcane-based bioethanol
by mass and its economic value were 1.02, 3.21 and 1.62 kgCO»-eq /L, respectively.

WEFs of this research study were calculated under rain-fed and optimal
conditions and the study site was in northern Thailand. It was found that average WF
of sugarcane under rain-fed condition was 205m%/ton, of which 154m3ton was
WFgreen, 51m3/ton was WFqey and WFpie Was zero. Meanwhile, average WF of
sugarcane under optimal condition was 191m?3/ton, of which 123m3/ton was WFgreen,
26m?3/ton WFpiue and 42m3/ton WFgrey. In the case of cassava, average WF under rain-
fed condition was 449m®/ton, of which 284m?®ton was WFgreen and 165m3/ton was
WFgrey, Whereas average WF under optimal condition was found to be 400 m%/ton, of
which 162m3/ton was WFgreen, 125m3/ton WFoie and 113m3/ton WFqrey. Moreover,
WFs of sugarcane-based bioethanol for sugarcane under rain-fed condition and
optimal condition were respectively 3,373m%/ton (or 2,661 Lwater/Lethanot) and 3,143
mé/ton (or 2,480 Luwater/Lethanol). In the case of cassava, WFs of bioethanol under rain-
fed condition and under optimal condition were 11,073 m3/ton (or 8,737 Lwater /Lethanot)
and 9,866 m3/ton (or 7,784 Lwater/ Letnanol), respectively.



In addition, scenarios were employed in this research work to examine the
impacts on land use, water and CF of gasoline 95, E10, E20 and E85. The findings
indicated that E85 required the most land use in order to grow sugarcane and cassava
at 0.00004 ha/MJ, followed by E20, E10 at 0.000007, 0.000003 ha/MJ and no land
use required for gasoline 95. With respect to water use for agriculture, E85 was the
largest consumer of water at 86.6 m*/MJ, followed respectively by E20 and E10 at
15.8 and 7.6 m*/MJ. Nevertheless, gasoline 95 was petroleum-based and thus
required no agricultural irrigation. On greenhouse gases emission, gasoline 95 was
found to be the least producer of GHG at 92.4 gCO2eqg/MJ, followed by E10, E20 and
E85 at 93.3, 94.5 and 116.1 gCO2eq, respectively. As such, the use of ethanol as an
alternative fuel could help reduce reliance on fossil fuels; however, petroleum-based
gasoline still gives better engine performance than does ethanol fuel.

According to the Alternative Energy Development Plan (AEDP), which aims
to promote more use of ethanol, the ethanol consumption target has been set at 9
million liters per day by 2021. As such, this research work also investigated possible
impacts of this transition. The results showed that the transition from fossil fuel to
ethanol would be an effective way to reduce GHG emissions. Nevertheless, the shift
would have an adverse impact on land use as more cultivation areas would be
required to meet higher demand of ethanol. Inevitably, demand for water to irrigate
the agricultural areas would rise. As a result, any policy to promote ethanol use
cannot look at just one or two positive impacts of GHG emissions reduction and/or
more income for farmers; instead, such a policy requires looking at many other
impacts, especially negative ones, which could ensue, including land use, water
consumption and so forth.
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