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Abstract

The objective of this project is to develop guideline for utilization spent coffee grounds (SCGs)
as sequential processes to obtain a few value added prodeucts including (1) biodiesel production from
SCGs feedstock and then the defatted SCGs after biodiesel production were converted to (2)
biocomposited material; (3) bio-coal; and (4) bio-ethanol. In addition, the energy and material flow
analysis was applied in order to determine the scenario which provided the highest revenue and
possibility to be commercialization. According to survey, it was found that there was approximately 100
ke wetted SCGs produced within Chulalongkorn University, daily. The initial moisture content of wetted
SCGs was 50 9%wt. SCGs contained high oil content between 12 and 15 %wt, but they had high acid
value of 10 - 11 mg KOH/g oil due to free fatty acid.

For SCGs biodiesel production, an in-situ transesterification (in-situ TE) was applied with a column
reactor. Such process could merge vegetable oil extraction and biodiesel synthesis into one step using
only alcohol and catalyst. The preliminary study showed that methanol could be used as the
pretreatment solvent to reduce high acid value of oil in SCGs, then the potassium methoxide with
isopropanol as co-solvent were applied for in-situ TE process. Under the optimal conditions, up to 1,500
mg of biodiesel to 15 ¢ of SCGs was achieved. However, a large amount of methanol was required in
this condition, and it was difficult to reuse the mixed methanol and isopropanol. Thus, the semi-
continuous countercurrent process with four column reactors were developed and applied into this
process, and only potassium methoxide was used in the process. Under the optimal condition
approximately 6,000 mg of biodiesel to 60 g of SCGs could be achieved, and half of methanol could be
saved by this process compared to the previous one. These conditions were used to scale up the
process of 2 kg SCGs processing. The results showed that almost 200 g biodiesel could be achieved
from 2 kg SCGs. In this scaled up process, petroleum diesel was introduced for improving biodiesel
separation and purification, and showed a promising results. The final product was blended biodiesel
B10 (10 %vol of biodiesel). The defatted SCGs after biodiesel production contained 0.5 %wt oil content
with heating value of 18.7 MJ/kg. These defatted SCGs were used for the further applications.

The first production option using defatted SCGs from the in-situ TE as a raw material was for
bio-coal. Heating value, proximate analysis, and ultimate analysis of defatted SCG were evaluated

according to ASTM (American Standard for Testing and Material). Defatted SCG was carbonized at



temperature of 400, 450, and 500 °C for 2 hours. After that, the defatted SCG was mixed with starch
glue as a binder. Then, the defatted SCG was added to the cylinder mold and shaped by human forces.

Results found that the carbonization at temperature of 500 °C for 2 hours gave the highest heating
value. The highest heating value of 25.99 KJ/g increased from 19% compared with non-carbonized SCG.
In addition, the physical characteristics of fuel bio-coal obtained in this study was clean for handpicked,

easy to ignite, and little smoke exhuastion.

In a case of bio-composited material production, the residual KOH in defatted SCGs was
neutralized by 10% sulfuric acid. Then, the defatted SCGs were mixed with polypropylene (PP) plastic
and PP-graft-maleic acid (coupling agent) in three compositions at 5, 10 and 20 %wt defatted SCGs and
fixed PP-graft-maleic acid at 2 %wt. The mixture was extruded by twin-screw extruder before
compressing into bio-composited material sheet. Based on material analytical testing, an increase in
defatted SCGs proportion reduced the tensile strength, impact strength and elongation as well as made
material more fragile, especially in 20 %wt. ANOVA results showed that using 10 %wt of defatted SCGs
was not significantly different from that of 5 %wt in every parameters. Thermal gravimetric analysis and
differential scanning calorimetry showed that there was no thermal degradation under the temperature
lower than 150 °C. Based on these material properties, this bio-composited material could be used for

a small task such as coaster. This could dramatically increase the value of SCGs waste.

The third option for the continuous production of defatted SCGs was bioethanol production.
The process combined enzymatic reaction and decompose defatted SCGs by yeast Saccharomyces
cerevisiage TISTR 5339. The result show that defatted SCGs from in-situ TE provided higher yield than
those of initial SCGs. The bioethanol produced from the defatted SCGs was 5.92 + 0.9 mL/ ¢ defatted
SCG. The ratio of the mixed enzymes used in the process was ellulose 1 unit and pectinase 2000 unit
for 2¢ of defatted SCG. Buffer was added to the enzyme solution to maintain the pH at 4.8 which is
suitable for the reaction. Ratio of defatted SCG to the enzyme solution was 6 ¢ to 100 mL at the

temperature of 45 °C for 72 hours. Then, the fermentation by yeast was carried out at room

temperature for another 72 hours.

The evaluation for cost and revenue of this project was divided into 4 scenarios which were (1)

sending SCGs waste to a landfill, (2) selling dried SCGs to Thaiplastwood Co., Ltd., (3) producing biodiesel



and burned defatted SCGs as the energy source in the process, and (4) producing biodiesel and using
defatted SCGs for bio-coal production. Energy and material flow and cost effective analysis indicated
that processing SCGs for biodiesel and bio-char provided the highest profit with 1,376 baht/100 kg wetted
SCGs. The by-products from these processes such as glycerin and potassium fertilizer could be sold as
well. The revenue could be increase to 1,921 baht/100 kg wetted SCGs once the energy source of bio-
char production was changed from electricity to liquid petroleum gas. Currently, most of SCGs waste in
Chulalongkorn University were sent to landfill and it costed 90 bath/100 kg wetted SCGs. Thus, applying
these sequential processes could provide a maximum revenue for SCGs waste utilization instead of

paying for the treatment and would led to the concept of zero waste.
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