
Abstract—This study evaluates the viability and efficacy of ex-
tracting biofuels from spent coffee grounds (SCG) and waste 
pine needles (WPN). The extraction was conducted with a Sox-
hlet extractor using isopropanol and hexane solvents. Conclu-
sively, isopropanol was found to be a more effective extracting 
solvent than hexane, and both WPN and SCG were found to be 
viable sources of biofuel.

I . BACKGROUND
Though biofuels are a renewable form of energy, they cannot be 

produced in limitless quantities due to one main factor: land area. 
As the human population grows, demand for both food and energy 
grows. But, there simply is not enough land available to meet both 
needs. Thus, the cost of food and biofuel increases, as international 
food supply decreases. For this reason, there is currently a debate 
going on within the scientific community regarding the ‘food ver-
sus fuel’ crisis. However, if there is a way to isolate biofuel from 
waste products, the cost of biofuel will decrease and the food sup-
ply will not be affected, granting all people access to plenty of both. 
This research addresses the issue by investigating the viability of 
two cost-effective and easily accessible waste sources, spent coffee 
grounds and waste pine needles, as potential biofuel feedstocks [1, 
2]. Since both SCG and WPN have a high concentration of terpene, 
an energy-dense organic compound, it was hypothesized that SCG 
and WPN would serve as efficient sources of biofuel.

II . METHODOLOGY
The methodology included the extraction, distillation, analysis, 

and transesterification of the biofuels. Extraction was conducted 
with a Soxhlet extractor for 20 runs; each run was 2 hours long. 
The 20 runs consisted of: 5 runs with SCG and isopropanol, 5 runs 
with SCG and hexane, 5 runs with WPN and isopropanol, 5 runs 
with WPN and hexane. Following the extraction, the solvents were 
distilled off and the biofuel was analyzed. The analysis included: 
bomb calorimeter calculation of heat of combustion (kJ/g), infra-
red spectroscopy characterization, calculation of biofuel yield (g/g 
%), and calculation of density (g/mL) of the biofuels. Lastly, the 
biofuels were transesterified into biodiesel. The transesterification 
involved reacting the biofuels with methanol and potassium hy-
droxide to produce biodiesel.

III . RESULTS & DISCUSSION
The extractions with isopropanol resulted in a significantly 

greater biofuel yield than the extractions with hexane. Therefore, 
more extractions were conducted with isopropanol and the result-
ing biofuels were experimentally analyzed. 

As is shown in Table 1, the biofuel yields of both the SCG 
(16.82%) and the WPN (26.15%) were far greater than the biofu-
el yield of corn (2.80%), the most common biomass in the Unit-
ed States. Additionally, the density and biofuel yields of SCG and 
WPN were comparable to those of gasoline, biodiesel, and conven-
tional biofuels [3]. 
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The data shown in Figure 1 shows that the heat of combustion 
value for WPN biofuel (26.36 kJ/g) is lower than that of the other 
biofuels. However, the heat of combustion value of SCG biofuel 
(38.07 kJ/g) is comparable to that of corn (39.75 kJ/g) and soybean 
(38.37 kJ/g) biofuels. The high combustion value of SCG biofuel il-
lustrates that it burns very efficiently and can feasibly be used in 
vehicles and machinery.

A comparison of Heat of Combustion (kJ/gram) Values

Figure I. The heat of combustion values for the corn, SCG, and WPN biofu-
els were experimentally determined using a bomb calorimeter. The heat of 
combustion value for soybean biofuel was found in the literature. [3] 

When both the SCG and corn biofuel were analyzed using infra-
red spectroscopy, it was found that the IR spectra of both samples 
were very similar; this could explain why the two biofuels had sim-
ilar heat of combustion values.

Conclusively, the study determined that: (1) viable biofuels can 
successfully be extracted from SCG and WPN, (2) isopropanol is 
a more effective extracting solvent than hexane, (3) WPNs have a 
greater biofuel yield than SCG, (4) SCG biofuel has a higher heat of 
combustion value than WPN biofuel. For future studies, more SCG 
and WPN biofuel will be transesterified into biodiesel and evaluat-
ed based on the ASTM D 6751 standards for biofuel.
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