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 Biomass as an energy source will play a fundamental role in the coming years. The 

versatility of biomass-based generation systems makes them attractive projects at 

any scale. At the Technical University of Manabí, large quantities of organic and 

forest residues are generated, which can be used to generate energy. A survey was 

applied to determine the level of knowledge of the university community on issues 

related to the energy use of biomass and solid waste management. The results show 

that there is a knowledge gap in the community and it will be necessary, if such a 

system is implemented, to train all those involved in the generation, handling and 

disposal of solid waste to strengthen the proposal. 
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1   Introduction 
 

In the future, power generation systems must be renewable, sustainable, efficient and safe (Chum & Overend, 
2001). In this sense, biomass as a renewable energy source will have an important role in the next years. In 
general, photosynthetic derivate, animal and plant origin organic matter are called biomass; also, any 
biomass-based fuel is called biofuel (Serna et al., 2011). Biomass conversion technologies into biofuels can be 
classified by different parameters. For instance, for dry biomass, thermochemical processes are 
recommended, which often derivates into liquid biofuels; and for wet biomass, biochemical processes are 
recommended, which derivates into biogas (Serrano et al., 2017; Herout et al., 2011).  

Anaerobic digestion is a natural process, taking place in the absence of oxygen. Involves organic matter 
decomposition by bacteria process which generates a rich in energy biogas and a rich in nutrients digest 
(Duerr et al., 2007; Perez et al., 2017). Biogas chemical composition consists of 50-85% methane (CH4); 
carbon dioxide (CO2), hydrogen (H2), nitrogen (N2) and traces of hydrogen sulfide (H2S) and ammonia (NH3) 
from the rest (Herout et al., 2011). Whereas CH4 would be released to the atmosphere in natural conditions, 
and that methane GPW is 28 times greater than CO2 (IPCC, 2014), power generation by anaerobic digestion 
not only displace conventional energy sources, it also helps to reduce greenhouse gasses emissions. Also, the 
successful deployment of a biomass-based power generation system brings social, economic and 
environmental benefits (Duerr et al., 2007).  

Ecuador has implemented some politics in order to satisfy energy demand increase, such as Energy Matrix 
Change, giving way to renewable energies as a primary energy source (SENPLADES, 2017). By September 
2019, 75,3% of power generation in Ecuador was supplied by renewable sources, particularly hydropower, 
with 73,5% and biomass with 1,2% (ARCE, 2019). There is only one biomass-based power plant 
(Thermochemical) in Quito, with a power of 5 MW, enough to provide energy to 25 000 houses (Quito 
Municipality, 2017). Moreover, in the Technical University of Manabí (UTM), the generation of organic and 
forest residues is considerable, nevertheless, no use of biomass is made from green areas and food waste. 
These are disposed of in the municipal landfill, in spite of the economic and environmental implications that 
this entails. As Ivan et al. (2015), explains the final disposal of waste in uncontrolled sites is a serious 
environmental problem that affects the landscape, local flora and fauna, water bodies, as well as the latent 
presence of sources of pollution that threaten human life. 

Nevertheless, biomass has a promising future as a primary source of energy in Ecuador, mainly because: a) 
it is a renewable resource, b) it is environmentally friendly since its net rate of CO2 emissions is annulled and 
c) its economic potential in the face of the price of conventional energies (Serrano et al., 2017; Cedeno et al., 
2017).  

This study aims to know the level of knowledge of the UTM community in the use of organic solid waste for 
energy generation subjects. The first approach through a survey will establish priority groups, in order to 
focus training efforts to these on issues of renewable energy, management and use of solid waste and energy 
efficiency. 
 
 

2   Materials and Methods 
 

The data collection method was the survey. The UTM community was surveyed using a sample of 1067 
people, obtained as described by Spiegel & Stephens (2007), with 95% reliability and a maximum permissible 
error of 3%. The UTM community was divided into four groups: lecturers, students, janitors, and 
administrative staff. Based on the time spent on campus and waste generation capacity, the number of 
respondents for each group was determined. 
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3   Results and Discussions 
 

The survey was carried out successfully. The results of each are presented below. 

Question 1: Do you consider it possible to generate electricity from waste generated by the university? 

 
Figure 1. Results of question 1 

Figure 1 shows that 43% (462 people) answered yes and less than 1% (one person) answered negatively. 
According to Carneiro & Ferreira (2012), the university's ability to generate energy from its waste depends on 
the community’s consumption patterns and the organic fraction of total waste production. In this sense, it will 
be necessary to determine technical aspects of solid waste generation within the university, such as 
consumption patterns, amount of waste generated, organic fraction of this waste, composition, humidity, C:N 
ratio, among others. However, the most striking aspect of this result is the high percentage of ignorance of the 
subject (56%, 604 people). 

Question 2: Do you consider the generation of electricity from organic waste to be feasible and environmentally 
friendly? 

 
Figure 2. Results of question 2 

As shown in Figure 2, 58% of respondents (622) answered in the affirmative. Some studies, such as Ivan et al. 
(2015), show that it is possible to obtain economic benefits from producing biogas from solid organic waste, 
obtaining approximately 17-39 USD t-1. Considering that the approximate cost of disposal per ton of waste is 
USD 8.89 (Chong et al., 2005) and that estimates of benefits, even in the most pessimistic scenario, exceed this 
value, biomass power generation systems become feasible.  
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On the other hand, energy production from biomass may have more social and environmental implications 
than a traditional generation (Field et al., 2008; Serna et al., 2011; Carneiro & Ferreira, 2012). This is due to 
the conflict in rural areas over land use, the destination of crops towards the supply of generating plants 
instead of human consumption and the controversial carbon neutrality. However, implications such as this 
only occur in crop-based, medium and large-scale projects, so a small-scale project based on waste 
management would not have a considerable impact. However, biomass energy can only be effective if they are 
accepted and trusted by the majority of the society affected (Upreti, 2004). 

Question 3: Do you consider that the Technical University of Manabí helps in the conservation of the 
environment? 

 
Figure 3. Results of question 3 

Figure 3 shows that 35% of those surveyed (374 people) if they consider that the university helps in the 
conservation of the environment, 22% (231 people) responded negatively. Again, the percentage of ignorance 
is considerable high (43%, 462 people). 

Although the generation of energy from solid organic waste produced on campus could not satisfy the total 
energy demand of the facilities, it would contribute by efficiently and environmentally friendly disposal of the 
organic fraction of waste generated. 

Question 4: Which of the following aspects makes it more difficult for you to classify solid waste? 

 
Figure 4. Results of question 4 

As can be seen in Figure 4, 45% (481 people) consider ignorance to be the main limitation for the 
classification of waste. On the other hand, 27% (284 people) state that not knowing the benefits of waste 
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classification limits people from doing so. In addition, a considerable percentage of people (20%, 213 people) 
consider separation to be time-consuming and this limits it. Zhang et al. (2008), consider source separation to 
be an essential step in reducing the time and cost of any waste treatment or disposal. However, their study 
revealed that the implementation of a classification system in a community cannot achieve high percentages 
of accuracy by itself. To maximize separation efficiency, it is necessary to train waste generators. In addition, 
Zhang et al. (2008), revealed that the active support of the entities in charge plays an important role in 
improving community participation and awareness of the importance of separation from the source. 

Question 5: Which of the following renewable energy sources do you consider most viable for the Technical 
University of Manabí? 

 
Figure 5. Results of question 5 

According to Figure 5, 60% of those surveyed (640 people) consider solar energy to be the most viable energy 
source for the university, followed by biomass with 34% (368 people), wind with 5% (49 people) and 
hydropower with 1% (10), despite the fact that there are no potential sources of hydropower near the 
facilities. Based on the work of Ramos et al. (2018), the university community has an accurate perspective on 
the renewable sources of energy that the university enjoys. The UTM is located in an area of high solar 
radiation potential where this resource can be used intensively. Although biomass potential may be 
overshadowed by solar potential, it is still considerable for use and energy generation. 

 
 

4   Conclusion 
 

Based on results and, in order to guarantee the success of the implementation of an energy generation system 
based on biomass, it will be necessary to train all those involved in the generation, handling, transport and 
disposal of solid waste generated in the facilities, i.e. students, teachers, administrative and cleaning 
personnel, in subjects such as separation, storage, handling of solid waste, among others. It will also be 
necessary to demonstrate the social and environmental benefits that such a project would bring in order to 
maximize the acceptance of the university community. However, further studies should study the technical 
and economic feasibility, and the environmental impacts of implementing a biomass-based generation system, 
in order to socialize the proposal to the competent authorities and the community. 
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