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Abstract— The demand for alternative energy sources 
in the Philippines increases with its growing population and 
rising fossil fuel prices. It is estimated that the country’s potential 
capacity from biomass resources is 4,450 MW, majority of which 
is underutilized. Extensive agricultural activities are practiced 
throughout the country, where one-third of its land area is used 
for crop cultivation. The major crop produced across the 
archipelago is rice, a staple food among Filipinos.  Camarines 
Sur, found in the Bicol region, is one of the leading rice-
harvesting provinces in the country. Located across the province 
are mills set up near rice fields that produce large amounts of 
rice hull wastes. Customarily, rice hull is burned or discarded 
after milling, without knowing its full potential. It is important to 
develop the use of biomass in the country’s energy supply 
because energy development investments are being impeded by 
the lack of research and knowledge locally.  The goal of this 
paper is to present a method in assessing the available energy 
potential of rice hull in Camarines Sur. Mathematical models and 
remote sensing techniques were employed in a GIS platform 
while data validation was done using field surveys. In the 
resource assessment, theoretical (Bn) and available (Bv) potential 
maps were generated. Theoretical potential shows the total 
annual production of rice hull in the study area. However, this 
value does not indicate the actual usable biomass because of 
competing uses and lapses in residue collection. The computation 
of available potential resolves this issue as it computes the actual 
amount of energy derived from rice hull. It is a function of 
theoretical potential, efficiency of rice hull collection, availability 
for energy production, lower heating value, and area of the study 
interest. The model was evaluated using a Landsat-derived 
agricultural map of Camarines Sur. The values used for 
efficiency of collection (93.025%) and availability for energy 
(37.5%) were field validated. The calculated Bn of rice hull was 
51,564.93 metric tons while the actual amount of available energy 
(Bv) was 560.54 MJ/ha. Results show that there is a high resource 
potential for alternative energy in the province. The model used 
in this study can be applied in spatially evaluating bioenergy 
potential on a national scale. The generated resource maps can 
also aid with suitability and optimality analysis to locate the most 
efficient location for biomass power plants.  
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I.  Introduction  
The Philippines as an agricultural country uses one-third of 

its land area for crop cultivation. Extensive agricultural 
activities across the archipelago contribute to its 4,450 MW 
potential energy capacity from biomass resources, majority of 
which is underutilized [1]. A staple food among Filipinos, the 
major crop produced throughout the country is rice. One of the 
leading rice-harvesting provinces is Camarines Sur, found in 
the Bicol Region. Several mills that produce large amounts of 
rice hull wastes are set up across the province.  

The demand for alternative energy sources increases 
because of exponential population growth and rise in fossil 
fuel prices. In addition, more people are becoming 
environmentally-conscious due to problems brought upon by 
climate change. The burning/discarding of rice hull wastes is a 
common post-harvesting trend in rice mills. Other common 
applications include rice hull used as fertilizer and fuel to 
mechanical dryers. Almost 80 million Filipinos utilize 30% of 
biomass energy, mostly in household cooking [2]. The lack of 
awareness in rice hull’s potential for energy holds back 
developments and investments in energy facilities.   

Resource assessment accounts the bioenergy potential of a 
residue in a specific area. This kind of study is imperative, 
especially to agricultural countries, because the resource is 
readily available and much cheaper than fossil fuel. 
Identifying areas with high energy potential aids investors and 
decision-makers in determining suitable areas for powerplant 
development. The methodologies used in resource assessment 
currently involve geospatial technology, mathematical models, 
and field surveys [3]. The Theoretical and Available potential 
are the two types of biomass potential evaluated to know the 
resource capacity of a specific area. The theoretical potential 
is the total annual production of residue in a region while 
available potential shows the actual amount of energy that can 
be derived from the residue [4]. This research initially focuses 
on the estimation of biomass quantities from rice and procedes 
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to the evaluation of the acquired biomass potential that can be 
exploited for energy production. Spatial analysis involving the 
distribution of residues is the basis for the evaluation of both 
theoretical and available potentials.  

II. Methodology 

A. Estimation method 
Two kinds of mathematical models adapted from [4] were 

used in the estimation of theoretical and available potential. 
The parameters gathered in the evaluation of theoretical 
potential involve: crop yield, crop-to-residue conversion 
coefficient, and cultivated area for rice. The rice production 
value was gathered from the Bureau of Agricultural Statistics 
data in 2015. The conversion coefficient converts the biomass 
resource into residue yield [5]. The value used in the 
conversion of rice to rice hull units was taken from the 
Biomass Atlas of the Philippines in 2000 [6]. The area for rice 
was extracted from a classified agricultural map. 

Theoretical potential (Bn) is the total annual production of 
residues in the area. Equation (1) shows the formula for Bn. 

 
Bn = ∑nAnYn                                         (1) 

 
Where: 
An = cultivated area for crop n (ha) 
Bn = biomass theoretical potential for crop n (t or residue/year) 
Yn = residue yield for crop n (t/ha/year) 
 

The theoretical biomass potential gives the annual 
maximum amount of rice hull that can be derived from n 
amount of rice in a specific area. However, this does not 
reflect the total useable biomass for power production because 
it is highly possible that some, if not all, rice hull were 
allocated to other uses. Numerous uses of rice hull include 
socio-economic activities like vermicomposting, animal feed, 
and offered-for-sale to middlemen. Inefficiencies in residue 
collection also contribute to the loss in energy availability. 
Thus, it is important to estimate the actual availability of rice 
hull for energy production [7]. The biomass available potential 
(Bav), shown in (2) is the actual energy content of rice hull, 
that is available for energy production.  

  Bav = fg ∑n Bn an LHVn             (2)  
Ar 

Where: 

an= biomass available for energy production from crop n (%) 
Ar = area of the region under consideration (ha) 
Bn = biomass theoretical potential for crop n (t of residue/year) 
Bav= biomass available potential (kJ/ha/year) 
fg = efficiency of the biomass collection procedure (%) 
LHVn = lower heating value of the residue from crop n (kJ/kg) 

 
      The efficiency of biomass collection and availability for 
energy were gathered through fieldwork validation in the 
province of Camarines Sur in November 2015.   

B. GIS-based model 
Reference 4 employed the mathematical models of 

theoretical and available potential in a GIS platform. Rice 
fields were classified using a Landsat 8 image taken in 2014. 
This was used to generate an agricultural land cover map and 
extract areas allocated for rice production. The statistical and 
spatial field validated parameters were analyzed and processed 
using GIS. The workflow is illustrated in Fig. 1. 

 

 

III. Results and Discussion 
The biomass resource assessment workflow was applied to 

the province of Camarines Sur. The parameters used in 
evaluating the theoretical potential are shown in Table 1.  

TABLE I.  PARAMETERS OF THEORETICAL POTENTIAL 

Crop area 59, 620 hectares 
Crop yield 3.85 metric tons per hectare 

Crop to residue conversion 0.225 

Residue yield 0.87 tons/hectare 

  

The computed theoretical potential of rice hull in the area is 
51, 645.93 metric tons (Fig. 2). Because Camarines Sur is one 
of the top rice-producing sites in the country, it has a high 
value of Bn. This generated value has a high potential but does 
not automatically indicate that 100% of rice hull produced is 
available for energy. To check if the biomass residue in the 
area is available for energy production, Bav was computed. 
Table 2 shows the parameters used in calculating the available 
potential. 

TABLE II.  PARAMETERS OF AVAILABLE POTENTIAL 

Theoretica potential 51, 645.93 metric tons 
Efficiency of collection 93% 

Availability for energy production 37.5% 

Lower heating value 16, 500  MJ/kg 

Area of the province 530, 190.38 hectares 

 

 

 
Fig. 1. Biomass Resource Assessment Workflow 

 

International Scientific Journal 
Journal of Environmental Science 

http://environment.scientific-journal.com/



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 The available potential of the province, shown in Fig. 3, is 
560.54 MJ/ha. This value using a Bn of 51, 645.93 MT could 
be higher if the residue collection in the province was more 
efficient and more rice hull was available for energy 
production. Although the province has high Bn, most mills 
used to harvest rice is of the single-pass type (3% loss) while 
the common drying process in the province is “pavement 
drying” with 10% loss. Moreover, rice hull in the province 
only has 37.5% availability for energy because most residues 
are being sold to cement factories and oil mills. The combined 
losses in collection and availability contribute to the low value 
of Bv in the province.  

IV. Conclusion and Recommendation 
The developed methodology utilized mathematical models 

in GIS to spatially assess rice production, energy potential and 
residue availability for energy in Camarines Sur. Field survey 
was done to validate the parameters used in the assessment. 
The two maps produced namely, theoretical and available 
potential show the geographic distribution of rice hull and its 
energy potential, respectively.  

To improve the accuracy of values, spatial images with 
higher resolution like LiDAR can be used in succeeding 
studies. The model can be applied to a national level bio-
energy mapping. Using the generated data, it is also advised to  

perform site suitability and optimal analyses to identify 
locations for biomass power plant development.  
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Fig. 3. Camarines Sur Biomass Available Potential Map 

 

 
Fig. 2. Camarines Sur Biomass Theoretical Potential Map 
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