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This research study was conducted to design a biofermentor for treating biologically convertible matter 
by contacting same with Spirulina, a microalga deposited and immobilized on support carriers. The 
apparatus is made up of a bioreactor chamber, sludge and collecting chamber and a wastewater 
conveyor. Piggery slops, bagasse, chicken manure and fresh cow manure was mixed with a solution of 
food grade chemicals, the medium was prepared by stirring – in waste matter into the water.  Spirulina 
was cultured in the bioreactor to produce a protein biomass and at the same time absorb, degrade and 
convert the biologically convertible matter. The physico – chemical quality of wastewater before and 
after undergoing treatment inside the biofermentor were analyzed and evaluated. Based on the result of 
the physico – chemical analyses the wastewater became odorless, less turbid, and the color gradually 
changed from brownished to yellow - deep green teeming with Spirulina growth. The concentration of 
potassium/nitrogen ion concentration was increased while sodium ion concentration was decreased. 
There was a marked increase on the biomass yield of Spirulina together with its biochemical 
composition.  
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INTRODUCTION 
 
Majority of the water used by man are discharged to the 
rivers and lakes.  This results to pollution among bodies 
of water especially the water tables. If this will continue, 
there will be no safe water for the next generations. 
Wastewater treatment, therefore, is everybody’s 
responsibility.  

With the increase in urbanization, the development of 
industrial technologies and the advancement of the 
consuming society, there has been a rapid increase in 
biologically convertible production. To solve this problem, 
many approaches, based on the nature of organic matter 
have been adopted. A biofermentor can be designed and 
fabricated to convert different types of biologically 
convertible matter utilizing microorganisms into reusable 
or detoxified materials.   
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This biological method employed “Spirulina”, a microalga 
which degrade and convert these organic  
wastes into harmful forms. Algal single – cell protein can 
be cultured in medium preparations from agricultural 
wastes like animal manure, bagasse, piggery slops etc. 
These microalgae will not only convert organic and 
inorganic wastes into a high biomass but also to prevent 
pollution of the environment through waste recycling 
(Ciferri, 1983).  

Wastewater from agro-industrial system, factories and 
sewerage system varies on their characteristics, magni-
tude, volume, and degree of contamination. Therefore, 
wastewater must be treated separately using appropriate 
methods and design, hence, this study. In case of 
factories, the wastewater discharged from different 
sections may have different characteristics.  The volume 
and degree of contamination also varies. 

Wastewaters from agro-industrial system vary on their 
characteristics,    magnitude,    volume    and   degree   of  
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contamination. Wastewaters therefore must be treated 
separately using appropriate methods and design, hence, 
this study.   
  
 
Conceptual framework 
 
The advent of technological advancements brought 
changes to our environment and natural resources. Thus, 
we humans are affected and we should change our 
sanitation and standards in treating these wastes 
specifically in water treatment.  

Biotreatment is a promising technology that uses 
microorganisms such as algae, bacteria and fungi in 
converting wastes into usable and safe substances. In 
well develop countries such as United States of America 
and Japan are now using this technology in treating 
wastewater as well as biodegradable and hazardous 
wastes. In less industrialized countries like the 
Philippines however, are now starting to tap the said 
technology. 

Biotreatment is a modern technology in treating wastes 
using microclagae. The constructed biofermenter has 
features and unique design to meet the requirements of 
biofermentation process with flexibility depending on the 
organism to be used. 

The present invention can provide an effective means 
for treating biologically convertible derived from food 
factories, cheese factories, slaughter houses, by – 
products obtained in the production of animals, such as 
pigs, bovines, chicken, in the pulp and paper industries, 
as well as biologically convertible of domestic origin from 
septic tanks, etc.  
 
 
Objectives 
 
The objectives of this study includes: 
 
i. To evaluate the performance of the biofermentor  
machine; and   
ii. To evaluate the efficiency of spirulina for treating 
biologically convertible matter in a biofermentor.  
 
 
LITERATURE REVIEW 
 
Brower (1984) reported that the status of water quality in 
a given area is reflective of the extent of utilization as well 
as the degree of pollution of the aquatic habitat. Studying 
a given body of water requires an examination of its 
physico-chemical and biological parameters. The data on 
the existing water characteristics could provide significant 
information about the conditions faced by the biotic 
inhabitants as well as the over-all ecological status of the 
habitat. 

 
 
 
 

According to Krebs (1978) revealed that the limiting factor 
is any physical, chemical, or biological entity or structure 
which exerts a critical impact on the growth, 
development, and survival of living organisms. 

According to Oron (1979) revelaed that the microclagae 
such as Spirulina can be cultivated in a biofermentor 
using slurry or any other animal manure.  Spirulina 
species have the ability to convert and recycle organic 
and inorganic wastes into a high protein biomass. 

Accroding to Leduey (1979) revealed that the majority 
of the wastes by man are discharged to the rivers and 
lakes. These waters are acted upon by microorganisms 
for cleaning. However, the volume of wastewater 
increases to unmanageable amount for nature to handle. 
This results to the pollution of our bodies of water and 
lakes, especially our water tables. 

Nobel (1991) reported that the improper disposal of 
wastewater pollutes our environment which results not 
only to a decrease in the production yield of farmers and 
fishermen but also effect the underground water as a 
source of water consumption for man. Untreated 
wastewater is also the source of obnoxious odors which 
cause respiratory ailments.  
 
 
RESULTS AND DISCUSSION 
 
Efficiency of biofermentor  
 
The machine was designed/constructed with the following 
features and operations: 
 
i. The waste inside the two chambers were treated  
utilizing Spirulina platensis 
ii. The residual mass which settled at the bottom of the 
deposition tank were collected  
iii. The water circulates continuously on both chambers 
for biotreatment  process  
iv. Oxidation process took place on the aeration chamber 
to facilitate the biodegradation of the suspended particles  
v. Clean water with unialgal or pure cultures of  Spirulina  
 
 
Bioreactor chamber 
 
The bioreactor chamber has a volume of water   45 cm × 
45 cm × 40 cm and provided in its bottom with eight 
interconnected holed PVC tubing with a diameter of 0.75 
cm attached to an aerator machine to supply the 
chamber with air. This chamber is connected with the 
second chamber with three PVC tubes that are 40 cm 
above its bottom with length of 45 cm and spaced   10 
cm. These tubes allow water and suspended particles to 
flow the sludge and the collection chamber where the 
sludge settles down as well as the collection of treated 
water. 



 

 

 
 
 
 
Sludge and collecting chamber 
 
This chamber has a volume ½ (45 cm × 45 cm  ×  40 cm) 
and on of its side is inclined with an angle of 45 degrees 
to allow solids to settle down quickly. Inside the chamber, 
has a water pump with a pumping rate  maximum of 350 
liters per hour   connected by a  PVC tube going to the 
first chamber to return untreated water for further fermen-
tation and decomposition by the active microorganism on 
the first chamber. 

A collecting tube is attached on its side 42 cm above its 
bottom. It is where the treated water is collected for 
intended purposes. 

For further treatment, this tube can be connected to 
another chamber for chlorination or UV disinfection. Both 
the two chambers were closed or covered with glass 
sheet to avoid the entrance of contaminants as well as to 
maintain the pressure and temperature inside them. 
 
 
Waste water conveyor 
 
The conveyor is made of conical shape with a base 
diameter of 22 cm and an orifice of 0.75 cm in diameter. 
The conveyor is connected to the first chamber by PVC 
tubing to fill in the waste water for fermentation and 
treatment. The conveyor, for further strength in holding 
the mass of the water while filling, it is supported by metal 
rods pivoted on its base (Figure 1). 

All the tubings are attached with stopper to control the 
rate of flow of fluid or gas as well as to avoid the entrance 
of foreign objects to the chambers. The stopper is made 
of PVC that suit to the materials used (Becker, 1981). 

The fabricated biofermentor was initially tested at the 
micro culture laboratory of the Tarlac College of 
Agriculture, Camiling, Tarlac using Spirulina platensis as 
fermenter and liquid animal slurry as a substance to be 
fermented and treated. Based from the data initially 
gathered, the efficiency of the machine is remarkable. 
The study on the fermentation of S. platensis with in the 
biofermentor is not yet done and still on progress. It is 
suggested that studies about different wastes and 
biofermentors should be conducted on the constructed 
biofermentor. Modifications of the constructed 
biofermentors are also raised for future studies. 
 
                                              
Physico - chemical analysis  
 

The physical – chemical analyses of the water media 
before and after treatments was conducted. The analysis 
included ph level, water temperature, color, density, odor, 
etc. The temperatures of all the water samples are 
constant which read at 25 degrees centigrade.  

Based on the result the wastewater became odorless, 
less turbid, and the color gradually changed from 
brownished to yellow - deep green teeming with Spirulina  
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Figure 1. (A) Isometric view of the biofermetor; (B) Actual design; 
(C) Actual Operation of the biofermenting machine. 

 
 
growth. It is clear from the result that the color changed 
and it can be considered evidence that the water has 
been cleansed.  

The sodium ion concentration for all samples was 
decreased after the treatment as seen on the result of 
chemical analysis. The decrease of sodium ions and 
increase of potassium ion concentration/nitrogen ions can  
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be attributed to the capacity of the Spirulina to absorb 
sodium and made insoluble potassium compounds into 
soluble form. Higa (1994) reported that effective 
microorganisms through the process of fermentation 
resulted in the formation of simpler organic compounds 
such as amino acids, alcohol, sugars, organic acids. It 
was also assumed that the fermentation process 
released active oxygen diluted in the wastewaters that 
consequently activate the biochemical reaction. Organic 
compound consisting of carbon, hydrogen, and oxygen 
with additive element of nitrogen, sulphur, phosphate, 
etc. tend to absorb oxygen. The available oxygen in th 
wastewater is consumed by the microorganism to 
degrade compounds.         
 
 
Cost and return analyses  
 
Given data 
 
1. Original cost of the machine – 20, 871 (based on TCA 
purchased order, attached the copy) 
2. Trade in Value – 10 % of the original cost 
3. Expected Lifespan of the biofermenting machine – 25 
years 
4. Interest rate – 18 % per annum 
5. Time of operation – 24 hours per day 
6. Duration of treating wastewater - 1 month 
7. For 2 chambers - 120 liters yield (80 liters and 40 
liters)  
8. Biomass yield for 1 month 34.33 grams per 50 liters 
9. Price of spirulina -  Php 10.00 per gram 
10. Sediments yield -  Php 1.00 per gram 
11. Payment for treating water for 120 liters for 1 month -  
Php 10.00 per liter – month 
 
 
Annual fixed cost (AFC) 
 

                          Original cost – Trade in Value at the End of Useful Life 
Depreciation =      

                                                        Expected Life of the Machine 

     
 

 
 
 Annual fixed cost (AFC) 
 
                                                         Annual Fixed Cost  

                            Total hourly fixed cost (THFC)  =   

     Annual Utilization  
               
Annual Utilization  
 

                                               10% of the Original Cost 
Repair and Maintenance =  

                                                                            Time of Operation  

 
 
 
 
Variable cost (VC) 
    
                                             10% of the Original Cost 
Repair and Maintenance =  
                                                  Time of Operation 

 
 

   
Variable cost 
 A. Total Cost of Using the Machine Hourly Basis 
(TCUMHB) 

TCUMHB = Total hourly fixed cost (THFC) + Variable 
Cost  
TCUMHB = Php 0.324 per hour 

Yield Production per month in peso =  Php 845.92 
Spirulina Production = 823.92 
Treating of wastewater for 2 chambers = Php 12.00 
Sediments = Php 10.00 

Expected /Estimated Yield in Peso = Php  845.92  
Less Cost of Operation   = Php 233.28 

      Expected Return  = Php 612.28 
 
 
                                                  Net Return 
  Retrun on Investment (ROI) =      
                                   Cost of Operation  
    
  
ROI   =    262 % 
 
 
Conclusion 
 
The biofermentor with its essential features was 
fabricated to treat wastewater by contacting same with S. 
platensis to produce a protein biomass and at the same 
time degrade and convert biologically convertible matter 
into food source and for wastewater treatment. The 
biofermentor has a better temperature profile compared 
to open ponds. Temperature was maintained at 25 
degrees centigrade which favored the growth of Spirulina. 
There was a lesser water consumption compared to the 
amount of water lost by open ponds through evaporation. 
The length of the loop of circuit of the biofermentors 
influenced the oxygen concentration and at the same 
time enhanced the productivity and biochemical 
composition of Spirulina. The diameter of the biofer-
mentor tubes of 10 and 5 cm can achieve a surface to 
volume ratio similar to that of open ponds. A high surface 
– to – volume ratio will allow the attainment of high 
biomass concentrations. 

Based from the result of the chemical analysis of the 
culture medium, there was a decrease of ions and 
increase of potassium ion concentrations. This can be 
attributed to the capacity of Spirulina to absorb sodium 
and made insoluble potassium compounds into soluble 
form. There was a marked increase on the biomass yield 
of Spirulina. Also its chemical composition showed a high  



 

 

 
 
 
 
protein, minerals and fiber but low carbohydrates and 
fats. Based from the microbial assay, Spirulina grown in a 
biofermentor conformed to the standards set by different 
countries where the product is to be marketed. 
 
 
Recommendations 
 
1. Modify the machine in order to provide a modular 
biofermentor which does not require mechanical aeration 
and which operates continuously, thereby reducing 
operational costs. 
2.  Conduct more studies on the efficiency of the 
biofermentor using microalgae such as Chlorella, 
Diatoms, Spirogyra and other beneficial microorganisms 
such as yeasts in the treatment of a wide variety of 
biologically convertible matter such as piggery, distillery 
slops and brewery wastewater. 
3. Carry out further modification of the machine with the 
following features: 
 
The supports to be used in the bioreactor chamber 
should be perforated polyster or vinyl membranes having 
a plurality of orifices varying from 1.6 to 6.5 mm in 
diameter where each support is maintained apart from 
each other at a maximum distance of 1.3 mm. 

Alternately, the supports to be used for the treatment of 
a substrate such as pig manure may comprise glass 
and/or polyester fiber opened lattices covered with PVC 
with openings of 1.6mm in diameter, such support 
permitting fixation of microorganisms exchange of 
oxygen. The lattice is maintained vertically by way of a 
mechanical support; a framing maintains each support 
flat and vertical; and the frames are wrapped together 
with polymer panels. 
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4. To conduct researches on the process of valorizing 
biologically convertible matter by producing biomass from 
microalgae and  other beneficial microbes that can be 
utilized as food, feeds, fertilizer and other pharmaceutical  
products. 
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