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Microalgae Growth in Qatar for CO2 Capture and Biodiesel 
Feedstock Production    

By  Rebecca J. Wilson, Ghada Salama & Ihab H. Farag 
University of New Hampshire, Durham 

Abstract - Demands for and prices of liquid petroleum fuels are increasing. This challenge is 
motivating the development of alternative fuels, like biodiesel from non-food sources. Microalgae 
are a promising source of oil feedstock for biodiesel. Growing microalgae indoors uses water, 
chemical nutrients, artificial lights, and energy for harvesting, drying and oil extraction. The 
economics would be greatly improved if microalgae are grown outdoors in a hot sunny climate 
where the light energy is free and the temperature is adequate for growth. Using non-potable 
water (such as available and free salt-water) would reduce the water footprint. Open pond 
systems have low capital and operating costs and are wellsuited for growing microalgae in salty 
water. The ideal location for growing microalgae outdoors is a non-arable land that cannot be 
used for agriculture (such as Qatar desert). The purpose of this research is to study the growth of 
salt-water microalgae outdoors in Qatar’s hot sunny environment and compare it to indoor 
growth. Three Dunaliella microalgae (Bardawil, Parva and Salina) were grown in Persian Gulf 

saltwater medium. 

Keywords : Biodiesel, microalgae harvesting, Qatar, lipid production, hot climate. 

GJRE-C Classification : FOR Code : 090401, 090405 
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I.
 

INTRODUCTION
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Biodiesel
 

 

 

 
 

 
 

  

  
   

b)
 

Microalgae
 

 

 

 
  

 Table 1:
 
Estimation of oil productivity from various crops 
(Scott 2010, Mulumba, 2010 and 2012)
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*Assumed productivity

Crop Oil content per ton of 
biomass 
(wt% dry mass)

Oil production
(Mton/ha -y)

Rapeseed oil (UK) 40-44% (of seed) 1.4
Soyabean 20% (of seed) 0.48
Jatropha 30% (of seed) 2.4
Chlorella vulgaris Up to 46% 7.2*
Nannochloropsis Up to 50% 20-30*

Abstract - Demands for and prices of liquid petroleum fuels 
are increasing. This challenge is motivating the development 
of alternative fuels, like biodiesel from non-food sources.  
Microalgae are a promising source of oil feedstock for 
biodiesel. Growing microalgae indoors uses water, chemical 
nutrients, artificial lights, and energy for harvesting, drying and 
oil extraction.  The economics would be greatly improved if 
microalgae are grown outdoors in a hot sunny climate where 
the light energy is free and the temperature is adequate for 
growth. Using non-potable water (such as available and free 
salt-water) would reduce the water footprint.  Open pond 
systems have low capital and operating costs and are well-
suited for growing microalgae in salty water. The ideal location 
for growing microalgae outdoors is a non-arable land that 
cannot be used for agriculture (such as Qatar desert).  The 
purpose of this research is to study the growth of salt-water 
microalgae outdoors in Qatar’s hot sunny environment and 
compare it to indoor growth. Three Dunaliella microalgae 
(Bardawil, Parva and Salina) were grown in Persian Gulf 
saltwater medium. A fish tank photobioreactor was used to 
simulate an open pond. Dunaliella Bardawil provided the 
highest microalgae oil feedstock for biodiesel production, with 
a production rate of 20 mg dry algae/L-day, an oil content of 
5.7 g oil/100 g dry algae, and oil production rate of 1.14 mg 
oil/L-day. The operation had a carbon sequestration efficiency 
of 6.5% and a photosynthetic efficiency of 1.11%.  Among the 
algae tested, Dunaliella Bardawil is the optimal candidate for 
growth in Qatar conditions using an open pond system.

iodiesel is a plant-derived biofuel intended to 
replace petroleum diesel.  It is biodegradable, 
essentially CO2 neutral, and much less toxic than 

petro diesel.  It is made in a processor (Wilson and 
Farag, 2012) by the transesterification of a 
triacylglycerides (TAGs)-containing oil feedstock (e.g., 
oils of soybean, rapeseed, maize and Jatropha, Tewfik 
et al., 2012) and an alcohol (e.g., methanol or ethanol).  
One of the very promising oil feedstocks for biodiesel is 
microalgae oil (Nkongolo, 2010, Nkongolo and Farag, 
2012, Chaput et al. 2012, Zuka et al., 2012).  

B

Microalgae are plant-like cells. They require a 
nutrient medium (water + nitrogen + phosphorous + 
other nutrients), CO2 and light energy to do 
photosynthesis and grow. The simplest technique to 
grow microalgae in hot sunny areas like Qatar is in open 
ponds. During photosynthesis the algae capture the 
light energy and use it for carbon fixation, i.e., convert 
CO2 (absorbed from air or water) to glucose and release 
oxygen. Up to 50% is converted into TAG-containing 
lipids (oil) that can be used as a biodiesel feedstock in 
the transesterification reaction (Scott, 2010).  Table 1 
shows that microalgae, e.g., Nannochloropsis or 
Chlorella, have the potential to produce more oil 
feedstock for biodiesel than other crops. This is due to 
the simple cell structure and surface water interface. 
Algae cells have efficient and easy access to dissolved 
CO2 and other nutrients while growing suspended in 
water. Hence algae are considered excellent CO2

capture and use (CCU) systems. Estimates are that 2.5 
tonnes of CO2 are needed to produce 1 tonne of 
microalgae and one tonne of oxygen. Assuming 50% oil 
content in the dry algae the 1 tonne algae can produce 
roughly 3.5 barrels of biodiesel (Kanes, 2009). CO2 

produced in the cement industry or in coal fired power 
plants can be used to fertilize the microalgae production 
(Chaput et al., 2012). The consumption/fixation of CO2

takes place during daylight when exposed to the sun, 
hence it depends on light exposure. It has been 
reported that over a seven day growth period the 
microalgae removed 82% of CO2 on sunny days (such 
as Qatar sunny weather), and 50% on rainy days. 
Microalgae can consume nitrogen sources 24 h/day. 
Testing over a seven day period showed that 
microalgae removed 86% of NOx with or without light. 
Microalgae as a feedstock for biodiesel will not compete 
with food crops because they can be grown on non-
arable land (such as Qatar desert). 

Author α : Chemical Engineering Dept, University of New Hampshire, 
Durham, NH 03824, USA. E-mail : rjd26@wildcats.unh.edu
Author σ : Chemical Engineering Dept, Texas A&M University at Qatar, 
Doha, Qatar. E-mail : ghada.salama@qatar.tamu.edu
Author ρ : Chemical Engineering Dept, University of New Hampshire, 
Durham, NH 03824-3591, USA. E-mail : ihab.farag@unh.edu
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Cost Estimates of Algae Production
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GOALS AND SPECIFIC OBJECTIVES
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Open Pond System

 

 

b)

 

Qatar

 

 

 

 
 

c)

 

Microalgae Strains

 

 

 
Table 2

 

:

 

Optimal growth conditions and lipid content

 
Duna-
liella 
Species

 

Temp

 

(°C)

 

Salinity 
(M NaCl)

 

Lipid(% 
dry algae 
mass)

 

Found in 
Gulf salt 
water?

 

Salina

 

22-35

 

0.9-4.3

 

50

 

Yes

 

Bardawil

 

25

 

3.0-4.0

 

30

 

Yes

 
 

Parva

 

32

 

1.5-2.0

 

21-25

 

Unknown
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The goal of this research is to investigate the 
feasibility of producing microalgae oil in Qatar to be 
used as biodiesel feedstock. To accomplish this goal, 
the specific objectives were to: 

The design of the photobioreactor (PBR) is very 
important in scaling up the growth of microalgae in 
Qatar’s hot sunny desert climate. Open ponds are 
inexpensive PBRs and easily maintained, but may suffer 
from contamination. This is less likely in Qatar due to the 
high salinity of the Gulf seawater.  Open ponds have to 
be shallow to allow for sunlight penetration. Hence a 
large surface area is needed, which makes harvesting 
more difficult (Scott, 2010). Fish tanks with sides 
blacked out simulate a shallow open pond with a large 
surface area.  

Microalgae were grown outdoors in Doha, Qatar 
during the summer of 2011.  This climate provides 
constant daylight, averaging 95,000 lux (139 W/m2) 
(Hoki, 1999) whereas the average outdoor daylight in 
the USA is 50,000 lux or 73 W/m2. Qatar is an excellent 
candidate for growing microalgae because of its high 
light intensity, desert land, location and CO2 emissions.  
Qatar’s sunlight intensity will enhance algae 
photosynthesis.  Only 6% of Qatar is agricultural land, so 
there is plenty of desert land that could be used to grow 
algae. Qatar is located in the Gulf, which provides easy 
access to salt water and is a source of microalgae.  
Qatar has the highest per capita CO2 emissions in the 
world (55.4 tonnes vs. 20 in the US in 2007) due to the 
petroleum and cement industries.  Algae growth is an 
excellent method of CCU, so Qatar is an ideal candidate 
for algae growth. 

The photosynthetic solar constant, which is the 
yearly mean solar irradiance on the surface of the earth 
oriented towards the sun above the atmosphere, is 
1340 W/m2.  The photosynthetic active region range is 
40-750 nm (Agrawal, 2010). This provides 26% of the 
standard solar constant or 350 W/m2 of input power to 
the photosynthetic process.  The theoretical maximum 
photosynthetic efficiency is 20% (Bonner, 1962). Thus, 
the photosynthetic solar constant, or the maximum 
output power that can be achieved under ideal 
conditions would be 70 W/m2. The solar biomass 
constant or theoretical upper limit on the equivalent 
biomass harvested would be 4.5 mg/m2-s. 

There are three main factors that affect the 
production cost of algae: (1) cost of land used for the 
algae production facility, (2) the value of the by-products 
of algae growth and oil extraction, and (3) the algae oil 
production rate (g oil/L-day) and hence the importance 
of this investigation. For open pond algae production 
systems the capital costs estimates range is $50,000 to 
$250,000 per hectare, and the operating costs are about 
$15,000 to $20,000 per hectare per year. The almost 
free desert land in Qatar will lower the capital costs 
estimates. The results of this investigation of using 
Qatar’s hot sunny climate to grow and dry the algae 
should lower the annual production costs. 

• Study algae oil production in an open pond 
system in Qatar’s hot sunny desert climate.  

• Identify if nutrients should be added to the Gulf
(off Qatar) seawater to favor algae oil production.

• Compare different algae strains to determine the 
most favorable for algae oil biodiesel feedstock 
production.  

Microalgae growth in batch cultures occurs in 
the following phases: lag, exponential, stationary and 
death. Ideally, the microalgae should be harvested in 
the stationary phase because they have reached 
maximum growth, and the nutrients will have been used 
up so the microalgae start to accumulate lipids. There 
are four classes of microalgae; diatoms, green algae, 
blue-green algae and golden algae (Kanes, 2009). 
Green algae, e.g., Dunaliella, were used in the present 
study because they can grow in fresh water and in salt 
water (such as Gulf seawater). Also, Dunaliella 
microalgae are the most halotolerant species known 
and are more tolerant of fuel oil contamination than 
other species (Tafreshi. 2009).  Three specific strains of 
Dunaliella microalgae were used in the present work: 
Salina, Bardawil and Parva. These strains were chosen 
for their ability to thrive under hot temperatures in saline 
water, and their high lipid content (Table 2) ((Abd El-
Baky (2004), Peeler (1989), Tafreshi (2009), Scott 
(2010), Fried (1982), Ben-Amotz (1990), Evans (1982)).  
The selected strains were all grown in an open pond 
system in Doha, Qatar to select the species that exhibits
growth, biomass production and oil content.
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The experimental work, summarized in Table 3, 
was done in two phases. The first was to provide 
enough algae for outdoor testing and establish baseline 
data on the performance of microalgae in Gulf seawater. 
These experiments were done indoors using fluorescent 
lights (4 bulbs illuminating seven 500 mL PBRs) and 
artificial (contaminants-free) salt water. The second 
phase aimed at more realistic tests of growing the 
microalgae in Gulf seawater exposed to Qatar’s sunlight 

and hot climate. This was done outdoors on the roof of 
a building. The algae growth period for each run was 
about 14 days. All runs were done in batch mode, i.e., 
the medium (Gulf seawater with or without nutrients) was 
placed in the PBR, algae inoculum was added and the 
air flow was started. Air use had the dual purpose of 
supplying the CO2 required for algae growth and oil 
formation, and providing algae and nutrient medium 
mixing. Once the algae growth reached the stationary 
phase they were harvested and dried, then the algae oil 
was extracted. 

Analytical Procedures and Metrics
Nitrate and pH measurements are important to 

maintain a consistent growth environment.  This was 
done by collecting 5 mL of algae solution daily and 
using Mardel test strips. Algae growth was monitored 

daily by measuring the algae solution absorptivity at 680 
nm. This was done by placing the same 5 mL solution in 
a DR2800 Spectrophotometer. Table 4 lists the 
measured variables and the metrics calculated.

Step Medium Lighting Explanation
Phase 1

1- Inoculum Growth for 
future runs.

Artificial sea water Fluorescent
24 h/d

Grow inoculum 
indoors.

2- Indoors Algae Growth Gulf salt water Fluorescent
24 h/d

without and with 
nutrients.

3- Indoors non-algae 
Growth (with and without 

nutrients)

Gulf salt water -
no algae

Fluorescent
24 h/d

Monitor Gulf sea
water without algae 

to check for 
competing species.

Phase 2
4- Growth outdoors in a 

fish tank PBR with added 
nutrients.

Artificial sea water 
and Gulf salt 

water

Sunlight (9 
hours/day)

Measure solution
absorbance daily.

5- Algae harvesting Stationary phase
6- Algae dewatering and 

outdoor drying using 
sunlight

Sunlight (9 
hours/day)

Centrifuge algae to a 
slurry. Dry outdoors 

to get dry algae.
7- Hexane extract oil 

then evaporate hexane
Solvent extract the 
lipids/oil from algae 

produced.

Measurement Purpose/ Metrics
Algae solution absorbance, DR2800

Spectrophotometer
Algae growth, from 

absorbance/ turbidity

Acidity of solution (pH),
nitrite and nitrate levels with Mardel test strips.

Nutrient content, depletion or 
starvation

Algae mass after harvesting and drying (using 
a balance)

Algae production rate
(g dry algae/L-day)

Mass of algae oil after extraction Algae oil yield (g oil/100 g dry 
algae)

Air flow rate, liters/min (using a rotameter) Carbon sequestration/capture
efficiency

Incident light intensity with a light meter, Lux. Photosynthetic efficiency



 

 

  
 

 
   

 
  

  

 

 

 
 

 
 

 

 

IV. METHODOLOGY 

a) Algae Growth and Monitoring 
i. Algae Inoculum Growth 

 

 
ii. In Lab/Indoor Microalgae Growth  

 

  

Trial Name Algae Species Nutrients  
Bardawil-SWN Dunaliella Bardawil Yes  

Bardawil-SW Dunaliella Bardawil No  

Parva-SWN Dunaliella Parva Yes  

Parva-SW Dunaliella Parva No  

None-SWN None Yes  

None-SW None No  

 

 

  

 

 

 

b) Algae Harvesting 

 

 

 

V. RESULTS/ACCOMPLISHMENTS 

a) Indoor Algae Growth and Monitoring Results 
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The algae inoculum was grown indoors in 
distilled water using 1.5 M NaCl, macro and 
micronutrients- this growth media is called “artificial 
seawater”. The measured light intensity of 86,400 lux= 
362.9 W/m2 = photosynthetic photon flux density 
(PPFD) or light intensity of 1451.5 μmol/m2s−1. The 
carbon source was an air feed from a fish tank air pump. 

Algae were grown in either just Gulf seawater, or 
Gulf seawater with added nutrients.  The purpose was to 
determine how the algae would grow in the Gulf 
seawater, if nutrients are needed, and the species that 
grew best.  Trials without microalgae were included to 
measure the growth rate of other species in the Gulf 
seawater.  Each trial was exposed to a continuous (24 
hour/day) air feed and fluorescent lights.  

iii. Outdoor Algae Growth
Algae were grown outdoors in fish tanks with 

the sides blacked out so only sunlight would enter from 
the top.  The growth medium had the same salinity as 
the Gulf seawater (40 g salt/L water), same airflow rate 

and natural sunlight.  Nutrients were added in the same 
proportions as the algae inoculum growth.  Two trials 
were set up: 20 L Dunaliella Bardawil and 20 L Dunaliella 
Salina (the results from the indoor lab tests indicated 
that the Dunaliella Parva does not grow well in the Gulf 
seawater, so it was not grown outdoors).

Figure 1 shows the growth measurements of 
the six different tests of Table 4. The standard trials 
show very little growth, indicating there was not a strong 
presence of competing species.  During the lag phase 
there was similar growth in all the microalgae species, 
but when they reached the exponential phase, the 

c) Data Analysis/Calculated Indicators
The performance of the PBRs was established by calculating the indicators explained in Table 5.

Table 5 : Performance Parameters and Definitions

Parameter Definition/How Calculated
Photosynthetic Efficiency or Light 

Capture Efficiency is the light 
energy transferred  through PBR 

and converted to biomass

Ratio of the energy produced by the 
combustion of the algae to the incident light 

ced by the artificial lights used.energy produ

Carbon Sequestration/Capture
Efficiency is the mass of C 

sequestered by the algae relative 
to the C supplied to the 

microalgae.

C in dry algae formed/ Total C from the air 
into the PBR during growth, assuming:
-Constant air flow rate
- Air CO2 (394 ppmv) is the only C source 
for algae.
-Dry algae are 60.4% C, based on 
literature.

Once algae inoculum had grown, the in lab salt 
water trials were set up (Table 6).

Table 6 : Algae species/ nutrients for different in-lab 
trials.

Algae were also grown using the Gulf seawater 
with the same nutrients, airflow and natural sunlight. Two 
trials were set up:10 L Dunaliella Bardawil and10 L 
Dunaliella Salina.

Algae were dewatered by centrifuging the 
solution at 5000 RPM for 6 minutes. The saltwater was 
then removed and DI water was added to clean the 
algae of salt and the algae were centrifuged again 
(5000 RPM, 6 minutes).  During centrifugation, the algae 
were completely removed from the water, but the salt 
remained dissolved in the DI water.  This cleaned the 
algae, and the discarded water did not contain any 
algae. The algae were dried using natural sun heat by 
placing the dense algae slurry outdoors (2 hours).  The 
dry algae were massed, then mixed with hexane, 
heated, and the evaporated hexane was condensed 
and reused. Over a period of time (2 hours) the hexane 
extracts the oil in the algae. The algae biomass is 
removed by vacuum filtration.  The filtration was 
repeated at least four times, or until the filter paper no 
longer retained algae. Oil is recovered by evaporating 
the hexane using a hot water bath.



 

 

 

  

 

  

 
 

 

 

 

 

 

 

 

Table 7 : Carbon sequestration and photosynthetic 
efficiencies 

Dunaliella 
Algae grown 
outdoors 
with Nutrient 

Carbon 
Seques-
tration 
Efficien-
cy* (%) 

Photo-
synth-
etic 
Efficien-
cy (%) 
**  

Photosynthetic 
Efficiency relative 
to the 
photosynthetic 
solar constant 
(%) ***  

Salina- DI 
water  

6 0.6  1.1  

Bardawil-
 

DI 
water 

 

6.5
 

1.11
 

2.1
 

Bardawil-
 

Gulf 
saltwater 

 

3.1
 

0.053
 

0.1
 

*Based on 60.3% carbon
 
by mass in the microalgae, 

and 394 ppmv CO2 in the air
 **Based on microalgae heating value of 5000 cal/g and 

incident light of 89,000 lux, or 130 W/m2

 *** Based on Agrawal constant of 70 W/m2

 
 

These efficiencies are lower than the typical 
range of photosynthetic efficiency of microalgae. A 
possible explanation is that the only mixing of the algae 
was from the air supply bubbling through the solution.  
This prevents the algae at the bottom of the tank from 
receiving light as the solution becomes more 
concentrated with algae, and this will decrease the 
photosynthetic efficiency.  It is evident that the Dunaliella 
Bardawil grown in DI water with nutrients had the highest 
photosynthetic efficiency (1.11%) and carbon 
sequestration efficiency (6.5%).  Table 8 compares the 
present work results and literature values. The results 
confirm the feasibility of producing microalgae oil 
biodiesel feedstock in Qatar and that the process may 
be further improved. 

 
 

 
  

 

 
 

 

 

 

Microalgae Growth in Qatar for CO2 Capture and Biodiesel Feedstock Production

  
G
lo
ba

l 
Jo

ur
na

l 
of
 R

es
ea

rc
he

s 
in
 E

ng
in
ee

ri
ng

  
    
 

V
ol
um

e 
 X

II 
 I
ss
ue

 vvvvI
  

V
er
sio

n 
I 

  
  

  
  

  
  

  
  

  

5

(
DDDD

)
c

 ©  2012 Global Journals Inc.  (US)

  
ea

r 
20

12
 

Y

Dunaliella Bardawil grown with nutrients in Gulf seawater 
clearly grew the best. The Bardawil without nutrients 
showed little growth, and both Parva samples had little 
growth as well.  Due to the poor growth of the Parva, 
they were excluded from further testing.  Instead, it was 
determined that the Bardawil should be grown outdoors 
in both artificial seawater and Gulf seawater solutions 
containing nutrients.  Table 2 indicates that Dunaliella 
Salina is promising, so though no indoor testing was 
performed, Salina was grown outdoors using the same 
conditions as Bardawil.

b) Outdoor Algae Growth and Monitoring Results
Figure 2 shows the four outdoor growth runs. It 

is evident that the trials in artificial seawater had a much 
longer lag phase than the trials in the Gulf seawater.  
This could be because the Gulf seawater has its own 
additional nutrients that expedite the growth of the 
microalgae. The Dunaliella Bardawil appears to exhibit 
consistently better growth than the Dunaliella Salina, 
shown by the higher final absorbance.  

c) Algae Harvesting
After harvesting, the algae are massed to 

determine the production rate, the carbon sequestration
and photosynthetic efficiencies. Lipids are extracted to 
get the algae oil content and the oil production rate.

The algae production rate was calculated for 
the four outdoor trials done in artificial seawater or Gulf 
seawater with nutrients. The results in Figure 3 indicate 
that the Dunaliella Bardawil shows the highest 
production, both in artificial seawater (using DI water 
and nutrients) and in the Gulf seawater off the coast of 
Qatar. The Dunaliella Salina grew well in the artificial 
seawater, but there was very little algae production in 
the Gulf seawater. This indicates that among the algae 
strains investigated, Bardawil has the highest growth 
rate in the Gulf seawater with nutrients. The algae 
production of Bardawil in artificial seawater is 0.02 g/L-
day. This is equivalent to about 1.67 g/m2-day or 0.0192
mg/m2-s. This is less than 1% of Agrawal theoretical 
upper limit of biomass harvested of 4.5 mg/m2-s. The 
daily algae production rate of 1.67 g/m2-day is lower 
than the 12 g/m2-day reported for Dunaliella Salina in 
Oilgae.com indicating the possibility of further 
improvement in the algae production.

Figure 4 shows the algae oil content results. 
Dunaliella Salina grown in the artificial seawater with 
nutrients had the highest oil content.  The Dunaliella 
Bardawil grown in both the artificial seawater and the 
Gulf seawater had similar oil content.  This is indicative 
that the Gulf seawater provides an environment similar 
to the artificial seawater, and the microalgae are able to 
produce oil as usual. 

The oil production rate of the microalgae is the 
final oil mass per liter of initial solution per day of growth. 

Figure 5 shows that all three trials were within 
the same range of oil produced. This further confirms 

that algae oil as a biodiesel feedstock, can be produced 
by growing Dunaliella Bardawil in the Gulf seawater.

The carbon sequestration efficiency and the 
photosynthetic efficiency of the microalgae were 
calculated for the outdoor trials of Dunaliella Salina and 
Dunaliella Bardawil.  Table 7 shows that the carbon 
sequestration efficiency of the microalgae was between 
3-6.5%.  The photosynthetic efficiency of the microalgae 
ranged from 0.053-1.11%.  



 

 

 

 
 

 

 

 

 
 

  
 

 

 
 

 
 

 

  

 

 

  

 

 

 

  
 

 
 

 
 

 
 

 
 

  
 

 
 

 
 

 

 

 
  

 

 
  

 

 
 

 
 

  

 
 

 

 
 

 
 

  
 

 
 

 
 

 
 

 

 
 

 

Carbon 
Seques-
tration 
Efficiency

Bardawil/DI 6.5%
Bardawil/GS  3.1%
Salina/DI 6.0%

12%

Biomass 
concentra-
tion g Dry 
algae/L 

Bardawil/DI 0.48
Bardawil/DI 0.17
Salina/DI  0.2

0.5 
(Chisti, 
2007)

Final Lipid 
production
mg oil/L

Bardawil/DI   28
Bardawil/GS  9
Salina/DI    20

1420 (Li, 
2011)
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Figure 1 : Indoor salt water trials absorbance measurements (absorbance vs. time in days).

Figure 2 : Outdoor salt water trials absorbance measurements.
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Figure 3 : Algae production (grams per liter per day, or simply g/L-day) of Dunaliella Salina and Dunaliella Bardawil 
grown outdoors.

Figure 4 : Algae oil content (g oil/100 g algae) of Dunaliella Salina and Dunaliella Bardawil grown outdoors.
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Figure 5 : Oil production rate of algae (mg oil/L solution -day) in Dunaliella Salina and Dunaliella Bardawil grown 
outdoors.
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Abstract -

 

Interests in the design of water-based muds(WBM) 
have escalated due to wellbore instability issues that arise 
from the abundance of problematic shales encountered while 
drilling. Conventional water-based muds(WBMs) that are used 
to drill through water sensitive shale formations cause a high 
degree of wellbore instability. Consequently, oil based 
muds(OBMs) were adopted to solve the wellbore instability 
problems due to their superior shale stabilization properties. 
Unfortunately, high costs, environmental restrictions, cuttings 
and used mud disposal difficulties and safety have largely 
limited the use of OBMs. As a result of these challenges with 
OBMs, WBMs that have the ability to effectively reduce shale 
instability problems have once again come under the lime light 
to replace the OBMs. Potassium-based (KCL)muds are used 
in areas where inhibition is required to limit chemical alteration 
of shales. This research study therefore was undertaken to 
evaluate the inhibition effects of different concentrations of 
KCL on the rheological properties of water-based mud(WBM) 
contaminated with shale. 

 

The rheological values using FANN 
viscometer with different concentrations of KCl((0.2%, 
0.4%,1.0%,2.0% and 4.0%) respectively by weight of 
contaminated  8.5PPG WBM with typical shale sample from  
the Niger Delta Region of  Nigeria were evaluated. Test results 
indicated that the KCl inhibited the swelling tendencies of the 
shale and the rheological values reduced drastically. The 
reduction in rheological values considering the 600rpm 
reading  were  0%, 36%, 60%, 94% and 181% respectively 
compared to results without KCL in the mud as indicated 
above. Therefore, to avoid non-productive time resulting from 
hole instability problems caused by shale, when drilling is 
expected to encounter shale zones, proper design of the 
drilling fluids using WBMs with KCL  that will inhibit shale 
swelling  is imperative.

  

I.

 

Introduction

 

he art and science of drilling wells require the use 
of drilling fluids for several reasons including 
cuttings carrying and maintenance of wellbore 

stability. Drilling fluid selection is dependent on the 
behaviour of the formation to be drilled. Shale, the most 
abundant rock type in the earth interacts variably with 
the fluids

 

used. Shales are low-permeability sedimentary 
rocks with small pore radii that  characterized by low 
permeability, medium to high clay content, and medium 
porosity 

 

in addition to other minerals, such as quartz, 
feldspar, and calcite. Shale types range from soft 
Gumbo shale in offshore Louisiana, Gulf of Mexico to 

hard brittle shale in South Louisiana with each type 
presenting its own set of problems. They account for 
over 75% of formations drilled all over the world and 
cause over 90% of wellbore instability problems.  The 
distinguishing features of shale are its clay content and 
low permeability, which results in poor connectivity 
through narrow pore throats. Shales are also fairly 
porous and are normally saturated with formation water, 
with several factors affecting their properties, such as 
burial depth, water activity, and the amount and type of 
minerals present(Joel, et al). 

Interests in the design of water-based muds 
(WBM) have escalated due to wellbore instability issues 
that arise from the abundance of problematic shales 
encountered while drilling. Conventional water-based 
muds (WBMs) that are used to drill through water 
sensitive shale formations cause a high degree of 
wellbore instability. Consequently, oil based muds 
(OBMs) were adopted to solve the wellbore instability 
problems due to their superior shale stabilization 
properties. Unfortunately, high costs, environmental 
restrictions, cuttings and used mud disposal difficulties, 
and safety have largely limited the use of Oil base muds. 
Consequently, WBMs that have the ability to effectively 
reduce shale instability problems have once again come 
under the lime light to replace the OBMs. The limited 
availability of models to adequately describe shale fluid 
interaction has hindered the growth of inhibitive WBM 
development. Models based on chemical potential and 
hydraulic pressure had been developed by Osisanya 
(1991), and further work by V Osisanya, et al (1996) 
have indicated the complexity of theoretical analysis of 
driving forces and mechanisms that govern shale 
stability in the borehole.  

The use of conventional WBMs in drilling shale 
formations results in the adsorption of water associated 
with the drilling mud onto the surface of shale 
(Chenevert 1970). Depending on the shale type, water 
adsorption may lead to various reactions such as 
swelling, cuttings dispersion, and increase in pore 
pressure ( Chenevert 1973) creating wellbore instability 
to varying degrees. Common failures that occur from 
shale instability using conventional WBMs include 
sloughing, caving, stuck pipe, bit balling and increased 
torque and drag. These failures can grow into massive 
expenses due to lost non-productive time. In general, 
drilling fluid weight and chemical compositions are the 
elements that are manipulated in order to control such 

T
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instabilities. However, instabilities in shale may be 
caused by a complex mechanism of shale drilling fluid 
interaction ranging from mechanical to chemical 
reasons(Al-Bazali, 2005). Therefore proper selection of 
the drilling fluids to be used on a particular well site is an 
essential phase of any carefully planned drilling 
operation. When this drilling is expected to encounter 
shale zones, the selection of the fluid becomes even 
more important. To maintain a stable borehole through 
such zones, a carefully designed mud will be required. 
The design of successful fluids for this type of 
application depends largely on a knowledge of the 
physical and mineralogical characteristics of the shale 
and its behavior when in contact with drilling mud.  

Potassium-based muds are used in areas 
where inhibition is required to limit chemical alteration of 
shales. Potassium performance is based on cationic 
exchange of potassium for sodium or calcium ions on 
smectites and interlayered clays. The potassium ion 
compared to calcium ion or other inhibitive ions, fits 
more closely into the clay lattice structure, thereby 
greatly reducing hydration of clays . Potassium-based 
muds perform best on shales containing large quantities 
of smectite or interlayered clays in the total clay fraction. 
Shallow shales, containing large amounts of 
montmorillonite, however, still swell in a potassium-
based system. In recent years, muds containing 
potassium chloride and a suitable polymer have been 
the subject of publications from several areas. 
Laboratory studies of the effects of several salt solutions 
on the hardness of cores from water-sensitive sands 
showed that 2% potassium chloride was a more 
effective stabilizing agent than was 2% calcium chloride 
or 10% sodium chloride. 

In 1960, while drilling steeply dipping shales in 
the Cerro Pelado area of Venezuela, noted improved 

hole stability when mud containing potassium ion 
replaced the commonly used sodium or calcium ions to 
inhibit clay swelling. Hole enlargement in the shale 
section was significantly reduced a result attributed to 
the inhibitive properties potassium ion and cited in a 
patent application filed in September 1963. .

 

The objective of this work, therefore, is to 
evaluate experimentally the degree of inhibition of 
different concentrations of KCl on Shale contaminated 
WBM. 

II. Materials and Research 
Methodology 

341grams of water was measured and poured 
into the Hamilton mixing cup. 4.0grams of bentonite  
was added and prehydrated for 30 minutes  under 
stirring condition. After 30 minutes, 0.2grams of xanthan 
gum, 0.4grams of Pac-R, 0.6grams Pac-L respectively 
were added to the mixing cup. These with prehydrated 
bentonite was stirred for 15 minutes before  0.25grams 
of Soda ash was added and stirred for another 10 
minutes.  Then 13.0 grams of barite was finally added 
and the mixture was stirred further for another 20 
minutes for homogeneity before taking the rheological 
readings and(10 seconds/minutes) gel strength using 
VG meter. 

The mixing procedure was repeated using the 
grounded sample of shale. Different weights of the shale 
(1%,2%,4%,7%,10%) respectively  by weight of the 
formulated mud were added. Thereafter, the KCL(0.2%, 
0.4%,1.0%, 2.0% and 4.0%) by weight of  the formulated 
mud were added respectively. The rheological readings 
and(10 seconds/minutes) gel strength values were 
recorded as well. The plastic viscosity and Yield Point 
values were evaluated as applicable.    
 

 Table 1
 
:
 
Additives  and Functions

 
S/N ADDITIVE(S) FUNCTION(S) 

1 Water Base fluid 
2 Soda Ash Calcium precipitant and  pH reducer in cement contaminated mud 
3 Bentonite Viscosity and Filtration control 
4 XCD Viscosity and Filtration control 
5 Par R Fluid loss control and Viscosifier 
6 Par L Fluid loss control and Viscosifier 
9 Barite Weighting agent 

10 KCl Clay inhibitor 
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III. Results and Discussion 
The results of the various tests are recorded in the tables below. 

Table 2 : Rheological properties of formulated mud(8.5PPG) 

S/N RPM DIAL READING 
1 Ø600 21(Cp) 
2 Ø300 14(Cp) 
3 Ø6 2(Cp) 
4 Ø3 2(Cp) 
5 Plastic Viscosity(Cp) 7(Cp) 
6 Yield Point (lb/100Ft2) 7(Cp) 
7 10Sec Gel strength(lb/100Ft2) 1 
8 10Mins Gel strength(lb/100Ft2) 2 

 
Table 3 : Shale Components 

S/N PARAMETER RESULT 
1 Native moisture content % 13.83 
2 Cation Exchange Capacity Meq/100g 2.92 

 

Table 4 : Rheology results for the shale/mud at different concentrations 

MIXTURE 600 RPM 
(Cp) 

300 RPM 
(Cp) 

6RPM 
(Cp) 

3RPM 
(Cp) 

10sec 
gel(Cp) 

10ming
el(Cp) 

PV 
(Cp) 

YP 
(lb/100ft2) 

Mud+1.0% 
shale 

23 15 2 1 1 1 8 7 

Mud+2.0% 
shale 

30 18 2 1 1 2 12 6 

Mud+4.0% 

shale 
32 21 5 3 4 7 11 10 

Mud+7% shale 35 25 11 10 10 10 10 10 

Mud+10% 
shale 

45 24 12 11 11 13 21 3 

Table 5
 
: Rheology results for the shale/mixture at different concentrations with KCl

 

MIXTURE
 

600 RPM 
(Cp)

 300 RPM 
(Cp)

 6RPM 
(Cp)

 3RPM 
(Cp)

 10sec 
gel(Cp)

 10ming
el(Cp)

 PV 
(Cp)

 YP 
(lb/100ft2)

 

Mud+1.0% 
shale+0.2%kCl

 23
 

17
 

2
 

1.5
 

2
 

3
 

6
 

1
 

Mud+2.0% 
shale+0.4% 

KCl
 

22
 

13
 

2
 

1
 

1.5
 

2
 

9
 

4
 

Mud+4.0% 
shale+1.0%KCl

 20
 

12
 

2
 

1
 

1
 

2
 

8
 

4
 

Mud+7% 
shale+2.0% 

KCl
 

18
 

11
 

2
 

1
 

1
 

2
 

7
 

4
 

Mud+10% 
shale+4.0% 

KCl
 

16
 

12
 

3
 

2
 

2
 

3
 

4
 

8
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Fig 1
 
: Dial Reading Against RPM

 

 
 

 

Fig 2
 
: Dial Reading Against RPM

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 3 : Dial Reading Against RPM 
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Fig 4 : Dial Reading Against RPM 

 
 
 

 

Fig 5
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Fig 6 : Coparism of Plastic Viscosity of Mud and Shale With Kcl
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Fig

 

7

 

: Coparism of Yield Point of Mud and Shale With Kcl

 

Table-1 shows the composition of the 8.5PPG 
mud recipe and various functions of the additives. 
Results of the formulated mud recipe is reflected on 
Table-2 while Table -3 details the result for the shale 
composition, indicating a native moisture content of 
13.83% and Cation exchange capacity of 
2.92Meg/100g. 

 

The 13.83% moisture content indicates 
high presence of expandable clays with the ability to 
store moisture easily.

  

Table-4 gives results with mud contamination 
with different shale weights.

 

Looking at Table-4 and 
figures 1-5, with 1.0%,2.0%, 4.0%, 7.0% and 10.0%  
shale contamination respectively and considering the 
600rpm reading, test results indicated that the 
rheological values increased progressively  showing a 
spike as the shale concentration increased. The 
increase in rheological values were  9.5%( from 21 to 23 
Cp), 42.9%( from 21 to 30 Cp), 52.4%( from 21 to 32 
Cp),66.7% ( from 21 to 35 Cp) and 114.3%( from 21 to 
45 Cp),  respectively for the various contaminations as 
indicated above. This agrees with previous findings on 
this phenomenon(Joel,2012). The use of conventional 
WBMs in drilling shale formations results in the 
adsorption of water associated with the drilling mud 
onto the surface of shale (Chenevert 1970).  However, 
when KCl was introduced(0.2%, 0.4%,1.0%, 2.0% and 

0
2
4
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DDDD

4.0%) by weight of the formulated mud sample 
respectively, there was progressive reduction in the 
rheological values with increase in KCl concentration, no 
increase for 0.2% KCl, ( 30cP to 22cP for 0.4%KCL), 
(32cP to 20cP for 1.0%KCl), (35cP to 18cP for 2% KCl) 
and (45cP to 16Cp for 4%KCL). Test results indicated 
that the KCl inhibited the swelling tendencies of the 
shale and the rheological values reduced drastically and  

considering the 600rpm reading, the percentage 
reductions  were  0%, 36%, 60%, 94% and 181% 
respectively compared to results without KCL in the mud 
as indicated above. This agrees with previous studies 
that potassium chloride is very effective stabilizing agent 
in shale sensitive formation.

Fig-6 shows the Plastic Viscosity result of the 
mud with different concentrations of the shale. The test 
result indicated that as the concentration of shales 
increased, the plastic viscosity increases, however, 
there was a noticeable reduction in the plastic viscosity 
values with introduction of KCl. 

Fig-7 shows the yield point results with the 
different concentrations of shale. The highest shale 
concentration gave the least yield point value. This is an 
indication of dispersion and settling tendency of the 
solid particles in the mixture. Depending on the shale 
type, water adsorption may lead to various reactions 
such as swelling, cuttings dispersion, and increase in 
pore pressure (Chenevert 1973) creating wellbore 
instability to varying degrees. However, the introduction 
of KCL resulted to reduction in the yield point values.
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Abstract - This paper presents and analyzes a new biogas based catalytic reforming-processing system 
for the conversion of gaseous hydrocarbons (coming from manure type anaerobic digesters) such as 
methane into hydrogen and carbon oxide mixtures. The exit

 
synthesis gas (syn-gas) is introduced to 
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New Biogas Renewable System for Combined 
Sofc-Electricity Generation with a Membrane 

Reactor 
   

Abstract - This paper presents and analyzes a new biogas 
based catalytic reforming-processing system for the 
conversion of gaseous hydrocarbons (coming from manure 
type anaerobic digesters) such as methane into hydrogen and 
carbon oxide mixtures. The exit synthesis gas (syn-gas) is 
introduced to power effectively high temperature fuel cells 
such as SOFC types for combined efficient electricity 
generation. 

Moreover, this research targets on the description 
and design aspects of permreactors (permeable reformers) 
carrying the same type of renewable-biogas reforming 
reactions.  The goals of such a research include turnkey 
system and process development for the biogas based power 
generation and fuel cell industries.  The proper utilization of   
biogas and waste type resources (coming from manure type 
anaerobic digesters) for green-type/renewable power 
generation with increased processing capacity and efficiency 
via SOFCs is introduced as well.   Pollution reduction is under 
additional design benefit in the described catalytic processors-
fuel cell systems, at the same time. Three different reactor 
configurations are examined and compared. The use of a 
membrane reformer and of a catalytic membrane reformer 
offer better hydrogen and syngas yields and methane 
conversions than the corresponding non-membrane plug flow 
reactor.  
Keywords : biogas reforming, fuel cell, membrane 
reactor, catalytic reactor, SOFC, renewable energy. 

I. Introduction 

n our earlier IASTED and ACS presentations (PGRES 
’02, Marina Del Ray, CA; Modeling and Simulation, 
‘03, Palm Springs, CA; ACS-Fuel Chemistry ’02, 

Boston, MA) we discussed about preliminary findings 
and results of catalytic processors for the steam 
reforming of methane, natural gas, and biogas, for use 
in fuel cell systems such as SOFC types [1]. 

The recent communication continues this 
research introducing the so-called “Biogas power” and 
“Bio-Energy” systems. The use of biogas mixtures 
(manure based generated feedstocks) as sources for 
electricity and heat generation using fuel cells of the 
SOFC type are studied here.  Use of manure based 
gases rich in methane coming from anaerobic digesters, 
for  the  production  of  intermediate synthesis gas is  an  
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attractive route in “green power” and “biogas/manure 
energy” based systems [2].   There is a recent emphasis 
on the development and commercialization of such 
SOFC systems for electricity and heat generation 
applications.  Such installations begin to exist currently 
mainly in US, Europe, Japan, China and other 
developing countries.   Fig.1 below, shows the itemized 
distribution of biogas energy-applications which is 
coming from various renewable sources [3].   

Fig.1 shows the products that are coming from 
the biomass treatment process, especially those coming 
from the anaerobic digestion. In our case however the 
feedstock is animal wastes and not agricultural or forest 
biomass.  

Such biomass-energy systems require the 
development and use of an effective catalytic reformer 
utilizing active metals such as Ni, Rh, Cr, or bimetallic 
combinations of those.  Earth metal enrichment in the 
catalyst such as with Ca, Mg, La and K promotes the 
catalyst stability on stream and minimizes deactivation 
from carbon deposition, especially in the reactor inlet 
[1,2,4,5]. 

The reformer used can be a fixed bed catalysis- 
reactor or a permreactor using membrane type materials 
as reactor walls. Use of a permreactor creates a two 
outlet reaction system which carries the synthesis gas 
product at different compositions.  The permeate stream 
is richer in hydrogen and less rich in carbon oxides, by 
the use of hydrogen selective membranes such as 
microporous inorganics (e.g., alumina, titania based) or 
metal alloys (Pd/Ag, Pd/Cu).  One or both of the outlet 
gas streams can be used as feed in the accompanied 
fuel cell/SOFC. Use of the permreactor increases the 
conversion of the reactant biogases in the reactor due to 
the separation of products. This increased shift in 
conversion yields the required quantity of synthesis gas 
product for the fuel cell at a lower operation temperature 
than the counterpart fixed bed (impermeable) reactor [2].
Process operation at a lower temperature is beneficial for 
increasing the reactor and catalyst life time and for 
reducing the endothermic heating load (Btu/hr) of the 
endothermic reformer.  Below, we give design emphasis 
in both reformer configurations for the generation and 
delivery of hydrogen rich synthesis gas into the 
accompanied solid oxide fuel cell. 
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The traditional process utilizes directly the 
biogas via a turbine or an engine for heat and electricity 
generation without the use of a reformer. However, the 
process is of low efficiency with a high waste heat rate. 

II.
 

Fuel Cell Analysis 
The process of reforming methane or higher 

hydrocarbons with steam is a key catalysis and reaction 
route for producing high quality hydrogen or synthesis 
gas for further use, in an economical way [1,2,4,5]. 
Synthesis gas usually contains hydrogen mixed with 
carbon monoxide and possibly carbon dioxide as well.  
The reforming processes taking place are endothermic 
and use similar catalysis metals as those described 
above.

 Use of biogas based feedstocks as the reactant 
gases constitute for a methane (CH4) rich feed in the 
reformer which is converted with steam into a H2 

and 
CO rich mixture. The exit hydrogen-rich gas is used as 
direct fuel in the anode of the solid oxide fuel cell. The 
reactions of methane steam reforming and water gas 
shift take place in the reformer by adding steam in the 
feedstock as the oxidant [2,4,5].

 

CH4 + H2O  ↔ CO + 3H2  (∆Ho
298= +206.1 kJ/mol)

                 (1) 
(methane - steam reforming reaction) 

CO  + H2O ↔ CO2 + H2   (∆Ho
298= -41.15 kJ/mol)

      (2) 
(water gas shift reaction) 

Here we assume that the biogas has been 
purified before entering into the reformer from the 
various impurities (e.g., halogens) to avoid among 
others the deactivation of the catalyst. Further, the 
contained carbon dioxide and any hydrogen sulfide 
gases can be separated before the reformer, so that 
only pure methane is reformed catalytically [2,6]. 
However, some CO2 can be flown within the reactor and 
reformed catalytically together with methane [2].  

The catalyst used in the process was in the form 
of particles of 0.92mm average diameter. The catalyst 
was a 15% NiO on alumina enriched with calcium and 
magnesium to withstand deactivation from carbon 
deposition. 8.03gr of catalyst was loaded in the 
reformer. 

The interconnected solid oxide fuel cell (SOFC) 
produces electricity by the electrochemical oxidation of 
both hydrogen and carbon monoxide gases, following a 
dual electrochemical reaction mechanism [2].  Part of 
the hot gas exiting from the fuel cell can be diverted in 
the shellside of the membrane reactor in a closed loop, 
to provide the necessary endothermic heat for running 
the reformer. 

   
H2 + O2-    H2O + 2e-    

CO + O2-   CO2 + 2e- 

In the  SOFC cathode: 

O2 + 4e-   2O2- 

With the overall reaction to be:  

H2 + CO + O2   CO2
  + H2O  (3) 

 
Mathematical modeling of the CH4-H2O reformer 

for a steady state fixed-bed catalytic reactor includes the 
species reaction terms in the mass balance equations. 
Moreover the thermal and momentum balances are also 
written for a non-isothermal reformer with pressure drop 
along its catalyst bed [2].   A detailed analysis of the 
model, its parameters and their variation is given in earlier 
communications [2]. The system of these equations is 
integrated numerically as an initial value problem to 
provide the reactant conversions, product yields, reactor 
temperature and pressure along the axial length and to 
obtain the axial profiles of these variables and their values 
at the reactor exit. 

By employing an inorganic permreactor as the 
main catalytic processing unit to convert manure biogas 
feedstocks into fuel cell gas, the above design 
equations are modified accordingly to include the 
permeation effects of the different gases via the 
membrane. In our experimental reaction studies we 
utilized mesoporous aluminum oxide membranes 
having a thin permselective layer (3-5 m thicknes s , 50% 
porosity) with 40-50Å pore diameter [1,2]. The 
membranes are multilayer structures having at the end a 
support layer. The separation of the gases through the 
membrane follows primarily the Knudsen diffusion. In 
the case of a permreactor the corresponding mass, 
temperature, and pressure variation equations are 
written as well for the gas which permeates via the 
membrane wall material and flows in the permeate side 
(S) of the membrane reactor. The detailed model for the 
permreactor has been described in our earlier 
communications [2]. 

By using the above equations within the 
modeling procedure a detailed reactor analysis is 
obtained for the two different reformer configurations. 
Solution of the equations is obtained numerically by 
using an initial value integration technique for ordinary 
differential equations with variable stepsize to ensure 
higher accuracy (implicit Adams-Moulton method) [2].  

In our previous communications we have 
described and analyzed the reaction, separation (i.e., 
permeation), and process (conversion, yield) 
characteristics of permreactors (membrane based 
catalytic reactors) and related processes for  methane-
steam reforming, water gas shift, and methane-carbon 
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In the SOFC anode:

 

 

µ



 

  

dioxide reforming reactions including catalysis and 
membrane materials characteristics [2]. These effective 
and versatile catalytic systems were applied for pure 
hydrogen (H2), H2

 
and CO2, and H2

 
and CO

 

(syn-gas) 
generation to be used as fuel gas for power generation 
or as synthesis gas for production of specialty 
chemicals (such as methanol and higher hydrocarbons) 
[1,2].  

 The interconnected or integrated solid oxide fuel 
cell is fed directly by the fuel gas generated by the 
described reformers. The focus of our studies includes 
solutions in a number of problems associated with the 
installation, operation, and mass, energy conservation of 
the entire fuel cell and membrane-processing unit.  The 
economic feasibility of the overall fuel cell installation is 
correlated with high efficiency (e.g., 50%-75% for 
advanced units) and high current density output (A/cm2), 
increased system reliability for continuous dispersed 
power generation, and reduced plant installation, 
operation and maintenance cost. These targets 
combined with virtual elimination of pollution by use of 
fuel cells in stationary (e.g., central and remote power 
stations) and mobile/transportation (e.g., automobile) 
sources make this technology highly applicable and 
attractive. Clean fuel cell power minimizes NOx, CO, and 
hydrocarbon species in the emissions [2].

 
III.

 
Results and Discussion

 
The apparatus used in the experiments consists 

of mass flow controllers, a bubbler to generate steam for 
the reaction, the reactor housing wherein the plug flow 
reactor or the membrane reactor was placed. The 
apparatus with its details is shown in Fig 2. The reactor 
is equipped with thermocouples to read the temperature 
and with pressure transducers to read the pressure.  At 
the exit of the reactor the apparatus consists of  steam  
traps and a gas chromatograph to analyze the exit 
stream. The gas chromatograph operates in the TCD 
mode and is equipped with a porapack Q column for 
the gas analysis.

 The idea of biogases utilization, coming from 
manure-type anaerobic digesters, within the reformer, 
constitutes an innovative approach in previous attempts 
for direct use of those feedstocks for power generation 
[6]. There are important renewable resources of biogas 
feedstocks today generated from the large herds of farm 
animals grown in local and remote farms.

 The gas that exits from the proper treatment of 
manure in anaerobic digesters is rich in methane and 
carbon dioxide, and constitutes the proper mixture for 
direct conversion into the described reformer/SOFC 
system. As the flowrate of the manure biogases 
increases (for larger sites and treatment systems) a 
larger capacity reformer and fuel cell are required to 
handle the conversion; consecutively, the final SOFC 
power output (kW/cm2) increases as well.

 The table 1 shows the percentage of income 
from the direct utilization of biogases coming from 

agricultural and farm animal waste sources.  It shows 
the different energy utilization of used biogas in terms of 
percentage  [3]. 

 

Fig.1 is a useful flowchart of the biomass 
conversion process. It includes the anaerobic digestion 
process which yields methane and synthesis gas 
products. 

 

The schematic of the experimental apparatus 
wherein the conversion to synthesis gas is taking place 
is shown in details in Fig.2.

 

The performance of two types of reformers for 
the specific reactions is described. Hence, Fig.3 shows 
the total hydrogen yield produced from these reactions 
within the reformer and specifically at the reformer exit 
as function of the reaction temperature. We report 
results from a membrane type reformer and from a 
conventional (non-membrane) plug flow type reformer. 
The membrane reformer exceeds the non-membrane 
reformer in the total hydrogen yield and this is also 
shown by the accompanied modeling results which 
simulate well the experimental membrane reformer data. 
Moreover, the plug flow type reformer produces

 

results 
that are very close to the calculated equilibrium 
hydrogen yields which are calculated at the tubeside (T) 
reaction conditions. Hydrogen produced under these 
conditions is directed in the fuel cell anode to drive the 
electrochemical reactions discussed above. The feed 
composition in the tubeside of the membrane reformer 
was maintained at CH4:

 

H2O:

 

Ar:

 

H2

 

= 1:

 

7:

 

1:

 

0.75 . Ar 
gas was added initially in the feed as a diluent to 
examine the effect of diluting the methane/biogas feed. 
The space time of

 

the reactor tubeside was maintained 
at  54.0 grcat.hr/gmoleCH4. The reaction temperature 
range examined in the two reactors was varied from 
450-590oC. The pressure in the tubeside of the 
reformers where the catalyst lies was maintained at 
about 2-3 psig (1.17atm) during the course of the 
experiments. 

 

Methane conversion data at various reactor 
space times are included as well. This data is indicative 
of the performance of the catalytic methane steam 
reforming reaction within the reformers. The reaction 
conditions remained the same as with the above plot 
(hydrogen yield data).  Thus, Fig.4 below, shows

 

methane conversion versus space time data for the 
production of H2

 

and CO syngas (fuel gas). The 
operation took place at a constant temperature of 
550oC. The data is referred to two types of reformers 
and it is accompanied by simulation fittings by the 
numerical models developed and described above. It is 
interesting to notice that the membrane reactor data 
exceeds both the plug flow reactor and the equilibrium 
conversion data. The membrane reactor therefore 
produces more hydrogen and syngas for the joint fuel 
cell system (SOFC) at various methane inlet flowrates. 
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The beneficial increase in CO2 yield with the use 
of the membrane reformer is shown in Fig.5 below, in 
comparison  with the other data. The CO2 yield is 
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indicative of the extent of the water gas shift reaction 
(reaction (2)). The CO2

 

yield also corresponds to the CO 
conversion according to reaction (2).  As one can 
observe, there is a good agreement by the modeling 
results (simulation lines) to the experimental CO2

 

yield 
data. The reaction conditions are the same with those 
described above.  The above plots (Figs. 3, 4, 5) are 
shown the type of syngas (in terms of composition) 
which is entering into the SOFC system for electricity 
generation according to reactions (3),  [1,2]. 

  

The included data shows that fuel gas rich in H2

 

and CO compounds can be produced from the 
described reformers and especially from the membrane 
reformer for the continuous operation and electricity 
generation of the SOFC.  Another related plot is shown 
in Fig.6.  It shows the generated power by the SOFC for 
various feed ratios and reforming conditions (i.e., 
reaction temperature, inlet feed composition). The plot 
assumes a 60% fuel cell efficiency at equilibrium fuel 
gas composition according to reactions (1) and (2). As 
the steam to methane ratio is increased in the inlet the 
power output is increased as well. Higher power outputs 
(kW) can be achieved usually between 600-800∙C. 

 

Finally, Table 2 below presents a summary of 
specifications from a medium biogas processing plant 
(farm-animal wastes plant) for energy cogeneration. The 
table shows details on the energetic distribution 
outcome of the entire plant (e.g., 60% electricity 
generation efficiency for the SOFC). Τhe data refers to 
4,420 swines as the total number of farm animals. This 
table is included for comparison purposes, in order to 
provide the potential of the newly described biogas to 
SOFC unit.  It is important to

 

say that the electricity 
generated by the SOFC (assuming a 60% efficiency) 
can cover the needs of the farm and any excess 
electricity can be sold in the nearby electrical network. 
Moreover, the useful heat from the SOFC can cover the 
heating needs of the

 

farm (e.g., via a boiler) and those 
of the endothermic reformer. 

 

Two more figures are also shown below for the 
socalled PBCMR configuration. In these plots the 
membrane was also rendered catalytic by the incipient 
wetness method. A solution of NiNO3

 

was used to 
impregnate the ceramic membrane tube. The data 
shown in Figs. 7 and 8 was taken under these 
conditions. It is important that the PBCMR (packed bed 
catalytic membrane reactor) exceeds substantially in 
both conversion and yield the CPFR (catalytic plug flow 
reactor) data. The PBCMR data are also higher than the 
equilibrium calculated conversions and yields. These 
facts are attributed to the use of the catalytically 
impregnated membrane as the reactor of the system. 
The feed composition in the tubeside

 

of the membrane 
reformer was maintained at CH4:

 

H2O:

 

H2

 

= 1:

 

4:

 

0.20. 
The space time of the reactor tubeside was maintained 
at about 50.0 grcat.hr/gmoleCH4. The reaction temperature 
range examined in the two reactors was varied from 

475-550∙C. The pressure in the tubeside of the reformers 
where the catalyst lies was maintained at about 10 psig 
(1.68atm) during the course of the experiments. The 
developed computational model for the PBCMR shows 
a pretty good agreement with the experimental 
membrane reactor data. Thus, the catalytic 
impregnation of the membrane is an additional 
advantage of the described system by offering higher 
hydrogen yields and methane conversions.

 

IV.

 

Conclusions

 

In this paper, it is shown that the operation of 
high temperature SOFCs/fuel cells can be coupled with 
reforming reactors of biogases. The SOFCs can operate 
in series or integrated with a catalytic reformer or a 
membrane reformer which convert biogas into fuel gas 
at various operating conditions. Biogases are rich in CH4

 

and are converted catalytically into a H2

 

and CO mixture 
suitable for the continuous operation of the SOFC unit.  
Our reactors have been also simulated by 
computational models which account for the reaction 
and hydrogen separation in the permeable reformers. 
Various operating conditions in the permeable reformers 
have been tested by these models. The membrane 
based permreactor has shown to offer better hydrogen 
yields and better methane conversions than the 
counterpart fixed bed based reactor. Among the 
membrane reactors examined the PBCMR found to 
perform superior than the simple (non-catalytic) 
membrane reactor. This happens most probably due to 
the catalytic membrane contribution as well.

 

Essential distributed power generation within a 
wider power grid can be accomplished through this 
design, which can cover the local needs of municipal 
and remote areas. Fuel cell power relates to the 
reformer conversion and the efficient utilization of the 
syngas by the fuel cell.  In addition, the waste heat from 
the conversion of syngas to electricity can be decreased 
with the fuel cell operation, especially with this of high 
efficiency SOFCs. Moreover, fuel cell/SOFC continuous 
operation and power generation from biogases 
contribute to the pollution minimization, higher power 
density and efficiency in comparison with conventional 
power operations. With the use of clean SOFC power, 
we can also minimize NOx, CO, and hydrocarbon 
species from the emissions of such stationary biogas 
power construction. 
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Table 1 :
 
Percentage of income from the direct utilization of biogas coming from agricultural sources and animal 

wastes [3].
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Electricity 43%

Heat 36%

Fig.1 : Flowchart of biomass processes including the anaerobic digestion process for production of methane and 
synthesis gas.
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Fig. 2 : Schematic of the experimental apparatus for methane steam reforming.
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Fig. 3 : Experimental amd modeling results of  biogas-steam reformers for syngas production and SOFC 
continuous operation.

Total hydrogen yield data;   (PTo=1.17 atm,  space time = 54.0 gcat.hr/gmole CH4)
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Fig.4 : Experimental amd modeling results of  biogas-steam reformers for syngas production and SOFC continuous 
operation.
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Total methane conversion data;   (PTo=1.17 atm,  space time = 54.0 gcat.hr/gmole CH4

Fig.5 : Experimental amd modeling results of  biogas-steam reformers for syngas production and SOFC continuous 

operation.

Total CO conversion data (CO2 yield);   (PTo=1.17 atm,  space time = 54.0 gcat.hr/gmole CH4
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Fig. 6 : SOFC power (kW) versus catalytic reforming conditions (inlet flowrate and temperature);     60% SOFC 
efficiency at equilibrium fuel gas composition.
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Fig. 7 : Experimental and modeling results of  biogas-steam reformers for syngas production and SOFC continuous 
operation.

Total methane conversion data in the PBCMR configuration;   (PTo=1.68 atm,  space time = 50.0 gcat.hr/gmole CH4
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Fig. 8 : Experimental and modeling results of  biogas-steam reformers for syngas production and SOFC continuous 
operation.
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Table 2 : Specifications of a representative medium size  biogas steam reforming-SOFC system,  for electricity 
and heat cogeneration .

Biogas production volume:       7,200  m3/day 

(From the Manure Anaerobic Digester)
___________________________________________

Total number of farm animals :        4,420

(swines)

Methane production volume/about:       5,040

      m3 CH4/day 

Total energy generation: 71,410 kWh/day

Electricity generation/SOFC 
(60%) : 42,846  kWh/day

Heat generation

(30%) : 21,423  kWh/day

Waste heat

(about   10%):   7,141  kWh/day

Annual Electricity

Generation:
    15,400                 

                                                           MWh/year

Sale price per MWh 73   Euro/MWh

(to DEH,  Greek Electricity Authority),  

                            Income about:   1,124,200 Euro/year     

Annual Heat generation: 7,712

                                                        MWh/year          
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(Pv) of Domestic Sewage From an Estate In Warri, Nigeria     
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Abstract - Samples of domestic sewage obtained from a sewage treatment plant located in Warri, 
Nigeria were analysed for two pollution characteristics such as suspended solids (SS) and permanganate 
value (PV). Values obtained from the analysis were used to assess the possible relationship between the 
two pollution characteristics using correlation and regression analysis. Mean values of the suspended 
solids (SS) ranged between 200.0mg/l and 380.0mg/l while mean values of the permanganate values 
ranged between 162.2mg/l and 286.0mg/l. The correlation coefficient, r was 0.9577. The analysis 
indicates that real, strong and significant linear relationship exists between suspended solids and 
permanganate value in the domestic sewage. 
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Correlation of Suspended Solids (Ss) and 
Permanganate Value (Pv) of Domestic Sewage 

From an Estate In Warri, Nigeria 
I.E Uwidia α & C.M.A. Ademoroti σ 

Abstract - Samples of domestic sewage obtained from a 
sewage treatment plant located in Warri, Nigeria were 
analysed for two pollution characteristics such as suspended 
solids (SS) and permanganate value (PV).  Values obtained 
from the analysis were used to assess the possible 
relationship between the two pollution characteristics using 
correlation and regression analysis.   Mean values of the 
suspended solids (SS) ranged between 200.0mg/l and 
380.0mg/l while mean values of the permanganate values 
ranged between 162.2mg/l and 286.0mg/l. The correlation 
coefficient, r was 0.9577. The analysis indicates that real, 
strong and significant linear relationship exists between 
suspended solids and permanganate value in the domestic 
sewage. 
Keywords : Correlation, SS, PV, Domestic sewage, 
pollution, pollution characteristics. 

I. Introduction 

ver the years man has experienced serious 
environmental impact of wastewater discharged 
from various sources. Wastewater from 

residential area is referred to as domestic sewage. This 
includes sanitary sewage (excreted waste from 
humans), kitchen, bath, laundry and floor drain wastes 
[1].Domestic sewage together with the sewage from 
commercial and industrial establishments are referred to 
as municipal sewage [2]. 

The common constituents of domestic sewage 
include organic and inorganic matter, solids (both 
suspended and dissolved) and microorganisms. These 
substances are present as contaminants and the 
concentration is normally expressed in milligrams of 
contaminants per litre of the mixture [3]. 

Sewage typically contains bacteria, viruses and 
other parasites which are pathogenic. Such pathogenic 
organisms are disease causing which grow and multiply 
fast in the intestinal tracts of their hosts e.g. man 
animals [4]. The faeces of such infested host or carriers 
can get into a water supply or swimming area easily by 
direct discharge of raw sewage into the receiving water 
(river, stream, lake, ocean etc). Such direct discharge 
causes sewage pollution and serious epidemics. 
Examples of such diseases transmitted due to direct 
sewage  disposal   are  water  borne  diseases  (cholera,  
 

Author α σ
 

: Department of Chemistry, University of Benin, Benin City, 
Nigeria. 

dysentery, diarheoa typhoid hepatitis etc) and water 
contact diseases (e.g. schistosomiasis, leptospirosis, 
tularemia etc) [5]. 

Discharge of sewage into a water body reduces 
the water quality due to pollution by the wastes in the 
sewage. The greater the pollution load, the poorer the 
quality of water [6]. 

All matter except the water contained in liquid is 
classified as solid matter. Dissolved solids can be 
differentiated from suspended solids by filtration [7]. 
Solids in water are undesirable because they degrade 
the quality of water. When the solid content of any water 
is high, additional mechanical and chemical treatment is 
required and cleaning process becomes more 
expensive [8]. 

High levels of solids in water also increase the 
density of water and reduce the solubility of gases like 
oxygen. Proteins and carbohydrates are biodegradable 
contaminants which constitute 90% of the organic 
matter in domestic sewage. The sources of these 
biodegradable contaminants include excreta and urine 
from humans; food wastes from sinks; soil dirt from 
bathing, washing and laundering; plus various soaps, 
detergents and other cleansing products. Suspended 
solids in untreated sewage can lead to sludge deposits 
and anaerobic conditions in receiving surface waters 
[9]. The methods of determination are based on the 
amount of oxygen required to convert oxidizable 
materials to stable end products. Since the oxygen used 
is proportional to the oxidizable materials present in the 
sewage, oxygen measurement therefore serves as a 
relative measure of the strength of domestic sewage [1]. 

II. Justification of the Study 

Suspended solids and permanganate values 
are pollution characteristics used to assess the pollution 
strength of domestic sewage [8]. 

The suspended solids present in domestic 
sewage are insoluble organic and inorganic particles. 
They are mainly materials that are too small to be 
collected as solid wastes. They do not settle in the 
classifier either. Discharge of suspended solids 
increases the turbidity of water and causes a long term 
demand for oxygen because of the slow degradation 
rate of the organic fraction of the material. This organic 
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material may consist of fat, proteins and carbohydrates 
[10]. 

The natural biodegradation of proteins (e.g. 
milk, eggs, meat etc.) will eventually lead to the 
discharge of ammonia. Ammonium oxidation into nitrite 
and nitrate by nitrifying bacteria lead to an extra 
consumption of oxygen present in the sewage. The 
amount of suspended solids in waters therefore 
increases with the degree of water pollution [11]. 

Permanganate value is a measure of the 
amount of oxygen obtainable from potassium 
permanganate needed for the oxidization of easily 
oxidizable inorganic and organic pollutants present in 
sewage samples [12]. 

In acid or alkaline solution, potassium 
permanganate releases oxygen for oxidation purposes. 
When a sample is exposed to a dilute solution of 
acidified potassium permanganate (KMn04) in a 
stoppered bottle, the acidified solution of KMn04 
releases oxygen which oxidizes easily oxidizable wastes 
in the sample.   

2Mn04- + 6H+     2Mn2+ + 3H20 + 5 (0) 

       2Mn04- + 20H-            2Mn02 + H20 + 5 (0) 
 

the unused potassium permanganate can therefore be 
determined by adding to it excess potassium iodide 
solution from where equivalent quantity of iodide is then 
titrated against standard sodium thiosulphate solution 
[13]. 
 

2Mn04- + 16H+ + 10I-                     2Mn2+ +8H20+5I2 

III. Objectives of the Study 

The objectives of this study are to: 

i) Determine the concentration of suspended solids 
and permanganate values of raw domestic 
sewage 

ii) Study the relationship between the two pollution 
characteristics mentioned above   

iii) Establish the relationship which may be found to 
exist between the suspended solids and 
permanganate value in the domestic sewage. 

IV. Materials and Methods 

a) Raw domestic sewage used 
The raw sewage was collected from a steady 

stream of sewage arriving at a Sewage Treatment Plant 
through a conventional central sewerage system (CSS) 
in an Estate in Warri, Delta State, Nigeria. 

V.

 

Sampling Techniques

 

Samples were obtained from the treatment plant 
every week. Six samples were collected per day at one 
hour intervals starting at 7.00am and ending at 

12.00pm. Sampling was most convenient during this 
period.

 

Each sample was collected in a clean, well 
labeled plastic bottle and kept in a refrigerator 
maintained at 40C. At this temperature, biodegradation 
is inhibited.

 

The rate of flow was determined with a flow 
meter each time a sample was collected. At the end of 
the sampling period, a composite sample was made by 
adding together volumes of samples proportional to the 
rate

 

of flow. The samples were collected in wet and dry 
seasons which are the major seasons in Nigeria so that 
the results obtained could give a detailed account of the 
suspended solids concentration and the permanganate 
value of the sewage in both seasons.  Sewage samples 
were obtained in the wet season months from April to 
October and in the dry season months from November 
to March. The composite samples obtained were used 
for the determination of the suspended solids and 
permanganate value.

 

VI.

 

Determinations

 

The two characteristics were determined as 
recommended by the Standard Methods for the 
Examination of Water and Wastewater [14], Standard 
methods for Water and Effluents Analysis [13] and 
Bureau of Indian Standards [15].

 

a)

 

Data Analysis

 

The results obtained were subjected to 
statistical analysis so as to ascertain whether a 
significant relationship exists between suspended solids 
and permanganate values.

 

A correlation and regression 
test was used to analyse any relationship between SS 
and PV.

 

Assuming the pairs

 

of characteristics SS and PV 
are represented as x and y. 

 

The regression equation of 
y on x for PV and SS was represented as y = ax + b 
[16], [17]

 

where a and b are constants; a being the 
slope and b, the intercept on the y axis. The correlation 
coefficient, r was calculated [18], [19].

 

The mean values 
of x and y and also the standard deviations were 
calculated [20]. 

 

VII.

 

Results and Discussion

 

Results of the sewage analysis obtained for SS 
and PV determinations are as shown in Tables 1-3.
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The results in Table 1 depicts the mean values 
and standard deviations obtained for SS and PV at the 
studied site between the months of April and October 

which represented the wet season months. The essence 
of this is to know the status of the sewage from the 
treatment plant during the wet season.

 

 

Table 2

 

: Results of sewage analysis of SS and PV (Mean values of triplicate determinations for the dry season 
months).

 
 
 

  
    

   
 
 

   

    

    

    

    

 

Table 2 depicts the mean values and standard deviations of SS and PV at the studied site between the months of 
November and March which represented the dry season months.

 

Table 3
 
:
 
Results of sewage analysis showing suspended solids concentration and permanganate values (Mean 

values for the whole year).
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Correlation of Suspended Solids (Ss) and Permanganate Value (Pv) of Domestic Sewage From an Estate In 
Warri, Nigeria

Table 1 : Results of sewage analysis of SS and PV (Mean values of triplicate determinations for the wet season 
months).

SAMPLE MONTHS SS (≡x)mg/l PV (v≡y)mg/l

NO. MEAN ± SD MEAN ± SD

1 APRIL 380.00±1.89 286.00±34.10                   

2 MAY 260.00±2.11 194.80±0.43

3 JUNE 240.00±271 166.40±1.26

4 JULY 200.00±2.31 162.20±0.80

5 AUGUST 250.00±189 175.80±5.12

6 SEPTEMBER 256.00±2.98 219.27±0.85

7 OCTOBER 260.00±4.99 217.27±0.19

SAMPLE MONTHS
SS (≡ x)mg/l PV (≡ y)mg/l

NO MEAN ± SD MEAN ± SD

1
NOVEMBER 200.00 ± 2.83 165.00 ± 0.85

2 DECEMBER 214.00 ± 9.09 168.53 ± 0.44

3 JANUARY 220.00 ± 11.03 182.73 ± 0.64

4 FEBRUARY 250.00 ± 1.33 202.73 ± 0.34

5 MARCH 280.00 ± 6.11 218.40 ± 0.57

SAMPLE MONTHS SS (≡ x)mg/l PV (≡ y)mg/l

NO MEAN ± SD MEAN ± SD

1 APRIL 380.00 ± 1.89 286.00 ± 34.10

2 MAY 260.00 ± 2.11 194.80 ± 0.43

3 JUNE 240.00 ± 271 166.40 ± 1.26

4 JULY 200.00 ± 2.31 162.20 ± 0.80

5 AUGUST 250.00 ± 189 175.80 ± 5.12

6 SEPTEMBER 256.00 ± 2.98 219.27 ± 0.85

7 OCTOBER 260.00 ± 4.99 217.27 ± 0.19

8 NOVEMBER 200.00 ± 2.83 165.00 ± 0.85

9 DECEMBER 214.00 ± 9.09 168.53 ± 0.44

10 JANUARY 220.00 ± 11.03 182.73 ± 0.64

11 FEBRUARY 250.00 ± 1.33 202.73 ± 0.34

12 MARCH 280.00 ± 6.11 218.40 ± 0.57

G
lo
ba

l 
Jo

ur
na

l 
of
 R

es
ea

rc
he

s 
in
 E

ng
in
ee

ri
ng

  
    
 

V
ol
um

e 
 X

II 
 I
ss
ue

 vvvvI
  

V
e r
sio

n 
I 

  
  

  
  

  
  

  
  

  

33

(
DDDD

)
c

 ©  2012 Global Journals Inc.  (US)

  
ea

r 
20

12
 

Y



 

 

 

 

 

 

 

 

Table 3 shows the SS and PV results and thus 
the status of the sewage from the treatment plant for the 
whole year.

 

Analysis of the results obtained in Tables 1-
3 is as shown in Table 4 below. The essence of the 
analysis is to establish

 

whether there is a relationship 
between these two characteristics during the wet 
season, dry season and the entire

 

year. The PV and

 

SS 
values were determined in both wet and dry seasons so 
as to examine the pollution strength

 

of both 
characteristics in the domestic sewage for the whole 
year.

 

The results obtained from the analysis reflect 
the degree of correlation between the suspended

 

solids 
and permanganate value determined. A comparison of 
the results in Tables 1 and 2 reveals the effects of both 
wet and dry seasons on the SS and PV levels in the 
domestic sewage. 

 

The SS levels ranged between 200.00mg/l and 
380.00mg/l, while PV levels ranged between 162.20mg/l 
and and 286.00mg/l in the wet season months(Table 1). 
During the dry season months, SS levels ranged 
between 200.00mg/l and 280.00mg/l while PV levels 
ranged between 165.00mg/l and 218.40 mg/l(Table 2). 
This shows that high values occurred for both 
parameters during wet season while low values were 
observed for the parameters during dry season. 

 

The high values which occurred for both 
parameters in the wet season months means that storm 
water washes various materials (debris, etc.) into the 
open collection chamber of the treatment plant during 

rainfall. The debris being washed in will affect the 
concentration of the parameters determined. The low 
values recorded for SS and PV in the dry season months 
show that no debris was washed

 

into the open 
collection chamber of the treatment plant. The nature, 
quality and quantity of debris washed into the open 
collection chamber in each month and the intensity of 
rainfall would also have taken toll on the PV and SS 
levels. 
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SS                       
(mg/l)

PV                  
(mg/l)

SAMPLE MONTHS         
X       X2     Y Y2 XY

NO.

1 APRIL 380.00 144400.00 286.00 81796.00 108680.00

2 MAY 260.00 67600.00 194.80 37947.04 50648.00

3 JUNE 240.00 57600.00 166.40 27688.96 39936.00

4 JULY 200.00 40000.00 162.20 26308.84 32440.00

5 AUGUST 250.00 62500.00 175.80 30905.64 43950.00

6 SEPTEMBER 256.00 65536.00 219.27 48079.33 56133.12

7 OCTOBER 260.00 67600.00 217.27 47206.25 56490.20

8 NOVEMBER 200.00 40000.00 165.00 27225.00 33000.00

9 DECEMBER 214.00 45796.00 168.53 28402.36 36065.42

10 JANUARY 220.00 48400.00 182.73 33390.25 40200.60

11 FEBRUARY 250.00 62500.00 202.73 41099.45 50682.50

12 MARCH 280.00 78400.00 218.40 47698.56 61152.00

SUM 3010.00 780332.00 2359.13 477747.69 609377.84

MEAN 250.83.00 196.59

G
lo
ba

l 
Jo

ur
na

l 
of
 R

es
ea

rc
he

s 
in
 E

ng
in
ee

ri
ng

  
    
 

V
ol
um

e 
 X

II 
 I
ss
ue

 vv v  
I 
 V

e r
sio

n 
I 

  
  

  
  

  
  

  
  

  

34

(
DDDD

)
c

© 2012  Global Journals Inc.  (US)

  
ea

r 
20

12
 

Y

The Linear regression of PV on SS for the wet 
and dry season months are as shown in Figures 1 to 3 
below:

Figure 1 : Linear regression of PV on SS for wet season.
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PV = a SS + b
Key

PV= 0.72SS + 12.05
SS = Suspended Solids

r = 0.9304
PV = Permanganate Value
a = Slope
b = Intercept
r = correlation coefficient

Table 4 : Data analysis of PV on SS (for the whole year).



 

 

 

 
 

Figure 2 :

 

Linear regression of PV on SS for dry season.

 

b)

 

Dry season months

 

Figure 2 shows the relationship between 
permanganate value and suspended solids during the 
dry season.

 

The Linear equation was PV = a SS + b. the 
slope of the graph (a) was 0.70 and the intercept (b) on 
the PV axis was 24.84. The correlation coefficient (r) was 
0.9839. This showed strong positive correlation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

c)

 

The whole year

 

Figure 3 shows the relationship between 
permanganate value and suspended solids for the 
whole year. 

 

The slope of the graph (a) was 0.70, the 
intercept on the PV axis (b) was 21.97mg/l and the 
correlation coefficient (r) was 0.9377. This also showed 
strong positive correlation between permanganate 
value, PV and suspended solids, SS for the whole year. 
The linear regression equation was PV = a SS+ b.

 

The linear regressions of PV on SS for the three 
sections discussed above show high positive 
correlation. This is significant. The permanganate value 
reflects the amount of solids present in the system 
which will be acted upon by the readily available 
potassium permanganate (i.e. KMn04).

 

The magnitude of the permanganate value 
obtained depends on the suspended solids present in 
the sewage and this also depends on the pollution load. 
Permanganate value therefore provides information 
about how much suspended solids are present in the 
sewage sample.
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a) Wet season months
Figure 1 shows the relationship between 

permanganate value and suspended solids during the 
wet season. The resulting linear equation was PV = a 
SS + b. The slope of the graph a, was 0.72 and 
intercept on the PV axis b, was 12.05mg/l. Also the 
correlation coefficient r, was 0.9304.The value of the 
correlation coefficient (r = 0.9304), showed that the 
relationship between PV on SS for the wet season was 
real, strong and positive.

PV = a SS + b Key
PV= 0.70SS + 24.84 SS = Suspended Solids
r = 0.9839 PV = Permanganate Value

a = Slope
b = Intercept
r = correlation coefficient

Figure 3 : Linear regression of PV on SS for the whole  
year.

PV = a SS + b Key
PV= 0.70SS + 21.97 SS = Suspended Solids
r = 0.9377 PV = Permanganate Value

a = Slope
b = Intercept
r = correlation coefficient
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VIII. Conclusion

In conclusion, the preceding analysis and 
discussion show that a real, strong and significant 
relationship exists between permanganate value (PV) 
and suspended solids (SS). 
The linear regression equation is:

PV = 0.70 SS + 21.97

Where PV represents permanganate value 
(mg/l) and SS represents suspended solids (mg/l). From 
the above equation, it can be established that:

SS =     
        0.70

PV – 21.97

The regression equation shows that a 
relationship exists between the suspended solids and 
the permanganate value in the domestic sewage.
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Fabrication & Testing of Rapid Sand Filter 
Equipment

Dr.K.Mahammad Rafi α, T.Ramachar σ, Dr.M.Umamahesh ρ & Mr.B.Arun Babu Ѡ

Abstract  -  Water is described as a universal solvent which is 
the most abundant and useful compound that nature has 
provided. Two main sources of water are: surface and 
underground water. Among the many essential elements for 
the existence of human beings, animal and plants, water is 
rated as one of the most important elements for human living. 
Man can survive for weeks without food but a few days without 
water.  
           Sand has been used to purify water for over a thousand 
years; and it still remains the dependable methods of making 
water fit for drinking. The idea of water sand filtration can be 
seen when water taken from sandy river beds is generally 
pure, because it has percolated through the sand grains 
where harmful bacteria are removed.  
            As a result of high demand for quality and clean water 
by the society, various means to meet this demand have been 
constructed. Though, many of these means are not easily 
accessible by some communities, due to unavailability, high 
cost, or complexity of usage. This has led to the design and 
construction of water filters which can be accessible by all 
communities. Data obtained from our laboratory results clearly 
shows that an appreciable degree of treatment had taken 
place when the designed filter was used. in this paper we 
describes the fabrication rapid sand filteration equipment by 
using glass boxes, sand. Activated carbon, mesh, coagulant 
etc .and also tested the raw water & treated water byu using 
WHO standard analytical procedures. 

I. Introduction 

nsafe drinking water, along with poor sanitation 
and hygiene, accounts for nearly 10% of the total 
burden of disease worldwide. This includes an 

estimated 4 billion cases of diarrhea disease annually, 
causing 1.8 million deaths, mostly among children 
under 5 years of age. By affecting normal consumption 
of foods and reducing the adsorption of nutrients, 
diarrheal diseases are also an important cause of 
malnutrition,   which  can   lead   to  impaired   cognitive   
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development and physical growth, reduced resistance 

to
 
infection, and potentially, long-term gastrointestinal 

disorders. Contaminated water is also an important 
contributor to other potentially waterborne diseases, 
including hepatitis A and E, cholera, typhoid, and 
poliomyelitis.

 
II.

 
Literarture Review

 
The kind of treatment water needs strongly 

depends upon the composition and quality of the water. 
Water treatment contains two process steps: physical 
removal of solid particles, mainly minerals and organic 
matter and chemical disinfection; killing or deactivating 
micro organisms in water.

 Since water contains no calories and can serve 
as an appetite suppressant and helps the body 
metabolize stored fat, it may possibly be one of the 
most significant factors in losing weight. In his book, 
titled "The Snowbird Diet" Dr. Donald Robertson says the 
body will not function properly without enough water and 
discusses the importance of drinking plenty of water for 
permanent weight loss: "Drinking enough water is the 
best treatment for fluid retention; the overweight person 
needs more water than the thin one; water helps to 
maintain proper muscle tone; water can help relieve 
constipation; drinking water is essential to weight loss." 

 Water is a key component in determining the quality of 
our lives. Today, people are concerned about the quality 
of the water they drink. Although water covers more than 
70% of the Earth, only 1% of the Earth's water is 
available as a source of drinking. Yet, our society 
continues to contaminate this precious resource. Water 
is known as a natural solvent. Before it reaches the 
consumer's tap, it comes into contact with many 
different substances, including organic and inorganic 
matter, chemicals, and other contaminants. Many public 
water systems treat water with chlorine to destroy 
disease-producing contaminants that may be present in 
the water. Although disinfection is an important step in 
the treatment of potable water, the taste and odor of 
chlorine is objectionable. And, the disinfectants that are 
used to prevent disease can create byproducts which 
may pose significant health risks. Today, drinking water 
treatment at the point-of-use is no longer a luxury, it is a 
necessity! Consumers are taking matters into their own 
hands and are now determining the quality of the water 
they and their families

 
will drink by installing a drinking 
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water system that will give them clean, refreshing, and 
healthier water. 



 

In our country most of the people are drinking 
non potable water. By consumption of this water leads 
to human health problems.

 
a)

 

Types of filters

 
i.

 

Slow sand filter

 

Slow sand filters

 

are used in water purification

 

for treating raw water

 

to produce a potable product. 
They are typically 1 to 2 meters’ deep, can be 
rectangular or cylindrical in cross section and are used 
primarily to treat surface water. The length and breadth 
of the tanks are determined by the flow rate desired by 
the filters, which typically have a loading rate of 0.1 to 
0.2 meter per hour (or cubic meter per square meter per 
hour). Slow sand filters now are also being tested for 
pathogen control of nutrient solutions in hydroponic 
systems

 
 

                      

Fig.

 

1

 

:

 

slow sand filters

 
 

 
 

 

 
 

 
 

 
 

Advantages 

 

There are several advantages of slow sand filtration over 
other methods of water disinfestations: 

 

•

 

It is a low energy consuming process 

 

•

 

It has great adaptability in components and 
applications maintenance is minimal 

 

•

 

Systems can be built and installed by laymen 

 

•

 

Costs of building and running significantly lower 
than

 

other disinfestation methods 

 

Disadvantages

 

•

 

Due to the low filtration rate, slow sand filters require 
extensive land area for a large municipal system.

 

•

 

Many municipal systems in the U.S. initially used 
slow sand filters, but as cities have grown they 

subsequently installed rapid sand filers,

 

due to 
increased demand for drinking water.

 

ii.

 

Rapid sand gravity filter

 

 
 

The rapid sand filter

 

or rapid gravity filter

 

is a 
type of filter used in water purification

 

and is commonly 
used in municipal drinking water

 

facilities as part of a 
multiple-stage treatment system. 

 

Rapid sand filters use relatively coarse sand 
and other granular media to remove particles and 
impurities that have been trapped in a flock

 

through the 
use of flocculation

 

chemicals--typically salts of 
aluminium

 

or iron. Water and flock flows through the 
filter medium

 

under gravity or under pumped pressure 
and the flocculated material is trapped in the sand 
matrix.

 

Mixing, flocculation and sedimentation

 

processes are typical treatment stages that precede 
filtration. Chemical additives, such as coagulants, are 
often used in conjunction with the filtration system

 

Advantages

 

•

 

Much higher flow rate

 

than a slow sand filter; about 
150 to 200 million gallons of water per acre per day

 

•

 

Requires relatively small land area

 

•

 

Less sensitive to changes in raw water quality, e.g. 
turbidity

 

•

 

Requires less quantity of sand

 

Disadvantages

 

•

 

Requires greater maintenance than a slow sand 
filter. For this reason, it is not usually classed as an 
"appropriate technology," as the term is applied in 
less-developed countries.

 

•

 

Generally ineffective against taste and odor 
problems.

 

•

 

Produces large volumes of sludge for disposal.

 

•

 

Skilled supervision is essential.

 

•

 

Cost of maintenance is higher.

 

It cannot remove 
bacteria.
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1. Water from the North Santiam is put on slow sand 
filters.

2. Algae, protozoa, and small invertebrates that live in 
the slow sand filter remove biological contaminants 
such as Cryptosporidium. The surface of the slow 
sand filter is where most of the contaminant removal 
occurs.

3. Straining of dirt and clay particles occurs at the 
surface of the filter as well as further down through 
the sand and gravel.

4. After water passes through the slow sand filter, 
chlorine is added for disinfection, and soda ash is 
added for corrosion control.

III. Experimental

a) Fabrication of rapid sand filter
The equipment consists of three boxes having 

side 25 cm of cube. The First glass box and second 

http://en.wikipedia.org/wiki/Rapid_sand_filter�
http://en.wikipedia.org/wiki/Water_purification�
http://en.wikipedia.org/wiki/Drinking_water�
http://en.wikipedia.org/wiki/Aluminium�
http://en.wikipedia.org/wiki/Flow_rate�
http://en.wikipedia.org/wiki/Turbidity�
http://en.wikipedia.org/wiki/Appropriate_technology�


  

  

glass box consists of 3 cm thickness fiber box. In that 
fiber box contains double layer cloth mesh; on it 2 cm 
thickness of sand layer is placed. On the sand layer 
aluminum mesh is kept, 0.5 cm thickness of Gravel is 
placed on the aluminum mesh and Activated carbon of 
0.5 cm is kept on it, 5 gm of aluminum oxide crystals are 
placed on activated carbon.

 

Third glass box is used to store water. From third glass 
box a booster pump is connected for collecting the 
water.

 

b)

 

Working of rapid sand filter (RSF)

  

The collected water is allowed in the top glass 
box of the system. The water passes through aluminum 
oxide and activated carbon. Then this water reacts with 
activated carbon which is negatively charged, by this 
oxidation will be done.

 

After this the water passes through gravel where 
large particles will be filtered then water will pass 
through aluminum mesh and then to sand membrane 
here small size particles will be filtered, then water will 
pass through the cotton cloth meshes here very small 
size particles are filtered from the water  .

 

Then the water flows through the holes of first 
glass box and fell into the second glass box. Here the 
same process will be repeated as in the first glass box. 

 

Then the water flows from second glass box and fell into 
the third glass box. From third glass box the water is 
pumped by the booster pump and that water is 
collected and tested. 

 

Also Reverse osmosis membrane (RO), (in 
which large molecules and ions are removed from 
solution by applying pressure to the solution) is also 
used for testing the water.  The water passed through 
the RO membrane is collected and tested.

 

A taste chamber is used to add taste to water. 
The collected water is analyzed by using WHO standard 
analytical procedures.      

 

The all connections are done

 

with the help of 1 
cm diameter pipes between boxes and Booster pump,

 

RO membrane, taste cartridge etc.

 

c)

 

Testing method, results & disscution

 

The raw water is passed through i) RSF ii) RO & 
iii) Both RSF & RO and tested. 

 

The fig 3.3.1 shows Rapid sand filter, Fig 3.3.2 
shows Reverse Osmosis and Fig. 3.3.3 shows Rapid 
sand filter with RO.

 

 
 

Fig 3.3.1 : Rapid sand filter.

 

Fig 3.3.2 :

 

Reverse Osmosis.

 
 

 

Fig. 3.3.3  :

 

Rapid sand filter with RO.
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The raw water (RW) and the treated water (TW) 
are analyzed for water quality parameters and results 
are shown in below table 3.3.1 & table3.3.2. 

From the results in table 3.3.1 the Electrical 
conductivity, TDS, Total Solids, Turbidity, Hardness, 
Alkalinity &  Residual chlorine are within the limits 

specified by IS standards for the water treated by the 
system without RO membrane when compared to raw 
water. But DO decreases below the limit specified by IS 
system.  

Also the water quality parameters of the water 
treated by RO alone are not within the limits.  

Table 3.3.1 : Results of RO and RSF 

Further analysis is carried to find the effect of RSF with RO membrane. The results are shown in Table 3.3.2.

 
 

 
From the results in table 3.3.2, the Electrical 

conductivity, TDS, Total Solids, Turbidity, Hardness, 
Alkalinity  

 

&    Residual 

 

chlorine 

 

are

   

within

  

the

   

limits 

 

 
specified by IS standards for the water treated by the 
system when compared to raw water. But DO decreases 
below the limit specified by ISO system.

 
 

Table 3.3.2 : Results of RO & RSF combined

 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

S.NO

 

NAME 

 

pH

 

EC 
(Mho/cm)

 
TDS 

(mg/l)

 
TS 

(mg/l)

 
TURBIDITY 

(mg/l)

 
DO 

(mg/l)

 
HARDNESS 

(mg/l)

 
ALKALINITY 

(mg/l)

 
RESIDUAL

 

CHLORINE

 
F-

 

1
 

R W 
 

 

T W
 

8.3
 

 

7.6
 

2.340
 

 

1.450
 

2983
 

 

1206
 

3627
 

 

1482
 

16.4
 

 

8.9
 

7.78
 

 

2.59
 

1123
 

 

469
 

892
 

 

426
 

1.26
 

 

0.63
 

1.42
 

 

1.12
 

2
 

R W 
 

 

T W
 

 

8.4
 

 

7.5
 

2.560
 

 

1.490
 

3057
 

 

1233
 

3780
 

 

1398
 

16.9
 

 

9.1
 

7.84
 

 

3.2
 

1149
 

 

473
 

889
 

 

420
 

1.32
 

 

0.71
 

1.54
 

 

1.24
 

3
 

R W
 

 

T W
 

7.5
 

 

7.1
 

1.848
 

 

0.973
 

1242
 

 

623
 

9.2
 

 

716
 

9.2
 

 

4.3
 

3.2
 

 

2.4
 

940
 

 

390
 

1023
 

 

420
 

1.1
 

 

0.52
 

0.42
 

 

0.36
 

4
 

R W 
 

 

T W
 

7.9
 

 

7.2
 

1.676
 

 

0.826
 

1642
 

 

934
 

1863
 

 

1076
 

11.2
 

 

6.4
 

4.9
 

 

3.6
 

862
 

 

374
 

966
 

 

426
 

0.9
 

 

0.56
 

0.96
 

 

0.72
 

5
 

R W
 

 

T W
 

7.6
 

 

6.8
 

1.167
 

 

0.742
 

1250
 

 

649
 

1592
 

 

864
 

10.9
 

 

5.2
 

4.2
 

 

2.9
 

796
 

 

387
 

874
 

 

399
 

0.86
 

 

0.52
 

0.96
 

 

0.76
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1

 

R W

 

8.2

 

2.3

 

3106

 

3492

 

16

 

7.6

 

1110

 

882

 

1.2

 

1.4

 

2

 

RO

 

8.0

 

2.1

 

2634

 

2752

 

14.2

 

6.8

 

739

 

690

 

0.89

 

1.34

 

3

 

RSF 
with RO

 

7.7

 

1.6

 

1849

 

1923

 

9.5

 

3.9

 

540

 

512

 

0.63

 

1.2
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According to results from table 3.3.1 the values 
of Treated Water with RO is reduced to 15-20% and the 
Treated Water without RO is reduced to 30- 40%. And by 
using both the values reduced to 50-60% from table 
3.3.2. 

IV. Conclusions

The following conclusions can be made from 
this research. The Rapid  sand filtration method is the 
most suitable among several treatment processes, 
locally available materials were used in the construction,
the depth and capacity of filter bed were increased 
which made it to be more efficient to an appreciable 

degree. In conclusion, despites the fact that water 
gotten from the tap has undergone some treatments, it 
still needs to be filtered for it to be safe for drinking. An 
efficient filter tank having more capacity using rapid 
sand filtration method with inclusion of activated 
charcoal and the filter bed length increased have been 
produced.
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Process of submission of Research Paper     
  

The Area or field of specialization may or may not be of any category as mentioned in 
‘Scope of Journal’ menu of the GlobalJournals.org website. There are 37 Research 
Journal categorized with Six parental Journals GJCST, GJMR, GJRE, GJMBR, GJSFR, 
GJHSS. For Authors should prefer the mentioned categories. There are three widely 
used systems UDC, DDC and LCC. The details are available as ‘Knowledge Abstract’ at 
Home page. The major advantage of this coding is that, the research work will be 
exposed to and shared with all over the world as we are being abstracted and indexed 
worldwide.  

The paper should be in proper format. The format can be downloaded from first page of 
‘Author Guideline’ Menu. The Author is expected to follow the general rules as 
mentioned in this menu. The paper should be written in MS-Word Format 
(*.DOC,*.DOCX). 

 The Author can submit the paper either online or offline. The authors should prefer 
online submission.Online Submission: There are three ways to submit your paper: 

(A) (I) First, register yourself using top right corner of Home page then Login. If you 
are already registered, then login using your username and password. 

      (II) Choose corresponding Journal. 

      (III) Click ‘Submit Manuscript’.  Fill required information and Upload the paper. 

(B) If you are using Internet Explorer, then Direct Submission through Homepage is 
also available. 

(C) If these two are not conveninet , and then email the paper directly to 
dean@globaljournals.org.  

Offline Submission: Author can send the typed form of paper by Post. However, online 
submission should be preferred.                    
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Preferred Author Guidelines    

MANUSCRIPT STYLE INSTRUCTION (Must be strictly followed) 

 Page Size: 8.27" X 11'" 

• Left Margin: 0.65 
• Right Margin: 0.65 
• Top Margin: 0.75 
• Bottom Margin: 0.75 
• Font type of all text should be Swis 721 Lt BT.  
• Paper Title should be of Font Size 24 with one Column section. 
• Author Name in Font Size of 11 with one column as of Title. 
• Abstract Font size of 9 Bold, “Abstract” word in Italic Bold. 
• Main Text: Font size 10 with justified two columns section 
• Two Column with Equal Column with of 3.38 and Gaping of .2 
• First Character must be three lines Drop capped. 
• Paragraph before Spacing of 1 pt and After of 0 pt. 
• Line Spacing of 1 pt 
• Large Images must be in One Column 
• Numbering of First Main Headings (Heading 1) must be in Roman Letters, Capital Letter, and Font Size of 10. 
• Numbering of Second Main Headings (Heading 2) must be in Alphabets, Italic, and Font Size of 10. 

You can use your own standard format also. 
Author Guidelines: 

1. General, 

2. Ethical Guidelines, 

3. Submission of Manuscripts, 

4. Manuscript’s Category, 

5. Structure and Format of Manuscript, 

6. After Acceptance. 

1. GENERAL 

 Before submitting your research paper, one is advised to go through the details as mentioned in following heads. It will be beneficial, 
while peer reviewer justify your paper for publication. 

Scope 

The Global Journals Inc. (US) welcome the submission of original paper, review paper, survey article relevant to the all the streams of 
Philosophy and knowledge. The Global Journals Inc. (US) is parental platform for Global Journal of Computer Science and Technology, 
Researches in Engineering, Medical Research, Science Frontier Research, Human Social Science, Management, and Business organization. 
The choice of specific field can be done otherwise as following in Abstracting and Indexing Page on this Website. As the all Global 
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Journals Inc. (US) are being abstracted and indexed (in process) by most of the reputed organizations. Topics of only narrow interest will 
not be accepted unless they have wider potential or consequences. 

2. ETHICAL GUIDELINES 

 Authors should follow the ethical guidelines as mentioned below for publication of research paper and research activities. 

Papers are accepted on strict understanding that the material in whole or in part has not been, nor is being, considered for publication 
elsewhere. If the paper once accepted by Global Journals Inc. (US) and Editorial Board, will become the copyright of the Global Journals 
Inc. (US). 

Authorship: The authors and coauthors should have active contribution to conception design, analysis and interpretation of findings. 
They should critically review the contents and drafting of the paper. All should approve the final version of the paper before 
submission 

The Global Journals Inc. (US) follows the definition of authorship set up by the Global Academy of Research and Development. According 
to the Global Academy of R&D authorship, criteria must be based on: 

1) Substantial contributions to conception and acquisition of data, analysis and interpretation of the findings. 

2) Drafting the paper and revising it critically regarding important academic content. 

3) Final approval of the version of the paper to be published. 

All authors should have been credited according to their appropriate contribution in research activity and preparing paper. Contributors 
who do not match the criteria as authors may be mentioned under Acknowledgement. 

Acknowledgements: Contributors to the research other than authors credited should be mentioned under acknowledgement. The 
specifications of the source of funding for the research if appropriate can be included. Suppliers of resources may be mentioned along 
with address. 

Appeal of Decision: The Editorial Board’s decision on publication of the paper is final and cannot be appealed elsewhere. 

Permissions: It is the author's responsibility to have prior permission if all or parts of earlier published illustrations are used in this 
paper. 

Please mention proper reference and appropriate acknowledgements wherever expected. 

If all or parts of previously published illustrations are used, permission must be taken from the copyright holder concerned. It is the 
author's responsibility to take these in writing. 

Approval for reproduction/modification of any information (including figures and tables) published elsewhere must be obtained by the 
authors/copyright holders before submission of the manuscript. Contributors (Authors) are responsible for any copyright fee involved. 

3. SUBMISSION OF MANUSCRIPTS 

 Manuscripts should be uploaded via this online submission page. The online submission is most efficient method for submission of 
papers, as it enables rapid distribution of manuscripts and consequently speeds up the review procedure. It also enables authors to 
know the status of their own manuscripts by emailing us. Complete instructions for submitting a paper is available below. 

Manuscript submission is a systematic procedure and little preparation is required beyond having all parts of your manuscript in a given 
format and a computer with an Internet connection and a Web browser. Full help and instructions are provided on-screen. As an author, 
you will be prompted for login and manuscript details as Field of Paper and then to upload your manuscript file(s) according to the 
instructions. 
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To avoid postal delays, all transaction is preferred by e-mail. A finished manuscript submission is confirmed by e-mail immediately and 
your paper enters the editorial process with no postal delays. When a conclusion is made about the publication of your paper by our 
Editorial Board, revisions can be submitted online with the same procedure, with an occasion to view and respond to all comments. 

Complete support for both authors and co-author is provided. 

4. MANUSCRIPT’S CATEGORY 

Based on potential and nature, the manuscript can be categorized under the following heads: 

Original research paper: Such papers are reports of high-level significant original research work. 

Review papers: These are concise, significant but helpful and decisive topics for young researchers. 

Research articles: These are handled with small investigation and applications 

Research letters: The letters are small and concise comments on previously published matters. 

5.STRUCTURE AND FORMAT OF MANUSCRIPT 

The recommended size of original research paper is less than seven thousand words, review papers fewer than seven thousands words 
also.Preparation of research paper or how to write research paper, are major hurdle, while writing manuscript. The research articles and 
research letters should be fewer than three thousand words, the structure original research paper; sometime review paper should be as 
follows: 

 Papers: These are reports of significant research (typically less than 7000 words equivalent, including tables, figures, references), and 
comprise: 

(a)Title should be relevant and commensurate with the theme of the paper. 

(b) A brief Summary, “Abstract” (less than 150 words) containing the major results and conclusions. 

(c) Up to ten keywords, that precisely identifies the paper's subject, purpose, and focus. 

(d) An Introduction, giving necessary background excluding subheadings; objectives must be clearly declared. 

(e) Resources and techniques with sufficient complete experimental details (wherever possible by reference) to permit repetition; 
sources of information must be given and numerical methods must be specified by reference, unless non-standard. 

(f) Results should be presented concisely, by well-designed tables and/or figures; the same data may not be used in both; suitable 
statistical data should be given. All data must be obtained with attention to numerical detail in the planning stage. As reproduced design 
has been recognized to be important to experiments for a considerable time, the Editor has decided that any paper that appears not to 
have adequate numerical treatments of the data will be returned un-refereed; 

(g) Discussion should cover the implications and consequences, not just recapitulating the results; conclusions should be summarizing. 

(h) Brief Acknowledgements. 

(i) References in the proper form. 

Authors should very cautiously consider the preparation of papers to ensure that they communicate efficiently. Papers are much more 
likely to be accepted, if they are cautiously designed and laid out, contain few or no errors, are summarizing, and be conventional to the 
approach and instructions. They will in addition, be published with much less delays than those that require much technical and editorial 
correction. 
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The Editorial Board reserves the right to make literary corrections and to make suggestions to improve briefness. 

It is vital, that authors take care in submitting a manuscript that is written in simple language and adheres to published guidelines. 

 Format 

Language: The language of publication is UK English. Authors, for whom English is a second language, must have their manuscript 
efficiently edited by an English-speaking person before submission to make sure that, the English is of high excellence. It is preferable, 
that manuscripts should be professionally edited. 

Standard Usage, Abbreviations, and Units: Spelling and hyphenation should be conventional to The Concise Oxford English Dictionary. 
Statistics and measurements should at all times be given in figures, e.g. 16 min, except for when the number begins a sentence. When 
the number does not refer to a unit of measurement it should be spelt in full unless, it is 160 or greater. 

Abbreviations supposed to be used carefully. The abbreviated name or expression is supposed to be cited in full at first usage, followed 
by the conventional abbreviation in parentheses. 

Metric SI units are supposed to generally be used excluding where they conflict with current practice or are confusing. For illustration, 
1.4 l rather than 1.4 × 10-3 m3, or 4 mm somewhat than 4 × 10-3 m. Chemical formula and solutions must identify the form used, e.g. 
anhydrous or hydrated, and the concentration must be in clearly defined units. Common species names should be followed by 
underlines at the first mention. For following use the generic name should be constricted to a single letter, if it is clear. 

Structure 

All manuscripts submitted to Global Journals Inc. (US), ought to include: 

Title: The title page must carry an instructive title that reflects the content, a running title (less than 45 characters together with spaces), 
names of the authors and co-authors, and the place(s) wherever the work was carried out. The full postal address in addition with the e-
mail address of related author must be given. Up to eleven keywords or very brief phrases have to be given to help data retrieval, mining 
and indexing. 

 Abstract, used in Original Papers and Reviews: 

Optimizing Abstract for Search Engines 

Many researchers searching for information online will use search engines such as Google, Yahoo or similar. By optimizing your paper for 
search engines, you will amplify the chance of someone finding it. This in turn will make it more likely to be viewed and/or cited in a 
further work. Global Journals Inc. (US) have compiled these guidelines to facilitate you to maximize the web-friendliness of the most 
public part of your paper. 

Key Words 

A major linchpin in research work for the writing research paper is the keyword search, which one will employ to find both library and 
Internet resources. 

One must be persistent and creative in using keywords. An effective keyword search requires a strategy and planning a list of possible 
keywords and phrases to try. 

Search engines for most searches, use Boolean searching, which is somewhat different from Internet searches. The Boolean search uses 
"operators," words (and, or, not, and near) that enable you to expand or narrow your affords. Tips for research paper while preparing 
research paper are very helpful guideline of research paper. 

Choice of key words is first tool of tips to write research paper. Research paper writing is an art.A few tips for deciding as strategically as 
possible about keyword search: 
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• One should start brainstorming lists of possible keywords before even begin searching. Think about the most 
important concepts related to research work. Ask, "What words would a source have to include to be truly 
valuable in research paper?" Then consider synonyms for the important words. 

• It may take the discovery of only one relevant paper to let steer in the right keyword direction because in most 
databases, the keywords under which a research paper is abstracted are listed with the paper. 

• One should avoid outdated words. 

Keywords are the key that opens a door to research work sources. Keyword searching is an art in which researcher's skills are 
bound to improve with experience and time. 

 Numerical Methods: Numerical methods used should be clear and, where appropriate, supported by references. 

Acknowledgements: Please make these as concise as possible. 

 References 

References follow the Harvard scheme of referencing. References in the text should cite the authors' names followed by the time of their 
publication, unless there are three or more authors when simply the first author's name is quoted followed by et al. unpublished work 
has to only be cited where necessary, and only in the text. Copies of references in press in other journals have to be supplied with 
submitted typescripts. It is necessary that all citations and references be carefully checked before submission, as mistakes or omissions 
will cause delays. 

References to information on the World Wide Web can be given, but only if the information is available without charge to readers on an 
official site. Wikipedia and Similar websites are not allowed where anyone can change the information. Authors will be asked to make 
available electronic copies of the cited information for inclusion on the Global Journals Inc. (US) homepage at the judgment of the 
Editorial Board. 

The Editorial Board and Global Journals Inc. (US) recommend that, citation of online-published papers and other material should be done 
via a DOI (digital object identifier). If an author cites anything, which does not have a DOI, they run the risk of the cited material not 
being noticeable. 

The Editorial Board and Global Journals Inc. (US) recommend the use of a tool such as Reference Manager for reference management 
and formatting. 

 Tables, Figures and Figure Legends 

Tables: Tables should be few in number, cautiously designed, uncrowned, and include only essential data. Each must have an Arabic 
number, e.g. Table 4, a self-explanatory caption and be on a separate sheet. Vertical lines should not be used. 

Figures: Figures are supposed to be submitted as separate files. Always take in a citation in the text for each figure using Arabic numbers, 
e.g. Fig. 4. Artwork must be submitted online in electronic form by e-mailing them. 

 Preparation of Electronic Figures for Publication 

Even though low quality images are sufficient for review purposes, print publication requires high quality images to prevent the final 
product being blurred or fuzzy. Submit (or e-mail) EPS (line art) or TIFF (halftone/photographs) files only. MS PowerPoint and Word 
Graphics are unsuitable for printed pictures. Do not use pixel-oriented software. Scans (TIFF only) should have a resolution of at least 350 
dpi (halftone) or 700 to 1100 dpi (line drawings) in relation to the imitation size. Please give the data for figures in black and white or 
submit a Color Work Agreement Form. EPS files must be saved with fonts embedded (and with a TIFF preview, if possible). 

For scanned images, the scanning resolution (at final image size) ought to be as follows to ensure good reproduction: line art: >650 dpi; 
halftones (including gel photographs) : >350 dpi; figures containing both halftone and line images: >650 dpi. 
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Color Charges: It is the rule of the Global Journals Inc. (US) for authors to pay the full cost for the reproduction of their color artwork. 
Hence, please note that, if there is color artwork in your manuscript when it is accepted for publication, we would require you to 
complete and return a color work agreement form before your paper can be published. 

Figure Legends: Self-explanatory legends of all figures should be incorporated separately under the heading 'Legends to Figures'. In the 
full-text online edition of the journal, figure legends may possibly be truncated in abbreviated links to the full screen version. Therefore, 
the first 100 characters of any legend should notify the reader, about the key aspects of the figure. 

6. AFTER ACCEPTANCE 

Upon approval of a paper for publication, the manuscript will be forwarded to the dean, who is responsible for the publication of the 
Global Journals Inc. (US). 

 6.1 Proof Corrections 

The corresponding author will receive an e-mail alert containing a link to a website or will be attached. A working e-mail address must 
therefore be provided for the related author. 

Acrobat Reader will be required in order to read this file. This software can be downloaded 

(Free of charge) from the following website: 

www.adobe.com/products/acrobat/readstep2.html. This will facilitate the file to be opened, read on screen, and printed out in order for 
any corrections to be added. Further instructions will be sent with the proof. 

Proofs must be returned to the dean at dean@globaljournals.org within three days of receipt. 

As changes to proofs are costly, we inquire that you only correct typesetting errors. All illustrations are retained by the publisher. Please 
note that the authors are responsible for all statements made in their work, including changes made by the copy editor. 

 6.2 Early View of Global Journals Inc. (US) (Publication Prior to Print) 

The Global Journals Inc. (US) are enclosed by our publishing's Early View service. Early View articles are complete full-text articles sent in 
advance of their publication. Early View articles are absolute and final. They have been completely reviewed, revised and edited for 
publication, and the authors' final corrections have been incorporated. Because they are in final form, no changes can be made after 
sending them. The nature of Early View articles means that they do not yet have volume, issue or page numbers, so Early View articles 
cannot be cited in the conventional way. 

 6.3 Author Services 

Online production tracking is available for your article through Author Services. Author Services enables authors to track their article - 
once it has been accepted - through the production process to publication online and in print. Authors can check the status of their 
articles online and choose to receive automated e-mails at key stages of production. The authors will receive an e-mail with a unique link 
that enables them to register and have their article automatically added to the system. Please ensure that a complete e-mail address is 
provided when submitting the manuscript. 

 6.4 Author Material Archive Policy 

Please note that if not specifically requested, publisher will dispose off hardcopy & electronic information submitted, after the two 
months of publication. If you require the return of any information submitted, please inform the Editorial Board or dean as soon as 
possible. 

 6.5 Offprint and Extra Copies 

A PDF offprint of the online-published article will be provided free of charge to the related author, and may be distributed according to 
the Publisher's terms and conditions. Additional paper offprint may be ordered by emailing us at: editor@globaljournals.org . 
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the search? Will I be able to find all information in this field area? If the answer of these types of questions will be "Yes" then you can 

choose that topic. In most of the cases, you may have to conduct the surveys and have to visit several places because this field is related 

to Computer Science and Information Technology. Also, you may have to do a lot of work to find all rise and falls regarding the various 

data of that subject. Sometimes, detailed information plays a vital role, instead of short information. 

 

 

2. Evaluators are human: First thing to remember that evaluators are also human being. They are not only meant for rejecting a paper. 

They are here to evaluate your paper. So, present your Best. 

3. Think Like Evaluators: If you are in a confusion or getting demotivated that your paper will be accepted by evaluators or not, then 

think and try to evaluate your paper like an Evaluator. Try to understand that what an evaluator wants in your research paper and 

automatically you will have your answer. 

4. Make blueprints of paper: The outline is the plan or framework that will help you to arrange your thoughts. It will make your paper 

logical. But remember that all points of your outline must be related to the topic you have chosen.  

5. Ask your Guides: If you are having any difficulty in your research, then do not hesitate to share your difficulty to your guide (if you 

have any). They will surely help you out and resolve your doubts. If you can't clarify what exactly you require for your work then ask the 

supervisor to help you with the alternative. He might also provide you the list of essential readings. 

6. Use of computer is recommended: As you are doing research in the field of Computer Science, then this point is quite obvious. 

 

7. Use right software: Always use good quality software packages. If you are not capable to judge good software then you can lose 

quality of your paper unknowingly. There are various software programs available to help you, which you can get through Internet. 

 

8. Use the Internet for help: An excellent start for your paper can be by using the Google. It is an excellent search engine, where you can 

have your doubts resolved. You may also read some answers for the frequent question how to write my research paper or find model 

research paper. From the internet library you can download books. If you have all required books make important reading selecting and 

analyzing the specified information. Then put together research paper sketch out. 

9. Use and get big pictures: Always use encyclopedias, Wikipedia to get pictures so that you can go into the depth. 

 

10. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right! It is a good habit, which helps to 

not to lose your continuity. You should always use bookmarks while searching on Internet also, which will make your search easier. 

 

11. Revise what you wrote: When you write anything, always read it, summarize it and then finalize it. 

12. Make all efforts: Make all efforts to mention what you are going to write in your paper. That means always have a good start. Try to 

mention everything in introduction, that what is the need of a particular research paper. Polish your work by good skill of writing and 

always give an evaluator, what he wants. 

13. Have backups: When you are going to do any important thing like making research paper, you should always have backup copies of it 

either in your computer or in paper. This will help you to not to lose any of your important. 

14. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality. Using several 

and unnecessary diagrams will degrade the quality of your paper by creating "hotchpotch." So always, try to make and include those 

diagrams, which are made by your own to improve readability and understandability of your paper. 

15. Use of direct quotes: When you do research relevant to literature, history or current affairs then use of quotes become essential but 

if study is relevant to science then use of quotes is not preferable.  
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16. Use proper verb tense: Use proper verb tenses in your paper. Use past tense, to present those events that happened. Use present 

tense to indicate events that are going on. Use future tense to indicate future happening events. Use of improper and wrong tenses will 

confuse the evaluator. Avoid the sentences that are incomplete. 

17. Never use online paper: If you are getting any paper on Internet, then never use it as your research paper because it might be 

possible that evaluator has already seen it or maybe it is outdated version.  

18.
 
Pick a good study spot: To do your research studies always try to pick a spot, which is quiet. Every spot is not for studies. Spot that 

suits you choose it and proceed further. 

19. Know what you know: Always try to know, what you know by making objectives. Else, you will be confused and cannot achieve your 

target. 

 20. Use good quality grammar: Always use a good quality grammar and use words that will throw positive impact on evaluator. Use of 

good quality grammar does not mean to use tough words, that for each word the evaluator has to go through dictionary. Do not start 

sentence with a conjunction. Do not fragment sentences. Eliminate one-word sentences. Ignore passive voice. Do not ever use a big 

word when a diminutive one would suffice. Verbs have to be in agreement with their subjects. Prepositions are not expressions to finish 

sentences with. It is incorrect to ever divide an infinitive. Avoid clichés like the disease. Also, always shun irritating alliteration. Use 

language that is simple and straight forward. put together a neat summary. 

21. Arrangement of information: Each section of the main body should start with an opening sentence and there should be a 

changeover at the end of the section. Give only valid and powerful arguments to your topic. You may also maintain your arguments with 

records. 

 22. Never start in last minute: Always start at right time and give enough time to research work. Leaving everything to the last minute 

will degrade your paper and spoil your work. 

23. Multitasking in research is not good: Doing several things at the same time proves bad habit in case of research activity. Research is 

an area, where everything has a particular time slot. Divide your research work in parts and do particular part in particular time slot. 

 24. Never copy others' work: Never copy others' work and give it your name because if evaluator has seen it anywhere you will be in 

trouble. 

 25. Take proper rest and food: No matter how many hours you spend for your research activity, if you are not taking care of your health 

then all your efforts will be in vain. For a quality research, study is must, and this can be done by taking proper rest and food.  

 26. Go for seminars: Attend seminars if the topic is relevant to your research area. Utilize all your resources. 

27. Refresh your mind after intervals: Try to give rest to your mind by listening to soft music or by sleeping in intervals. This will also 

improve your memory. 

28. Make colleagues: Always try to make colleagues. No matter how sharper or intelligent you are, if you make colleagues you can have 

several ideas, which will be helpful for your research. 

29.

 

Think technically: Always think technically. If anything happens, then search its reasons, its benefits, and demerits. 

 30. Think and then print: When you will go to print your paper, notice that tables are not be split, headings are not detached from their 

descriptions, and page sequence is maintained.  

31. Adding unnecessary information: Do not add unnecessary information, like, I have used MS Excel to draw graph. Do not add 

irrelevant and inappropriate material. These all will create superfluous. Foreign terminology and phrases are not apropos. One should 

NEVER take a broad view. Analogy in script is like feathers on a snake. Not at all use a large word when a very small one would be 
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sufficient. Use words properly, regardless of how others use them. Remove quotations. Puns are for kids, not grunt readers. 

Amplification is a billion times of inferior quality than sarcasm. 

32. Never oversimplify everything: To add material in your research paper, never go for oversimplification. This will definitely irritate the 

evaluator. Be more or less specific. Also too, by no means, ever use rhythmic redundancies. Contractions aren't essential and shouldn't 

be there used. Comparisons are as terrible as clichés. Give up ampersands and abbreviations, and so on. Remove commas, that are, not 

necessary. Parenthetical words however should be together with this in commas. Understatement is all the time the complete best way 

to put onward earth-shaking thoughts. Give a detailed literary review. 

33. Report concluded results: Use concluded results. From raw data, filter the results and then conclude your studies based on 

measurements and observations taken. Significant figures and appropriate number of decimal places should be used. Parenthetical 

remarks are prohibitive. Proofread carefully at final stage. In the end give outline to your arguments. Spot out perspectives of further 

study of this subject. Justify your conclusion by at the bottom of them with sufficient justifications and examples. 

 

34. After conclusion: Once you have concluded your research, the next most important step is to present your findings. Presentation is 

extremely important as it is the definite medium though which your research is going to be in print to the rest of the crowd. Care should 

be taken to categorize your thoughts well and present them in a logical and neat manner. A good quality research paper format is 

essential because it serves to highlight your research paper and bring to light all necessary aspects in your research. 

INFORMAL GUIDELINES OF RESEARCH PAPER WRITING 

Key points to remember:  

 Submit all work in its final form. 

 Write your paper in the form, which is presented in the guidelines using the template. 

 Please note the criterion for grading the final paper by peer-reviewers. 

Final Points:  

A purpose of organizing a research paper is to let people to interpret your effort selectively. The journal requires the following sections, 

submitted in the order listed, each section to start on a new page.  

The introduction will be compiled from reference matter and will reflect the design processes or outline of basis that direct you to make 

study. As you will carry out the process of study, the method and process section will be constructed as like that. The result segment will 

show related statistics in nearly sequential order and will direct the reviewers next to the similar intellectual paths throughout the data 

that you took to carry out your study. The discussion section will provide understanding of the data and projections as to the implication 

of the results. The use of good quality references all through the paper will give the effort trustworthiness by representing an alertness 

of prior workings. 

Writing a research paper is not an easy job no matter how trouble-free the actual research or concept. Practice, excellent preparation, 

and controlled record keeping are the only means to make straightforward the progression.  

General style: 

Specific editorial column necessities for compliance of a manuscript will always take over from directions in these general guidelines. 

 
To make a paper clear 

· Adhere to recommended page limits 

Mistakes to evade 

 
Insertion a title at the foot of a page with the subsequent text on the next page 
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 Separating a table/chart or figure - impound each figure/table to a single page 

 Submitting a manuscript with pages out of sequence 

In every sections of your document 

· Use standard writing style including articles ("a", "the," etc.) 

· Keep on paying attention on the research topic of the paper 

 

· Use paragraphs to split each significant point (excluding for the abstract) 

 

· Align the primary line of each section 

 

· Present your points in sound order 

 

· Use present tense to report well accepted  

 

· Use past tense to describe specific results  

 

· Shun familiar wording, don't address the reviewer directly, and don't use slang, slang language, or superlatives  

 

· Shun use of extra pictures - include only those figures essential to presenting results 

 

Title Page: 

 
Choose a revealing title. It should be short. It should not have non-standard acronyms or abbreviations. It should not exceed two printed 

lines. It should include the name(s) and address (es) of all authors. 

 
Abstract:  

 
The summary should be two hundred words or less. It should briefly and clearly explain the key findings reported in the manuscript--

must have precise statistics. It should not have abnormal acronyms or abbreviations. It should be logical in itself. Shun citing references 

at this point. 

 
An abstract is a brief distinct paragraph summary of finished work or work in development. In a minute or less a reviewer can be taught 

the foundation behind the study, common approach to the problem, relevant results, and significant conclusions or new questions.  

 
Write your summary when your paper is completed because how can you write the summary of anything which is not yet written? 

Wealth of terminology is very essential in abstract. Yet, use comprehensive sentences and do not let go readability for briefness. You can 

maintain it succinct by phrasing sentences so that they provide more than lone rationale. The author can at this moment go straight to                    
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shortening the outcome. Sum up the study, with the subsequent elements in any summary. Try to maintain the initial two items to no 

more than one ruling each.  

 Reason of the study - theory, overall issue, purpose 

 Fundamental goal 

 To the point depiction of the research 

 Consequences, including definite statistics - if the consequences are quantitative in nature, account quantitative data; results 
of any numerical analysis should be reported 

 Significant conclusions or questions that track from the research(es) 

Approach: 

 
Single section, and succinct 

 
As a outline of job done, it is always written in past tense 

 
A conceptual should situate on its own, and not submit to any other part of the paper such as a form or table 

 
Center on shortening results - bound background information to a verdict or two, if completely necessary 

 
What you account in an conceptual must be regular with what you reported in the manuscript 

 
Exact spelling, clearness of sentences and phrases, and appropriate reporting of quantities (proper units, important statistics) 
are just as significant in an abstract as they are anywhere else 

Introduction:  

 The Introduction should "introduce" the manuscript. The reviewer should be presented with sufficient background information to be 
capable to comprehend and calculate the purpose of your study without having to submit to other works. The basis for the study should 
be offered. Give most important references but shun difficult to make a comprehensive appraisal of the topic. In the introduction, 
describe the problem visibly. If the problem is not acknowledged in a logical, reasonable way, the reviewer will have no attention in your 
result. Speak in common terms about techniques used to explain the problem, if needed, but do not present any particulars about the 
protocols here. Following approach can create a valuable beginning: 

 
Explain the value (significance) of the study  

 
Shield the model - why did you employ this particular system or method? What is its compensation? You strength remark on its 
appropriateness from a abstract point of vision as well as point out sensible reasons for using it. 

 
Present a justification. Status your particular theory (es) or aim(s), and describe the logic that led you to choose them. 

 
Very for a short time explain the tentative propose and how it skilled the declared objectives. 

Approach: 

 
Use past tense except for when referring to recognized facts. After all, the manuscript will be submitted after the entire job is 
done.  

 
Sort out your thoughts; manufacture one key point with every section. If you make the four points listed above, you will need a 
least of four paragraphs. 

 
Present surroundings information only as desirable in order hold up a situation. The reviewer does not desire to read the 
whole thing you know about a topic. 

 
Shape the theory/purpose specifically - do not take a broad view. 

 
As always, give awareness to spelling, simplicity and correctness of sentences and phrases. 

Procedures (Methods and Materials): 

 This part is supposed to be the easiest to carve if you have good skills. A sound written Procedures segment allows a capable scientist to 
replacement your results. Present precise information about your supplies. The suppliers and clarity of reagents can be helpful bits of 
information. Present methods in sequential order but linked methodologies can be grouped as a segment. Be concise when relating the 
protocols. Attempt for the least amount of information that would permit another capable scientist to spare your outcome but be 
cautious that vital information is integrated. The use of subheadings is suggested and ought to be synchronized with the results section. 
When a technique is used that has been well described in another object, mention the specific item describing a way but draw the basic                  
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principle while stating the situation. The purpose is to text all particular resources and broad procedures, so that another person may 
use some or all of the methods in one more study or referee the scientific value of your work. It is not to be a step by step report of the 
whole thing you did, nor is a methods section a set of orders. 
 
Materials: 

 Explain materials individually only if the study is so complex that it saves liberty this way. 

 Embrace particular materials, and any tools or provisions that are not frequently found in laboratories.  

 Do not take in frequently found. 

 If use of a definite type of tools. 

 Materials may be reported in a part section or else they may be recognized along with your measures. 

Methods:  

Report the method (not particulars of each process that engaged the same methodology) 

 
Describe the method entirely 

 
To be succinct, present methods under headings dedicated to specific dealings or groups of measures 

 
Simplify - details how procedures were completed not how they were exclusively performed on a particular day.  

 
If well known procedures were used, account the procedure by name, possibly with reference, and that's all.  

Approach:  

 
It is embarrassed or not possible to use vigorous voice when documenting methods with no using first person, which would 
focus the reviewer's interest on the researcher rather than the job. As a result when script up the methods most authors use 
third person passive voice. 

 
Use standard style in this and in every other part of the paper - avoid familiar lists, and use full sentences. 

What to keep away from 

 
Resources and methods are not a set of information. 

 
Skip all descriptive information and surroundings - save it for the argument. 

 
Leave out information that is immaterial to a third party. 

Results: 
 

 The principle of a results segment is to present and demonstrate your conclusion. Create this part a entirely objective details of the 
outcome, and save all understanding for the discussion. 

 The page length of this segment is set by the sum and types of data to be reported. Carry on to be to the point, by means of statistics and 
tables, if suitable, to present consequences most efficiently.You must obviously differentiate material that would usually be incorporated 
in a study editorial from any unprocessed data or additional appendix matter that would not be available. In fact, such matter should not 
be submitted at all except requested by the instructor. 

 Content 

 

Sum up your conclusion in text and demonstrate them, if suitable, with figures and tables.  

 

In manuscript, explain each of your consequences, point the reader to remarks that are most appropriate. 

 

Present a background, such as by describing the question that was addressed by creation an exacting study.

 

 

Explain results of control experiments and comprise remarks that are not accessible in a prescribed figure or table, if 
appropriate. 

 

Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or in manuscript form. 
What to stay away from 

 

Do not discuss or infer your outcome, report surroundings information, or try to explain anything. 

 

Not at all, take in raw data or intermediate calculations in a research manuscript. 
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Do not present the similar data more than once. 

Manuscript should complement any figures or tables, not duplicate the identical information. 

Never confuse figures with tables - there is a difference. 
Approach 

As forever, use past tense when you submit to your results, and put the whole thing in a reasonable order.

Put figures and tables, appropriately numbered, in order at the end of the report  

If you desire, you may place your figures and tables properly within the text of your results part. 
Figures and tables 

If you put figures and tables at the end of the details, make certain that they are visibly distinguished from any attach appendix 
materials, such as raw facts 

Despite of position, each figure must be numbered one after the other and complete with subtitle  

In spite of position, each table must be titled, numbered one after the other and complete with heading 

All figure and table must be adequately complete that it could situate on its own, divide from text 
Discussion:  

The Discussion is expected the trickiest segment to write and describe. A lot of papers submitted for journal are discarded based on
problems with the Discussion. There is no head of state for how long a argument should be. Position your understanding of the outcome
visibly to lead the reviewer through your conclusions, and then finish the paper with a summing up of the implication of the study. The
purpose here is to offer an understanding of your results and hold up for all of your conclusions, using facts from your research and
generally accepted information, if suitable. The implication of result should be visibly described. 
Infer your data in the conversation in suitable depth. This means that when you clarify an observable fact you must explain mechanisms
that may account for the observation. If your results vary from your prospect, make clear why that may have happened. If your results
agree, then explain the theory that the proof supported. It is never suitable to just state that the data approved with prospect, and let it
drop at that. 

Make a decision if each premise is supported, discarded, or if you cannot make a conclusion with assurance. Do not just dismiss
a study or part of a study as "uncertain." 

Research papers are not acknowledged if the work is imperfect. Draw what conclusions you can based upon the results that
you have, and take care of the study as a finished work  

You may propose future guidelines, such as how the experiment might be personalized to accomplish a new idea. 

Give details all of your remarks as much as possible, focus on mechanisms. 

Make a decision if the tentative design sufficiently addressed the theory, and whether or not it was correctly restricted. 

Try to present substitute explanations if sensible alternatives be present. 

One research will not counter an overall question, so maintain the large picture in mind, where do you go next? The best
studies unlock new avenues of study. What questions remain? 

Recommendations for detailed papers will offer supplementary suggestions.
Approach:  

When you refer to information, differentiate data generated by your own studies from available information 

Submit to work done by specific persons (including you) in past tense.  

Submit to generally acknowledged facts and main beliefs in present tense.  

ADMINISTRATION RULES LISTED BEFORE  
SUBMITTING YOUR RESEARCH PAPER TO GLOBAL JOURNALS INC. (US) 

Please carefully note down following rules and regulation before submitting your Research Paper to Global Journals Inc. (US):  

Segment Draft and Final Research Paper: You have to strictly follow the template of research paper. If it is not done your paper may get

rejected.  
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Do not give permission to anyone else to "PROOFREAD" your manuscript. 

Methods to avoid Plagiarism is applied by us on every paper, if found guilty, you will be blacklisted by all of our collaborated
research groups, your institution will be informed for this and strict legal actions will be taken immediately.) 

To guard yourself and others from possible illegal use please do not permit anyone right to use to your paper and files. 

The major constraint is that you must independently make all content, tables, graphs, and facts that are offered in the paper.
You must write each part of the paper wholly on your own. The Peer-reviewers need to identify your own perceptive of the
concepts in your own terms. NEVER extract straight from any foundation, and never rephrase someone else's analysis. 
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CRITERION FOR GRADING A RESEARCH PAPER (COMPILATION)
BY GLOBAL JOURNALS INC. (US)

Please note that following table is only a Grading of "Paper Compilation" and not on "Performed/Stated Research" whose grading 

solely depends on Individual Assigned Peer Reviewer and Editorial Board Member. These can be available only on request and after 

decision of Paper. This report will be the property of Global Journals Inc. (US).

Topics Grades

A-B C-D E-F

Abstract

Clear and concise with 

appropriate content, Correct 

format. 200 words or below 

Unclear summary and no 

specific data, Incorrect form

Above 200 words 

No specific data with ambiguous 

information

Above 250 words

Introduction

Containing all background 

details with clear goal and 

appropriate details, flow 

specification, no grammar 

and spelling mistake, well 

organized sentence and 

paragraph, reference cited

Unclear and confusing data, 

appropriate format, grammar 

and spelling errors with 

unorganized matter

Out of place depth and content, 

hazy format

Methods and 

Procedures

Clear and to the point with 

well arranged paragraph, 

precision and accuracy of 

facts and figures, well 

organized subheads

Difficult to comprehend with 

embarrassed text, too much 

explanation but completed 

Incorrect and unorganized 

structure with hazy meaning

Result

Well organized, Clear and 

specific, Correct units with 

precision, correct data, well 

structuring of paragraph, no 

grammar and spelling 

mistake

Complete and embarrassed 

text, difficult to comprehend

Irregular format with wrong facts 

and figures

Discussion

Well organized, meaningful 

specification, sound 

conclusion, logical and 

concise explanation, highly 

structured paragraph 

reference cited 

Wordy, unclear conclusion, 

spurious

Conclusion is not cited, 

unorganized, difficult to 

comprehend 

References

Complete and correct 

format, well organized

Beside the point, Incomplete Wrong format and structuring
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