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Utilization of Plant Peels in Wastewater 

Treatment 

Ex.: Potato peels  



Wastewater Purification 

 Water, air and food are among 
some of the essential elements in 
life.  

 The world consists of a major 
portion (about 71%) of water but 
freshwater contributes to only a 
minor fraction of 2.5%.  

 However, more than 60 billion m3 
a year of freshwater is needed to 
cope with the annual global 
population growth of 80 million 
people. 



 Turbidity is one of the major problems of 

surface waters and shallow open wells. 

 Removal of turbidity is necessary to improve 

its bacteriological quality by subsequent 

treatment i.e. disinfection.  

 Conventional coagulants, such as aluminum 

and iron salts, have been successfully used in 

treatment of turbid waters.  

 Coagulation has many advantages: 

 Increases the amount of settled particles from 40 

– 50% without coagulant to 90 % on using 

coagulant. 

 Increases the rate of settling, thus decreasing the 

time required for this process. 

Wastewater Purification 



 Effectiveness of these chemical 

coagulants is well recognized; 

however, certain disadvantages such 

as production of large sludge 

volumes, ineffectiveness in low-

temperatures, high procurement 

costs, and Alzheimer’s disease tend to 

limit their use. 

 

Wastewater Purification 



Plant Peels as Bio-Coagulant 

 Plant peels are waste. 

 Their investigation as bio-coagulant 

is good disposal way; as they have no 

cost, available. 

 The peels contain Fe, Ca and Al salts 

that have + charge and can catch the 

dirty to the settler bottom. 

 Lesser health hazards than residual 

mineral coagulants or synthetic 

polymers. 



Experimental Work 

Objectives  Variables  

 Study both coagulants efficiency based 

on percent turbidity removal for 

different water samples with changing 

different parameters to obtain the 

optimum conditions.   

 Determine the characteristics and 

properties of the resultant flocs formed 

such as floc strength, structure and 

compactness 

 The effect of different parameters can 

be studied, such as: Temperature, 

coagulant dose, contact time, stirring 

rpm and water pH. 



Methodology  

Water Sampling Preparation of Coagulant Solution 

 Both natural and synthetic samples can 

be used in this study. Natural sample 

can be obtained from Nile river. 

Synthetic samples can be prepared 

using industrial grade kaolin. 

Peels 

washing 

Peels 

drying 

Cuttings 

1 cm  
Grinding 

Stirring in 

distilled water 
to liberate active 

coagulant agents 

Coagulant solution 



• Glass Beaker: For wastewater handling.  

Apparatus  

• Jar apparatus: For wastewater stirring.  

• Graduated Cylinder: 
to measure the height of 

settling zone versus time. 



Coagulation Procedure 

1. Take 1 liter of wastewater and add different mg of plant peels. 

2. Stir the above mixture at 150 rpm for 1 minute (flash mixing using Jar apparatus). 

3. Then slow down the stirrer to 30 rpm for 10 minutes. 

4. Pour the content in a measuring (graduated) cylinder and take readings of the height of the settling 

zone versus time. 

5. Plot the height of the settling zone versus time and deduce the rate of settling by taking the slope 

of the curve at each point. 

6. Repeat the above steps twice for wastewater sample without the addition of bio-coagulant and for 

wastewater sample with the addition of conventional coagulant like Alum. Compare the rate of 

settling obtained in all cases of settling process. 

 



Calculations  

 Effectiveness of bio-coagulant can be evaluated by measuring removal% of turbidity and TSS at various 

pH, coagulant doses, mixing time, mixing rpm, etc.…  both for synthetic and river water.  

 Turbidity of the settled samples can be measured using HACH 2100N turbidity meter.  

 All Flocs formed during coagulation, at optimum conditions will be examined with the help of 

microphotographs. 

 Measure the TSS concentration (mg/l or ppm) before and after the primary treatment to deduce 

the treatment effect using Spectrophotometer apparatus. 

 Calculate the % TSS Removal from the equation below: 
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Desalination 

Desalination using Microalgae 



Desalination 

 Concentration of salt in water measured 

in grams per liter or parts per thousand. 

  

 Desalination refers to the process by 

which pure water is recovered from 

saline water using different forms of 

energy.  

 The two main commercial desalination 

technologies are those based on thermal 

and membrane processes. 

 
Fresh water Brackish water Saline water Brine  

Less than 0.5 g/l 

Desalinated Water 

0.5-30 g/l 

Underground Water 

30-50 g/l 

Sea Water 

More than 50 g/l 

Desalination Plants 

Rejection 



Thermal Desalination 

 Saline water is heated, producing water vapor that in turn condenses to form 

distilled water.  

 These processes include multistage flash (MSF), multiple-effect distillation 

(MED), and low temperature evaporation (LTE).  

 



Thermal Desalination  

 The basic principle involved in the MSF 
process is to heat the sea water to 
about 90– 120°C using the heat of 
condensation of the vapor produced 
and supplementing with external 
steam. The heated sea water is 
subsequently flashed in successive 
stages maintained at decreasing levels 
of pressure. The vapor produced is 
condensed and recovered as pure 
water.  

Multi Stage Flash Process (MSF) 



Thermal Desalination  

 The desalination unit essentially consists of 
three portions i.e. heater, separator and 
condenser. In the heater shell, vertical 
tubes are used. Feed sea water enters the 
unit at the bottom of the tubes and partly 
evaporates by the time it comes out from 
the top. After water and vapor mixture 
come out of the tubes, the vapor rises 
through the vertical shell, enters the 
horizontal tube bundle kept at the top of 
the vertical shell and condenses around 
the tubes producing desalinated water. The 
product water is pumped out. 

Low Temperature Evaporation (LTE) 



Thermal Desalination   

 MED plant has two or more effects. Each 
effect operates at a successively lower 
temperature and pressure. The first effect is 
heated by low pressure steam, about 0.3 
bar. Vapors are generated from the feed sea 
water in the first effect and directed to the 
second effect. Thus vapors from the 
previous effect serve as the heat source to 
the succeeding effect for evaporating the 
brine. Vapor from the last effect is 
condensed in the final condenser where sea 
water is used as the coolant. The vapor 
produced in each effect is passed through 
the demisters to next effect. It is condensed 
inside the tubes transferring the latent heat 
to the brine falling outside the tube enabling 
a portion of the brine to evaporate. 

Multi Effect Distillation (MED) 



Membrane Desalination 

 A typical RO desalting plant consists of three 
sections, namely pretreatment section, membrane 
section and post treatment section. Conventional 
pretreatment section typically consists of 
particulate filtration, micron filtration and 
chemicals additions. Membrane section consists of 
membrane elements housed in pressure vessels 
through which pretreated saline water is passed 
under pressure in excess of its osmotic pressure 
with the help of a high pressure pump coupled 
with energy recovery device. The post treatment 
section consists of lime treatment for pH 
correction and chlorination for disinfection as 
required to meet public health standards and to 
make the water noncorrosive to the water 
distribution systems. 

Reverse Osmosis (RO) 



Membrane Desalination 

Reverse Osmosis (RO) 



Desalination using Nuclear Energy 

 Production of potable water in a facility in which 
nuclear reactor is used as the source of energy for 
the desalination process is termed as nuclear 
desalination. Electrical or thermal energy from the 
reactor is directly used by the desalination plants. 
An isolation loop is provided between the nuclear 
reactor and the desalination plant for ensuring no 
radioactive contamination and high protection of 
desalinated water. Co-location of desalination and 
power plants has benefits of sharing the 
infrastructural facilities as in the case of hybrid 
plants. Dual purpose plants generating power & 
water have inherent design strategies for better 
thermodynamic efficiency besides economic 
optimization.  



 Desalination using nuclear 

energy cannot be applied on lab 

scale. 

 Its application needs a 

statements from the political 

leadership. 

 Its design is possible using 

software like Aspen-Plus or 

VMG softwares 

Desalination using Nuclear Energy 



Desalination using Microalgae 

 Solar desalination becomes an attractive alternative for remote and rural areas where, 
grid electricity is not available.  

 It is reported that, there are thousands of Indian villages which cannot be connected 
to the grid power network, due to their remoteness. Also, power production utilizing 
environment friendly renewable energy sources is the solution for the issue of climate 
change.  

 The most widely used renewable energy source is the sun. The source of solar energy 
is inexhaustible and it is free. No harmful gases are emitted such as nitrogen oxide, 
mercury, carbon dioxide, or sulphur dioxide. In addition, there are various financial 
incentives that are offered by the government for the production of solar power. 
Electricity is locally produced from sunlight with the help of photovoltaic, PV, panels. 
Solar PV powered desalination systems are suited for small community level plants 
considering the techno-economic viability. 

 However, Spain is NOT rich in solar energy. 



Is Algae a Desalination Tool?! 

 Microalgae are microscopic aquatic plants. 

 Process: Microalgae convert sunlight, water 

and carbon dioxide into biomass and oxygen.  

Biomass contains lipid oils/TAGs. 

Open Ponds Photobioreactors  

Algae cultivation systems 

Biomass Harvesting  

http://s9.photobucket.com/albums/a70/axel000/?action=view&current=aglae-biofuels-tt001.jpg


 Desalination based on the use of algae in the removal of salts from saline water, and 

water production for use in different purposes is a new concept, where using the 

algae reduced the cost to the minimum while maintained the efficiency with no 

reduction as expected. It is required to reach the desalination efficiency using 

microalgae up to 95% till the rates are relatively affordable for possible use in 

different purposes, opening the door to a new direction may succeed in solving the 

problem of water desalination with cost reduction to the minimum possible. 

 The need for more efficient salinity reduction methods has been met with more 

technologically advanced, energy intensive engineered desalination systems that 

require major capital investments and substantial ongoing operations and 

maintenance costs. Low-energy input systems that utilize microalgae and the natural 

biological process of photosynthesis can drive efficient water desalination systems. 

Is Algae a Desalination Tool?! 



Desalination using Microalgae 

Research Idea Objectives  

 To construct algae based water 
desalination system it is essential to 
consider both water desalination as 
well as algal cultivation. Cell retention 
time, nutrient addition rate, water 
depth, and degree of mixing are the 
common parameters consider for 
growth of algae. In addition to these 
parameters BOD reduction, TDS 
reduction and pH are commonly 
considered for water desalination. 

1. Investigating an advanced treatment 

approach of saline water for reuse. 

2. Salinity reduction of seawater for 

saving fresh water in arid regions. 

3. Comparing the algal desalination 

system with RO membranes and 

Solar system for desalination.  

4. Design of water desalination system 

and algal biorefinery based on the 

experimental results. 



Experimental Work Plan 

Materials  Set Up 

1. Microalgae strains 

 Green microalgae strains: Dunaliella 

Spp., Chlorella spp. and Scendesmus spp.  

 Blue green microalgae strains:     

    Spriulina spp. and Nostoc spp.  

2. Saline water 

 Synthetic Seawater. 

 Industrial Saline Water. 

Saline Water 

Tank 

Basin 1 

Basin 2 

Basin 3 

Sampling for 

analysis 

Sampling for 

analysis 

Sampling for 

analysis 

Algal strains 

Algal strains 

Algal strains 



Project time plan 
Samples analysis and results 

representation 

 The system was operated from November 
2017 till January 2018 to obtain the system 
suitability. It consisted of three runs, each 
with three different TDS concentrations 
for the three parts of each basin. Several 
concentrations of saline water 2000, 4000, 
10000, 15000, 20000, 25000, 30000, 35000 
& 45000 ppm will be applied three in each 
run. The feeding media for algae BG-11 
solution (or any media) will be added to 
give algae enough nutrition with rate 
0.1mg/lit/path/run.  

 Samples will be taken each day from 
each part of each basin, as well as the 
effluent tank. Assume the sample 
volume is 50 ml. Water samples will 
routinely collected at specific time (say, 
01:00 pm each afternoon) and analyze 
to investigate water quality during the 
examination period. Parameters like 
Total Dissolved Solids (TDS), Air 
Temperature, Humidity, Sunlight period 
& Algae growth rate should be 
measured as shown in Table 1 and Table 
2. 

Experimental Work Plan 



Experimental Work Plan 

Basin Date Air Climatic Conditions TDS mg/l 

Temperature oC Humidity % Sun Light 

Period (h) 

1st Basin 2nd Basin 3rd Basin 

Day Night 

Basin 1 01/11/2017 

02/11/2017 

03/11/2017 

04/11/2017 

05/11/2017 

06/11/2017 

07/11/2017 

08/11/2017 

Basin 2 09/11/2017 

10/11/2017 

11/11/2017 

12/11/2017 

13/11/2017 

14/11/2017 

15/11/2017 

16/11/2017 

17/11/2017 

Basin 3 18/11/2017 

19/11/2017 

20/11/2017 

21/11/2017 

22/11/2017 

23/11/2017 

24/11/2017 

25/11/2017 

Table 1 Measured parameters during 1st, 2nd or 3rd run 



Experimental Work Plan 

Time (days) Average removal efficiency % 

Inlet TDS above 20000 

ppm 

Inlet TDS between 

20000 and 5000 ppm 

Inlet TDS below 

5000 ppm 

1 

2 

3 

4 

5 

6 

7 

Table 2 TDS removal% 



Stabilization of Biodiesel 

Vitalization of agricultural solid waste like Eichhornia crasspies in 
stabilization of biofuel 



Stabilization of Biodiesel using Natural Local Resources 

 One of the most challenges of biodiesel utilization is its 
stability, either due to thermal treatment or during 
storage and use. However, fluctuating operating 
conditions and interaction between them may add to the 
deterioration of any machine functioning with unstable 
biofuel.  

 As such, it becomes mandatory to study the biodiesel 
stability concept and to characterize the biodiesel along 
stabilization process, for adaption of an efficient 
operation strategy.  It is proposed to optimize the 
factors affecting biodiesel stability with antioxidant 
treatment.  

 Natural antioxidants could be extracted from 
agricultural solid wastes like Eichhornia crassipes which 
includes antioxidants substances such as Coumarin, 
Quercetin dehydrate and Tannic acid.   



Stabilization of Biodiesel using Natural Local Resources 

 Vitalization of E. crassipes in biodiesel 

stabilization process is a solution for many 

ecological, economic and social problems 

associated with its growth in Niles.  

 Mixtures of freshly prepared biodiesel from 

local resources and waste will used with 0% 

(control), 2%, 5%, 7% and 10% (by mass) 

antioxidants to investigate their potential as 

biodiesel stabilizer through characterization 

of produced stable biodiesel by measuring 

its esters content. 

E. crassipes  



 This idea is for a graduation project; experimental and design. 

The required: 

 Prepare a technical report contains the different production techniques of biodiesel 
production, statistics of biodiesel commercialization in Spain and worldwide, the additives 
used to enhance the fuel stability, the problems associated with E. crassipes in rivers and 
available prevention techniques, its composition and various vitalization methods etc. 

 Extract the antioxidants from E. crassipes using solvents like n-Hexane on Laboratory scale 
and optimize the parameters affecting the extraction operation like solvent type, solvent 
amount, temperature, time. 

 Optimize the factors affecting the biodiesel stability such as antioxidant concentration 
(%mass) and antioxidant contact time (h). 

 Conduct a Mass & Heat Balance for the suggested process flowchart under the best 
conditions detected experimentally. 

 Perform a Chemical Eng. & Mechanical Design for the stable biofuel production units. 

 Conduct a techno-economic study to produce 100 kilotons of stable biodiesel per year. 

 

Stabilization of Biodiesel using Natural Local Resources 
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