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Waste and By-product Utilization

Module 1. Introduction to by-products and waste generation in agricultural production
processing

Lesson 1. By-products/waste, types of food by-product and waste, ma

of civilizations all through the ages of human developme
limited natural resources like agricultural land, water and

handler/traders, processing industry, suppliers, transport, retailer,—eonsumer and waste
managers. All these players in the supply chain needs to devise ways and means for full
utilisation of agricultural produce keeping the wastage—(losses) t@he minimum. The food
manufacturing industry needs to 1G] ( esources, in addition to
téach of it may be used like
ics and bio-fuels.

forgone processesé}h at.these stubstances are removed from the production process as
undesirable ingredie

food processing residues offer potential of returning these by-
rather than their discharge to the environment which cause
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Waste and By-product Utilization

i) Agricultural production: Wastage of agricultural resources due to environmental
conditions, losses due to mechanical damage and/or spillage during harvest operation (e.g.
threshing or fruit picking), curing/ pre-treatments, on-farm temporary storage and sorting of
crops etc.

supermarkets, retailers and wet markets.
v) Consumption: including losses and waste during consumpt

Magnitude of by-products/wastes in food production

fom country’s annual crop
production figures, the calculated residue productie n.the major food crops that are

grown on nearly 50% of the country’s cultivaple area to about 306.6 million tonnes
which is nearly 58% of the annual aggregate cxop harvest of the major food crops (Table 1.1)

Table 1.1: Annual harvest of m and crop residue (1999-2000)

S.No Cro Cr oduction Crop residue
. P \\ Produced (mt)

1 Wheat \\\54}) 111.4

2 Rice ﬁ 88.3 114.7
=\

3 Ma@A\k ) 11.6 17.2

N
4 Total p@es\\\ 131 14.4

~N ‘\/
5 To’%&l\éﬁs\ 21.2 424

6 ffam\\mj\w 325 6.5

7 W}\\ 533.4 306.6

of by-products/wastes in food processing

ng(e Tribune, Chandigarh - Agriculture Tribune 2002
g\;d

The processing industry provides vital linkages and synergies between industry and
agriculture. Raw materials - grain, livestock, milk, fruit, vegetables etc. -are converted into
foodstuff§ through processing activities which may involve other inputs - energy, water,

www.AgriMoon.Com




Waste and By-product Utilization

packaging and so forth. However not all inputs consumed result in useful outputs, and the
result is waste.

WASTAGE

ACGRICULTURAL % MAIN PRODUCT %

RAW MATERIAL C——————""— | PRODUCTION AND
PROCESSING ﬂ=(> BY PRODUCT b

WASTAGE

or used for other purposes. They are the non-product fl
whose economic values are less than the cost of collectio
therefore discarded as wastes.

Typical wastes encountered in the food processing sec

o Food wastes - shavings, peelings, stones, ani
wasted food

o Packaging waste - packaging of incoming tha 5.2 ste product packaging
o Waste water and liquid effluent
o General factory waste

Extent of food wastage

Roughly one-third of the edible\parts of foodproduced for human consumption gets lost or
wasted globally, which is about i on per year. Food is wasted throughout the food
ini icultural production down to final household
C s food gets wasted at the consumption stage while in
developing and low-incon rtes-It is mostly lost during the harvesting and in post
harvesting stages& pply chain (table 2). Little food is wasted at the consumer
level.

www.AgriMoon.Com



Waste and By-product Utilization

Table 1.2: Comparison between by-products and waste

Parameter By-product Waste
(AN
Usability Can be processed further Not suitable for dire b,
or employed directly as final product used after recycli recov
P
Intention N
of the Transform it into useful product and market | Usually tends rd\the

holder the material mat//xzb
AN\

Certain . ) .
ty Further use is certain ten dischar
of use

Further use in compliance with all relevant Waste management ( i e recycling,
Legislation | product, environmental and health protec very,/disposal) as per waste
requirements for specific further use. disposal laws

N
<
Q’he following items if no longer

Animal feed
used:

Fertiliser Pallet

Cosmetic

Crates
Examples Plastic
Paper
Metal

Wood

www.AgriMoon.Com
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Waste and By-product Utilization

Table 1.3: Estimated/assumed waste percentage for each commodity group in each step of
FSC for South and Southeast Asia (FAOSTAT 2010d)

Aoricultural Postharvest Processing
Commodity 5 . handlingand | and Distribution | Consumpti
production .
storage packaging
4 (\
~
Cereal 6% 7% 3.5% 2% N
(RN
Roots & 0 0 0 \ o
Tubers 6% 19% 10% //I/'@ 3%
< O\
Oilseeds & 79% 129% 89 \ % 1%
Pulses
Fruits & 15% 9% 25% 16% 7%

vegetables @b

Meat 5.1% 0.3% m 7% 4%
RN

. \
f;f;& Sea | g9o 6% \w 15% 29%
/&R

Milk 3.5% 10% 1%

?g
(

Food manufacturers
materials are separated i
fertilizers, cosme@ bio-fu
sector increases resd
supports the transi a_bio<based economy (use of renewable resources).

cting as bio-refineries, in which agricultural raw
of products, comprising not only food but also feed,

www.AgriMoon.Com




Waste and By-product Utilization

Table 3: Food processing operations and associated waste

Catagory Operations Wastes
(AN
: : . Cleaning water effluent (BOD or C N
Raw material | Cleaning, Sorting, . . .
Preparation Grading, Peeling peelings, hair, feathers, grit, bloo
P ’ contaminated foodstuffs
Chopping, cutting, slicing, Poor quahty _(too coarse / fine) pro
. - . loss of nutritional /
) dicing, Milling of Solid

Size foods. pulpin Agglomerates.
Reduction ' PUPING effluents from

Emulsification and . .\,

. o Risk of pathogenic contaminati
homogenization of liquids e
emulsification
Mixing and Mixing, forming Wrongly proportioned batches, poorly mixed
forming malformed pieces. ingredie (ts\ Q
Y4
. Centrifugation, Filtration
Separation . . e
and Expression, Solvent parated so e.g. after clarification of
: extraction Membrane 's residues (e.g. fruit juice extraction)

Concentration .

concentration

i N

Fermentation .

Fermentation, Enzym :
and use of Q Spent/biomass.

technology
enzymes \

Q

N
s
X~

www.AgriMoon.Com
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Waste and By-product Utilization

Module 2. Waste management concepts

Lesson 2. Waste characteristics, waste management and effluent treat

resources consumed. Waste is generally thought of as something that is
the original user and is subsequently discarded. The increased culture o
our societies has escalated the problem of waste because of the use

chain, but for the purposes of waste production this can be simplif nt6 three main steps:
agriculture, food processors/manufacturers and the retail / commercial sector. Each of the
sectors generates waste and wash water. Given
environmental impacts can occur at various points he_chain,”even for a single food
product. It is therefore necessary to take a holis ‘
problem.

Waste characteristics

There are big differences from sector to/Sectc en1 site to site: generalization is not only
difficult, but could also be misleading. tages levels are often inferred from mass

spoilage, and only about 7%, o
it can be inferred that, althoug

Solid wastes

Solid wastes ema
from the preli

ood processing plants may include: the unnecessary leftover
y Pproc g operations, residues generated as an integral part of
Iting from processing inefficiencies, sludge produced from the

www.AgriMoon.Com
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Waste and By-product Utilization
Gaseous wastes

The gaseous emissions from the food processing industry are mainly manifested in terms of

multiphase in nature.

Waste management

Waste management is the collection, transport, processing o
and monitoring of waste materials. The term usually relates
activity, and the process is generally undertaken to
the environment or aesthetics. Waste management is a dis
recovery which focuses on delaying the rate of consumption of natural -
materials, whether they are solid, liquid, gaseous or radioactive fall within the remit of waste
management

Waste management concepts

There are a number of concepts about waste
countries or regions. The primary objective in
production of waste all together, if possible
if waste must be roduced, then it is to be

waste management strategi
minimization. The waste
minimization strategies of the waste hierarchy is to extract the maximum
practical benefits fx

Rs are Categog? of our disposal options. They include a variety of initiatives
for disposing™of Ati

www.AgriMoon.Com 1 2



Waste and By-product Utilization

MOST FAVOURED OPTION

,\ /\ PREVENTION

,’/_A
MINIMISATION
REUSE
h Y
RECYCLING

I-\ ERGY RECOVERY

L £

K’ 7 / igspos.u, .

LEAST FAVOURED OPTION

e Source reduction involves efforts to reduce hazardous

manufacturing technology, raw material inputs, and prod ation. At times,
the term "pollution prevention" may refer to source reductlon

e Another method of source reduction is to incrg for recycling. Many
communities in the United States are impleme] i ~fate pricing for waste
disposal (also known as Pay As You Thro h has been effective in
reducing the size of the municipal waste stream.

measures reductions in the upstream
emphasizes the more preventive aspe
on toxic chemical inputs, has

manufacturers.
Reduce
To buy less and use less. Incorpore ommon sense ideas like turning off the lights, rain
barrels, and taking shorter sho also plays a part in composting/grass cycling
(transportation energy, flow toilets, and programmable thermostats. Includes
the terms Re-think, Recy icient, and Environmental Footprint

Reuse O

Elements of the di$
downs, garage sales
laundry, repai

g tfavel mugs, and composting (nutrients). Includes the terms
and up cycle.

The Rs are not the only disposal options:

www.AgriMoon.Com
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Waste and By-product Utilization
Generate

Capturing useful material for waste to energy programs. Which includes methane collection,
gasification, and digestion, and the term recover.

Incinerate

differs from burning in that high temperatures consume material efficiently ande
controlled.

Devastate

To discard into the natural environment, or to "trash" the
Burn Barrels, Unnecessary Vehicle Idling, and Dumping discdrds onto landox into water

Polluter pays principle

The Polluter Pays Principle is a principle where the polluting pa pays for the impact
caused to the environment. With respect to waste management, this generally refers to the
requirement for a waste generator to pay for approp dlsp@l of the unrecoverable

Many types of waste material either a
be altered quickly through mlcroblal |

arge numbers of microbes and/or will
qulations concerning infectious disease are
table conditions can arise, e.g., through

strong odours.
High water content

The water content ¢ waste lies between 70 and 95% by mass. High water
content increases

Effluent treatment

Effluent\is an out-flowing of water or gas from a natural body of water, or from a human-
made structure. Effluent is defined as “wastewater - treated or untreated - that flows out of a

www.AgriMoon.Com
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Waste and By-product Utilization

treatment plant, sewer, or industrial outfall. Generally refers to wastes discharged into surface
waters”. The Oxford English Dictionary defines effluent as “liquid waste or sewage
discharged into a river or the sea”. Effluent in the artificial sense is in general considered to be

chlorides, sulfur, and other inorganic pollutants. Gases sul
oxygen, hydrogen sulfide, and methane may be present in
Wastewaters are normally treated by a combination of phy cal and biological
operations. However, it is possible to treat waste waters solely with physical-chemical
methods

Wastewater treatment is a series of steps. Each of t eps C accomplished using one or
more treatment processes or types of equipment. Th jor categories of treatment steps are:

1. Preliminary treatment

The purpose of preliminary treatment is to\pxo plant equipment by removing these

liminary ent may include many different processes.
pecific type 0

The purpose of atment (pfimary sedimentation or primary clarification) is to
remove settle able able solids. Normally, each primary clarification unit can
be expected to remov o/settle able solids, 40 to 60% TSS, and 25 to 35% BOD.
Primary treatment elocity of the wastewater through a clarifier to approximately

1 to 2 ft/min, ¢
removal of sugp

and floatation can take place. Slowing the flow enhances
olids in wastewater. Primary settling tanks remove floated grease and
ludge solids, Floating material (mostly grease and oil) is collected

www.AgriMoon.Com 1 5



Waste and By-product Utilization

microorganisms ) and the activated sludge process, sequentially follow normal primary
treatment. The third, ponds (oxidation ponds or lagoons), can provide equivalent results
without preliminary treatment.

4. Disinfection

used for swimming or for a downstream water supply.

? AGRIMOON.COM

All About Agricultur\e... .
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Waste and By-product Utilization

Module 3. Direct combustion of solid waste

Lesson 3. Proximate and ultimate analysis of biomass, theory of combustion; d

furnace.

Biomass is a promising option for providing locally produced, rene
Blomass has been used as a fuel since rmllenma Untll the

styies annually is
joules), nearly a
quarter of global primary energy use of 230 exajoules (WEC, 1994)—Most biomass is not
traded, but is homegrown or collected by the households. It is used very inefficiently and
causes substantial health damages due to indoor air provements in biomass
technology, environmental concerns like global clipag Shukla, 1996), acid rain and
the deterioration in local air quality from the use of fo /e lately revived the interest
in biomass energy as a renewable, sustainable-at entally benign energy source.
power of rural poor and the

rically, biomass has been a major source of
households’ energy in India)\ Bioma e cooking energy needs of most rural
households and half of the urbas 15€ olds Shukla, 1996). Despite significant penetration
' few decades, biomass continues to dominate
al sectors. Estimates of the share of biomass in total
energy in India vary
and Hall, 1995).

wood), crop resid

Biomass (solid w

e organic composition of biomass. It is the breakdown of the fuel
and ash. The proximate analysis is typically on dry basis. Most
volatile content than coals. A general trend would be that the
the higher the volatiles in the biomass. With waste biomass,
the volatile content can be as high as 90 % of dry and ash free (daf).

www.AgriMoon.Com
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Waste and By-product Utilization

Biomass Volatile Matter Fixed Carbon Ash

/

Wheat straw 71.3 19.8

Cotton stalks 72 24 ﬁ

Ultimate analysis

7

main elements of carbon, hydrogen and oxygen are indicated indivitally while secondary

elements like nitrogen, sulphur, chlorine etc are all aped toge@ar in “other” since they

typically amount to much less than the three major e

;as can be expected from the chemical
mers. During combustion, hydrogen is

s 81gn1flcantly to the degradablhty in biochemical
processes like d1gest1 n O atio, During combustion and for all practical purposes,
nitrogen does not ant quantities and is released in the gas phase as N> -
therefore, its cont erall heating value is zero.

Sulphur (S) is in
enzymes. With

several organic structures like amino-acids, proteins and
here a mixture of organic substances forms the main part of

ing combust10n chlorine is almost completely vaporized, formmg H(],
a11 chlorides. The problems associated with chlorine stem from issues related to
emissjofis and operation issues, namely fouling and corrosion of metallic surfaces.

Oxygen\(O) is a major element in all biomass fuels, as is evident from the nature of the
photosynthetic process and the chemical composition of the biomass constituents. Fuel

www.AgriMoon.Com
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Waste and By-product Utilization

oxygen reduces the amount of air needed for combustion and is found in the combustion
products chemically bound in the molecules of CO; and H-O.

Table 3.1: Ulimate analysis of selected dry biomass (%)
AN
Element | Paddy straw Wheat straw | Cotton Stalks Wood ﬁ&\se\

a4l

C 39.2 43.2 39.5 50

AN

ﬁ
H 5.0 5.7 5.6 - %}}5
=4

/A
O 36.5 43.3 42.8 << 44
AN\

N 0.59 0.6 0.7

s 0.1 0.1 [((\Q Ash2.5

Cl 0.3 0.3 \% <0.1
@
The heat value (Calorific value) is the gta hich is released by combustion of

unit weight of fuel. It can be expressed - o ways: the higher heating value (Gross

o (net calorific value).

amount of heat energy liberated by the
combustion of one kg of fuel taken at 0°C under one atmosphere of pressure. The water

to same condition.

The lower heatin does not include the energy embodied in the water vapor i.e.
water formed by con the water of constitution of the fuel remains in vapour

form. Generally, the ppropriate value to use for biomass combustors,
ay utilize the NCV instead.
Theory of
Burning is a‘eheémica
dir producing inte and light; in the case of biomass burning, it involves three stages:
ing and smoking with flame), smoldering (burning and smoking

his burning is responsible for producing the main source of toxic gas,
matter and greenhouse-effect gases in the planet influencing the atmospheric

In practiee the theoretical quantity of air is inadequate to mix with the entire quantity of fuel
intimately. So air in excess of stoichiometric combustion is needed. By measuring CO, and

www.AgriMoon.Com 1 9
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Oz in the flue gases by Orsat apparatus, the excess air levels can be estimated. However, the
excess air to be supplied depends upon type of fuel and the firing system.

Composition of atmospheric air
Oxygen = 23%, Nitrogen =77% (by mass)

Oxygen = 21%, Nitrogen = 79% (by volume)

Chemical Reactions: Element »‘
Wt.
C+0O2=C0O
12
12 + 32 = 44 i.e. 12 kg of carbon requires 32kg of oxygen to
form 44 kg of carbon dioxide or 1 kg of carbn dioxide 2 32
therefore 32/12 = 2.67 kg of oxygen.
2 2
2H> + Oz = 2HO
S 32
4 + 32 =361i.e. 4 kg of hydrogen requires 32 kg of oxyge
form 36 kg of water. Therefore 1 kg of hydrogen requi N2 Q 28
32/4=8 kg of oxygen.
44
S+ 02 =502
ﬁOz 64
32 + 32 =64 1i.e. 32 Kg of sulphur requires 32 kg O 8
form 64 kg of sulphur dioxide. Therefore 32/3 Ha 1
oxygen. m
Direct combustion of biomass es
There are four principal types of fu d to burn the biomass

o Step grate furnace
Horseshoe f@ce

Age bustion is a widely used conversion method to obtain heat and power from
biomass. It i }
Grate

horizental should be 520. The grate consists of three parts:

1. TheVapper part or dead plate, without steps or opening for passage of air on which
biomass is dried before passing on to the proper grate.

www.AgriMoon.Com
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2. The grate proper corresponding to the steps. This helps to proportion the quantity of
air passing through the biomass to the degree of combustion required.
3. The portion of slight slope or ash grate, at the lower end of the grate on which
combustion of biomass is completed, leaving ash which falls into ash pit.
Advantages

» Different size of biomass can be burnt
o Biomass with high moisture content can be burnt.
o Low emission of fly ash

Disadvantage

o High emission of NO,, CO etc.
Operating conditions affecting design of the furnace

All the furnace dimensions are fixed by the necessity to obsernve the following\conditions:
i) Length of flame

The length of the passage for the burning gases, between the grate and boiler tubes,
should be at least 5 m, and preferably 7-8 m. It should exceed 106.

their-passage between the tubes
asing the proportion of CO, and

the cold water, tubes, and the sudden cooling cause
would to a great extent arrest the combustio

necessary for combustion. This volume is therefore fixed in relation to the quantity of heat

www.AgriMoon.Com
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liberated per hour by the fuel used. Since a certain ratio exists between the heating surface of
the boiler and the quantity of steam which it can produce, the combustion chamber volume
may be related to the heating surface of the boiler.

The length, width and volume of the combustion chamber must conform
conditions, leaving little liberty to the designer of the furnace. The least imperati

nace) of
all and
into the
the object of
ensuring complete combustion by changing to COzthe| CO which n remain after

furnace, i.e. if the combustion temperature is high, it forms very little ~and there would be
risk of causing a useless increase in excess air.

www.AgriMoon.Com
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Lesson 4. Bales, operation of baler, briquettes, advantages and uses of brique

counted among the largest growing economies. However the pace its d
hampered by the inadequate availability of energy vital for sustainable gro
population is increasing at a rate of 1.5 %, the energy consumption growt

9% per annum and this demand is expected to double by 2020. Countr
generate 1, 23,668 MW of power has a shortfall of 15, 000- 20,000 MW
country has only solid fuel like coal as the main natural occ
But the higher percentage of ash content associated with it
Hence the country is always on lookout for alternate fuels tha
meet the ever increasing energy demand.

rir quality.
gap and help to

Country generates large volume of agricultural residue that™has _good potential to be
processed into a regular source of agro based fuel. Currently after separating the valuable
grains, the residual biomass (70% in case of rice stra d 30% gfase of wheat straw) is
considered waste that is used by rural poor to fire ‘ owever processing of such

applications. A study conducted by CII ha$ sointed_ out that country has tremendous
potential for energy generation through biomass sidue (Table 4.1)

Table 4.1: Potential of en odu
AN

from biomass in India

Potential in India \) 16 000 MW
(Excluding Co -generation) \

Y
Installed capacity N\ 630 MW

Project under cons er 630 MW

AN

rce: N@dre] GBC publication RES-fact sheet- No 1 June 2004

sed biomass like straw, pine needles, cotton or any other bio-
ito a specific size and shape (e.g. Round, rectangular or square) so
which is so vital for handling, transportation, storage and even
ompress a cut and raked crop (such as, straw from different crops,
bale that are easy to handle, transport, and store. Several different

flatbed\frailer. The rectangular shape also saves space and allows a complete solid slab of hay
to be stacked for transport and storage.

www.AgriMoon.Com
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the windrow is
ber that runs the
and forth in the
front end of this chamber. The knife, positioned just ahead of the—plunger, cuts off the
material at the spot where it enters the chamber from-the pickup. The plunger rams the
material rearwards, compressing it into the bales. A ing devige measures the amount
of material that is being compressed and, at the ap it triggers the mechanism
(the knotter) that wraps the twine around the bale a
the tied one is driven out of the rear of the bali
wagon hooked to the rear of the baler. This prpgéss conti
baled, and twine to tie with it.

9% Wi 4.2 Biless
N

Bales of 30 x 30 x m x12 x 24 in.) or 45 x 45 x 60 cm (18 x 18 x 24 in.) are formed, and
are tied with tw three wires, to prevent them from re-expanding. A hydraulic press is
employed for thi se, similar to a press for hay. The bales of biomass (e.g. bagasse, a
sugarcane fiber resi extraction of juice) have a density of 400-600 kg/m3 (25-40 Ib.
/cu.ft.), i he “pressure employed. They are then stacked in “draught board”
fashion so'e

eases from 45-50% to about 25%, a value at which it becomes stable. The baggage
weight only about 300-400 kg/m3)20-25 1b./cu.ft.). Bagasse is baled while moist, as

www.AgriMoon.Com
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stored for a long time. When a long period of storage is foreseen, it is advantageous to
sprinkle powdered boric acid on the stack proportionately as the stack is built up.

Briquettes

moisture content briquette can be as low as 5% where as green firewood
as 65% moisture.

waste, tea waste, paddy straw, wheat straw, sunflower stalk
veneer residues, barks and straws, forestry waste etc.

Advantages of Briquettes Q
1. Eco- friendly and renewable energy fuel

2. Economical and cheaper than other solid fue

6. They are of consistent qua
uniform size.

7. Easy for transporta

8. Low ash content (107
disposal prob

al uced near the biomass production and consumption centre
t depe n erratic transport from long distances.

Briquettes are

d to loose agro waste having low bulk density.
ious industries
applications Chemical industry
Rubber industry
Refractory industry
Brick making units

Ceramic industry Food processing industry

www.AgriMoon.Com ? 5
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Any industrial thermal applications

A major disadvantage of agricultural residues as a fuel is their low bulk density, which makes
handling difficult, transport and storage expensive, and gives rise to poor co
properties. However, these problems can be overcome by compacting, with a co
ratio of approximately 7:1, the loose biomass to form briquettes.

Following are the few different densification techniques available:

1. Piston press

The legnins contained in the biomass begin to flow and a
compressed material. When cylindrical material exit the d
together to form briquette which breaks into pieces 10-30 ce:
the briquette is related to the capacity of the press. The pressure
the range of 110 -140 MPa.

Capacity = Volume of material that can be fed in front

piston in@ch stroke X Number of
ity~ofmaterial before compression.

This press was developed in USA in 1930._In piomass is fed continuously into a
cylindrical die. The die is often heated t6 raise tt erature to the point where legnin flow
occurred. Pressure builds up smoothly(along the\screw rather than discontinuously under
impact of a piston. If die is no erature may not rise sufficiently to cause
legnin flow and a binding mates ave to’be added. This can be molasses, starch or
some other cheap organic material \[f\dieis heated, then temperature is normally raised to 250

- 300 °C, which produces a good quali juette from virtually all organic foods, provided
the initial moisture is hétow-15%. The ‘briquettes from screw press are often of higher quality

available. The maintenance ' screw presses are usually much higher because of the
considerable wear s which have to be re-built rather frequently. In terms of

produced by 2 extruder helps in uniform and efficient combustion, with significant
reductions in-3 . Also~these briquettes can be carbonized which increases their energy

www.AgriMoon.Com
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Facilities needed for value addition to biomass

1. Storage

crumble and disintegrate if rained upon.
2. Handling

Handling normally makes up the largest group of equip
However for a small mechanical piston press, the simple so
letting the machine push the material all the way to the produe
are possible since the material is still warm and rather soft.

3. Comminution

The need for size reduction depends upon the m
more than 1000 kg/m3 (i.e. individual briquette sho ater). This density is set by
the density of raw material. Density is also affe ificant degree by the particle size
of the raw material. Finely ground material densé briquette. Moisture content is
another parameter which affects the denst factors are very important for
briquetting paddy straw. So comminution is case. This size reduction is carried

el€an and contains no oversize particles, there
sized material is removed and sent back into the
only used in India) is especially sensitive to

paddy straw feed should not be more than 15%. So in
drying is commonly used. For this some of the briquettes are
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Module 4. Thermo-chemical conversion of solid waste

Lesson 5. Biomass gasification, gasification process mechanism, types of gasi
utilization of producer gas

important biomass renewable energy sources. The biodeg
Municipal Solid Waste, animal wastes and commercial and ;
significant biomass as renewable energy sources.

chemical and biological conversion processes is that the biological conversion is relatively
slow process typically taking hours, day and weeks stion, fermentation) or

o-chemical conversion
ort reaction time.

ification processes can be either direct
(using air or oxygen) or indirect (trans to the reactor from the outside). The gas

Europe during World‘Was velepment of biomass gasification was disrupted in 1946 as
the war ended a i ¢//gal) gasoline became available. The magnitude of
damage inflicted nology by this disruption can be seen by the fact that it is
difficult for even the hnology of the 1980s to achieve on tests what was routine
operation in the 19 gn, research, and manufacturing teams of that decade have all
disbanded. We past only that small fraction of knowledge that has been
published, w arge bulk of firsthand experience in operation design has been lost
and forgotten

he fuel supply, which were less important during the emergency of World
day, these problems must be solved if biomass gasification is to reemerge as a fuel
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Gasification process mechanism

Different processes and operations occurring in the gasifier reactor are mainly in four reactlon
zones (i.e., oxidation, reduction, pyrolysis and drying). The sequence of reaction zofes™
gasifier depends on the type of gasifier and direction of flow of fuel and air or gag
oxidation zone, carbon and hydrogen of the biomass are oxidized to carbon d
water vapor in accordance with the following reactions.

C + Oy —mmmmmemmmmeee > CO; +393.8 MJ kg-mol-! @
Hz +1/2 Og -mmmmmmev >H0 (I) + 286.1 M]J kg-mol-! (2a)
Hx+1/2 O - > H20 (g) +241.5 M]J kg-mol-!

the type of the
gasifier and fuel. Carbon dioxide and water vapor leave oxidation igh temperature

and move into reduction zone.

Water gas reaction:

3 O ajum— > CO + H, - 122.6 MJ kg-mol 3)

Boudauard reaction:

Reactions 3 to 6 are
equilibrium tempela

900 °C. The equilibrium temperature for reaction 4 is about
for reactions 5 and 6 is 700 to 600 °C. It indicates that the
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Type of gasifier reactors

The gasifiers are usually classified on the basis of direction of fuel and air or gas flow in the
reactor. The classification of gasification reactors often referred in the literature n
below:

Up draft

Down draft

Fluidized bed
Circulating fluidized bed
Entrained flow

Up draft gasifier

An up draft gasifier is characterised by a counter current flow of the and air or gas in the
reactor. Fuel is fed from the top and air is introduced at the bottom of the reactor. The
producer gas exits from the top of the gasifier. Oxidafion-zone is f@ted at the bottom of the
ed~above the oxidation zone in

low temperature pyrolysis and
pyrolysis zone and water vapours
gas unconverted. Thus the gas
jwantity of tar and moisture. The tar
0 g/Nm3. The gas is therefore considered

gasifier exit. Current R & D woxk\in.the countfy on up draft gasifiers, is mainly for thermal
applications.

Down draft gasifier

draft gasifier, normal is introgduced from the top while air is fed either from the top of
the reactor or from/t!

Hermally in the gasifier itself. The producer gas generated from a
minimum quantity of tars and other condensable and is considered

increases yesulting high and better temperature distribution in the oxidation zone.
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In a down draft gasifier, pyrolysis zone is formed above the oxidation zone, whereas the
reduction zone is formed below the oxidation zone.

This type of gasifier is highly fuel specific and operates only on wood chips, charge
selected woody agricultural crop residues. Its cold gas efficiency is about 75% at
operation. These gasifiers are available in the capacity range of 2.5 to 250 kW.

ull

Throatless gasifier

Down draft gasifier with throat produces best quality producer gas, but

gasification of paddy husk. Since paddy husk is an important agrl R residue
having potential as an energy source, a throatless down draft eived for
gasification of paddy husk. The reactor has a constant diamet, reaction
zones sequence in this gasifier is similar to that of the dow throat. The

reaction zones thus keep on moving up in a throatless gasifier. r, in a continuous
reactor where ash removal and material feeding are continuous, the reaction zones remain
more or less at the same location. The cold gas efficie ter varies from 55 to 65%
depending upon the operating conditions. Throatless been successfully operated

Simple design, operation and maintenance of
use in remote village environment where hig}
not available. The gasifier can be used to run
water pumping.

~DRYING ZONE

-~ PYROLYSIS ZONE

Q

L~ OXIDATION ZONE

¢
<

<
T

Fig. 5.1 Reaction zones in a throatless gasifier

UCTION ZONE
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Fluidized bed gasifier

Fluidized bed gasifier is a homogeneous reactor bed of inert sand material. Usually high
alumina refractory sand is used as a bed material and fluidization is carried using/a
Usually ground or palletized biomass having uniform size is used in these gasifiers
is introduced in the inert bed material. Air is introduced through an air distrjb

fuel can be used in this type of gasifier provided that the mate
size. This gasifier is characterized by high gas exit temperature, v—high solid particulate
matter in the gas and relatively low efficiency. The producer gas generated from a fluidized
S al applications.

taken out of the reactor along with the gas and,ca a cyclone. The solid particles from
the down comer of the cyclone are re-circutated backtothe reactor with a small purge of fresh
air.

Utilization of producer gas

The producer gas is a mixture o oxide, Hydrogen and Methane as combustible gas
along with Nitrogen and Carbon g pical producer gas characteristics are given in
table 1. The gas has a i of 4.5 to 6 MJ/Nm?3 and can give a self sustaining flame on
ignition. The gas can thust various thermal applications such as boiler fuel and

process heat ener, ‘
used a a supplementa iman unaltered diesel engine and it can operate a spark ignition

two case studies at S
operated gasifief~and\thermal application of gas from a down draft gasifier with throat. There
gasifiers were/developed. and tested in the School of energy Studies for Agriculture, PAU,

20-22%
12-18%
2-3 %

8-12%

Carbon\dioxide
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Nitrogen 45-55%

Oxygen >1%

Others Tar, SPM,

Lower heating value of gas 4 to 5.5 MJ/Nm?

Throatless gasifier

The gasifier had capacity to generate gas for a 10 kW capacity diesel en f@sui torsét. A

schematic diagram of 10 kW gasifier engine system is shown in Fig.5.2.

Rice
Husk Air
A A ™ l E
Producer Gas
300
— —
1800
1500 —D ®
€
©)
®
= A = "J'_@ 1 Containment Tube

2 Reactor

3 Grate

4 Water Sealing Pan
5 Water Scrubber

6 Dry Filter

7 Fabric Filter

8 CI Engine

9 Alternator

Fig .5.2 Line diagram of a 10 kW throatless gasifier engine system

=\

a operated for 250 hours. On the basis of the operating
ation of a 10 kW throatless gasifier engine is:

The gasifier engme gen
experiences the p rmanc

Capacity \ kW
Gasifier efficien& 65%

20 m3/h

1.4 kg/kWh
1500 rpm
72%
Engine gfficiency 26%
Exhaust gas temp. 450 °C
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Down draft gasifier with throat

Down draft gasifier with throat of different capacities ranging from 2.5 to 100 kW have been
designed and developed in the School of Energy Studies for Agriculture, PAU, Ludhjana:
producer gas has been used for running un-altered diesel engines in dual f
(producer gas and diesel) replacing about 70% diesel by producer gas. The gasifier

3505
—_—
Air
oy : .
/"\/
S50—»
o0 |
1000
FUEL WOOD —r )
- f
@ i ”f@ﬁﬁ&?ﬁi e
@100
- ®)
12 holes of 12mm dia
Producer Gas
L
1. Gasifier ) 11. Producer gas inlet
: —Air 2. Fuel feeding port 12. Air inlet
[ 600 3 gongemate ch;nnel 13. Firing port
ondensate collector 44
% 5. Air tayeres Flue gas exit
l 6. Heat exchanger
J_ . pYy 7. Ash port
T 1 8. Insulation
9. Fire port
Dimensions in mm 10. Grate rotating

handle

Fig. 5.3 Line diagram of a 80,000 KCAL/h capacity gasifier burner

Y4
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Performance evaluation of a 80,000 kCal/h gasifier

P t Val
arameter alue I~
Rated capacity 80,000 kCal/h or 20 kW, (approximately) ( (\\
Biomass Feed Stock A(\\
~
Name Eucalyptus/any woody biomass \\
RN =
Size 30-45 mm ( < \\
Moisture 8-12% //—J M
Consumption 22-24kg/h ( ( g\

Producer Gas Flow rate

65 m3/h at NTP v

Average gas composition (Vol.)

Hydrogen

ANNRY;
14.38 Q\ %

Carbon monoxide

19.65 m

Carbon dioxide

02\ )

Methane /%-9"8\\\/
o o)
Nitrogen \v \54\;/

[~
Heating Value of ProdM\l%kCal /m3

Producer gas temzf?ature

)250-400 oC

Gasifier efficiency (/}Q{g%\w 81.4%
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Module 5. Bio-chemical conversion of solid waste

Lesson 6. Biogas, biogas plants, classification of biogas plants, design of bio
comparison among KVIC, Janta and Deenbandhu biogas plants, working o ban
biogas plant.

Biogas

the fatty acids into methane, carbon dioxide and water.

Constituents of biogas
o Methane (50-65%)
o Carbon dioxide (30-40%)
» Hydrogen (1-5%)
o Nitrogen (1%)

o Hydrogen sulphide (0.1%)

o Oxygen (0.1%)
o Water vapours (0.1%)

Biogas plant

ainly used as fermentable material for the production of biogas. The
¢ mostly popular by the name of gobar gas plant and these plants
e Industries Commission ( KVIC ) design. This biogas plant consists

¢’ mixtdre (cow dung and water in 1:1 ratio) in the form of slurry into the digester
ot digested slurry. The outlet would also control to constant volume of slurry in the

ii) A gas holder to collect biogas, so formed by fermentation in the digester. It would also help
to maintain anaerobic condition in the digester.
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Components of a biogas plant

A biogas plant consists of the following parts:
i) Foundation

ii) Digester

iii) Gas holder or gas storage masonry dome
iv) Mixing tank

v) Inlet chamber/pipe

vi) Outlet chamber/pipe

vii) Gas outlet, pipe, gate valve, gas distribution pipeline, watentrap, fittings,/gas stove, lamp
and similar appliances which can run on biogas.

Classification of biogas plants

The biogas plants are mainly classified into three clas Q
1. Community biogas plants
2. Institutional biogas plants

3. Family size biogas plants

Community biogas plants

a community. These types of plants are
ittee for any Village/Mohalla/Town/ City.
ant is distributed to the people living in that locality.
be more than 15 m3 per day.

éducational institution like School/College. The biogas
sed for the respective institution. The size of these plants is

s are installed at individual family level. The biogas from this type
the individual family. The size of these plants is recommended
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a storage and solid stabilization tank, while the first tank is designed to provide optimum
conditions for gasification. In our country, mainly single stage digesters are built.

There are mainly two types of designs of biogas plants :
1. Batch fed (periodic) system.
2. Dalily fed (semi-continuous) system
1. Batch fed system
The main advantages of batch fed plants are:
(i) They require little or no daily attention.

(ii) Many diverse materials can be used e.g., corn stalks, lea
milling wastes from wheat, rice and other grains.

(iii) Where the biogas and bio-fertilizer producing requirement i
campaign period or where the availability of raw materials is seasonal and the gas is required

r, this can be over come by building a series of
production from one tank will overlap the other. The
ahk in turn.

(iv) These plants are i p small farms/farmers who do not have sufficient raw
materials and reso

' storage tank for residual slurry (depending upon the capacity of the biogas plant).
1 layout of these items is a matter for on-site decision depending upon the
availabilify of water, point of use of gas and the residue system in use.
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The size of the plant is governed by two factors. First factor is the daily amount of cattle or
excreta of other animals produced and the detention or retention time (detention or retention
time is the average length of time for which the substrate (feeding material) remains in the
fermentation well or digester which varies in different designs. The second factor is
requirement of gas for a particular family based on the number of family members.

Conventional models of daily fed biogas plants

There are two basic models of biogas plants popular in India:
1. Floating-drum type model biogas plants

2. Fixed-dome type model biogas plants

Floating drum type model biogas plants

These plants are commonly known as KVIC (Khadi Village an ustrial Commission)
plants and were standardized in 1962 and are used widely even ngw. These plants have an

underground well-shaped digester having inlet and g s through pipes located
at its bottom on either side of a partition wall. Anjnverted drum (gas holder) made of mild
steel is placed in the digester which rests on the wed aped stpport and the guide frame
at the level of the partition wall and moves 4ap n along a guide pipe with the

accumulation and use of gas. The weight of
flow through the pipelines to the points of
plants are shown in Fig. 6.1.

pressure on the gas to make it
ferent components of KVIC biogas

increasing cost, s
inexpensive design to

The gas pipe is fitted on the crown of the masonry dome and there is an opening on the outlet
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wall of the outlet displacement chamber for the discharge of spent digested slurry. The size of
these plants is limited to 15 m3 par day. The different components of Janta Model Biogas
Plant are shown in Fig. 6.2.

DUNG MIXING TANK

:'AESE;OLDER l GAS OUTLET PIPE
l|!\ OUTLET CHAMBER
l" Y
i
il
GROUND 0 LEVEL
i
N ==
I ll' =
\\ ezt /
INLET PIPE | I:l ' /Z-oumnve
2
STELL GUIDE FRAME: \ ..~ ' l.:io .' . /
ow oy
fiam = SLURKY
) : '!l‘ %' |
DIGESTER . !:l R g )é
(¢ ol T R

fo DRICK WALL

FOUNDATION

Deenbandhu model biogas plan

Deenbandhu model bi
New Delhi) in 1984.

designed on the @n
reduce their installatior

as fermentation chamber as well as the gas storage chamber.
of the brick masonry and concrete makes it preferable to go

outlet tank is designed to accommodate the slurry to be displaced
the generation and accumulation of biogas and is called outlet
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Dung Mixing Tank

2 U T O
| S S I . |

Spent Slurry

o ¥ F IO AT ¢ T —Outiet Chamber

Foundation

Fig. 6.2 Janta model biogas plant

A NN 7
Dung Mixing Tank
«— Gas Outlet Pipe
Earth Filling Concrete Slabs
Dome «— Gate
jm Valve
Ground Level
- '
""""""""""""""""""""" S %\
Gas Holder
N Chamber
InletPipe—=x \ fy/~~"""~" """ - ceccccce——~
DIGESTER
Foundation

Fig. 6.3 Deenbandhu model biogas plant

anta and Deenbandhu biogas plants

above mentioned biogas plants is explained in Table 6.1
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Table 6.1 Comparison between KVIC, Janata and Deenbandhu biogas plants

Sr.
No KVIC Janata Deenbandhu
The digester of this plantis a
deep well shaped masonr . . .
pwW b y Digester of this plant is a shallow
structure. In plants of above
1. 3 . e . well shaped masonry structure,
3m” capacity a partition wallis No partition wall is provided
provided in middle of the P P )
digester.
. Gas holder is an integral part of \d'ej
Gas holder is generally made of I integral p ;Ze stwed above
. o . the masonry structure of the . .
mild steel. It is inverted into the includes digester and the gas
. plant. Slurry from the gas sto .
2. digester and goes up and down L . storage chamber. Gas is stored
. . e portion is displaced out with . .
with formation and utilization of . in the same way as in the case
formation of gas and comes back
gas. . ants
when it is used.
Th i ilable at tant . .
©gas Is avallable at a constan Gas pressure varies fr 090 s pressure varies from 0 to
3. pressure of about 10 cm of
cm of water column. (\ cm of water column.
water column.
\\
Inlet connection is through A.C
pipe. Outlet tank is a large
a Inlet and outlet connections are masonry tank designed to
) provided through A.C pipes store slurry displaced out of
the digester with the
formation of gas.
G .
as st_orage capacity of the It is the volume of outlet
5 plant is governed by the vol displacement chamber and is
) of gas holder and is 50% of ga is 50% of gas 33; of eas produced per da
produced per day. r per day. corgasp P v
Y4
The floating mild st
holder needs regula . . There is no moving part and
. is no moving part and .
maintenance reven . . hence no recurring
6. hence no recurring expenditure. It .
holder from gettin Iso has lone working life expenditure. It also has a long
because of corr05| . Italso has > g glie. working life.
short life span
2 It is cheaper than the KVIC type It is much cheaper than KVIC

Installw Ve hlgh

plants.

and Janata type plants.

Entire plant can be built by a
trained mason using locally
available materials.

Entire plant can be built by a
trained mason using locally
available materials.
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Working of biogas plant

Initially the digester is filled with a uniformly premixed mixture of dung and water (1:1 ratio)

opening, and at this stage, the slurry level in the outlet chamber ‘w e-at the slurry outlet.
Any gas produced after this stage will escape through the outlet chamber till the gas is not
used.

When the gas is used, the slurry which was earlier
outlet chamber begins to return into the digester. The

and the outlet chamber exerts pressure on the i
pipe to the points of utilization of biogas.

L m—

SLURRY LEVEL | ﬂtﬁ\' OUTLET
WHEN NO CAS

ence in levels of slurry in digester
it flow through the gas outlet

a Ve oy R
7] FULLGAS LEVELG -0, NG
LN ND ot i PO et DISPLACEDSLURRY
g 0T N2 BIOGAS To PN T
XL 2h ool e R KD e cceeee
DISPLACEDSLURRY

Fig 6.4 Working of Deenbandhu model biogas plant

All About Agriculture...
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Lesson 7. Selection of proper size of biogas plant, utilization of biogas for cooking

Selection of Proper Size

is a very important to meet the required demand of biogas for use. The
plant is directly linked with the size. The size of the biogas plant depends

of food per person per day. Biogas plant can also be operated on huma
requirement of minimum of 70 persons to run a smallest size of biogas size of biogas plant.

—_—

Gas production/day b
Quantity of dung required per =
day for a biogas plant Gas/kg ot tresh dung

Total dung requirement

No. of cattle required for =
a brogas plant per day Dung/cattle

~—}47~

Biogas other than cooking food used for running diesel engine and producing
light. Table 8.1 shows the requlre ent of biogas for different purposes. From this Table, the
size of the biogas plant ca i
if a family having, 15-20
diesel engine an@
minimum 15 m3 size
keep 25-30 animal

members and this family has to utilize biogas for running
ight other than cooking purpose, then there is a need of
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Table 8.1 Required quantity of biogas for different purposes

Sr. No. | Purpose Size Required quantity of biogas (mN
/AN
~N

5 cm burner 0.30 \\

10 cm burner 0.50
1. Cooking

15 cm burner 0.6

per person/day //j 0. 4

100 candle power lamp

1 mantle lamp 08
2. Lighting

2 mantle lamp 14

3 mantle lamp ((\00.17

N
3. Diesel engine | 1 H.P. 0.45-0.51
A NN
4. Refrigerator | Per ft3 capacity \\->) 0.034
N
5. Incubator Per ft3 capatity \ 0.014-0.020
VAN )
\\\\\//
1001

Number of animals needed =
[fwdece+ ewd, e
where,

4

to recover investment, Rs. per year
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Selection of proper hydraulic retention time (HRT), digester volume and size of gas holder

1. Hydraulic retention time (HRT)

The atmospheric temperature has great effect on the rate of biogas production in the
Low temperature would require more HRT and the digester size would be large
zones of India have been set for having digesters of biogas plants with differ¢yp
retention times.

Hydraulic retention time is recommended as below:

i) Plants based on 30 days HRT

This is recommended for states of Andhra Pradesh, Goa, arashtra,
Pondicherry and Tamil Naddu.

ii) Plants based on 40 days HRT

This is recommended for states of Bihar, Gujarat, haryana, Punjab, area of | & K State,

Madhya Pradesh, Orissa, Rajasthan, Uttar Pradesh and West Bengal.

<

iii) Plants based on 55 days HRT

winters.

2. Digester volume

O

ty of'slu
Density of slurry m
1%1‘ 1m3 size of biogas plant having HRT as 40 days in Punjab, then
Viis
(2
Vi = =1.81 m3

—

éster volume should be at least V1. But there are presence of bubbles of gas in the
o increase about 10% of the volume of digester.

G/

So digester volume (V) = V1+0.10 V1
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Therefore V for biogas plant in Punjab = 1.81 + 0.10 x 1.81 = 1.99 » 2m?
Therefore the volume of digester for any size of biogas plant can be calculated.
3. Size of gas holder

The biogas being produced in the digester is continuously used for sometime i
for household needs, so size of gas holder be smaller to save cost instead of i
Thus, gas holder of a biogas plant is designed for less capacity as compared t
(size) of biogas plants as follows :-

i.) Community/institutional biogas plants

For these plants, the size of gas holder is recommended from 30%
plant.

¢ of biogas

ii) Family size biogas plants

KVIC model and Janta
of biogas plants whereas for

In India kitchen runs 8-12 hours a day, so the size of gas holders fo
model are recommended as 50% of the capacity

Deenbandhu model, it is recommended as 33% of the g nts.
Utilization of biogas
Biogas being a very clean and good quality f be utilized for following purposes

as:

Biogas for cooking purposes

at gas pressure of 7.5 to 9.0 cm of water column.
Brightness and combistibi an be maintained as 10:1. Combustibility of gas is

Biogas can burn if he discharge line is lighted, but this is inefficient and the heat
release rate is lo e to improper mixing of the air and fuel. The aim of designing a burner
is to provide g ing of air and fuel, to increase-the volumetric heat release rate, the

combustion at transfer efficiency. The burner should ensure that the three T’s
-temperature, turbulence and time. A good burner will help to

ature, regulate air supply, regulate the fuel supply and provide
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Biogas stoves should have the following characteristics:

1.

2.

Inlet channels should be smooth to reduce the resistance to flow of gas and air;
Spacing and size of air holder should be sufficient.

Volume in the channel where the gas and air mix should be large enou w
complete mixing;

Gas jet holes should not be too large but should allow easy passage of the.m as
and air;

The appliance should be simple, economical and easy to make

While designing a biogas stove the following characteyistics of the bi
considered.

Qgas are to be

Composition of biogas (generally 60% methane and 40% carb

Pressure of the gas (8.75 - 10 cm water column).

Flame velocity.

flow near the gas jet, ideally with a venty
smell from burning gas).

LPG.

Distance from the flame por
cm and 3.0 cm.

Supports for g)kin prevent air from getting to the flame.
To allow cross-lig e flame port to the next, the distance between flame

rgperties, cast iron is better than mild steel.

ications for a 0.45 m3 per hour common biogas stove for domestic

2.25 mm dia

3.98 mm?
6.0 mm dia
20

Total area of ports 565 mm?
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Ratio of jet area to flame port area  1:142
Length of gas mixing pipe 20 mm
Diameter of gas mixing pipe 20 mm

Sustainability of flame is another important test to adjust the air to fuel ratio. If t oes
not sustain but is put off when the match stick is removed, it can be conclude t eith
air supply or the fuel supply is in excess.

Design of biogas burners

A scheme diagram of the biogas burner is shown in Fig. 11.1.
injecting the biogas (ii) an adjustable air port for air entry (iii)/a
of gas and air and (iv) ports for exit and burning of gas-air mixture.

GAS INLET
QUARTER TURN VALVE
G.1 SOCKET
ORIFICE Bl FIXED CHECK NUT
DULY THREADED G.1 PIPE — o ¢
— AR INTAKE HOLE
MOVABLE CHECK NUT

Fig. 7.1 Schematic diagram of biogas burner

: c&\q}ained by the equation.

‘ icient of discharge (about 0.6)
= areaof the orifice (cm?)

= accelergtion-dte to gravity (981 cm/sec?)
v= density of water (1000 kg/m?3)

p\= density of gas (1.128 kg/m?)

The diameter of the o

hg = pressure of the gas (cm.w.g.)
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For gas pressures of 5-10 cm. w.g., the orifice area per unit flow rate (Ao/Q) can be calculated
to be about 0.01 mm? hr/lit. For higher pressures the above formula can be used.

KVIC design burners

KVIC designed burners (utility type and deluxe biogas burne
injectors made of gun metal (Fig. 7.2). These two types of burners /0.45 m3 of gas per
hour which are adequate for 1-2 member and 5-6 member family, respectively. Initial
pressure of gas in gas holder and burners vary from ptant to plant. While designing these

portion of the tin to enable the gas to
es are kept outside to facilitate improved

V Utility type burner Delux biogas burner

Fig. 7.2 KVIC design burner of small capacity
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(A) Biogas dehux burner (450 liters'h capacity) (B) Biogas angithi burner (1130 liters’h capacity) s

(C) Biogas double delux burner (450 liters’h capacity for
each bumer)

Fig. 7.3 KVIC design burner for commercial use

Fig. 7.5 Biogas buimer made from tin
~N——
? AGRIMOON.COM
@ V' All About Agriculture...
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Lesson 8. Utilization of biogas for lighting purposes and engine operatio

Biogas as a lighting fuel

h

dad larnp -
one used ina Coleman or propane larnp Mantle is normally made of a 0 hich is

e's

temperature forming low pressure area around it. As biogas passes-threugh the nozzle, air is
allowed to be drawn into the mixing chamber to freely mix with it. Brightness of biogas lamp
mainly depends on factors like gas pressure, and rels
about 1:10 and thoroughness in mixing. For achievis ight tatensity, nozzle needle to be

adjusted by trial and error. Low gas pressure cause tensity, but higher pressure
though it improves brightness but tends to low antle-life. Biogas lamps can be either
suspended (hanging type) or put on table (st weight of biogas is almost half
as that of air and as hot air flows upwards, brig a standing biogas lamp is somewhat
greater than that of a hanging type. Biogas generally designed to produce 100
candle power (C.P.)

In India, the biogas lamps are d e br double mantles. Both single and double

00 candle power (C.P.) which is equivalent to
light intensity of 60 watts elect An external single mantle lamp has an outside
and wind and is also capable to produce same light
these two lamps are shown in Fig. 11.5 which works
ater folumn. A double mantle lamp can also be of both
internal and exte@l internal type is fitted with a simple cover and can produce
upto 100 candle po antle external type is equipped with a special cover to
protect it from rairyap d is also capable to produce 100 candle power (C.P.).

at gas pressure of 7.0 to

e lamp, after opening gas cock and regulator, mantle is lit to
nbe turned-off by operating the gas cock. Regulator is adjusted for
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{~ 5]
NOZZLE 0.7 MM DA
O

MATERIALS
1 CLAY, SHEET
LAMP SHADE : Qe T f D
T
=~
|
3
Jn- — 0154 lwl:
FIRE
rom— es00

ow

Single mentle type lamp Single mentle type lamp Double mentle type lamp

'i\x

Fig. 8.1 Biogas fuelled lamps

Biogas for running dual fuel engines

Biogas as an engine fuel offers several advantages, bio
combustion and reduced contamination of eng

combustion chamber. As gas needs is consid
supply gas for running IC (Internal Combusti
engine for 8 hourly operation requires gas

sbeing a clean fuel causes smokeless

g AC engines is 0.45 to 0.54 m3/hour/H.P. or
‘ generation Biogas pressure is found to vary from
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Table 8.1 Rates of biogas consumption for operating different capacity engines on dual-

fuel
S. Engine rating Biogas consumption Capacity of plant to suppl
No. H.P. (m3/day) (m3/day)
VAN
1. 5 360
2. 10 720
3. 15 1080
4. 20 1440

upto the ratio 17:1. Due to this compression, tg
the diesel is being injected into this hot air
downward due to the high pressure of ai
the fuel gases are exhausted outside duy
clear from the operation of diesel en;

oas pipe is joined with the air cleaner of the engine to
air. In the first stroke of the piston, the engine sucks biogas
njecting the diesel by the nozzle. A special and simple
instrument shown (inf Fig. an also be used to prepare the mixture of biogas and air and is
joined with the diesel engine at/modified inlet. The control of biogas is being done with the
help of gate valye attached to this instrument.

To run diesel eng 4?
prepare the m1xtu
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MIXTURE OF BIOGAS
ANDAIR TO
THE DIESEL ENGINE

HANDLE FOR OPENING
AND
CLOSING OF BIOGAS

BIOGAS

Fig. 8.2 Carburetor for diesel engine running on biogas

V4

draw to its use in heat engines:
kP, pressure to liquefy it for easy

Methane, the lightest organic gas, has two fundam
it has a relatively low fuel value and it takes nearly

liquefies around 1722.5kP,.

Modified petrol engines

governor controlled di
output. The govezyr a
ignition limits.

€'sin inder 1 BHP engine running at 1800 rpm needs a biogas supply
ressure of 50 to 100 mm of water. The power developed is
The gas consumption is 0.51 m3/h at full load and air to fuel ratio is
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Modified diesel engines (The dual fuel engine)

A dlesel engme can be easily converted to run on 80 to 90% biogas and 20% to 10% dlesel by

intake of diesel oil. Since the compression of the gas-air mixture is not sufficie
the temperature required for ignition, there is no danger of pre-ignition.

system to reduce diesel supply.

The entry of biogas and mixing of gas with intake air can be a 5 g/a mixing
chamber below the air cleaner which facilitates thorough ith air before
entering into the cylinder. The arrangements largely used in es commercially
available in India. The capacity of mixing chamber ma
displacement volume. The pilot injection of diesel in the cycle‘is requi o’be advanced for
smooth and efficient running of engine on dual fuel.

Biogas for electricity generation

advantageous to first generate electricity and t
China asynchronous generators of 3, 3,5-a

ffective system, unit cost of biogas-based
electricity should be less than supplied.by-the electricity boards.

Biogas in boilers and wa

Biogas successfully~fueled
made of its usef
ignition and compres

at heated the digester chamber. Preliminary tests were
r.a household-type water heater and for operating spark-
pternal-combustion engines.

of commercial manufacture, of a type that would normally

and only 60 per cent that of natural gas, and line pressures were
ith LP gas. Consequently, the diameter of the burner nozzle

condensate traps facilitated delivery of the gas to valves and orifices without risk of
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condensation in these narrow channels. pressure-regulator valves were kept warm to
prevent condensation.

e Anindependent fuel source (LP gas) was used for the pilot light. This was becay

to a thermal efficiency of 65 per cent, compared to a rated efficiency of
adjustment of the burner would probably improve its performance whe

s, the fuel
at 3.2 m? of biogas

to have 70 per cent efficiency on biogas, as well as o
consumption for a water heater can be calculated from the rela
62 MJ will heat 190 liter of water from 50 to 10 to 65°C. In a ha

biogas would give a rated (input) heating capacity of 29 kW.

Biogas use in stationary power plants

Biogas can be used in both spark ignition engines
choice of the engine depends on the following facto

(a) If the gas supply is assured, a S.I. engine ca

(b) If the gas supply is not assured, a C.I. eng
engine can run completely on diesel when gas

(iii) As a dual engj
be used, but this requ

biogas. Also dual fuel engine with petrol and biogas can
ereater modifications.

eparation of HoS prevents corrosion. Removal of H>S prolongs
d be free of sulphur compounds.

(d) Regulation of engine cooling water flow rate would be desirable as the engines dissipate
more heat than conventional engines.
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(e) Use of biogas receiver bag for maintaining a constant pressure and flow rate may be
considered. This consists of a cylindrical tube of 300 mm length and 75 mm diameter with a
half return valve on the outlet side and a wire netting ball at the constriction point of cylinder
outlet tube.

(f) Slow speed engines should be preferred.
(g) Ignition/injection timing advance to be set optimally.

Biogas in gas turbines

and Hith waste heat recovery
would be economical. The waste heat recovered can b or digester heating.

fign syste ithout any problems as long as
aRefrigetator of 230 litres capacity, the biogas

assured gas supply for burner is available. Fox
consumption will be approximately 0.044 m3/].

gas operated refrigerators. The composition of biogas
varies substantially from day tg"day. The gas pressure fluctuates excessively with the amount

of gas stored even in a floating; ch pla cidl, stable-burning jets are therefore needed-
especially if the refrigerator is atically controlled and the flame burns only when
required. On every ignition there of the flame going cut. Gas will then discharge
without burning. The g herefore automatically be cut off if the flame goes out.

fmilk per day seems to be feasible units for the rural
available in abundance and cooling of the milk from
70°C to, say, 35°C can be done with the available cold
ater (taking the specific gravity and specific heat of milk as

Small scale dairie
setup. It is assu

O cool the milk from 35°C to 3°C heat to be removed

PO x 1.03 x 0.95 x (35 - 3) = 15656 kcal.
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Assuming 30% heat loss actual heat to be removed at the evaporator = 20 353 kcal.
Considering 8 hrs. operating time the refrigerating capacity needed

= 20353/ (8x60x50) = 0.848 tons.

For a 3 m x 3m x 3m walk in cold storage the approximate cooling required wo
of refrigeration.

Total cooling capacity needed for the dairy = 1.448 tons. Hence the engin
the dairy plant is approximately 2 hrs. Biogas out put needed for a dual
the above purpose = 4 m3/day. For a spark ignition engine running tota
out put needed is 6.4 m3/day. This would necessitate output fromt ove¢

All About Agriculture...
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Module 6. Solid waste management

Lesson 9. Methods of disposal solid waste, Vermin composting

Food industries produce a substantial amount of pollution especially in the for
solid waste management is very important for industrial growth and enviy6
The main impact of solid pollutants is

e Unnecessary use of land
e Spread of diseases
o Contamination of ground water

The management of industrial waste is comparatively easy as com to municipal waste
because of uniformly of the waste. The quantity and type of waste from agro-processing
industry varies from unit to unit. The total quantity of eration is approx 50%of
the quantity being processed. At present these waste dumped or sold as animal
feed. The organic waste generated from various foods,~sugar, cdtfee etc. have potential for
bio-methanation.

The various methods of disposal are:
1. Landfills

2. Incineration

3. Compositing etc.

disadvantages.

The environmentgzc

process ‘6f degradation, end volume and toxicity of wastes is used. The processes of
degradation of organic bioactive waste in landfills involve not only biological processes, but
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also interrelated physical and chemical processes. The organic components of the waste are
degraded by m/0’s in the landfills. The organic component could be protein, carbohydrates,
lipids or fats. Carbohydrates are by for the major component of biogradable waste and
include cellulose, starch and sugars. Proteins are large complex organic material co
hundreds or thousands of amino-acid groups.

Lipids or facts are materials containing fatty acids. So landfill consists of 5 main sté
1. Hydrolysis/ aerobic degradation
2. Hydrolysis and fermentation
3. Acetogenesis
4. Methanogenesis
5. Oxidation

There are various factors which influence the degradation of the waste-these are
» Site characteristics Q
o Waste characteristics
o Moisture content of waste
o Temperature

e Acidity

egctor’ used to stabilize waste and produce

10d because of following regulations:

oncerning air quality.

chlorid€, hydrogen fluoride, nitrogen oxides, sulfur dioxide, volatile organic carbon, dioxins
and fugns, polychlorinated biphenyls, heavy metals. Incineration is a treatment route which
can be applied to a wide variety of waste.
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Advantages of incineration over landfill
1. It can be carried out near point of waste collection.
2. The waste is reduced to a biologically sterile ash product.
3. It produces no methane unlike landfill

4. Waste incineration can be used as a low cost source of energy.

5. The bottom ash residues can be used for material recovery or seco ates/in
construction.
6. Itis the best practicable environmental option for hazardo astes.

Disadvantages of incineration
1. Much higher costs and longer pay-back periods.

2. Lack of flexibility

3. Removal of paper and plastics for recycling may

4. Emitted levels may still have an adverse effect o

stabilized product.
The main factors influencing co
1. Suitable oxygen

2. Temperature @-3?

3. Moisture conten
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»| Receipt of biodegradable

A
Storage
L 4
Shredding

h 4

Homogenization

y
High rate composting
v

Stabilization

h

v
End product

v
Landfill Sieving
y
Grading D
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1. Vertical flow reactors:-

2. Horizontal or inclined reactors.

In vertical flow reactors the mixture is fed in at the top of the reactor on either a
intermittent or batch basis and can be agitated on its moving down the teactor

3. Windrow composting

Compost is placed in long piles known as windrows and pe
mobile equipment. Moisture, pH, temperature and cq
monitored. At the completion of the composting period, the
the compost is taken to the final disposal area. Windrow composi
be the most cost-effective composting alternative.

Vermin composting

The use of compost can contribute to the maintena
Composting is a method of organic fertilizatio

provement of soil fertility.
iculture and gardening. Worm
the Latin for “worm”) is an

culture can be practiced even on a small
system. For example, the waste from the

¢ little as 2 - 5 months after start-up. However, the
ate of reproduction always depend on the source material
umidity, temperature) and how well the composting is

The humus can (]Zﬁ‘l
conversion period en
used, the worms’ livi ditio
managed.

f the highest-grade and most nutrient-rich natural fertilisers in the
properties and plant-strengthening effect encourage the growth

it contains an above-average number of micro-organisms which revitalise the soil.
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o loose yet stable soil structure (clay-humus complexes)
e absolutely free from all types of synthetic chemical additives

Conversion processes

o Accelerated conversion of organic waste matter by micro-organisms (bac

and by compost worms

o The worms coat the organic material with their mucous excretio
micro-organisms (bacteria, fungi etc.) --> microbial predecompositio

o The worms convert the pre-fermented composting materi
with mineral substances

e  Worm humus is high in micro-organisms, enzymes and
nutrients bonded in clay-humus complexes, good plant a

o Cold composting (at temperatures below 50°C)

Plant nutritionists’ encouragement of soil fertility

e Worm humus acts as an “appetiser” for pla
water and nutrients

potash (K) in much larger quantities tha
compost. This makes it richer than
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Transformation of the organic material:

o Between half and the whole of the equivalent of its body mass a day (depending on
conditions: climate, food supply)

e Under perfect conditions: 3,500 worms (approx. 1 kg) devour 1 kg kitchen w day

e 200 - 300 worms can convert a volume of 1 m? and 20 cm depth into hu
within 60 days

e Of100% source material, 15% is what remains in the form of worm cOy

Feed

Compost worms, which have a huge appetite, feed on almogt anything from vegetable or

tsed should be from
aterial offered to worms the faster
ghout'the composting period.

of source materials is suitable as worm fodder. However, the waste
organic agricultural sources. it is said that, the finer th

Source material for the fodder

e Animal excrement from

1. cattle

2. horses

3. sheep

4. pigs

5. poultry

6. goats

7. hares

8. donkeys

o Vegetable waste

1. hay

2. grass

3. weeds O

4. leaves

5. foliage, for ex le a or coffee trees (chopped small)
6. cereals

7.

8.

0. a/and orahge peelings
10. ‘

should not be too high. The worms then try to escape, and those which
die. Fresh cattle manure must be pre-fermented. It must be moistened in a

be added to the worm bed.
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Feeding process
o Atregular intervals of 10 - 30 days
e Manually or automatically
Various worm composting methods
Most worm composting methods are relatively simple and require little effort.

There are various methods:-

tray stacks, windrows, compost heaps and bins, complete recycli
box systems. Sometimes a simple wooden chest is suffi-cient.

Size of the worm compost heap

as desired. Since
e upper layers of

Most compost heaps are 1 - 2 m wide, 30 - 50 cm high, and ¢
Eisenia fetida is an epigeic species, i. e. a surface dweller which
the soil, the compost should not be over 60 cm deep.

Location of worm compost heaps Q

The compost heaps can be distributed between rows s, or housed in shelters.

Climate

30°C and is therefore well suited to
warm-bed does not get too hot, shade trees
resh manure must first be prefermented.
erwise lead to an infection of the female
] m@re than 5 drops of liquid should come out
of a handful.) In order to obtain ¢ons highrates of yield and reproduction, the following
i making adjustments to the processes:

The Eisenia fetida can tolerate temperatures be
locations in the open air. To ensure tha
or a roof should protect it from direct $
The humus should not be too,moist a

e Temperature 20°

- Humidity 80% )

o Sufficient oxy

o Protection from extreme fluctuations in temperature
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o Guarantees well-balanced humidity and aeration
Stage 2: Feed

The next step is to cover the worm bed with a layer of feed matter consisting of vege
waste and manure.

Stage 3: Introducing the worms
The worms are added to the compost heap in batches.

Stage 4: Watering the worm compost

The amount of water needed depends on the climate (tempera vaporatiq
Stage 5: Cover the compost heap

In order to protect the worm population from predators such_a
roaches and ants, but also from heavy rains, the compost heap nee
most suitable materials are:

e Banana leaves

o DPolyethylene foil
e Wood

e Bamboo

e Bbricks

o Corrugated sheeting
o Palm leaves
Stage 6: Monitoring thev
The compost hea}@loul be 't nce a week
Harvesting the verm
The compost can arvest bout 2 - 5 months.

There are variou o about it:

he old substrate. The compost worms move over to the fresh
ynversion there. The older material can then be harvested and, if

pan) serves as a reservoir for the liquid seepage. The bottom of the working trays
jo hold the compost material should have holes or slits in them large enough for the
pass through. They are placed on the collecting pan. The first working tray is now
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filled with the source material: at the bottom comes a layer of coarse material (e. g. wood
shavings), and on top of this a layer of finer material (leaves and manure). As soon as most of
the material has been converted to compost, the next working tray is placed on top of it, so

In most cases the farms and co-operatives use the worm compost for
gardens, but there are plants which sell the worm humus

Storage of vermin compost

The worm humus is slightly moistened and then stored in sadks in the shade. The humus is

stored for up to one month before being applied to the soil.
vermin wash

The seepage (vermiwash) drained from the worm be
diluted form as foliar spray. This concentrated liqui
silicic acids.

especia%valued, and is used in
contains valuable amino and

A method to prepare vermin wash

24 houts. There are then two procedures to
choose from: either an air pump is p air into the concoction throughout this

period, or no air is pumped i

The vermiwash is eithé e e soil or sprayed on the leaves. This strengthens the
epidermis of the leaves and mage by aphids and penetrating fungal spores. It is
also possible to uermiw  drip irrigation or other standard methods of irrigation, as it

All About Agriculture...
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Module 7. Effluent treatment and disposal

Lesson 10. Parameters of effluent like temperature, pH, Oxygen demands (BO D), fa
oil and grease content, metal content, forms of phosphorous and sulphur in éf

Parameters of effluent

Temperature

It affects the activity of bacteria present in the waste water alg
gases in it. Further, based upon solubility, it may affect viscg
impact on sedimentation part of waste water. On an average|of
for waste water suitable from microbial activity point of vie
more, the D.O. content of waste water is reduced considerably.

pH

pH value of a solution may indicates negative log o >N io@oncentration present in

waste water.

Mathematically, it can be expressed as:
pH = - LogioH*
H*=107H

Thus it indicates alkalinity/acidity of sewage

pH > 7 — Basic solution
pH =7 — Neutral solution
pH <7 — Acidic solutd

The determinatio@f ]
suitability of treatmen
So, it is very impgty

ind its origin in waste water by discharges of animal/vegetable
e1ls, hotels or restaurants, garages, milk plants, industries etc. This

scum on the top of sedimentation tanks and clog the pores of various
W : /to be properly detected and checked at source before the waste water is

ed Ainto treatment plant for sedimentation. To measure the quantity of fats and oils, a
sample 6f sewage is evaporated. The residual solids left are then mixed with ether. The
is then poured off and again evaporated. The residual left now behind will be fats
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Oxygen demands

The availability of oxygen in water or waste water is very important. If the waste water has to

treatment helps us to decide mode as well as degree of treatment. Moreover, i
know about the state of sewage means whether it is fresh or stale. Its only frest
contains a little of dissolved oxygen. It can be determined by Winkler’s method
oxygen demands for waste water has to be determined that is BOD and COD

BOD

If good amount of oxygen is present in water then thé aerobic biological decomposition of

waste water will take place until the oxidation procesg i pleted. The amount of oxygen
consumed in this process is nothing but BOD. Thé bacteri esent in sewage will keep on
absorbing oxygen and the process of decomposmon keep on going for a number of
months. It is practlcally not feasible to determ gen demand. So, BOD of water

sample is then incubated for 5 days at 209C. The dissolved oxygen of the diluted sample after

5 days is again calculated. Thig difference will indic¢ate the Oz consumed by sewage sample in
5 days. BOD:s is thus calculated ‘as

BOD_ =DO consumed by diluted sample x {

Volume of diluted sample ]
5

Volume of undiluted sewage sample

d&}\ﬁtﬁe above equation is nothing but dilution factor.

nated depends upon amount and nature of organic material
temperature of waste water.

The factor in the righ

The rate at which is
present in the sa and also

Mathemat%

Y, =L [1-107!]

Y, = Oxygen absorbed in t days
t = time (days)

K =deoxygenat ed constant

L = Organic matter present at start of BOD reaction

con\>
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The amount of oxygen required to decompose both biologically active matter and biologically
inactive matter is known as chemical oxygen demand or COD. It can be calculated in
laboratory by performing tests in a number of ways. The most commonly used is by using a
strong oxidant like potassium dichromate KCrO7 or KMnOx to stabilize the organi
to determine the molecular oxygen from the oxidant solution in oxidizing the orga
present in the given waste water.

Metal Content

results in a lower solubility than hydroxide precipitation alone.

Phosphorous

combine to form complex substances.

Polyphosphates may get hydrolyzed
very slow. Phosphates can be
coagulant. The multivalent i
treatment systems can remov of phosphorous. Thus a large excess of
phosphorous is discharged in fi causing eutrophication in surface waters. New
legislation require a maximum concentration’of P discharges into sensitive waters of 2 mg/1.

Sulphur
It may be presegz'

determination of s
aerobic and /or ana

sulphides, sulphates and H>S in waste water. The
rms is rarely done however their presence may indicate
omposition. Sulphides and sulphates may be formed due to

catried away. If H>S quantity in waste water is less than 1 ppm, it is
ulphides and H»S indicate initial stages of decomposition. Once the

All About Agriculture...
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coagulation, flocculation and floatation

Whenever agricultural produce in any form, is handled, processed, package
waste water is always generated. The waste water is much polluted and-i

for treating waste water lies in its specific characteristics and
into water bodies or municipal waste water treatment plant.

Physical forces as well as chemical and biological processes drive ent of
wastewater. Treatment methods that rely on physical forces are &a it operations. These
include screening, sedimentation, filtration, or flotation. Treatment ods based on
chemical and biological processes are called unit processes. Chemical unit processes include
ses fnyolve microbial activity,
of nutrients.

1. Preliminary treatment: The objective of ion is to remove debris and coarse
materials that may clog equipment in the

4. Tertiary or advanee
to further remove
substances.

Preliminary Treat

It consists mainl arating floating materials, heavy settleable inorganic solids, rags,
ases etc. These coarse material may clog the equipment of plant.
aterials may reduce the BOD by 15 to 25%. Different operations
t\chamber/detritious tank, skimming tank may be required for
he screens used could be vibrating, rotary or static type. Usually

m down to Imm opening materials of small size can be removed

aximize the efficiency of the process. The efficiencies of these systems are
variablé. Rotary drum and discs shows removal percentage of suspended solids upto 40-50%.
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Primary treatment

Primary treatment of waste water is done to remove large suspended organic solids. It can be

for hours, these material will settle down. This is the principle behing
accordingly settling velocity is decided; being governed by Stoke”s

a

V= é("G —1)i for d< 0.1 mm

18 v
It is applicable for viscous flow and small sized particles, represente eynold No. < 0.5
Vs = Velocity of settlement of particle in m/sec Q

d = diameter of particle in meter

\[\upsilon \ ] = Kinematic viscosity of water

G = Specific gravity of particle

amount of reagent necessary to
and flocculation are generally remaining suspended solids being reduced by
following stages of the system. oagulation and flocculation can be used for
building a compact tre4 plant\(also called a “package treatment plant”), or for further
polishing of the treated

In Acivated Sludg ‘ process, flocs being created through biological activity are

o have an optimal sedimentation speed. If the sedimentation
rticles will not have sufficient time to settle, and will be carried with

circular. They ar
speed is too hig
the treated water.
gifg facter teading settled particles to go back in suspension, several devices are
e a quiety
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1. They provide a very large surface area onto which particles may fall and become
stabilized.

2. Because flow is temporarily accelerated between the plates and then immediate
slows down, this helps to aggregate very fine particles that can settle as the flow exi

the plates.

The use of lamellar separators may allow the use of a smaller sedimentatior( ta
enable finer particles to be separated. Typically such structures are used for di
waters, especially those containing colloidal materials.

Features of sedimentation design

Inlets to a settling tank are designed to dissipate the inlet ate the flow
uniformly, and to prevent short circuiting. The inlet and o are designed for a
minimum velocity of 2 feet per second at the average flow rate\and will haye corners filleted
to prevent deposition and collection of solids. The following
rectangular and circular tanks.

ANNRY,

Clarifier length or Minimum liquid e bm Minimum total
diameter, ft depth, ft depth, depth, ft

SN

Rectangular upto 50 ft 6 &Q) 2 8
length

50 - 100 <\\6-g\\>/> 2 8-9

100 - 150 \Y\% 3 10-11

/1

150 - 200 \% 4 12-13

O N

Circular upto 50 ft
diameter

/

50 - 100 %/\\\

/|

SN
Z

100 - 150 \) 8-9 3 11-12

[~

&&267 Ja 9-10 4 13-14
\4

www.AgriMoon.Com

75



Waste and By-product Utilization
Rectangular tanks

The minimum length of flow from inlet to outlet of a rectangular tank is 10 feet in order to
prevent short circuiting of flow in the tank. In existing installations, tank length-to-wij i
varies between 3:1 to 5:1. Tanks are designed with a minimum depth of 7 feet exc¢
tanks in activated sludge plants, which are designed with a 9 foot minimum depth

Inlets and outlets

weirs are used in most cases.
Collection and removal of scum and sludge

Means for the collection and removal of scum and sludge are r
The removal of scum from the tank take place immediately ahead of the outlet weirs, and the
equipment may be automatic or manual in operation. isi made so that the scum
may be discharged to a separate well or sump so tha e either sent to the digester or
disposed of separately. Rectangular tanks will be pfowvi scum troughs with the crest

million gallons per day), hand-tilt troughs cong
rotated by a lever or screw can be used. Pro
chain-and-flight types may be used for large
sludge film on the sides of the sludge

with the hoppers.
Secondary sedimentation

The final step in the sg atment™$tage is to settle out the biological floc or filter
material through a sedonda i
organic material e@ suspende

Flocculation

TO
SEDIMENTATION

HIGH MEDIUM  LOW CHAMBER
SPEED SPEXD SPEED
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In theory and at the chemical level, coagulation and flocculation is a three step process,
consisting of flash mixing, coagulation and flocculation. However, in practice in the treatment
plant, there are only two steps in the coagulation/flocculation process - the water first flows
into the flash mix chamber, and then enters the flocculation basin.

In the flash mixer, coagulant chemicals are added to the water and the water is
and violently. The purpose of this step is to evenly distribute the chemicals
water. Flash mixing typically lasts a minute or less. If the water is mixed for
seconds, then the chemicals will not be properly mixed into the water. Ho

back into small particles.

After flash mixing, coagulation occurs. During coagulati
neutralize the electrical charges of the fine particles in the water, allowing the particles to
come closer together and form large clumps. Sg>

('0;\(;l“|4:\NTJM COAGULANT
ADDED ," FORMS PRECIPITATE
;| wE ":', PRECIPITATE, AND TRAPPED
Ca oy L TRAPPING IMPURITIES
2 Jas s s B R IMPURITIES SETTLE TO
e G , BOTTOM
2% o ¢
] "f' f ¢ P n.? "H ..*:' ;“‘0;4 .__9
A L ‘e
‘ o
l‘\lPl'RlTlES,‘l 2o
Ly < A
/ K. \ ? L, v-: e mer o/ £aY,
0 Al - T

The final step is flocculation. D process of gentle mixing brings the fine
particles formed by coagulation 1 each other. Flocculation typically lasts for
about thirty to forty-five minute oeculation basin often has a number of compartments
with decreasing mixing speed water advances through the basin. This

Floc

The end product lated coagulation/flocculation process is water in which the
majority of the

water can be assisted by introducing fine air bubbles in the liquid. In this case, the bubbles
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attach to the particulate matter and the buoyant force of the combined particle and gas
bubbles is great enough to bring the particle to the surface.

There are three distinct methods to introduce the gas into the liquid as follows:

1. Dissolved air floatation: Air is dissolved in the liquid under a pressure
atmospheres which is released and the air is then liberated in the form of f

revolving impellers.

3. Vacuum flotation: It consists of saturating the liquid
application of partial vacuum which causes the disso
solution as fine bubbles.

4. Electrolytic floatation: It is based on the formation of o
from water electrolysis.

Regardless of how air is dissolved in the liquid phase
with the addition of various chemicals such as alury
increase and/or alter the particle surface, thus facilitat

emoval egiciency can be enhanced
i n salts. These tend to
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Lesson 12. Characteristics of food processing waste water, trickling filters, rotat

biological contractors

COD values are always greater than BOD values because of
procedure. With the dichromate refluxing procedure used to
compounds are oxidized. However, with BOD procedure, s
fully oxidize making oxygen demand lower.

Characteristics of Food processing waste water

Parameters COD(mg/1) (/\\ <&)D(mg/l)

Dairy 900-7000 \\ 500-5000

Olive oil mill 204:0%?’72\00\\w -

Winery 7130&@&_) / 600-1400
£~

Vegetables 250-1 \oo\ 125-4700

\
Cheese <\ \Bo&zsé/ 588-5000

Mixed dairy processing waste w\%‘\\\{&g@zoo 4700

Bakery products N\BZOO 7000

/
Jams and jellies <> \\ 2400 4000

Meat packing 0\\\7 1433 2746

Meat specialitiesQ\ Y% 530 900

Poultry prcyzé\% 1306 1581

e-trickling

hey \\ ‘>3\\ 32000 70000
e

s/In the trickling filter no sludge is returned to the incoming waste water. Rather the
waste water is sprayed uniformly by a rotating distributor on a bed of rocks 6-10 ft deep. The
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rotation may be powered by an electric motor or a hydraulic impulse. The water percolates
over the rocks within the bed which are 1-4 in diameter and is collected in an under-drain.
The liquid is then collected from the under drain and allowed in a sedimentation tank whlch
is an integral component of the trlcklmg fllter The sludge from the sedlmentatlo

matter. This is called “sloughing’. The sloughing of materia
standard rate filter or continuously as in a high rate filter.

The essential features necessary to the process are:
1. Sufficient surface area must be provided for biological growth.

2. Free O must be available at the surface to reple
liquid layer.

3. Industrial wastes must be amenable to bi%fmh\\%t

SLUDGE REMOVED

|

RAW SEWAGE —— — »— EFFLUENT
FILTER SEDIMENTATION Y
TANK
o
N
PUMP
(a) Filtration without pre-sedimentation
'~ N\
SLUDGE REMOVED SEDIMENTATION
TANK
RAW SEWAGE —» p > —
¥  PRIMARY FILTER  SpcONDARY Y
SEDIMENTATION SEDIMENTATION

(b) Filtration with pre-sedimentation
Fig. 12.1 Arrangements of tickling filter
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Advantages of trickling filters
1. They are self cleaning rate of filter loading is much higher.
2. No diminishing of capacity. Even if overdosed, they can recoup rest.
3. They are cheap and simple in operation.
4. Mechanical wear and tear is very small.

Disadvantages of trickling filter

1. High head loss through the filter making automatic dosing o
2. Problem of odour and fly
3. Large land area is required. Cost of contraction is relative

4. They require preliminary treatment and therefore can not ra as such.

Rotating discs

Rotating discs are also known as rotating biologi
packed discs of PVC mounted on a horizontal shaft a
water contained in a cylindrical tank made of stet
revolutions per minute by means of a driving
aeration is achieved by exposure to atmosph
discs, the submerged micro-organisms ab

. These consist of closely
-40%) submerged in waste

. As the discs rotate out of water,
aste water flows down through the

-2 mm thickness develops. The disc
and mix with the substrate. This results in

artmentalization of RBC discs to form a series of
d by using baffles in a single tank or by use of

part of the RBC system. This re
independent cells. Stages can be
separate tank in series.

BAFFLES

TO
» SECONDARY
DRIFTER

———————

AR\ VN

b o . - e . -

o - -

e as a0 o0 o == o o= of

J

DRIVE
MOTOR

Fig. 12.2 Staging through baffles
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Advantages of RBC

1. Compared to the trickling filter, the hydraulic and organic loading rates are much less

for primary settled sewage though BOD removal efficiency could be as high as 99% fo
a detention period of 1-2hrs.

2. Simplicity of operation

3. Relatively low energy cost

AGRIMOON.COM @
All About Agriculoure...

©

D

D

§
X
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Lesson 13. Oxidation ditches, activated sludge process, lagoons

aerated lagoons are different types of secondary treatment of waste water. AH
depend upon the growth of various microbes which degrade the organic ma
waste water. Therefore, also called as biological treatment.

Oxidation Pond

The basic biological phenomena in the treatment of waste oriment is as

follows:

A aqueous en

o The degradable organic compounds (carbohydrates, proteins.and fats’etc.) are broken
down by aerobic microorganisms mainly by bacteria and to et by fungi. This
results in an effluent production which is having very less organic matter.

o The materials which are very difficult to digest £ ge%ch is removed from

time to time and can also be treated separately

utrescible. The purifying action
gae and bacteria in shallow ponds.
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EFFLUENT
EARTHEN BUND 4  DISCHARCE STRUCTURE WITH
| 1 CONTROL
LN
o N
PA N
INTERCONNECTING
A\ IRE
INFLUENT
PIPE
K £
N\ /
K, SR e
w INLET FLOW CONTROL
INFLUENT

Fig. 13.1 Plan of oxidation pond

constructed by building embankments of earth (Fig:
0.9-1.5m and as such effective in permitting penetration.of\sunlight to all parts of the waste
water encouraging algal growth. Influents is a i iddle of pond and allowed to be
spread by the action of wind currents ts any odour nuisance due to
concentration.

- Operating ponds in series gg
circuiting.
problems.

Oxidation ponds
and cheap. Also, itvtropi

Advantages of oxi

ages of oxidation ponds

- Nuisafice due to mosquito breeding and odours.
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Oxidation ditch

It is a modified form of activated sludge process (extended aeration type)
- It is highly efficient involving simple waste treatment

- Comparable in performance with the oxidation pond.

The process involves a single unit treatment in an endless channel equipped a spec
type of rotor which serves the dual purpose of oxygenation and circulatio

- The ditch comprises of a trapezoidal cross-section of relatively shallo  (0.9-1.5m)
forming a continuous circuit.

- There is normally no primary tank and raw waste water pa
to the ditch.

ugh a bar screen

- Oxidation ditch forms the aeration basin where raw wast ixed with active

organisms in ditch

- Cage rotor entrains the necessary Oz into the liqui eeps@e contents of the ditch
mixed and moving.

RETURN SLUDGE PUMP
SETTLED SLUDGE
TO WASTE ﬂ
ROTOR
—
BAR SCRFEN FINAL SETTLING
TANK

Fig. 13.2 Oxidation ditch process

ch flows to the clarifier for separation. The clarified liquid passes
disposal into receiving streams, while the settled sludge from the
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- They can treat waste efficiently having BOD as high as 8000 mg/1

- This process has been used to treat domestic as well as industrial waste.
Activated sludge process

This is an aerobic breakdown of raw waste water. It is most widely used for t
water. Its main features are as follows:

a) It uses a complex population of micro-organisms (bacteria & protozoa)

c¢) The microbes occur in discreet aggregates known as
suspension in the aeration tank by

1. Mechanical agitation
2. Aeration

3. By mixing action of bubbles from submerged ae

ORGANIC FIBER

EXTRA CELLULAR
POLYMERIC SUBSTANCES
AND SINGLE BACTERIUM

Fig.13.3 Diagram of a floc
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Advantages of activated sludge process
- Efficiency

- Economy of space

- Versatility

Modifications of activated sludge setup:

1. Conventional activated sludge set up

tank. Before raw waste water enters the aeration tank, it is mixeé
from the sedimentation tank. The content of raw water
organisms already adapted to the environment of the aeratia
from the sludge exits in small flocs. It is the introduction of alx
that gave rise to the name activated sludge. Usually, 25-50% o
drawn off from the sedimentation tank.

2. Tapered aeration

tank or a series of tanks with

aeration may be made directly into the
diminishing aeration may be set up.

3. Step aeration

Here feed is introduced at sevé
creating more uniform demand
like tapered aeration.

4. Contact stabilizatio

igh proportion of colloidal material. The colloid rich
ith sludge for a short period of 1- 1.5 hrs in a contact basin
¥ a sludge separation tank, part of the sludge is removed
ration tank where it is mixed with the incoming waste water.

This is used when
waste water is al

sludge syste dterial is circulated in ditch rather than in pipes (Fig.13.4).
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@ g)

RETURN
SLUDGE
SLUDGE
SEPARATION AFRATION
TANK DEVICE
WASTE
WATER
WASTE
SLUDGE
TREATED LIQUID
Fig.13.4 The pasveer ditch

6. The deep shaft process M

This system is developed by Agricultural Division of Imperial Chemical Industries (ICI) UK.
, 00 ft o@ore and is installed into
the ground. Waste water and sludge recycle are injecte ainnet steel tube. Compressed
air is injected at a position along the centre shaft deep ensure that the hydrostatic
weight of the water above the point of injection
downwards and prevent coming upwards. T
Oz for the aerobic breakdown of wastes. T
(Fig.13.5).

in the outer section of the shaft

VR
FREE LIQUID l r
TREATED LIQUID
s
= = SLUDGE SETTLING TANK
—— o
g SLUDGE WASTE SLUDGE
1 RECYCLE
AIR FOR __j
START
< UP
AIR INJECTION
< FOR NORMAL l
OPERATION
| |
| |
| |
| |
| |
| I
‘ W0 B
é Fig.13.5 The deep shaft aeration system

Greater rapidity in reducing BOD
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2. 50% reduction in sludge

3. Space required is less

7. Enclosed tank systems and other compact system

Since breakdown of waste in aerobic biological treatment is brought abou
microorganism, efficiency is increased by the use of O2/oxygen enriched air.
which the wastewater is completely mixed with the help of agitators, are used
Sludge from sedimentation tank is returned to the enclosed tank along witk

Advantages
1. Absence (or greatly reduced) obnoxious smell from exha ases
2. Increased efficiency of waste stabilization.

This system is widely used in industries the world over.

Compact activated sludge system

This system does not have a separate sedimentatiqry’ tan tegsludge separation and
aerobic breakdown occurs in a single tank.

TURBINE MIXER
2

LIQUID
AERATION SECTION \{

/\ OSLUDCE
- g
el J

AIR SPARGE ~»— e T T T TT

WASTE TS~ S

O WATER FEED T

WASTE
SLUDGE

Fig.13.6 Compact activated sludge system

, tem is determined by reduction in BOD. In conventional activated sludge
¢ contact time is approximately 10 hrs, after which 90-95% BOD is removed. When

Aerated lagoons
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Aerated lagoons are also called suspended growth aerated lagoons. They are relatively
shallow basins made in soil and are provided with mechanical aerators fixed on plateforms.
These aerators provide O:for the biological treatment of waste water which ultimately
stabilizes the organic matter.

Waste water after undergoing primary treatment through screens enters the lagoon and after
biological pretreatment leaves from other side.

Lagoons are of two types
1. Facultative lagoons
2. Aerobic lagoons

Facultative lagoons

e with effluent.
The lower part of lagoon is anaerobic while upper is aerobic. So, these-are’called facultative.

Aerobic lagoons

These are the lagoons in which liquid is thoroughly a M the bottom so as to keep all
solids in suspension.

- No settlement of solids occurs in such lagoonsg
- Solid concentration in effluent is very high, s f
Therefore, Facultative lagoons are most onl
Advantages of lagoons

1. Simplicity in operation

2. Less machinery used

3. Low power consu : lagoon volume)

Other Characteris<Zs
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Lesson 14. Filteration, slow sand filter, rapid sand filter, disinfection of wate

Tertiary or advanced treatment pertains to the unit operations and chemical
which are used to further remove BOD, nutrients, pathogens, parasites and s
substances. These include both physical and chemical processes, like filteration™s
coal or activated carbon filters or chemical oxidation processes which wutiki : ation,
H>O: fentons reagent, ozone and permanganate.

The physical oxidation processes which include
o UV oxidation
e Sonication

e Wet air oxidation

o Supercritical water oxidation (SCWO)
Filteration

Filteration is defined as the process of allowing
sand or other filtering media. Filters may be
tilters depending upon the rate of filteration.
but generally four function are performed.

w sand filters and rapid sand
1ena of filteration is quite complex,

1. Mechanical straining: which remg arge  suspended matterwhich cannot pass
through interstics between sand g

the removal of colloids, suspended and

bacterial particles. The inters een sand grains act as minute sedimentation

basins.

particles of sand which are also ionized. These neutralize
o, change the chemical character of water.

1d be free from clay, loam, vegetable or organic matter. It should
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It consists of a water tank, 2.5-3.5m in depth, having a sand bed 0.6-0.9m thick, supported on
a bed of gravel 0.3-0.45m thick laid in 5-6 layers, beneath with the under drainage system is
laid over a concrete bed sloping towards a central longitudinal drain. The underground
system consists of open-jointed drains of baked clay or concerete pipe in length -
which a maximum spacing of lateral of 2m.

LATERAL OR
CROSS DRAINS
il b
| 1 W .‘ 11 F‘ FROM STORAGE
TANK
OUTLET CHAMBER glgm v
INLET CHAMBER
e
J UL JUupuul

CENTRAL LONGITUDINAL DRAIN

Fig. 14.1 Plan of slow sand filter

\\1//
ercolating downwards passes through the

The raw mater is led gently on the fi
underdrains iinto an outlet chamber.

Construction of rapid sand filte

It consist of an oper water-tight tan :
having coarse sand 0.6-8-Z5m thick} faid orY the top with a layer of grated gravel 0.6-0.75m
thick, laid on the top 3 2

underlain by an lﬁ

manifold with strdine

consisting of cast iron, central longitudinal conduct or
ed_on top and pipes of smaller diameter called lateral

filter bed.
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Comparative characteristics of slow sand filter and Rapid Sand filters

Characteristic

Slow Sand Filter

Rapid Sand Filter

=

Area

Require more area

Require less area

N

Size of sand or
tiltering media

Sand grains are finer.

Effective size lies
between 0.3-0.35mm

Uniformly coefficient is
2.

Sand grains slightly coarser:

Rate of filteration

Low 100 to 200
litres/m?2/hr.

It is very small. Only

Loss of head 0.6-0.9m

Simple to operate.
Supervision Does not require <

Skilled ope a\&
Coaculation Requires the addition of a coagulant in order

& to get satisfactory filteration.
N Washing is done by reversing the flow of

Method of < aShll"l ne by Water, taking the help of Compressgd air and a
cleaning crapping a thin layer of | high pressure of wash water. Washing is

A

m the surface.

NN

completed in a few minutes, say 15-30
minutes.

RTINS
o=

2
ce/eyery 2-3 months

24-48 hr

Am 1}( of wash
wate

0.2-0.6% of filtered
water.

2-4% of filtered water.
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Remove bacteria

Remove bacteria only partially. It is more

Efficiency completely because the | efficient in the removal of colour. because the
rate of filteration is slow | rate of filteration is slow (\
. N
Operating cost per
Operating Cost | thousand litres of water | It is more

treated is less.

Maintenance cost | Small

More because of mainten
pumping up was
unit for obtaini

Drawbacks of rapid sand fillers

Due to filetration on graded sand the majority of imp
limited space available in top sand layers. As the fil
leads to surface clogging with quicker build up of
Therefore the rapid sand filter has to be operated a
shorter filter runs. The fine to coarse gradation,o
quality due to non-removal of finer-floc part;

top sand layers.

filters:

1. Dual media filters

oved and stored in the
d after back washing it
igher velocity of filteration.

A mixed)ymedia filter is a three layer filter of three properly graded materials: Coal (sp.
nd (sp.gr.2.65) and garnet (sp.gr.4.2) in the proporation of 60, 30 and 10% resp. the
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particle sizes range from 1.0mm to 0.12mm from top to bottom of filter bed. After back
washing, the three materials are mixed thoroughly through out the depth of the bed.
However, at each level in the bed particles of coarse coal, medium sand and fine garnet are
present.

runs.

o The total surface area of the grains is much more resistan
tolerant to increases in filter rates.

o [Itis thus possible to achieve filter rates of 1500litres / m?/

Activated Carbon filters is based on liquid to solid adsorption p remove a solute
from water via a selective solid resin. Physical adsorption involves weak Vanderwaal’s forces.
Chemical adsorption involves stronger interactions (e,g7 excah@e or hydrogen banding
between the solid and the solute).The solids may be

e Activated carbon
e Activated alumina

e Organoclays etc.

contact systems (in which the
resin bed is typically used in
through a paxked column of res;

the chosen material is carbonized and then activated with hot air or
e’ structure provides an extensive adsorption surface, which can
o of active carbon.

ystems, multiple solutes often complete for adsorption sites on the
fererices in carbon source, temperature swings and other systemspecific
ire’ that the pilot tests should be conducted before designing an activated
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Activated carbon is thought to remove a solute from solvent in 3 steps:-
o Transfer across a liquid boundry
e Sorption to the outer surface
o Migration into deep pores.

Many full-scale designs incorporate two or three columns. In two column desig
regenerates, while the other is on-line. In three-column design, two colu
while the third regenerates.

Disinfection of water

None of the previous methods used for treatment of
combination can be relied upon to remove the bacteria prese
one. Therefore it is necessary to disinfect or kill the bacte
disinfect water depends upon the disinfecting materials used
requirement is

Principle methods used for disinfection are
1. Chlorination
2. Ozonization

3. Ultraviolet ray method

4. Excess lime method
5. Todine and bromine methods
1) Chlorination

It is the applicatié? of

of chlorine or chlorine compounds in water. The dose
so as to produce residual chlorine of trace quantity i.e

0.05-0.20mg/1. Chl ysis in water to form hypochlorous acid (HoCl) which further
dissociates to p e hypochorite ion (ocl’). HoCl and oCl- together are known as free
available Chl/o§ne\ ction is as follows:

Ck+H20 « » HOCL+H"+CI

HOC1 - » H +0CT

ly applied after all other treatments to the water has been given. This may
as post chlorination and is the standard treatment for all water works. There are
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i) Pre-chlorination: It is the application of chlorine preceding filteration. It reduces bacterial
load on filters resulting in increased filter runs and oxidizes excessive organic mater thus
removing taste and odour.

ii) Double chlorinaton: Application of chlorine at two points i.e prechlorination and to
final effluent.

Advantages are:

o Decreases in load of filters.

o Greater removal of bacteria -higher bacterial efficiency

o Greater factor of safety due to maintenance of 2 chlorinating plants.
o Control of algae and slimy growths in coagulating basins ar

odours in water. Bacteria removal is also high.

iv) Breakpoint chlorination: It is also termed as free-residual chlo hich involves the
addition of sufficient chlorine so as to oxidize a organic matter, reducing substances and free
ammonia in raw water leaving behind mainly fre€ awailable @ which possess strong
disinfecting action against pathogens.

2) Ozonization

It is a highly oxidizing agent containing 3 i (Os) which changes to Oz and
releases nascent oxygen (O). the nascent oxyge organic matter present in water

without production of objectionable tastes § with chlorine.

The ozone dose is 2-3mg/1 to give a tfate to 0 /1 residual after 10 minutes contact. It is
regarded as a natural means ¢ ing water having bacterial spores. However, it is
costly to manufacture, it has verylit Si s“pfesents, not quite suitable for highly turbid
waters.

3) Ultraviolet rays
spores. Water is ed overa uw]amp as the effective penetration of rays in water is only for
a depth of 30cm or s
Advantages

e No taste a

se\{n restricted normally to small installations like swimming pools.

www.AgriMoon.Com

98



Waste and By-product Utilization
4) Excess lime method

Excess lime method involves application of sufficient lime for the combined objectives of
softening and disinfecting of water coliform reduction may be as high as 99%

e Dose given is between 10-20mg/1

o It frequently becomes necessary to remove excess lime after the pro thro
recarbonation.

5) Iodine and Bromine methods

Their use is restricted to small water supplies such as army
Water which is muddy or colored needs to be filtered before
available in the form of pellets. Dosage is about 8-10mg/1. f
be doubled only objection is the resulting medical taste.

C fecmniootcone

All Abo gricm%

Q
Q
§

N
<
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Module 8. Presence of typical chemicals

Lesson 15. Microbiology of waste, bacteriological analysis of water, water borné

insecticide, pesticide

Water used in crop production involves field operations like irrigati

pesticides and fertilizers. Therefore water
contamination and a vehicle for spreading

transport environment. If the pathogens survive on the produce
illness. Water can be a carrier of certain m/0’s the list of whic

Categories of organisms of public health\si

and fungicides residues

has the potential to be[ &
localized contaminati

i§ given belo

ificance

Pathogens and Parasites

N@ective Doses

Salmonella spp.

A

Shigella spp.

i)

™)

Vibrio cholerae

Escherichia coli <<
Q\

R

-

Escherichia coli 0157:H7N N 100
Campylobacter jejum<} % about 500
/\&
Giardia lamblia i&w 10
AN
Cryptosporzd(u) \ 10
AN

Entamoeba COWJ 10

{I&\

A&\»X//N 1-10 eggs
1-10 PFU

Hepatit)‘s@virus
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Most microbial contamination is on the surface of fruits and vegetables. If pathogens are not
removed, inactivated, or otherwise controlled, they can spread to surrounding produce,
potentially contaminating a significant proportion of the produce .Therefore washing fresh

may be useful in reducing pathogens on the surface of produce and/or reduci
build-up in water.

increased enforcement of discharge regulations and escalating POTW
processing facilities are taking steps to either reduce, r
wastewaters before they discharge them.

surcharges, many food-
le(or regate), and/or treat their

from meat-, poultry, and

Another contaminant of food-processing Wastewate
S tewaters with high pathogenic

seafood-processing facilities, is pathogenic orge
levels must be disinfected prior to discharge.

Bacteriological Analysis of water

through contaminated water.
water as they are closely asso pathogenic organisms and a present in large
numbers in polluted waters. On tk 1and, detection of specific pathogenic organisms in
water supply, because of their mint et is much more difficult.

The coliform group whick name from the colon or large intestine of man is
inhabited by a p eneta_called Escherichia coli or E. coli. this bacteria out numbers
the other pathogenic ( 1s. Hence it serve as a very good indicator organisms and
taste conducted to d

J'the following tests:-

Iso called standard plate count.

body tethp) for a period of 24 hrs under lab conditions.

Standard plate count through not of much use in ascertaining the sanitary quality of water,
helpful in determining the bacterial efficiency of filteration units in water treatment plants.
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E. coli test

It includes 3 tests

a) The presumptive test

b) The confirmed test

c) The completed test

a) The presumptive test: It consists of incubating water samples (diluted
broth as a culture medium for 24-48hrs at 37°C. The sample is
fermentation tubes called Durhum tubes. The test is said to be pe
negative if no gas is evolved. The negative presumptive test
safe for use.

b) The confirmed test: this test is required as the production
necessarily indicate the presence of bacteria of coliform group,
bacteria present which also ferment lactose. If now, a portion of the broth from previous
fermentation tubes showing gas is placed in other f ntation tubes containing brilliant
lactose bile as the medium and incubation carried ore‘i.¢’ for 48hrs at 37°C. The
formation of gas in these tubes would confirm t, the organisms of the the
coliform group i.e E.coli the test is then said to be itive and’ water unsafe for use. The
brilliant bile is used because it inhibits the growt teria other than the coliform
organisms.

being consumed
following factors

éalmonella typhi

W' is A is caused by Hepatitis A
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c) Presence of inorganic matter: Certain diseases may result from the presence or absence of
certain minerals in waters. Some minerals may be toxic by their more presence while others
become toxic when their quantity exceeds a certain limit eg lead, arsenic, fluorides, sulphates
of magnesium, Iodine etc.

diseases involves instituting an environmental health programme that incorpe
and household hygiens control of fly species and other insects monitoring o

treatment to remove harmful constituents.

Insecticide, pesticides and fungicides residues

ith the disposal
of process waste. In addition, chemicals are used to preserve fQod ( oisture, control
texture, enhance flavour, decrease cooking/preparation time and enhane€ nutritional value.
The vast majority of these chemicals remain in the product and are not found in the waste

operations.

* Ligands
* Pesticides
® Sanitizers

e Surfactants

Ligands

Ligands are also called complexin 1éstering agents. Their primary use is to reduce

rapi and leads to clogged pipes, inefficient heat exchange
and uneven temperature
wear .A ligand is@n'i
a bond with a meta
Ligands are sorted>i
Organic acids ar

Hydraxyethylenediaminetriacetate (HEDTA)

Hydroyycarboxylic acids - Citric acid
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o Phosphates - Sodium polyphosphates
e Phosphonates - Organophosphonates
Pesticides
Pesticides reduce pests in the food processing plant such as rodents, insects and

Large quantities may be used in facilities that handle fresh produce. Additiona
pesticides on the commodity may enter the waste stream during washing
sorted into three categories, insecticides, herbicides and fungicides.
divided up into classes of chemicals with common examples listed,
fungicides which are not widely used food processing industry

Insecticides

Carbamates (Aldicarb, Carbaryl, Carbofuran)f

Organochlorines (Methoxychlor, Endosulfan, Lindane) f
Organophosphates (Chlorpyrifos, Diazinon, Malathion Q
Pyrethroids (Cypermethrin, Cyfluthrin, Esfenvalera

Herbicides

Sanitizers are used to deactivate.bacteria‘o
sanitizer is, the more damaging.itis_to mi

s“and/or inactivation of cell function at the
genetic level. Sanitizers can be\divided “into two categories, oxidizing agents and non-

oxidizing sanitizers _inc i érs, acid anionic sanitizers, acid-quat sanitizers and
quaternary amm compe

Surfactants

urface tehsion of a solvent, such as water. This allows other cleaning
a water film surrounding a dirt particle so that bonds can be formed.
irfactants: anionic, cationic, non-ionic and amphoteric. Anionic
0% of surfactant use in Europe and 60% in the United States. The

Ether sulfates
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Isethionate esters

n-Acylated amino acids
Phosphate esters

Sulfonates

Sulfosuccinate esters

Nonionic surfactants

Alkyl polyglycosides

Amine oxides

Esters of polyhydroxy compounds

Ethoxylated compounds

Fatty acid alkanolamide /\ Q
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Lesson 16. Management of Pesticide Residues, equipments for estimation of pesticide
residue.

The use of pesticides has become indispensable in present agriculture to con
fruits and vegetables. The farmers frequently use pesticides to save their crops

ental or other

indirect sources. The animal products like milk and meat and i ts may contain
pesticide residues if the animals are fed on feed or fodder contan ed with the residues.
Persistence of insecticide residues on a particular crop/environment depends on a number of

factors and the important ones are: Q

o Chemical nature of the insecticide

e Amount (dose) applied

o Crop/variety

o Interval between application and harvest

o Weather conditions

o Frequency of application

o Formulation of pesticide

e Application equipment/operator
Management of pesticide residuies

In order to minimize risk from ‘e of icide residue, farmers must observe waiting
period before harvesting vegetable and the waiting period for different insecticide on
different crops will va o, vary“for one insecticide on a particular crop at two

different places. In sof
the residues are eZ};\
In such cases the iti

long intervals.

arvest due to persistent nature of such insecticides.
Ods are taken as days at harvest and may appear to be very

ést control. Apply only recommended pesticides at recommended
stent pesticide. Do not apply persistent pesticide on vegetable, fruit,
, animals for control of ticks. Ripe fruits and vegetables should be
application. After pesticide use, harvest crop only after

Waiting period (days) of insecticides on different vegetable crops and fruits
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Sr.

Waiting period

No Insecticide (days) Crop(s)
1. Endosulfan 1 Brinjal, okra, tomato //\

2 Grapes //-4\\ N

3 Cauliflower Q\ w
2. Carbaryl 1 Tomato m

3 Cabbage, % \\ >)

10 Cauliﬂo% T (\\/

15 Grapes \\ )

\/

3. Malathion 1 Brinjal, Caw

7

T O

4. Monocrotophos 1 <$%ja&
5. Quinalphos 3 @ %

T oy

5 NN Caulif

//\\ age, Cauliflower
6. Triazophos }\ \\ X) Cauliflower
~—
7. Diazinon X}\\\\/ Cabbage
3. Cypermethrin Q\w tC;l:;Z; frm]al, cabbage, cauliflower,
<§\\\/
9. Fenvalera{e? \\1\ Brinjal, cabbage, cauliflower, tomato
A\ ~
/5\\\ \3\> Okra
10 Dimethoéték \1> Guava, peach
11 Carb@/{an% 6 Peach
12 M%&zeb\% 5 Tomato
—

Sy

Tomato, cabbage, cauliflower, Brinjal

and okra

&=
\Y%

www.AgriMoon.Com

107



Waste and By-product Utilization
Guidelines for consumers

Residues are left behind in the crop after harvesting or storage and make their way into the

per cent salt solution for 10 minutes followed by washing re
triazophos and acephate residues. Washing potatoes with tap wa

vegetables in boiling water for one minute reduces residues. €orn
blanching can reduce the pesticide residues to greater extent.

diies frem vegetables. Outer portions of
b~ulk of pesticide residues.
lettuce~and cabbage to get rid of

al fat. Trim the fat from meat, and
. Peeling and washing help to
ic and found only in the pericarp

Peeling is the most effective method to remove resi
celery, lettuce, cabbage and other leafy vegetables
Remove the outer leaves of leafy vegetables such
pesticides. Residues of some pesticides concentrate-i

grown near open drains and irrigating
avoided. Proper storage and handling of

required.
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—

Atomic Absorption Spectrophotometer (AAS)

It is a spectro-analytical procedure for quantita
employing the absorption of optical radiation (lig

types of lamps are used in them (1) EDL (2) HC

analyte content to establish the relation en_the-me
concentration and relies therefore on t m bert Law.

i Fig. 16.2 Atomic Absorption Spectrophotometer (AAS)
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High Performance Liquid Chromatography (HPLC)

It is a chromatographic technique used to separate a mixture of compounds in analytical

sample or of similar synthetic chemicals from each other) & manufacturi
production process of pharmaceutical & biological products).

Gas chromatography
in a sample. The

the column by ﬁl
determines how lo
for any given sam
(RT). It forms an

o through the chromatography column. The time it takes
e length of the column is refreshed to as its Retention Time
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Mass Spectrometry (GC MS)

The detector for the GC is the Mass Spectromg
GC column it is fragmented by ionization
fragmentation pattern like the Retention Ti

Fig. 16.5 Mass Spectrometry (GC MS)

N
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List of instruments/ equipments for pesticide estimation in foods

4

Name of Instruments Model / Make Function/ AnalySsis
Sr.
No.
P
1. | HPLC M - 600 E/ Waters | Pesticides (No Vola e \>
GC - 17 AATF Ver. \’_/
2. | Gas Chromatograph 3/ Shimadzu P(Aldes (Volatile
3. | GC-MS Perkin Elmer Foo a
. . lemenfs(heavy metals,
Atomic Absorption AANALYST - . ;
4. . icronutrients in water and
Spectrophotometer Perkin Elmer
foodsamples)

™~
5 Micro wave Digestion Multiw ?a?m le preparation for AAS
" | System Perkin ple prep
N\
6. | Millipore HPLC Grade 1 Deionized water
water Generator

™~

7. | Tissue Homogenizer

\

/ﬁ

%&1 Electric &
cientific Works

Sample preparation for
pesticide residue analysis

General Quality
metal analysis

1y51s

ui ments as well as used for pesticide residue and heavy

1. Colour Difference Meter Mini Scan XE Plus/ Colour
Hunter Lab
//\R -
2. bi .t Balgn 0s- (4 Mettler Toledo Weighing
deci oint

(o
3\y VIS Spectrophotometer

S - 200 (Specord-
200)/ Analytica
Jiva

General Quality Analysis and
Pesticide Residue Analysis
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4. | Moisture Analyzer

HR 73/ Mettler
Toledo

Moisture

Vacuum oven with
5. multifunctional
microprocessor

VD 115/ Binder

Preparation of sampl

general quality anal ﬁ

6. | Water Distillation Set Mono Dust 3000 E/ Distilled wa @
Germany
T——
7. | Refrigerated Centrifuge 3 K30/ Sigma 7{ ifuging Y\\/

8. | Micropipettes 5 Nos.

Brand Germany

Sa measurement

|

9. Hand Refractrometer 4 Nos.

ERMA Japan

~

D

TSS

N

10. 2 Nos.

Digital pH meter Bench top

//’

MP 230 K (Mettle
Toledo)

pH measurement

11. Nos.

Digital pH meter Portable 2

120 (Me

JZaNN

@

pH measurement

Digital Balance cap. 42/

12. | & Weighing
(5 decimal point)
—
Hot plate with m C \§>INOT / Tarson

13. )
stirrer

Y

4

Sample preparation

14. | Hot Air o&%

Universal, India

Moisture

15. Refm/%\}%

GR 322 SVF/ LG

Sample/ chemical storage

=
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