


Therefore, to avoid extreme pH values, turbulerae loe employed between water and air
which regulates pH, Most species are favoured ltralepH, some species are tolerant to
higher pH ( Spirulina platensis at pH 9) or lowedd gChlorococcum littorale at pH 4).
Increasing carbon dioxide concentration can leadigber biomass productivity but will also

decrease pH, which can affect microalgal physialogy
24.2.6 Turbulence

Turbulence is defined as an eddy-like state ofdflmotion. Local motion has important
consequences to microalgal cells. If it is too éangscous stresses may mechanically damage
the cells or otherwise interfere with growth preees If it is too small, vital mass transfer of
nutrients and wastes may be impeded. Thus the glanameters that may be most important
to algal survival are the rate-of strain y and shear stress . For algal cultures to succeed y
and values must be balanced. Large-scale turbulisriogoortant in algal culturing in that it
can intermittently mix cells in dense cultures ihgthted zones for maximum photosynthesis
and growth (Thomas and Gibson 1990).

24.3 Microalgae Cultivation Methods

There are two main groups of systems for cultivatad microalgae: Open and Closed
systems. Closed systems allow greater control @ivtr conditions, whereas open systems

largely depend on external factors and have comiietthe open air.
24.3.1 Open ponds system

Microalgae can be cultivated in open ponds systewh sas lakes, lagoons, ponds and
artificial ponds or containers. Microalgae cannet dgrown under control in open ponds
system. One of the major advantages of open pantsat they are easier to construct and
operate than most closed systems. However, mafectdein open ponds include poor light
utilization by the cells, evaporative losses, diftimn of CQ to the atmosphere, and
requirement of large areas of land. Microalgae gnois effected by all pollutants in open
ponds system. However, it is not possible to cartre productivity and the quantity of the
microalgae. In addition, microalgae can only beagrauring certain period of the year when
all the conditions required for their growth areagable. Also, another one of the major

problems of microalgae cultivation in open pondstay is the difficulty to harvest them.
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Fig 2: Schematic of Raceway Pond (Larsdotter 2006)
24.3.2 Closed pond system

Microalgae can be grown in closed ponds such asophioreactor and other types. One of
the major features of closed pond such as all tinelidons can be controlled like percentage
of carbon dioxide, light utilization and not recgdrfor large areas of land. However, one of
the major limitations in closed ponds is difficutti construct, operate and very costly.
Microalgae can be grown in closed ponds system piketo bioreactors. There are several
reasons for the growth it in photo bioreactors saghit can produce high productivity and it
can be grown under control ,for example: carborxid® supply , water supply, gas supply
rates, standard temperature and pressure, suiligbts, PH levels, culture density, and
mixing regime. Microalgae cultivation in photo l#aictor can be easier to harvest them than
open ponds system. However, all the requirementsitooalgae growth are available. Also,
in photo bioreactor can protect the microalgae fadhoutside pollute. Therefore, it can be
grown an anywhere and anytime inverse open ponstersy There are many limitations in
photo bioreactors such as, capital cost is ver {iigdustrial production), a lot of hinders to

sterilizing these photo bioreactor and other dsfect
24.4 Harvesting

Algae growing in open waste ponds can reach biomeasts of up to 300 mg dry weight per
litre (Oswald 1988). Harvesting of microalgae iaaial for wastewater treatment in order to
separate both nutrients and BOD from the wateri@aisdcost expensive (Borowitzka, 1998;
Benemann, 1989). Even though harvesting effectiealy be accomplished by e.g. filtration
or centrifugation, such methods may be too diffiaad costly to implement (Benemann,
1989; de la Noue, 1992). Using sedimentation dafion, the biomass can be concentrated

already in the water, which in turn can be decantedimentation lacking addition of
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chemicals is the most common technique in compbetgities. Flotation processes operate
more efficiently and rapidly than sedimentation auatiieve a higher solids fraction (up to 7
%) in the concentrate, but these on the other ltcandoe more expensive (Mohn, 1988). To
ease sedimentation or flotation, prior flocculatian desirable. Many algal species are
particularly difficult to sediment without treatntedue to their natural tendency to float in
order to catch enough light. Algae can be flocadaby addition of various chemical
flocculants such as alum, lime, FgCtationic polyelectrolytes, and Ca(QHBenemann,
1989).

24.5 Conclusions

Microalgae are one of the most important bio-resesithat are currently receiving a lot of
attention due to a variety of reasomn$is paper provides us information about algaeitnd
classification. There are several factors influrgalgal growth: abiotic factors such as light
(quality, quantity), temperature, nutrient concatitmn, O2, CQ pH, salinity, and toxic
chemicals; biotic factors such as pathogens (bactengi, viruses) and competition by other
algae; operational factors such as mixing, dilutiate, depth. It also discuss about various

cultivation methods and harvesting methods.
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CHAPTER 25

GROWTH CHARACTERISTICS OF CHLORELLA
PYRENOIDOSA CULTURED IN NUTRIENT ENRICHED
DAIRY WASTEWATER FOR POLLUTANT REDUCTION

AND LIPID PRODUCTIVITY

Vinayak V. Pathak, A.K. Chopra, Richa Kothari and Vlyagi

Abstract

Culture of Chlorella pyrenoidosaUnicellular microalga) was cultivated in batch toué
using Dairy wastewater (DWW) as a medium withouppy of additional nutrients.
Characterization of wastewater was done just afnpling to measure the available
nutrients and organic load. Experiments were design batch mode for growth study, lipid
productivity and pollutant reduction efficiency. Atitial level DWW was showing the
parametric range of higher side for most of paransetike nitrate (66.4 mg/l) phosphate (21
mg/l), higher than permissible limit of dischardg®S). Algal cell suspension (1% V/V) of
exponential phase was inoculated in different cotraions of wastewater in each set of
experiment. Significant amount of algal biomass wpasduced with efficient pollutant

reduction and lipid productivity.
Keywords: DWW, Pollutant reduction, lipid productivity
25.1 Introduction

Increasing awareness towards global climate chandesharp increase in fossil fuel price has
lead to interest in algal based biofuel productiomyever, algal biodiesel is still debatable in
terms of economic viability and sustainability. Teduce the price and enhance the
sustainability of algal biofuel, many processes létgal mediated wastewater treatment with
biodiesel production is introduced by many reseanshCoupling wastewater treatment with
algae cultivation for biofuel production may offean economically viable and

environmentally friendly means for sustainable vesmigle algal based energy production

since enormous amount of water and nutrient (détgogen and phosphorus) required for



algae growth could be saved in such wastewatemdbalgm@l cultivation system (Sheehan
al., 1998; Clarenst al,, 2010; Pittmaret al, 2010).

Dairy industry play major role in Indian agricukkusector and nation economy with a
share of 13.1% total milk produced in the world (kehar Vijay, 2010). About 286 large and
small dairy industries in India are producing langember of waste and polluting the
receiving water bodies. Dairy wastewater is charamdd by strong color, offensive odor,
high BOD (40-48,000 mg/ I), high COD (80-95,000 ingkushwahaet al., 2011) and
variable pH (Kothariet al., 2011). It also contains sufficient nutrient like (:—830 mg/l)
and P (9-280 mg/l) required for biological growRido Gutierrezt al, 1991; Gavalat al,
1999). Lipids are the precursor of biodiesel praigduc Not only quantity but also quality of
produced lipid is very important during its conversto biodiesel. (Chisti, 2007; Het al.
2008; Rodolfiet al., 2009). Lipid content for pure cultures of algasédoeen reported to
range from 1%-85%, and the lipids exhibit varyingrbon chain lengths, degrees of
unsaturation, and polarity (Chisti 2007, Mettin§96, and Enssani, 1987).

The present work shows the lipid productivity ©hlorella pyrenoidosan various

culture conditions and its efficiency to reducely@int load from dairy wastewater.
25.2 Materials and Method
25.2.1 Culture conditions for microalgae

Microalgal strainC. pyrenoidosawas obtained from National Collection of Indudtria
Microorganism, National Chemical Laboratory, PuhkC(M, Pune, India)C. Pyrenoidosa
was preserved in FOGG'S media as recommended bgditection centre (NCIM, Pune).
The inoculated medium was incubated at 25°& In the presence of light (10 Wnby
using light/dark cycle of 12 h.

25.2.2 Sampling and characterization of wastewater

Untreated wastewater of dairy industry was colléctem Producers Cooperative Milk
Union Limited, Lucknow, a medium scale industrydustry is having their own effluent
treatment plant with an oxidation pond. The untrdatvastewater was collected from
treatment plant and stored in plastic can. Theect#d sample was stored 8€4vernight to

stop the growth of microorganism. Initial charaization of dairy wastewater is done in
order to know the pollutant concentration and eutriavailability. Physical and chemical
parameters were analyzed according to the stamdatidod given in APHA (APHA, 1998).

Nitrate (Cataldo et al., 1975) and Phosphate (APHKQ98 was analysed by
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spectrophotometric method. Initial characterizatbmintreated wastewater is given in Table-
1.

Tablel. Initial characterization of untreated wastewater

Parameters | Concentration | Indian standard specification for dscharge of
environmental pollutant

Colour Brackish

pH 6.1 5.5-9.0

Odour Offensive

TS 1690

TDS 1600 2100

TSS 90 100

Nitrate 66.4 10

Phosphate 21 5.0

Acidity 106

* Except pH, Colour and Odour all parameters arerims$ of mg/I.

25.2.3 Growth pattern of Algal species in wastewatenedium

Different concentration of wastewater (25%, 50%67%nd 100%) was taken for the study
of growth pattern (Fig.1) of selected alga. Thens#e algal cell suspension 1 ml of
exponential phase (1 % V/V) was used as inoculuncidture of microalgal cell. 250 ml
conical flask was used as a photobioreactor witm®@ctual volume of wastewater. Growth
of microalga was monitored by taking optical densit 650 nm (Schimadzu, Japan EL
08023626).

0.8
—4—100% 75% == 50%

= 2 5% ==fe= Control

0.7

0.6 -
0.5 A
0.4 A

{650 nm)

2 03 -

0

0.2
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0] 2 4 6 Days 8 10 12 14

Fig.1- Growth pattern of alga at different concentratibmvastewater
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25.2.4 Pollutant removal and lipid quantification

Experiment for pollutant removal was done in 100%stgwater concentration in order to
measure removal efficiency (table-2) of alga irunatcondition whereas lipid measurement
was done at all concentration (table-3). Algal veds harvested on 15lay. All Experiments
were set up in 250 ml conical flask with 99 ml attuolume of wastewater and 1 ml algal
cell suspension of exponential phase was used asuliims. Physical and chemical
parameters of wastewater was analysed at O hodrsampared with the parameters off'15
day. The biomass was collected and dried for measemt of lipid content. Lipid was

analysed by method as described by Jayaraman (1981)

Table-2. Pollutant reduction on 15 day in comparison to Y da

Parameters| Concentration at| Concentration on | Percentage
0 day 15 day reduction (%)

Colour Brackish Dark Green

pH 6.1 9.6

Odour Offensive Algal smell

TS 1690 780 53.8

TDS 1600 750 53.1

TSS 90 30 66.6

Nitrate 66.4 10.2 84.6

Phosphate 21 15 92.8

Acidity 106 Below detectable Totally Reduced

Table-3 Measurement of Lipid content in harvested algairzss at different concentration

Concentration of Biomass of dried alga| Lipid (mg) Lipid productivity
wastewater (%) (mg) (%)

100 700 250 35.7

75 625 210 33.6

50 400 140 35.0

25 300 100 33.3

Control (media) 425 115 27.0

25.3 Result and Discussion
25.3.1 Growth of microalga

Experimental study for growth potential Ghlorella pyrenoidosashows significant results,
as the concentration of wastewater increases fseam increase in cell concentration. In

100% wastewater concentration maximum density 8§ egas achived and the lowest cell
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density was achieved in 25 percent wastewater coraten. This pattern is due to the direct
relationship between the nitrate concentration aedl growth, higher the nitrate

concentration higher the cell growth.
25.3.2 Removal of pollutant load from wastewater

Pollutant concentration was checked at 0 day andl®rday. Significant reduction was
achieved in nitrate and phosphate concentratiorktizevn agent for the eutrophication in
water bodies. Nitrate and Phosphate is the grogéimtafor the microalga and it is utilized as
a growth supplement. Total solid (TS) was also ceduby 53.8 percent, Acidity of
wastewater is removed 100 percent, as below pHi &5n10t detectable (APHA 1998). The
pH of wastewater after 15 day was found alkaling)(9this is due to decrease in £0

concentration.
25.3.3 Lipid productivity at different concentration

Lipid productivity of microalga was measured ondHy of the experiment after cultivation of
algal biomass. The duration of the experiment wasetl on the growth pattern of algal
species. Lipid productivity was highest (35.7%)00 % wastewater concentration medium
and lowest in (27%) in Control (FOGG’S medium).

Lipid content is very important for economical puation of biofuel, from the above
results it is clear that growth is directly propomnal to the available nutrient concentration in
medium and nitrate plays significant role in thgahlgrowth. The diluted wastewater
concentration showed relatively less concentratadncell due to decrease in nitrate
concentration. The results are in accordance withti@ and Benjamas (2011). They have
reported loss of biomass when green aByairycoccus sppvas exposed to nitrogen deficient
conditions (Yeesang and Cheirsilp, 2011). Mandatl anallick, (2009) also reported
decreased growth pattern fBcenedesmus obliqyuander nitrogen deficient conditions
(Gouveia and Oliveira, 2009). Decrease in algalmass concentration in low nitrate
concentration was also seen by Hanhua and GRammochloropsisp. (Hu and Gao, 2005).

Recently, for biodiesel production, researcheesveorking on growingChlorella sp
heterotrophically by providing an organic carborurse. Miaoa and Wu (2006) cultured
Chlorella protothecoidesutotrophically and found 14.57% lipid. In the sastedy, they
reported lipid of 55.20% in heterotrophic growthi@da and Wu, 2006).
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25.4 Conclusions

The present study found dairy wastewater medium effasent for the growth oChlorella
pyrenoidosa Alga has the potential to remove pollutant loadnt the wastewater with
significant lipid productivity. The study also imdites towards relationship between nutrient
availability and biomass production. Thus algaoisnid potential feedstock for the Biodiesel
production and suitable species for wastewatetrretat in order to establish the sustainable

biodiesel production.
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CHAPTER 26

ASSESSMENT OF LIPID PRODUCTIVITY OF
CHLAMYDOMONAS POLYPYRENOIDEUM CULTURED IN
TANNERY INDUSTRY WASTEWATER

Neetu Verma, Richa Kothari, Tanu Allen and D.Pg8in

Abstract

A fifteen-day batch study has been done to asspsb productivity by the algal strain
Chlamydomonas polypyrenoidewnsing tannery industry wastewater as a nutrientcgu
Physico-chemical parametric analysis of selectestaveater supports the adequate amount of
nutrient availability for microalgae growth. On thther hand, lipid content also measured in
this batch type study, which may be helpful to asdbe potential of bio-oil as an alternative

energy source.
Keywords: Wastewater, lipid productivity.
26.1 Introduction

As we know that lipid is energy containing molecatel is the base of bioenergy production
in the form of biofuels, as an alternative energyree. A number of recent laboratory based
studies where microalgae have been grown eithesmiall batch cultures, small semi
continuous culture or bioreactors have reportedarable lipid accumulation in waste water
grown microalgae ranging from low (<10% DW) to maate (25-30% DW) lipid content,
and in some studies this can translate to relgtik@h lipid productivity when coupled to
high biomass (Chinnasangt al., 2010). Algae grown on wastewater media are a fiaten
source of low-cost lipids for production of liquibiofuels. Algal production has been
estimated to yield from 3200 to 14,600 gallons iaore/year (Hu et al, 2008; Chisti et

al., 2007) a 130 fold increase over soybean, therga@edstock for biodiesel production.
Microalgae are sunlight-driven cell factories thahvert carbon dioxide to potential biofuels,
foods, feeds and high-value bioactives (Waletr al., 2005). Growing algae requires
consideration of three primary nutrients: carboitrogen, and phosphorus. Micronutrients
required in trace amounts include silica, calciumagnesium, potassium, iron, manganese,

sulfur, zinc, copper, and cobalt, although the supp these essential micronutrients rarely
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limits algal growth when wastewater is used (Knuzhbenet al., 1998). Earlier it has been
reported that the alg@hlorella vulgaris reduced ammonium by 72%, phosphorus by 28%,
and COD by 61%, while dissolving a microbial biofilafter 5 days of incubation in
wastewater (Adeyet al., 1996). Chlorella pyrenoidosas found to remove about 80-85%

phosphorus and 60-80% of nitrogen from the dairgtexsater. (Kotharet al,2012).

In general, tannery wastewaters are alkaline hadlarka brown colour and contain a
high content of organic substances that vary ategrtb the chemicals used in processing
(Kongjaoet al, 2008). Tanneries have been noted as producengtist polluting wastes of
any industry (Tsotsos, 1986 and Thorstensen, 1981t some studies show the efficient
biological treatment of its waste. According to therai and Rajasiman, 2011 tannery waste
water having the N- 237 mg/l and P is 21 mg/l assphate and theoretically algal biomass
production is 2.4 gm. with N: P molar ratio 29. Fltontext show the major nutrient source
for algal production is available in tannery wastater. In this workChlamydomonas

polypyrenoideumvas used to produce algal lipid using tannery wastier as medium.
26.2 Material and methods
26.2.1 Algal strain and culture medium

Chlamydomonas polypyrenoidewsas collected from NBRI (National Botanical Reséarc
Institute) Lucknow for this study. All the culturese maintained in recommended culture
media and tannery waste water for the optimizirg growth period. The algal strain was
preserved in the BG11 medium containing followingemicals: NaN@ (1.5 g/l),
K,HPO,.3H,0O (0.04 g/l), MgSQ@7H,O (0.075 g/l), CaGI2H,O (0.036 g/l), NaCO; (0.02
g/l), citric acid (0.006 g/l), Ferric ammonium eite (0.006 g/l), EDTA (0.001 g/l), and A5 +
Co solution (1 ml/l) that consists of;BO3; (2.86 g/l), MnC}.H,O (1.81 g/l), ZnSQ7H,O
(0.222 g/l), CuS@5H,0 (0.079 g/l), NaM00O4.2H,0 (0.390 g/l) and Co(NOZBH,O (0.049
g/l). Chlamydomonas polypyrenoideuwvas inoculated at 1% (v/v) in 1 litre Erlenmeyer
flasks containing 500 ml BG11 medium. The flasksrevéncubated under stationary
condition at 30C with 3000 Ix continuous cool-white fluoresceghli illumination, and were

hand shaken three to five times daily to avoidksatig.

26.2.2 Optimization of growth period ofChlamydomonas polypyrenoideum in the BG-11
Media

Chlamydomonas polypyrenoideugrown on the freshly prepared BG-11 media with
sufficient inoculums 1% (v/v) and Growth periodadjae determined by spectrophotometeric
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method by taking O.D. (optical density) every daya0Onm. And the growth curve of algae

given below.
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Fig. 1 —Chlamydomonas polypyrenoidewell growth period in media
26.2.3 Physico-chemical analysis of tannery wastetea

The wastewater (effluent) were collected in steetti sampling bottles and stored at 4 °C
before use. Parameter like total solid (TS), taliskolved solid (TDS) were analyzed by
gravimetric analysis (APHA, 1998). Hardness wadyaea by titrimetric estimation (APHA,
1998), BOD by Winkler method and COD by open reflogthod and nitrate (Catal@bal.,
1975), nitrite (Stevenset al.,, 1973) and phosphate (APHA, 1998) were analyzed by

spectrophotometric analysis.
26.2.4 Experimental set-up and biomass cultivation

In a batch mode monitoring the growth©@hlamydomonagpolypyrenoideunwas optimized
for 15 days time period at different concentrat@nannery wastewater sample in 250 ml
erlenmeyer flasks prepared from lower to higherceottration i.e. 25%, 50%, 75% and100%
respectively (Table.1) using BG11l media as a comtith addition of 1% of algal cell
inoculum in each flask and growth was measuredyeegrby taking the optical density of

culture at 650 nm.

Table.1: Tannery wastewater at different concentration

S.N. Wastewater Distilled Water Final concentration
1 25ml 75 ml 25%
2 50 ml 50 ml 50 %
3 75 mi 25 ml 75%
4 100 ml - 100%
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Fig. 2: growth optimization ofchlamydomonas polypyrenoideatndifferent concentration

of wastewater
26.2.5 Lipid extraction method

Algal cells were harvested after 15 days by cargafion at 10,000 rpm,°@ for 10 min.
Supernatant was decanted and cell pellets wereedastih distilled water and then freeze-
dried. Thereafter, the total lipids were extractexn microalgal biomass using a modified
method of Bligh and Dyer (1959).

26.3 Results and Discussion
26.3.1 Physico-chemical parameters

Tannery wastewaters are highly complex and areachenzed by high contents of organic,
inorganic and nitrogenous compounds, suspendedssalid dissolved solids. (Durai and
Rajasiman, 2011) Physico-chemical analysis of sedewastewater supports the adequate

amount of nutrient availability for microalgae gribw

In general high amount of total dissolved solid u@ek transparency and affect
photosynthetic activity of algal species hence ceduthe growth, where as the nitrate and
phosphate concentration are the significant comtoibin the algal growth. The organic load
and inorganic pollutant load was found significgntl higher concentration which affect the

growth of algal species.
26.3.2 Algal growth and lipid production

The growth ofChlamydomonapolypyrenoideunwas optimized in the BG-11 media as well

as in the tannery industry wastewater. Average tir@eriod of the algae in media was 9 day
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and the exponential growth phase was 5-9 day #iféerthe growth of the algae was stared to
decline (Fig.1). Fig.2 is representing that the iropt growth of Chlamydomonas
polypyrenoideumin tannery industry wastewater at various concéptraviz. 25%, 50%,
75% and 100% but the maximum concentration of atdeserved at 25% concentration but
not more than control (media) and the lowest grostiobserved at 100% concentration,
behind this the reason may be that tannery wastevzaintain toxicant so increasing the
concentration of tannery wastewater there was desirg the algal concentration. Growth of
algae found to be affected in higher concentratibtannery waste water, this is due to the
presence of Chromium (& as the tolerable limit for the selected speciesrly 10 ppb.

The effect of this toxic concentration becomes sewath low alkalinity (EPA 1980).

Table 2: Physico-chemical analysis of tannery wastewater

Parameters Waste water
pH 7.6
TDS mg/l 1640
TSS mgl/l 450
Alkalinity mg/I 520
Total Hardness (as CaG)ing/I 780
Phosphate(as Ring/I 75
Nitrate(as N@mg/I 6.5
Total Kjeldahl Nitrogen (TKN) 52
(mg/l)

BOD(mg/l) 210
COD(mg/l) 560

Lipid productivity was found higher in biomass guzed from control as it was the
medium for the selected alga. Lipid productivitydifferent wastewater concentration was
found to be higher in 25% (19.51%) and lowest 10 20 (5.56%) table.3.The decrease in
lipid content is directly depending on the growthalgal biomass.

Table 3: Dry algal biomass and lipid production from diffeteonc. of tannery wastewater

Waste water Dry algal biomass Lipid produced % of lipid production/ dry

concentration (gm/100ml) (gm/100ml) algal biomass
Control 0.53 0.11 20.75
25% 0.41 0.08 19.51
50% 0.3 0.058 16.57
75% 0.23 0.04 17.39
100% 0.18 0.01 5.56
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26.4 Conclusion and future recommendations

The present experimental work shows the growtrepathf selected algal species in different
concentration of wastewater and simultaneous lgs@uction. From the experiment it has
been proved that the selected algal species haeat to grow on tannery wastewater with
significant lipid productivity. Since enhance lipsmount increased biodiesel production
(Lindsay and Julie, 2011). Being toxic in nature thological treatment of tannery waste
water is least in practice but high cost of theeottreatment processes favors it and
simultaneous production of energy by algal biomasake it more economic and

environmental benign for developing countries. Experiment on the relationship between

nutrient concentration and lipid productivity isaged for further research.
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CHAPTER 27

TREATMENT OF LEACHATE BY USING NATURAL
ADSORBENTS

Navneet Sood, Rajeev Kumar Garg, M.K Jha and AroitaA

Abstract

As water of good quality is a precious commoditd @available in limited amounts, it has
become highly imperative to make all efforts to senve it. The generation of leachate from
landfills is one source that should be treatedrémnoval of heavy metals. In addition, the
rapid modernization of society has also led togeeeration of huge amount of materials of
little value that have no fruitful use. Such makyiare generally considered as waste, and
their disposal is a problem. Also, there are sona¢errals that are available in nature that
have little or no use. The utilization of all suntaterials as low-cost adsorbents for the
treatment of wastewater may make them of some véiuis work, low cost adsorbent for
the treatment of leachate has been used, like waatkeaves, jute, modified jute, bentonite
and tamarind shell. An effort has been made to gileief idea of an approach to leachate
treatment, particularly discussing and highlightingprief the low-cost alternative adsorbents
with a view to utilizing these waste/low-cost maiksy, which is found to be highly effective

in removing the heavy metals.
27.1 Introduction

The generation of leachate is caused principallpregipitation percolating through waste
deposited in a landfill. Rainfall is the contributo generation of leachate. The precipitation
percolates through the waste and gains dissolved saispended components from the
biodegrading waste through several physical ananated reactions. Other contributors to
leachate generation include groundwater inflow,fam@& water runoff, and biological

decomposition(Reinhart et al., 1996 Liquid fractions in the waste will also add tceth

leachate as well as moisture in the cover matévalsture can be removed from the landfill
by water consumed in the formation of landfill gaster vapor removed in the landfill gas,

and leachate leaking through the liner (Tchobanagkd al., 1993).



Once in contact with decomposing solid waste, peecolating water becomes
contaminated and if it then flows out of the wasiaterial it is termed leachate. Additional
leachate volume is produced during this decompmusiti carbonaceous material producing a
wide range of other materials including methanebaa dioxide and a complex mixture of
organic acids, aldehydes, alcohols and simple sudéde risks of leachate generation can be
mitigated by properly designed and engineered Ihsites, such as sites that are constructed
on geologically impermeable materials or sites thase impermeable liners made

of geotextiles or engineered clay.
27.2 Leachate Formation

A generalized pattern of leachate formation is gmésd in Fig. 1. Precipitation (P) falls on
the landfill and some of it becomes runoff (RO).nfeoof P infiltrates (I) the surface

(uncovered refuse, intermediate cover, or finalechvSome of | evaporates (E) from the
surface and (or) transpires (T) through the vepyetatover if it exists. Some of | may make
up a deficiency in soil moisture storage (S) (tiféerence between field capacity (FC) and
the existing moisture content (MC). The remainder after E, T, and S have been satisfied,
moves downward forming percolate (PERC) arid ewahtueachate (L) as it reaches the
base of the landfil. PERC may be augmented bytiafion of groundwater (G). The

procedure used to analyze these processes isegkfirras a water balance (WB), various

forms of which are commonly used for the simulatdisurface water hydrology.
27.2.1 Composition of Leachate

An understanding of leachate composition itscat for making projections on the long-
term impacts of landfills. Even after a latid&tops accepting waste and a final cover
is placed over the landfill, the refuse wibntinue to decompose. The quantity of
leachate could actually increase long after lahdfibssure. A landfill is considered to be
Young when it is 1 year old, Medium when it is.5-Year older and old which is more than
6 years old. As landfill age increased, organicsceatration (COD) in leachate decreased
and increase of ammonia nitrogen concentration ¢Adyet al., 2007). Landfill leachates
from old sites are usually highly contaminated wathmonia resulting from the hydrolysis
and fermentation of nitrogen containing fractiomdviodegradable refuse substra(€heung

et al., 1997. The existing relation between the age of the ldindfid the organic matter
composition may provide useful criteria to choossuéed treatment process. In general,

leachates may contain large amounts of organiceméitodegradable, but also refractory to
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biodegradation), where humic-type constituents isbnan important group, as well as

ammonia-nitrogen, heavy metals, chlorinated organgtinorganic salts.

PRECIPITATION (P}

rooro
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RUNOFF (RO / ! ‘I' '}

STORAGE [5) MCISTURE
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{ { ' 16!

-~ PERCOLATION (PERC)
GROUNDWATER
INFLOW (G}

Fig. 1.leachate formation process

In a landfill that receives a mixture of municipagmmercial, and mixed industrial
waste, but excludes significant amounts of conegedr specific chemical waste, landfill

leachate may be characterized as a water-basesabii four groups of contaminants;

I.  Dissolved organic matter (alcohols, acids, aldelydRort chain sugars etc.)
II.  Inorganic macro components (common cations anchaniecluding sulfate, chloride,
Iron, aluminium, zinc and ammonia).
lll.  Heavy metals (Pb, Ni, Cu, HQg)

IV.  Xenobiotic organic compounds such as halogenagahars, (PCBs, dioxins, etc.)
27.2.2 Characterization of Leachate

Municipal solid waste site atvariana village located in Jalandhar district is operating
since 2002.The disposal site covers 20 acres dré&nad. This land also consists of units
where organic manure is being prepared. The fiblskeovation included understanding the
method of existing landfill technique and charaestron of MSW leachate generated. The
leachate collected from Wariana, was analyzed odedufor various characterization in
Biotech lab, Chemical Engg department, NIT, Jalandhr. In the lab, metal detection test
was carried out and adsorption of metal ions onouarlow cost adsorbent is done. The
characterization of MSW leachate generated at Warduring March is presented Tiable

1.
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Parameters pH Cr Cu NO3 Mn

Value 5.4 20 mg/ 44.2 mg/ 260 mg/ Nil

27.2.3 Experimental Work

Bentonite, tea leaves, jute fiber, modified juteefi and tamarind shells have been used as
adsorbents to treat leachate samples. The aim fsxdowhich adsorbent is best for the

removal or minimization of chromium at lower cost.
27.2.4 Preparation of Adsorbents
Bentonite: Available in powder form

Tea leaves:Used tea leaves are those which are thrown afeking tea and included in

waste and these waste are rich in crude fiber ipgtevaxes. Sample of waste tea leaves are
obtained from after preparing tea and spent tegekeare recovered and repeatedly washed
with distilled water in order to remove soluble asawlored compounds then the solid waste

was rinsed and dried in sun light for 16 hrs.

Jute Fiber: Jute fiber was collected cleaned, dried, cut uridorm length. Jute fibers were

cleaned with distilled water, dried in sunlightrth@ace these fibers in an oven for 1 hour.

Modified Jute Fiber: Take 100 g of jute fiber and added to 2| soluttomtaining 12gms of

hydrogen peroxide and 1gm of sodium hydroxide atnrotemperature. Now heat this
solution and temperature was slowly raised for 2Wash the jute fiber with hot water and
then with cold water and place these fibers foroght. The dried modified jute fiber is used

it as adsorbent.
Tamarind Shell: Collect tamarind shells is ground and sieved.
27.2.6 Procedure

The diluted samples of the leachate are treated waitious amounts of adsorbent at various

pH of solution and analyzed.
27.3 Results and discussion

The results which were obtained in the presentstigation are presented in the graphs. Fig.
1 shows that the percentage removal of chromiubeiter at pH 5 and gradually decreases
with the increase in alkalinity of the solution.sal at highly acidic condition% removal

shows not so good results. Fig. 2 shows that remeffigiency of tea leaves are better in
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highly acidic and highly basic conditions. Fig.I®ws that removal efficiency of jute fiber is

best at pH 3which are highly acidic and good atp&hd 11.

%Removal of Cr at diff pH

50

%R

\

ol

10

T~

3 5 7
pH

11

Fig 1: Removal of Cr from leachate after treating vB#ntonite
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Fig. 2 Removal of Cr from leachate after: treating witledtea leaves

Fig. 4 shows that the removal efficiency of modifiete fiber is at pH 3 after that it

decreases as acidic value is decreased and grathaaases with increase in alkalinity. Fig.

5 shows that percentage removal of chromium bygusmarind shell is best at pH 2. Since

tea leaves are easily available in almost all everworld and once used then ready to throw

out. So we concentrate on tea leaves. The resuit fhe above study showed that chromium

ion adsorbs efficiently on tea leaves and theddirfgs are in agreement with the few reports

in the literature that have addressed the podsibiliusing tea waste for such purposes (Lema

et al., 1988)In their reports it was observed for copper iohs,gercent removal between 20-

70% In similar behavior lead ion removal is between93% and fairly high removal
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efficiency were also determined for nickel and caam with maximum values of about and
86% and 77%, respectivgljimarasinghe et al., 20D7
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Fig. 3: Removal of Cr from leachate after treating wiite fiber
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1.

Conclusion

The result obtained at room temperature for chramiadsorption on different
adsorbents indicating that tea leaves, jute fitmardified jute fiber, bentonite, are best

at pH 3 and tamarind shell is best at pH3& pH Qi@ chromium removal.

It is concluded that the optimum removal efficigraf the adsorbents for removing

chromium are best at pH 3 and in case of bet&dinis best at pH 9.

And the order of chromium removal at ph 3 is Tamdushell> Modified jute fiber>

spent tea leaves> Bentonite >jute fiber.
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CHAPTER 28

PROSPECTUS OF IMPROVED COOKSTOVES IN
REDUCTION IN DEFORESTATION

N.S. Rathore, Surendra Kothari and Arti Verma

Abstract

Biomass constitutes the biggest source of energyral India. However, its utilization in the
domestic sector is mostly inefficient and pollutimgsulting in resource wastage and indoor
air pollution. Traditional cook stoves, predomirgnised in the households for domestic
cooking, have been a major contributor to thesefidicts. Improved cookstove programmes
implemented in the developing world attempt to addr these problems. Improved
cookstoves including biomass gasifier cookstoveshaving higher thermal efficiencies upto
41% compared to 9% for traditional cookstoves. Baes) Cooking in India about 150 ton of
oil equivalent of biomass is consumed for cookingrgy. Further, there is scope of 15 to 20
per cent saving in oil consumption through improwed efficient techniques. However,
about 60 per cent of fuel wood can be saved witpraved technology. A number of
improved cookstoves which are more efficient thalitional stoves and are almost smoke-
free, have been developed and demonstrated inafitfeegions of India. The design is based
on the cooking requirement based on the regionatl foabits and power rating of the
cookstoves. Single pot Chetak Chulha and double Wadairaj Chulha designed and
developed at CTAE, Udaipur are best adopted byrdh&l community in the region. The
gasifier cookstoves provide industrial heat forimas purposes and in large sized cooking in
hotels and food processing centers. The desigorafmunity cookstove depends on height of
combustion chamber, pot Openings, fuel openingsnecting ducts between the pots, air
inlet parts for grated stoves, vessel mountingesystThe power rating of this cook stove is
10 KW at the fuel burning rate of 8.00 kg/hr. Thes®kstoves are suitable for firewood,
densified briquetted fuel, dung cakes and agroevestiucing the burden on the forest for

firewood and helps in restoring the local ecology.

Keywords: Improved cookstove, Gasification stove.



28.1 Introduction

Biomass constitutes the biggest source of energyral India. However, its utilization in the

domestic sector is mostly inefficient and pollutimgsulting in resource wastage and indoor
air pollution. Traditional cook stoves, predomirgnised in the households for domestic
cooking, have been a major contributor to thesefificts. Improved cookstove programmes
implemented in the developing world attempt to addr these problems. Improved
cookstoves including biomass gasifier cookstoveshaving higher thermal efficiencies upto
41% compared to 9% for traditional cookstoves. Bies) Cooking in India about 150 ton of
oil equivalent of biomass is consumed for cookingrgy. Further, there is scope of 15 to 20
per cent saving in oil consumption through improwedl efficient techniques. However,

about 60 per cent of fuel wood can be saved wittraved technology.

Cooking for the Indian is still a full time occupat. Kitchens in rural areas are
usually dark, dingy, ill-ventilated and poorly pted with inadequate cooking stoves,
consume more energy and time. Effectiveness obwuaractivities in the kitchen depends
mainly upon the efficiency of cook stoves used ¢moking. The energy efficiency of
firewood and the pollution menace created the neediprove the design of cook stoves.
Improved cookstoves creates better working condlitiorural kitchen, reduction in fuel wood
consumption and minimizes the indoor air pollutidnstudy conducted on better utilization
of fuel wood revealed that an increase of 1% ofiefficy of traditional cook stove could
result in saving of energy equivalent to 4 millitomnes of coal in the country every year.

28.1.1 Characteristics of improved cookstove

It should have higher overall energy efficiencycampared to traditional cookstoves.
It should reduce the fuel consumption for giverktas
It should be available in requiresd power rating diifferent activities.

It should be pollution free, less smoke, soot awiation.

a M w0 Dh e

It should have higher useful stove life and rediheefrequency of repairs.
28.2 Maodifications in existing traditional cookstoes

Improved cookstoves are designed with modificatioaxisting traditional cookstoves in the
region. These modifications are based on the foaloith of the region, capacity of the

cookstove and availability of the fuel. The purpoi® the modification are as follows:

1. Dimensioning of the stove in such a manner as tammae the efficiency.

2. Power rating of cook stoves based on principlesoaiplete combustion.
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3. Incorporating grates, chimneys, baffles, dampeargétting maximum efficiency etc.

4. Developing low cost stove materials, which imprdife and performance of the
stoves.

5. Optimizing structural and thermal design of theteys

6. Incorporating durable material having long life foanufacturing.
28.3 Double pot improved cookstove- Udairaj

It is double pot cookstove resembles to the traiti cookstove. Udairaj cookstove is
designed for rural Rajasthan with power rating &WL Its efficiency is about 27.05 %
compared to 9 % efficiency of the traditional caok®. It saves about 1000kg wood saved
per annum. It is durable (expected life is 5 yeargven more). It is easy to operate and
require minimum maintenance. There is no distordbdimensions during the operation and
repairing as it is constructed with brick masonaiyh cement plaster. There is uniform
combustion. It improves indoor air quality as timeoke is released at higher level than the
building through chimney. It is acceptable in ttiBarural areas and also helps to improve
their health status. Department of Renewable Bn&aqurces, CTAE, Udaipur installed
30,000 units in the rural Rajasthan through diffieragencies. It saves about 60 kg of
firewood in a month which goes upto 720 kg firewaothually from one unit. The 30,000

units save 21.6 million kg of firewood annually.

Table 1.Specifications of Udairaj Improved cookstove

Sr.No. Item Specificaion
1 Body material Brick masonary with cement plaster
2 Major dimensions
A Body 850 mm x 400 mm x 250
B Fire box | poth 240 mm &
Il potd 200 mm
C Fire box opening 240 mm x 160 mm
D Tunnel ® 62 mm
E Length- first pot to second pot 100 mm
F Length- second pot to chimney 80 mm

A number of improved cookstoves which are morecedfit than traditional stoves
and are almost smoke-free, have been developedlemdnstrated in different regions of
India. The design is based on the cooking requintrhased on the regional food habits and
power rating of the cookstoves. Single pot Chetékil@a and double pot Udairaj Chulha

designed and developed at CTAE, Udaipur are begttad by the rural community in the
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region. The gasifier cookstoves provide industnedt for various purposes and in large sized
cooking in hotels and food processing centers. ddsgn of community cookstove depends
on height of combustion chamber, pot Openings, dpehings, connecting ducts between the
pots, air inlet parts for grated stoves, vesselmting system. The power rating of this cook
stove is 10 KW at the fuel burning rate of 8.00hkg/These cookstoves are suitable for
firewood, densified briquetted fuel, dung cakes agdb-waste reducing the burden on the

forest for firewood and helps in restoring the lcaaplogy.

Table 2. Material required for Udairaj chulha

Sr.No. | Material Quantity

1 Bricks 30 Nos.

2 Cement 12 kg

3 Sand 50 kg

4 A.C. Chimney Pipe 75 mm @, length 250 set
mm, cow! tunnel (62mm @, length 200 mim)

5 Mason cost (increasing day by day) 01

Table 3. Thermal efficiencies of the chulha

Type of Cook stove Thermal Efficiency (in percentage)
Traditional Cook stove 9.00
Improved Cook stove-Udairaj 27.05

Table 4. Comparative mean scores for fuel and time

S.No. | Fuel and timel Mean Pre-score| Mean Post scorg Mean Saving
consumption (Traditional (Udairaj Improved
Cook stove) Cook stove)
1 Fuel consumed in3.50 kg 1.00 kg 2.50 kg
cooking each meal (71.73 %)
2 Time spent for 2.65 hr 1.00r 1.65 hr
cooking each meal (62.26 %)
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Fig. 1. Udairaj improved cookstove
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Fig. 2. Udairaj improved cookstove

28.3.1 Benefits of improved cookstoves

1.

a M 0D

Improved cook stoves is meant for energy consamwatime saving in operation,
producing pollution free environment.

It introduce tendency to switch off from use of&Rnd Kerosene.

Living standard of poor rural tribal people will beproved.

Health status of rural people can be improved.

Fatigue reduction from collection of fuel wood amarking efficiency of rural

beneficiary can be improved.
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CHAPTER 29

PERFORMANCE COMPARISON OF AIR-BREATHING
CATHODE AND AQUEOUS CATHODE EARTHEN POT
MICROBIAL FUEL CELL

Pritha Chatterjee, Soumya Pandit, A.N. Ghadge and Mshangrekar

Abstract

Performance of five MFCs, made from baked claywames evaluated with different cathode
configurations. MFC-1, MFC-4 and MFC-5 were duadmibered MFC with aqueous cathode
and MFC-2 and MFC-3 were single chambered air ceghdFCs, each with volume ranging
from 350 ml to 420 ml. Carbon cloth having a pregecsurface area of 100 émeinforced
with stainless steel (SS) mesh was used as anaalktimese MFCs. Two graphite plates of
surface area 68 c¢neach were used as cathode for MFC-1. The otherdots were coated
with carbon powder applied at a loading of 0.5 md/emith platinum catalyst (loading =
0.005 mg/crf). Only the outer surfaces of MFC-2 and MFC-4 weoated with carbon
powder while both the inner and outer surfaces 6fCMB and MFC-5 were coated with
carbon powderMFC-3 performed best in terms of sustainable poyemerated followed by
MFC-5 and then by MFC-1. Sustainable volumetric powlensities of 956.83 mW#An
731.43 mW/m, 1173.43 mW/ny 686.43 mW/r, 1131.52 mW/mat an external resistance
of 100 Q were obtained respectively for MFC-1, MFC-2, MFCMFC-4, and MFC-5.
Experimental results showed feasibility of usingaamcathode MFC over an aqueous cathode
MFC.

Keywords: Microbial Fuel Cell, Single chambered MFC, Air-catle, Clayware separator,

Power Density, COD removal, Coulombic Effiiency.
29.1 Introduction

The two major problems that human beings are n@emdaare environmental pollution and
depletion of non-renewable sources of energy. Gaioer of energy from waste is best
solution to both these problems (Angenent et &042. Microbial fuel cell (MFC) can offer

solution to these problems. The MFC converts tlegnstored in chemical bonds of organic

waste to electrical energy, through the catalygctions by microorganisms under anaerobic



conditions while accomplishing the biodegradatiborganic matters (Du et al., 2007). It can
be thus used in wastewater treatment facilities bteak down organic matter and

simultaneously generate electric power.

There has been a lot of research on MFC in thefpasdecades. However large scale
commercial application of MFCs is not yet possidige to low power yields and high
fabrication costs. Various configurations of MFGs/é been used by researchers; the most
common being a double chambered MFC consistingnoaraode and a cathode chamber
partitioned by a proton exchange membrane (PEM)dDal., 2007). These segmented parts
make it difficult to scale up the MFCs for practiage (Kim et al., 2009). In addition to two-
chambered MFCs, it is also possible to design stogambered MFCs with air breathing
cathodes, which do not require cathode to be placedater. The single-chambered air
cathode offers several advantages over two-chamhlsgstems such as; (a) the cathode does
not need to be aerated, oxygen in the air canttirezact at the electrode, (b) recycling or
chemical regeneration of the catholyte is not nemji and (c) higher volumetric power
density is easily achievable due to smaller celim® (Liu and Logan, 2004). Air cathode is
an efficient and sustainable option for MFC fabiima today (Duteanu et al., 2010). Many
researchers have generated air cathode MFCs. Anedtic power density of as high as 1550
W/m?® was reported by Fan et al. (2007a) using acetageistrate with bicarbonate buffer at
operating pH of 9. Carbon cloth was used as catlandeanode with a double layer in this

study.

The membrane or the separator used in a MFC &yaimportant component. It acts
as a separator for the aerobic and anaerobic comgats in a MFC as well as allows passage
of ions through it (Kim et al., 2009). Although merane-less MFCs are being designed to
reduce cost, have simple configuration and havé Ipigwer density but membrane-less
MFCs often experience low Coulombic efficiencieg€j@nd oxygen intrusion into the anode
(Fan et al., 2007b; Kim et al., 2009). Moreover jtting a membrane can lead to deactivation
of catalyst in the cathode from the contaminatedrenment of the anode (Sun et al., 2009).
Therefore researchers tried to develop new membrtrad can reduce the oxygen diffusion
without greatly affecting the internal resistancgower density (Fan et al., 2007b). An ideal
membrane must have the following characteristiay:a( high proton transfer coefficient to
ensure that it does not inhibit protons from reaghihe cathode, (b) low oxygen transfer
coefficient to improve CE, and (c) relatively noldegradable (Zhang et al., 2009). If the

pore sizes and porosities of a membrane are todl, spnaton transfer to the cathode is
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restricted, reducing current and power densitiegshe porosity is too large then oxygen
diffuses into the anode from the cathode. Thus erythen acts as the terminal electron
acceptor instead of the anode in the oxidation rgiuoic matter in the anodic chamber,
thereby reducing CE (Zhang et al., 2009).

Commercially available polymer membranes make &£MEry costly to be used for
wastewater treatment. So researchers are tryinfintb out cheaper options for proton
exchange membranes. Nafion is the most widely nsgmibrane in MFCs. But it has certain
disadvantages like (a) it has higher affinity ttiaas like N&d and K than H ions, (b) it is an
expensive material therefore it increases the @aobtFC, and (c) it is acidic in nature which
is problematic for the growth of bacteria (Prakastal., 2010). Behera et al. (2010) used an
earthen pot as a membrane and obtained a maximwer piensity of 16.8 W/t This MFC
with manufacturing cost less than 1 US$ gave atgoed performance compared to other

MFCs prepared using expensive materials.

In this study the feasibility of air cathode MF@&bficated using an earthen pot is
investigated. The earthen pot itself served asttuele chamber and the wall material served
as PEM. The performance of this MFC with aqueoukatke and air cathode is compared.
The effect of carbon powder coating on anode is sladied by comparing the performance
of two MFCs one with carbon powder coating only aathode and the other with carbon

powder coating both on anode and cathode.
29.2 Materials and Methods
29.2.1 MFC Construction

The study was carried out with five laboratory edslFCs. The experimental conditions are
provided in details in Table 1. MFC-1 was a duarobered MFC with aqueous cathode and
MFC-2 and MFC-3 were single chambered air catho#8) whereas, MFC-4 and MFC-5
were operated under aqueous catholyte mode usmatedetap water. The five MFCs were
made up of earthen pot having respective workignae of 350 ml, 350 ml, 420 ml, 350 ml
and 420 ml. Commercially available earthen pot greg using locally available soil was
used for anode chamber. The pot served both aantbee chamber and the wall material of
the pot worked as a separator. Carbon cloth hasimgojected surface area of 100%m
reinforced with stainless steel (SS) mesh was aseghode in all these MFCs. Two graphite
plates having surface area of 68%amach were used as cathode for MFC-1. The eartben p

anode was placed in a plastic container working aathode chamber. The other pots were
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washed with water and dried. Each pot was coated Wulcan XC-72R carbon powder

(Cabot Corporation, Mumbai, India). Carbon powdeswapplied at a loading of 0.5 mgfgm

poly vinyl alcohol (PVA) was used as binder at adimg of 0.25 mg/cfmand platinum

loading of 0.005 mg/cfiwas used. Isopropyl alcohol (IPA) and acetone weesl as solvent

to prepare the carbon ink. PVA aqueous solutioncadfu XC-72R and Pt black (used as

catalyst) were dispersed in a coniflakk in a bath sonicator with 500 ml of the seldcte

chemicals diluted in the acetone and ultra-sonictde 3 hoursApproximate surface area of
the cathodes of MFC-2, MFC-3, MFC-4 and MFC-5 w&8 &nf. Outer surfaces of MFC-2,
MFC-3, MFC-4 and MFC-5 were coated with preparath@a ink while the inner surface of

the separator in case of MFC-3 and MFC-5 were doatth the prepared carbon ink without

platinum black. SS wires were used to serve aegtgollectors for the MFCs. Electrodes

were connected using concealed copper wires thraogixternal load resistance of X0

Table 1: Experimental Conditions of the different MFCs

MFC Working  |Anode Cathode |Cathode Catholyte  |Carbon
volume (ml catalyst coating
MFC 1 350 Carbon cloth Graphite |No catalyst |Aerated tap [No coating
plate water

MFC 2 350 Carbon cloth Carbon |Platinum No catholyte |Outside
Powder coating

MFC 3 420 Carbon cloth 4 Carbon |Platinum No catholyte | Both side
Carbon Powde Powder coating
MFC 4 350 Carbon cloth Carbon |Platinum Aerated tap |Outside
Powder water coating

MFC 5 420 Carbon cloth 1 Carbon |Platinum Aerated tap |Both side
Carbon Powde Powder water coating

29.2.2 MFC Operation

The MFCs were inoculated initially with anaerobicdge collected from a septic tank

bottom. The inoculum sludge was given a heat mattnent (heated at 168G for 15 min)

and 60 ml of sludge was added to the anode charfbersludge contained 26.5 gm/L of

volatile solids. Feed solution containing sodiunetate as a source of carbon having

chemical oxygen demand (COD) of 3000 mg/L was u$kd.acetate medium also contained
(per gram of COD) NaHC£) 1500 mg; NHCI, 318 mg; CaGI2H,0, 250 mg; MgSQ7H,0,
64 mg; KHPQO,, 27 mg; and KRHPO,, 9 mg. Trace metals were added as Re&HO, 10.00
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mg/L; MnSQ, 0.526 mg/L; ZnSQ7H,O, 0.106 mg/L; HBOs; 0.106 mg/L; and

CuSQ.5H,0, 4.5ug/L, CoCbh, 105.2 pg/L, (NHs)eM070,4.4H,0, 105.2ug/L (Behera et al.,

2010). MFC-1, MFC-4, MFC-5 were operated using teeréap water as cathodic electrolyte.
Every 4" day fresh feed was given to the MFCs. The bottérthe air cathode MFCs was
flushed with tap water by placing them in waterhbatith 2 cm water depth to reduce
electrolyte loss. MFC-1, MFC-2, MFC-3 were operafed 30 days each. To prevent
electrolyte loss due to high temperature MFC-2 BHeC-3 were kept in a chamber filled
with aerated tap water thus forming the aqueousatinode to form MFC-4 and MFC-5,

respectively. MFC-4 and MFC-5 were run for two week
29.2.3 Analysis and Calculations

Influent and effluent COD and volatile solids prasien the inoculum sludge were monitored
according to the standard methods. The potentidl @amrent generated by the cells were
measured by a digital multimeter with data acquisiunit (Agilent Technologies, Malaysia).
Power was calculated from these data accordingaddrmulaP = IV, whereP = Power in
mW, | = Current in A and/ = Voltage in mV. Volumetric power density was cdéted by
normalizing power to working volume of anode chami®larization studies were carried
out by varying the external resistances from 10000 1Q. Internal resistance of the MFCs
was measured from the slope of the plot of voltagesus current (Behera et al., 2010;
Picioreanu et al., 2007). The anode and cathodenpals were measured using Ag/AgCI
reference electrode. The Coulombic Efficiency & MFC was calculated by integrating the
measured current over time relative to the maxinoument possible based on the observed
COD removal. The CE evaluated over a period of tiniecalculated as given by Logan et al.
(2006):

CE= MIt/FbV ACOD

whereM = 32, the molecular weight of oxygdn,is Faraday’'s constartt,= 4 is the number
of electrons exchanged per mole of oxyg&h,s the volume of liquid in the anode

compartment, and! COD s the change in COD over time."
29.3 Results and Discussion
29.3.1 Wastewater Treatment

The COD concentration in the wastewater was usedhasparameter to understand
wastewater treatment efficiency of the MFCs. Theesnatant from the anode chamber was

collected and COD was measured to get an idea &f @@oval. The average COD removal
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efficiencies were 70.72 £ 2.08%, 78.16 + 2.19 %086t 1.47 %, 74.02 + 2.99 % and 80.30
+ 3.87 % in MFC-1, MFC-2, MFC-3, MFC-4 and MFC-Bspectively (Figure 1).
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Figure 1: COD removal pattern in the five MFCs

It is clear from the above mentioned COD removétieincy that MFC-3 gave the
best performance with a COD removal of 86 % dutiregfeed cycle time of four days. MFC-
3 has carbon coating both on anode and cathoddofaroating on the anode favored
biofilm generation and this resulted in higher C@moval. In terms of wastewater treatment
MFC-1 (aqueous cathode) had the worst performasiterfed by MFC-4, MFC-2 and MFC-

5. MFCs with carbon powder coating on anode anldockg side gave best performance under
both air cathode operation and operation with agsemathode as compared to MFC with
carbon coating only on cathode. Hence, to implenaeltFC on field and to scale it up to
obtain better treatment of wastewater we shouldcaseon powder coating on both cathode

and anode side of the separator.
29.3.2 Electricity generation

MFC-1, MFC-2 and MFC-3 were started simultaneoushter MFC-2 and MFC-3 were put
into aqueous air cathode mode. MFC-1, MFC-2 and MFarted generating current from
the first day of operation. They generated an dpgyasoltage (OV) with 1002 external
resistance of 8 mV, 12 mV and 8.3 mV, respectivelythe first day of operation with the
open circuit voltage (OCV) being 187 mV, 196 mV, 86/, respectively. Short circuit
currents of 2.93 mA, 2.04 mA and 1.73 mA were gateael, respectively, in these three

MFCs. The current and voltage was found to graguatirease with time. MFC-1 generated
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a maximum OCV of 850 mV and an OV of 216 mV aftdrdays of continuous operation.
MFC-2 generated a maximum OCV of 608 mV and an @\ & mV after 14 days of
operation. Similarly, MFC-3 generated a maximum O&WV93 mV and an OV of 229 mV
after 7 days of operation. Throughout the entiretsh of observation MFC-3 was found to
give higher operating voltage. This indicates tthaéct diffusion of oxygen from air to the
cathode surface increases the cathodic reactiamggan overall improved performance of the
air cathode MFC. An average short circuit curreh842 mA, 7.33 mA and 8.8 mA was
observed in MFC-1, MFC-2 and MFC-3, respectivelyrrént generation got stabilized with
stable substrate degradation. The voltage generpéitiern of the different MFCs is shown in

Fig. 2 for operating voltage and in Fig. 3 for opancuit voltage.

Both OCV and OV were found to decrease as the MWwills carbon coating as
cathode were put into aqueous mode. It took ar@udalys for MFC-1, MFC-2 and MFC-3 to
yield a comparatively constant operating voltaghergas MFC-4 and MFC-5 started giving
high potentials from the day they were started bseaof matured biofilm developed on

anode during earlier operation as these were dtagi@ag MFC-2 and MFC-3.
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Figure 2: OCV in the five MFCs
29.3.3 Polarization

Polarization studies were done for these five MBgwarying the external resistance from
10000Q to 1 Q. Figs. 4 and 5 shows the polarization curves arthtron of power density
with current density for these MFCs. During polatian current density was found to
increase as the resistance was decreased whidatedithe behavior of a typical fuel cell
(Behera et al., 2009). There was very little chaingeoltage at higher resistances but voltage

drop could be found with decreasing resistance usecalectrons can move more easily at a
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lower resistance thereby enhancing the oxidationswalbstrate. So a higher substrate

degradation rate can be observed at lower resesgiBehera et al., 2009; Jang et al., 2004).
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Figure 3: OV in the five MFCs
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Figure 4: Polarization Curves
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Figure 5: Pattern of variation of power density with currdensity
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From the polarization and variation of power dgnaiith current density (Figs. 4 and
5) it can be said that, the MFC-1, MFC-2, MFC-3, GA& and MFC-5 can be operated to
obtain a stable performance at external resistdoges than 502, 200Q, 70Q, 300Q and
100 Q, respectively. The internal resistance was caledldrom the voltage versus current
plot and it was 7@, 239Q, 90Q, 308Q and 1092 respectively for MFC-1, MFC-2, MFC-
3, MFC-4 and MFC-5. Internal resistance of MFC-#8 M~C-4 was found higher than MFC-
3 and MFC-5. The reason might be because of higpacing between anode and cathode in
the former case. While MFC-3 and MFC-5 had carbmating on both side of the separator,
MFC-2 and MFC-4 had only their outer surface coat&th carbon ink to work as cathode
and having carbon cloth anodes. This increasedi$tance between the electrodes thereby
increasing their internal resistance. Surprisingly internal resistance of MFC-1 was lowest
among all these MFCs in spite of more distance éetwthe electrodes. This might be due to
the carbon powder coating done on the separatéacgum other MFCs. The binder used in
the ink might have reduced the permeability for tharge transfer and thus increasing the
internal resistance of the cell. Although, duringlguization the maximum power obtained
was higher in MFC-1, without carbon coating, thetainable power density was 22.6% more
in MFC-3, with carbon ink coated on both side & #eparator, as compared to MFC-1. Also,
the internal resistance of the MFC-3 was not sigaiftly more than the MFC-1, emphasizing

effective working of air breathing cathode MFC.

Due to high porosity of the earthen pot and hmhate during the experiment it was
difficult to maintain electrolyte level in the amadhamber due consistent evaporation loss.
MFC-3 having both sides coated with carbon padiebeperienced lesser electrolyte loss than
MFC-2 due to reduced porosity of the pot, but iswet completely eliminated. So while
scaling up the air cathode MFC for real wastewater must consider the need of a
hydrophobic material to prevent electrolyte losst 8 hydrophobic material might reduce the
conductivity of the carbon powder. So a hydrophabaterial having some polar groups in it
might be a suitable choice. Another challenge tprowe the performance of the air-cathode
MFC is to decrease the ohmic loss in the reactbis Tan be achieved by proper design of
current collector on the cathode. Air cathode MR@# coating on both sides of the

separator gives a more consistent and dependaiiksréor future use.

Highest sustainable power density was obtainddRg-3 followed by MFC-5, MFC-
1, MFC-2 and MFC-4. A sustainable volumetric powensity (normalized to the volume of
anode chamber) of 956.83 mW/ni731.43 mW/m, 1173.43 mW/rf} 686.43 mW/m,
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1131.52 mW/m at an external resistance of 1Q0were obtained, respectively, for MFC-1,
MFC-2, MFC-3, MFC-4 and MFC-5 (Table 2). The ague@athode MFC was found to
perform better than the air cathode MFC-2, butqrerbince of the air-cathode MFC-3 was
the best among all. MFC-3 had coating on both tieda and cathode side of the separator.
The observations indicate that this both sidedicgdtad an added advantage over all the
other reactor configurations. It helped in bettemfation of biofiim and also reduced the

distance between anode and cathode as mentioresat.ear

Table 2: Electricity generated in the different MFCs

MFC No. of Operating Voltage Open circuit Max Power Sustainable Internal
days of (mV) potential (mV) Density Power Density resista-
. 3 r
operatl 1oy Avg. Standard Max Avg. Standard (mW/m®) at _1009 nce )
on deviation . deviation reS|stan3ce
(mwW/m~)
MFC-1 30 216 183 71 850 775 +150 1372.8 956.83 76
MFC-2 15 174 160 44 608 548 +104 515.7 731.43 239
MFC-3 15 227 222 +18 493 463 £77 838.4 1173.43 90
MFC-4 15 155 150 20 605 571 +65 377.1 686.43 308
MFC-5 15 204 218 15 417 409 31 635.5 1131.52 109

29.3.4 Electrode Potentials

Electrode Potential was measured by Ag/AgCI refegeglectrode during polarization. Very
little change in anode potential was observed dutite process but cathode potential was
found to decrease rapidly with decrease in resistamrning negative after a particular
current (Figure 6 and 7). It is clear from the eait of cathode potential varying with
resistance that at resistances higher than 40@Be cathode of MFC-1 performed better than
MFC-2 and MFC-3. Although MFC-3 gave a better perfance than MFC-2, the cathode
potential of MFC-2 was found to be slightly highlean MFC-3. So the better performance of
MFC-3 can be attributed to a better performing an&imilarly MFC-4 and MFC-5 had poor
performing cathodes because of low availabilitypeygen for reduction in aqueous medium.
Lower potential of MFCs with carbon ink coated catl can also be attributed to the small
amount of oxidation reaction on the cathode byro@tephs, because of migration of organic

matter from anodic chamber to the cathode.
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29.3.5 Coulombic Efficiency
The average Coulombic efficiencies obtained for MEGIFC-2, MFC-3, MFC-4 and MFC-
5 were 6.17 %, 4.53 %, 6.67 %, 3.47 % and 4.16 &4pactively (Figure 8). Coulombic
efficiency was highest for MFC-3 having carbon amaton both the side of separator.

However, low Coulombic efficiencies in all these @8- indicate that the entire organic

matter was not oxidized by electrogenic bacterid bther groups of bacteria like
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methanogenic bacteria were also utilizing the sabst Again anaerobicity might have been
lost during COD sampling and feeding processes tawising oxygen to act as the electron

acceptor and reducing the number of electronspated through the external circuit.
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Figure 8: Coulombic efficiencies of the different MFCs
29.4 Conclusions

MFCs with carbon coating on anode consistently ggad higher voltages, power densities,
COD removal rates and CEs than the MFC with onlfha@de coating. Although during
polarisation the aqueous cathode MFC generatedvarpaensity 1.64 times that generated by
the air cathode MFC, but sufficiently high powersw@onsumed in aerating the catholyte
continuously. Again, it seems quite possible theg tlesign of current collector was not
sufficient in air cathode MFCs, involving highesigance, which lead to decrease in overall
power. If we consider the standard deviation ofwbkkage generated then we can understand
that the air cathode MFC gave a much more stabf®rpgance than the aqueous cathode
MFC. The air-cathode MFC with carbon coating onhbahode and cathode side of the
separator generated a 1.22 times higher sustairabler than the double chambered
aqueous cathode MFC. Among the air cathode MFC®mtigewith carbon coating on both
anode and cathode generated a power 1.63 timesrhilggn that with carbon coating only on
cathode. Air cathode MFCs with coating on both sidé the separator gives a more
consistent and dependable results for future useieMer, improvement in current collector

design is necessary.
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