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Abstract: Problem statement: Cashew Anacardium Occidentale L.) is one of the important tropical
crops. India processed about 11,80,000 metric tdnaw cashew nut seeds through 3650 cashew
processing industries scattered in many statewffitcy. The cashew nut processing industries are
typically located in the rural and backward arddse most significant difficulty in processing caghe
nuts is that the hard outer shell, which contdiresddible kernel, contains a caustic oil which lbam

the skin and produce noxious fumes when heated.eMecently, smaller scale factories use the
steaming and cutting metho8pproach: At present cashew industries facing problem odrintpted
power supply which affect the economical growthtleé sector. The cashew industries in India
employed different unit operations/methodology fwocessing depend on variety of raw material,
location, technological mechanization, availabibfysecured energy suppResults: Large disparities

in energy intensity for similar process in the @ghprocessing reveal the scope for energy
conservation to be in the order of 30-48%. Thergoisd scope for effective utilization of solar emer
and biomass gasification technology for energy ttien in the sectoConclusion: This study deled
with the elucidation of the processing operatianshe small-scale cashew processing of Maharashtra
with identification of energy consumption for uwiperations. The energy conservation opportunities
in the cashew nut processing sector were discuasbeé study. The scope for utilization of reneveabl
energy technologies like solar dryers for dryingashew nut seed and cashew kernel were elaborated.
The characterization of cashew shell waste availabthe processing industry revealed the scope for
thermal gasification of shell for heat generation.
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INTRODUCTION processed about 20, 0000 metric tons of raw castugw
per annum mainly located in Konkan region (7017-
India is the largest producer and processor o¥74°31'E Longitude and 1537-20°20'N Latitude) of
cashews Anacardium occidentale L.) in the world. Maharashtra comprising five districts namely Mumbai
Total area in India under cashew cultivation iswbo Thane, Raigadh, Ratnagiri and Sindhudurg with 1, 31
8,54,000 ha with annual production of 6,20,000 ton®288 ha land area under cultivation producing 1,68®)
giving average productivity 820 kg~ hwith highest tons of raw cashew per annum (Epitom, 2009).
productivity reported in Maharashtra (1500 kg*ha A wide disparity in energy consumption to produce
from 1,64,000 ha land under cultivation and produce the same quantity of similar products in cashew
1, 97, 000 tons of raw cashew nut seeds. Indi@rocessing was observed (Balasubramanian, 200€). Th
processed about 11,80,000 tones of raw cashew nutide variations in energy intensity of these cashew
seeds through 3650 cashew processing mills scatterdnills reveal the scope for energy conservationearb
in many states of country which increased rapidjyn‘ the order of 30-48%. The wide variations in energy
170 in 1959 to over 3650 in year 2008 provideintensity of these mills due to variety of the fuel
employment to over 0.5 million people of, which 95% installed capacity, production and percent utii@at
are women (Anonymous, 2009). of the capacity reveals the scope for energy
Maharashtra state has total 2200 cashew processigg@nservation. These operations need to study for
units out of which 1850 are small cottage mills ethi efficient end use efficiency (Ramachandra, 1998 T

Corresponding Author: Atul Mohod, Department of Renewable Energy Sources,
College of Agriculture Engineering and TechnoloDBSKKYV, Dapoli (MS), India
47



Energy Rec. J. 1 (1): 47-50, 2010

main purpose of energy use assessment is to judge RESULTSAND DISCUSSION
energy use pattern, energy loss sources and excess
energy use points (Kulkarni, 2000). The results obtained from the randomized sample
survey of the small scale cashew nut processing wer
MATERIALSAND METHODS discussed as below.

The different unit operations involved in small- g cigation of unit operationsin small scale cashew
scale cashew nut processing mill in the context of, ¢ processing: The small scale cashew nut

Konkan region of Maharashtra (7017-74°31°E processing mills in the region employed differenttu
Longitude 1537-20°20'N Latitude) was elucidated bygperations/ methodology for processing of cashetw nu
conducting the randomized sample survey of regigter The general process flow chart for cashew procgssin
122 small scale cashew processing mills in theoregi adopted in the study area for cashew nut processing
The survey of small-scale cashew processing millglescribed as follows and shown in Fig. 1.

covered the general information, background

information, process and product details and ingrdrt g, drying of raw cashew nut seed: The raw nuts
factors that affect the data collection. The surveYsfter harvest are sun dried for 2-3 days to redbee
covered the unit operations performed, level andnoisture from 25-7-8% (wb) and stored in gunny bag.
pattern of energy consumption and technologiesé U The well-dried seeds are stored in the 80 kg cépaci

for cashew nut processing (Kulkarni, 2000; gunny bags for further processing.
Ramachandra, 1998). The different form of energy us

for the unit operations in the small-scale cashew n Steaming of raw cashew nut seed: This method now a
processing mill was observed along with the time Ofday adopted widely all over the surveyed regiore fw
operation. The opportunity for the conservation ofpts are steamed conditioned at about 4.5-5 kg cm
energy and suitable commercial viable renewablg,assyre for 25-30 min and then allowed for 18-24 h
energy technologies to perform the unit operations cooling at room temperature. A cylindrical steam
small scale cashew nut processing was identifie¢ooker with provision of cashew nut feeding at tiye
based on the type of energy, present mode of energshd discharging of cooked nuts from the side near
utilization, technological advancement and avallgbi  bottom, has a capacity of holding 15-60 kg of cashe
of secure power source. nut in a batch.

The quantity of cashew shell waste generated in

the_ small §cale processing mill ‘was estimate_d _b3booling of steamed cashew nut seed: The cooling and
noting the input raw material and output material iy, mnering of the steamed nuts is carried out 182

term of finished product and by product. The wasteyg gheq to bring the steamed nut in equilibriurthwi
cashew shell was estimated in term of kg 1000 kf the atmospheric conditions.

raw cashew nut seeds. The proximate analysis

(fraction of mass of moisture, volatile, ash arnced . q ion R t : d
carbon) of a sample of cashew shell was carried olrUtting and separation: Raw nuts after steaming an

using the standard analytical procedures. Th ooling are shelled to remove kernels with the hﬁl_p
proximate analysis of cashew shell waste was aarrie and cum pedal operated shell cutter. The _separgtlo
out using the analytical method ASTM—D—3173-3175.CaSheW kernel from the cut stea}med nuts is cam&d
The analysis of moisture was determined by thehanually by using the sharp knife. This unit operat
method of drying oven (ASTM D-3173). The quantity produced the cashew shell as by-pro_duc;t, fu_rthed us
of ash was determined according to ASTM D-3174.3S feedstock for the cashew nut shell liquid exivac

The fraction of volatile was determined according t

ASTM D-3175. The fixed carbon was determined byDrying of cashew kernels. The kernel coming from
difference. The higher heating value of solid fuglss  the cutting and separation section contains a brown
determined by experiment of bomb calorimetercover, known as ‘test’, over it. To remove test ot
(ASTME-711) where the combustion was carried outkernel and also control the moisture content in the
in environment with high pressure of oxygen (tokernels, they are exposed to prolonged and coetroll
ensure complete combustion) saturated with steam dfeating with hot air at 65-70° centigrade in peafed
water (to ensure that all the water was formed irtray for 6-8 h. About 5-8% of moisture was removed
liquid). from the kernels in the process.
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Fig. 1: Flow chart of cashew nut processing in lkma

scale processing mills

Cooling of cashew kernels. The cooling of hot cashew
kernels from the drying operation is carried outhe
shed to bring down the temperature of the kernels.

Peeling of cashew kernels: The brown tested over the

Table 1: Unit operations and type of energy for heas nut
processing

Type of energy use

Unit operation  Time (h) Electrical Thermal Manualol&
Drying of raw  16-24 - - - +
cashew nut

Steaming 3-Feb + + + -
of raw C.nut

Cooling of 18-24 +
steamed C. nut

Cutting and 10-Aug + -
separation

Drying of 7-Jun + - +

cashew kernels

Cooling of 4-Mar - - +

kernels

Peeling of 7-Jun - - + -
kernels

Grading and 3-Feb - - +
Packaging

The unit operations performed in the mills was
semi automatic type using different machineries
supplied by the registered manufacturer of Gowvt. of
Maharashtra. Most of the small scale cashew nut
processing mills used indirect type of baby boigth
cooker for steaming operation. The secure and anhst
electricity supply play an important role the presiag
as most of the kernel drying ovens are operatethen
electricity for hot air generation.

kernel was peeled off manually by using the shargepergy consumption and option in cashew nut
knife. The women workers in the mill generally processing: The unit operations performed to convert

performed this operation.

the raw cashew seed in to the cashew kernels inith t
requirement and type of energy use to perform the

Grading and packaging: The kernels are graded ogperation are summarized in Table 1.

manually by hand/sieve Cashew Export and Promotion

It is observed that, the most energy and time

Council, India (CEPC) specifications were adopted f intensive unit operations in cashew processing are

grading of cashew kernels.

drying of raw seed in open sun, steaming of ravs nut

The randomized sample survey of 122 small scal@nd cashew kernel drying. The alternative energy

cashew nut processing mills revealed that, the IsmaPption through the renewable energy technologiedrico
scale cashew nut mills in Konkan region of provide the sustainable development and secureysupp

Maharashtra (India) widely followed steam roasting
process due to better control over the processhwhic

retain the valuable Cashew Nut Shell Liquid (CN8L)
the shell as well as generate the huge quantighefi
for further utilization as a fuel. The average wogk
day of the mills is about 227 days in the year delpey
on the rainy season and availability of raw casmeiv
seeds. The average installed production capacitheof

of energy. Numerous renewable energy technologies
are available technically and commercially for
decentralized energy supply in the rural smallescal
cashew nut processing industries.

Solar tunnel drying technology could be one of
the viable option for reduction of commercial engerg
and process time for drying of agricultural product
The naturally available solar energy can effectivel
be utilized to meet out the drying needs of raw

surveyed mills is about 9800 kg of raw cashew nutashew nut normally requiring 2-3 days of drying in
seeds per annum. The actual raw material procdssed open sun to bring down the moisture content from

these mills is in the tune of 5833 kg, which reedahe
average percent plant capacity utilization of 558ty 0

24-9%. The conventional drying of cashew kernel to
reduce the moisture content from 12-13% to below

The women workers are prominent in the small-scalé% at 60°C for 4-5 h with electrical energy is afe

cashew nut processing mills.
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Table 2: Proximate analysis and heating value stiea nut shell

Property Cashew nut shell CONCLUSION

Moisture content (%) 06.47 (ASTMD-3173)

Volatile matter (%) 72.00 (ASTMD-3175) . e

Ash content (%) 01.05 (ASTMD-3174) _ 1he study revealed that, three identified energy
Fixed carbon (%) 20.48 (by difference) ~ intensive operations in cashew nut processing are
Higher heating value, kcal M 4890.23 (ASTME711)  cashew nut drying, cashew nut steaming and dryfng o

cashew kernels, altogether accounting maximum gnerg
A forced convection indirect solar cabinet dryeuldo  and time for the processing. The elucidation arme tyf
be viable option to provide the required heat fog t energy consumption for unit-processing operations
drying of the kernel. This will provide the constdneat reveled the scope for energy conservation and
to the product as well retain its nutritional and utilization of renewable energy based technologjies
organoleptic quality. The shelling of raw seed cmat solar tunnel dryer and forced convection solar roatbi
remove the kernel generate shell waste which can bdryer. The fuel analysis of cashew nut shell reag&the
utilized as a source of energy for heat generatiorscope for its utilization through gasification tectogy
through gasification technology with better contaold  for the generation of process heat.
higher end use efficiency. The integration of these
renewable technologies is the need of agro induetry REFERENCES
better performance and sustainable development.

Anonymous, 2009. Cashew production technology.

Analysis of cashew nut shell: The result obtained from Technical Note, National Research Center for
the proximate analysis (fraction of mass of momstur Cashew, (ICAR), Puttur, Karnataka, pp: 12-34.
volatile, ash and fixed carbon) and heating valfie oBalasubramanian, D., 2007. Optimization of procgssi
cashew nut shell is summarized in Table 2. parameters using farm level cashew nut processing.

The proximate analysis of cashew nut shell J. Agric. Eng. Today, 32: 35-41.
revealed the suitability of the fuel for gasifieati It is  Epitom, 2009. District wise agricultural data bdee
observed that, the average moisture content ofesash Maharashtra; 1961-2008. EPW Res. Found., 2: 11-14.
nut shell waste is 6.47%. The moisture contenthef t Kulkarni, S.D., 2000. Energy use assessment in agro
fuels under study is in the acceptable limit (belbb6o) processing operations: Factors to be considered for
to ensure free flow and good quality gas production  data collection for comparison. J. Agric. Eng.
The average of volatile matter content in cashewv nu  Today, 24: 51-61.
shell is 72%. The higher amount of volatile matterRamachandra, T.V., 1998. Energy utilization in fura
revealed the suitability of the fuel for gasificati Also mills in Karnataka. Int. J. Ambient Energy, 19: 98-
the data indicated that, the average ash contettieof http://cat.inist.fr/?7aModele=afficheN&cpsidt=2321
cashew nut shell is 1.05%, which revealed their 700
suitability for the gasification with minimum bloiig
of flow of air and fuel, formation of clinkers. Theost
desirable component, which governed the suitabilfty
the fuel for gasification, that the average fixedbon is
20.48% in cashew nut shell. The heating value effifu
the major factor determining the suitability of lfder
gasification. The results obtained showed that the
average higher heating value of the cashew nut shel
4890.23 Kcal K@
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