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ABSTRACT

The effect of different parameters on performaned amission of four biomass fired cook stoves hagen
investigated. The parameters considered were meistintent of fuels, size of fuel, method of igmitiand design, while
the selected cook stoves were an traditional cémkes, improved cook stoves developed by MNES Mati®rogramme
on Improved Cook stoves(NPIC), improved cook stdegeloped by Thai and improved stove developedijylFwas
found that increase in fuel moisture content resllin decrease in stove efficiency. The fuel siik bt show any
significant influence on the efficiency of the stoWhe method of ignition did not affect the e#iecy of the stove and it
showed significant influence on design of cook stdw this paper an attempt has been made to centipamperformance
and emission factors of most commonly used stovegosies are presented. In this paper an attengppbban made to
review energy efficiency measures of cooking stoves
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INTRODUCTION

Energy is a vital input for economic developmentmost of the developing countries, wood and obliemass
fuels are still the primary source of energy forjanigy of the people, particularly the poor. Todaany people cook on
slow, inefficient a traditional wood stove that sas health problems. The merit of improved chulier the traditional is
utilization of wood/biomass more efficiently, theaving fuel wood, another main drawback of trad#iostove design.
Even though traditional small scale combustionioffass degrades air quality and is thermally iiciefifit, the high price
of cleaner substitutes and their availability innypdocations make rapid shifts away from the us¢heftraditional fuels
unlikely. Thus biomass fuels are likely to continieemeet the cooking energy needs of a majoritpexiple in poorer

countries.

In order to overcome the two major draw backs aflitional stoves, namelylow efficiency and indodr a
pollution, a large number of improved fuel woodfpass fired cook stoves have been developed inreiiffecountries.
However besides improvement in design, it is alspdrtant to understand how operation of stovesuémites its
performance in terms of efficiency and emissiorpofiutants; no serious work on this appears to Hzaen reported in

open literature. This paper presents the resuléssbiidy on effect of a number of parameters of $elected stoves.

EXPERIMENTAL PROCEDURE
Cook Stoves

The wood/ biomass cook stoves used in this studyraditional cook stove and improved cook stoveetigped
by MNES, improved cook stove(Thai) developed byilEmal, improved cook stove developed by Fiji anghiaves cook

stove by Vietnamese.
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Traditional Cooking Stove

Many rural households use traditional cooking ssof@ften only a hole in the ground) that use firedjoagro

residues and cow dung as fuel. These stoves hatzncmherent defects: they are less than 10 peedécient.

The produced smoke stays in the kitchen due tonalesef vent pipe and ill ventilation, which is hduinto the

health of users and their families:

* The open fire results in risk of accidents withldfgn burn and/or household fire; the stove needslar blowing

Figure 1
Improved Cook Stove Developed by MNES

A modified version of the traditional cooking stoigethe Improved Cook Stove (ICS). Certain featdrage been
modified to make them more efficient with respextfitel wood consumption, make them convenient fovking and
much safer from a health point of view.The numbeingproved cook stoves has been developed by vaniesearch

groups under National Programme on Improved Cookestin 1983depending up on the requirement

Figure 2

The above stoves are gaining popularity and a nowib@anufacturers are making it. For example Indiarsha
Stove is a portable, metallic, single pot stovehwitt chimney and was designed for multi-fuel operatBesides fuel
wood, the Harsha can be used with dung cakes amdiety of agri-residues or with various combinato The model,
with a corrugated grate design with scraper (fariqoiical ash removal), can be manufactured by ssiadips having
facilities for welding, cutting and punching sheegtal up to a thickness of 3 mm. This stove is iggipopularity and a
number of manufacturers are making it. The stovegisipped with a well-designed fixed metallic graii¢h a movable
ash-removing rake which can move along the spabetineen the grates. The stove is rectangularapeskvith a metallic
base with secondary air holes surrounding the catidouchamber. It has an 18-cm diameter pothole. Stbve can burn

wood, charcoal or coal as fuel and refueling caddree through an opening on one side of the stove.



Comparative Study of Effect of Different Parameterson Performance and Emission of Biomass Cook Stoves 312

Figure 3
Thai Improved Cook Stove

The stove is made of plaster with top outside diemef 30cm and height is 26 cm. The design ofestoaving a
conical rim, slanted pot rests that can accommodaieus sizes of pots from 16-32 cm in diameter.

—; R

yazad

i3

Note: All dimensions are in mim

Figure 4

Fiji Improved Cook Stove

The stove designed by Fiji ministry of energy ismadification of the Indian (Hyderabad) Chula and is
constructed mainly from concrete moulding.
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Figure 5

Vietham Improved Cook Stove

The stove is made of cement plaster and cylindiitadhape with a top outside diameter of 28 cm eand
accommodate one pot of diameter 18-32 cm. It can Wwood, charcoal and has a metallic grate.
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Efficiency Test

Efficiency is defined as the ratio of the energyeeng the pot to the energy content of the consumed. The
energy entering the pot produces two measurablectsff raising the temperature of the water to hgilpoint anc

evaporating water. In this experiment, the watemterature was measured using a digital thermocc

Efficiency was determied by carrying the standard water boiling test (WWBn the standard WBT, a knov
guantity of water is heated on the stove. The diyaof water evaporated after complete burningul fis determined t
calculate the efficiency by using the followirormula:

H.’wj'fp-ar{.]l; -1+ mj_r."\"JFIHJ
el '

n o=

wherem,; is the mass of water initially in cooking vesse;c,, the specific heat of water, kiTK™ My evapthe
mass of water evaporated, kgi the mass of fuel burned, kT, the temperature of boiling water, IT; the initial
temperature of water in pot, i, the latent heat of vaporization of water at 373kBkc *; andH; the calorific value of

fuel, kJkg™ (higher heating value).
Emission Test

In this study, the hood method was used for testimission from tomassfired stoves. The stove to be tes
was placed under an extraction hood through whingh flue gas was sucked by using a suction blowiceShigh
extraction rate may influence the combustion charastics of the stove, extraction was chosene strong enough to
avoid flue gas to escape from the bottom of thedhmat not strong enough to have any effect on trabustion flame
The hood is provided with a probe for i and hydrocarbon measurements. The sample gas phssegh the probe int
aheated sample line and then enters filter. The outlet from the préker is connected to a-shaped heated line which
is used to pass the sample gas to two separatedhaaalyzers; the Signal Model 4000 VM , analyzer and the Signal
Model 3000M hydrocarbon analyzel

Fuel

Wood and charcoal were used as fuel in this stiitlg. ultimate and proximate analysis of wood andadel are
givenin

Table 1: Ultimate and Proximate Analysis of Fuel Used

SI.No | % Ultimate Wood | Charcoal
1 Carbon 51.5 71.4
2 Hydrogen 7.32 3.38
3 Oxygen 39.01 22.18

SI. No | % proximate | Wood | Charcoal
1 Moisture 9.40 7.70
2 Volatile 70.60 20.30
3 Fixed carbon 17.20 69.65
4 Ash 2.8 3.35

RESULTS AND DISCUSSIONS
Effects of Moisture Content

The effects of moisture content of wood efficiency and emission of the stoves were investid. In this study
the different levels of moisture content of thelfuere obtained by adding calculated quantitiesvafer to the fuel ar.

moisture content of the fuel was measured prioestirig
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To establish the effects of moisture content onpasgormance and emission of the stoves, each stagetested
a number of times for each level of moisture conterthe fuel table 2 shows the efficiencies andssion factors of
pollutants of the biomass-fired stoves at differfelel moisture content.

Table 2: Efficiencies and Emission Factors of Stogefor Different Levels of Moisture Content of Fuel

Cook Stoves Efficiency% | Moisture% CO CO2 NOx
Traditional cook stove 8.5/10 27.5/24.5 42.3/52 | 1584.3/1565.4| 0.2/0.07
Improved cook stove 9.78/24.5 26.1/19.6 | 40.1/78.2 | 1597.3/1565.5| 0.19/0.12
Thai cook stove 9.8/24.5 17.1/14.5 | 19.7/55.8 | 1605.3/1572.1| 0.11/0.08
Fiji cook stove 9.73/23.5 26.4/19.8 | 40.6/78.4| 1595.3/1566 | 0.197/.103

The results showed that the efficiencies of allfthe stoves decreased with increase in fuel moestontent. The
decrease in efficiency is probably due to the that at higher moisture content of the fuel, a highaction of the heat
released from combustion of the dry biomass is dee&vaporating the moisture content; higher mwestcontent also
reduces the flame temperature and thus, the rabeaftransfer to the pot. With increase in fuelstuwe content from
approximately 10-25%, the efficiencies reduced fifrb % to 24.5 of traditional stove, 26.1% to 28.@nproved stove

of India from 17.1% to 14.5% of Thai cook stovegrfr 26.4% to 19.8% of Fiji and from 17.5% to 14.084, Vietham
respectively.

The emissions of CO, CQvere also investigated at different moisture contAs shown in table with increase in
moisture content, all the five stoves showed areimge in the emission factor of CO and decreaseiemission factor of
NO,; a slight decrease in G@mission factor was also observed, while, theeiase in CO emission factor appears to be
due to lowering of gas phase reaction (oxidati@t®s at reduced temperatures caused by higherumoisbntent, while
the decrease in G@mission factor is due to the fact that dry biosraer kg of the fuel is less at higher values ofstooe
content. The lower value of the emission factoN@, is due to lower flame temperature at higher mogstontent. Since
the efficiency of the stoves decreased with in@easmoisture content, change in emission of tliierdint gases per unit
of useful energy delivered to the pot was greatengared with changed in emission per kg of fuelsTillustrated in

figure which shows the variation of the emissiottda of CO per useful MJ against moisture contdithe fuel.
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Figure 7: Emission Factor and Efficiency of Stoveat Different Wood Moisture Content (Curve Fitted)

Effects of Fuel Size

The effects of the size of wood fuel on efficiermryd emission of the stoves was investigated. thlesfae had no
significant influence on the efficiency of the stovlt was observed that burn rate (Kytincreased as the size of fuel
decreased. Burn rate can be regarded as compé#odikepower (kW) It has been reported that witbréasing firepower,
generally stove efficiency tends to reduce, as neorergy is lost to the surroundings rather thansfeared to the pot]

However, all the five stoves tested in this stuldgvged no significant changes in efficiency as lmatas changed with fuel
size.
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The size of wood blocks seems to influence the sionsof CO for the range investigated. The CO eimiss
factor was found to reduce as the fuel size wasaedl The decreasing trend of emission factor ofc@®be attributed to
intensification of the combustion process, as iaid by increased burn rate, when fuel sizes ahecesl; the resulting
rise in temperature level inside the stove promotesplete combustion so that fewer amounts of prtsdaf incomplete
combustion are produced. The different sizes dfdicenot show any significant influence on the ssions of C@ while
there was a slight increase in Né@mission as fuel sizes were reduced; the incrieaskd, emission can be attributed to
the intensification of the combustion process &avdr fuel sizes shows the influence of the differes of wood fuel on

emission of the stoves tested.
Effects of Pot Size

The effects of the different pot sizes on the éfficy of the stoves were investigated with pararmsetech as
moisture content, fuel size and method of ignitiedd constant during the test. The size of thedmbtnot influence the
efficiency of the stoves tested. As shown in tHeciehcy values remained nearly unaffected whensike of the pot was
varied. Although the larger pots have more heabiddisg surface at the bottom and the sidewall, himms to be offset by

the greater heat loss by the larger pot than tredlenones due to a larger surface exposed touteundings
CONCLUSIONS

The effects of different parameters on performanod emissions of five biomass-fired stoves havenbee
investigated. Parameters such as moisture contdneb size of fuel, size of pot and method ofitgm were examined
using an traditional cook stove, improved Indiaovet aThai improve cook stove, a Fiji improved cakve and an

improved stove developed by Vietnam..

In general, efficiency of the stoves decreased witltrease in moisture content of fuel. Increasemimisture
content of the fuel also resulted in increase m démission factor of CO and decrease in the emmidsictor of NQ; a
slight decrease in GQemission factor Fuel size did not show any sigaiit influence on the stove efficiency. At lower
fuel size, the emission of CO was found to decratightly, while that of NQincreased slightly. The size of pan did not

affect the efficiency of the stoves tested
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