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GLOSSARY

Biomass densification:lt is the process of compaction of loose and IoNk lolensity biomass

into solid and high bulk density biomass

Densified biofuel: It is the output product of biomass densificatiprocess. It used as

alternative of wood fuel. It is also known as betje fuel.

Screw press machinelit is a special type of machine for biomass déredibon. The screw

plays the role for compaction of loose biomass lighing the material with high pressure.

Die-barrel: It is a parts of the screw press machine whereasd biomass is pressed by

screw for compaction.

Die-heater: It is the source heat for softening the lignintloé loose biomass for making a

bond among the loose material.

Rice husk: It is the outer shell of rough rice grain whichta&ken out during the process of

white rice grain making and it is used mainly foelf

Parboiling: It is a process of heating (with steam) and dryehgough rice before milling.
This process enriches the quality of the grain agtonger shelf life, higher milling out turn
and the most important thing is some vitamins amtenals are absorbed into the white rice

from rice bran.
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EXECUTIVE SUMMARY

Introduction. The largest part of the world's poor families héweely on traditional fuels
such as wood fuel, agricultural residues, and eaiting to produce energy for household
uses, small-scale commercial activities and incogemeration because they have no
alternative energy source (UNDP 2002). Biomassyidab the dominant energy source in
Bangladesh, accounting for approximately 67% ofdbentry total energy consumption. The
per capita energy consumption in Bangladesh istentth of world average (6.27 GJlyear).
Biomass fuels are using beyond their regeneraimésl due to high pressure of population
(6% deforestation rate). There is a severe shodag®od fuel in Bangladesh amounting 2.1
million cubic meters. The traditional biomass i moan organized form specially, the loose
biomass material is difficult to use as fuel. Bi@®alensification process can transform this
biomass into solid, high bulk densities, regulagmh which can be easily stored and
transported. This densified fuel is dry woody mialeand it is equivalent to “B” grade coal in
terms of calorific value. In recent years the pathn and use of densified fuel have
increased in certain areas of the country. It vegeonted that a few number of densification
technology had been installed in the study area9®9 (Mymensingh) compared to other
regions; however, the availability of raw materghigh in the study area (14.08 PJ in 2005)
which ensures a great potential to add densifietlibl in wood fuel market. The problem is

that the densification technology is semi-matureBangladesh and located in certain areas.
Objective of the study.To find out the sustainability of the use of deiesifbiofuel

Methodology. This research was carried out as a case study imevigingh district of
Bangladesh during Oct'05 to Mar'06. The productioading and consumption sector were
the investigations areas. Performances of the tdaby, flow channels and performances of
densified fuel, user group and consumption pattemmployment and income generation, and
environmental impact of the use of densified fueravinvestigated. Data were collected by
interviewing the stakeholders with structured guestaire, field observation and discussion
with key persons. Data were analyzed using stedistiools such as average, standard
deviation, frequency distribution and correlati®imancial and economical indicators such as
net present value, internal rate of return, paykbperiod and benefit cost ratio were
calculated to find out the financial and economwmability of the use of densified biofuel.
Emissions for different fuel options were investeghusing GEMIS (Global Emission Model

for Integrated Systems) software to find out theimmmental impact of densified fuel use.
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Findings

Presently, the densification technology has beeneavby two types of owner viz. individual
entrepreneur and rice mill owned. Screw press typehines were being using powered by
electric motor and die-heater. Only the rice husls wsed as raw material (accounting 56% of
production cost) and the production rate rangechf8® to 120 kg/hr output by consuming on
an average 183 kWhe/ton (accounting 31% of prodaoatost). The production cost ranged
from 2184 BDT/ton to 2683 BDT/ton output. The peik of the technology were short life
of screw and die heater, main bearing damage ¢ie.operator and mechanic did not use
proper safety measures and they faced some healllem like inhaling due to dust and eye
problem due to arc light during welding of the secrélThe owners are satisfied with the

present technology; however, they want a solutioshorter life of screw and heater.

The densification technology was introduced firslD92 in the region. Till December 2005,
there was found to be a total 86 number of machih& indicates the very high acceptability

of the technology in the region (33.55% growth yate

The financial analysis produced positive net presafue (NPV) and high internal rate of
return (IRR) for all the cases studied. The avenaae back period (PBP) was found to be
2.22 year and benefit cost ratio was greater thae. dhe higher IRR and lower PBP
indicated the viability of technology and attractbkeé investors. A small amount of running
capital was needed and it could be revolved dalyabse the product was sold immediately
after production. The sensitivity analysis detedteziselling price of product, rice husk price,

operating hour and electricity cost as the mossiiga economic input parameters.

The individual entrepreneurs bought the husk frara mill and gathered them under a shed.
Mainly, the female workers of rice mill were inveld for handling the rice husk in a dust full
environment in the rice mill premises. In the proiin section, male workers have come
forward. Only one woman was found working in pragtue section. This is an indication that

female workers also have the opportunity to eriterskill labor market in this sector.

Total production of densified fuel from the regiaas found to be 19880 ton/year equivalent
to 10410 ton of coal or 24362 ton of wood (30% s content). Most of the densification
machines were located little bit far from the Mymagh district town in a rural or semi-
urban area. Only 1158 ton/year biofuel could belpoed by the machines located nearby the
district town. The producers sold the product éalérs and as well as directly to consumer.
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The transport agency carried the fuel on requisitbtraders. Normally, the trucks are used
to carry the fuel from far distances. The transposdt ranged from 125 to 175 BDT/ton. The
loading and unloading charge ranged from 50 to D3 /Bn. For local transportation of the
fuel, people normally usedickshaw(manually driven tri-cycle). Rickshaw puller couddrry

up to 200 kg of densified biofuel and charged 18QdBDT per trip for carrying fuel.

Twenty one numbers of traders were recorded duhegfield survey in the Mymensingh
district town. About 57% of trader has taken thisibess as their main business. The rest
43% trader has taken this fuel business as secpihdainess and this group of traders has
come from grocery shops, cement shop, corrugate¢htetal sheet) shop, restaurant and tea
stall etc. This indicates that densified biofuelding is not limited within a certain group; a
wide variety of traders could sell this fuel fronmeve consumers could buy. The traders are
divided into three category viz. wholesaler, retaénd both (wholesaling + retailing). The
selling patterns of densified fuel were found tol2®, 13 and 31 ton/month by wholesaler,
retailer and both type. The total quantity entetiilmg market in the town was 600 ton/manth
Out of 600 ton 84% was imported from other regind eest was supplied by local producer.

There were about 60% restaurants, 25% tea statls18f6 street food stalls in the town.

Presently, 19000 household and 91 commercial asersonnected with gas grid in the town.
The households, who could not avail the gas, wenegudensified biofuel. These groups of

household have come from low income and daily waberers. The average household size
was found to be 5.14 and their daily income wasitoio be 40 BDT (0.61 US$)/person.

Normally, in commercial sector, people use the mupd grate stove. The stoves are made of
mud and scrapped metal sheet (for structure) aawl bar (for grate). All the stoves were
locally made. At household level, people use pdetaiud stove.

The household consumption was as low as 2.5 kg/tlag. highest consumption rate was
found to be 114 (SP19) kg/day per restaurant. The average consumpdienof tea stall and
street food stall were found to be 16 ¢&®) kg/day and 12 (S£2.9) kg/day, respectively.
The wood consumption rate was found to be 13Gt{&pkg/day and 30 kg/day for restaurant
and tea stalls, respectively. The consumers ofifilethdiofuel reported that on an average 1
kg densified biofuel could provide same servicd &3 kg of wood fuel. However, this ratio
differed when it was calculated based on consumptimta (1 kg densified fuel: 1.48 kg of

wood) and based on a laboratory test data (1 kgifieshfuel: 1.21 kg of wood).
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A complex market channel was found with four difietr channels of fuel flows as below:
Channel 1: Produc&® Consumer

Channel 2: Produc® Retailer® Consumer

Channel 3: Produc&® Wholesale® Consumer

Channel 4: Produc® Wholesale® Retailer® Consumer

The amount of time saving for fuel collection doeuse of densified biofuel over wood fuel

by different users were calculated as 11.8, 241820 and 6.3 mad-day/year for household,
restaurant, tea stall and street food stall, respyg. Direct employment was generated due
to production, trading and using of densified b&fuThe employment generated was
calculated as 3.73 man-day for each ton of deuisifiefuel.

Some young unemployed educated person has comartbe establish self employment
activities. The net profit earned by entrepreneans! traders ranged form 3249-13559
BDT/month and 300-16500 BDT/month, respectivelyoab42% of entrepreneurs and 29%
of traders could avail their whole family expend&wvith the net income from this business.

The rest of the expenditure was met from other@®af income such as agriculture.

Traders reported that densified fuel demand wak higd more advantageous compared to
wood fuel. Consumers reported a number of advastafjaensified biofuel compared to
wood fuel such as less or no smoke; more reliald@dorm quality and steady fire during
cooking; easy fire management; after all the destibiofuel was available in the market.
However, the densified biofuel could not be acoggty small industries such as bakery

because the present system was not suitable ifog tinis fuel.

The densified biofuel options was found to be tfeshenvironment friendly in the study area
compared to wood fuel, natural gas and kerosenersptThe annual saving of G@as
found to be 16.42xf0kg by using 100% densified biofuel instead of 100% eéael (non-

sustainable source) in the study area which woeltdd$$65.65 thousand worth annually.

A negative cost of COreduction was found to be -0.80 US$/ton becaussified biofuel
substituted 1.63 time of wood, therefore, costrsgwiby the replaced wood fuel is higher than
the cost of substituted densified biofuel. The etoit analysis showed that the replacement
of wood with densified biofuel is viable with velygh value of IRR (5619%). The sensitivity

analysis expressed that the economic viability ciéfie by the performance of densified
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biofuel over wood fuel and of course price variati®he densified biofuel option is viable up
to 20% price increase and if 1 kg densified biofcelild give same service of 1.36 kg of

wood fuel.

Conclusion. The densification technology is well adapted in shedy area with satisfactory
performances. A market channel is established thacethe consumers have accepted the
densified biofuel instead of wood fuel. Finally,edio the intervention of the densified biofuel
people are getting advantage form time savinguel €ollection, better service from the fuel,
employment generation, income generation and thet nmoportant benefits from the
reduction of CQfor developing stable climate for future earthefigfore, it can be concluded

that the use of densified biofuel is sustainable.
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ZUSAMMENFASSUNG (Summary in German)

Einleitung. Der gro3te Teil der armsten Familien der Welt ist taaditionelle Brennstoffe,
wie Brennstoff aus Holz, Agrarabfdlle und Viehduaggewiesen, um Energie fur den
Haushalt, kleine wirtschaftliche Aktivitaten undg &inkommensquelle zu produzieren, da sie
keine alternativen Energiequellen haben (UNDP 20@pmasse ist bei weitem die
dominierende Energiequelle in Bangladesh, mit eierteil von etwa 67% des gesamten
Energieverbrauchs des Landes. Der Energieverbratehikopf in Bangladesh betragt mit
6,27GJ/Jahr ein zehntel des durchschnittlichen Widtauches. Biobrennstoff wird wegen
der hohen Bevolkerungsbelastung Uber seine regerer&renze hinaus genutzt (6%
Entwaldungsrate). In Bangladesh gibt es einen Mg Hohe von 2,1 Millionen fhan
Brennholz. Die traditionelle Biomasse ist nicht dreders in einer Form organisierten, diese
lose Biomasse ist nur schwer als Brennstoff zu ayediten. Der Prozess der Biomasse
Verdichtung kann diese Biomasse in eine stabilemB®se mit hoher Dichte und
gleichméalRiger Form bringen, die dann einfach getaged transportiert werden kann. Diese
verdichtete Biomasse ist trockenes, hdlzernes Nhétend ist beziglich des Heizwertes
vergleichbar mit Klasse ,B* bei Kohle. In den letmtJahren haben die Produktion und der
Verbrauch von verdichtetem Brennstoff in einigenldire des Landes zugenommen. Laut
Berichten ist eine kleine Anzahl von Technologien ¥erdichtung in dem untersuchten
Gebiet in 1999 (Mymensingh), im Vergleich zu anderf@egionen, installiert worden.
Allerdings ist die Verfuigbarkeit von Rohstoffender untersuchten Gegend hoch (14,08PJ in
2005), womit ein grol3es Potential gesichert ist wardichtete Biomasse in den
Holzbrennstoff Markt zu bringen. Das Problem iseérabass die Verdichtungstechnologie in
Bangladesh nur halb ausgereift und in bestimmtene®en angesiedelt ist.

Ziel der Studie. Ermittlung der Nachhaltigkeit von verdichteter Biasse

Methodik. Diese Untersuchung wurde als eine Fallstudie vktolaer 2005 bis Méarz 2006
im Mymensingh Gebiet, in Bangladesh, durchgeflibre Untersuchungsgrundlagen waren
der Produktions-, der Handels und der Verbraucheseles wurden die Leistung der
Technologie, die Stromungskandle und die Leistueg &erdichteten Brennstoffs, die
Anwendergruppe und das Verbrauchsverhalten, Besghdfy und Einkommenssteigerung
und schlieBlich die Umweltvertraglichkeit von vietdtetem Brennstoff untersucht. Die

bendtigten Daten wurden durch strukturierte Inemd mit Interessenvertretern, Feldstudien
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und Diskussionen mit den Verantwortlichen ermitt€iese Daten wurden mit Hilfe von
statistischen Mitteln, wie Mittlere- und Standardeichung, Haufigkeitsverteilungen und
Korrelation analysiert. Um die finanzielle und wsthaftliche Realisierbarkeit von
verdichtetem Biobrennstoff herauszufinden wurdearizwirtschaftliche Indikatoren, wie der
Kapitalwert, interner Zinsfuss, der Ruckzahlungsaam und der Gewinnkoeffizient
errechnet. Emissionen fur verschiedene Brennstbffiopn wurden mittels der GEMIS
Software (Global Emission Model for Integrated 8ys$) untersucht, um die Auswirkungen

von verdichtetem Brennstoff auf die Umwelt heradiszen.

Ergebnisse.Zur Zeit wird die Technik zur Verdichtung von zw@ruppen besessen, namlich
von individuellen Unternehmern und Reis Fabrik Besin. Die Spindelpressmaschinen
wurden mit elektrischen Motoren und einem Erhitzegetrieben. Nur die Schale vom Reis
wurde als Rohstoff genutzt (mit einem Anteil vorfo&n den Produktionskosten) und die
Produktionsrate reichte zu einem Ertrag von 80 I6kg/hr bei einem Verbrauch von
durchschnittlich 183 kWjit (mit einem Anteil von 31% an den Produktionsko3t Die
Produktionskosten beliefen sich auf 2184 BDT/t4is2683 BDT/t. Die Hauptprobleme der
Technologie waren die Kurzlebigkeit der Spindelpneaschine und des Erhitzer, Schaden am
Hauptlager, etc. Der Betreiber und die Mechanikigitdn sich nicht an die passenden
Sicherheitsvorkehrungen und litten an Gesundhetdpmen durch das Einatmen von Staub
und Augenproblemen durch das Bogenlicht beim Sdbeveder Schrauben. Die Besitzer sind
mit dieser Technologie zufrieden, wenn sie auche eltbsung fur das Problem der
Kurzlebigkeit von der Spindelpressmaschine unditbgzer wollen.

Die Verdichtungstechnologie wurde 1992 das ersté imaer Region eingefihrt und bis
Dezember 2005 wurden 86 Maschinen registriert. ieigt die hohe Akzeptanz dieser
Technologie in der Region (Wachstumsrate von 33)55%

Die Wirtschaftlichkeitsanalyse errechnet einen fpoen Kapitalwert und einen hohen
internen Zinsfuss fur alle Fallstudien. Die durdirsttliche Ruckzahlungszeit ist 2,2 Jahre
und der Gewinnkoeffizient ist gro3er als eins. Béhere interne Zinsful3 und der geringere
Ruckzahlungszeitraum zeigen die Wirtschaftlichkieit Technologie und die Attraktivitat far
die Investoren. Eine kleine Menge flissiges Kapitgdr nétig und es konnte taglich
zuruckgezahlt werden, da sich das Produkt sofarh mker Produktion verkaufte. Durch die

Sensitivitatsanalyse wurde klar, dass der Verkaefspdes Produktes, der Preis fur

XX



Reisschalen, die Betriebsstunden und die Elekitaibsten die sensitivsten wirtschaftlichen
Input Parameter sind.

Die unabhangigen Unternehmer haben die Reisschalemer Reisfabrik gekauft und sie in
einem Schuppen gelagert. Hauptsachlich die weibticArbeiterinnen der Reisfabrik haben
mit den Reisschalen, in einer sehr staubigen Asagitosphare in der Reisfabrik, gearbeitet.
Im Produktionssektor arbeiten immer mehr méannlidnieeitskrafte, nur eine Frau arbeitete
dort. Dies ist ein Indikator dafur, dass Frauen Méglichkeit haben im qualifizierten

Arbeitssektor zu arbeiten.

Die Gesamtproduktion verdichteter Brennstoffe in Hegion ist 19.880 t/Jahr entsprechend
10.410 Tonnen Kohle oder 24.362 Tonnen Holz (3@4chtigkeitsanteil). Die meisten der
Verdichtungsmaschinen sind in landlichen oder $taliitischen Gegenden, etwas weiter weg
von der Stadt Mymensingh, angesiedelt. Nur 1.1kht an Biobrennstoff kann in Anlagen
in der Nahe der Stadt produziert werden. Die Predien haben die Produkte sowohl an

Handler als auch direkt an die Verbraucher verkauft

Nach Bedarf der Handler hat ein Transportunternehrden Brennstoff transportiert.
Normalerweise werden die Lastwagen benutzt um demridtoff Uber weite Strecken zu
transportieren. Die Kosten fur den Transport liegesschen 125 BDT/t und 175 BDT/t. Fur
den Transport des Brennstoffs im lokalen Bereichubden die Menschen ublicherweise
Rikschas. Bis zu 200kg verdichteten Biobrennstafhrk ein Rikschafahrer beférdern und
verlangt eine Gebuhr von 10 bis 20 BDT pro Fahrt.

21 Handler wurden wahrend des Feldversuches ikt Stadt Mymensingh registriert.
Fur etwa57% der Handler ist dieses Geschaft ihr Hauptgesclisé. restlichen 3% der
Handler betreiben den Handel mit Biobrennstoffenzkeitgeschaft und arbeiten ansonsten
in Lebensmittelgeschaften, Zementgeschaften, Besatigiften, Restaurants und Teestuben,
etc. Dies zeigt, dass der Handel mit Biobrennstofieeht auf eine Gruppe beschrankt ist,
sondern dass eine breite Gruppe von Handlern Bioisteff an Konsumenten verkaufen
kann. Die Handler werden in drei Gruppen untert@i@imlich Grol3héndler, Einzelh&ndler
und eine Mischung aus beidem. Die Verkaufsstruktur verdichtetem Biobrennstoff wurde
mit 120, 13 und 31 t/Monat fir Grol3handler, Einzeliler und die Mischung von beidem
festgestellt. Die Gesamtmenge, die in der Stadtdaaf Markt kommt betragt 600t/Monat.
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Von diesen 600 Tonnen wurde 84% aus anderen Regionortiert und die restliche Menge

wurde von lokalen Produzenten geliefert.

In der Stadt sind 60% Restaurants, 25% Teestandelb$h Essensstédnde auf der Strasse.
Derzeit sind 19.000 Haushalte und 91 gewerblichebiaeicher an das Gasnetz der Stadt
angeschlossen. Die Haushalte, die nicht Gas vemvend/erwenden verdichteten
Biobrennstoff. Die Gruppe dieser Haushalte hatreadriges Einkommen und sind héufig
Tagel6hner. Die durchschnittliche HaushaltsgroRé,is4 mit einem taglichen Einkommen
von 40 BDT (0,61US$)/Person.

Normalerweise wird im gewerblichen Sektor der esderte Brennofen genutzt. Die Ofen
werden aus Morast, verschrotteten Metallblechendiii Konstruktion) und aus Stahlstangen
(fur den Rost) gefertigt. Alle Ofen wurden lokalrpestellt. Im Haushalt gebrauchen die
Menschen tragbare Lehmofen.

Der Verbrauch der Haushalte war nicht mehr alskg/8lay. Der hdochste Verbrauch wurde
mit 114 (Standardabweichung *= 49) kg/Tag in einemast&urant festgestellt. Der

durchschnittliche Verbrauch der Tee- und Essendstdag bei 16 (Standardabweichung *
8,9) kg/Tag bzw. 12 (Standardabweichung + 2,9) &g/MDer Holzverbrauch wurde bei 130
(Standardabweichung + 75) kg/Tag festgestellt b3®. kg/Tag fur Restaurants und
Teestande. Die Verbraucher berichteten, dass dthultich 1kg verdichteter Biobrennstoff

1,63kg Holz ersetzen kann. Dennoch unterscheidbatdieses Verhaltnis wird es auf Basis
der Verbrauchsdaten (1kg verdichtet Biomasse z8ki),#41olz) und basierend auf Labordaten

(1kg verdichtete Biomasse zu 1,21 kg Holz) berethne

4 verschiedenen Kanélen fur den Brennstoffflussdam Markt wurden festgestellt:
Kanal 1: Produzent Verbraucher

Kanal 2: Produzent Einzelhandler Verbraucher

Kanal 3: Produzent GrofRhandler Verbraucher

Kanal 4: Produzent GrofRhandler Einzelhdndler Verbraucher

Die Zeitersparnis, durch den verdichteten Biobrésfhanstelle von Holz, bei der Sammlung
von Brennstoff wurde bei verschiedenen Verbrauchaisn 11,8; 24,20; 16,20 und 6,3
Arbeitstage/Jahr fur Haushalte, Restaurants, Tesd &ssstdnde berechnen. Direkte
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Beschéftigung wurde durch Produktion, Handel un@ébr@uch des verdichteten
Biobrennstoffs erzeugt. Die Beschéftigungsrate wumlt 3,73 Arbeitstage flr jede Tonne

verdichteten Biobrennstoff berechnet.

Einige junge, arbeitslose, ausgebildete Leute hal&ibstbeschaftigungsaktivitaten
geschaffen. Der Netto-Verdienst, den Unternehmer ldandler eingenommen haben liegt
zwischen 3.249 und 13.559 BDT/Monat bzw. 300 unb® BDT/Monat. Ungefahr 42%

der Unternehmer und 29% der Handler konnten diepketten Ausgaben der Familie mit
dem Netto-Einkommen aus diesem Geschaft decken R@st der Ausgaben wurde durch

andere Einkommensquellen wie Agrarwirtschaft abgkide

Die Handler berichten, dass die Nachfrage nachicleieiem Biobrennstoff im Vergleich zu

Holz hoher und vorteilhafter war. Die Verbraucberichten von einer Anzahl von Vorteilen
des verdichteten Biobrennstoffs im Vergleich zuHwhchdem der verdichtetet Biobrennstoff
auf dem Markt erhaltlich war, wie zum Beispiel wggi Qualm, hoéhere Verlasslichkeit,
einheitliche Qualitat und standiges Feuer wahrera$ d&ochens und ein einfaches
Feuermanagement. Trotz allem konnte die verdiclBetenasse bei kleinen Industrien, wie
Backereien, nicht eingesetzt werden, da das derzeitige System nichdiésen Brennstoff

ausgelegt ist.

Die Optionen des verdichteten Biobrennstoffs eramesich als die umweltfreundlichsten in
der untersuchten Region, im Vergleich zu Holz, Qasd Kerosin. Das jahrliche
Einsparpotenzial in der Region fir €@egt bei 16,42x1D kg, wenn 100% verdichteter
Biobrennstoff verwendet wird anstelle von Holz (ieei erneuerbare Ressource), was
65,65tausend US$ jahrlich wert ist.

Die negativen Kosten der GBeduktion belaufen sich auf —0,80 US$/Tonne, ddigbteter
Biobrennstoff 1,63 mal Holz ersetzt, deswegen ${ndteneinsparungen bei dem Ersetzen
von Holz hoher als die Kosten des substituiertemdigbteten Biobrennstoffs. Die
Wirtschaftlichkeitsanalyse zeigte, dass das Ersetamn Holz durch verdichtete
Biobrennstoffe wirtschaftlich ist durch einen hohemernen Zinsguss (5619%). Die
Sensitivitatsanalyse macht deutlich, dass die \hdglichkeit von der Leistung des

verdichteten Biobrennstoffs gegentber des Holzed natirlich durch Preisvariationen
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beeinflusst ist. Die Option des verdichteten Biolmstoffs ist wirtschaftlich solange der Preis
nicht mehr als 20% steigt und dieser Brennstofelige Leistung abgibt wie 1,36kg Holz.

Schlussfolgerung. Die Verdichtungstechnologie ist in der untersucht&egend gut

angenommen und zeigt eine zufriedenstellende Legstkin Marktkanal wurde hergestellt
und die Verbraucher haben diese Form des Brensstafistelle von Holz, akzeptiert.
Letztendlich hat die Bevdlkerung Vorteile durch deéinsatz von verdichtetem Biobrennstoff
wie die Zeiteinsparung durch das Sammeln, einersdoesLeistung des Brennstoffs,
Beschaftigung, Einkommen und am wichtigsten eingluRgon des C@ Ausstof3es um

zukunftig ein stabiles Klima fir die Erde herzulstel Folglich kann geschlossen werden,

dass der Gebrauch von verdichtetem fossilen Brefimgichhaltig ist.
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CHAPTER 1. INTRODUCTION

1.1 Problem Statement
The largest part of the world's poor householdstawely on traditional fuels such as wood

fuel, agricultural residues, and cattle dung todpice energy for household uses, small-scale
commercial uses and income generation because hhey no alternative energy source
(UNDP 2002, p.8).

Biomass is by far the dominant energy source ingiatesh, accounting for approximately
(67%) of the country total energy consumption (RWER0OO, p.2). The per capita energy
consumption in Bangladesh is fairly small, 6.27y&ar, which is only one tenth of world
average, 65 GJ/year (1995). About 80% of total petmn of Bangladesh lives in rural area,
where biomass is the only available energy sounckitiis estimated that 88% of energy
demand is for household cooking, this being almostpletely supplied by biomass
resources. However, there is a prediction that &b6@o of the population will be located
within urban areas by 2020. Such massive urban thr@lso raises questions as to the
sustainability of increasing fuel demand as welBasigladesh’s development. (Ellery et al.
2000, p.6-13). Bangladesh has limited natural geserrve, it is used mainly for power
generation and industrial purposes and there imige gas pipeline connection for cooking

in certain cities.

Biomass fuels are using beyond their regeneraimis| due to high pressure of population.
There is a severe shortage of wood fuel in Bangladaemounting 2.1 million cubic meters
(RWEDP 19964, p.204). Bangladesh is facing probhath the deforesting process due to
lack of fuel in small cities, public centers, smatitrepreneur, tea stall, restaurants and rural
areas. To meet this increasing energy demand peopkxrt the wood fuel form the forest.
There is an only 6% dense forest of total areaarigbadesh. Presently the deforestation rate
is 4 hectare per hour (Janakontha 2005). Now theiarissue of the country is to meet the
energy demand of the 123 million people. The pdpmiadensity of Bangladesh is 834
persons per square kilometer. Therefore, therelimitation of increase the forest for wood

fuel.

The waste biomass like rice husk, rice straw, satychagasse, jute stick etc. account for a

substantial share in total energy consumption ofigiedesh. The main problems of this



energy are their low bulk densities and high meetontent as well as this traditional energy
is not in an organized form. People have to spem to gathering and drying of a bulk
volume before using. Biomass densification proaess transform this biomass into solid,

high bulk densities, regular shape which can bédyestered and transported.

This densified fuel is dry woody material and i&acific value range from 14.2 to 17.5
MJ/kg and it is equivalent to “B” grade coal inrtex of calorific value (Moral et al. 1999,
p.369 mentioned from Naidu, IREDA India). It busiswly with less smoke than wood fuel.

Therefore, there is a potential to replace the wioetwith this biofuel from wastes.

In recent years the use and production of rice tiesisified fuel have increased in certain
areas of the country. A majority of tea stall @amdall food shops in Sylhet and Chittagong
district of Bangladesh has shifted from using fue to rice husk briquettes (Sarker et al.
1999, p. 12 and Dasgupta et al. 2003, p.91)

"The development of briquetting technology in Bagish has proceeded onamhhocbasis,
with individual owners and manufacturers puttingitrown stamp on machine. There is no
evidence of a rigorous research programme haviren bmarried out to understand the
scientific principles of briquetting or to optimizke many operating parameters” (Hardman,
2001, p.6).

Information on the consumption pattern of energglitierent level of socio-economic groups

is not in print either by the energy utilities oy government agency. Islam (1999, p. 502)
pointed out that “this indicates the insensitivitiythe national planners about meeting the
energy needs of the lower income groups. Highesnmehouseholds (ruling elites) use better

guality energy and incur less expenditure per eapitenergy account.”

As per the study of Moral et.al. (1999, p376), ddd000 biomass densification (briquetting)
machine can run on the basis of the available rateral in the country, but there is only
906 number of machine is running presently. Theesfthere is a great potential to add the
densified biofuel in the wood fuel market. The geob is that the densification technology is

a semi-matured technology in Bangladesh and @aated in certain areas of the country.



1.2 Objective of the Study
Main objective of the study:

To find out the sustainability of the use of deiesifbiofuel

Specific objectives:
1. To assess the present status of the biomas#icktien technology
2. To analyze the flow channel of densified biofuel

3. To assess the socio-economical impacts of thsiftled biofuel use

1.3 Research Question

To satisfy the above specific objectives the folluys research questions are laid down:

Specific | Questions
objective
1 1. What is the performance of biomass densificatiachine?
2. What is the adoption level of the technology?
3. Is the densification technology financially Vie®
2 4. What is production and distribution pattern ehslified biofuel?
5. What is the consumption pattern of densifiedusbby different users?
6. Is there any market channel for densified biffue
3 7. Does the densification technology generate eympémt and income?
8. Is the densified biofuel accepted as an altermatf wood fuel?
9. What is the benefit of densified biofuel useareiing the global
environment?

1.4 Research Hypothesis
The densification of loose biomass is a small scadastrial production process. It consumes
electric energy and imposes the value addition raditional biomass. Therefore, it is
suspected that there is a question of sustainalaifithe use of this value added densified
biofuel as well as addition of greenhouse gasesugir production and transportation
processes. Hence, the following null hypothesis ha@sdown:

Ho: The use of densified biofuel is not sustainalpié i has an adverse effect

on environment.



1.5 Significance of the study

Bangladesh produces 7.0 million ton of rice husk year and 19.97 million ton of rice
straws per year, which are used as roofing maserealttle feed, poultry bed, direct burning
(for cooking and rice parboiling) etc. Rice husls poperties that suit it very well to screw
briquetting, including good flow ability, normalljow moisture content, moderate
temperature to release of lignin for binding, ahd &bility to produce strong briquettes with
good combustion properties. Densification of lodsemass (viz., agricultural and agro-
industrial wastes), is called biomass briquettiBglk density: 600-800 kg/f. It facilitates
easy transportation, better handling and storagelég being efficient in use as an alternative

fuel to coal, firewood and charcoal.

From the environmental point of view there is achée keep up the supply of the biomass
fuels within its regenerative limits. Thereforegttensified biofuel can play a great role to

meet the energy demand and to save our forestossd fuel as well as environment.

The level of expansion of biomass densificatiomtedtogy is affected by several factors like
raw material availability, performance of technofogvailable, income generation activity
through the technology, socio-economic conditiorcafisumer group, consumption pattern,

market channel of the densified biofuel and immgacenvironment etc.

In view of the large amounts of husk produced witle Bangladesh rice crop and the
extending use of this material for densificationpm@per study on the technical, socio-
economical aspects of biomass densification islyimEhis study will help to bring together
the impact of biomass densification technology @ticseconomy and environment in

Bangladesh.



CHAPTER 2. BACKGROUND INFORMATION AND LITERATURE RE VIEW

2.1 Country Background
2.1.1 General overview

The geographical location of Bangladesh is betw26éf34 and 26°38 North latitude and
between 88°0land 92°41east latitude. The country has a long boundary imitha on the west,
north and east, small border with Myanmar on thdlseast and on the south faced by the Bay of
Bengal. The total area of the country is 147,57@asg kilometers. The country map is shown in
Map 2.1. The landscape of the country is mostiywadnd flat deltaic land and some hilly areas in
the north-east and south-east. The country hagwareexperience with floods, cyclones, and
droughts. The country is highly populated with 838drsons per square kilometer and total
population is 123.1 million (according to the pagidn census 2001). About 76.6% of total
population lives in rural area and the rest 23.48% ih urban area. The growth rate of population
is 1.54%. The per capita GDP is US$361. (BBS 2p(6).

Rice is the staple food of Bangladeshi people. dmicalture sector, ice dominates total
agricultural production. The contribution of rice GDP accounting for 58.3 percent of value
added in agriculture (9.1 percent of total GDPreRs the main source of calorie accounting

about 72.8 percent of calories consumed in 1998r®liet al. 2001, p.4).

Bangladesh producing a bulk amount of rice evear ye mitigate the calorie needed for the
people. International Rice Research Institute (RBported (cited from FAOSTAT database
2005) the total rough rice production in world wasre than 600 million ton in 2004. The
rough rice production of Bangladesh is about 6%ot#l world rice production and this is the
4™ rank position according to individual country puation in the world (Figure 2.1). This is

an indication of abundant biomass production indgbadesh.



Map 2. 1 Showing the geography map of Bangladesh
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Figure 2. 1 World rough rice (paddy) productions in2004
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Sourcehttp://www.irri.org/science/ricestat/pdfs/WRS200&ble01.pdf, p.1-6, printed on
03.02.2006 and own calculation and plotting

2.1.2 Energy sector in Bangladesh

In Bangladesh, the energy comes from different ceurin the different sectors viz.
domestic/residential, industrial, commerce/servicasport, agriculture and non-energy use.
The per capita energy consumption in Bangladeshirly small, 6.27 GJ/year, which is only
one tenth of world average, 65 GJ/year (ElleryaeD0O0, p.7, 11). According to BBS (2002,
p.241) share of traditional biomass fuel in totakrgy consumption is about 56.5% and rests

43.5% come from commercial energy.

Commercial energy consumption. Commercial energy comprises petroleum products,
natural gas, electricity, coal and coke etc. Thmmercial energy consumed by different
sector in 2001-2002 is shown in Figure 2.2. Toit@lf consumption of commercial energy
was 249.5 PJ, whereas, the share of the commereagy consumption with respect to end
use sector were as follows: domestic 18.1%, ima@duisit6.85%, commercial 2.52%, transport
17.1%, agriculture 7.38% and non energy use (nagas used for production of fertilizer)
38.1%. Bangladesh has natural gas reserve (1108@maubic meter gas produced in 2001-
02), out of the produced natural gas about 48.588é6l fior electricity generation, 33.8% used
for industrial production and process, 9.4% useadhimusehold cooking purposes and rest

used for commercial and other purposes (BBS 20@32).



Figure 2. 2 Sector wise final consumption of commeial energy in the financial year
2001-2002 in Bangladesh
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(Source: BBS 2002, p. 241 and own calculation dottipg)

Traditional fuel supply. There is an increasing trend of biomass fuel suppBangladesh.
The total supply of biomass fuel was 236.08 PXBiB0land this supply increased to 320.67 PJ
(1.40% growth) during last twenty years shown igufe 2.3. Traditional fuels come from
mainly three sources viz. crop residues, animalbdamd trees. The major share of biomass

energy supplied comes from rural areas of Bangltades

Figure 2. 3 Trends of traditional fuel supply during 1980 to 2002
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Total energy supplied by traditional biomass fualsvd20.67 PJ in the financial year 2001-
2002. The shares of different type of traditionalfin terms of PJ are shown in Figure 2.4.
The percentage of different traditional energy wasefollows: cow-dung 18.8%, jute stick

4.0%, rice straw 14.9%, rice husk 26.1%, bagass® 5fire wood 5.6%, twigs and leaves

13.6% and other wastes 11.4%. Rice husk contrithigggest share of biomass energy and it
was 83.71 PJ in 2001-2002 (BBS 2002, p.241).

Figure 2. 4 Estimated traditional energy supply inthe financial year 2001-2002 in
Bangladesh
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(Source: BBS 2002, p. 241 and own calculation dottipg)

Rice husk energy.About 26% (83.71 PJ) of total biomass energy cofm@® rice husk
(Figure 2.4). Production of rice husk energy isadte over decays and day by day it is
increasing. In 1991, the production of rice huskrgg was 76.35 PJ and it increased to 106.1
PJ in 2004 (Figure 2.5). The growth of rice thekhpoduction is calculated 2.57% which is
higher than the overall growth of traditional fi&l40%).

Distribution of rice husk energy throughout the oy is shown in Figure 2.6 (region wise,

greater district). Although rice husk productionnist equally distribution throughout the

country, from the Figure 2.6 it is clear that ricask is being producing throughout the
country. The range of husk production is 2.62 PJPatukhali region to 14.08 PJ in

Mymensingh region. The main cluster of rice milfs Bangladesh where the rice husk is
produced is shown in Map 2.2. It also indicates$ tha rice husk can be obtained all over the
country.



Figure 2. 5 Trends of rice husk energy production dring last decay in Bangladesh
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03.02.2006and own calculation and plotting
Low heating value (LHV) of rice husk = 14 MJ/kg (Quaalal. 1999, p.5), Rice husk and paddy ratio = 0.2

Figure 2. 6 Production of rice husk energy by regio in Bangladesh during the financial
year 2004-2005

16.00
14.08
14.00+ ]
o 12.00-
> 9.90
(@] - —
E 10.00 8 ._85 8.36
S gpgp 751 — 7.39
x © — 6.62 - £ 90 —
3 - .
f) 6.00 511 5.25
i) 4.00 4.05 3.91 411 3.40
X 400 3.21 060 4
0.00 =
+— (@] — = = ] e i @© © = = i
8 £ 23§32 £ 58 38=¢=5 958 g ELF
= 232 3 5 2 2 % % =T 5 E S 5 % & £ <
" & & £ T3 P®P Y ¥ 3o 3 e c g 509
= N o o L 2 = ®©
= £ S
O >
=
Region (Greater district)
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LHV of rice husk = 14 MJ/kg (Quaak et al. 1999, p.5)
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Map 2. 2 Showing the district with main cluster ofrice mill where the rice husk is
produced (Star marked) in Bangladesh

(Source: Dasgupta et al. 2003, p.8)
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2.1.3 Biomass densification technology in Banglades

Historical background of introduction of the biomass densification technology.In
densification process, low bulk density and loogmmass is compacted into solid and high
bulk density materials. There are various typeslaisification methods are commercially
available namely, pelleting, cubing, rolling-comgsmg and briquetting. Rice husk
densification technology was introduced in Bang&dearound 1990 by a private
entrepreneur. An entrepreneur in Sylhet distrigs{ern part of the country) imported a
briquette machine from Taiwan and set up a factbayer the technology was adopted into
few other places. The heated die screw press temne used and rice husk is used as raw
material for densification in Bangladesh reportgdMioral 1999, p.369 and Dasgupta et al.
2003, p.65. The real background of introducingdéasification technology has been come to
know after a discussion with Md. Mostafizur Rahfmavho previously worked in Alec
Engineering Workshalin Sylhet for more than ten year. According to Rahman, disposal
of rice husk was a problem before 1990 in Sylhgtom It is noted that un-parboiled rice is
processed in Sylhet region, no husk is needed ddvgiing. Therefore, husk production is
high in this region. The rice mill owner used toatl the husk into river crossing the Sylhet
district town. Day by day the cumulated husk créaiebig problem such as boat could not
play on the river and the fishermen who lived ottleig fishes could not catch fish from the
river. It was a great problem of their livelihoo@ihen the fishermen filed a case to the
authority against the rice mill owner. Then thealoauthority had taken care about this
inconvenience and rice mill owners also tried talfout the solution of better use of rice husk
instead of throwing into river. Once one rice molvner namely Mr. Hyatullah of Sylhet
imported a machine from Taiwan and installed inrfde mill premises and this was the first

densification machine introduced in Bangladesh ddeMr. Rahman.

Bangladesh Institute of Technology (BIT), Khulnandacted a survey on densification
activities in Bangladesh, and reported about 90&ber of machine are running throughout
the country and all machines are the heated diews@xtruder type. The region wise
distribution of the biomass densification technglog Bangladesh is shown in Figure 2.7.
The highest number of machines was found in Syisgtict (248 no. of machine) where the

first machine was launched and a significant nunddemachine was found in Chittagong

2 Md. Mostafizur Rahman, Expert technician of denaifon technology, Netrokona who was contacted by
author on 16.12.05

% A pioneer workshop for the development of denatfim technology in Bangladesh and providing bazk u
support services as well
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(103 no. of machine), Khulna (102 no. of machia@y Dinajpur (90 no. of machine) regions
(Moral et. al. 1999, p.373, Sarker et al.1999, .32

Figure 2. 7 Distribution of rice husk briquette madines by region in Bangladesh
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2.2 Study Area Background

2.2.1 Geography

Mymensingh district is located between the latit@gdé15'and 25°12North and between the
longitude 90°05and 90°50East. It has boundary on the North by India, on Hast by
Netrokona and Kishoregonj district, on the SouthGazipur district and on the West by
Sherpur, Jamalpur and Tangail district. The Mymegisidistrict comprises eleverpazilas

(administrative unit under district).
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Map 2. 3 Showing the geography map of Mymensingh slirict
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Map 2. 4 Showing the geography map of Mymensingh dar upazila indicating the
municipality area (Paurashava under yellow boundaryline)

Sourcenttp://banglapedia.search.com.bd/Maps/MM_ 0433, Btited on 19.01.06

2.2.2 Key information of the Mymensingh district tavn

The town is about 150 years old. A number of inftihs were found in the town. There is a
number of academic and training institutes in Mipatty area of Mymensingh those
institutions make the town lively. The key featuodshe town are furnished in Table 2.1. The
number of household was found to be 18152 from Wipality office, this data is not

updated.
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Table 2. 1 Information of key features of Mymensing district town

Established 1869
Population 375312 (2001)
Area (municipality) 21.73 km?
Household 18152 (1999
assessment)

Academic and training institutions

University (Bangladesh Agricultural University) 1

College 6

Medical college and Hospital 1

Polytechnic Institute 1

Girls Cadet college 1

Schools (big) 6

Bangladesh Institute of Nuclear Agriculture 1

Teacher training institute 2
Administrative institute

Deputy Commission Office 1

District Judge Office 1

District Collector 1
Municipality Office 1

Others

Old Brahmaputra River across the town originatechfChina

Rail way station, Railway Junction, Railway Workgh

(Source: Unpublished register of Municipality O#fjdMymensingh district town and personal

observation)

2.2.3 Available information on existing energy use

The whole town is electrified. Besides the eledirisome other energy such as natural gas,
wood fuel, densified biofuel etc. are used in tbwrt. The different type of natural gas

consumers in the town and tariff are shown in T&uke From the gas office it was found that

19000 household are connected with gas grid tieJ2005.

Wood fuel production from the greater Mymensingiioa is shown in Table 2.3. Total wood

fuel production during 2004-2005 was found to be&2Gon; whereas, the wood fuel




production in present Mymensingh district was fouadoe only 321 ton during the same
period. The total potential of rice husk energyaar districts of greater Mymensingh region

from where densified biofuel comes in the townhewsn Table 2.4.

Table 2. 2 Natural gas consumers in Mymensingh towfdata updated in June 2005)

Type of consumer Number of | Tariff, BDT/Nm3
consumer
Industry 7 5.23
Commercial 91 8.23
Household 19000 4.59
Flat rate: 390 BDT/month (double burner)
: 350 BDT/month (single burner)

Total consumption of natural gas per year = 150anilcubic meter

(Source: Unpublished annual report of Titash Gaanemission and Distribution, Regional
Office, Mymensingh)

Table 2. 3 Wood fuel production in different regionof greater Mymensingh District
during 2004-2005

District Production Specific weight of wood fuel
cft ton kg/cft

Mymensingh 25000 312.5

Sherpur 160000 2000

Jamalpur 45000 562.5 125

Netrokona 15000 187.5 (441kg/m?)

Total 245000 3062.5

(Source: Unpublished annual report of Divisionalrést Office, Mymensingh)

Table 2. 4 Total potential of rice husk energy inhe four districts of greater
Mymensingh region during 2004-2005

District Total Potential of rice husk in the
area, ton

Mymensingh 386301

Jamalpur 158234

Netrokona 194307

Sherpur 99264

Total 838106

(Source: BCA Database2005, CIMMYT Bangladesh anmdaalculation)
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2.3 Review of Literature

Grover and Mishra (1996, p.5, 10, 41) made a comsparstudy between piston press and
screw press briquette. They reported that the sgmess briquette fuel has advantage over
piston press like very good in combustion perforoganuniform quality and suitable for
gasifiers etc. The energy consumption for screvepi®iquette was only 60 kWh/ton. They
reported that

"Screw press briquette (SPB) are easy to burn amdlgtter combustion than wood.
Since the density of these briquettes is higheam thaod, the amount of air required is
correspondingly greater for the same volume ofumitgs. Moreover, SPB should be
places in a vertical position as far as possiblthabthe air can easily pass through the
central holes. ...... The specific air requireméot these briquettes is about 1.6
Nms3/hour per kWh of heat output.”

Ashes of biomass residues have a higher percenthgalkaline minerals and these
constituents have a tendency to devolatalise duamgbustion added by Grover and Mishra
also.

Miah et al. (1999, p.63-68) reported the problemd prospects of rice husk briquette as an
alternative fuel in Bangladesh. They estimated that total cooking fuel requirement of
Bangladesh is about 36.5 million ton. Only 8.58.%28) million ton of wood fuel is available
for cooking purposes. They also reported that aliddit kg of fuel wood could be replaced
by 1 kg of rice husk briquette. The estimated pidéof rice husk briquette in Bangladesh is
about 2.59 million ton that could replace abou®4mllion ton of fuel wood.

Moral et al. (1999, p.369-379) conducted a researclbriquetting activities in Bangladesh
and reported that

"... In Bangladesh briquetting is a semi-maturezht®logy. The technology appears
to have been developed by the local entrepreneitteomt any support form the
government of donor agencies".

They also explained that once people accepted rihedite fuel, the technology started to
spread out through several factors. The unemployofehe people is one of the factors. This
technology was accepted as a means of income sbyrseme people. The local workshop
fabricated the machine with trial and error basid aome of them got success. The financial
analysis showed the pay back period was only 1ea2sy All the producers use rice husk as
raw material and the main problem of this technglags identified the shorter life of the

screw. There are some other raw materials thadcoelused for densification such as saw
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dust, wheat straw, wheat shell and groundnut shelvever, before using of these material

for densification needs some pretreatments.

Sarker et. al. (1999, p.12-13) reported that tluelpetion capacity of the machine ranged 75
kg/hr to 150 kg/hr. He also noted that the briqongthas a bright potentials in providing a
convenient and energy efficient fuel for Bangladesh the basic technical and

commercialization problems can be solved.

Hulscher et al. (1999, p.119) analyzed the cosT©f reduction using improved cook stove
and they found the cost of GQeduction as US$1.2/ton to US$1.7/ton in India and
US$0.8/ton to US$1.2/ton in Thailand . They alsontivmed the C@ reduction cost was

found in China as -4.8 US$/ton to replace a canlestvith sustainable wood fuel stove.

Hardman (2001, pp.3-4) conducted a field surveyimmass briquetting in Bangladesh and
reported that the production rate varied widelynfr65 kg/hr to 105 kg/hr and the average
energy consumption of the system was 250 kWh/tonbmduette produced. He also

mentioned that since the machine was introducdslimgladesh around 1990 (from Taiwan,
apparently) the technology has undergone procegsesinement based on individual owner

and manufacturer institution.

Kamruzzaman (2001, pp.18-19) reported that theityeofrice husk and briquette were 0.12
g/cc and 1.27 g/cc, respectively. He also repottedl the rice husk briquette in solid form
increased the energy value of the rice husk. Thgueétting is a profitable business and the

benefit cost ratio was 1.8.

Alam et al. (2002, p.164) identified the problenigice husk briquetting in Bangladesh such
as excess energy consumption, lack of skilled apesafrequent damage of screw, damage of
main bearing, unavailability of heating coil, laok skill mechanic, exhaust gas, and damp
husk. They developed a preheating system of risk& haing the exhaust gas which increased
the production (7%) and decreased energy consum@i#) as well as improved working

environment.

Bhattacharya et al. (2002, p.110) developed a paten for heat up feed material and
briquette fuel fired stove (Photo 2.1) for die legiand they concluded:
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- Average energy saving was 10.2% due to incorporalf pre-heating system.

- The lowest electricity consumption for rice-huskquetting was 172 and 150
kwWh/ton of output, without and with pre-heatingpestively.

- The developed die-heating stove was found tooperfsatisfactorily. The fuel
consumption of the stove was 4.5 kg/hr instead-k¥\6electrical heater. It could
save 35 % of total electrical energy consumption.

They also mentioned that the major electricity wassumed by motor (62%).

Photo 2. 1 Briquette fired stove using for die heatg

(Source: Bhattacharya et al.)
(http://lwww.retsasia.ait.ac.th/Publications/A%20884@00n%20Improved%20Biomass%20
Briquetting.pdf p.7)

Ghosh et al. (2002, p.255-257) reported that tlaeeeseveral densification technology but
screw press briquetting is more promising in Indilae screw press briquette could be used as
feed stock for small as well as large boiler umtsgextile dyeing units, bakeries, brick kiln,
hotels and restaurants etc. by incorporating le littodification in the system. The rice husk
briquetting technology has added the benefits diced environment pollution because of

better combustion characteristics and creation mpleyment due to labour intensive

20



technology. They estimated that about 4.32 manftayemployment could be generated
besides the entrepreneurship. They also mentidratd t

" Ministry of Non-Conventional Energy Sources (MNE&overnment of India has
been implementing a programme to develop, promate @mmercialize biomass
briquetting technologies in India. Indian Renewakleergy Development Agency
(IREDA) has also sanctioned soft loan for comméimiay of these technologies."”

ITDG (2004, p.12) reported that "Throughout thealeging world it is women who provide

fuel for the home and actually carry out most tables require energy at home. The average
amount of time spent each day collecting fuel isvieen one half and two hours. Where it is
scarce fuel wood collection can take much longéne©than the opportunity costs associated

with this time burden, there are significant ritk&ed with this activity".

"The International Climate Convention has beeneaiginy over 150 nations; however,
it does not as yet make any binding commitmentgrovide any realistic solution to
reducing carbon dioxide. In 1990, g@as responsible for an estimated 60% of the
enhanced global warming effect, and this percentatjeely to increase. Emissions of
CO, in 1989/90 were 6.0 GtC from fossil fuels and (6.0) GtC from deforestation.
There is currently a net increase in atmospheri¢ €quivalent to 3.8 GtC/yr. The
United Nations Intergovernmental Panel on Climater@e (IPCC) has concluded
that 60 to 80 % cuts in G@nd other greenhouse gas emissions are neededeinto
stabilize the world's climate. Since the demandeioergy will continue to rise, and
there is no constraint in the near-term of foasdl fsupplies, it is necessary to find an
increased sink for the increasing carbon emiss{bt@l’ and House,
http://uneprisoe.org/CopenhagenConf/hall htpninted on 07/03/2005).
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CHAPTER 3. METHODOLOGY

3.1 Approach of Methodology

This research was carried out as a case study imevigingh district of Bangladesh. The
production sector, trading sector and consumptextios of the densified biofuel were the
areas of investigations. A pre-study visit was aartdd to get an introductory overview of the
investigation areas. The users of the densifieflblovere asked to locate the shops/traders
or factory in the town from where they collectede tdensified biofuel. All the big
shops/wholesalers in the town who collected the flik=ctly from factory/producer were
investigated to get the total magnitude of the dieisbiofuel entered the market in the town.
When one trader was investigated then he also slexddo locate other traders in the town.
All the traders were asked to locate the produaetdry from where they collected the fuel.
The key persons (such as Professors, rice mill csyweho are aware about the densification
technology also were asked to locate the machutefia One of the intentions of this study
was to find out adoption/dissemination level of thensification technology in vicinity of
greater Mymensingh. To keep this in mind the pdeditications of all the machines in the
targeted area were identified and all of them wevestigated and were recorded. Out of all
these machines some were selected and studiedtaiisdi® assess the performances and
financial viability of the technology. The samplachines were selected based on the type of
ownership and type of energy use in the produgti@mtess. During the investigation all the
traders and producers were asked to identify tlee goup of the densified biofuel. Finally
the users in the town were investigated to stu@ycttnsumption pattern and acceptability of

the densified biofuel as an alternative of wood.fue
To study the environmental impacts of densifiedfu®ba scenario was made with GEMIS
(Global Emission Model for Integrated Systems)wafe and economic analysis was done to

find out the viability of the use of densified hued.

For collecting the background information seversdtitutions such municipality office, gas

distributor, forest office and key persons werdt@sas well as literature were reviewed.
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3.2 Selection of the Study Area

The author already identified that the densifieaflml is widely used at Mymensingh district

town for cooking purposes in commercial sector,eegly, in restaurants and tea stalls
during his previous stay in this area. During fkerdture review, the author explored that the
potential of the raw material (rice husk) for décsition in greater Mymensingh district is

highest (14.08 PJ in the financial year 2004-2088)ong other districts of the country

(mentioned in Figure 2.6 in Chapter 2). Howeveg #uthor also explored that there were
only 16 numbers of densification machine identifiadthe greater Mymensingh district in

1999 which is quite low comparing with others s@sh248 number of machine in Sylhet
(mentioned in Figure 2.7 in Chapter 2). Thereftine,author put keen intention in his mind to
explore the sustainability of densified biofuel Mymensingh district. Besides the present
Mymensingh district new three districts (Sherpumalpur and Netrokona) were selected
based on the information given by traders (as thece of densified biofuel) to find out the

adoption level of densification technology (Map)3.1

3.3 Sampling Method

3.3.1 Sampling method for the production sector

After the discussion with traders (wholesalers gatdilers) of densified biofuel the producer
group and location of the producer were identifiédvas identified that the traders collected
the densified biofuel not only from nearby produgetown but also they collected it from
otherupazilasas well as from other three district viz. Sherglamalpur and Netrokona. The
location of these four districts is shown in Maf.3.

For recording the total number of densification hiae in this region, a survey was
conducted by visiting probable all producers insthegion and their average production
capacity data also were recorded. Different prodiydeaders and restaurants from different
places were asked to identify the probable all pced.

To explore the present status of production secketails information were collection from
different 15 number of producer. The sample wascsetl from different location based on
types of ownership and types die heating systema. sEBmple distribution of the producer is
shown Table 3.1.
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Map 3. 1Showing the four districts from where the @nsified biofuel is produced

INDIA

Sunamganj
Bogra

Tangalil Kishoregan|

Gazipur

(Source: Adapted from BCA Database 2005, CIMMY Tgkatesh)

Table 3. 1 Sample distribution in production sector

Location Type of ownership Die heating system Sampimber
Mymensingh Rice mill owned Electric heater 4
Kerosene burner 1
Individual Electric heater 7
entrepreneur
Sherpur Rice mill owned Electric heater 1
Individual Electric heater 1
entrepreneur
Netrokona Rice mill owned Kerosene burner 1
Total 15

(Source: author)
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3.3.2 Sampling method for the trading sector

The trading sector was investigated in Mymensingitridt town. The probable all traders
who directly buy the densified biofuel were recatder quantifying the total volume of the
fuel entered the market. The other interviews weseried out on the basis of random
selection. The difficulty was faced to differenéidietween wholesalers involved in retailing.
The sample distribution of traders was shown inld8l2.

Table 3. 2 Sample distribution of traders

Type of trader Number of sample
Wholesaler 1

Retailer 11

Wholesaler + Retailer 9

Total 21

(Source: Author)

3.3.3 Sampling method for user group

The user groups in the town were identified frone #mswer of the question given by
producers and traders as well as observation afitpovhere the restaurants, tea stalls and
street food stalls are available. There are a nurabspots in the town where a cluster of
restaurants, tea stalls and street food retailen® wbserved. Then five number of cluster
were selected randomly, and all the restauranss, stalls and street food stalls were
investigated at each cluster. In this town the bbokl people normally use natural gas and
the some poor household who don't have accesstgrganormally use densified biofuel and
fuel wood. The group of household is from daily wdgbor, low income group and they
lived in a slum area of the town. It is mentionkdttthere are also some Pakistani people who
could not return home after 1971. Seven numbersdimld were investigated randomly from
this slum area who are using densified biofuel. $ample distribution of the user group is

shown in Table 3.3.
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Table 3. 3 Sample distribution of user group

Type of user Type of fuel use Frequency
Commercial | Restaurant Densified biofuel 12
Wood fuel 4
Natural gas 3
Kerosene 2
Tea stall Densified biofuel 5
Wood fuel 1
Street food stall Densified biofuel 3
Subtotal 30
Household Densified biofuel 7
Grand Total 37

(Source: Author)
3.4 Data Collection
3.4.1 Secondary data collection
The following secondary data were collected duthregstudy:
- Background information on potential of loose bass material used for
densification
- Available previous information on biomass demsifion technology in country
context
- Information on present energy status of the agua well as of the study area
- Key information of the study area
- Information on densified biofuel in the conteXtuse, socio-economical aspects,
research and development achievement from othertices.
The secondary data were collected by reviewinditikature, publications, internet searching
and discussion with the focal persons. The varemmerning institutions such as Titash Gas
Transmission and Distribution Office, Divisional rfést Office, Municipality Officer,

Bangladesh Agricultural University were visited.

3.4.2 Primary data collection
At production level, the questions were asked to know the productmacity, technological

aspects, , income generation activities, employmgrablems facing with the technology,
cost of raw material, wage, energy cost and othlewvant cost etc. The type of raw material
used was identified as well as from where theyectithe raw material and where to sell the

product. This data was needed to identify the fdbxannel of the densified biofuel.
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At trading level, the questions were asked to know the selling tifyathe source of product,
who are the consumers of the fuel. The other questlike purchase price, selling price,
demand of densified biofuel over wood fuel etc. evasked to know the market potential of

the densified fuel.

At consumer leve] questions were asked to know the consumptioneqatof fuel,
advantages of this fuel over wood fuel, which tygfefuel used before, availability of
densified biofuel at market etc. The other questibke type of cook stove used and cost
effectiveness etc. were asked to explore the aabipy of the fuel by the consumer. The
primary data were collected through questionnairges, interview, focus group discussions
and field observation. The questionnaire was adstered at production level, trading level

and user level. The questionnaires are shown ireAgix A

The survey was conducted as a case study in dispa@a, therefore, the study results may
not represent as whole country because the perfa@naf densification technology depends
of several factors such as availability of inputaerces, competition of raw material prices
due to other use, availability and price of altérreafuel, people's habits to fuel use, local

situation etc.

3.5 Data Analysis and Reporting

Total production, average production capacity, co$t production, market margin,
consumption patterns, etc were computed using tiected raw data. Financial analysis
method was followed to analyze the data with MiofosExcel software. The financial
indicators such as Net Present Value (NPV), Pak Bariod (PBP), Internal Rate of Return
(IRR) and benefit cost ratio (BCR) were calculatedsee the financial viability of the
densification technology and sensitivity analysigswdone to find out the critical economic
input parameters. The growth rate of the technolgyg calculated using compound factor
equation. The flow channel of the densified biofugls analyzed. Since the densification
process consumes energy at different stages 8bws channel, therefore, global emissions
occurred in life cycle of densified biofuel werdatdated using the GEMIS software under
different scenarios. The economic analysis was dtste to compare the densified biofuel
with wood fuel. The NPV and economic rate of ret(BRR) were calculated to see the

viability of the use of densified biofuel as aneatiative of wood fuel. The output of the
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analysis is presented in tabular and graphical feumerever applicable). The reporting was
realized from January to March 2006.

Photo 3. 1 Interviewing and discussion with produas

(Source: Author)

Photo 3. 2 Interview with trader

(Source: Author)
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Photo 3. 3 Group discussion with household user

(Source: Author)

3.6 Scope and limitation of the study

The study was focused on the performances of theifisation technology, the size of the
densified biofuel market, fuel consumption patternsarketing channels, technological
growth which are based on the information collechedn specific area that may not be
applicable for whole country. The global emissioaswestimated based on a number of

assumptions. The efficiency of commercial stoves m@ measured in this study.
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CHAPTER 4. PRESENT STATUS OF BIOMASS DENSIFICATION TECHNOLOGY

Loose biomass densification is an important issndhfe development of biomass energy and
to find out an alternate source of wood fuel ineleping countries. In Bangladesh, where the
forest reserve is in a critical situation, densifl@ofuel can play a great role for sustainable
source of traditional energy. The present statuthefbiomass densification technology is

critically examined in this study and describedlel

4.1 Ownership Characteristics

There are mainly two types of ownership of the kasm densification technology viz.
individual entrepreneur and rice mill owned. Td&8l number of firm were recorded during
the survey in the region. Out of this about 45% tlé owners are from individual
entrepreneurship who has built this business dsesgloyment. More than 50% of the
owners are from rice millers who have built thisimess as extra income from the by-product
of rice milling process. One owner has been fouhd Was other small cottage industry (such

as candle making) and has owned a biomass demisificaachine (Figure 4.1).

Figure 4. 1 Distribution of type of ownership
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Source: Author (Field survey, Oct — Dec 2005)
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4.2 Awareness of Biomass Densification Technology

There is no significant motivational activity forsdemination of this technology either by
NGO (Non-government Organization) or governmentanizgation except one machine given
by Bangladesh Agricultural University to an owneithwa subsidized price in 2002 for

boosting up the dissemination of the technologyhm study area. About 51% of the owner
(30 number of firm) has been motivated to see sthEne first machine has been installed in
1992 in Sherpur district and the owner got insprato see one machine in Sylhet district
(where the technology immersed first in the countibout 47% of the owner (28 number of
firm) has installed the machine with their own net& for making value added product using
by-product or for self employment (Figure 4.2).

Figure 4. 2 Distribution of source of motivationalinformation for ownership
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Source: Author (Field survey, Oct — Dec 2005)

4.3 Production of Densified Biofuel

4.3.1 Ranges of operating parameter

Type of machineThe schematic and block diagram of the densificasiystem are shown in
Figure 4.3 and Figure 4.4, respectively. All thecitiaes arescrew press typpowered by
electric motor ranged from 11 to 22 kW capacity i[€a4.1). Most of the die heater is
electrical except few firms (5%) who were usingdseme burner. The capacity of die heater
ranged from 2 to 9 kW and most cases it was 6 k\ereas, earlier it was reported that most
of the die heater was 9 kW (Dasgupta et al. 20087)p The capacity of the motor was read
out from the label; however, the capacity of theathe recorded based on respondent's
information, the measurement of the heater capa@s/beyond the scope of this study.
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Figure 4. 3 Schematic diagram of heated-die screwgss type densification machine
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(Source Bhattacharya et al. 2002, p.107)

Figure 4. 4 Block diagram of screw extrusion biomss densification process
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Type of raw material All raw materials were found to be un-ground riaesk (6 to 8 mm)
used for densification in the study area. Theretaekinds of rice husk viz. parboiled rice
husk and un-parboiled rice husk. Earlier it wasnead by producer that parboiled rice husk
was not suitable for densification (Moral et al929pp.374). Whereas, in this study it has
been found that people have no boundary limit twosk whether the raw material should be
parboiled husk or un-parboiled husk, they useday got. Even it has been found that about
7% of firms are using 100% parboiled rice huskdensification and rests are using both type
of husk (Figure 4.5). The overall shares of padabé&nd un-parboiled rice husk are 60% and
40%, respectively (Table 4.1).

Table 4. 1 Operating parameters used in biomass dsification machines in study area

Operating parameter

Range of parameter

Type of machine

Screw press type

Source of power

Electric motor

Motor power, KW

11-22

Type and capacity of die heater

i) Electrical hef2e- 9 kW) most cases 6 kW
i) Kerosene burner (0.8 to 0.9 lit/hr)

Type of material used

Rice husk

Type of rice husk

Parboiled husk (60%)
Un-parboiled husk (40%)

Particle size All machines used un-ground husk (6r8)
Husk throughput per machine kg/hr 85 —-150

Briquette out put per machine, kg/hr 80-120

Screw life, hours 6-14

Heater life, months 1-36

Barrel life, months 05-4

Source: Author (Field survey, Oct — Dec 2005)

Figure 4. 5 Using patterns of different types of ge husk
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Source: Author (Field survey, Oct — Dec 2005)

33




Range of production capacity?roduction capacity ranged from 80 to 120 kg/lab(€ 4.1),
whereas, earlier it was reported that the prodoat@pacity ranged from 55 to 105 kg/hr in
the field level (Dasgupta et at. 2003, p.67). Tfoeee the survey result showed increased
production capacity and minimized variation of protion capacity than before. Hence, it can
be said that the improvement of the technologyois@on time to time with the interest of
producer. However, for maximizing the productiopaeity, further in-depth research needed

to find out the critical parameter and to produgialeline for producer.

4.3.2 Physical properties of loose rice husk and dsified biofuel

The raw material rice husk has a low bulk densitizas been found to be only 117.0 kg/ms.
Whereas, after densification its bulk density rdis®825.4 kg/m? which is seven times higher
than that of the original raw material. The voluofeapparent density of densified fuel was
calculated using the equation 4.1 and 4.2. Theifileth$iofuel comes out from the machine
with cylindrical regular shape having a centralehalong with. Higher bulk density and

regular shape ensure the low storage volume nestbtransportability. The diameter of the
fuel is about 6 cm and it can maintain its lengghta 1 meter which ensures the handling
quality (Table 4.2, Figure 4.6 and Photo 4.1 & 4.2)

=f@z-d)) L m] (4.1
r :\\//—V [kg/m3] (4.2)
Where,

V= volume, m3

r = density, kg/m3

W = weight, kg

d, = outer diameter of the densified fuel, m
d; = inner diameter of the densified fuel, m

Table 4. 2 Some physical properties of densified difuel

Bulk density of raw material (husk§g/m3 117.0
Bulk density of densified fugkg/m3 825.4
Apparent density of densified fydig/ms3 1219.0
Bulk compaction ratio 7.01
Nominal length of fuel, cm 60 to 100
Nominal diameter, cm 5.6 to 6|0
Inner hole diameter, cm 1.8t0 2.4

(Source: Author)
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Figure 4. 6 Showing the measurement of bulk densityf densified biofuel

10.4 kg

21 cm
30 cm

<+“—>
20 cm

(Source: Author)

Photo 4. 1 Showing the loose rice husk

(Source: Author)

Photo 4. 2 Showing the densified biofuel selling imediate after production

(Source: Author)
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4.3.3 Energy consumption

The energy consumptions were explained with resfmed¢ype of process, performance of
machine and variation among the producers. Therénar types of process were found viz. i)
Electric motor + Electric heater system (Photo 4aBd ii) Electric motor + Kerosene burner
system (Photo 4.4). People installed the keroseneeb to reduce the electricity cost as well
as to reduce production cost. However, now a day phce of kerosene increased
significantly, hence, the total cost of energy eaoned by kerosene burner system (882
BDT/ton) is higher than that of the electric heatgstem (699 BDT/ton) (Table 4.3).

Photo 4. 3 Showing the densification machine withectric heater

Electric
die heater

(Source: Author)

Photo 4. 4 Showing the densification machine withdcosene burner

Kerosene
burner

(Source: Author)
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Table 4. 3 Average production and energy consumptioby different densification

system per ton output

Type of process Output | Energy consumption, | Energy cost, BDT/ton |Total energy
kg/hr kWh/ton cost
Electricity | Kerosene | Electricity| Kerosene BDT/ton
1. Electric motor + Electric| 96 174.35 0 699.00 0 699.00
heater system
2. Electric motor + 80 138.98 91.78 557.29 325.00 882.29
Kerosene burner system

Source: Author (Field survey, Oct — Dec 2005)

A regression analysis was done to find out thetimlahip between production capacity and
energy consumption rate using analysis toolpak wirddoft Excel software. The production
capacity and energy consumption rate was founcetndgatively correlated. The correlation

coefficient was found to be -0.630 with significaewel P (0.011). The regression model was

shown in Figure 4.7. The details results of analgse shown in Appendix 4.The negative
correlation indicates that people can get three bayefits by maximizing the production
capacity such as firstly saving from reduced enargysumption, secondly savings due to
higher labor productivity and as well as highertaurt from higher selling quantity.

Figure 4. 7 Relationship between production capagitand energy consumption
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The energy consumption also varied from producegsrtmlucer, and it ranged widely from
121 to 243 kWh/ton output (Figure 4.8). The overmlergy consumption for both type of
system has been calculate as 183 kWh/ton outpwiever, earlier it was reported that the
energy consumption was 250 kWh/ton output at fieldel (Hardman 2001, p.3). Other
studies showed the energy consumption as 162.5 tkw/iiMoral et al. 1999, p.375) and
152.03 kWh/ton (Alam et al. 2003 mentioned in DagwR003, p.67). The present situation
of energy consumption in the field level is stiigher than the research results. During the
field survey it was observed that the shape of dintension of screw thread after repairing
varied due to manual restoring of shape by differeachanic. Proper dimension of the screw
is the one the major cause of variation of energysamption as well as production rate.
Therefore, it is needed further refinement of tistem and to create awareness among the

operator to minimize the energy consumption as aglnaximization of production capacity.

Figure 4. 8 Pattern of energy consumption of biomasdensification process among the
producer
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Source: Author (Field survey, Oct — Dec 2005)

4.3.4 Production cost

All the cost components of the production systenehzeen analyzed. The shares of different
running cost items are shown in Figure 4.9. Thénésy cost component is the raw material
itself (59%). The second highest cost componeahergy cost (31%). The energy cost could
be minimized taking several measures like optingzime die heater, proper repairing of the

Screw.
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Figure 4. 9 Showing the shares of different runningost of biomass densification
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Source: Author (Field survey, Oct — Dec 2005)

The pattern of production cost and profit among difeerent producer were calculated and
shown in Figure 4.10The fixed cost component is quite low and rangedfd9 BDT/ton to

96 BDT/ton except one entrepreneur who runs thenmador limited period in a year whose
fixed cost is 185 BDT/ton. The total running coatied from 2102 BDT/ton to 2646 BDT/ton
and finally the total cost of production varied rfra2184 BDT/ton to 2683 BDT/ton. The
revenue from the sales of densified biofuel vafredh 2250 BDT/ton to 3000 BDT/ton. The
market margin varied from as low as 2.4% to as laigli2.7%. From the above discussion it
is clear that people do not need high running ehpiReople can sale the product immediate

after production. Therefore, people can revolvertiming capital every day.
The cost of production could be minimized (espégitihe energy cost) by replacing the

electric die heater with a densified biofuel firgive (Photo 2.1 in section 2.3 of chapter 2)
developed by Bhattacharya et al. (2002, p.110).
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Figure 4. 10 Pattern of production cost, revenue ahmarket margin among the
producer
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4.4 Repair and maintenance

The main repair and maintenance of this technolsgyelding and grinding of the screw
(Photo 4.5). After repairing, a screw can run frérto 14 hours, which means, repairing of
screw is needed everyday. Sometimes the owner enatgps do the repairing. Sometimes,
there is a mechanic who does the needful repaamhmaintenance for several machines in
certain cluster. Beside the screw repairing, tle@eesome other repair and maintenance like

repairing of heater, replacement of main bearieg et

Photo 4. 5 Showing welding and grinding of screw

(Source: Author)
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4.5 Problems Encountered with the Technology
4.5.1 Short life of screw

The main player of the densification system is sbeew. The main role of this screw is to
convey and compress the raw material into the dreeb The problem is the rapid worn out
of tip of the screw. The rice husk contains abd#20 percent silica (RWEDP 1996b, p.28)
which is abrasive in nature and it wears out threvgeeasily. The nominal life of the screw
varied from 6 to 14 hours, depending on the qualitgepairing and as well as quality of raw
material. The higher dust contained in the raw nmeteauses the rapid worn out of the
screw. Some producer claimed that parboiled ricgkhs more abrasive than un-parboiled

rice husk. Photograph of some screws is shown aid”h 6a.

4.5.2 Short life of die heater

Normally the ready made heater is not availabléhan market. People collect the rejected
heater coil from old ships, and bend and join toget3 or 4 coil in parallel to ensure

sufficient capacity to supply heat. Since this sd@ from old rejected heater coils, it has no
guality and guarantee, however, the normal liféhef heater widely varied from 1 month to

36 months. Once this type of heater is damagedtdPhdb), people can not repair it,

therefore, now a day people find an alternate vikgople make heater manually with 18-
gauge micron wire coil coated with burnt clay rifRhoto 4.7). If this coil is damaged then

people can easily repair it.

Photo 4. 6 Showing the worn out screw (a) and damed heater (b)

() (b)

Source : Author
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Photo 4. 7 Showing the locally innovated die heater

(Source: Author)
4.5.3 Short life of die barrel
The die barrel is that wherein the densificatioroaise biomass is occurred. The die barrel is
made of cast iron. There is 4 or 5 number of edgeri sides of the barrel which guides the
delivery of densified biomass. If the depth of theslges is reduced then it is needed to repair
the barrel in a lathe shop. If the barrel onceraken there is no way to repair it, people need

to buy a new one. The life of the die barrel vafiedn 15 day to 4 months.

4.5.4 Main bearing problem

Some producers claimed that the main bearing isadach due to the over heating the
machine because the hot screw is coupled with ¢laginy shaft. The producer reported that
the new main bearing is costly, they use old regdiearing from bus or truck engine. To
change the main bearing the whole machine has widmeantled (Photo 4.8) and it is time

consuming and laborious works.

Photo 4. 8 Showing the dismantled machine for reptang the main bearing

(Source: Author)
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4.5.5 Supply and quality of grid electricity

There is scarcity of grid electricity and the efmity is not available always. Therefore,
machine can not be run properly. Some of the predteported that the voltage of the grid
electricity fluctuates frequently. Machine couldt mon properly without appropriate voltage.
Because the heater cannot produce sufficient hieighvieads to stop the machine due to very
high friction between die barrel wall and rice husk

4.5.6 Quality and supply of rice husk

Both parboiled and un-parboiled rice husk is usaddensification in the study area. Some
producer reported that parboiled husk is more al@asnd energy consuming because during
the parboiled husk production some admixture (dissipcorporated. In few cases, it was

reported there are high moisture in husk due to oailess drying of the paddy. Overall the

performance of rice husk as raw material for dereibn is ready to use.

4.5.7 Health problem of operator/mechanic

Normally operator works in a dirty and smoky enwment. The operator who works in a

closed room without proper air circulation facetahng problem. The mechanics do welding

and grinding of the screw daily and after a petioely faced problem with their eyes. Their

eyes seem like full of water and red in color (Ph19). The operators do not use proper or

no safety measures during the repairing of thens¢hoto 4.5).

Photo 4. 9 Showing an operator facing eye problenolding a restored screw

(Source: Author)
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4.6 Opinion of owner for further improvement of the system

The owners expressed that they were satisfied with present technology; however,
everybody showed their interest how to minimize e¢hextricity consumption. All people are
interested for a screw with longer life and furthmprovement of heater quality. Therefore,
the researcher and educational organizations sloonhe forward for solving the problems of
the biomass densification technology.

Section 4.1 to section 4.6 describes the overaliopeance problems of the densification
technology. It is found that the densification teslogy is running at a quite satisfactory level

and day by day the performances of the technologeasing.

The above discussions (section 4.1 to section 4.6)

satisfy the first research question of this study.

4.7 Adoption Level of the Technology
4.7.1 Installation of the technology over time

During the field survey it was identified that tfiest two machines were installed at Sherpur
district in 1992 in the region. One rice mill ownfeom Mymensingh district (presently in
Sherpur) visited Sylhet district (where the firsteocof the densification machine installed in
Bangladesh during 1990s) and got interest to ilestahe machine in his rice mill premises.
The survey result showed that from 1992 to 1996etlveas no machine installed. In 1997,
another two machines were installed and from themas started to grow up. The highest
number of machines was installed in 2002 amouriguumber. Till December 2005, there
was found to be a total 86 number of machine (legufil and Figure 4.12). Earlier it was
reported that there was 16 number of machine igtater Mymensingh regiGrNow there

is 24 number of machine in only present Mymensidgtrict. The number of machine in

Jamalpur, Netrokona and Sherpur district are 13rizh24, respectively (Figure 4.13).

* Sarker et al. 1999, p.13 quoted from the resemsiit of BIT, Khulna
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Figure 4. 11 Number of biomass densification macheinstallation over time since the
emergence of the technology in greater Mymensinghddrict (including the
districts Jamalpur, Sherpur and Netrokona)
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Figure 4. 12 Cumulative number of biomass densifit®on machine in greater
Mymensingh district (including the districts Jamalpur, Sherpur and
Netrokona)
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Figure 4. 13 Region wise distribution of machine (dtal no. = 86)
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4.7.2 Growth rate of the technology
The growth of the technology has been calculat@tjube compound factor equation
(Equation 4.3).

Growthrate, i :n/% -1 [%] 4.3
0

Where, B = number of machine in 1992 = 2

P, = number of machine in 2005 = 86

n = period =13 years
The growth rate of the technology over last 13 yeaas found to be 33.55%, this is quite
high growth rate which leads a strong trends ofpéida level of densification technology in

the study area

The above discussions (section 4.7.1 to
section 4.7.2) satisfy the second research

question of this study.

The author got interest to explain why the grovateris so high. For this reason, the author
has done the financial analysis of 15 number oflimec The machines were selected based
on type ownership, type of die-heating system fobfierent region of the study area to get an

overall picture of financial viability of the tecblogy which is presented below.

4.8 Financial analysis
The financial analysis has tried to answer theofwilhg questions:

1. Is aninvestment in biomass densification sydiaancially viable?

2. Which is the more attractive system among tloelpecer?

3. What are the risk and contingencies in the bgsmkensification system?
The answers of the above questions are containdtkifollowing parts of this section. The
following indicators of financial analysis were cittered:

- Net Present Value (NPV)

- Internal Rate of Return (IRR)

- Pay back period (PBP)

- Benefit cost Ratio (BCR)
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The following assumptions/parameters were consttieréhe financial analysis:

- Life of the machine was assumed 15 years beddesmachine is still running for 13
years in the study area and the owner opinion \Wwas this machine could run for
further many years.

- The discount rate was assumed as 10% and inflatias not considered in this
financial analysis

- Cost of depreciation was not considered in thisudation

- The cost parameters such as investment costsh{iMacshed, accessories), variable
costs (costs from raw material, electricity, labb@pair and maintenance, fuel etc.) and
turn over form the sales of products were used fitoerdata collected during the survey

4.8.1 Method of analysis

Net present value (NPV) method Any investment in biomass densification technology
implies certain benefits and certain costs foritheestor. These benefits are compared with
the costs in financial analysis. The differentaied benefits. In financial analysis, all future
costs and benefits are preferred to the presers @sl benefits, the present benefits are
considered to be superior to benefits of the sameuat in future. The discount rate is a
factor used to express the future benefits andsaagpresent value. The NPV comprises the
present value of all future net benefits. The NB\¢alculated using the following equations
4.4,4.5 and 4.6 (APDC and GTZ 1995, p.364):

PV, =By + DL+ B2y & [BDT] (44
@+i) @+ @+n"
PV, =C, + Cl_ + C_2 F C'_‘ [BDT] (4.5)
@+i) @+i) @+i"
NPV= PV, - PV, =B, - C, + B, - _Cl + B '_Cj S B, __C” [BDT]  (46)
@+i) @+i) @+n"

Where,
PV = present value of all benefits
PVc = present value of all costs
Bo = benefits accrue today
Co = costs accrue today
n = period

i = discount rate
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Microsoft Excel spread sheet was used to calculage NPV. The NPV also could be
calculated using the Microsoft Excel function "NP&& follow:

=(Bo—G) + NPV (i, B.— C), Bo— G),cvvvvvee B-G))

Internal rate of return (IRR) method. This financial indicator IRR is different from NPV,

because IRRI only depends on the structure of #tebanefit; whereas, NPV method takes
both the structure and magnitude of investment aciwount. IRR implies the discount rate at
which the NPV is equal to zero. In this analysie tnternal rate of return was calculated
using the Microsoft Excel function "IRR" giving thevestment and net benefit as parameter

as follow:

= IRR(- Investment, (B- C), (B.— &), ......... B-G))

Where, (B — C) = net benefit and 1, 2.... n indiggatyear

Pay back period (PBP) method.This method is simple capital budgeting procediare
evaluate small rural energy supply systems. Thisojgular investment criterion applied by
small investor. The pay back period is definedh&srtumber of years required to recover the
investment costs through the net revenue (APDC @md 1995, p.370). The PBP was

calculated using the following equation 4.5:

PBP= [Yeal (45)

Where,
| = Investment, BDT
R = Annual revenue, BDT

C: = Annual recurring cost, BDT
Benefit cost ratio (BCR). The benefit-cost method compares discounted presdue of

benefits and discounted present value costs otiabasis. Mathematically, the BCR is as
equation 4.6 (ESHA 1998, p.244).
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R Tameoy W
0 (1+r)i
Where,

R = Return in period i, BDT

| = Investment in period i, BDT

M = Maintenance cost in period i, BDT
O = Operation cost in period i, BDT

r = Periodic discount rate, %

n = Lifetime, year

4.8.2 Results of financial analysis

The summary results of financial analysis are shawiTable 4.4. The detail analysis is
shown in Appendix 4.2 and Appendix 48l the NPV are positive with a high magnitude.
The IRR value ranged from 14% to 190%. In moshef¢ases the IRR value is high (>30%).
In a few cases, the IRR values were found to be &A% 16%. The cases with lower IRR
operated the machine for a limited period in a Y&80 hours and 1440 hours), therefore,

their annual production was low as well as low atmeturn.

The pay back period was found to be in a quite tamge and the average pay back period
was found to be 2.22 (S12.70) year. The higher IRR and lower pay back pkaittracted the
investors. After all it was mentioned that this iness needs a small amount of running
capital (on an average 2683 BDT/ton production) wednvestment cost also is not high; and
the running capital can be revolved daily becatnse groduct was sold immediately after

production (discussed in section 4.4.3).

The benefit cost ratios were found to be greatantbne which also indicated that the
investment on the biomass densification technol@yyprofitable. Therefore, the higher
growth rate of the technology has been justifidie TRR values were found to be low for the
system with kerosene burner for die heating (CasaedtCase 6) and higher in electric die

heating system. Therefore, the systems with etediel heater attracted the investor more.
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Table 4. 4 Summary of the results of financial angkis

CASE no. | NPV (10%), BDT IRR (%) PBP, year BCR

1 573493 51% 1.97 1.08
2 484267 62% 1.61 1.09
3 21804 14% 6.30 1.02
4 35094 16% 5.55 1.02
5 469280 75% 1.34 1.07
6 108306 27% 3.55 1.03
7 676052 87% 1.15 1.12
8 403090 190% 0.53 1.13
9 154745 47% 2.13 1.04
10 104708 40% 2.46 1.05
11 1226523 178% 0.56 1.11
12 507479 69% 1.45 1.06
13 282460 44% 2.24 1.03
14 600620 76% 1.31 1.08
15 715330 92% 1.09 1.12
Average 71% 2.22 1.07
Max 190% 6.30 1.13
Min 14% 0.53 1.02
SD 52% 1.70 0.04

Source: Author

4.8.3Sensitivity analysis

The economic sensitivity of the biomass densifaratsystem to a given variation of input
parameters was investigated for quantifying thejgotts economic consequences due to
changes of techno-economic input parameters; thaviber of these parameters is sometimes
unpredictable. The NPV was used as the economicatwd of the system. The input
parameters for sensitivity analysis were consideretthe selling price, operating hour,
discount rate, labor cost, electricity cost, ame fusk price. The input parameter was varied
by £10% and+20% and the effect of this variation on the NP\ei&luated. The NPV at
varied input changes is shown in Table 4.5 andd 4l8 (graphical presentation of sensitivity
analyses results are shown in Appendix 4.4). Therdwo types of sensitive behavioral input
parameter found in the investigation. The sellinggand operating hour showed a positive
effect on the NPV, whereas, the electricity coste rhusk, discount rate and labor cost
showed negative effect on the NPV. The results siteawed that the selling price, rice husk

price, operating hour and electricity cost wererttest sensitive parameters.

The results of financial analysis discussed abas&ct{on
4.8.1 to 4.8.3) satisfy the third research questibthis study.
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Table 4. 5 Results of sensitivity analysis @10% variation
+10% -10%
CASE | Selling |Operating Interest|Labor costElectricity] Rice | Selling | Operating| Interest Labor |Electricity] Rice

No. price hour price husk price hour cost price husk
price price

1 131485 917929 531268 511062 327492 250131¥6787% 22905¢ 619724 635923 824493 895668
2 1054723 786609 450735 440912 290540 2709163618 18192 520981 5276R2 677994 697618
3 159855 66414 14882 21804 -6719 -7003Pp -116246 -22805 29383 21804 50327 113648
4 232244 95870 27993 21951 -10542 -5406[L -1620%5 -25681 4287 48238 80731 124250
5 1162041l 698828 438203 444088 304988 4205223482 239732 503305 4944F1 633571 896pH06
6 473398 218884 97208 86401 215966253 -256785 -2271 12045 130212 195006 282866
7 130058F 958537 632596 665191 493506 35Pp791 81517 3035473632 686914 858598 992313
8 764531 525578 379448 376804 339199 197726 41649 28060289782 429377 466981 608454
9 516186 271803 1430p2 121887 634728566 -206696 37687 167580 187603 246Q18 358D55
10 334716 201913 962p2 82802 316891260 -125300P 7502 113954 126613 177726 210676
11 2481526 1684789 1154218 1198000 907067 4735212848 768256 1305688 1255045 1545978 1979525
12 140355l 800691 473225 487113 2884280641 -388593 214267 544983 527844 726534 1075598
13 1349213 585981 260599 214576 36023387 -784293 -21061 30639 350344 528897 9587193
14 140382 889955 561009 571413 393256 13p39P02582 31128 643990 6298R7 805984 1068850
15 136701Pp 974472 669730 680573 551039 37P318 63641 456188257 750087 8796P1 1060342

AV 1021217 645218 395359 394971 268b35 93556 6p641 203215584 453461 579897 754877

Rank 1 2 3 4 5 1 2 3 4 5

Table 4. 6 Results of sensitivity analysis @20% variation

+20% -20%
CASE| Selling [Operatind Interest|Labor coslElectricity| Rice husk Selling | Operati | Interest Labor | Electric Rice
NO. price hour price price price ng hour cost ity husk
price price
1 205622P 1262366 492624 448631 71491-7085: -909236 -115381 67044 698354 10754P4 1217843
2 1625179 10889%0 420045 397558 96813 575665664% -120416 56126 570976 871721 910968
3 297905 111024 8547 21804 -35241 -161883 -254296  -67415 37694 21804 788%0 205491
4 429394 156646 21493 8808 -5617 -143216  -35920p5  -86457 51401 6138[l 126367 213405
5 1854808 928376 409762 418897 14069885173 -916244- 10184 540637 519662 797862 1323732
6 838490 329462 87052 64497 -65111 -240811 -6218f7 -11284713379]1 152119 281726 457427
7 1925128 1241062 592825 654829 310960 485347301 111042 775835 6977f5 1041144 1308574
8 1125972 648067 357811 350517 275308 -763§ -31979p 158114 457377 455663 530872 81318
9 87762y 388860 1322P3 89028 -27801 -251876 -568187  -79370 18166 220462 3372p1 561366
10 564723 299119 885B3 60897 -4132 -107228 -35530p8  -89704 12410 148519 250744 316643
11 3736520 21430%51088Q44 1169477 58761279481 -1283484 30999(0 1392548 1283568 1865433 2732526
12 2299623 1093903 441876  466[48 6936%2876( -1284666  -78945 586131 548209 945589 1643717
13 2415965 889501 240592 146692210414 -10702Q5 -1851045 -324581332657 418229 7753B4 1635125
14 2207024 1179291 524756 542p05 18989335841 -1005784 21949 691574 659085 1011348 1537080
15 2018708 1233614 627996 645817 386747 2530788048 197046 820036 784844 1043913 1405354
AV 1618219 866219 368949 3657427 112B54 -237104 -845115 7847 490477 482706 579897 754877.47
Rank 1 2 3 4 5 1 2 3 4 5
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CHAPTER 5. FLOW CHANNEL OF DENSIFIED BIOFUEL

Densification of loose biomass is an emerging distadd business in the study area. This

technology has attracted some of the young edugagesions for their self-employment

opportunities. The densified fuel can be an altieraaof woof fuel as well as can play a

important role for development of traditional fu€he flow channel of the densified biomass

fuel is critically examined in this study and deised in this chapter below.

5.1 Personal information of stakeholders

The average age of producer, traders and consumegesfound to be 39.48 (SB.77) year,

30.5 (S[x9.26) years and 34.28 (£B.40) years, respectively (values in parenthesicates

standard deviation SD). This indicates that alnyosing to middle aged people are involved

in this business. However, there are few old agmlgealso involved in this business (Table

5.1).

Table 5. 1 Age distribution of different stakeholde

D

Age Producer Traders Consumers
group

Frequency | Cumulative Frequency| Cumulative Frequency| Cumulativ

% % %

16-25 0 0 7 33 6 16
26-35 22 37 9 76 16 59
36-45 25 79 3 90 11 89
46-55 93 2 100 3 97
56-65 4 100 0 100 1 100
Total 59 21 37
Average 39.48 30.5 34.28
SD 8.77 9.26 9.40

(Source: Author)

All the producers were found having educationalkiga@und. More than 80% producers are

gualified educated (from Secondary School Certiida Master degree level). Whereas, the

educational level of traders and consumers are.afikout 80% of the traders and consumers

have no qualified education (Figure 5.1). This tadies that educated person had understood

and accepted this technology.
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Figure 5. 1 Distribution of education level of diferent stakeholders
(Similar colored line indicates the cumulative %)
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5.2 Production channel of densified biofuel
5.2.1 Collection of loose biomass
The entire rice husk comes from rice mill as byguat of rice processing. Before going for
densification process it is needed to gather aelargilume of rice husk. The individual
entrepreneurs buy the rice husk from rice mill gradhered the husk under a shed (Photo
5.1a). It is noted that in the rice mill premistégere are about 45% female worker and in most
cases the female worker is wife of male worker @gsa 2001, p.21). Mainly, the female
workers of rice mill are involved for handling thee husk in a dust full environment (Photo
5.1b).

Photo 5. 1 Showing collection and storage of loob®omass
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(Source:Author)
5.2.2 Densification of loose biomass

The densification process is the most technicah@ system. People need to know some
electro-mechanical knowledge to operate the maciitade persons have come forward to
this section. About 98% of the operator was foumtbé male and 2% operator was found to
be female. This is an indication that female pessaeo have the opportunity to enter the skill

labor market in this sector (Photo 5.2).

Photo 5. 2 Showing the female skilled person operagy densification machine

(Source: Author)

5.2.3 Quantity of densified biofuel produced

Region wise quantity of densified biofuel produdsdshown in Figure 5.2. The highest
production was found to be 6741 ton/year in Netr@zkoegion and lowest production was
found to be 2510 ton/year in Jamalpur region. Thantjty produced in Mymensingh region
(present) was found to be 5082 ton/year. The fotaduction from the region was found to be
19880 ton/year that is equivalent to 10410 tonazl ©r 24362 ton of wood (30% moisture

content).

Figure 5. 2 Region wise yearly production of denséd biofuel

g 8000 - 6741
a
2 6000 5082 2548
IS
< 4000 -
o 2510
(8]
3 2000 -
S
o
0 | 1 1 1
Mymensingh Jamalpur Netrokona Sherpur
Region (District)

54



Source: Author (Field survey, Oct-Dec 2005)
In present Mymensingh district, there are four etéhtupazila (administrative area under

district) out of 12 upazila where the densifiedfbed is produced viz. Sadar (headquarter),
Phulpur, Gauripur and Muktagacha. The district tasveituated under sadar upazila. Phulpur
and Gauripur upazila are little bit farm form thestdct town. The locations of the
densification machine are shown in Map 5.1. The s&d indicates the region where the
machines are operating. The blue arrows indicatefldw of the densified biofuel from the

region to the Mymensingh district town.

Map 5. 1 Showing the location of densification mache (red star)

Source: Adapted forrttp://banglapedia.search.com.bd/Maps/MM_0432.Gl&te: 31.01.06
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The quantity of the densified biofuel produced frdifierentupazilasof Mymensingh district
is shown in Figure 5.3. The highest production f@asd to be 2324 ton/year at Phulpur
upazila which is far from the district town. Thecerd highest production was found to be

1494 ton/year at Gauripur upazila which is algtelibit far from district town.

Figure 5. 3 Region wise yearly production of densdd biofuel in present Mymensingh
district
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Source: Author (Field survey, Oct-Dec 2005)

There are 6 number of densification machineadar upazilaof Mymensingh district where
the district town is situated (see the Map 5.2)e Thachines are located outer side (rural
areas) of the town not in the heart of the town.evéhs, in case of other districts, it was

observed that a significant number of machinegatied in the center of the town.

5.2.4 Selling of densified biofuel by producer

Finally, the producer sells the product to traderd also directly to consumer. The producers
get market margin from 2.4% to 12.7%. Producersslé product at almost same price to
both levels (to traders and consumers) from thastdry. Therefore, consumers also would

like to buy densified biofuel directly from nearlpyoducer as the price is lower than from

traders shop. In Mymensingtadar upazila about 71% (822 ton) product has been sold to
consumer directly and rest amount has been sotchtters (Figure 5.4). The similar cases

also observed in other regions during the fieldrsyr
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Map 5. 2 Showing the location of densification madhes (star symbol) nearby district
town (red numbers indicated the number of machine)

=%

Source: Adapted forrhttp://banglapedia.search.com.bd/Maps/MM_ 0433, Gi&te: 31.01.06

Figure 5. 4 Selling pattern of densified biofuel byroducer in Mymensingh sadar
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Source: Author (Field survey, Oct-Dec 2005)

5.3 Transportation of densified biofuel

There is no separate transport agency responsibyefar carrying the densified biofuel. The
transporters carry the fuel when the traders wakédto requisite them. Normally, the trucks
are used to carry the fuel from far distances lealpur, Sherpur, Netrokona, Phulpur and

Gauripur region etc. Each truck can carry 10-12 dabdensified biofuel. The transport cost
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ranged from 125 to 175 BDT/ton. The loading andading charge on truck carrying ranged
from 50 to 75 BDT/ton. For local transportationtieé densified biofuel, people normally use
Rickshaw(manually driven tri-cycle). Rickshaw puller caarky up to 200 kg of densified

fuel (see Photo 5.3). The rickshauller charges 10 to 20 BDT per trip to carry fuel.

Photo 5. 3 Showing loading (a) and carrying (b) adensified biofuel byrickshaw

(Source: Author)
5.4 Trading of densified biofuel
5.4.1 Fuel business option towards the traders

There are 21 number of traders recorded duringi¢he survey in the Mymensingh district
town. About 57% of trader has taken this businesheir main business. The rest 43% trader
has taken this fuel business as secondary busjRregge 5.5). The persons who have taken
this business as secondary, they are mainly frootegy shops who sell this fuel for
providing better service to the customer and toerakgood will with them. Some other types
of businessmen were found like cement shop, coredgan (metal sheet) shop, restaurant
and tea stall etc who also sold the densified leloflrhis indicates that densified biofuel
trading is not limited within a certain group; ad@ivariety of traders could sell this fuel from

where consumers could buy the fuel.

5.4.2 Year-olds of densified biofuel business in ¢hvicinity of Mymensingh town

The biomass densification technology is not soinl8angladesh. Actually, this technology
has taken off after 1996 in the study area. Theeefthe trading of this fuel is also a new
business. About 33% of the trader has started tisenbss at beginning of 2005. About 57%

of the trader has started the business up to 3. A few numbers of traders was doing
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this business for more than 5 years (Figure 5.8)s Tesults reveal that the traders in this
sector is increasing day by day and this is a goditation of the people's awareness about

densified biofuel as well as trading of renewablergy.

Figure 5. 5 Options of biomass fuel business towasdraders
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Figure 5. 6 Distribution of biofuel traders as peryear-olds of business
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5.4.3 Selling of densified biofuel by traders

The traders are divided into three category vizolesaler, retailer and both (wholesaling +
retailing). More than 50% of traders were retadled 43% traders are doing both wholesaling
and retailing. Only 5% of traders were found todsewholesaler (Figure 5.7). The average
selling quantities of biofuel per month by diffetéype of trader are shown in Figure 5.8. The
quantity sold by wholesaler was big amount (120rtamth) in comparison with retailer (13
ton/month) and both (31 ton/month). The total gitgreéntering the market in this town is
amounting 600 ton/monttOut of this 600 ton 84% is imported by tradersrfrother region,
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5% is collected by traders from local factory arid4lis collected by the consumers directly
from nearby factory (Figure 5.9).

Figure 5. 7 Distribution of different types of trader
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Figure 5. 8 Selling pattern of densified biofuel byifferent traders

140 +
120 +
100 +
80 +
60 1

40 + 31
001 13

0 ; ‘ |

120

Average sale
ton/month/trader.

Wholesaler Retailer Wholesaler + Retailer

Type of traders

Source: Author (Field survey, Oct-Dec 2005)

Figure 5. 9 Total quantity of densified biofuel en¢ring the town from different source
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The summary results of costs of densified biofuebag different stakeholders are shown in
Table 5.2. The prices of densified biofuel increasghronologically from Producer
Wholesale® Retaile® Consumer. The end users are paying the highestranbearing all
the expenses to get the fuel from production setdotheir stove. The producers and
wholesalers get almost same market margin amouatiognd 7%; whereas, the retailers get

market margin amounting 11%.

Table 5. 2 Summary of the costs of densified biofuat different level of stakeholder

Stakeholder Cost, BDT/ton Selling price, Average market
BDT/ton margin, %

1. Producer 2184 - 2683 2250 — 2675 7.3

2. Wholesaler 2263 - 2900 2500 — 3000 7.0

3. Retailer 2425 - 3250 2750 — 3600 11.0

4. Consumer 2500 - 4000 -

Source: Author (Field survey, Oct-Dec 2005)

The traders were asked to mention the shares aitiuaf biofuel sold to the different types
of consumer for identifying the consumer group. Hmares of densified biofuel sold by
traders to different users are presented in Figut®. The highest quantity of biofuel was
purchased by restaurant (64%) followed by tea §28%6) and household (13%). The details
of the consumption pattern and user group of bicdoe described in section 5.5. The traders
could not differentiate shares of fuel purchasedtoget food stall and tea stall. They reported
the share of tea stall and street food stall tageth

The above discussions in section 5.1 to 5.4.3fgdlis fourth research question of this study.

Figure 5. 10 Shares of densified biofuel sold byaders to different types of consumer in
Mymensingh town
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Source: Author (Field survey, Oct-Dec 2005)
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5.5 Consumption of densified biofuel

5.5.1 User groups

The densified biofuel is mainly used for cookingpases. The user groups were identified by
asking traders and producer as well as by observafihere are two types of densified
biofuel user was found in the town viz. househadruand commercial user. The commercial
consumer comprises restaurant, tea stall and stedtstall etc. The main consumer of this
biofuel is the commercial sector. Thirty numbersregpondents were interviewed through
questionnaire from commercial sector for analyZing fuel consumption pattern. A group
discussion was conducted with household group db agedata were collected from 7
numbers of samples household and analyzed to geistn pattern of densified biofuel.

About 66% of commercial users are using densifietLl for cooking and about 17% users
are using wood fuel for cooking (Figure 5.11). Natwas is now available in the study area.
Most of the household has natural gas grid conmeadti their houses. The gas distributor
reported that 19000 household consumers and 91 eocrahconsumers are connected with
the gas grid in the Mymensingh town (mentioned abl€ 2.2 of Chapter 2). About 10% of
restaurants (comparatively bigger) are connectéld gas grid and some restaurant was found

where kerosene burner was used (7%).

Among the densified biofuel users in commerciat@e@bout 60% are restaurant/sweetmeat,
about 25% are tea stall and 15% are street foddBigure 5.12). The households who could
not avail the gas grid connection are using desgsibiiofuel. This group of household has
come from low income group and daily wage laboréhe average household size was found
to be 5.14. The average daily income of these hmidewas found to be 200 (SD2)
BDT/day and it is about 40BDT/day/person (0.61 Wa$) less than 1 $.

Some traders and producers reported that besiésg ttegular consumers, there are some
other consumer such as bakery and brick industmgnTa visit was conducted at bakKeiry

the town. The bakery owners reported that densibexfuel is not suitable for bakery
industries because it could not give rapid heaty k&, some modification is needed there in
the system of bakery for using the densified bibf@hosh et al. (2002, p.255) also reported
that the densified biofuel is suitable for bakeaesl brick industries with a little modification

® Raju Confectionary and Bakery, Mymensingh contabig author on 17.12.05
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of the system. Another visit was conducted at akbimdustry, no brick industry was found
using densified biofuel. A discussion was conduatéth the Mr. Hasan Faisal he was
asked for giving information on the use of densifieofuel in brick industries in Bangladesh,
and he reported that he did not know about thisalee added that presently people cannot
use wood fuel due to ban by law to use any wootifulerick industries. People use imported
coal (from India) and the price of the coal variedm 3200 to 3800 BDT/ton which is
comparatively cheaper than the retail price of diems biofuel (2750 to 3600 BDT/ton).

Therefore, at this moment the densified biofuelldaot compete with coal.

Figure 5. 11 Showing the percentage of different pes of fuel user in commercial sector
at Mymensingh town

Kerosene
Natural gas 7%
10%

Wood fue
17%

Densified biofuel
66%

Source: Author (Field survey, Oct-Dec 2005)

Figure 5. 12 Showing different types of consumer gup using densified biofuel in
commercial sector in Mymensingh town

Street food
15%

Tea stall
25%

Restaurant/
Sweetmeat
60%

Source: Author (Field survey, Oct-Dec 2005)

® Adviser, Bangladesh Brick Manufacturing Ownersdtsation discussion conducted by the author on2185L
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5.5.2 Cooking stoves

Normally, in commercial sector, people use the mupd grate stove (Photo 5.4 to Photo 5.6).
The stoves are made of mud and scrapped metal bestructure) and steel bar (for grate).
All the stoves are locally made. One stove lastglfto 5 years, and it needs some little repair
and maintenance every year. At household levelplpease portable mud stove (Photo 5.7).
The efficiency of the stove in field level was moéasured during this study. However, a test
of grate system stove was conducted at Bangladesk Research Institute (BRRI)
laboratory. The summary results of stove test hosva in Table 5.3 and Appendix 5.1. Both
the densified biofuel and wood fuel were used is thst (Photo 5.8). The efficiency of the
stove with densified biofuel and wood fuel was fduo be 27% and 21%, respectively.
During this test it was observed that the burniatg rof the wood fuel is higher than the
densified biofuel, and the power of the stove wasfl to be 1.519 kW and 1.159 kW for
wood fuel and densified biofuel use, respectivéhyis result also support the comments made
by the bakery owner (mentioned in above paragraphg quite interesting results was
obtained form this test that 1 kg of densified balfis equivalent to 1.21 kg of wood fuel.
Further study should be conducted to characteheecombustion properties of the densified
biofuel. It is noted that the quality of wood fueries widely due to the varieties of wood fuel
and abundant moisture content; whereas, the deddiofuel is uniform in quality in terms
of both moisture content (<10%) and material (hcsk). Therefore, people get always same

service from densified biofuel.

Table 5. 3 Stove test results at BRRI laboratory

Summary results of Stove test with Wood Densified | Wood : Briquette
wood and briquette fuel fuel biofuel

Average efficiency of stove, % 21 27

Average fuel required for same work, Kg 1.076 0.889 1.210
Average power, kW 1.519 1.159

Source: Author
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Photo 5. 4 Showing densified biofuel using in sweréeat shop (a) and restaurant (b) in
Mymensingh town

(Source: Author)
Photo 5. 5 Showing a tea stall using densified biggl in Mymensingh town

(Source: Author)
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Photo 5. 6 Showing street food stall using densitliofuel (a) sitting on street, (b) on a
mobile van in Mymensingh town

(Source: Author)

Photo 5. 7 Showing a household using densified buefl, (a) making into small pieces, (b)
cooking in Mymensingh town

a b
(Source: Author)

Photo 5. 8 Showing stove test at BRRI laboratory \th (a) densified biofuel and (b) wood
fuel
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(Source: Author)
5.5.3 Consumption pattern of densified biofuel by ifferent user groups

The consumption pattern widely varied among thesusehe lowest consumption rate was
found to be 2.5 (S£0.73) kg/day per household. The highest consumpttawas found to
be 114 (SR249) kg/day per restaurant. The average consumpatanof tea stall and street
food stall were found to be 16 ($B.9) kg/day and 12 (S£.9) kg/day, respectively. The
wood consumption rate was found to be 130{%4h) kg/day and 30 kg/day for restaurant and
tea stalls, respectively which is higher than teasified biofuel consumption by similar type
of consumer (Figure 5.13). The users of densifiefubl were asked about how much wood
fuel they used before. The data were analyzedtamds found that one an average 1.63 kg of
wood fuel was equivalent to 1 kg of densified bafuHowever, this ratio differed when it
was calculated based on consumption data (1.48 kgpod fuel is equal to 1 kg densified
biofuel). The natural gas and kerosene consumptene found to be 96 (Si8.77) Nm3/day
and 15 litre/day, respectively (Figure 5.14). Tkadunal gas grid is connected comparatively
in bigger restaurants.

The fuel consumers in commercial sector were askdohd out the number of meal cooked
per day, they replied that it was not recorded, én@w, after a discussion they estimated
approximate number of meal cooked per day. Accgrttinthe respondents from restaurant, it
was found that the average number of regular nagaged from 325 to 450 meal/day cooked
by densified biofuel user, wood fuel user and ken® fuel user; whereas, it was found to be
about 1500 meals/day cooked by natural gas user.spbcific fuel consumption per meal
was calculated. It was found that for cooking autag meal with wood fuel or densified
biofuel, about 1 kWh energy is needed. About 0.6A8/meal and 0.391 kWh/meal energy
iIs consumed with gas and kerosene users, respgdiMgpendix 5.2). However, the specific
energy consumption kWh/meal depends on size andlirapdime of the meal. Normally,
bigger meal is made by the restaurant consumedhgas other restaurant. The economic

analysis of the cooking devices is discussed inp@ina.
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Figure 5. 13 Consumption pattern of densified biofal by different user groups in
Mymensingh town
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Figure 5. 14 Consumption patterns of natural gas ashkerosene by restaurant in
Mymensingh town
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5.6 Synthesizing of densified biofuel flow
From above discussion from section 5.2 to sectiénitthas been found that there were four
main stages of densified biofuel flow viz. sourcd aw material, production,
trading/marketing and consumption. After criticafiynthesizing the different components of
densified biofuel flow, a diagrammatic view has meveloped (Figure 5.15). The concept
of fuel flows was taken from the wood fuel flow &sis by Regional Wood Energy
Development Programme in Asia (RWEDP 1991, p.83).

The above discussions (section 5.5.1 to sectign 5.6

satisfy the fifth research question of this study.
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Figure 5. 15 Diagrammatic views of densified biofudlow channels
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5.7 Marketing channel of densified biofuel
From the diagrammatic view of densified biofuelgifie 5.15), four marketing channels were
found and it is clear that the densified fuel flofineam producer to consumer and money flow

is reverse of the fuel flows.

Fuel flow channels:

Channel 1: Produc&® Consumer

Channel 2: Produc® Retailer® Consumer
Channel 3: Produc&® Wholesale® Consumer

Channel 4: Produc® Wholesale® Retailer® Consumer

Money flows:

Channel 1: Consum@r Producer

Channel 2: Consumé&@ Retailer® Producer
Channel 3: Consum@& Wholesale® Producer

Channel 4: Consum&® Retailer® Wholesalef® Producer

At production level the price of the densified hief is less, therefore, the stakeholder
(wholesaler, retailer, and consumer) who has eesgsa to nearby factory, goes to the factory
for purchasing the fuel. But all consumers andethilers have not easy access to factory as
well as the producer nearby town could not meetvthele demand in the town, therefore,
wholesalers purchase densified biofuel from fatadhis producer and sell to consumers and
retailers. This indicates that a complex marketnoleh of the densified biofuel has been
developed and there is an interaction among tHerdift groups of people of the town and

also with surround producers due to the densifietubl flow.

The above discussions in section 5.7 satisfy #tie gesearch question of this study.
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CHAPTER 6. SOCIO-ECONOMIC IMPACT OF DENSIFIED BIOFU EL

6.1 Time savings for collection of fuel

The traditional biomass fuel is not in an organifmdh like products from factory. Therefore,
people have to spend a lot of time for gatherirggtthditional fuel. Time spent for collection
of traditional fuel is a crucial factor in develagi country. There are several studies on time
spent for collecting traditional fuel in rural aseaf developing countries. However, this study
has discussed the time spent for traditional fedection in urban area. A comparison study
was done on the time spent for collecting wood fed densified biofuel (Table 6.1). The
commercial users collect the fuel daily, whereasidehold users collect fuel once in two day.
The commercial users reported that they operatie lisiness regular as much as possible
unless the big festival occasions and some oth®dent. After discussion with restaurant
owner it was assumed that on an average 300 daygersiting days of restaurant in a year.
The street food business is not whole year rourginless. The owner of street food stall
reported that they could run this business for alsbumonth in a year. Since there is some
value addition in densified biofuel, thereforewbuld be more organized than any other
traditional fuel. The average time spent for cdlleg the wood fuel ranged from on an
average one half to one and half an hours each IBa&YG (2004, p.12) also reported that
average amount of time spent for collecting fuddesnveen one half and two hours. However,
time spent for collecting the densified biofuelgad from one sixth to one third an hour. The
highest amount of time saving for collecting deesifbiofuel over wood fuel was calculated
as 24.20 mad-day/year which could save almost omethmlabor cost (1 man-day = 8 hr

works by a person or 1 labor working in a day).

Table 6. 1 Time saving by different user group duéo incorporation of densified biofuel
in Mymensingh town

User group Total Collection | Collection Time saving

frequency| time spent | time spent

ingyeay for dengified for wo%d hriday | hriyear | Man-day

fuel, hr/day |fuel, hr/day lyear

Household 180 0.238 0.762 0.524 94.29 11.80
Restaurant 300 0.625 1.269 0.644 198.27 24.20
Tea stall 300 0.217 0.646 0.429 128.75 16.10
Street food 180 0.167 0.444 0.278 50.00 6.30
stall

Source: Author (Field survey, Oct-Dec 2005)
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6.2 Direct Employment Generation

The employment generated due to production andotiskensified biofuel was calculated
based on the data collected through questionnateeview, discussion with stakeholders and
observations. Forward linkage activities were coesed for quantifying the employment
generated i.e. production to end use of this fddle backward linkage activities i.e.
technological support and service activities weod considered in this calculation. The
employment generated was calculated for producauy éon of densified biofuel separately
at different level of activities (Table 6.2) andhdlly it was found to be 3.73 man-day
employment could be generated for producing eaclotalensified biofuel. Another study on
techno-economical aspects of biomass densificatidndia was conducted by Ghosh et al.
(2002, p.255-257) and they estimated that abouf 4ran-day employment could be
generated for producing each ton rice husk deuisitiel which is almost similar to the results
obtained in this study. Therefore, it can be sa@ biomass densification technology can
generate employment. The total employment generdsdestimated as 14048 employees for
whole year and the total densified biofuel productivas estimated as 0.942 million ton at
present situation of rice processing system in Bategh. The total estimated densified
biofuel is equivalent to 0.493 million ton of coahich is 2.21 times of imported coal (0.223
million ton) in the year 2001-2002 in BangladesiB&2002, p.239). In Bangladesh, 50% of
total paddy is processed in engleburg huller nidhggupta 2001, p.11-12). It is mentioned
that the husk from engleburg huller mill is nottable for densification; the husk produced
from rubber roll rice mill is suitable for densiéitton. If the entire engleburg huller mill would
be replaced by modern rubber roll mill, then addiél 1.17 million ton of densified biofuel
could be produced using the surplus husk whichgisvalent to 0.612 million ton of coal
equivalent; and additional 17430 numbers of peameald be employed in the biomass

densification sector (for detail calculation segApdix 6.1).
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Table 6. 2 Calculation of employment generated inahsified biofuel flows

Raw material collection

man-hr/ton| 6
man-day/ton| =6 + 8 =0.75

Production process
Average production capacity, ton/h©.09367

Average working persons/machiné.8
man-hr/ton| = 1.8 + 0.09367 = 19.2]
man-day/ton =19.22 + 8§ =2.40

A4

Transportation
Capacity, ton/truck 10
Person working 4
Time required, hr 5
man-hr/ton| = (4" 5)+10=2
man-day/ton| =2 + 8 =0.25
Trading

Average sales in town, ton/dayL.8.02
Labor employed in different shops, persdah
man-day/ton = 6 + 18.02 .33
Total employment, man-day/ton product 3.73
Total potential production of densified biofuet 0.941580
at present situation, million ton
Total number of employee for a year, man-| = 14048
year

"One man-day = 8 hr; Source: Author (Field survey, Oct-Dec 2005)

6.3 Income generation
6.3.1 Income generation through entrepreneurship deslopment

Seven cases of individual entrepreneur were andlyaeexplore the income generation
pattern by producing densified biofuel. Rice milreed cases were not discussed in this
assessment because, the rice mill owner has thikemusiness as secondary business and
sometimes they would like to sale the raw matdriae husk) instead of making densified
fuel. There is no doubt that rice mill owner alsoréeng additional money besides their main
business rice processing. But the individual em&epur has taken this business regarding

their real needs for survival.
The monthly expenditure of individual entrepreneamged form 6500 BDT/month to 8500

BDT/month. The average monthly expenditure of irdiral entrepreneur was found to be

7500 (SD+ 645) BDT/month. The net profit earned by indivitleatrepreneur ranged form
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3249 BDT/month to 13559 BDT/month. The averagepmefit was found to be 7330 (SP

3153) BDT/month. Three cases out of 7 could avairtwhole family expenditure and the
rests could avail partially with a major share op98% of their whole family expenditure
(Figure 6.1 and Figure 6.2). The rest of the exgarglwas met from other source of income

such as agriculture.

Figure 6. 1 Monthly net profit and expenditure of ndividual entrepreneur of densified

biofuel
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Source: Author (Field survey, Oct-Dec 2005)

Figure 6. 2 Ratio of monthly net profit and monthly expenditure of individual
entrepreneur of densified biofuel
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6.3.2 Income generation pattern among different typ traders in Mymensingh town

The income generated by the traders widely varidtere was only one wholesaler who
earned about 10600 BDT/month and could avail hislerimonthly expenditure. The income
generation from this densified biofuel by retailemsged from as low as 300 BDT/month to
as high as 6750 BDT/month. Some of them could abweir family expenditure with the
earning from this business and the similar redati was found for both type of selling group
(Table 6.3). Out of 21 traders only 6 (about 298a)iér could avail their family expenditure
fully and rests could avail their family expendéypartially. The rest of expenditure was met

from other source of income such as agriculture.

The above results and discussions (section 6.&dtos

6.3.2) satisfy the seventh research question sfstinidy.

Table 6. 3 Monthly income and monthly expenditure bdifferent level trader

Stakeholder Net profit from the Family expenditure, Profit : Expenditure

sales of densified BDT/month

biofuel, BDT/month

Range Average Range Average Range Average
1. Wholesaler 10600 10600 8000 8000 1.32 1.32
2. Retailer 300-6750 2604 3500 — 10000 5250 0.0623 0.54
3. Both 650-16500 5600 2500 — 900(d 5722 0.13-2.3 0.91
(Wholesaling
+ Retailing)

Source: Author (Field survey, Oct-Dec 2005)

6.4 Social Acceptance of Densified Biofuel over Wdduel

6.4.1 Traders opinion on marketing of densified bifuel compared to wood fuel

The traders were asked to make comparison betwaesified biofuel and wood fuel in terms

of marketing. The opinion of the traders is shownTable 6.4 in terms of percent value.

About 95% traders reported that densified fuel deinia high. About 90% traders reported
that availability of densified biofuel is high, wieas, about 50% traders gave their opinion
that wood fuel is also available. Finally, morerttf#% of the traders reported that trading of
both the densified biofuel and the wood fuel isfipable business. Trader's opinions clearly
indicated that densified biofuel is more advantageover wood fuel. That also matches the

demand.
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Table 6. 4 Comparison between densified biofuel angood fuel in terms of marketing

Parameter asked to Densified biofuel wood fuel
traders high low high low
Demand 95% 5% 5% 95%
Availability 90% 10% 48% 52%
Profitability 67% 29% 57% 33%

Source: Author (Field survey, Oct-Dec 2005)

6.4.2 Users opinion on advantages of densified bifl compared to wood fuel

Users were asked to give their opinion about theaahges and disadvantages of densified
biofuel compared to wood fuel. At first, the useeported that less or no smoke was
experienced with the densified biofuel whereas;ersmnoke was experienced with wood fuel.
The commercial users reported that people didewdtifritation during cooking due to less or
no smoke exerted from the burning of densified umbfas well as cook felt comfort.
Respondents also reported that the densified Hiegfumore reliable than wood fuel due to it's
uniform quality and steady fire during cooking; risfere, it is easy to manage fire during
cooking with densified biofuel. After all the defied biofuel is available in the market and
no respondents disagreed this; however, some rdsptsdid not give their response (Table
6.5). Respondents added some comments beyond ésgaqnaire during the discussion such
as densified biofuel gives more heat and houseteddondents could do other works during
cooking because they did not need to keep an eyidofire management after catching the

fire.

Grover and Mishra (1996, p.5) also reported thaesasof biomass residues have a higher
percentage of alkaline minerals and these conatigugave a tendency to devolatalise during
combustion which leads steady combustion and flabilitya of volatile matter is much

higher than traditional biomass fuel.

When respondents asked about the disadvantagessifidd biofuel over wood fuel, most of
the respondents reported that there was not problgimthis densified biofuel. However,
some respondents did not forget to put the criticed densified biofuel. They told that this
fuel could not give high power flame due to it slburning properties, and some respondents
told that there was more blackening (carbon depositthe pot than the cooking with wood
fuel. In this regards, it should be conducted ferthesearch on combustion properties of

densified biofuel.
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Table 6. 5 Advantage of densified fuel over wood &l

Benefit of densified fuel | Number of respondent | Percentage |Remarks

over wood %
Agree| Dis- No Agree| Dis-
agree| response agree
No smoke 6 15 11 19 47 |-Densified biofuel
Less smoke than wood fuel 22 3 7 69 9 |gives more heat than
Easy to catch fire 24 5 3 75 16 |fuel wood.
Cook feels comfortable 24 4 4 75 13 |-Other work can be
Easy to use 19 3 10 59 9 |done during cooking
Available 22 10 69 0 |because no need to
Uniform quality of fuel 21 1 10 66 3 |keep in eyes for fire
Reliable during cooking 18 2 12 56 6 |management after
People does not feel 20 12 63 6 gatchlng fire for long
irritation during cooking time
Easy fire management 19 2 11 59 6 |- Densified biofuel is
dry whereas; wood
fuel is moist
Total respondents 32

Source: Author (Field survey, Oct-Dec 2005)

According to densified biofuel user's opinion it svéound that one an average 1 kg of
densified biofuel is equivalent to 1.63 kg of woddhis is one of the quantifiable reason for
which people have accepted the densified biofuer eavood fuel. However, this ratio was

calculated as 1.48 based on the data obtained Wwmbdiser. At laboratory level test, this

ratio was found to be 1.21. It is mentioned that ¢énergy content of the remaining charcoal
was deducted from the input energy to calculateetiieiency of stove at laboratory. But

people do not consider the remaining charcoal yvauen though they sell the charcoal. A
discussion was conducted with Prof. Dr. M Moshatfaksail and he also explained that

people collect charcoal from the stove and selbut they did not consider its value to

compare with densified biofuel. Miah et al. (199963-68) also reported about 1.67 kg of
fuel wood could be replaced by 1 kg of rice huskumtte.

From the above discussion it is clear that peophehgot more advantages from densified
biofuel compared to wood fuel, therefore, peopleehaccepted the densified biofuel as

alternative of wood fuel.

The above discussions (section 6.4.1 to sectia2)6.4
satisfy the eighth research question of this study.

" Professor Dr. Mosharaf Hossain, Department of Faower and Machinery, Faculty of Agricultural
Engineering and Technology, Bangladesh Agricultunailversity, Mymensingh.
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6.5 Return from CO, Reduction: Comparison of Different Fuel Options

Basis of CQ emission calculation

Annual demand of fuel calculation:

Total densified biofuel entered into market = 59@/&'month from survey data (assume all
guantity consumed by commercial sector)

Densified biofuel user in commercial sector = 8@eor( survey)

Wood fuel user in commercial sector = 20% (fromveyj

Wood : Densified biofuel ratio = 1.631 (accordirgguinformation)

Wood fuel demand = (599.5/0.8)*0.2*1.631 = 244 d&/onth

Efficiency of densified biofuel stove = 27% (labtmey test)

Efficiency of wood fuel stove = 21% (laboratorytles

LHV of densified biofuel = 4.23 kwh/igy

LHV of wood fuel = 3.45 kWh/ky

Operating hour per day = 10 hr

Daily consumption of densified biofuel per consunmecommercial sector = 74.25 kg/day
*4.23 =314. kWh

Stove capacity, kW = 314/10*0.27 = 8.478, assunBek¥V/

Operating days in year = 300 days

Total thermal energy comes from densified biofué99.5*12*4.23*1000*0.27 = 8216267.4
kWh/year, assumegi60000kWh/year (for making round figure of stove number)
Number of stove needed for densified biofugls0000 kwh8kW/3000 h = 340

Total thermal energy comes from wood fuel = 2441458.45*1000*0.21=2125248.3
kWh/year, assume 2160000 kWh/year

Number of stove needed for wood fuel = 2160000 K\KW//3000 = 90

Gross thermal energy demantb320000 kWh/year

Efficiency of Gas stove = 60% (from GEMIS database)

Efficiency of Kerosene stove = 53% (from GEMIS datse)

Wood fuel is considered as non-sustainable source

Based on above information there are six differgptions has been considered to make
scenario in GEMIS (Global Emission Model for Integrd Systems). The six options are

below:

® http://www.tifac.org.in/offer/tsw/malay2.htm, dz36.01.06
° Rehling 2002, p.6 at 30% MC
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Option 1: Briquette - wood system excluding rice cultivatio
Option 2: 100% Briquette system excluding rice culvation
Option 3: 100% Briquette system including cultivation prese
Option 4: 100% Natural gas burner

Option 5: 100% Kerosene stove

Option 6: 100% Fuel wood stove

After running the scenario with GEMIS G@quivalent emission results for different options
are obtained. The results are shown in Table 6m6ory the six scenarios, the highest,CO
emission has been obtained from option 6 (100% woelduse) and the lowest G@&mission
has been found from Option 2 (100% densified bib&eluding rice cultivation process).
There is an important issue that when rice culiivaprocess (Option 3) was included in the
total process chains the @@mission increased about 5.4 times than optidrh&. additional
CO, has come from the application of fertilizer, peisie and farm equipment operation.
Therefore, this is very much concerned to redueeGl} emission from rice cultivation or
how to balance this by using the by product of soeh as rice husk energy. The densified
biofuel system is the most environment friendlyi@ptn the study area among possible other
fuel option including natural gas and kerosene. daimeual return from COemission saving
by using 100% densified biofuel instead of woodl finethe study area would be US$65.65
thousand. It is further needed the economic amalisifind out the sustainability of the
densified biofuel option which is discussion in hiegction. It is noted that at present people
of Mymensingh district town are saving 12.98° kg per year which is US$51.91 thousand

annual worth.
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Table 6. 6 Global emission C@saving with different fuel options over wood fuel

Option Annual CcO, CO, emission CO, saving over Return from|Return fron

demand equivalent kg/unit | 100% fuel woog CGo, Co,, ~ 10°

© 10 "~ 1¢Pkg/a system " 10PBDT/a| US$/a
"~ 10Pkg/a
1.Present 7.147 kg dbf 4.39 12.98 3.43 51.91
2.981 kg w

2. 100% dbf 9.039 k 0.954 0.105 16.42 4.33 65.65
3.100% dbf + 9.039 kg 5.1B 0.573 12.19 3.22 48.73
emission from
cultivation
4. 100% gas 1.775 Nm3 3/98 2.244 13.39 3.53 53.53
5. 100% kerosene 2.272 it 5|99 2.636 11.38 3.00 45531
6. 100% wood 14.244 kg 17.87 1.219 0 0 0

CO, reduction trade, US$ 4.00/tdh1 US$ = 68" BDT (dbf= densified biofuel, w= wood,
a=annum)
(Source: Author)

6.6 Economic Analysis of Densified Biofuel Stove

6.6.1 Cost of CQ reduction

Cost of CQ reduction was calculated on the basis of, E@ission data obtained from results
of scenarios analyzed with GEMIS. For calculating tost of C@reduction replacement of
wood fuel with densified biofuel scenario was cdesed and wood fuel and densified biofuel
ratio was considered as 1.63. The cost of @&@duction was found to be -0.80 US$/ton (Table
6.8). A negative cost for GQeduction of 0.8 US$/ton of GQvas found by the substitution
of wood fuel, because densified biofuel substitutegB time of wood, therefore, cost savings
by the replaced wood fuel is higher than the cdssutbstituted densified biofuel. Similar
negative cost of Coreduction was reported by Hulscher et al (19981 9).

A sensitivity analysis was done by varying theaatf wood fuel and densified biofuel, then
the cost of C@reduction was found to be 1.15 US$/ton and 5.9%/td8 for the ratio of 1.48
and 1.21, respectively. Another sensitivity testswione by varying the price densified
biofuel and the cost of GQeduction was found to be 3.02 US$/ton for 20%ease of price
of densified biofuel (Table 6.7) and it is still lo& the trade price of COemission
(US$4/ton).

6.6.2 Economic analysis
Economic calculation was done using the basis sladavn in Table 6.8 and Table 6.9. The
ratio of wood fuel and densified biofuel was coesetl as 1.63. The NPV and economic rate

19 Sohel 2002, p.266
! Bangladesh Bankyww.bangladesh-bank.org/pub/monthly/econtrds/edsitithtm| printed on 07.02.06
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of return (ERR) were calculated using Excel formdlhen the sensitivity analysis was done
by varying the ratio (wood and densified biofuelidaprice of the densified biofuel. The
results of economic analysis are shown in Tableah& Table 6.9. It was fond that the
substitution of wood fuel with densified biofuelesonomically viable at the ratio 1.63. But
the sensitivity analysis showed that the replaceérobwood fuel is not viable beyond ratio of
1.36 (Figure 6.3). The sensitivity test resultssafied price of densified biofuel showed that
the replacement of wood fuel is not economicallgble beyond 20% increase of densified

biofuel price (Figure 6.4).

The above results clearly indicated that the sulgin of wood fuel with the densified

biofuel is economically viable and environment ridiéy.

According to UNDP (2004a, p.34) "The relationshgiviieen energy and social issues is two-
way. The ability to pay for energy services andwlealge of what is available and how best
to apply it will affect the level of demand and &ypf energy services used. Conversely, the
quality (cleanliness, reliability, and conveniencahd level of access (availability,

affordability, and variety) of energy services hawveeffect on social issues."

Concerning the above statement, people have kngelefl how to produce a cleaner and
reliable energy from the available loose biomasten®, and consumers have access to this
fuel as well as they can afford this fuel (by btte commercial and household sector). Here
it is mentioned that the resource poor househotiplpeaccepted the densified biofuel over
non-sustainable wood fuel and they spend a shamooty to buy the densified biofuel from

their daily income (per capita income is US$0.6¢/@ss than 1 $).

Concerning the global issues, densified biofuel oaet the millennium development goal
(MDG) "to ensure environmental sustainability: Improved energy efficiency and use of
cleaner alternatives can help to achieve the s\adtlé use of natural resources, and reduce

emissions to protect the global environment” (UNEZR4b, p.2).

The above discussions (section 6.5 to section)6.6.2

satisfy the ninth research question of this study.
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Table 6. 7 Calculation of cost of CQreduction

FUEL WOOD is non-sustainable use Wood | Densified| +/-'
Wood : Densified biofuel ratio = 1.63 biofuel
Average daily fuel consumption in
1 | commercial sector, kg/day 121.14 74.25
2 | Stove life time, yr 3 5
3 | Annual fuel consumption, kg 36308 22275
4| CO2 emission (GEMIS results), kg/kg 1.219 0.1055
5 | Total CO2 emission over life, kg 221381 11749
CO2 emission reduction over life time,
6 | kg 0| 209582| 209582
7 | Stove installation cost, BDT 500 1000
8 | Repair and maintenance cost, BDT/yr 50 50
9 | Fuel price, BDT/kg 2.00 3.12
10 | Fuel cost, BDT/yr 72616 69582
11 | Discount rate, % 10% 10%
12 | Life time cost analysis
0 500 1000
1| 72616 69582
2| 72666 69632
3| 72667 69632
4| 72666 69632
5| 72666 69632
Present value 275918 264914| -11004
13 Cost of CO2 reduction by briquette stove BDT/tor52.50
US$/ton -0.80

Sensitivity analysis

Wood : Densified biofuel ratio

CQeduction cost, US$/ton

1.48 1.15
1.21 5.95
Densified fuel price change

-20% -4.6
-10% -2.7
+10% 1.1

+20% 3.02

(Source: Author)
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Table 6. 8 Basis for the calculation of economic ta of return

Wood : Densified biofuel = 1.63 Wood fuel stove Dsified biofuel
stove
Cost of installation, BDT 500 1000
Maintenance cost, BDT/yr 50 50
Life, yr 5 S
Interest 10% 10%
Daily fuel consumption, kg/day 121.14 74.25
Yearly consumption, kg/year 36341 22275
Price of wood fuel, BDT/kg 2.00 3.12
Total fuel cost, BDT/yr 72682 69581
CO2 emission, kg/kg 1.219 0.105
Total emission, CO2 kg/yr 44306 2349
CO2 saving replacing wood fuel, kg/yr 41956
CO2 price @US$4/ton’, BDT/ton 264
Revenue for CO2 trading, BDT/year 11076
1 US$ = 66 BDT, Sohel 2002,p.266
Table 6. 9 Calculation of economic rate of return
Period 0 1 2 3 4 5
Cash inflow
Cost of wood fuel stove, BDT 500 0 0 0 0 0
R&M of wood fuel, BDT/yr 0 50 5Q 5( 50
Wood fuel cost, BDT/yr 72682.5 726825 726825 &26| 72682.5
Revenue from CO2 reduction 1107 11977 11077 1107711077
Total cash inflow 500 83759 83809 83809 83809 83809
Cash outflow
Cost of Densified fuel stove,
BDT 1000 0 0 0 0 0
R&M of stove, BDT/yr 0 50 50 5( 50
Densified fuel cost, BDT/yr 6958p 69582 69582 6058 69582
Total outflow, BDT/yr 1000 69582 69632 69632 69632 69632
Incremental cash flow -500 14177 14177 14177 1417714177
NPV 53243
ERR 2835%
Sensitivity analysis
Wood : Densified biofuel ratio NPV ERR
1.48 23544 1269%
1.21 -29392 -
Densified fuel price change
-20% 105997 5619%
-10% 79520 4227%
+10% 26866 1444%
+20% 489 44%

(Source: Author)
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Figure 6. 3 Sensitivity of densified biofuel use \h respect to performance over wood
fuel
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Figure 6. 4 Sensitivity of densified biofuel use \th respect to variation of price
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CHAPTER 7. CONCLUSION AND RECOMMENDATION

7.1 Conclusions
The study critically examined the present statughef biomass densification technology,

flows of densified biofuel and the socio-econommipact of the densified biofuel use.

Presently, the densification technology has beeneovby two types of owner viz. individual
entrepreneur and rice mill owned without any mdtoral program executed by the
governmental agency or NGOs except one owner whthganachine with a subsidies price.
Screw press type machines were being using povsretectric motor and electric die heater
(mainly). Only the rice husk was used as raw maltefihe performance of the technology has
increased compared to a previous field study resyliHardman (2001, p.3) in terms of
increased production and decreased energy consumpéte. The lion shares of the
production cost were form the cost of raw mate(®%) and cost energy consumption
(31%). The shorter life of screw was identifiectlas main problem. The other problems were
short life of die heater, main bearing damage e owners are satisfied with the present
technology, however, they wants the solution ofrgrdife of screw and heater. The growth
rate of the technology over last 13 years was fawnkde 33.55%; this is quite high growth
rate. This indicates the very high acceptabilityra technology in the region.

The indicators of financial analysis expressediioenass densification is financially viable
technology and it is quite profitable business. Beasitivity analysis detected the selling
price of product, rice husk price, operating howd electricity cost as most sensitive

economic input parameters.

Mainly, the female workers of rice mill are invot/éor handling the rice husk in a dust full
environment in the rice mill premises. In the praitin section, male persons have come
forward. Only one woman was found working in pragtue section. This is an indication that

female persons also have the opportunity to eheeskill labor market in this sector.

The total production of densified biofuel from thegion was found to be 19880 ton/year
equivalent to 10410 ton of coal or 24362 ton of didoel (30% moisture content) which is
eight time of wood fuel production in the regiono#f of the densification machines were

located little bit far from the Mymensingh districwn in rural or semi-urban area.
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There is no separate transport agency respongsibyear carrying the densified biofuel. The
transporters carry the fuel when the traders wakédto requisite them. Normally, the trucks
are used to carry the fuel from far distances.|&cal transportation of the densified biofuel,

people normally usRickshaw(manually driven tri-cycle).

More than 50% of trader has taken this businesisesismain business. The rest has taken this
fuel business as secondary business and this grotrpders has come from grocery shops,
cement shop, corrugated tin (metal sheet) shofgauest and tea stall etc.; and sell this fuel
for providing better service to the customer antheke a good will with them. This indicates
that densified biofuel trading is not limited witha certain group; a wide variety of traders
could sell this fuel from where consumers could by fuel. The traders are divided into

three categories viz. wholesaler, retailer and lpatiolesaling and retailing).

The prices of densified biofuel increased chronigiay from Produce® Wholesale®
Retaile® Consumer. The end users are paying the highestrarbearing all the expenses to

get the fuel from production sector to their stove.

The densified biofuel is used for cooking purpodéser group are divided in to mainly two
sectors viz. household and commercial. The dedsif@fuel is mainly consumed in

commercial sector. Among the densified biofuel ssercommercial sector, about 60% were
restaurant/sweetmeat, about 25% were tea stall 1% were street food stall. The
households who could not avail the gas grid conmectre using densified biofuel. These
groups of household have come from low income grangh daily paid wage laborers whose

daily income is less than 1 $ (0.61 US$/day/person)

Normally, in commercial sector, people use the mupd grate stove. The stoves are made of
mud and scrapped metal sheet (for structure) aeel bar (for grate). All the stoves were

locally made. At household level, people use pdetaiud stove.

The consumption pattern widely varied among thesusehe highest consumption rate was
found to be 114 kg/day per restaurant. The avecagsumption rate of tea stall, street food
stall and household were found to be 16 kg/dayl#hlg/day and 2.5 kg/day per household,
respectively. The wood consumption rate was higfen the densified biofuel (30 kg/day for
restaurant and 30 kg/day for tea stalls). The cmess of densified biofuel reported that on an
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average 1 kg of densified biofuel could provide saservice of 1.63 kg of wood fuel.
However, this ratio differed when it was calculateabed on consumption data (1.48 kg of
wood fuel is equal to 1 kg of densified biofuelddaboratory test data (1.21 kg of wood fuel

is equivalent to 1 kg of densified biofuel).

At production level the price of densified biofus lower, therefore, the stakeholder
(wholesaler, retailer, and consumer) who has eesgsa to nearby factory, goes to the factory
for purchasing the fuel. But all consumers andethilers have not easy access to the factory
as well as the producer nearby town could not riieetvhole demand in the town, therefore,
wholesalers import densified biofuel from far drdtgproducer and sell to consumers and
retailers. Therefore a complex market channel leas leveloped among the different groups

of people of town and also with surround producers.

The consumers could safe a significant amount ok tspent for fuel collection to use
densified biofuel instead of wood fuel. Time spfmtcollecting the densified biofuel ranged
from one sixth to one third of an hour. The highastount of time saving for collecting
densified biofuel over wood fuel by restaurant wakulated as 24.20 mad-day/year which

could save almost one month labor cost.

Biomass densification technology is labor intensivark. Therefore, direct employment is
generated due to production, trading and using erisified biofuel. The employment
generated was calculated 3.73 man-day for eachotatensified biofuel considering the

forward linkage activities.

Some young unemployed educated person has comartbiw establish self employment
activities. It was found that some entrepreneutctanail their whole family expenditure and
some of them could avail partially with a major haip to 93% of their whole family
expenditure. About 30% of traders could avail tivelrole family expenditure from the net

income from this business.

Traders reported that densified fuel demand wabk bampared to wood fuel and densified
biofuel was more advantageous over wood fuel. Qoess reported a number of advantages
of densified biofuel compared to wood fuel sucHess or no smoke; more reliable, uniform

qguality and steady fire during cooking; easy firanagement; after all the densified biofuel
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was available in the market. People did not nedtlittkk about the fuel. They just go to shop
and buy it. Some respondents claimed that densifiedlel could give more heat and
household respondents could do other works durouking because they did not need to
keep an eye for fire management after catchinditeeHowever, the densified biofuel could
not be accepted by small industries such as bakecpause the present system was not
suitable for firing this fuel.

The densified biofuel system is the most environnfiieendly option in the study area among
the possible options such as wood fuel, naturalagaskerosene. The annual worth from the
savings of C@by using 100% densified biofuel instead of 100% @véwel (non-sustainable

source) in the study area would be US$65.65 thalus@he present scenario is saving

12.98 10° kg per year which is US$51.91 thousand annualtwort

The economic viability of densified biofuel over @ fuel depends on the performance of
densified biofuel and price variation. The densifl@ofuel option is viable up to 20% price
increase and if 1 kg of densified biofuel couldeggame service of 1.36 kg of wood fuel.

Rejection of the hypothesisFrom the above discussion it can be said that émsitication
technology is well adapted in the study area witka#isfactory performances. A market
channel is established there and the consumersdw@epted the densified biofuel instead of
wood fuel. Finally, due to the intervention of tldensified biofuel people are getting
advantage form time saving of fuel collection, eetservice from the fuel, employment
generation, income generation and the most impbtianefits from reduction of GCOfor
developing stable climate for future earth. Concegnhe global issues, densified biofuel can
meet the millennium development goal (MD@&) &nsure environmental sustainability” by
achieving sustainable use of natural resources bgn@ducing the emissions for protecting
the global environment. Therefore, it can be cometlthat the use of densified biofuel is
sustainable and environment friendly. Therefore, tiull hypothesis "The use of densified
biofuel is not sustainable and it has an adversecteon environment” of this study is

rejected.
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7.2 Recommendations
The machine should be installed in a enough wideemvith proper ventilation
Proper safety measures such as hand gloves usmagasuse for operator should be
ensured
Adaptive research should be undertaken to repleeestisting electric die heater with
densified biofuel stove developed in AIT Thailand.
The performance of the stoves used in commerc@bsshould be studied.
At this moment there is no information really howeh rice husk are producing from
rubber roll machine and how much rice husk couldakeailable for densification.
Therefore, a study should be undertaken on thauresanapping of rice husk energy
flow in Bangladesh
It is needed to give emphasis on extension rese@ochdissemination of this
technology throughout the country
Further study should be conducted to charactehizecombustion properties of the
densified biofuel
Policy or government body should come forward fevelopment, promote and
commercialization of densified biofuel. In this aeds, experience from India would

be helpful.
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APPENDICES
Appendix A: Questionnaire

Production and Use of Densified Biofuel in Mymensigh District (Bangladesh) under
Technical and Socio-Economical Aspects

PART - |
Biomass Densifier (Briquette Machine) Survey Forr

Name of the District:
Name of the Upazila:
Name of Mill/Producer:

A. General information
Al. Sex: * Male * Female
A2. Age: e 16t025 + 261035
» 36t045 ¢ 461t055
* 56t0 65 ¢ Above 65
A3. Education: * No Schooling e Class1-5
* Class 6-9 » SSC/Equivalent
 HSC/Equivalent <« Degree * Masters
A4. What is your main occupation?
« Biomass densification < Rice processing < Other (please specify)
A5. Who has inspired you for the briquetting bussfe
e Govt. Organizatiorr NGO e Own interest * To see other

B. Information on briquette machine
B1. Installation year and cost of machine:

Machine no. Installation year Cost of installatior
1
2
3
4
B2. Daily average production................. mound/day
B3. How many kg of husk is required for 40 kg afjoette production?........... kg/40 kg bqt
B4. How many days do you operate the machinesy®atl............ days/year
B5. Operating hours per day................
B6. Which material do you use for densificatoiRice husk e Sawdust < Other
B7. If you use rice husk then mention the type udgkused:
Type of husk % used
Unparboiled
Parboiled
Mix of parboiled and
unparboiled
B8. Price of rice loose biomass: .......... BDTKKD
B9. Selling price of briquette............ BDTK/4Q

B10. If you produce rice husk, then mention theetgprice milling process:
* Rubber roll « Engleberg huller
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PART -l

Questionnaire for Case Study of Biomass Densificatn (Briquetting) Machine

Date:....ccccoovvvvveennnnnn.

Questionnaire NO..........cvviiiiiiii e,
AAIESS. ..o
A. General Information of the respondent
Al. Sex: * Male * Female
A2. Age: e 261025 + 261035

» 36t045 « 46t055

* 56t0 65 <« Above 65
A3. Education: * No Schooling e Class1-5

* Class 6-9 » SSC/Equivalent

 HSC/Equivalent <« Degree

» Masters
A4. What is your main occupation?

» Biomass densification (briquettingy Rice processing < Other

(please specify)

A5. Who has inspired you for the briquetting bussfe

* Govt. Organizatiorr NGO e Own interest * To see
other
A6. When did you install your machine?............
B. Information on technical specification of the sgtem:
B1. Type of machine: » Screw Press * Other (Specify)
B2. Source of Power * Electric motor » Diesel Engine » Other
B3. Motor/engine capacity ¢ ............. kw
B4. Type of die heater: * Electric coill » Kerosene burner

» Gas burner » Other
B5. Heater capacity: . kW . Litre/hr .
ms3/hr

B6. Type of material used: « Rice husk » Sawdust * Others

B7. Particle size of materiak Unground husk ¢ Ground husk

B8. Throughput rate:........................ kg/hr

B9. Production capacity:.................. kg/hr

B10. Screw lifei......cevvvviiiiieeeeeeeee, (after repairing)
B11. Barrel life..........ccoooviiviiiinnnnn. ntb

B12. Heater life.........cccoeeeeeeiiiiiins mblo

B13. Please mention the technical problems encoeohigith this technology
1.

2.
3.
4.
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C. Information on the cost of the system operation

C1.
C2.
C3.
C4.
C5.
Cé6.
C7.
C8.
Co.

C10.
C11.
Cl2.
C1s.
C14.
C15.
Cle6.
C17.

What is the cost for the machine?................. BDT

What is the cost of electric accessories............. BDT

What is the cost of Shed................... BDT

What is the cost of loose biomass material?................... BDT/ 40 kg
What is the cost of transportation of raw mater........... BDT/ 40 kg

What is the price of one piece of new screw??...... BDT
What is the repairing cost of screw once?................ BDT
What is the cost a die barrel?...................... BDT
What is the cost of a die heater?......ccccceevvvoo.... BDT
What is the cost of electricity?.........cccceeeeeeeee. BDT/month
What is the cost of other repair and mainteeger year.................. BDT
What is the average operating days per manth?............

What is the average operating hours per day?...............
What is the wage of mechanic?............BDT/....... kg
What is the wage of labor?.............. BDT/....... kg

What is the selling price of the briquette?..BDT/ 40 kg

D. Information on Densified Fuel flow

D1.

From where do you collect raw material?
* Rice mill « Saw mill « Other

D2. To whom do you sell the produced fuel?
e Trader e Household « Restaurante Tea stalls < Industry
Brickfield

* Others

E. Information on the socioeconomic aspects
(Questions E1 & E2 are only for individual entrapzar)

El.
E2.

Could you please say what is your monthly egare in your family?.................. BDT
How many people from outside are employed ur yactory?
. Male » ........... Female

E3. Are you pleased with your business?s Yes * No

E4.

Please make some comments on this briquetiedsss
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PART -1l

Questionnaire for Fuel Wholesaler/Retailer

Date:......ccoeeevnnnes
Questionnaire NO..........covviiiiiiiii e,
AdAIeSS. ..o e
A. General Information
Al. Sex: * Male * Female
A2. Age: e 161025 + 261035
* 36t045 + 461055
* 56t0 65 < Above 65
A3. Education: * No Schooling e Class1-5
* Class 6-9 » SSC/Equivalent
 HSC/Equivalent <« Degree
* Masters
A4. Name of the main occupation:
* Fuel business » Other (please specify)
A5. How long have you been doing this business?
e Uptolyear 1to 3 years
» 3to 5 yearss above 5 years
A6. Which type of role do you play in fuel busin@ss
* Wholesalere Retailer « Both
B. Information on densified biofuel (briquette) flow and market channel
B1. Types, quantity and price of the fuel
Name of |[Selling quantity Purchase price Transport cost  |Selling price Rank in terms
the fuel of profit
Briquette | ... kg/molw  .............. BDT/Kg ... BDT/g.............. BDT/k
Fuelwood | ... kg/mow ... BDT/KG  .cccceveeeee BDT/kg.............. BDT/k
Kerosene | ... I/mojw ... BDT/ ... BDT/A .............. BDT/
LPG | cyl/moiyw ............... BDT/eyl ... BDT/cyl ........... BDT/cyj
Other

mo = month, w = week, cyl= cylinder, |= litre, BDTBangladeshi currency (Taka)

B2. From where do you purchase the briquette fuel?

* Local wholesale shop ¢ Local Factory

* From other
districts(Sherpur/Tangail/Jamalpur/Netrokona/Din@jp........................ )

B3. Users/buyers of the briquette/wood fuel:

Users of briquette Quantity sold to consumed (%)

¢ Restaurant

* Household

* Tea stalls+street food stall

* Brickfield

¢ Others
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B4. Comparison of briquette and wood fuel in teohmarketing

Briquette fuel Woodfuel
» High demand » High demand
* Low demand * Low demand
» Available » Available

Not available Not available

High profitable » High profitable

Low profitable » Low profitable

* Others Others

C. Information on Socioeconomic aspects
C1. Could you please say what is your monthly egare in your family?.................. BDT
C2. How many people from outside are employed umr @hop?
el e2 3 o4 e .
C3. How much salaries are they paid monthly?................... BDTK
C4. Are pleased with your business¥es * No
C5. Do you face any problem to continue this bussnplease specify)?

C6. Please make some comments on this briquetbedssgany other information
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PART - IV
Questionnaire for Fuel user

Questionnaire NO.......c.coviii i,
AdArESS....cvviiiieeeee e

A. General Information

Al. Sex: * Male * Female

A2. Age: e 16t025 + 261035
e 36t045 + 461t055
* 56t0 65 + Above 65

A3. Education: * No Schooling e Class1-5
* Class 6-9 » SSC/Equivalent
 HSC/Equivalent <« Degree
* Masters

A4. Type of user:

* Household * Restaurante Tea Stall <« Other
A5. From where do you purchase this briquette?

* Factory « Wholesale shop < Retail shop

B. Information of fuel consumption

Name of Quantity used Purchase price Transport cost | Purpose of use

the fuel

Briquette | ......... kg/mo/w/d | ... BDT/KG| «evveeenenee BDT/kg | « Cooking » Heating
+ Other

Fuelwood | ......... kg/mo/wid | ... BDT/KQ| ..evvvvveenn. BDT/kg | » Cooking » Heating
+ Other

Kerosene | .......... /mo/w | .l BDT/N | .o BDT/l |« Cooking » Heating
* Lighting » Others

LPG | ... Cyllmo/w | e, BDT/eyl| ... BDT/cyl | « Cooking » Heating
* Lighting » Others

Other » Cooking » Heating
* Lighting » Others

mo = month, w = week, d = day, cyl= cylinder, Itrdi BDT= Bangladeshi currency (Taka)

C. Information on fuel performance
C1. How long time do you need to collect the britg.............. hour
C2. Who is involved presently to collect the britje@

* Male member * Female member

C3. Which type of fuel did you use before?Woodfuel ¢ Cowdung <« Others

C4. How many kilogram of fuel did you use before?.................. kg/month/day

C5. How long time did you spent for collecting foel before?..................... hours

C6. Do you think that the cooking is faster thafobeusing briquette? < Yes « No

C7. How many persons take meal daily?..............
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C8. Please mention some advantages of briquettewaee woodfuel:

Agree Disagree

* No smoke

* Less smoke than woodfuel

» Easy to catch fire

* Cook feels comfortable

» Easy to use

* Available

» Uniform quality of fuel

» Reliable during cooking

» People does not feel irritation during cooking

» Easy fire management

C9. Please mention some disadvantages of cookitngbniquette:

C10. Do you think less amount of briquette neededpared to fuelwood for same purposes?
* Yes * No

If yes, then could you please tell that how mangddam of fuelwood is equivalent to 1
kilogram of briquette?.....................

C11. If you are a household user then could yoas@esay your daily income?......... BDT

C12. Which type of stove do you use?
 Traditional * Improved grate stove » Other
C13. How many hours do you need for cooking pefday ......... hours
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Appendix 4.1 Results of regression analysis betweenergy consumption and
production capacity

Regression Statistics

Multiple R 0.63
R Square 0.40
Adjusted R
Square 0.35
Standard
Error 0.026
Observations 15
ANOVA
Signific
df SS MS F ance F
0.00569 0.0118
Regression 1 5 0.005695 8.542306 78
0.00866
Residual 13 7 0.000667
0.01436
Total 14 2
Standard Lower  Upper Lower Upper
Coefficients  Error t Stat P-value 95% 95% 95.0% 95.0%
0.04600
Intercept 0.3167 1 6.883696 1.11E-05 0.2172 0.41604 0.21728 0.41604
Production
capacity, -
kag/hr -0.0014 0.00048 -2.92272 0.011878.0024 -0.00037 -0.00247 -0.00037
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Appendix 4.2 Cost and production data of densificabn machine of 15 cases studied

CASE No. Capital Running cost, BDT/year Production item Return,
cost Husk | Screw Die | Heater| Wage | ElectricityKerosen¢ Total | Operating Husk, | Output, | BDT/yr
BDT/yr barrel hr/yr kalyr kalyr

1. Md. Siddiqur Rahman 200000 42357618950 240Q 16000 82080 33000( 0 873006 4320 457920 410400 97470(
Gauripur, Mymensingh

2. Hazi Kalimuddin Auto Rice Mill 130000 28050017400 20640 39000 57000 25470( 0| 66924( 3000 330000 300000 75000(
Sherpur Sadar, Sherpur

3. Adhunik Charcoal Lakri Mill 105000 120750 270Q 450 3428 0 37500 0 164828 600 69000 66000 18150(
Sherpur

4. Tushar Auto Rice Mill 95000 117216 7700 1200 300 1728( 6000Q 38400 24209¢ 144Q 126720 115200 25920(
Muktagacha, Mymensingh

5. A Salam Auto Rice Mill 100000 56169016144 1800 7200 33120 21600( 0| 835954 3312 364320 331200 91080(
Khagdahor, Mymensingh

6. Binod Babu Rice Mill, Netrokona 9500229500 8850 2700 300 28800 114000 69120 45327( 2400 204000 192000 48000(

7. Ripon, Gauripur, Mymensingh 12000M580021400 10560 14400 14280 24000( 0 71644( 3360 302400 285600 82110(

8. Mahbub Alam, Kathal, Mymensingh 30000 27000011400 3300 15000 34560 84000 0| 41826( 144Q 216000 172800 47520(

9. Haque Auto Rice Mill 6000Q 26730013000 1800 166§ 43200 12000( 0| 446966 144Q 194400 172800 47520(
Kalir Bazar, Mymensingh

10. Humayun Kabir Rice Mill 50000 139320 7440 3300 7200 2880(¢ 96000 0| 28206( 144Q 123840 115200 30240(
Kalir Bazar, Mymensingh

11. Mahtap Kamal 98000 99000021800 1760 4800 37500 42000( 0| 147586( 6000 660000 600000 165000(
Phulpu, Mymensingh

12. Sanaul 120000 74692821300 5400 7200 26775 28800( 0| 1095603 5040 524160 428400 117810(
Phulpur, Mymensingh

13. Hakim 118000 88920027600 5400 14400 89250 32400( 0| 134985( 6000 624000 510000 140250(
Phulpur, Mymensingh

14. Rahmatullah 125000 61560024000 5400 7200 38400 27000( 0| 96060( 4800 432000 384000 105600(
Phulpur, Mymensingh

15. Mustafizur Rahman 120000 45360019200 5280 7200 45696 21600( 0| 746976 3360 302400 285600 85680(
Gauripur, Mymensingh
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Appendix 4.3 Financial analysis of densification 'hnology of 15 cases studied at 10%
discount rate and 15 years life time

CASE 1
Cash Cash Net cash | Discount | PV of cash PV of cash
Year | outflow inflow flow factor outflow inflow NPV
0 200000 -20000( L 200000 0 -200000
1 873006 97470( 101694  0.90909 793642 886091 92449
2 873006 97470( 101694 0.82645 721493 805537 84045
3 873006 97470( 101694 0.751B1 655902 732307 76404
4 873006 97470( 101694 0.68301 596275 665733 69458
5 873006 97470( 101694 0.620€2 542068 605212 638144
6 873006 97470( 101694 0.56447 492789 550193 57404
7 873006 97470( 101694 0.513016 447990 500175 52185
8 873006 97470( 101694 0.466bH1 407264 454705 47441
9 873006 97470( 101694 0.4241 370240 413368 48128
10 873006 974700 101694 0.385p4 336582 375789 39207
11 873006 974700 101694 0.35049 305983 341626 35643
12 873006 974700 101694 0.318pB3 278167 310569 32403
13 873006 974700 101694 0.28966 252879 282336 29457
14 873006 974700 101694 0.263B3 229890 256669 26779
15 873006 974700 101694 0.23939 208991 233335 24345
Total 6840153 7413646 573493
IRR 51%
BCR 1.08
PBP 1.97
CASE 2
Cash Cash Net cash | Discount PV of cash | PV of cash
Year outflow inflow flow factor outflow inflow NPV
0 130000 -13000( L 130000 0 -130000
1 669240 75000( 80760 0.909090909 608400 681818 18734
2 669240 75000( 80760 0.826446281 553091 619835 44667
3 669240 75000( 80760 0.751314801 502810 563486 76606
4 669240 75000( 80760 0.683013455 457100 512260 60651
5 669240 75000( 80760 0.620921323 415b45 465691 46601
6 669240 75000( 80760 0.56447393 377769 423355 74558
7 669240 75000( 80760 0.513158118 343426 384869 43414
8 669240 75000( 80760 0.46650738 312205 349881 53767
9 669240 75000( 80760 0.424097618 283823 318073 5042
10 669240 750000 80760 0.385543289 258021 289157 13631
11 669240 750000 80760 0.350493899 234b65 262870 30628
12 669240 750000 80760 0.318630818 213p40 238973 73325
13 669240 750000 80760 0.28966438 193855 217248 932E33
14 669240 750000 80760 0.263331254 17632 197498 26721
15 669240 750000 80760 0.239392049 160R11 179544 33319
Total 5220293 5704560 484267
IRR 62%
BCR 1.09
PBP 1.61
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CASE 3

Cash Cash Net cash | Discount PV of cash | PV of cash
Year outflow inflow flow factor outflow inflow NPV
0 105000 -10500( L 105000 0 -105000
1 164828 18150( 16671 0.909090909 149844 165000 56151
2 164828 18150( 16671 0.826446281 136222 150000 78137
3 164828 18150( 16671 0.751314801 123838 136364 251P5
4 164828 18150( 16671 0.683013455 112580 123967 87113
5 164828 18150( 16671 0.620921323 102346 112697 52103
6 164828 18150( 166711 0.56447393 93041 102452 D411
7 164828 18150( 16671 0.5131581j18 84583 93138 B555
8 164828 18150( 16671 0.46650738 76894 84671 (777
9 164828 18150( 16671 0.424097618 69903 76974 f070
10 164828 181500 16671 0.385543289 63549 69976 5428
11 164828 181500 16671 0.350493899 57771 63615 5843
12 164828 181500 16671 0.318630818 52519 571831 5312
13 164828 181500 16671 0.28966438 47745 52574 4829
14 164828 181500 16671 0.263331254 43405 47795 1390
15 164828 181500 16671 0.239392049 39459 43450 3991
Total 1358699 1380508 21804
IRR 14%
BCR 1.02
PBP 6.3
CASE 4
Cash Cash Net cash | Discount PV of cash | PV of cash
Year outflow inflow flow factor outflow inflow NPV
0 95000 -95000 1 95000 0 -95000
1 242096 25920( 17104  0.909090909 220087 235636 49155
2 242096 25920( 17104 0.826446281 200079 214215 36141
3 242096 25920( 17104 0.751314801 181890 194741 501P8
4 242096 25920( 17104  0.683013455 165855 177037 821116
5 242096 25920( 17104 0.620921323 150823 160943 20106
6 242096 25920( 17104 0.56447393 136657 146312 D655
7 242096 25920( 17104 0.5131581/18 124234 133011 7 B77
8 242096 25920( 17104 0.46650738 112940 120919 7979
9 242096 25920( 17104  0.424097618 102672 109926 4 125
10 242096 259200 17104  0.385543289 93338 99933 5594
11 242096 259200 17104 0.350493899 84853 90848 5995
12 242096 259200 17104 0.318630818 77139 82589 5450
13 242096 259200 17104 0.28966438 70127 75081 4954
14 242096 259200 17104 0.263331254 6351 68255 1504
15 242096 259200 17104  0.239392049 57956 62050 1095
Total 1936401 1971496 35094
IRR 16%
BCR 1.02
PBP 5.55
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CASE 5

Cash Cash Net cash | Discount PV of cash | PV of cash
Year outflow inflow flow factor outflow inflow NPV
0 100000 -10000( L 100000 0 -100000
1 835955 91080( 74845  0.909090909 759959 828000 41680
2 835955 91080( 7484JS 0.826446281 690872 752727 56618
3 835955 91080( 7484JS 0.751314801 628065 684298 3562
4 835955 91080( 748415 0.683013455 570968 622089 206[11
5 835955 91080( 7484|5 0.620921323 519062 565535 73464
6 835955 91080( 7484|5 0.56447393 471875 514123 84p24
7 835955 91080( 7484JS 0.513158118 428977 467384 08384
8 835955 91080( 7484JS 0.46650738 389979 424895 63491
9 835955 91080( 748415 0.424097618 354526 386268 42317
10 835955 910800 7484|5 0.385543289 322p97 351153 85628
11 835955 910800 7484|5 0.350493899 292097 319230 23326
12 835955 910800 7484|5 0.318630818 266361 290209 84823
13 835955 910800 7484|5 0.28966438 242146 263826 82[6
14 835955 910800 7484|5 0.263331254 2200133 239842 70919
15 835955 910800 74845  0.239392049 200121 218038 91717
Total 6458337 692761)7 469280
IRR 75%
BCR 1.07
PBP 1.34
CASE 6
Cash Cash Net cash | Discount PV of cash | PV of cash
Year outflow inflow flow factor outflow inflow NPV
0 95000 -95000 1 9500 0 -95000
1 453270 48000( 26730  0.909090909 412064 436364 oU3
2 453270 48000( 26730 0.826446281 374603 396694 912P0
3 453270 48000( 26730 0.751314801 340548 360631 83200
4 453270 48000( 26730 0.683013455 309590 327846 571182
5 453270 48000( 26730 0.620921323 281445 298042 971/65
6 453270 48000( 26730 0.56447393 255859 270947 816508
7 453270 48000( 26730 0.5131581/18 232599 246316 17137
8 453270 48000( 26730 0.46650738 211454 223924 op4a7
9 453270 48000( 26730 0.424097618 192p31 203567 361{13
10 453270 480000 26730  0.385543289 174755 185061 30610
11 453270 480000 26730  0.350493899 158B68 168237 69 P3
12 453270 480000 26730 0.318630818 144426 152943 17 85
13 453270 480000 26730 0.28966438 131P96 139039 3774
14 453270 480000 26730 0.263331254 119B60 126399 39 [70
15 453270 480000 26730  0.239392049 108509 114908 99 b3
Total 3542608 3650918 108311
IRR 27%
BCR 1.03
PBP 3.55
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CASE 7

Cash Cash Net cash | Discount PV of cash | PV of cash
Year outflow inflow flow factor outflow inflow NPV
0 120000 -12000( L 120000 0 -120000
1 716440 82110( 104660  0.909090909 651B09 746455 14595
2 716440 82110( 104660 0.826446281 592099 678595 49636
3 716440 82110( 104660 0.751314801 53872 616905 63378
4 716440 82110( 104660 0.683013455 489338 560822 48471
5 716440 82110( 104660 0.620921323 444853 509838 98664
6 716440 82110( 104660 0.56447393 404412 463490 785090
7 716440 82110( 104660 0.5131581/18 367647 421354 70753
8 716440 82110( 104660 0.46650738 334p25 383049 254188
9 716440 82110( 104660 0.424097618 303B40 348227 38644
10 716440 821100 104660 0.385543289 276219 316570 03514
11 716440 821100 104660  0.350493899 251108 287791 66833
12 716440 821100 104660 0.318630818 228280 261628 33483
13 716440 821100 104660 0.28966438 207527 237843 31630
14 716440 821100 104660 0.263331254 188661 216221 75602
15 716440 821100 104660  0.239392049 171510 196565 50552
Total 5569300 624535P 676052
IRR 87%
BCR 1.12
PBP 1.15
CASE 8
Cash Cash Net cash | Discount PV of cash | PV of cash
Year outflow inflow flow factor outflow inflow NPV
0 30000 -30000 1 30000 0 -30000
1 418260 47520( 56940 0.909090909 380236 432000 645[17
2 418260 47520( 56940 0.826446281 345669 392727 584{70
3 418260 47520( 56940 0.751314801 314p45 357025 8M4pR7
4 418260 47520( 56940 0.683013455 285677 324568 91388
5 418260 47520( 56940 0.620921323 259707 295062 55363
6 418260 47520( 56940 0.56447393 236097 268238 13p14
7 418260 47520( 56940 0.5131581/18 214634 243853 19292
8 418260 47520( 56940 0.46650738 195121 221684 2656
9 418260 47520( 56940 0.424097618 177883 201531 48241
10 418260 475200 56940 0.385543289 161p57 183210 95321
11 418260 475200 56940 0.350493899 146H598 166555 95719
12 418260 475200 56940 0.318630818 133p71 151413 143118
13 418260 475200 56940 0.28966438 121155 137649 93164
14 418260 475200 56940 0.263331254 110141 125135 99414
15 418260 475200 56940 0.239392049 100[1.28 113759 63113
Total 3211319 3614400 403090
IRR 190%
BCR 1.13
PBP 0.53
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CASE 9

Cash Cash Net cash | Discount PV of cash | PV of cash
Year outflow inflow flow factor outflow inflow NPV
0 60000 -6000( 1 60000 0 -60000
1 446967 47520( 28233  0.909090909 406833 432000 67266
2 446967 47520( 28233 0.826446281 369394 392727 3333
3 446967 47520( 28233 0.751314801 335813 357025 12012
4 446967 47520( 28233  0.683013455 30584 324568 84192
5 446967 47520( 28233 0.620921323 277531 295062 311[75
6 446967 47520( 28233 0.56447393 252301 268238 71593
7 446967 47520( 28233 0.5131581/18 229865 243853 88144
8 446967 47520( 28233 0.46650738 208513 221684 11B17
9 446967 47520( 28233 0.424097618 189557 201531 741119
10 446967 475200 28233  0.385543289 172B25 183210 88510
11 446967 475200 28233  0.350493899 156659 166555 96 P8
12 446967 475200 28233 0.318630818 142417 151413 96 B9
13 446967 475200 28233 0.28966438 129470 137649 8 B17
14 446967 475200 28233 0.263331254 117[700 125135 35 74
15 446967 475200 28233  0.239392049 107000 113759 59 b7
Total 3459664 3614400 154745
IRR 47%
BCR 1.04
PBP 2.13
CASE 10
Cash Cash Net cash | Discount PV of cash | PV of cash
Year outflow inflow flow factor outflow inflow NPV
0 50000 -50000 1 50000 0 -50000
1 282060 30240( 20340 0.909090909 256418 274909 91184
2 282060 30240( 20340 0.826446281 233107 249917 10168
3 282060 30240( 20340 0.751314801 211916 227198 82162
4 282060 30240( 20340 0.683013455 192651 206543 92138
5 282060 30240( 20340 0.620921323 175137 187767 301R6
6 282060 30240( 20340 0.56447393 159216 170697 11148
7 282060 30240( 20340 0.5131581/18 144741 155179 38104
8 282060 30240( 20340 0.46650738 131583 141072 D489
9 282060 30240( 20340 0.424097618 119621 128247 6 B62
10 282060 302400 20340 0.385543289 108[746 116588 42 78
11 282060 302400 20340 0.350493899 98860 105989 9712
12 282060 302400 20340 0.318630818 89873 96354 5481
13 282060 302400 20340 0.28966438 81703 87595 5892
14 282060 302400 20340 0.263331254 74275 79631 5356
15 282060 302400 20340 0.239392049 67523 72392 1869
Total 2195371 2300078 104708
IRR 40%
BCR 1.05
PBP 2.46
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CASE 11

Cash Cash Net cash | Discount PV of cash | PV of cash
Year outflow inflow flow factor outflow inflow NPV
0 98000 -9800(¢ 1 98000 0 -98000
1 1475860, 1650000 174140  0.909090909 1341691 180000 158309
2 1475860, 1650000 174140 0.826446281 1219719 186363 143917
3 1475860, 1650000 174140 0.751314801 1108835 12366 130834
4 1475860, 1650000 174140 0.683013455 1008032 122697 118940
5 1475860, 1650000 174140 0.620921323 916393 1024520 108127
6 1475860, 1650000 174140 0.56447393 833084 931382 82979
7 1475860, 1650000 174140 0.513158118 757350 846711 89361
8 1475860, 1650000 174140 0.46650738 688500 769737 12383
9 1475860, 1650000 174140 0.424097618 6250909 699761 73852
10 1475860 1650000 174140 0.385543289 569008 636146 67139
11 1475860 1650000 174140  0.350493899 517280 578315 61035
12 1475860 1650000 174140 0.318630818 470254 526741 55486
13 1475860 1650000 174140 0.28966438 427504 477946 50442
14 1475860 1650000 174140 0.263331254 388640 434497 45857
15 1475860 1650000 174140 0.239392049 353309 394997 41688
Total 11323509 12550031 1226523
IRR 178%
BCR 1.11
PBP 0.56
CASE 12
Cash Cash Net cash | Discount PV of cash | PV of cash
Year outflow inflow flow factor outflow inflow NPV
0 120000 -12000( L 120000 0 -120000
1 1095603| 1178100 82497  0.909090909 996/003 1071000 74997
2 1095603| 1178100 82497 0.826446281 905457 973636 817%
3 1095603| 1178100 82497 0.751314801 8231143 885124 19816
4 1095603| 1178100 82497  0.683013455 748312 804658 63474
5 1095603| 1178100 82497  0.620921323 680283 731507 12245
6 1095603| 1178100 82497 0.56447393 618439 665007 56746
7 1095603| 1178100 82497 0.513158118 562218 604552 23344
8 1095603| 1178100 82497 0.46650738 511107 549592 48538
9 1095603| 1178100 82497 0.424097618 464643 499629 49873
10 1095603 1178100 82497  0.385543289 422402 454209 31806
11 1095603 1178100 82497  0.350493899 384002 412917 28915
12 1095603 1178100 82497 0.318630818 349093 375379 26286
13 1095603 1178100 82497 0.28966438 317357 341254 38962
14 1095603 1178100 82497 0.263331254 288507 310231 21724
15 1095603 1178100 82497  0.239392049 262279 282028 19749
Total 8453244 896072P 507479
IRR 69%
BCR 1.06
PBP 1.45
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CASE 13

Cash Cash Net cash | Discount PV of cash | PV of cash
Year outflow inflow flow factor outflow inflow NPV
0 118000 -11800( L 118000 0 -118000
1 1349850/ 1402500 52650 0.909090909 1227136 1275000 47864
2 1349850/ 1402500 52650 0.826446281 1115579 1159091 43512
3 1349850/ 1402500 52650 0.751314801 1014162 1058719 39557
4 1349850/ 1402500 52650 0.683013455 9210966 957926 59613
5 1349850, 1402500 52650 0.620921323 838151 870842 26923
6 1349850/ 1402500 52650 0.56447393 761P55 791675 72029
7 1349850/ 1402500 52650 0.513158118 692686 719704 70182
8 1349850/ 1402500 52650 0.46650738 629715 654277 56224
9 1349850, 1402500 52650 0.424097618 572468 594797 2329
10 1349850 1402500 52650 0.385543289 520426 540724 20299
11 1349850 1402500 526530 0.350493899 473114 491568 18454
12 1349850 1402500 52650 0.318630818 430104 446880 16776
13 1349850 1402500 52650 0.28966438 391/003 406254 52511
14 1349850 1402500 52650 0.263331254 355458 369322 13864
15 1349850 1402500 52650 0.239392049 323143 335747 12604
Total 103850664 10667527 282460
IRR 44%
BCR 1.03
PBP 2.24
CASE 14
Cash Cash Net cash | Discount PV of cash | PV of cash
Year outflow inflow flow factor outflow inflow NPV
0 125000 -12500( L 125000 0 -125000
1 960600/ 1056000 95400  0.909090909 873R73 960000 72786
2 960600/ 1056000 95400 0.826446281 793B84 872727 843718
3 960600/ 1056000 95400 0.751314801 721713 793388 675711
4 960600/ 1056000 95400 0.683013455 656[103 721262 1595
5 960600/ 1056000 95400 0.620921323 596457 655693 236509
6 960600/ 1056000 95400 0.56447393 542p34 596084 51538
7 960600/ 1056000 95400 0.5131581/18 492P40 541895 95548
8 960600/ 1056000 95400 0.466507]38 448127 492632 05445
9 960600/ 1056000 95400 0.424097418 407388 447847 4540
10 960600, 1056000 95400 0.385543289 3708353 407134 67813
11 960600, 1056000 95400 0.350493899 336684 370122 34373
12 960600 1056000 95400 0.318630818 306077 336474 03973
13 960600, 1056000 95470 0.28966438 278p52 305886 63427
14 960600, 1056000 95400 0.263331254 2520956 278078 51222
15 960600, 1056000 95400 0.239392049 229960 252798 28382
Total 7431400 8032020 600620
IRR 76%
BCR 1.08
PBP 1.31
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CASE 15

Cash Cash Net cash | Discount PV of cash | PV of cash
Year outflow inflow flow factor outflow inflow NPV
0 120000 -12000( L 120000 0 -120000
1 746976 85680( 109824  0.909090909 679069 778909 84099
2 746976 85680( 109824 0.826446281 617336 708099 76490
3 746976 85680( 109824 0.751314801 56114 643727 51282
4 746976 85680( 109824  0.683013455 5100195 585206 01175
5 746976 85680( 109824  0.620921323 463813 532005 19268
6 746976 85680( 109824 0.56447393 421648 483641 93619
7 746976 85680( 109824 0.513158118 383B17 439674 35756
8 746976 85680( 109824 0.466507]38 348470 399704 345[12
9 746976 85680( 109824  0.424097618 316791 363367 57646
10 746976 856800 109824  0.385543289 2871992 330333 23424
11 746976 856800 109824  0.350493899 261811 300303 84933
12 746976 856800 109824  0.318630§18 238010 273003 49933
13 746976 856800 109824 0.28966438 216B72 248184 81231
14 746976 856800 109824  0.263331254 196[702 225622 8922
15 746976 856800 109824  0.239392049 178820 205111 62912
Total 5801559 6516889 715330
IRR 92%
BCR 1.12
PBP 1.09
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Appendix 4.4 Sensitivity analysis of biomass dengsation technology at+10% and

+20% variation of economic input parameters
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CASE 13
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Appendix 5.1 Stove test for comparison between woddel and densified biofuel

Water boiling test
Assumption: Same stove and pot

Efficiency = Energy out/Energy in

Energy out = mass of water X Specific heat of wateX temperature difference + mass of evaporated wate

X latent heat of water evaporation

Energy in = Quantity of fuel burnt X NHV ¢, — remaining charcoal X NHV narcoal

Wood fuel Densified biofuel
Date 23.11.05 24.11.05 23.11.05 24.11.05
Room Temperature 24.2°C 26.2°C 25.2°C 26°C
Parameter Test 1 Test 2 Test 1 Test 2
Initial weight of water, wl (kg) 6 6 6 6
Specific heat of water, C(4.19 kJ/kg-K) 4.19 4.19 4.19 4.19
Latent heat of evaporation of water L, kJ/kg 2257 2257 2257 225}
Starting Time 12:17 13:56 13:5( 14:56
Initial temperature of water, T1(K) 295.9 299 297.8 299.p
Final temperature of water, T2(K) 373 373 373 373
Time of boiling start 12:42 14:22 14:13 14:29
End Time 12:52 14:35 14:45 15:45
Final weight of water w2, kg 5.40 5.3 5.27 5.2
Evaporated water weight w, kg 0.6 0.7 0.73 0.8
Energy out, B, kJ = wl*C*(T2-T1)+w ‘L 3292.5 3440.3 3538.1 3660[9
Initial weight of fuel, m1(kg) 1.15 1.1 1 1
Final weight of fuel, m2(kg) 0 0 0 0
Weight of remaining charcoal, m3 (kg) 0.02 0.03 0.083 0.14p
Net Heating Value (NHV), kJ/kg 14796 14796 15223 15223
Moisture content of fuel, % 18% 18% 8.77% 8.77%
Net heating value of charcoal, kd/kg 29000 29000 1495833 14958.3
Ein kJ = (m1-m2)*NHV-m3*NHV charcoal 16435.4 15405.6 13981.67 13099.1262
Efficiency% 20.03 22.33 25.31 27.95
Time required, second 2,100 2,340 3,300 2,940
Power, kW 1.57 1.47 1.07 1.25
Fuel required, kg 1.11 1.041 0.914 0.86D
Summary results of Stove test with wood and | Wood fuel Densified Wood : Densified
briquette fuel biofuel Biofuel
Average efficiency of stove, % 21 27
Average power, kW 1.519 1.159
Average fuel required for same work, kg 1.076 0.889 1.210

Yiyer et al. 1997, p.4ZRehling 2002, chapter 3.6 p.1
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Appendix 5.2 Fuel consumption patterns by differentonsumers

Consumer | Consumer group Average Number of| Specific fuel| Specific fuel
group by| by fuel use Consumption | meal cooked consumption consumption
sector per day per day per meal per
kWh/meal
Restaurant| Densified biofuel| 114 ¢49) kg | 450£138) | 0.254 kg 1.073
Wood fuel 130 ¢75) kg | 438£188) | 0.289 kg 1.00
Natural gas 96 @8.77) | 1433 ¢208) | 0.067 Nm3 | 0.648
Nm?
Kerosene 15 @1.41) litre | 325 ¢35) | 0.046 litre | 0.391
Tea stall | Densified biofuel| 16 #8.94) kg | 190£42) 0.084 kg 0.356
Wood fuel 30 @0) kg 200 (0) 0.156 kg 0.545
Street food Densified biofuel| 11.67 ¢2.89)| 200 &66) | 0.058 kg 0.247
stall kg
Household| Densified biofuel2.5 ¢0.73) kg | 10.3%1.38) | 0.244 kg 1.033
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Appendix 6.1 Estimation of total potential of dendied biofuel in Bangladesh

Present scenario

1. Total rice production in 2004-2005, million tmt)" = 39.33

2. Rice processed in modern rubber roll mill (20Rtotal productiof), | = 39.33*0.2

mt paddy =7.866

3. Un-parboiled rice processed in modern rubbeémndl (10% of total | = 3.933

productior), mt

4. Husk available for densification (20% of paddyj, =3.933*0.2
= 0.7866

5. Parboiled rice processed in modern rubber i@l mill (2)-(3), mt =3.933

6. Rice husk production from parboiled rice frorblar roll mill, mt =3.933*0.2
= 0.7866

7. Husk required for parboiling of paddy (67% o6k, mt =0.7866*0.67
= 0.5270

8. Husk surplus for densification (6) — (7), mt 2%06

9. Total rice husk available for densification e¢gent situation of rice | = 1.0462

processing system (4) + (8), mt

10. Total potential production of densified biofatlpresent situation | = 1.0462*0.90

(90% conversion efficiency), mt =0.941580

11. Total employment per year, man-day =94158(r83
= 3,512,093

12. Assume total working days in a year (excludirdpys weekend and= 250

other holydays)

13. Total number of employee for a year, man-y&ay ¢ (12) =14048

New scenario: If all the Engleburg mill could be uplated with

rubber roll mill

14. Total rice processed in engleburg huller ngill% of total = 39.33*0.50

productiorf), mt = 19.6650

15. Rice husk production from this updated mill, mt =19.665*0.20
= 3.93300

16. Husk required for parboiling(6726f husk), mt = 3.933*0.67
= 2.635

17. Husk surplus for densification (15) — (16), mt =3.933-2.635
=1.298

18. Potential of densified biofuel (90% conversgfficiency), mt =1.298*0.90
=1.16820

19. Employment generation, man-day =1168200* 3.7
= 4357386

20. Number of person could be employed for a y&@)y+(12), man- =17430

year

21. Grand total of employment (13)+(20), man-year 31478

22. Total potential of densified biofuel (10)+(18) =211

'BCA Database 2005Dasgupta 2001, p.11-1%hiduzzaman and Baqui 2003, p.215
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