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Abstract

This paper aims to highlight the importance and need of a Smokeless Metal Stove (SMS) for high
altitude rural communities, in order to improve their health condition through better indoor air
conditions, and to help in active ways to slow down the fast increasing, wide spread
deforestation. It brings close through facts and pictures the living conditions and way of life of
people who suffer under open indoor fire places, as well as the improved living conditions and
benefits people themselves have identified through the use of a smokeless metal stove in their
home. Experiences from actual “Jumla Design” stove installations in the villages in Humla, as well
as the latest KU laboratory data and results of the new designed secondary combustion stove
prototypes are discussed and presented through pictures, data and graphs.

KEYWORDS:. Renewable Energy Resource, Smokeless Metal $8M8&), Secondary
Combustion, Holistic Community Development, Indodir Pollution, Sustainability,
Appropriate Technology

1. Introduction:

In Nepal, nation wide more than 85% of the totatrggy demand is met by traditional
solid fuels (firewood, agricultural residues, animastes) and almost 98% in remote,
rural areas. About 85% of Nepal’'s ~ 28 million peppVe in the rural areas where the
fuel wood dominates almost 90% of the total energgsumption. The communities
living in those rural areas are economically so kvigeat the energy from refined fuels
such as LPG and kerosene is not an option. Accgtdithe government’s tenth five year
plan, the total percentage of people living beltve poverty line was 38% in 2002
Therefore the communities living in those remoteuntain areas have no other
alternative than to rely on their local availabileWwood resources from their dwindling
forest, for their daily energy needs. This heavyatglence on fuel wood for cooking and
space heating on open fire places (calledharl) increases the health hazards for the
people living in rural areas, especially on womed ehildren.
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An open fire place to cook food and a room fulbofoke is common in rural villages in the
Karnali Anchal. Especially the mothers and childaea exposed to the smoky indoor fires,
causing several health hazards such as Asthmaratesp chest diseases, heart diseases,
eye infections etc.

Also, According to the Nepal Water and Energy Cossiin Secretariat (WECS), about
30%, or 42,240 kimof Nepal's total landmass of 140,800 im covered with forest.
About 11% is covered with shrubs and bushes. Magttaata shows that the forest areas
are annually reduced by 1.7%vhich leads to the scarcity of local firewood doctes
women and children to spend increasingly more haargollect their daily needed
firewood for cooking, heating and lighting.

In the context of the remote and impoverished maiantillages in Nepal, to provide the
energy services for cooking and space heating avitltan indoor environment through a
Smokeless Metal Stove, with minimal firewood congtion, is of high value and
interest to the local people. Since 2001, Kathmaddiversity Mechanical Engineering
Research Centre has started a project on improvgi Atitude Smokeless Metal Stove
technology for the remote and mountainous areasgthan the experience from the
installed Jumla Design Smokeless Metal Stoves.

2. Firewood Consumption and Cooking method and itsimpact on health in rural
areas.

Fuel wood, dominates more than 90% of the totalggneonsumption in rural areas. It is
used for cooking, space heating and lighting. Tlaes@ities consume 20 kg-40 kg
firewood a day. According to the survey carried out by the Watet Energy
Commission Secretariat (WECG&pout 90% of the total energy consumption in rural
villages is met by fuel wood, followed by animalnduand agricultural residues. Out of
90% of fuel wood consumption 65% is used for cogkBPb6 for space heating and the
remaining for agro processing, lighting and othespectivel{ (see Figure 2).
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Figure 1: Rural household energy  Figure 2: Rural household energy end uses.
consumption by energy type.

In the mountain areas 32% of household energyad €& cooking and 56% is used for
space heating. That indicates that the fuel woadashel for space heating is greater than
the demand for cooking, compared to 40% for cookind 36% for heating in hill areas.
The remaining 12 % and 24% respectively, is usediftting, electrical appliances,
boiling water and other agro- processing activities

Thus it comes not as a surprise that this hia
dependence on fuel wood to meet the lo:

populations’ daily energy services caust
already alarming conditions in regard to th=4
country’s deforestation. According to WEC$ ™
about 30%, or 42,240 Kmof Nepal's total s
landmass of 140,800 Kmis covered with =%
forests, and about 11% is covered with shruss
and bushes. Monitored data shows that
forest areas are annually reduced by 1.78 b
which has be considered as too high for su om*
fragile and unique hill eco-system as tHEE =S
Himalaya$. '

This wide-spread deforestation leads to aMation wide annually 7 million metric ton
increased scarcity of local fuel wood resource@vailable  fuel  wood through natural
and forces people, mostly women an(grOWth, thOUgh with 15 million metric ton

children, to spend hours and hours to colledt€l wood consumption clearly indicates
fire wood for their daily energy need. that deforestation is a wide spread, fast

growing problem in Nepal.
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In rural areas, women ar

deforestation forces especially women  afiey
children to spend 7-8 hrs daily to gather fuBIEES
wood further a field every second day i
Therefore women in particular place a high value

environment for the whole family.

Among the four greatest risks leading to deathealiss and injury identified by WHO,
smoke from burning of solid fuel kills more thar® Inillion people each year, of which
66% are children aged under fiv€hildren, if exposed to indoor air pollution, o or
three times more likely to contract acute respmatofections which is the main cause of
children’s death from indoor air pollution. Wom
in the remote areas who use firewood for cooki
room heating and light spend about six hours of
day for cooking food on a traditional stove (op
fire place with a metal support calleddhari as
seen in the picture). The smoke and sod from
open fire generate highly toxic pollutants, resgti
in eye infections, heart diseases and irrevers
impacts on the respiratory system. These chro
long-term health impairments are the major reas
for the extremely low life expectancy for wom
(as women are four times more likely to suffer o .
from chronic bronchitis) and the high death rat&00king in such an unhealthy, smoke filled
of under five years of aged children. enwronment is one of the key reasons for
According to the Nepal Demographic Healtfne low life expectancy of women and the
survey (NDHS) in 2001, the child mortality ratehigh death rate of children under 5. .

was 50.1 in urban areas and 79.3 in rural areas
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whereas the under 5 mortality rate for urban anglrareas were 65.9 and 111.9
respectively. lllness caused by smoke kills more children afipughan malaria or
HIV/AIDS ™.

The life expectancy in Nepal, is very low compar@ather countries. What is even more
astonishing is, that the female life expectancghisut one year lower than for male. The
average life expectancy for Nepal was 58.95 yeatheaend of 2002 (Ninth Five Year
Development Plan, 2002) and the Tenth Plan hahedarget to increase this upto 65 by
2007, Moving towards a cleaner indoor environment, ‘ite.install and the use of a
smokeless metal stove for cooking and space héatag be one step towards the
fulfillment of this target.

3. High Altitude Smokeless M etal Stove

3.1 Jumla Design Smokeless M etal Stove

Mr. Alex Zahnd developed the “Jumla Design Stowe1897/98, during his 4 1/2 years
living and working in Jumfd. This stove has been implemented and installed
successfully in different mountain areas through Karnali Community Skill Training
Project, and now through the RIDS-Nepal NGQurrently, the stove is installed at a
subsidized rate of NRP 2500 for farmers in Humtayjaed that they first have built an
appropriate pit latrine. The stoves are manufadtimeNepalgunj and up to June 2006, a
total of 2933 “Jumla design Smokeless Metal Stdwe/e been installed in Jumla, Mugu
and Humla in the Karnali zone. Because of its fiametlity, reliability and user friendly
characteristics, the Jumla design SMS has beeingagneat popularity also in the mid-
hill regions. According to the manufacturer, abb®b00 stoves have been installed in the
mid hills north of Pokhara. In October 2005, on tbquest of a local village community
in Dhital VDC first 12, and then 25 in June 2006mla design SMS, have been installed.

: /. 3 “Zm
Cooking on “Jumla design smokeless metal stovauimla (left) and in Dhital (right).
Jumla design SMS is designed for cooking and sphaaéing for rural mountain areas. It
has three pot holes for cookinBdl, Bhat and Tarkari”’(Rice, Lentils and Vegetables) at
the same time and a stainless steel hot wateratiaghed to have continuously hot water
for other household purposes. In addition to thislot is made on which “roti “( the

traditional bread) can be baked in a traditionaly vdarectly on ambers. In order to
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minimise the downside heat loss, the stove has @ fited double bottom. To transfer
the heat more efficiently towards the cooking patsair draught allows the regulation of
the combustion air through an adjustable air varthe main door and a damper in the
flue pipe. With 1.5 mm thick steel walls and a 4 rtinck cooking surface plate, this
stove has 38 Kg of weight.

Properly installed and used, the Jumla design Sh&umes up to 40% less firewood
compared to cooking on open fire places. The omgononitoring of the firewood
consumption in the HARS (High Altitude ResearchtiStg office in Simikot shows that
the average firewood consumption per person pefatagll food and heating services is
1.8-2.6kg and a field test survey shows that tregaye cooking efficiency of this stove is
14-22%.
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Graph 1: Jumla design Smokeless M etal Stove Daily Firewood Consumption.

The daily firewood consumption per person and ridinoes cooked per day plotted in
primary Y-axis and No. of people in secondary Ysaxshows the average fire
consumption per person is 1.85 kg per day.

Considering wood energy as 100% energy input, 16being distributed towards the 3
potholes and 4% towards the 9 liter stainless stagdr tank. Laboratory tests showed,
that from the remaining 81% an estimated 15%-28%®%nergy input can be utilised
for space heating.

3.2 KU-1 Secondary Combustion Smokeless M etal Stove Prototype
In 2002, Kathmandu University started a researchhigh altitude Smokeless Metal
Stove project with the aim to improve the Jumlaigle SMS by introducing a secondary

combustion process with improved combustion efficie The first prototype built in
2002 named as KU-1 Secondary combustion SMS (seesgticture), has two separate
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combustion chambers, one primary and one secondar
The primary combustion chamber is provided with twof
pot holes and a separate air vent to control théaaw. £
The unburned, from the first combustion chambers s
escaped volatile gases, are combusted in the sagond &
combustion chamber with the properly supplied hiota &
630°C-650°C) through the separate air passage mpeni &
at the bottom of the secondary combustion chamber. t
An ashtray placed underneath of primary combustiorss
chamber serves also as air passage for both priaraty &
secondary combustion chamber. A stainless steetrwat S
tank for holding up to 8 liters water is attached @& ey
primary combustion chamber to provide hot water for
cooking, drinking, washing and other household KU-1 Secondary
purposes. 500mmx450mmx320mm  KU-1  stove Combustion Stove
manufacturing costs NRP 3700 (2002 price) and veeigh

37 kg.

By providing three pot holes and a “roti” grillirgdot, it can be said that it is socially and
culturally acceptable but this stove lacks in teéchihperformance. The secondary air
temperature of >630°C required to burn the volatiid unburned gases in the secondary
combustion chamber could not be reached throughddsggned air passage. The un-
insulated stove walls are one of the main reason:ét obtaining the required air
temperature for the secondary combustion chambjet [Ed to the development of the
KU-2 secondary combustion Smokeless Metal Stove.

3.3 KU-2 Secondary Combustion Smokeless M etal Stove Prototype

With the sponsorship of SINTEF, Norway, from Now20a new prototype, KU-2, has
been designed and tested in the KU stove laboratddpulikhel. This design consists of
a well-insulated primary combustion chamber, a sdaoy combustion chamber, a
better-heated secondary air route and an un-iregllbéating tank. Each of the three
major parts of the prototype is manufactured asodute, in order to change each part
separately for the various laboratory tests aneé&se of carrying and transporting.

As shown in the following figures, the primary 8owing below the floor is preheated,

and the secondary air supply beneath the primang Ztwmor and up the back of the
primary chamber enters the secondary combustiomisbg through two layers of

nozzles, well preheated. Both secondary and prirclaaynbers are insulated using mud.

A baffle plate is used below the chimney so thatfhee gases have a slightly longer
resident time inside the stove, thus increasingctivevective heat transfer. Air flows are
controlled by a primary air sliding vent, 2 secarydsliding air vents and a damper in the
exhaust pipe.
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KU-2 secondary KU-2 secondary combustion
combustion stove with all 3 chambers chamber component

Top Plate + Chimney
N Secondary air

nozzles

Heating Tank

Primary Secondary Primary air
Combustion Combustion opening
Chamber Chamber

KU-2 secondary combustion stove cut

KU-2 secondary combustion stove .
through the combustion chambers

drawing of each module

P’ --_-,-ﬂ"_._. o -
KU-2 primary fire zone KU-2 Secondary fire zone

4. Comparison between Jumla design SM S and KU-2 Secondary Combustion SM S

4.1 Firewood consumption and Pot hole Temperatures

The main objective is to develop a stove with sdeoy combustion, leading to a
significant higher efficiency (estimated up to B2imes). Therefore each part and
‘parameter’ of the KU-2 stove is compared with tbathe “Jumla design” stove. The
experiments were carried out after an initial wangnup period of the stoves. For the
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“Jumla design” stove, 1 kg firewood, and for the RUstove, 500 gm firewood was
burned during the warm-up period.

Afterwards, the same experiment conditions, equigriiacluding the same exhaust pipe
length), arrangements and measuring equipment used. The same regular firewood
inputs were maintained throughout the tests.

Pot hole back

=

Pot hole front (right)

Pot hole front (Left)

KU-2 Secondary Combustion Stove “Jumla Design” Smokeless Metal Stove
w——— - Y T T T

350
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Graph 1 : Firewood consumption and pot holestemperatureson Jumladesign SMS

It can be seen that the pot hole temperatureswilnyburning rate which further depends
upon the amount of air supplied for the combustiDaring the experiment, with a
properly adjusted air vent and chimney dampeaktapproximately 21 min to burn 1
kg of pinewood. The pot hole temperatures attaiwece 250°C -350°C for most of the
test period and the maximum temperature recordesl 389°C. for the Jumla design
SMS, with properly controlled air draught, it také3-40 minutes to cook a traditional
meal for an average family with 5 people.
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Graph 2 : Firewood consumption and pot holes temperatures on KU-2 Prototype
Above graph shows the front pot hole temperaturesbatween 400°C -550°C for most
of the test period and 580°C maximum, during expent. In this KU-2 Prototype
Secondary combustion stove, it took approximatélyrBnutes to burn 1 kg of the same
firewood Low firewood consumption and increased pot holepematures indicate that
the KU-2 stove transfers the combustion energyebélly radiation and convection) to
the cooking utensils, and over a longer period, ganed to the “Jumla Design” stove”.

4.2 Chimney Temperature

Chimney Temp 2
The optimum temperature of the flue gases leaneg
chimney should be around 120 °C to insure comp
combustion and better heat utilisation of t
combustion energy. The greater the chim
temperature, the more of the hot flue gases esq
without being used for cooking and space heati
That results in an overall lower stove efficiende
chimney temperatures were measured in 2 places:
at the bottom of the chimney (chimney temperatyrg '
and one at the middle of the chimney (chimn
temperature 2), as shown in the Figure.

The following graph shows the flue gas temperatu Ché%‘,
measured over the course of the laboratory telsottf, | B
the “Jumla Design SMS” and the KU-2 Secondduf M/

combustion stove. .
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Graph 3: Flue Gas Temperaturein Jumla design stove.
Around 400°C chimney temperatures at the bottom &8@°C chimney
temperature at the top in Jumla design SMS showsdnsiderable energy is in
the hot air leaving the chimney without being usadcooking and space heating.
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Graph 4: Flue Gastemperaturein KU-2 Prototype.
The KU-2 stove has a chimney temperature 1 of a&0°C with an almost
constant value throughout the test period. Its deyntemperature 2 is just
between 150°C to 200°C. These are much lower chineraperatures compared
to the Jumla design stove. That indicates that reae¥gy is utilized to cook or
heat the kitchen, which in turn results in an olldrigher stove efficiency.

4.3 Combustion Chamber Temperature:
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Graph 5: Combustion chamber temperaturein Jumladesign SMS
The chamber Temp. 1 is around 600 °C, with maximmataes of up to 700 °C
over a short time period. The chamber Temp. 2vuieitdor the first half of the
test period and then reaches about the same tetumgeduring the second half
of the test period. It can be concluded that thelmgstion process is less
efficient in the Jumla design stove, compared &b ih KU-2 Prototype stove.
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Graph 6: Combustion chamber temperaturein KU-2 Prototype SMS

The burning of volatile gases in the secondary aghbn chamber should
have higher temperature than in the primary condmsthamber. The primary
combustion chamber is the hottest zone, measuritgmperature between
600°C -700°C and 400°C -600°C in secondary charhbersudden increase in
secondary combustion temperature and pot hole tettype between 10:05 -
10:10, indicate that the secondary combustion oedurthough only over a
short time.

5. Secondary Combustion in KU-2 Prototype
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The product of primary combustion (aromatic compmsjmimethane etc.) can ignite when
they are mixed with adequate hot air. For the Kigr@totype it can be said that the
primary combustion chamber is the hottest zonehiag temperatures of 600°C -700°C
(the right temperature conditions for the occureenta secondary combustion). Ideally
the secondary zone should have even higher tenupesatbut with the present KU-2

design the secondary air can not be preheatedniooigé (> 630°C) to ignite the volatile

gases. The secondary air temperature was recomgdetween 400°C -500°C with a
maximum of 540°C. But the sudden rises in tempegattithe combustion product in the
secondary zone indicate that there is frequentitighasecondary combustion occurring
but intermittently and not on an ongoing basis.
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Graph 7: Secondary air Temperaturein KU-2 Prototype
The secondary air temperature, recorded with K-tjfpermocouple and an ADAM
module, is between 400°C -500°C during most of @kperiment period. The highest
temperature recorded is 540°C for a short period. obtain complete secondary
combustion, a temperature of >630°C is required.

If secondary combustion can be sustained for lopgeiods of time, then temperatures
up to 800°C will certainly occur. That depends loa presence of combustible aromatics,
methane etc, in the primary products of combustigrich in turn depends on the quality
and conditions of the available firewood (dhauf)ch high temperatures are only of
value when they can be kept for longer periodsadibieve some heating, either of the
metal surfaces or of the pots in which the foodasg cooked. If secondary combustion
can be extended then by slower initial burninghbigtemperatures will be available at
the pot holes for cooking as well as for heat ti@ngom the stove’s surfaces into the
room. That will substantially increase the effiagrof the stove.

BUT even if secondary combustion proves elusive (dugeat losses from the stove, as
one must remember that its purpose is to radiatt @mvect heat externally) the
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architecture and engineering of the secondary cstidyu system still increases the

temperature of, and the energy delivered to, tlukiog area and the upper plates. The
insulated primary combustion energy zone heatséleendary combustion chamber air,
passing through it in a designated canal, to a tegiperature air. This has proven to be
an appropriate mechanisms to transfer primary amergy to the secondary zone. The
results shown in Graph 1 and 2 show much higheewuplate temperatures in the KU-2

stove than in the Jumla stove for a comparablevéicel burning rate, and that is the

principal effect of the design for secondary contioms(as well as measures taken to
reduce air leaks).

6. KU-3 Secondary Combustion Stove Prototype

The experience gained from the KU-2 Prototype steagls to the development of yet
another, new secondary combustion stove, “KU-3 qiype”, with the main
improvements/modifications based on the learnesbles

* The chimney position at the center in the back @frttie stove to promote a more
uniform temperature/energy field at the cookingaue.

» Baffle sheet (before the smoke leaves through tivarey) and cooking surface
are redesigned to ensure more heat transfer towlaedoking surfaces.

* The secondary air passage is modified to prevenihteakage between adjacent
joints.

* The heating tank area is reduced to minimise theufaaturing cost and weight
of the stove.

7. Lesson L ear ned:

The three years experience in designing, manufagtand data monitoring of secondary
combustion Smokeless Metal Stoves formed the Basithe design and manufacturing

of the KU-3 secondary combustion SMS, which ishat tnoment in the testing phase at
the KU laboratory. The increased secondary air flomproved baffle sheet, chimney

position and cooking surface for uniform heat egeatigtribution to the cooking surface

is hoped to enable a more stable and longer terondary combustion process,

providing one day even better services than thenfdDesign” SMS does today, to the
local communities in the remote high altitude maimareas.

But a SMS is just one of various parameters angepisy which have to be implemented
alongside each other as part of a sustainable;tknng holistic community development

project with the local community as project partr@ther projects such as light inside
the home, a pit latrine for each family and acdesslean drinking water build some of

the other key pillars beside the SMS for a holistmnmunity development project.

Alongside planned, implemented and followed-up thewg forth synergetic benefits

beyond results and achievements individual implesgeproject could ever attain.

8. Conclusion:
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Due to the low income and few resources of the lgelpgng in the harsh environments
of high altitude mountain areas, firewood will conie to be their main energy source for
the coming decades. But their fragile environmeimsluding their sustainable timber
supplies and their vulnerable hillside slopes withioees, as well as their health, must be
protected and sustained. Therefore they must Heveneans to burn fire wood far more
efficiently, and at affordable cost. Further, thgbusolar energy and pico-hydro power
generated energy services need to be made availableduce the local people’s
dependence on fire wood. But first and foremosinaproved smokeless metal stove is
needed to minimise the excessive use of fire waotd (help actively to overcome
deforestation), to improve the overall health ctindi of the people and to reduce the
drudgery of collecting the daily need fire wood fbe women and children.

It is widely recognised that the SMS project shoulot be considered just as an
individual project, but always as an integrated péfa holistic community development
project, producing synergetic benefits.

The Jumla design SMS has always been installingnaspart of an integrated Holistic
Community Development (HCD) project, first througMN in Jumla, and then through
KU RDC and now through RIDS-Nepal, in Humla.

Our secondary combustion stove is still in the glgsiesearch and testing phases. But it
has been shown that through the KU-2 prototypeadirancreased energy for cooking
and heating can be made available with the samevidod energy input. That shows that
even though its combustion systems are not yetestabbetter combustion has been
achieved, even sporadic secondary combustion kas fdace. Better energy transfer for
do the required cooking and heating tasks has aeeieved with overall higher burning
and heating efficiency.

This indicates the potential of such a new genamatif smokeless metal stoves for high
altitude areas, and research and development raashae to build on our understanding
of the processes involved.
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