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Abstract

Lammas Low Impadmnitiatives Limitedis a commuity composed of nine families who

desire to live in a sustainable energy environment, without using electricity or gas. Thus, they
need to find a solution for their cooking facility and that is what this dissertation is dedicated
to.

The aim is to devep adomestiescalecooker which is run from short rotation coppice

willow, designed on rocket stove principles.

The rocket stoves are some traditional improved wood burning stove. | t works based on some
principles such as a uniform cross section alh@la weltinsulated combustion chamber.

The short rotation coppice willow is an energy-hiel which is plant in the Lammas village.

The study of its combustion has lead to the determination of the amount of fuel required in
order to have the desired ¢mag temperature.

The combination of the rocket stove principle, the domestic cooker technology and the use of
bio-fuel has led to the development to a device that the community can use as an oven or as a
hot plate.

By using the Computational Fluid Dynarsitechnology, the heat flow in the cooker has been
analyzed and has provided @aven with a uniform temperature distribution as it is required

for a good cooking.

The study of the materials has allowed to provide a good insulation by using ceramics clay on
the outside, and a good cooking feature by using steel in order to conduct the heat to the oven
and the hotplate.

With a good insulation and the use of a chimneyyapipe outlet that will aay away all

smoke, aclean indoor environmetmias beemaintined

Thus, by combining safety and efficiency, the cooker proposed must lead to help the people of

the community to build a cosfffective device which will help them in their everyday life.
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Introduction /Project de<sription

The aim of this dissertation is to run a project from a group called Lammas Low Impact
initiatives Limited which has been promoted by the Science Shop Wales Network. The topic
of this paper is:

To develop alomestiescalecooker which is run fnm short rotation coppice willow,

designed on rocket stove principles.

This cooker will povide a rage of domestic cooking options such as an oven and four cooker
rings It has to provide flue pipe outlet that will carry away all smoke and provide a
clean indoor environment for cookintn fact, this project must produce a design similar to a
standard domestic cooker as it has to be suitable for the use of a family in the kitchen. It has to
be well insulated and safe to use. Thus, it has to enablelardimoid cooking quality and
guantity as a cooker available in the market.
Then, the cooker will run from short rotation coppice willow presented in the fodny of
seasoned willowads ranging from 5mm to 50mm diameterthat can be cut for any
recommendd length These rods will be available next to the cooker, availabliénting
into the cooker as appropriateammas will be able to provide this fuel in 2012, the process
of planting the willow has just been started. They have a need to developdgaso
independent from fossil fuels.
The design will be based on the rocket stove principles, based on arsuypated and low
thermal mass cooker in order to reduce the need of biomass fuel.
Finally, the proposed design mustdimple, replicable, furional and affordable
In order to accomplish this project the following tasks will be carried out:

- An understanding ohe background theoridghind this project.

Knowledge about the combustion, the using fuel, the rocket stove principles,
and the cooketechnology.
- A design of the cooker

Use the theories to design a cooker that satisfy the requirements by choosing
the appropriate materials, configurations and design strategy.
- An analysis of the proposed design

Run analysis with Computational Fluid Dyn&s tools and run experiments
and testing to check the suitability of the design.
- Acritical view on the design and results

A discussion on the suitability of the project in terms of eost efficiency
- Production of the recommendation to build the cooke

The dimensioaand the materials for each part of the cooker.



Background study

Cooking technology

Rocket Stove

In Africa and other poor developing areas, about two billion peagdecookingtheir food

over open fires inside their homes. This paEcican be dangerous because of gas emission
and may not be as efficient as it could be. Thus, rockeestare more and more use in these
countries. It works based on several principles studied in this chapter which provide a good
efficiency while caringf the health and safety.

As a consequence, the improvement of stove, the rocket stove and the key to their success are
studied.

Improvement of stove efficiency

The standard wood burning stove can be improved to be more efficient. In order to improve i
the heat transfer, the fuel and the combustion process have to be improved. The aim is to
reduce the amount of fuel needed to cook, improving the heat transfer efficiency of energy
from the fire to the cooking materials, reduces the amount of energgdiaasd thus reducing
the amount of wood required. Improving the efficiency of a stove thus requires attention to a
number of different factors:

- Combustion efficiency: so that as much of the energy stored in the combustible as

possible is released as heat.

- Heat transfer efficiency: so that as much of the heat generated as possible is actually
transferred to the content of the pot. This includes conductive, convective, and
radiation heat transfer processes.

- Control efficiency: so that only as much heat amégded to cook the food is
generated.

- Cooking process efficiency: so that as little energy as possible is used cause the
physicchemical changes occurring in cooking food.

In order to improve the cooking efficiency, the heat transfer has to be focuséd fawot,
according toDesign principles for wood burning cook stavésan open fire is
efficient at the work of turning wood into energy. But only a small proportion, from 10 to

40 %, of the released ener gycordrgkoBiesmasstStoveso t h e

2



Engineering Design, Development, and Disseminafiog e ner al | y t 2% df ar ge s
the input energy, is by heat conduction into and through the Walfsassive stoves most of

this energy i s st orcae te seen thdat mproviwgathel contbustiomis u s ,
important but even more important is to improve the heat transfer to the pot which leads in a
large difference in cooking efficiency. In addition, improving heat transfer efficiency can
significantly reduce fueuse.

Heat transfer and stove efficiency

The heat transfer efficiency are discussed first in terms of conductive, convective, and
radiation processes going on in and around the stove. These processes are explained based on
information fromBiomass StoweEngineering Design, Development, and Dissemination
First the conduction is based on the principle that the faster they are moving the hotter the
substance is. In gases, conductive heat transfer occurs when high velocity molecules
randomly are in colligin with slower particles, giving up some of their energy. This way, heat
is gradually transferred from region of higher temperature to those at lower temperatures. An
important factor in conductive heat transfer calculations is the ability of a mategtirto
thermal energy, measured as its specific heat. The specific heat of a material is the amount of
energy required to raise the temperature of 1kg of its mass by 1°C.

dE = M.Cp.(dT)

M is the object mass

Cp is its specific heat

dT is its change in teperature.
Thus, the thermal conductivity carries thermal energy through a material, the specific heat and
mass of an object store this heat energy. The larger the mass and specific heat of an object the
more energy it can store for a given change in teatper. Consequently, a thermally
massive object (large MCp) warms up slowly and a thermally lightweight (small MCp) object
will warm rapidly. This is called the thermal inertia of an object and this is an important
parameter in the stoves. Reducing thet hess into and through the stove walls to the outside
requires a detailed analysis of the conduction process.
As it is not interesting in term of efficiency to lose energy, the heat recuperation is looking
for. Retained energy is mostly lost, soretaired er gy i n a stove doesnoé
food. The heat lost through the stove wall could be used to cook. This will be accomplish by
choosing the appropriate material.
It is by convective heat transfer that the hot gas leaving the fire heats ti@opwoéctive heat
transfer occurs when a gas is forced or flows naturally into a region at a different temperature
and then exchanges heat energy by conduction, by the interaction of individual particles.
Increasing convective heat transfer to the pdteshiest way to increase the thermal efficiency
of a wood burning stove. Convective heat transfer follows the equation:

Q= hA(Ta-T2)

Q is the heat transfer from the gas to the pot

H convective heat transfer coefficient

A area where is the heat exchange



T1-T, temperature difference between the hot gas and the pot.
To increase the heat transfer Q to the pot there are then, three things one can do. First, the
temperature Tof the hot gas can be increased. This can be done only by closing the stove and
controling the amount of outside air that enters. Second, as much as the area A of the pot
should be exposed to the hot gas as possible. The pot support should be kept small in area so
as not to screen the hot gas from the pot. The gas should be allowed parseind the pot
and contact its entire surface. Third, the convective heat transfer coefficient should be
increased by increasing the velocity of the hot gas as it blows past the pot. The flow velocity
of a hot gas over the pot is increased by narrowiegchannel gap through which the gas
must flow past the pot. In fact, the volume of hot gas flowing past any point is constant, its
flow velocity through a narrow gap must be faster than through a wider one.
Then, the last heat transfer processes isatmtion. All objects materials continuously emit
el ectromagnetic radiation. The higher the
energy so radiated. Similarly all objects absorb radiation. The ability of a specific material to
absorb radiationsi equal to its ability to emit it. By closing the firebox and controlling the air
supply the average firebed temperature is increased.
As a consequence, the keys to improve the efficiency, bas@ksign principles for wood
burning cook stoves

- To incremze the temperature of the gas contacting the pot, having the hot air scrape

against both the bottom and sides of the pot in narrow channel, using a pot skirt.

- Toincrease the speed of the hot flue gases the scrape against the pot.
- To use metal rather thahay pots because metal conducts heat better than clay

- That the size of the fire determines the size of the channel gap in the pot skirt and the
maximum efficiency of heat transfer.

- To use wide pots with large diameters. Using a wide pot creates moreesairéa to
increase the transfer of heat.

- To make thdire bed combustion chamber, closed

The Rocket Stove design principles

Thanks to the knowledge in heat transfer and the way to improve the efficiency of the stove,
design principles have been fouri fact, the rocket stove is based on a set of principles that
can be applied to any number of different materials and configurations for cook stoves. These
principles can be summarized with the Ten Design Principles from Dr. Larry Winiarki based
on Design principles for wood burning cook stoves

1 Wheneverpossible, insulate around the fire using lightweight, heat resistant materials.
Insulation should be light and full of small pockets of air. Lightweight refractory brick, loose
insulation can surrountthis type of construction.



2 Place an insulated short chimney right above the fire. The combustion chamber chimney
should be about three times taller than its diameter. The very tall combustion chamber
chimney can develop too much draft bringing in toa @t that will decrease heat transfer.

3 Heat and burn the tips of the sticks as they enter in the fire. If only wood that is burning is
hot there will be much less smoke. Try to keep the rest of the stick cold enough that it does
not smolder and make skm The goal is to make the proper amount of gas that it can be
cleanly burned without making smoke. Smoke isoumt gas.

4 High and low heat are created by how many sticks are pushed into the fire. Adjust the
amount of gas made and fire created tothaitcooking task.

5 Maintain a good fast draft through the burning fuel. Having the proper amount of draft will
help to keep high temperatures in your stove. A hot fire is a clean fire.

6 Too little draft being pulled into the fire will result in smoke axdess charcoal. But too

much air just cools the fire and is not helpful. Smaller openings into the fire help to reduce
excess air.

7 The opening into the fire, the size of the spaces within the stove through which hot air
flows, and the chimney shouldl dle about the same size. This called maintaining constant
cross section area. Good draft not only keeps the fire hot, it is also essential so that the hot air
created by the fire can effectively transfer its heat into the pot. As a general rule, at@oor in
the fire with a square opening of twelve centimeters per side and equally sized chimney and
tunnels in the stove will result in a fire suited to family cooking.

8 Use a grate under the fire. Do not put the sticks on the floor of the combustion chiimber.
needs to pass under the burning sticks, up through the charcoal and into the fire. A shelf in the
stove opening also lifts up sticks so air can pass underneath them. When burning sticks, it is
best to have them close together and flat on the shéff anifir space in between each stick.

Air that passes above the sticks is not as helpful because it is colder and cools the fire. A hot
raging fire is clean, but a cold fire can be very dirty.

9 Insulate the heat flow path. Cooks tends to like stovesthltvater quickly. If heat goes

into the body of the stove, the pot boils less quickly. Using insulative materials in the stove
keeps the flue gases hot so that they can more effectively heat the pan. Insulation is full of air
holes and is very light.

10 Maximize heat transfer to the pot with properly sized gaps. Getting heat into pots or
griddles is best done with small channels. The hot flue gases from the fire are forced through
these narrow channels, or gaps, where it is forced to scrape against.ti@gbonvo most
important factors for getting large amounts of heat into a pot or griddle are, keep the flue
gases that touch the pot as hot as possible, force the hot gases to scrape against the surface
quickly, not slowly. Air does not hold much heat.€T$ize of the channel can be estimated by
keeping the cross sectional area constant th

In fact, a well constructed rocket stove will allow for air to circulate. The chimney, the
combustion chamber and the skirt gap should all havesdéinge crossectional area. An
excellent air circulation is a key to the success in the design efficiency. A shelf should provide
for the fuel so that the air circulates all around the fuel. The chimney should be short, reaching
just above the coogot whidh allows for hot gasses to flow more rapidly through the system.



For improved efficiency, insulation will be provide around the chamber to improve the
efficiency by using the radiation in the combustion chamber

Materials and stove efficiency

As previousy said, insulation is one of the key of the design of an efficient steéwed
insulations slow down the passage of heat. Dense materials absorb energy rather quickly
while insulation slows the passage of heat. Good insulation is made up of little pbaket o
separated from the other tiny pockets of air by a lightweight relativelycanductive
material. In fact, air is very light and cannot absorb and hold a lot of thermal units of heat.
Insulation is light and airy.

Another important factor to selethe appropriate material is the thermal mass. Placing
materials with high thermal mass near the fire can have a negative effect on the
responsiveness, fuel efficiency, and emissions of a cooking stove because they absorb the heat
from the fire.

Then the mterial has to be resistant. In fact, a clean burning stove can produce such high
temperatures in the combustion chamber that metal, even stainless steel, can be destroyed.
One of the common materials used in stove technology is the cendmaiec can withsind

very high temperatures such as temperatures that range from 1,000°C to 1,686°C
drawback of the ceramic is its high thermal mass, in order tatfabe least amount possible
without compromising its strength is used by surrounding it with amatisn material. In
addition, several treatment can be accomplish to reduce the heat loss due to the emission of
radiant energy by chemically or mechanically polishing or coating the exterior surface to
leave a bright metallic finish. It can be also netichat most paints will actually increase the
radiant heat loss from a stove and should be avoided, that is why the surface must be metallic.
Then, double wall can serve for two functions in reducing the heat loss. First, the dead air
space between the dwwalls is moderately good insulator. It should be noted, however, that
increasing the thickness of this dead air space does not improve its insulating value. This is
due to the convection currents, which flow more freely the larger the space, carrying hea
from one wall to another. Second, the inner wall acts as a radiation shield between the fire and
the outer wall. On the other hand, this presents difficulty. In fact, the dead air space is a good
insulator on its own but attaching the inner wall to theer will tend to short circuit its
insulating value due to the high thermal conductivity of metal. It is necessary that the two
walls together be mechanically rigid, but they should not easily conduct the heat from one to
the other.

By studying what havéeen done in poor countries in design of rocket stoves, it seems like
the use of recycled materials is possible and provide efficient systems.

Emissions

Just as the reduction of the fuel consumption, the reduction of negative emissions of the stove

is a main task for the designer. According to the World Health Organisation, up to 1.6 million

women and children die every year from breathing polluted air in their houses. Pneumonia,
6



lung cancer, bronchitis, asthma and other respiratory diseases in rchalidrecaused by
breathing smoke. That is why the fire has to be clean up. This function can be accomplished
with a well engineered cooking stove design. By improving the combustion efficiency, the
smoke and harmful emissions that damage health are reddicedf the key is to meter the
sticks of wood into the combustion chamber to make a hot, fierce, jumpy looking fire. This
type of fire makes less dangerous emissions.

As with the combustion of any fuel, there will be emissions toTéie. emissions prodedby

this cooker will be from the combustion of the SRC willow which is the usingAeebrding

to Good practice guidelines short rotation coppice for energy produdien principal
emissions that could arise from the plant are:

fiParticulate: tiny parties in the flue gas, which would be minimized by pollution abatement
equipment and good combustion control.

Carbon monoxide: burning fuel in an oxygen rich environment, with good fuel and air
distribution keeps carbon monoxide emissions to a minimum.

Carlon dioxide: CQis a greenhouse gas. One of the principal environmental benefits of SRC
as a fuel is that it is carbon neutral. Any Ggnitted will be compensated by the £iixed

by the growing trees planted for fuel. The fuel cycle is neutral overppiog period of two

to five years.

Sulphur dioxide: The sulphur content of wood is 0.1% by weight, compared with UK coal
which typically contains 0-8% sulphur.

Organics: SRC is not likely to be a major source of toxic organic substances such as PAHS,
dioxins and furans, which are produced a a result of many combustion processes. Controlled
burning of SRC and use of appropriate pollution abatement equipment will keep these to a
minimum.

Nitrogen oxides: wood hasmall inherent nitrogen content, typically.18 by weight for

willow SRC, compared with coal which is typically 1%: so using SRC is likely to result in
lower emissions.

Water in the form of vapour will also be emitted. The water vapour will form the visual effect
of plume but hasninimal pollution mplicationso

Thus the anis to produce a smokeless wood fuelled cooker.

Health and safety

Developing a domestic cooking device, some safety parameter of the daily life have to be
taken in account. Injuries from fire are a major problem that stovesecoaedy. Burns are

quite common in homes using fire and can be fatal. Preventing burns is quite possibly one of
the most important functions of an improved stove. Stoves pot should be stable. Surround the
fire with the stove body so that children cannotbur

Also, a clean fire is an efficient source of heat, so the ash produce by the combustion of the
willow should be removed. Thus, in the cooker design a system to do that must be set.



Chimney

To face these problems of emission in the indoor environenehimney can be used. In fact,

it is always best practice to add a chimney to any wood burning cooking stove. Chimney that
can take smoke and other emissions out of the living space protect the family by reducing
exposure to pollutants and health ridksfact, even cleaner burning stoves without a chimney
can create unhealthy levels of indoor @atlution. RHacing an insulated short chimney above

the fire helps to increase draft and gives smoke, airfisegla place to combine, reducing
emissions.

Testing

In most of engineering development tests are the best way to evaluate the efficiency of a
system or to make sure that what is suppose to be in theory is working as it is expected. So
testing is essential to rocket stove projects. In fact, withapeprtesting, stove program will

have an unrealistic expectation of the efficiency. There are two types of testing used for
stoves. Finding how long it would take to boil water and how much wood is used. Ashes
inspection in order to determine if the woodsafully combustedhust occur

fi We boiled water from a cold start and from a hot start. Hot start means that we started the
test when there was already wood burning. The starting temperature for the water was sixty
three degrees.-2Ve maintained a boflor 30 minutes. We did not start the clock until all of

the wood that initially brought the water to a boil had burned out. This gave us more accurate
results. o

Temperature Control

A good cooker is able to have different temperatures in order to ceolodd as the user
desires. In fact, people using the cooker might want just to simmer the food or in the other
case to cook it with some more heat power. As advice previously as a key to improve the
efficiency of the stove, a channel gap in the pot $&itsed. In fact, stoves have to use gaps
that are large enough to support the airflow at high power. On the other hand, much less
firepower is required to simmer food. But the efficiency of heat transfer suffers because the
channels are larger than neeagdhis reduced rate of flow. That is why without adjustable
gaps, stoves tend to display better heat transfer efficiency at high power. As a consequence,
the pot skirt with adjustable gaps solves this problem a temperature of cooking variation.

The project

Most of the information provide previously are for the use of one rocket stove, with only one
pot. But this project deals with the design of a complete domestic cooker, with a oven and
preferably four cooking rings stove. In order to be successtiisnproject the rocket stove



principle of design and all the parameter that make this technology efficient have to be adapt
for a more complete cooker.

What is it available on the market?

In order to have an idea of what have already been accomplishd type of project,

similar cooking stoves available in the market are looking for.

The first and the most classic one is the wood burning stove. Most of these devices found are
used as the heater stove for a room or house, but it can be usezbimg facility by adding

a grill on top of the flame in order to cook food. In fact, this technique has been improved to
produce something more similar than a real cooker by using the location above the flame
where the temperature is maximum; an ovenlbeen set, as can be seen on the following
image.

Model FM small woodburning or solid fuel with ovenRRITY fireplacesrom www.roof-
solutions.co.uk

The energy output is 12kW. The designer had the ideactwrporate a wood store in the
device in order to have the fuel accessible. In addition, a drawer underneath the stove is
noticed; it must be to remove the ashes produced by the combustion.


http://www.roof-solutions.co.uk/
http://www.roof-solutions.co.uk/

As a consequence, for the cooker design in this project it waruidteresting to have a fuel
store and a device to remove the ashes as well.

Another type of cooker available on the market and that can inspire this project is the AGA
cookers. In fact, by using the principle of heat storage and the combinatiort sbbe=e, two

large hotplates and two ovens into one unit, the AGA Cooker has been created. Three main
models of AGA are currently in production: two, three and four oven versions, with the four
oven version wider than the others. The two oven model hes ttoors behind which are the
burner, roasting oven and simmering oven. All models have two hotplates, one as a boiling
plate and the other one used as a simmering plate. This cooker offer different fuel options
such as kerosene, diesel,fiel, gas oelectricity.

Two ovens, two hotplates AGA cookeraddp AG\ fromwww.agaweb.co.uk

The possibility to use different fuel that offer this AGA Cooker is a very good feature but not
really interesting for this preft as the client specify that he wants his cooker to work with
will ow. But its ability to deal with diffe
should be something that the cooker which is developed must be able to do.

Then, it has been foundthat f ew brands ( KVS, Wams|l er é) prc
one which has to be develop in this project, wood burning cooker similar to standard domestic
apparel.

The AKVS 9100 wood c¢ o akwestovesohlioeweuls praserded | ab |l e f
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Image of the KVS 9100 wood cooker stioos www.stovesonline.co.uk

As can be seen on the picture, the cooker disposes of an oven a cooking area to heat pots and
pans Thanks to a handy baffle the flue gases can be directed either to heat the large hob, or
the oven. But when the flue gases are directed around the oven the section of hob above the
firebox will still be hot so it is possible to cook on the top too. Tystesn used to choose

which part of the cooker is use is described in the web sgiféhis baffle system is controlled

by a slider on the top and at the back of the wood burning stove: pull the slider forward to
favour the hob, back to favour the oven.This product is sold at abo#t1500 and can
produce heat between 6 and 10kW.

The overall ooker size is 850mm height, 810nwidth and 600mm depth. Theven size is

294mm height, 400mnwidth and 482mm depthThe average wood consumption is
3.5kg/hourThe dove is mostlynade ofsteel

Thus, a first idea of what thgroject should look like has been found

Some people have used this device and had found some problem. In fact, according to
www.ecodiy.ory fiWe have had some probl Wefiedtlgeeopt i ng
of the oven is easy to get hot and have put a steel shelf half way up the oven to make the top
half hotter, good enough for bread efo get the whole oven really hot means burning the
stove for at least an hour at full heat, the tagteplives out lots of heat if you do thatam

planning to make an insulated lid to keep the topheat when we ar €hug,si ng t
in the design, this point should required attention in order to produce a better piidauct.
insulation of the ogn cavity have to be focused on.
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Cooker and cooking theory

To produce an efficient cooking device, it is essential to know how standard cooker works. A
stove that is capable to deal wiglvery clinary technique easily such as burner, roasting
oven,simmering overandbaking oven|n fact, in order to be able to produce a cooker which
cooks the food properly it is important to have knowledge in terms of cooking theory.
Cooking can be defined dabe preparation of food for human consumptitininvolvesin

heating ingredients to change their structure and taste, to make them more digestible
sometime

Thus,the physics involved with heating foagl studied. First, the use of cooking rings or hot
plate is analyzed followed by the oven.

Hot plate

Whenfood is heatedthere is an attemgb bring the foodand the source of theeatinto a
thermal equilibriumWhena pot of watelis placedon the stove to heat, heiow is caused
from the burner to the water. Thermal equilibrium is never reached bewsitsethe burner
is turnal on,energyis continually added to the burner. In additidre burner is always going
to be hotter than the water, which cannot exceed its boiling point.

Again the heat transfer plays an important role in the cooking prdeoef:t, according to
hertzmann.comthe burner transfers heat to the pot, which in turn transfers heat to the water.
Heat transferulesthe process whereby energy flows from the burner and eventually to the
water. If theburner is an electric coil, mosf the heat is transferred by meansofduction

The heat is conducted from the burnerthie pot at the points where the two are in direct
contact.Then, there are some radiation transfeesapise the burner is sending energy in all
directions, some ahe energy directed downward is reflected by the metal surface below the
burner, the reflector, up between the spaces of the burner coil to the bottom of Eiegiyt.

asthe air between the burner and the reflector is hot, there is a small cootribmutthe
heating of our pot bgonvection

If the burner is gaslike the one developed in this project with heated air, robshe heat
transfer is by means of convection where the burning, high temperature gas flows along the
bottom of our pot.

Then, ceramic is a common material in the cooking. If this material is used as a cooking
surface heat transfer is mainly by means of conduction. But because pots tend not to be
perfectly flat on the bottom, especially after some use, the pot is only in gartialct with

the ceramic surface. In the narrow air spaces between the two where there is no contact,
radiation and convection contribute to the heat transfer.
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As a common practice, water is used to cook some ingredient. In fact, if water is being
cooked,the water at the bottom will be warmer tharireg top. Also, the sides of tipet will

heat up, but not as hot as its base, because they are not directly affected by the burner and
depend upon the energy conducted through the metal for heat.

In almost dlcooking, either a liquid or gas is used as a heat transfer agent.

When cooking in a watdrsased liquid, such as braising, boiling, or poaching, the cooking is
done at or below the boiling point. Because the temperature of liquid water cannot exceed
100°C, no matter how much heat is appltecthe outside of the cooking pot, the temperature

of the cooking liquid and anything in it will never be hotter.

Then, mwaching is usually done with a watessed liquid maintained at a constant
temperature below éboiling point.

In the lraisingof tough meat, the goal is to slowly raise its internal temperature to a point
where the connective tissue begins to dissolve. Whether done in the oven or on the stovetop,
the meat is at least partially submerged in theemlzased braising liquid so it never sees high
temperatures.

People in their cooking are also interested in eliminate fats. In fast, fats begin to smoke
at a temperature in excessl&0°C and have much higher boiling poinfdis means that the
cooker must be able to reach these temperatures.

As stated earlier, the base of the pot will be hotter than the sides because it is in contact with
the heat source. Consequently, the shape of the pot can be a factor in how an ingredient cooks.

As can be nticed from the previous discussion, cookingolves often inimmersing the food

to be cooked in the heat transfer agent, either a gas or a IRutidt is also interesting to

know what happen when food is cookeih only a small amount of a heat tragishgent, a
process usuallgalledfrying. If foodis placed on a frying pan over a burner, with thgdition

of alittle oil or some other fat tdhe pana piece of meat in the frying p@placed there are

a couple of heat transfer processes takimgel The meat that is in direct contact with the
surface of the pan is being heated by means of conduction. The portion of meat that is in
contact with the oil is being heated by means of convection.

But if the food to be cooked does not contain fat, sachmost vegetables, then it will be
difficult to evenly cook the food because the heat transfer will have to be mostly by
conduction, where the food is in direct contact with the surface of the pan.

As it has been said, is important to havesome heatransfer agent to transfenergy from

the heat source to the food being cookadaddition, he heat must also travel to the center of
the food in order to cook it throughout
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High-heat methods will cook food faster than beat methods, but they willss produce a
greater difference between the temperature at the surface and the temperature at the center.

Oven

Now, the use of oven has to be studied. Previouslgking food immersed in a liquid heat
transfer agenihas been discusse@ven cooking ivery similar, with the ingredients open to

the airin the oven. Mich of the energy comes from the air flowing around the ingredients.
With an oven, instead of being immersed in a hot liquid, the ingredients are immersed in hot
gas.

The ingredients genergllequire some means of support in an oven, such as a baking sheet or
roasting pan, the support mechanism is also heated during the cooking process. Over time, the
support can heat to near the temperature of the @\sen.consequencehd parts of the fab

being cooked that are in contact with the support mechanism become more cooked than the
parts which are not in atact. In fact, onduction is a more effective way to transfer heat than
convection.

e Convection cooking equipment

As it has been said ié previous part, there is a small contribution of heat transferred by
convectionin the cooking physiques. But by looking for the different type of cooker
available,ithas been found that there i s ficonvectio

In fact, according terogressenergy.comtheterm convection refers to the process in which
heat is transfeed by the movement of a fluid, typically air or steam in cooker
conventional cooking equipment, the convective effect is slow and inefficiénis,
convection oven gsesa fan to induce a rapid circulation of the heated air to eliminate the
envelope of cold air surrounding the food and to distribute the heat evenly throughout the
entire oven cavityThe speed with which food can be cooked by convective heat depends on
how rapidly the fluid flows across its surface and the fluid's temperdturact, ©ld or
partially frozen food is surrounded by a thin layer of cold, sheeving air, which in effect
insulates the food, slowing the cooking procélsen, by forcing theconvection cooking
techniquethis problemis solveby creating avery rapid convective flow that blows aw#ye
envelope of cold air surrounding the fodkhus, ly eliminating the cold air envelope and
enhancing the convective heat transfer, cooking tiamesenergy requirements are reduced.

In fact, if the four pies cooked in the standard oven took 60 minutes to cook and 4,000 BTUs
of heat per pie, they would take 45 minutes and approximately 1,700 BTUs per pie in a
convection oven.
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e Heat distributiorin an oven

Then, as the developed cooker is a domestic type of cooker, there is an oven, so it is important
to know what the usual dimensions are and how the heat is distributed inside this equipment.
Usually oven in the commerce employ baking and rogstuens that have a chamber or oven
cavity large enough to receive multiple layers of food product to be cooked at the same time.
Typical ovens may have provision for up to 8 cake or food trays each measuring 18 by 26
inches.

Convection ovens are equippedth fans capable of moving heated air throughout the
cooking chamber at various velocities. These ovens are designed to provide a rapid
distribution of heated air over food products which have been placed on pans stacked one
above the other. Thus, in gaal in oven the distribution of heated air must be uniform.

¢ Domestic oven

In domestic oven, one of the tasks is to make sure that excessive amount of smoke is created.
Then, to utilize sources of heat that are properly distributed throughout the ravevhiech
represent a low energy consumed in order to have a good heat cleaning cycle A smoke
eliminator can be provide on the top wall of the oven for acting upon the smoke filled oven air
before it is exhausted into the room.

In electric domestic ovenhé source of heat is divided into three heating elements, a lower
bake unit positioned adjacent a bottom wall of the bottom wall of the oven liner. Then, there
is an upper broil unit position adjacent of the top wall, it is provide with a downward pan like
reflector which overlies the broil unit and protects the upper wall of the oven liner from
excessive heat and direct the most of the heat toward the interior of the oven cavity. The third
heating element is a mullion heater that is wrapped around thesoutace of the oven liner
adjacent the door opening for compensating heat lost through and around the door so that
substantially uniform oven wall temperature can be maintained during the heat cleaning cycle.
During the broiling operation only the brailnit is energized and it is operated at rated
wattage, 3000Watts for example. In addition, the bake and broil unit wattages are
substantially equal and the mullion heater is about one half of it.

From this study, important points which will affect thesig@ have been noticed:
e Uniform heat distribution
¢ Elimination of smoke
e Fast heat circulation
e Heat source on both sides of the oven
¢ Heat must be conduct through the shelf supporting the food in the oven
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Enerqy supply

Fuel and heat generation

This pat is focus on the fuel used in the developing cooker, the short rotation coppice (SRC)
willow. F u e | I's defined as fAcombustible matter u
gas, in order to cr e atdetionargcrm Thig flel ip osadeas @ a c c C
combustible which is defined as a mateaible to burrby combustiorandcreate heat

The fuel characteristics are analyzed in order to be able to optimize its used.

Fossil fuels

Fossil fuels omineral fuelsare fuels formed by nature¢sources they are aged of more than
hundred millions years and they contain a high percentage in carbon and hydrocarbon. They
are consideratasnonrenewablaesourcedecause they take millions of years to form. Their
content in carbon is a problem because Carbon dioxideasof thegreenhouse gasdisat
contribute to theglobal warming which rises the average temperatofethe Earth.As
example of fossil fuels, theredwal, petroleumoil or diesel

In order to reduce these bad effects of paluby the fossil fuels, another type of fuel can be
used, the biomass.

Biomass

Biomass is the oldest energy sources in the world; #ls® the most wekstablished.

Biomass can be defined as the conversion of stored energy in plants into someretevgy

can use.

Biomasses ardifferent than fossil fuels. In fact, first they do not have the sproperties.

According toEnergy from BiomassA fajor difference is the high content of volatile matter

in biomass materials (up to 80 percent), wheoeas has less than 20 percent (anthracite coal
sometimes even has a negligible volatile contentBi omass di ffers to th
fact that it is a renewable energy sourBenewable energy developments are generally
consideredd be environmeally beneficialby providing clean energy from resources that are
continually replaced

There are different types of biomaghere iswood such as trees, shrubs, wood residue
Sawdust, bark, etc... Then, there are wastes such as paper, food, aldestesk waste and

process waste. There are also aquatic plants such as algae or water weed which are biomasses
as well.

The application of the biomass is to work as a fuel. Some properties are important to work
with this fuel. Thermal properties of biomsa, is the most important properties relating to
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thermal conversion of biomasas from a combustion process. Accordingetmergy from
biomasghe thermal properties are influenced by the:
- Moisiture content

- Ash content

- Volatile matter content
- Elemental coposition
- Heating value

- Bulk density

The moisture content of biomassdisfined aghe quantity of water in the material, expressed

as apercentagef mat er i al 0 s olatike maftartefers  the part of thenbéomass

that is released whentlhei o mass i s heat e.dlhe(damentat compdslidch, t o 5 (
the major components ercarbon, oxygen, and hydrogen. Theatng value of fuel is an

indicator of the energy chemically bound in the fuel with reference to a standardized
environment. bs gi ven by the heating value of the
Finally, bulk density refers to the weight of materials per unit of volume.

The use of biomass has some advantages.
According toEnergy matters
- Biomass are theoretically ixleaustible fuel soursg it is a renewable energy

- Whenthere is airect combustion of plant mass is not used to generate energy there is
minimal environmental impact

- Fuels produced by biomass are efficient, viable, and relatively-tlearing
- They are aailable sources throughout the world

The most important advantage of the use of biomass is on the environment. In fact, according
to Energy from biomass A ibenefit of using biomass in place of fossil fuels is that CO
emissions are cut as a result. Repigdiossil fuels with sustainable biomass fuel is thus one
option that countries may wigo consider in restraining G@mission®® N o w didnzagss

in contrast to fossil fuels, has a unique potential for makipgsétive environmental impact.

In fact, CO, is an important greenhouse gas contributing to the global warning. One of the
principal sources of mamade carbon emissionstige fossil fuel combustion. As a renewable
energy sourcehiomassmay offer significant opportunities to reduce carbon emissirom

fossil fuel combustion ands a consequenageduce the risk of future climate chande.
addition, homass can be burned without emitting large amountsitodgen oxides NO.
Because the sulphur content of biomass is very lb@emissions of sphur dioxide S@will

also be low.

Biomass has also a couple of disadvantages. In fact, it can be an expensive source of energy
and used in small scaleaan implies doss of energywhich energythat must be put in to

grow the plant mass
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Wood use as diomass

Wood is one of the main and oldest biomass. Unfortunatetyd is often too valuable toe

used toburn woodworking industries areftenable to make better use of trees by processing
them into construction material©therwise, ftue residues sbic as bark, sawdust, and
misshapen or oddized pieces are frequently more economic to use as fuel.

The main issue with the use of wood in general is the deforestation. Wood is disappearing at
alarming rates. On the other hand, wood can be managed asvalskneesource if it is not b

cut and burn faster than it can be replant and grow. But in this project, the use of a certain
wood as a biomass does not imply some deforestation because this wood will be plant for this
purpose.

Method of harvesting forebiomass by S. Baldini from Biomass energy from harvesting to
storage

The harvesting process to collect the wood biomass follows the steps illustrated in the
previous figure. The first step is the extraction of the whole trees and the chipping in the
forest. Then, the skidding operations are carried out using agricultural tractors converted for
logging purposes (number 2 on the figure). Chipping operations are then carried out in forests
using mediurrsized or small choppers operated by agricultural tractboggers with
autonomous motors can be used as well (humber 3 on the figure). Represented by the number
4 on the figure, the drying of the biomass is important because it is a means of increasing its
output in use. The process can be carried out nedotast depending on the type of material
looking to be produced. Finally, the biomass is used by the industries and conurbations (step
5).

One of the biomass following this harvesting process is the coppice of willow.
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Short rotation coppice willow

This project deals with the use of short rotation coppice willow used as a fuel to run a cooker.
Short rotation coppice or SRC are definedvdBw or poplar grown as an agricultural crop
on a short (BHyears) rotation cutting cycle and at a planning demdityd-20,000 cuttings/ha
according toGood practice guidelines short rotation coppice for energy producttas also
described by thécology and management of coppice woodlaasiToppice worked on a
rotation less than 10 years to produce s$ide material. It 8 an energy crop, usually willow
or poplar, which is used to produce eithertheaelectricity or both, known generally as
biomass

Based on information fronGood practice guidelines short rotation coppice for energy
production the benefit§rom a wellrun SRC energy production industrgs an impact on the
environment

- It produces o net increase of the atmospheric carbon

- Reduction othe need of long distance haulage, if fuel is produced next to the place

- It can be an alternativeipply d fuel which is renewable faster than a long rotation
coppice

- It provides landscape varietyn fact, according t&hort Rotation Coppice (SRC) in the
NetherlandgiWillow SRC plantations have a considerable (often surprisingly high)
biodiversity,includingseveral rare and threatehe r e d | i Bytharvesting after8s 0
years the landscape shows a diversity of age.

- Reduce the use of chemigcapecially compare to longer rotation coppice production

A well-run SRC energy production industrgs also amapact on th&Economy
- ltincreases the farm diversification which can be attractive in term of investments

- It can utilizz underused agricultural land
- Provides employment for agricultural workers and unskilled workers

In Ecology and management cbppicewoodlandsthe relation between the quality of the
coppice and it gispossiblathat @single tisinnisghabavemtable point in the
cycle produce could redistribute increment to desirable stems, leading to better quality
produce and a shter rotationn e ngt h o .

Then, using a short rotation coppice influences the composition and the proprieties of this
willow. In fact, based oithe handbook of Biomass Combustion &fCimg, the selection of

the biomass species is one of the most impodatarmining factors for fuel properties but it

is influenced by how it grows. For short rotation coppice, the age of the crop influences the
content in of N and the ash content due to the varying proportion of wood/bark in the plant
and also depending omé amount of small branches. Oppositely, forest residues show,
because of their long rotation time, accumulations of environmentally relevant heavy metals
such as Cd and Zn, which has a negative impact on the environment. In addition, as the
received rairdll increase with the time, the potassium K and the calcium Ca amount
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decreases. The K, Cl, S amout must be as low as possible to have a biomass fuel of good
quality. In fact, fuels with low ash content are better suited for thermal utilization than fuels
with high ash content an Si, Ca, Mg, K, Na and P are the majefoasing elements
occurring in a biomass fuel. The S and Cl , K and Na during the combustion form sulphates
and chlorine which show some problem of corrosion. The smaller the amountsidfN&an

the fuel, the betterHowever wood has a much lower sulphur and nitrogen content than coal
which make the use of wood better than the use of Eoallly, it can be said that after three
years the rainfall is enough to provide coppice with algatergetic chemical compositon.
According toThe quests of sustanaible energy, woodfuel meets the challenge of the

major factor of efficiency of a biofuel for a combustion is its moisiture content. The moisiture
content must be as low as possililaerefore it is best to reduce moisture content before the
wood is burnt so that a greater proportion of the energy from burning the wood goes into
useful heat rather tharonverting moisture in the wood to steam. Byinlg logs

before chipping, chips with lower moisture content are obtained. A good way to accelerate
drying is to split the logs before stacking. On the other hand, chips produced from freshly
felled logs have a higher moisture content.

Using the SRC as a fuel is going to the processelgg production This process with the

use of SRC isdtill an emerging industryThat is why developing a project in this area
required a lot of attention. One of the point which require precaution is the regulations.
Planning permission will be required faimost all SRC energy projects addition, plants
need authorization under Partl of the WHronmental Protection act 1990 frothe local
authority. Plants maylso required Environmental Assessment as well as environmental
regulation and monitoring byhé local authorityln this study the plants and the supply of
SRC is supervised by Lammas.

By using SRC, tture energycropping activities willinvolve with the cultivation of fast
growing wood specisuch as willow.

The use of biomassn the world

The use of biomass like wood brings a lot of economical benefits in the poorest countries.
Some projects using biomass are produced in developing countries in order to face the
currency by limited the need of import of fossil fu&lsnversion of crop residaento energy
increases the value of agricultural output

However biomass is a renewable energy resource whose potential has not been fully
exploited Information on modern technologies that convert biomass to useful energy has not
been sufficiently widelydisseminatedUse of wood and other forms of biomass as fuel for
generating heat has become a focus of renewerkstten many parts of the world which
really need it because they cannot afford other fuel. But it can be really profitable even for
develogd country to use these resources, and that is what this project is about. In fact,
biomass is an attractive option to reduce the cost and the polluting emissions which is good
for everyone. Thus technology using these fuels are developed such as #us ysinig the

short rotation coppice willow provide by Lammas.
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Lammas and the short rotation coppice willow production

For the use of this cooker Lammas will be able to supply short rotation coppice willow
presented in the form afry seasoned willowodsranging from 5mm to 50mm idiameter

that can be cut for any recommended lengtithe moment Lammas workers are planting the
coppice, thus the fuel will be available only within three years. At the end, this fuel will be set
next to the cooker.

On the Fiday 11" SeptembeR009 as can be seen in thppendix a visit has been done on

the Lammas community site. There were three sites where the willow has been planted. These
three plantations use three different techniques of planting. In fact, Paul #finfimm
Lammas explained that at the first year of growing, the ground floor and the weed have an
important impact on the quality of the willow. Thus, in two of these plantations, they use
plastic to cover the floor where the willow is growing in ordeatoid weed conpetition

which has a bad influence on the willowhere is one on plot 6, the small onésyve feen
mulched with straw and hayhere is one on plot 7, the really big onésyve beemplanted
through sheet plastic, silage plastic techniduee last one is on plot 8, medium sizegve

bee planted through woven plastic mulch, arranged in one meter strips.

Willow plantation in Lammas Eco Village, using the technique where the Viidloes lzen
mulched with straw and hay
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