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Flex oven design

The problem

Thisdesigt A Ya G2 SELX 2NB | 4
implementation and evaluation.

My new, old house Kattekeerhus has electric panels fq
heating and a wood burner. Electricity is expensive ar
not the most sustainable resource of energy. The wod
burner was of a type assessed to be not of the most
efficient kind. | want to change my heating system to
something that fulfils different needs such as:

Ethical and sustainable,

heating efficiently and @enly over time,
incorporatinga baking oven,

a stove top for cooking,

a place to sit and keep warm,

visibility of the fire,

a place to heat water,

a place to dry clothes in winter,
inexpensive.

=A =4 =4 -4 -4 4 -4 - -4

Resources available

1 A chimney is already in use and cked by the
chimney sweeper for any faults.

1 The place of the old wood burner is in the
middle of the housaext to a brick wajlan
optimal position for éstributing heat to most
rooms, see plan below.

1 Budget is very limited and expenses should b
kept toa minimum.

I Time available is limited, but | am prepared tg
make time for building, maintenance and firin
the oven.

1 | have a number of friends and contact to
people who are experienced stove builders.

Schedule
1 June and July: work out design brief, start
research on appropriate oven types. Select

builder.

This deggn uses the PRIME design cycle

Evaluate Problem

- -

Make Research

% |deas W

Problem (Design Brief)
The design brief is a summary of the problem and wh§

needed to fix it. It also includes the limitations of the
project to be underaken.

Research
During the research stage all the tools needed are

identified and/or listed. Similar problems that have beeg|
solved by others can also be researched. Anything
related to the problem is also researched. Experts on t
topic can be consulted.

ldeas
In this stage all possible solutions for the problem are

explored. Also draft solutions are made, in preparation
forthe¢ YI 1 S¢ adr3asSo

Make
This is the stage where the actual product/solution is

made. By this stage the final draft has been decided

Evaluate L o

5dzNAyYy 3 GKS aS@FtdzZ 6§S¢ ai
is compared to the design brief and criteria. It also
includes a study on how well the designer stuck to the
PRIME design process. Other people besides the
designers can view and evalg the work as well.

Source:
https://sites.google.com/site/technologypodcastingportfoliof/t
e-prime-designcyclel
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August: invite participants

September: prepare materials and venue.
1-5 October: Building workshop.

Afterwards: Observe and test oven capacity.
Tweak if necessary. Finalise plaster.

= =4 =4 =

Research
| have paricipated in building flex ovens, rocket stove
and mass ovens and have lived with a number of
different heating solutions such as electricity, wood
burner (normal), gas stoves, petroleum stoves, distri
heating, and mass oven.

Of the differentsolutionsfor heating | preferred the
mass oven for a number of reasomeflecting at least
threepermaculture principlest | &S 'y R @t
NBySél of S NBa2 Jaeaicd and stofeR
energl YR a9 OK St SySyd LIS

Themass of the ovembsorbs the heat from the fire
and releases it over 24 hours; the clay and brick has
attributes of giving off and absorbing moisture,
creating a good interior climate; the mass oven is
made from mostly recyclable materialsis ethical

and sustainabléet has an oven; it cahe coupled with
heating water; can be part of the process of building
it; | can share the skills with other by having a
workshop;it is like a secure monument in the living
room and becomes a good friend agdu need to get
to knowit to get the best out of itSome
disadvantages were also identified: Quite expensive
build andrequires time to fire and to gdirewood.

| continued my research with four different masonry
oven builders. The prices of building were too high fg
my budget. Doing a workshop would reduce costs
somewhat, but | did not feel like putting on a proper
workshop, because of time constraints and the
expectations that | would have to manage. | also
researched a Finnish type mass oven in a kit, ready
put up anthen build the mantle around it. That would
also cut costs, and | considered it a possible option.

| also investigated the rocket mass heater, which is g
combination of a mass oven and a rocket stove. In
5SYYIN] 6S dzadz t fcdasi€llydnf
oven with the rocket effect and thermal mass to

Rocket stove and rocket mass heater design

A rocket stove achieves efficient combustion of the fue
at a high temperature by ensuring a goaid draft into

the fire, controlled use of fuel, complete combustion of
volatiles, and efficient use of the resultant heat.

A rocket stove's main components are:

1 Fuel magazine: Into which the unburned fuel is
placed and from which it feeds into the combios
chamber

1 Combustion chamber: At the end of the fuel
magazine, where the fuel burns

1 Chimney: A vertical chimney above the combustio
chamber to provide the updraft needed to maintain|
combustion

1 Heat exchanger: To transfer the heat to where it is
needed(cooking pot or other load).

The fuel magazine can be horizontal, with additional fu
added manually, or vertical, with fuel automatically fed
As the fuel burns in the combustion chamber, convecti
draws new air into the combustion chamber from belov|
ensuring that any smoke from smouldering wood near
the fire is also drawn into the fire and up the chimney.
The chimney can be insulated to increase the
temperature and improve combustion; according to
studiesthis can increase efficiency by up to two parte
In a rocket mass heater, the heat is passed to a heat
exchanger to ensure the efficient use of the generated
heat.

Source Wikipedia

Winiarski / Aprovecho rocket stove

Stove elbow

Combustion chamber

/ and chimney
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absorb the heat and then in can have different other functions like a build in oven, water heating system, cook plate,
warm bench. | have before participated in building a flex oven, so | was familfathgitocket effect and its benefits.

The rocket effect is thefficient burning of the fuel with optimal air flow making the combustion hot enough to burn
the volatile gasses released from the fuel to obtain increasddiefffcy and nospollution. The canbustion is said to

be over 800 degrees in this case. The rocket effect sounds like a rocket because of the gasses exploding inside the
combustion chamber.

| was not confident enough to build a rocket mass heater all on my own and would like to have someen
knowledgable than me to make sure the design and implementation were correct, so | would not have any accidents,
like too much carbonmonoxide and poisoning.

| then talkedto my neighbour and friend, whig a building engineer artths constructed aumber of different rocket
stoves rocket mass heatersnd flex ovensShe was happy to work with me to make a rocket mass heater in my
house. Her price was very affordable. Most of the materials used in the stexeeasy to find second hantVe
agreed hat she would build it with me ande started working on design ideas.

Rocket Stove Mass Heater
ENicodemus

Optional Cooking Surface Exhaust Vent

Exposed Barrel For
Faster Heat

Fifty-Five Gallon
Stanless Steel Drum

Thermal Mass Covered Barrel and Duct
for Longer Periods of Heat Release

Primary Ash Pit Secondary Alrtight Alrtight Duct
Ash Pit

A diagram of genericrocket mass heateiSourcehttp://thesurvivalpodcast.com/forum/index.php?topic=237.01
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SWOT test
| decidecto achieve morelarityover the three optiongi 2 Y I 1S GKS LINRPQa FyR 02y Qa Y2N
Strengths, Weaknesses, Opportunities and Threats.

Mass oven
Strengths Weaknesses
1 Known product, tested 1 Expensive because of many fireproof stones in thg
1 Efficient core
1 Reliable 1 Need professional builder
1 Increases therral mass in house 1 Can not fit in the centre under the ceiling because
height
Opportunities Threats
1 Know some professional builders 1 Too exgnsive for budget
1  Workshop to save money 1 Not enough participants for workshop

RocketStoveMass Heater

Strengths Weaknesses
1 Efficient 1 Untested design
1 Flexible design 1 Oil drum used in Rocket Mass Heatdrave not
1 Adaptable tried building with oil drum before
1 Inexpensive (uses vermiculite)
1 Many second hand materials possible
1 Can be built with bricks, cob
1 Increases thermal mass in haus
Opportunities Threats
§ Can invite participants without pay 1 ¢KS 20Sy R2SayQi 62N
9 Bad design
Flex Oven
Strengths Weaknesses
1 Efficient 1 Untested design
1 Flexible design
1 Can be adapted to needs and locatidre. baking
oven built in
1 Inexpensive (uses vermiculite)
1 Many second hand materials possible
1 Can be built with bricks, cob
1 Increases thermal mass in house
1 Have been part of building flex oven before so kng
it better
Opportunities Threats
f Know a builder who is a specialistin FlexOvens |1 ¢ KS 2 @Sy R2Say Qi 2N]
I Can invite participants without pay I Bad design

In conclusion, the mass oven had two drawbacks: It was more expensive (possiblpb@taend it would require
some tweaking to make it fit in the room.

The option of the rocket mass heater or flex oven was alsmost the same. The rocket mass heater usually uses an oil
drum as it core, but | like to use bricks and to reserveftbat for the baking oven.
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The deciding point was that my friend and builder would built it withand the budget allowed me to have
participants coming for free for this first workshop at Kattekeerhus.

ldeas

Skills sharing

| want to share knowledge and skillshvdthers,honouring the fair share ethic of permacultusy it was important

to invite other people along to the building of the oven. The builder was not interested in doing a course and be the
teacher, so the invitation was quite clear about what t@est from the workshop. No teacher, but participation in
working to build an oven. It suited me fine to have this level of engagement for the first workshophousdo try

out how it worked and how the house couldnfction with 10people. | écidednot to take any payment and did

provide people with food and accommodation.

The oven design
The placement in the house is important
for size of the oven, thermal mass,
options for connecting to a water
heater, and aesthetics. A diagram show:
the placement dthe flex oven in the Living room/
room and the chimneyThe oven should Teaching space
be able to heat about 100 m2 of not so .

. ) Kitchen
well insulated house in two floors. Table

Utility room

Table

Chimney | Refrigirator

Different design options were available: ©ld.cook
Existing Table

oven

What functions should the oven have?

1 heating efficiently and evenly Staircase
over time, thus with a lot of Weter
mass

incorporating a baking oven, Bath-
a stove top for cooking, Entry room
a place to sit and keep warm,

visibility of the fire, '

a place to heat water, 1 meter v

—

=A =4 =4 4 -4 A

a place to dry cldtes in winter.

Accommodating all of these wishes was possible, but pisarg them was necessabgcause of the limit of the heat
from a fire, i.e. either a hot cook plate or a hot oven.
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How should it be connected to the chimriey

1 Viathe old bimney pipe through the kitchen (the

The first option seemed to be the easiest; least intrusive tc
the house construction; and fastest. It would mean that
more heat would go into the kitchen &m into the entry,
but that was fine.

top pipe on the photo to the right)
Through anew hole in the wall, a warm bench, anc
through a new hole in the chimney at the base in
the entry.

What should it look like?

| had in mind:

=A =4 =4 4 -4

A rounded shape

a symmetricabven with benches on each side,

natural stones at the bottom

the fire chamber with ability to open below and abosed heat risebehindon one sile
the oven on the other side

small stones itfiront of fire chamber and oven

“FLEX Ovene DesigN

Teoom

(Jg
‘|
U
F“(H"w
Cleanst | P "'| (3 ‘
" (] -1 |
‘ 2 S5 |
e 0 T f
- = fire e
Pench W
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Theillustration aboveshows theintended flex oven design with a 50 cm heat rjsghich wouldmake the oven about
80 cm highThe air intake and fuel magazine was in the s@gight as the heat riser. The oven was part of the smoke
channel and could be used after the fire, like in a mass oven.

How to design the firechamber and smoke channels?

| had in mind:
1 50 cm fire chamber
1 50 cm heat riser
1 Smoke channel through oven (canndte it when there is fire in the oven)
1 The smoke passes into warm bench to the left and doubles back
1 The smoke passes through a vertical smoke channel and into the smoke pipe
1 The smoke passes through the existing pipe through the wall and into the chimney

| gave this information to the builder and she did some calculations on the proportions of the oven. It would come out
from the wall about 90 cmiThe building regulations require a minimum of 30 cm from the fire chamber to burnable
material, in this casthe wooden floor. They also require 20 cm from the cleanouts to burnable material, so the

smoke channels should either be raised 20 cm above the floor or be at floor level with 20 cm of fireproof material in
front. This meant that there should be a minimwaf 120 cm from the wall to the wooden floor.

Final design before workshop
The builder made some calculations and we ended up with a design that looked like this:

Flex oven mhashant
| ; ‘-—:--.L.. S 2t | "\P
front Vermiculite I ‘
} insulation © | 10 cm
Stove top | | ' ] 2% [
NS EE | 11 Heat i .
. l riser ; i
| [ 1 | (rocket -
Clasnout J ‘ Baking oven | | {1 ( )E) \ A ]
“ ¥ !« | | 1Bl 4 | "
Cleanout , r-‘l . , | } k,L W
_'> | ‘A ! | Shelves
e —_s—j ! : f | | z-—*— -t
7 Al——lb 77

Firechamber |
| . —

Sl e— e

The whole oven is raised 20 cm to make enough space for the cleanouts to be free afatiendloor.The flex oven

with a 90 cm heat riseiThe builder decided to make a heat riser of 90 cm instfeD cmto insure draft. She had

not been able to make it work with less than 90 @epsneeded to be formedo get the stove top to a reasonéb

height. The stove top was moved from on top of the heat riser to form the roof above the baking oven. It was
assessed that there was not enough heat to have two places with stovatapthe top one was possibly too high.up
The fuel magazine has beehanged into a slightly bigger fire chamber. The baking oven has an inset from a standard
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electric or gas baking oven. The smoke channels go around the baking oven on dlrsidésy: Caroline Meyer
White

Flex oven from above

Cleanout

Exlstlng clnnoul

Exisilhg brick wall

—— R

- ——— 7

Existing pipe

} Shelves for
firewood

N T S ¢ o 4
ﬂ ’ Smoke channel
A — \ N Y2 “‘rf‘r

Baking b;
oven

Fire

Smoke |
channel

\\t%*\

The flex oven seen from above: The drawingpisiplex because there is a lot happening in the central area in several
layers. The flow goes through the fire chamber and into the heat riser and passes into the smoke channel downwards
towards the baking oven. From there another channel leads down teveiren bench and further into the vertical

smoke channel. Howevgto make it @sier to get a good draft through in the beginning of lighting a fire, there is a
bypass next to the heat riser that leads directly to the existing smoke channel and thenentbithney. Drawing:

Caroline Meyer White

(o=

| could not really see the oven from my inner eye, but | tthstbuilder, so we went with this design.

Make

Preparation

The materials
| wanted to get most of the materialsecond hand
because | likéo recycle vinen possible, and to save on

the budget. | managed to get:

What DKK
800 second hand bricks 500
1 second hand backing oven free
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1 second hand wood burner 300
30 second hand leeblocks free
3 new round cleanouts 1350
25new chamotte bricks 467
8 bags of clay, 20 liters each 850
500 liters of 84 sand 800
Vermiculite plates 698
Fireproof mortar 180
1 bag of Glue mortar 109
1 bag ofnormal nortar 45
1 bag of Cement 45
Buckets 115
Food for 11 people 2000
Transport 2583
Builders 5000
Natural $ones free
Total 15042

A total of 592GBP.

Inviting participants
The builder and her partner and two children were going to come. | wardeg&ticipants to share skills with. More
people would be too many around the oven.

| announced at the Noid Permaculture Festival that | was going to build and had enough participants interested
already. | kept email contact with these people and 5 of them would come.

The foundation

A new foundation was necessary to support the heavy mass of the oven. NpBdalons of mass is required for a 24

hour cyclus of burning and releasing heBihe dimensions of theofindation were determining the size and shape of

GKS 2@¢Sys odzi L RARYQUO glyd (42 YI1S I 0ADhenSNMartdd2t S GKI y
assessing the size and shape of the area for the oven.

The space between the two doors to either side of the wall were the oven would be placed was 250 cm. This would
give a diameter of 120 cm, exactly what was need for the oven. | ditideake the foundation a sergircle
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because of the aesthetics and harmony and because of the flow of activity between the two doors. A shape with sharp
corners would give a less than optimal flounadethe semicirclewith a radius ofl26 cm from thewall to have a
little extra space.

The old foundation was removed with help from my fathene floor boards wre cut with a jigsawJnderneath was

a layer of sand 20 cm, a layer of fist diséones 20 cmand at the bottom big stones. Very common @dd houses.

The layersvere removed] wanted 5 cm between the foundation and the top of the floorboards to make a finish of
small stones. The ledalocks were each 9 cm thick without mortar. In total we dug about 25 cm deep under the floor
boards.The fborboards needed securing and we screwed rafters underneath and supported them with bricks.

The hole wasamped tight andevelledout with sand. Two layers of leddocks were put in. Ledalocks are stable
and make a good foundation and they insulatell, so the heat would not pass into the soil, but into the room.
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The lecablocks were cut into the right shape to fit into the round hole.

The workshop starts

I like natural stones and | wanted the base of the oven to baetThat fit well with the design because the whole

oven was raised 20 cm. Some of the stones had been dug up when we made the foundatiathearsdones vere

found on the property. They were selected for their beauty and shape. Blue lines indicate thbereshould be no

stones, big stones or 20 cm high stones. Most of the old cement foundation was reused as filler and thermal mass in
the base of the oven. Clay plaster (1 clay : 4 sand) was the mortar.
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The clay plaster was a mix of 1 measure powelegl to 4 measures-& mm sand. We used a big mixer to aid the
hard work of mixing. Fire proof morta2 ash, 1 clay and a little water.

An old wood burner was selected for its doors. The iron frame needed to be cut out with a giihdesld wood
burner is being taken apart.
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The builder is explaining the design to the participants. The base of the oven is finished and the first row of bricks is
placed next to the existingwalt. KS a KAt f ¢ Ay GKS YARRES Aa ¢gKSNB GKS ol ]

The fire chamber is made from fireproof chamotte bricks, 50 mm, and the mortar used is made from ash and clay. To
the right, the smoke channel in the bench is aihoovered.
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The fire chamber is connected to the heat riser an opening 15 cm * 20 cm. Theghe minimum sizef the smoke

channel all the way through the oven. The stone tiét be placed in the channel between fire chamber and heat
risercanh@S | &ALISOALFE F2N¥Y (2 O2yOSYyidNI iS ANF{26d ¢KS aKkl |
riser, is said to increase the flow of air towards the centre of the channel, thus increasing oxygen level, combustion

and temperature.

The lower pats of the smoke channels and fire chamber are taking shape. To the right, the place where the baking
oven is going to be. The airflow has to come all the way around it, so the oven needs to be placed on pieces of brick
with a piece of tile underneath, sbdoes not displace itself in the still soft clay mortar.
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The baking oven had to be smoke tight, which meant that all the small and big holes from ventilator, lights,
temperature measurer and other parts had to be closed. We used &M 2 ¥ & Bifs diz8étal plage and mesh.
I will not recommend this procedure, but rather find an oven wétver holes! However, we succeeded and the oven
could be placed with great care in its niche. It was fastened with big screws briths behind in order rido fall out
of the niche.

Where metal touches brick a piecegifsdibre is inserted in between. Metal and brick work in different wgysetal
expands with heat more than clay. This would cause the mortar and bricks to crack with the expansion and
contraction of the metal with every fire. Thgtasdfibre is a buffer that absorbs the movements and insulates. It comes
from the original baking oven.

To the right, the vermiculite insulation inside the heat riser is visible. The fire chamber has beesdoeith a metal
plate from the old wood burner and bricks will be put on top, hencegdlasdfibre patch.
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Left: We are getting to the complicated part: The heat riser with vermiculite sticking out is at the back. The bypass we
weldedourselvess lyng on top of the fire chamber. The first stone making the diagonal smoke channel between heat
riser and baking oven is seenthe middle of the photo to the leftRight: The heat riser is closed with vermiculite on

top. The diagonal smoke channel is cadewith a lid made of a tile, 30*30 cm and below that some vermiculite

plates. Between the heat riser and the vertical smoke channel is the rod of the bypass where the bypass channel is
going to be.

= P~

The smoke channel sloping down held in place witiler and a hammeBehind is the top of the bypasthe builder
inspecting the work while the vertical smoke channel is continued.
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The two top clean out have been placed. It was decided to extend the vertical smoke channel to cover the pipe
through the wvall, because it was a more stable solution. The bypass rod is mounted through a hole drilled in a brick.

Workshop participants enjoy the nearly finished oven.

The first fire! It is ok to make a fire as soon as the smoke channel is closed. The clayjusbdaes outParticipants
are waiting excitingly to see what happens in the first firapour is likely to come out of cracks and holes in the
mortar. It is easy to spot where the cracks are and to fill them with clay mortar, when they appear. \Be idaices
that needed a bit of fill and then it was fine.

T Wy . W,

The door to the fire chamber with the first fire. A big moment! The shiny baking oven door reflects like a mirror.
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Not much clay was left, so the oven could not have a full layer of clateplall over, so we filled out some of the
more disharmonious parts. The final oven with its steps, towers, plateaus, slopes and rifts. A new element has been
born in Kattekaerhus!

Evaluation
To evaluate the design | have used the 4P model:

1 Product- Disass if and how my productesignsolved my problem.

1 Peers; Reflections from the participants on the workshop: building the oven, the organisation, food
accommodation and learning.

1 Personak Reflect upon how my personal learning and practical experiemmeased through the process.

1 Process Discuss how | used the PRIME Design Cycle to assist in solving the problem.

Product
The product satisfactorily solved my aim of getting a sustainable and ethical heat source. The flex oven is a hybrid
between the nass oven and the rocket mass heater and could therefore accommodate my needs.

One need was discarded during the implementation: the production of warm water. It was assessed that the water
storage in the bathroom was inadequate fmuplingwith the oven.Furthermore, the second hand radiator found for
putting inside the flex oven lacked adequate fittings. It was safer not to incorporate it into the oven and alternative
solutions found instead. The alternative solution to getting hot water is by buildirayatoor shower, heated by a
smaller rocket mass heater and/or by tubes on the roof and/or solar panels on the east facing gable.

| have made around 20 fires in the flex oven until now and it works well. The oven is drying out and giving off more
and moreheat for every burn.

Input Output testing
| tested a burn to get more insights on the inputs and outputs of the oven.

Inputs:
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