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Aprovecho: An Introduction

provecho Research Center has been
Aamund since 1981, when a bunch of

road-weary (and itchy) consultants to
foreign aid agencies, including the Peace
Corps, USAID, GTZ, etc., bought 40 acres of
land near Eugene, Ore gon and began to study
seriously what they had once taken for
granted as understood. Five vears previously,
in Guatemala, these appropriate technologists
had helped to invent a sand and clay stove
called the Lorena which had become “fa-
mous." Until returning to the cool hills of Or-
egon, the consultants had been teaching
people all around the poorer and hotter parts
of the world (visiting 60 countries) about this
neat stove. They had been telling eve TVOnE
that the stove saved a lot of firewood. In fact,
they very much liked their lovely invention
and were proud of it.

It turned out that the Lorena, while lik-
able in many respects, did not really save 4
fuel. In fact, scientists who examined
Aprovecho's trail of work around the
globe frequently found that indoor open
fires could be more fuel-efficient than the
pretty Lorena. Reading the bad reviews
flowing down from academia forced a re-
examination of the assumptions that had
gone into the design of the Lorena, The
researchers at Aprovecho, now a non-

profit land trust, spent a lot of

time trying to figure out
what had gone
wrong in this popu- :
lar design. R

Living with a very public mistake helped to
dedicate staff to finding out what does work,
and then to try to teach about facts, not fads.
This formative experience exposed staffto the
negative repercussions of bragging about how
great an invention performs. It made the new
generation of Aprovecho researchers a more
cautious bunch,
aware of

inventor's
pride.

The “thinking chair” in the shop was frequently occupied by puzzled looking eco-scientists.

Ll
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After years of investigation, and consultations
with a mechanical engineer who specializes
in combustion (Dr. Larry Winiarski),
Aprovecho staff began to know a bit more
ahout fires and cooking, Larry’s new design,
the Rocket stove, coupled with an insulated
cooker made from hay or straw, could cook
food using one half to one quarter the wood
compared to cooking in the traditional way—
2 fire made between three stones that held
up the pot. The road had been long and some-
what rocky. But eventually, experimentation
and study did manage to provide a more ac-
curate picture of fire, heat, and how to design
stoves, Dur new designs use less firewood and
produce less smoke.

The Capturing Heat series of booklets attempts
10 summarize what we have learned about Ap-
propriate Technology in the last 19 vears, Cap-
turing Heat One shares a cooking system that
uses both direct and stored solar energy (bio-
mass). Larry has led our investigations into this
field. Most of the true “inventions® explained
in Capturing Heat One are his and the same
continues to be true in this second booklet,

Dr. Winiarski is a rare and gifted person. he
:s a born teacher and hands-on tinkerer, who
has gained a feeling for how things worlk.
Aprovecho's investigations into simply-made
wood stoves and his explanations of thermo-
dynamics unexpectedly taught our team
about a whole range of unexpected applica-
tions: from wood stoves to solar cookers and
then all the way to solar houses, The role of
mass and insulation in stoves and houses be-
came a great concern of the Appro priate Tech-
nology staff as we realized that the concepts
were frequently misunderstood. Studying
how things get hot also seems to have uncov-
ered a few oversimplifications made by some
noted solar architects.

Modern instruments, such as pyranometers
(that measure sunlight) and data loggers,

made it possible for us to measure how well
various apparatus worked. We could accu-
rately measure, for instance, what percent-
age of the energy from sunlight made it into
the pots in a solar cooker. Data loggers could
track temperatures and relative humidity in-
cide both straw bale and cob walls. Repeated
and careful experiments on wood stoves were
necessary to determine the success and fail-
ure of cherished designs. Our best experi-
ments often resulted in findings that were
completely unexpected.

Again and again our expectations werc con-
tounded by evidence from experiments. But
it was only because of experimenting that de-
signs eventually pe riormed more efficiently.
The whole first generation of Aprovecho de-
signs were replaced as evidence pointed out
primary errors in design. What became obvi-
ous was often in direct opposition to gener-
ally accepted beliefs. More than once, our re-
<ults slammed us against commonly accepted
paradigms and it took a while [sometimes a
year of two) for us 1o recognize the implica-
tions of the evidence right in front of our eyes.

You are invited to join Aprovecho in an intel-
lectual adventure, one whose goal is the less
ening of suffering. The trail of investigation
begins with stoves but it continues to solar
houses. Capturing Heat Three and Capturing
Heat Four visit heat exchangers, heating
stoves, and simpler geodesics, natural houses
made from cob and straw and the like. We
hope ta share some simple math and a bit of
thermodynamics so that anyone can analyze
and determine what is a fact and what is only
a fad. Hyped-up fads concentrate optimism
and attention but all too often do not success-
fully move optimistic people on to viable
alternatives.

Given the choice, Aprovecho Instructors
would much rather teach someone how tobe
a designer instead of promoting particular

Capturing Heat Two 5



designs. The intention is to give you the nec-
essary facts to, in this case, successfully de-
sign wood stoves for baking and cooking and
teach you the rudiments of water heating, All
of the designs are meant to be *appropriate,”
which, simply put, means that vou should be
able to both make and repair the device from
locally available, inexpensive materials.

The "best" AT design would be the one that
can be replicated in most any town around
the world, built on site for use locally, and
made from vernacular materials. It's prefer-
able if the device is designed on site with lo-
cal input. A goal of the Appropriate Technol-
Ogy movement is to involve people in the
technologies they use. In industrialized coun-
tries many people are psychologically re-
moved from the technologies that support
them. This distance and lack of understand-
ing can easily result in a feeling of alienation.
An important part of the philosophy behind
AT is to encourage a fondness for and famil-
iarity with designing and living using cultur-
ally compatible tools,

Residents at Aprovecho share a common be-
liefin voluntary simplicity. In my case a pref-
erence for simplicity stems from mostly self-
ish reasons. Living with less allows a great
deal more personal time to pursue one's own
fascinations. It's more fun to accomplish more
by needing less. Trying to build things that
work, eut of vernacular materials available
o poor people in various countries, results
in very inexpensive experiments. Therefore,
lack of money doesn't slow down our progress
very much. The *mud-tech” science of help-
ing 1sn't dependent on grants or tied to direc-
tion from funding agencies. We can follow our
own crooked-enough noses,

The Research Center

Aprovecho Research Center is located on a
40-acre farm and woodland. There is 4 beau-
tiful acre-and-a-half garden that provides al-
most all of our fresh produce. The woods are
managed to supply both lumber and firewoad
for heating and cooking while steadily becom-
ing hoth healthier and more productive.

Aprovecho classes and research are divided
into four main areas; Organic Gardening, Sus-
tainable Forestry, Indigenous Skills, and Ap-
propriate Technology. Our school teaches
these four subjects to mostly college-aged or
older interns, This book concentrates on AT,
but it is only one fourth, and certainly not
the most important guarter, of our investiga-
tions into how to live sustainably. (Carl Jung,
in a famous rebuttal to Freud's insistence on
the preeminence of infantile sexuality, agreed
with farmers worldwide when he pointed out
that sustenance surely leads the hierarchy of
needs.)

The self-guided tour described here intro-
duces you to some of the major features of
the Research Center. Please visit whenever
you're in the neighborhood! You're also wel-
come to come for our monthly Open House,
the first Sunday of each month at 2:00 pm,
when you, can receive a full guided tour of
the Center.

Self-Guided Tour

1. Straw Bale Dormitory
This experimental and demonstration build-
ing was constructed in 1996-7 with funding
from the Oregon Department of Agriculture,
the Woodard Family Foundation, the Rose
Tucker Charitable Trust, and many generous
members of Aprovecho. The post-and-beam
framing, built mainly with wood from
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Aprovecho's forest, supports the structure,
while straw bales provide the infill and insu-
lation for the passive solar building. Sensors
embedded in the straw monitor relative hu-
midity of the bales in order to determine
whether the straw can last in this damp cli-
mate. This building is the first of the new cam-
pus we are developing in order to hecome
fully up-to-code and accessible as a public fa-
cility. The new campus will consist of this

experimental straw bale dormitory, a commu-
nity meeting hall, a shop, and six staff cab-
ins. The goal of the campus is to create hous-
ing and teaching facilities that exemplify en-
ergy-efficient, solar-assisted, ecologically-
friendly building technigques

2. Photoveoltaic Modules Create

Electricity
A 1.6 kilowatt photoveltaic system donated
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by Enron is mounted on the roof of the dorm
with a few modules on the ground for visi-
tors to look at more closely. We're working
with Enron as well as the two local utility com-
panies, EPUD and EWEB, to determine the
efficiency of these modules in this mostly
cloudy region. The system is connected to the
grid via an intertie. We both buy electricity
from, and sell it to, the utility.

3. Outdoor Kitchen

Here we do outdoor cooking, appropriate-
technology style. Often you'll see Rocket
Stoves made out of recycled cans, a bread
oven based on the same design as the Rocket
Stove, and some of our most recent stove pro-
totypes resulting from recent wark in Hon-
duras and other countries. The most recent
stoves combine the high efficiency of the
Rocket Stove and the beneficial chimney
(which gets smoke out of indoor kitchens)
Look around the area and you'll see solar
cockers that are used in the summer for a
great amount of our cooking,

4. Retegrity Shop

This temporary shop provides a mostly dry
space with a minimum of expense. The
rotegrity design is an adaptation of the
Buckminster Fuller geodesic dome, but has
overlapping structural bars, This structure
was built for just a few hundred dollars, plus
the tarp. Aprovecho will be building a more
permanent shop as funding allows,

5. Organic Garden
Our garden provides almost all of the fresh
food used to feed the approximately twenty
people who reside at the Research Center all
of the work done in the garden is performed
with human power and without the use of
chemicals. Resident interns, under the direc-
tion of gardening instructors, prepare the
beds, raise starts, and care for their ve getables
until harvesting. They incorporate technigues
including raised beds, crop rotation, compan-

ion planting, edible weeds, vermiculture,
composting, and much more. Many of the
trees located throughout the garden are vol-
unteer plum trees, and a stroll through the
grape arbor in late summer is an exXperience
not to be missed, The ducks patrol the east-
ern side of the garden in seéarch of our great-
est enemy—the slug. Two greenhouses extend
our growing season, allowing for melons and
more in the summer and fresh greens all
through the winter, We also start the major-
ity of our plants in the greenhouse, awa v from
the hungry mouths of slugs. Two fenced ar-
eas in the northeast corner of the garden also
act as young orchards and space for our chick-
218 to roam. Water for the garden comes from
a spring via a gravity-fed system with no mov-
ing parts. Head to the southwest part of the
garden to sit for a spell in the contemplative
garden circle, noticing the beds filled with
perennial medicinal and edible herbs. Then
go through the vine maple gate (closing it
behind you to keep out the deer!) and turn
left onto the road. The small enclosed area to
your right contains young blueberry bushes,

6. Rest and Relaxation Area

We come here to unwind, sitting around the
campfire, floating in the wood-fired hot tub
or taking a “cannibal bath" in the Rocket Stove-
powered bathtub. Or maybe in the summer
it'll just be a quick solar shower with water
from the batch solar heater. Closer 1o the creek
there is also a Rocket Stove sauna.

7. Goat Pen
Goats (Nestle and Lulu) provide the commu-
nity with a supply of fresh milk and frien diy
hoofed companionship.,

8. Pole Forest
AS You continue up the road, offto your right
¥you can see part of the twenty (out of our
thirty-five} forested acres that serve as the pris-
duction zone. This land was clear-cut approxi-
mately forty-five years ago and naturally re-
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generated,
leading to
dense growth
Our forester
thins out
trees, using
the wood for
building, fire-
and
gometimes
for sale. Cut
are
pulled out by
a team of
draft horses
and sawed
with a por-
table sawmill
We are work-
ing towards
creating a
managed old-
growth forest, leaving important biomass on
the forest floor in order to continue building
layers of humus. Snags are left standing to
attract birds. You'll often hear the loud cry of
the Pileated woodpecker echo through the
woods. Wild mushrooms, such as chanter-
elles, thrive in this type of forest and you
might find some during the fall season. Be-
hind the small green structure in the parking
lot, you can also see some of our cultivated
mushroom operations. Fifteen acres on the
northwest part of the property are a desig-
nated Wildlife Area where no cutling occurs.
In this area especially, watch out for the three
shiny leaves that indicate poison oak

wood,

logs

9. Staff Cabins
Continuing up to the parking lot, you'll be
able to see up the hill where six staff cabins
will eventually be located (two are already
there}. This co-housing area will allow up to
bwelve staff to live on-site, providing private
sleeping quarters, with communal activities
continuing to happen in other buildings.

Aprovecho Interns

Grants from the Meyer-Memorial Trust, the
Collins Foundation, and the J ackson Founda-
tion, as well as generous member donations,
are allowing for this construction. We are us-
ing environmentally-trie ndly building tech-
nigues as much as we can, while pointing out
that the size of a structure is crucial in terms
of resource consumption. Here specifically,
waod is the most bioregional building mate-
rial available, We stress local and appropriate
building materials, encouraging houses that
are well-insulated and passive solar in design.

10. Nature Trail

This short 1/3-mile trail leads you through
our designated Wildlife Area and back out into
the production zone of our forest. Follow the
trail north of the dorm that goes through a
wide gate and west into the forest. Look for
the heautiful wooden Torii gate that marks
the start of the trail. The walk goes through
the Moss Garden and other pristine guiet
spots that are a source of inspiration and re-
juvenation for our community. Enjoy!
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The Pizza Oven
(Analysis of Retained-Heat Baking)

Traditional High-Mass Bread
Ovens

oth plain and fancy bread ovens can
B use retained heat for cooking, Fire

heats up rocks or bricks or earth or the
cement walls of an oven. When the mass is
hot enough the food is placed inside the oven
to be cooked. High-mass brick pizza ovens
made the gourmet pizza 1 loved to sample in
San Francisco. The English traditional bread
oven and the Navajo beehive earthen oven
are: also based on first heating mass and then
using the stored heat to cook food,

—
e

Navajo Beehive-Style Oven

Experimentation shows, however that heat-
ing air, which then directly heats food, is usn-
ally a more fuel-efficient way for a family to
bake food

The trick to making a good low-mass hot-air
oven is to put the heat where vou want it with-
out a.) losing the heat mto the body of the stove
or b ) letting the heat escape g the chimney. We

want the heated air to cook food!

Trying to optimize a retained-heat oven is a
bit more difficult. It needs the right amount
of mass to store the right amount of heat. Also,
without insulation on the outside of the ther-
mal mass, heat easily dissipates, so that re-
tained heat is lost before it can be efficiently
used.

Earthen stoves can use so much wood, tobalie
50 little bread! At the very least, earthen stoves
can be covered by insulation {wood ash, rock
wool, fiberglass, etc.) so that the heat isn't as
easily lost. But to be truly efficient the inte-
rior surface of the oven also needs to be opti-
mized to absorb most of the heat from the
fire and reduce exit temperatures out of the
chimney. An earthen oven usually requires
split logs fed into it for long periods of time to
reach cooking temperatures. When people
learn that it is possible to use & little fire to
directly heat bread, it is amazing how much
fuel can be saved

The English Bread Owen

10 Aprovecho Research Center



More than ten years ago Alan Scott (The Bread
Builders, 1999) visited Aprovecho and built an
early version of his retained-heat English
hread oven, People had a great time cooking
in it for a whole day after it was brought up to
temperature. [ remember all of us getting
stuffed with bread, cakes, pastry, etc. It wasa
wanderful time. Alan was experimenting with
high-mass retained-heat bread ovens for com-
mercial applications. He figured that
Aprovecho might be able to use an oven
meant for constant use since we baked food
almost every day

The Rocket Low-Mass Bread Oven

Over the vears, we used both Alan's English
Bread oven and an earthen oven for baking
bread. No one questioned the wood use be-
cause we had nothing to compare it to. Then
Larry built a low-mass hot-air bread oven right
in between the two high-mass models.

We tested Larry's Rocket oven one night be-
fore a visit from thirty, usually hungry,
Humboldt State students, (Humboldt State
College in California, like Appalachia State in
Morth Carolina, offers an Appropriate Tech-
nology major.} We made 66 pounds of bread
that night in one firing, weighed after bak-
ing, and used 11 pounds of wood to do it. The
bread quality seemed the same but we used
spectacularly less fuel to feed our visitors.

Experience has shown that retained-heat ov-
ens often suffer from two classic problems
1.) There's not enough exposed internal sur-
face area to lower exit temperatures during
the Heating up peried. There is inefficient
heat transfer to the oven, The little cave with
a chimney on top that forms the Navajo bee-
hive bread oven is not convoluted like a fuel-
efficient high-mass heating stove. [See dia-
gram.) Too much of the heat just shoots up
the chimney, in this case, Abetter heat trans-

Two Versions of the
Rocket Bread Chwen:
Horizontal Feed
{ above, lacking door
and chimney) and
Doundraft Dounfeed
{ beloaw)
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fer necessitates more optimized surface area.

Then, 2.) high-mass ovens can have insuffi-
cient insulation to keep the heat doing work
for as long as possible, A few vears ago, Alan
changed his design and added insulation,
which helps a lot. We would want perfect in-
sulation around the mass if possible. In that
way the captured heat would be put to best
use. Any amount of insulation will increase
the benefit gained from heat retention, but
it's great if an oven has-an insulative cover
with a rating of R-10 or better.

High-Muass Heating Stove

The great advantage of retained heat ovens is
that after the mass is sufficiently warm, the
chimney can be completely closed. With the
door closed as well, heat is not lost up the
chimney. Keeping heat in the oven can im.
prove the efficiency. In practice, however it
is first necessary to remove all coals and po-
tentially smoldering material since smoke
will ruin the bread and possibly leak into the
room. Sweeping out the burning fragments is
4 messy job. But it should be remembered that
completely shutting down the draft while
continuing to cook is possible only in retained
heat ovens.
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The Effect of Temperature on the Passage of Heat
throwgh Inswulation

The spring '99 class at Aprovecho designed a
"best case” retained-heat oven and started
building the prototype, It has 72 square feet
of surface area where heat rubs against the
mass to lower exit temperatures out of the
chimney. As a rule of thumb, it takes at least
75 square feet of exposed mass surface ares
to adequately absorb the heat from a fire 1.8
to lower temperatures from around 2,300 de-
grecs Fahrenheit (the temperature of yellow
flame) down to minimum exit lemperatures
of around 250 degrees Fahrenheit. The
student’s oven is insulated to R-40 so that the
heat isn't lost very quickly. Air is preheated
as it is pushed by a small fan to aid in the
combustion process, |
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Sumimer ‘99 Best Case High-Mass Bread Oyen
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in a fuel-efficient retained-heat oven we have
to design in the right amount of mass. If we
use too much mass we will have to waste Btu's
to raise more mass than necessary up to bak-
ing temperatures The oven stays warm
longer than necessary. The thermal load (the
amount of food we wish to cook) needs to be
matched to the amount of retained heat. Con-
versely, if we use too little mass there won't
be enough retained heat at baking tempera-
tures to cook the bread. Heat below 350 de-
grees F. starts to be too cold for normal bread
baking, Heat at greater than 450 degrees will
usually start to burn bread.

As a rule of thumb, most materials used for
mass in stoves will hold about .2 Btu's of heat
for each degree of temperature rise (Fahrenhet),
Our tests show that it takes something like
350 Bru's per pound to bake bread. Aprovecho
has an average of 25 daily mouths, firmly at-
tached to souls clamoring for knowledge, who
also lust for bread.

Using these formulas, let's practice together
and design a bread oven that will retain
enough heat (at a temperature baetween 350
and 450 degrees ) to bake 12 Joaves of bread.
Only the heat at the correct temperature helps
in baking bread, Each loaf weighs two pounds.

1. 24 pounds of bread will require 8400 Btu's
of heat energy tobake. (24 pounds x 330 Btu's/
pound = 8400 Btu's.)

2. A 100-degree temperature rise (350 to 450
F.}in one pound of earth or brick stores ahout
20 Btu's. (100 degrees F/ pound x .2 Btu's’
degree E = 20 Btu's/pound.)

3. Dividing 8400 by 20, we find that we need
approximately 420 pounds of thermal mass
to store the amount of needed heat. (8400
Btu's + 20 Btu's/pound = 420 pounds.)

In other words, the heat needed (8400 Btu's)

to bake 24 pounds of bread will be released
when 420 pounds of thermal mass drops in
temperature from 450 degrees to 350 degrees F

This heat must be well insulated go that it is
forced into the bread instead of lost while
heating cooler exterior air, The efficiency of
heat transfer to the mass will, in large part,
determine how much fuel is burned to bring
the oven up to temperature. But even in an
insulated convoluted retained-heat oven, the
Btu's required to raise temperatures up o the
point where baking commences are wasted!
Typically, at 350 degrees F and below, the
oven's large store of retained heat is not put
to any useful purpose. Unless the family is
well-organized and ready with a project that
uses a slow oven, all the energy spent in heat-
ing the mass up to 350 degrees F,, while nec-
essary to allow baking to begin, 15 ultimately
lost when the oven cools down.

If the oven is designed to cook a thermal load
of 24 pounds of bread, alot of heat is also left
unused when the chef prepares only 12
pounds. On the other hand, such an oven
cannot bake 48 pounds of bread without a
refiring. Designers usually, therefore, make
very heavy ovens that can handle a lot of
hread. Obviously, if the retained heat and
thermal load are not sized in relation to each
other, fuel efficiency suffers.

[n the same manner, we can imagine that the
amount of thermal mass added into a solar
house probably needs to be sized to the inpul
of sunlight-generated Btu's, if we want unas-
sisted sunlight to heat the house.

Let's leave mass behind for a moment and
consider the low-mass oven in which hot air
directly cooks food.

The air is forced to rub against the inner drum
that forms the oven. Hot air moves in a maze
over the oven, so that, at the end of this cir-

Capturing Heat Twe
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Cuitous route, exit temperatures are relatively
cool. The annulus is created b v splitting an-
other 55-gallon drum lengthwise and sliding
it over the first, leaving a 3/4* gap between
the two drums. The heat passes through this
£4p and rubs against the bottom, sides, and
top of the inner barrel that contains the bread.
]

The Rocket-Stvle Pizza Oven with Big Dooy

The maze is made up of sausage-like sections
of fiberglass bat insulation covered by three
layers of aluminum foil. The Pizza oven is
also well insulated, both around the combus-
tion chamber and the oven itself This oven
is essentially the same as the vertical bread
oven featured in Capituring Heat One. Laying
the oven drum on its side allows us the use of
the reclosable lid as a door, so that a large tray
of pizza can enter. The fire is alsq closer to the
oven than in the vertical Rocket Bread Oven,

This low-mass oven gets up to 400 degrees F,

twenty minutes after the fire is started. Tem-
peratures are controlled by the amount of

sticks inserted into the combustion chamber
Combustion continues only as long as the food
is cooking, and then the fire is extinguished.

Experience shows that a low-mass air-heat-
ing oven is a good match for family-type bak-
ing. The temperature curve in the low-mass
oven 1s almost straight up to the desired tem-
Petature and then straight down as the firs is
extinguished. The stored heat in EVen a per-
fectly insulated retained heat oven is wasted
at both ends of the curve when it's above and
below the desired baking temperature,

There are aficionados of specialty breads who
are sure that retained-heat bread tastes bet-
ter. It may be that for a certain taste a high-
MAss Oven is necessary, But we have Breat
cooks at Aprovecho who make great-tasting
bread, Most bread is baked in regular low-
mass hot-air ovens. Massive ovens seem bet-
ter suited to commereigl situations where the A\
are in constant use. The mass wil] keep the
commercial oven at a very steady temperature,
which is important for product reliability.

However, most families can cope with and
ignore slight imperfections, (Heck, I grew up
in a family!) Because they save fuel, and are
easy to build and fun to use, we can whole-
heartedly recommend low-mass ovens that
heat air that then cooks food. The vertical
oven (Capruring Heat One) and the horizontal
UVEN presented here are variations on a theme.

It's nice to have 3 ready-made big door as in
the Pizza Oven. Bur the original vertical oven
is a great introduction to the wa nders of fuel-
efficient wood-fired ove ns, as well. The Pizza
Oven is slightly more fuel-efficient because
the fire is closer to the bread. The hot flue
gases also follow a more circuitous route
around the inner oven. But for this reason, a
higher chimney is required to reinforce the
draft. Of the two, the Pizza Oven is a bit easier
to build. Give it a try|
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Mow to Build the Pizza Oven

55 GALLON DRUM:

A handle is attached to the removable lid of the 55-gallon drum.

Two shelves are inserted into the 33-gallon drum. We used chicken wire stretched tight
and bolted into the sides of the 33-gallon drum.

A donut made from three layers of aluminum foil wrapped around fiberglass insulation
seals the gap between the 33- and 55-gallon drums.

Long sausages made from three layers of aluminum foil wrapped around fiberglass in-
sulation form the maze through which heat is forced to travel.

A 55-gallon drum split longitudinally covers the top of the oven, protecting the fiber-
glass insulation that lays on top of the oven.

The rocket elbow can be made from 8'-in-diameter stove pipe or elbow.

Capturing Heat Two 15



Cooking Stoves with
Chimneys

hen appropriate technologists be
gan to look at the fuel efficiency of
three-stone fires, an assumption was

made that favored the new stoves they were
introducing. The three-stone fire was viewed
a8 "very wasteful of fuel ™ (Wood Conserving
Cook Stoves, VITA, 1980) Early estimates of
the efficiency of the apen fire were very low,
usually between 3% and 7%.

These estimates can be true of open fires,
which are outside in the wind. But many
peaple either cook inside or protect the fire
from wind. In these cases, the three-stone fire
performs more efficiently. Expert users can
get reasonably high efficiencies from their
home cooking fires.

“Looks to me like a preference for an open fire has a lor more going for it than just the
comservative natwre of tribal societies!” J
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Owr latest Spring 1999 experiments with the
three-stone fire resulted in an average fuel
efficiency of 11.2%. (11.2% of the heat made
it into the pot.) The testers were amateur us
College students who were trying to do their
best. Trained fire operators can usually do
better. Even the amateurs sometimes scored
much higher than their average. The range
of scores in ten tests was from 7.6% to 17.8%

Experts would obviously tend to score in the
higher ranges of efficiency. '

The Advantages of the Open Fire

How can we design a stove that beats the open
fire? First, let's list the advantages of the three-
stone fire when compared to some stoves:

s Mo heat is absorbed into the mass of a stove
body. High-mass stoves can absorb heat that
could have gone into the pot.

« Fire hits the bottom and sometimes the sides
of the pot, exposing a lot of the pot to the heat.

e Sticks can be fed in at the appropriate rate,
assisting complete combustion.

The Amazing Three-Stome Fire

How to Achieve More Compleie
Combustion

Every stove suffers because it has s0me Mass.
But a stove can achieve better combustion
than an open fire. The good stove helps to
make hotter and more efficient fires by do-
ing the following things:

s [nsulates around the fire, A hot fire burns
up more of the combustible gases and pro-
duces less smoke.

o Limits the cool air that lowers temperatures
in the area of combustion.

s Pre-heats the air before it enters the fire.
= Furces the user to meter the fuel.
» Forms a grate out of the sticks of wood.

» A chimney creates draft, assisting combus-
tion.

e Escaping smoke passes through flame and
combusts.

How to Get More of the Heat
Into the Pot

Although flames sometimes touch the pot
pretty efficiently in an open fire, the stove
can improve upon the efficiency of heat
transfer in the following ways:

e Force the heat to contact as much of the
pot as possible. Increase the maximum sur-
face area exposed to hot flue gases. Make
heat rub against the pot's surface.

s insulate around the fire everywhere except
where it touches the pot(s).

« Make the heat contact the pot(s) for aslong
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d ime as possible. Prolong the dwell time.
(5ee the Pizza oven,)

* A greater percentage of the heat enters the
pot if there is as large a difference in tem-
perature as possible between the pot and the
heat source.

It helps if the pot is as conductive as pos-
sible,

* Increase speed of flue gases so they hit the
pot harder.

The Rocket Stove

The Rocket Stove is designed to do all of the
preceding things to both a.] achieve more
complete combustion and b,) force as much
heat into the potas possible. The Rocket stove
attempts to burn up as much smoke as pos-
sible and then uses a skirt to force the hot
flue gases to rub against bath the sides and
the bottom of the pot. The Rocket stove is also
made with low-mass materials if available and
is well insulated, if possible.

Forcing the hot flue gases to rub against the
pot is very important when trying to save fuel,

The Rocket stove, by itself, cleans up a lot of

the smoke from a fire but it is only about as

The Rocker Stove

fuel-efficient as a well-run open fire. In ama-
teur tests conducted in the spring of 1999, the
Rocket stove without a skirt averaged 12.5%
efficiency. (Again, experts can score higher.)

But, when a skirt was added (a simple cylin-
der of metal around the pot, under the
handles) the average amateur efficiency rose
to 23.6%. The skirt is very important for fuel
efficiency. The heat passes through a VEry
small gap, usually 1/8" to 1/4" between the
skirt and the pot and is forced to scrape against
the pot, increasing heat transfer. In tact, fuel
efficiency in a stove is usually much more
affected by heat transfer to the pot than it is
by improving combustion efficie ncy.

A Skirt Grearly Improves Hear Transfer 1o the Por

Stoves with Chimneys

The Rocket stove tries to reduce smoke by
improving combustion, But if people are well-
off enough to afford a chimney, then all
smoke can be removed from the living gquar-
ters.

The old Lorena stove had one great thing go-
ing for it. All of the smoke was transported
from the kitchen in a chimney, Inhaling
smoke is very bad for one's health, so even
though the Lorena wasn't very fuel-efficient,
smoke removal was a great contribution in
and of itself.
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In fact, there are many NGO's including the
world Health Organization who might con-
clude that removal of smoke is more impor-
tant than fuel efficiency. Recent studies con-
firm what has been gbvious for decades. In-
halation of smoke does cause a host of medi-
cal problems including very serious respira-
tory illnesses. Breathing wood smoke is dan-
perous. [t is very important to reduce expo-
sure to smoke, especially for children!

The Mud and Sand Lorena Stove

Prohlems with the I.nrunﬂlih\r-

The Lorena stove was originally designed by
a group of volunteers in Guatemala includ-
ing consultants from Aprovecho. lanto Evans,
a founder of Aprovecho, wrote the book
Lovena: Ouner-Built Stoves published by Vol-
anteers in Asia in 1979, The Lorena contin-
ues to attract friends but there are several
problems in the Lorena design that have been
corrected in later Aprovecho stoves with
chimneys. These problems are:

s The fire directly contacts the very heavy
mass of the stove body, which absorbs heat,
robbing it from the pot.

s The combustion chamber is uninsulated.
The cold walls cool the fire, causing smoke.

s The fire flow path does not intimately touch
the pots, It flows horizontally past the pot,

resulting in poor heat transfer. The walls of
the fire tunnels are uninsulated.

Earth Is Not Good Insulation

Before experimentation proved us wrong,
Aprovecho stove designers thought that earth
was insulation. We did not fully understand
the difference between mass and insulation.
Good insulation is made up of little pockets
of air separated from other tiny pockets of
air by a lightweight, relatively non-conduc-
tive material,

Earth, especially tammed Lorena, doesn't
contain many pockets of air. Good insulation
resists the passage of heat; thermal mass does
the opposite, absorbing heat, Instead of us-
ing sand and clay near the fire now,
Aprovecho designers use natural insulation,
like wood ash. And instead of rushing the fire
past the pots, the new designs force the hot
flue gases to rub against the metal surface,
which greatly increases heat transfer

The retained heat in the stove body does not
assist in cooking since the pot is hotter than
most of the surrounding mass. Once the stove
ahsorbs heat, it is mostly diverted and lost.
For fuel efficiency, it is important 1o insulate
the entire heat flow path.

The Dona Justa Stove

In 1999, Aprovecho was invited to assist two
non-governmental organizations in Honduras
to design and help build a stove that has a
metal griddle covering the stove's top. This
plate of steel is called a *plancha’ in Spanish,
The original Honduran plancha stove was
designed in 1995, with help from Rogerio
Miranda and PROLENA. Stoves like the Dona
Justa have been built in various places around
the world: this type of design is not new.

Capturing Heat Two
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Left: A Hondueran
family enjoys its new
stove,

Tests show that this
stove 1s about 19% effi-
cient, The plancha
griddle is good at trans-
mitting heat to the pots.
The thin metal is a great
conductor of heat. But,
for the same reason,
wherever the plancha is
open to air, where it isn't

The Aprovecho version of the plancha stove — — —

includes a Rocket-type insulated firebox and J | | N
chimney. Hot flue gases are also forced to ITE = - —
pass directly underneath the metal griddle. T i
The following diagram points out the design \‘ Al ";’{ !,;;’FI:-;;% %K;ﬁ’
features of this type of improved plancha L___.l(t , ; ,e,ffﬂfﬁ”;é o
stove named after Dona Justa. (Mrs. Justa _—— ’ﬁ%” ,}:{-?;# o
helped to design, build, and test this stove in = B %fﬁ'ﬂf{?’ = ff
Honduras,) . i

5

Mike Hatfield {far vight) and u-n of Nueva Espevanza, a co-ap in
Homdwras which makes durable srove [sts

The Dona Justa Stove

touching the bottom of
a pot, heat easily leaves
and heats the room in-
stead, However, 19% is
an improvement over
the open fire, and no
smoke should enter the
kitchen. Pots that are
heated on top of the
griddle stay clean,
which is very important
to certain cooks.

The Justa stove does
many of the same
things that the beautiful
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old cast-iron cooking stoves did. These older-
type stoves now cost more than a thousand
dollars in the US. But a Justa stove can Cost
less than 20 dollars to make. We plan to in-
stall this stove and one guite like it in the
kitchens at Aprovecho, reducing our use of
propane.

How to Build Three Variations of
the Dena Justa Stove

The pots can sit on top of the griddle (A), b
placed over holes cut in the eriddle (B}, or be
partially submerged into the eriddle (C).

Doma Justa Stove type ©
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As more of the pot is directly ex posed to heat,
efficiencies rise. The griddle is supported on
top ofa box built from ardinary bric k, Lorena,
or any inexpensive material like adobe, etc.

If the chimney is cement, it can be a part of

the box; supported by four walls, The heavy
chimney is placed behind a wall of brick that
allows hot flue gases to flow unimpeded into.
the bottom of the chimney. See drawing 1.

F ——

L J

;I‘

If the chimney is made from sheet metal it
can rise directly out of a hole cut in the
griddle. See drawing 2.

2. Anicel |
i

Eirr'r_k and-Earthen Stove Bodies

The Honduran stoves use a Rocket combiis.
tion chamber in the shape of an “L" made from
a refractory ceramic which consists of horse
manure, clay, sand, and tree gum. These cy-
lindrical parts can also be made from heavy
steel, black iron pipe, 430 stainless steel, or
refractory cement. The combustion chamber
fits into the mouth of the stove and the two
parts should be made to join without large
gaps. Insulation surrounds the combustinn
chamber, filling small Zaps and preventing
smoka from leaking: See drawing 3,
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The mouth of the combustion chamber con-
tains a shelf, about one third up from the bot-
tom of the cylinder. The purpose of this shelf
is to assist proper feeding of wood into the
fire. The sticks of wood make a grate formed
by stick, air, stick, air, etc. The sticks, as they
burn side by side; create a hot burn, assisting
the combustion of smoke. See drawing 4.

The 1/8"-thick steel griddie will warp unless
angle iron is welded or bolted to the under-
side. The 1-and-1/2" angle iron is secured
around the perimeter of the griddle, inset two
inches from all edges. Ends of the angle iron
should meet and join or closely touch. The
griddle sits on top of the brick walls, but the
angle iron submerges into the wood ash, mak-
ing a seal that
resists smoke
entering the
room.  The
griddle can
also be ce-
mented to the
brick. See
drawing 5.

Insulation fills up the stove, leaving a 3/47
gap under the griddle. The most natural and
least expensive insulation is probably wood
ash. If a sufficient quantity of wood ash is hard
to find, a poorer insulator can fill most of the
stove as long as 6" of wood ash surrounds the
combustion chamber and lies under the
griddle. Poorer insulators (which can also fill
the entire stove, with less optimal results) in-
clude perlite, vermiculite, light pumice rock,
dead coral, charcoal, and dry fluffy carth. See

drawing 6.
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Submerging the pots under the griddle can
double the efficiency of heat transter. We have
done this in two ways, A.) Cut holes in the
griddle into which the pots exactly fit. Use
sheet metal to
create a 1/4" gap
all around the
pots so that the
heat is always in
an insulated en-
vironment. You
can either do a
great job and
keep the heat
from contacting
the griddle, as in
drawing 7, or be
a bit lazy and fol-
low the contour
of the pots in a
more general
fashion, as dem-
onstrated in
drawing 8.
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Method B. uses refractory cement. The cement
is formed around the actual pots to be used.
Wrap the bottom half of the pots in Newspaper
ot other material. A gap of 1/4* will be cre-
ated when cement is pressed around the male
mold. Let cement directly touch the oiled pot
s0 that a smoke-tight fitting is created near
the top of the pot or just under the handles
Adding the mass to the stove does cut back
on efficiency, but the refractory cement will
greatly outlast the sheet metal used in the low-
mass model. See drawing 9,
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There is always variation in an Appropriate
Technology design. One village may insist
that pots stay clean. A village fifty miles away
may need greater fuel efficiency. As explained
above, allowing heat (and soot) to directly
touch pots increases efficiency. Pots can sit
on top of three holes cut into the plancha,
They block smoke from entering the room.
This type of stove is more fuel-efficient than
the closed-griddle Justa because the fire di-
rectly contacts the bottom of the pots. When
the fire travels between pots it can be in in-
sulated tubes and doesn’t lose much heat. We
want to get as much heat as possible into the
pot and nowhere &lse!

The open-hole variation of the Dona Justa
stove can be up to 30% efficient, The effi-
ciency rises a little more when a fourth pot is
exposed to the heat. A four-pot stove absorbs
a bit more of the heat before it is wasted out
of the chimney. But the little amount of re-
maining heat makes for a very low-powered
fourth burner. The fourth burner is really only
good for heating dish water, etc. In our EXpe-
rienae, it is not powerful enough to cook food.

Another important design feature of this
variation, the deflector, directs heat at the
bottorn of the pot. A piece of metal or ceramic
sits in the burner and forces heat up to the
pot, making sure that, unlike the Lorena,
there is improved heat transfer. The deflec:
tor is shown in the following drawing. It sits
inside the second and third burners. The de-
flector substantially raises the overall effi-
ciency of the stove about 6%,
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A More Efficient Dona Justa Variation

A 40%-efficient stove with chimney results
from partially submerging the pots below the
griddle, The heat from the fire is directed at
each pot through a skirt around the pot's sides,
Three pots are tightly fitted into holes cut in
the plancha, If the holes are cut properly,
smoke cannot escape into the kitchen.

A cement plancha can be formed around the
pots, as well. Skirts surround the bottom and
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sides of the pots, under the stovetop, forcing
the heat to contact more of the pot. lf the gap
is optimal (in this case about 1/4") and the
same cross-sectional area 15 maintained (to
assure steady draft) as heat travels past the
sides and bottoms of all three pots, this stove
can reach efficiencies of 40%.

The efficiency of this stove 15 highest because
the greatest amount of heat is striking the
most surface area of the pots.

As in the previous stove, both combustion
chamber and fire flow path are insulated with
wood ash, perlite, vermiculite, or fluffy earth.
The plancha is also thermally isolated from
the heat by insulation.

Eﬁrh ,ﬁ.'?’_
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The Most Efficient Dona Justa-Type Stove

These stoves, the Rocket and the Dona Justa,
demonstrate more or less efficient ways to
help create a reduced-smoke or smoke-free
kitchen. The Rocket stove can be a useful
option if, for economic or other reasons, a
chimney is not going to be used. The stove
with chimney removes the smoke and for that
reason is always preferable. Although the
griddle-type stove, and variations including
sunken pots, have been built and used in the
past, Larry has introduced several features
that are novel and important:

1.) The Rocket elbow assists cleaner and more

complete combustion.

2.) The gap between the pot and skirt is
smaller, forcing heat to rub against the pot.

1) The entire heat flow path is insulated, less-
ening heat absorption into the stove body.

4.) A smaller, well-insulated combustion
chamber allows the use of fewer sticks, since
the fire does not tend to die out as easily

Fuel Efficiency in Stoves

The draft created by the internal Rocket and
external chimney makes it possible to force
the heat through a narrow opening beneath
the second and third pots, increasing the suc-
cess of efforts aimed at heat transfer, Tall
chimneys are a big help when sucking heat
through a circuitous maze of heat exchangers
inside a stove. For example, the deflector in
the burners aims the heat at the pot, It can be
used only when there is sufficient draft

4

Adr Flow in the Most Effictent Doma Justa-Txbe Stove
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Deflectors Force Heat ar the Pots

Forcing heat to contact the sides as well as
the bottoms of the pots dramatically increases
fuel efficiency. Increasing contact to the pot
in the Dona Justa stove increases efficiency
up to around 40%. It makes sense that to get
a large percentage of the heat into the pots it
I8 necessary to expose the maximum pot sur-
face area to hot flue gases,

For better fuel efficiency, insulating the fire
flow path is also essential. Imagine if the fire
flow path were perfectly insulated so that no
heat was lost or absorbed, By exposing suffi-
clent pot surface area to hot flue gases we can
be sure that a very high percentage of the heat
cooks food, Theoretically, we need to leave
only enough heat in the chimney to assure
draft throughout the stove, In this perfect
stove, efficiencies could be over 50%.

Something like 50% of the rest of the heat is
lost because 1.) three normal-sized pots have
insufficient surface area to absorb the released
heat from the fire; 2.) keeping exit tempera-
tures above 250 degrees F. to establish suffi-
cient draft is inherently wasteful; and 3.) heat
15 also lost into the stove body, excess air cools
the fire, combustion is never complete, etc,

The perfect stove would not lose heat into
the stove body. It would be so0 well insulated
that heat would not be lost by conduction,
convection, or radiation, All of this captured
heat would be forced to brush against as large
@ percentage as possible of the surface area

of the pots, efficiently heating them up, unti
the exit temperatures from the chimney wer
very low. Almost all the heat would be in thy
pots, leaving only enough to continue the
draft,

In the real world, perfect insulation is har
to come by. And it may be hard to have people
accept stoves that bury a part of the pot ir
the fire tunnel. For these reasons, even good
stoves with chimneys usually succeed in get
ting only 15% to 30% of the heat into the pots

Using more pots to pull heat from the fire in-
creases efficiencies. However, as mentioned
above, more than three pots are hard to heat.
The fourth pot will warm but it's not likely to
boil. Of course, it's nice to heat wash water
semi-automatically, and the fourth burner is
perfect for low temperature jobs like these.

As mentioned, these stoves can be built with
low-mass ceramic parts. A co-op in Hondu-
ras called Nueva Esperanza makes durable
stove parts from sand, clay, horse manure,
and tree gurmn. Cultures around the world have
developed refractory clay mixtures that stand
up to the heat of flame. Or the internal stove
parts can be made from thick steel pipes, re-
placeable thinner steel, tin cans, 430 stain-
less steel (which holds up in stove use}, etc.

There are also pourable refractory cements
that do not degrade at normal stove tempera-
tures. We find that parts made from this ma-
terial are relatively cheap (20 dollars for a 50-
pound sack), are easy to work with, and have
along life. We don't recommend reducing wall
thickness to less than 1/2"

(Refractory cements are available from North
American Refractories Company, 500 Halle
Building, 1228 Euclid Ave., Cleveland, Chio
44115. Phone: (216) 621-5200.)
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Tamping Refractory Cement isty, the Mold

It is guite, easy to make molds out of card-
board. Or you can usg hig pop bottles or found
ohjects to act as molds. The refractory cemant
pours easily, but it's:best to use a stick to make
sure there are no air bubbles in the casting.
Be careful not to breathe the dry mixture, as
it contains silica. We find that the wet mix-
tupe is easicr on the hands than regular ce-
ment, although it is still advisable to wear
gloves.

The internal stove parts are surrounded by
insulation, which can be wood ash, pumice
rock, perlite, vermiculite, fluffy sail, etc. This
combination makes for a highly insulated
stove. The outer, durable box gan be made
from brick, Lorena, cement block, etc. The
mass of the stove body, is thermally isolated
from the heat of the fire by the insulation.

If the internal. i:.all'u-; ar'ﬂ_' madse, ﬁ':l}m heavy
amounts of Lorena mix, concrete, or signply
mud and clay, then the aoverall efficiency of
the stove will drop considerably due to ab-
sorption of heat into the mass, Even high-mass
stoves, however; will benefit from many of
the design patterns suggested in this chapter.
The low-mass three-burner Justamade from
tin cans averaged 33% efficiency, When we
surrounded it with more than 75 pounds of
concrete, the average efficiency dropped to
24%. Tin cans, however, do not last.

e, U S LT T

It is a good idea to design a stove to achieve
as complete combustion as possible. Even
though chimneys carry smoke out of the
room, that is not a great solution if the smaoke
enters the neighbor's house through the open
doors.and windows. Designing for “complete
combustion” @dlWways seems preferable,

Tb accomplish better combustion Larry insu-
lates around the combustion chamber, uses a
shelf in the fuel magazine, and includes a
Rocket-style chimney above the combustion
chamber. A hot, fierce fire is a clean fire.

Larry also does not include dampers in the
chimney. If a decrease in air is needed it is
better to regulate excess air through the open-
ing into the combustion chamber. Using a
damper is something like regulating air flow
into the car's carburetor by partially blocking
the tailpipe with a potato! It's far better 1o al-
low the proper amount of air. into the carbu-
retor initially. We want a small amount of hot
air contacting the fire at high velocity. A small
opening that aims air at the base of the fire
will keep the fire burning fiercely. Partially
blocking the chimney slows down the airflow,
and is therefore detrimental to clean combus-
tion.

The options and suggestions put forth in this
booklet summarize .a couple of decades of
stove designing and testing. The general un-
derstanding of how stoves work has matured
a lot since the early days of the 1970s. Hope-
fully thege design patterns will come in handy
if vou need a wood-burning cooking stove!
Any of the Justa models are easy to make and
can serve as a primary source for cooking.
Add an oven by building an insulated box
arpund the chimney, on top of the plancha.
For a hotter oven, change the chimney shape
from cylindrical to rectangular and include
as much chimney in the box as possible.
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