North Vietnam Villages Lead the Way in the Use of Biochar;
Building on an Indigenous Knowledge Base
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Despite Vietnam’s rapid economic transition over recent
years, the vast majority of the country’s .
rural population relies on fuel wood for lighting, heating, g -

and cooking. Minorities in Vietham make up about 14
percent of the population, but account for 44 percent of
the country’s poor (CARE project document 2010).The
majority of ethnic minorities live in Vietnam’s highlands,
particularly in the north and many grow rice as their
staple crop. Households that have buffalo or cows
collect most of the rice straw as animal feed, while
others collect the straw for use as a fuel. Most of the
stubble is burnt in spring although some farmers burn
during the winter. The burning emits a large amount of
smoke; a small amount of biochar and ash are also
produced, which remains in the field.

Crops burned in the field

A group of stove experts and researchers working with

CARE Vietnam are looking at how to
improve soil health while reducing the
amount of indoor and outdoor pollution from
smoke. They are working on a project in two
mountainous provinces in northern Vietnam,
Thai Nguyen and Thanh Hoa—both with
high ethnic minority populations. The overall
objective of this project is to contribute to

sustainable rural development in the upland
areas of Vietham by simultaneously

addressing energy, poverty, and
soil degradation constraints,
contributing to national policies on
poverty reduction, deforestation,
and rural advancement. Partners
in the project include CARE
Denmark/Vietnam (assistance
with selection of stove test models,
project management, and
funding); Population, Environment

and Development Centre (PED)
(production and testing of stoves

Soaking wood in ponds to create mineral-rich firewood

and baseline survey); Soil Fertilizer
Research Institute and the University of Thai Nguyen (biochar production and testing); the
women’s union and farmers union in Thai Nguyen and Thanh Hoa; Cornell University; and the
University of NSW, Australia. Funding is provided by the Energy and Environment Partnership
(EEP) for Mekong, Government of Finland, and CARE Denmark.

In the project areas, soil erosion and leaching are severe due to high annual rainfall, which
causes soil degradation, especially on the light texture soils found on slopes. Consequently,
Acrisols are usually recognized as “problem soils” with limitations such as low soil nutrient



contents and fertility (Care Project
Document 2010). Firewood collection
is the responsibility of women and
children which can be very time
consuming and sometimes costly for
rural families. From interviews with a
selection of households in Bac Kan
province in the north, CARE found
that women spent between one and
three hours per day collecting wood.

Cooking time ranged from three to
eight hours per day depending on PR
whether the household was cooking food for livestock in  #5gise
addition to food for the family. Most households use a
very simple iron stand to cook their food. The smoke

coming from the open fire is used to dry and preserve
crops.
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Rice straw biochar (left); wood biochar (right)

To ensure that fuel wood burns efficiently in an open fire,
some households have developed a technique of
soaking wood and bamboo in the clay and mineral rich

sludge at the bottom of ponds on the edge of rice S oo Nyl
paddies. The wood and bamboo is left for up to a year External Surface of biochar from
before it is taken out and air dried. This layer of wood soaked in pond. High mineral
minerals that remains on the wood and bamboo has content of clay, Si, K, and some Ca,
the effect of reducing the volume of volatiles from Mg and P

heating that are liberated at any one time, and
promotes combustion around the wood. One woman
noted that by aging the wood in this way, her fire was
stronger and cleaner. A relatively large amount of
biochar and ash is actually produced using this type of
mineral-enriched wood, which is then used in home
gardens to grow vegetables. For over 40 years,
villagers have combined the ash/biochar residue with
NPK fertilizer and added it to fields. Examination of the
biochar produced from this process, using a scanning
electron microscope indicates that the minerals have
attached to the surface of and bonded in the pores of
the biochar. Village women interviewed understood
the advantages of using biochar and had an interest in
producing better quality and larger quantities of
biochar from the rice straw field residue and from

the available stock of bamboo, rice husks, tea
clippings, and wood.
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Testing the three stoves against the
traditional stove

The original concept of the project was to purchase
stoves from overseas and distribute them to 400
households to try to increase the amount of biochar
produced by each household, and then test this
biochar in home gardens and fields. However initial
trials in the area using three different stove models
purchased from India strongly indicated that these
stoves were not appropriate for the locally available
fuel and cooking procedures. Three new biochar
cookstoves were designed and built at a small metal
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working shop using simple hand tools. These designs were based the experience of Mr. Khoi of
PED with improved cookstove design and implementation in Vietham and on research work that
had been undertaken at Cornell University by Dr. Stephen Joseph, Dorisel Torres, and Dr.
Elizabeth Fisher. Initial testing at a local workshop indicated high efficiency, but due to a lack of
sophisticated metal working equipment, some pyrolysis gas leakage was detected.
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The team tested the three new
stoves at Binh Thanh commune
with a controlled cooking test. At
the start of the test the women
were given the same amount and
type of fuel and food and were
requested to cook rice, pork and a
vegetable soup. A mixture of rice
straw, rice husks, and bamboo
was used in the pyrolysis
chamber of the stove. The results
of these tests are given in table 1.
The most efficient and fastest
stove was DK-B1 which used
approximately 60% less fuel than the
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DK-B1 Stove

open fire and produced approximately 190 g biochar. Preliminary analysis of the flue gas from the
three stoves was taken using a Scout portable gas analyzer during the initial water boiling stage
of the rice cooking and the initial results are encouraging.

DK-B3 DK-B2 DK-B1 open fire
The amount of used wood (gram) 1235 970 955 2000
The amount of used biomass (gram) 600 960 965 730
The biochar (gram) 105 185 190 315
Total weight wood - 1.5x total weight biochar 1078 693 670 1528
Total weight of food (gram) 1850 1850 1850 1850
Total weight food/total weight wood 1.50 1.91 1.94 0.93
Total time for cooking rice to simmer(minutes) 30.00 34.00 29.00 32.00
Table 1: Results of the Trials
Rocket Stove Open fire
Open Fire Kenya |Kenya DK-B1 Vietnam

Total weight of food (gram) 1850 1850 1850 1850
Total weight food/total weight wood 1.4 2.061 1.94 0.93

Table 2: Comparison of DK-B1 with Rocket stove and open fire (Aitkens et al (2010) Energy
for Sustainable Development 14, pp 186-193)

After the trials the women were asked to provide feedback on the three stoves. Overall, the
feedback highlighted that the DK models were able to concentrate and keep heat much better
than the traditional stove (and were less smoky), but some participants thought that they looked




unwieldy and also commented on the stricter requirements for a uniform fuel size.

Based on this feedback, PED has made
design modifications to the DK-B1 stove. To
ensure that pyrolysis gases don't escape
before they are combusted, PED has built a
sheet metal roller/former to produce a stove
that emits no smoke from the top.
Preliminary testing of the modified stove will
be carried out in approximately 20
households in February 2012, and if
necessary, further modifications to the
design will be made before building 400
more units.

Application of biochar made from stoves to
rice paddies had been p|anned to Rollers and components for DK-B4
commence in early February, 2012.

However, due to the delay in the stove development, the team
decided to build a field drum oven pyrolyzer that could utilize rice
straw as well as rice husks. The team chose a version of a TLUD
oven developed by a farmer/engineer in Australia, Mr. Dieter
Horstmann. This unit had been run successfully with wood,
bamboo, and shells and consists of a drum with holes in the
bottom and holes in the top lid.

When the unit was initially used with straw as the feedstock, it
produced a large amount of smoke. Mr. Khoi suggested putting an
internal air pipe in the unit and increasing the air supply at the top
of the drum. This addition helped with air supply, but the
temperature in the chamber rose to over 750C and the biochar
yields of the straw was less than 20%. Dr. Joseph then suggested
a strategy of coating the straw in lime and clay (similar to aging the
wood in the pond), layering the straw, rice husk, and bamboo in
the drum and moderating the temperature by spraying a small
amount of water through the top hole into the flame. This worked
well, with the biochar yield increasing to approximately 37% and
the temperature being maintained between 400-500°C. When
flaming pyrolysis was completed, the air at the bottom was shut off
and the biomass continued to char for another hour. At the end of
the charring process (about 90 minutes total), water was sprayed
into the unit and the lid removed.

TLUD drum oven
operating in a rice paddy

Preliminary gas analysis was carried out and it was found that
emissions of smoke were minimal and CO/CO, molar ratio was
less than a third of that reported for open field burning (see table 3 below). More comprehensive
testing is required to quantify the reduction in pollution.




1. Average gas composition during the flaming phase
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CO Emissions low compared to Field and forest burning

Comments ACO/ACO; %

Darley, 1966 Agriculural waste 54 (3-16)
Boubel, 1969 Swhbble fields, Sraw 6.6 (3-16)
Cruzen et al., 1979 Forest fires 124
(11-14)

19.9

(16-25)

Greenberg ot al., 1084 Cormrado (grassland), 11.9
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Table 3 Emissions Comparison

Members of the village women’s union volunteered
to learn how to operate the oven and to provide
feedback. The oven operation was carried out
without difficulty and the villagers saw no problems
making the biochar themselves. Following the
successful demonstration of the unit, another 5
ovens were built and local women produced
approximately 2000 kilograms of biochar over a two
week period. Some of the biochar was mixed with
animal manure to make compost and field trials will
commence in February. The project is now looking
to increase production of the units to produce
enough biochar for field testing. For more
information on this project, please contact Morten
Fauerby Thomsen (morten@care.org.vn) or
Stephen Joseph (joey.stephen@gmail.com).
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Women’s group manufacturing
biochar




Operating Instructions for the TLUD Oven

Prepare the feedstock Flace staw fen Make sure steel skirt
Put a thin layer of slurry Ece Eusb‘s thzn around bottom of

of clay and lime on the amboo/won i

straw . Cut wood and In layers about 20cm g:r:ltr: Lsoﬁqpeeir:]*.io allow
Bamboo to fit across high Light fire.

the drum

Cutting air off

Testing Quallty of Char



