Household production of biochar using diverse feedstock (World Agroforestry)

Sustainable Biochar Production Through Agroforestry Systems And Its Application

(Bucny)
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Biochar is a carbon-rich, solid material derived from a wide range of biomass or
organic waste through a thermochemical method. It is an organic charcoal material
that is the final product of pyrolysis, or high-temperature burning of agricultural
biomass without oxygen. Surplus crop residues, agricultural waste, and wood from
sustainable sources are used as feedstock (raw material). Such biochar production is
linked with agroforestry plantation and agriculture to improve soil health and
ensuring sustainable feedstock availability.

Introduction and Background

Intensive cropping systems coupled with monocropping and high usagl.;e of synthetic fertilizers
have led to the degradation of soils and depletion of nutrients directly affecting agricultural
productivity and farmers' income. Farmers in the Balangir district odelsha are facing similar
challenges. To address these issues and promote sustainable farming practices, a biochar
production initiative was introduced by utilizing crop residues and waste material from
forests to produce biochar, a carbon-rich material that enhances soil fertility and soil
structure. The initiative is a part of the Pro-Soil Project of Deutsche Gesellschaft fur
Internationale Zusammenarbeit (GIZ), India and implemented by the International Centre for
Research in Agroforestry (ICRAF). The technology (a kiln for biochar production) and technical
inputs for biochar production were sourced from the Indian Institute of Soil Science, Bhopal.
Biochar is a type of charcoal produced from biomass like agricultural or forest waste or
organic materials through a process caIIedé)yronsis. The application of sustainable biochar
technology in agroforestry systems can lead to better soil structure, increased water
retention, reduced nutrient leaching, and improved crop yields. Moreover, it aids in mitigating
greenhouse gas emissions by locking carbon into soil for an extended period.

In the project region farmers used crop residues such as rice straw, wheat straw and residue
of other crops along with non-usable biomass from local forests, such as branches, twigs, and
leaves, to supplement the feedstock for the pyrolysis. Since the District has large forest areas,
the availability of forest waste is no problem. The biochar produced was applied into existing
crops fields as well as into agroforestry system. Aiming to promote agroforestry, the project
promoted the integration of trees (both fruits and timber) and shrubs into existing agricultural
practices. Agroforestry offers multlple benefits such as improved soil health, biodiversity, and
carbon sequestration. When sustainable biochar production is integrated into these systems,
it can create a sustainable cycle where agricultural waste is converted into biochar, which
then enhances soil fertility and sequesters carbon when added back into the soil.

The project has actively involved women farmers, entre%reneurial youth, and farmers' groups
in the collection, production and application process of biochar thus promoting community
participation and creating awareness about the benefits of biochar.

Implementation
The biochar kiln technology, obtained from the Indian Institute of Soil Science, in Bhopal, is
employed to convert biomass into biochar through pyrolysis. This technology ensures efficient
and controlled Productlon of high-quality biochar. The collected biomass undergoes a
controlled pyrolysis process inside the biochar kiln, where it is burned in the relative absence
of oxygen. Technical specialization during production includes kiln temperature control,
feedstock preparation, and the management of pyrolysis gases to ensure efficient biochar
Broduction. This results in the conversion of biomass into biochar, also leaving behind
ioenergy-rich gases. Quality control measures are implemented to ensure the production of
biochar with olptlmal characteristics, including high carbon content, porosity, and stability.
The Biochar kiln used was designed with the aim to optimize temperature control and ensure
efficient conversion of biomass. An efficient loading mechanism allows easy and controlled
feeding of biomass into the kiln. This ensures a consistent flow of material during the
pyrolysis process. Although local kilns are usually not equipped with temperature control
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mechanisms to regulate the pyrolysis temperature, the temperature in the kilns may
alternatively be regulated through the rate of feeding biomass into the kilns. Such kilns
usually have some safety features and proper ventilation so to prevent accidents.

To implement this technology the ICRAF conducted training sessions for farmers on the proper
preparation and application of biochar. The trainings were focused on the following aspects:
-The collection and drying process for agriculture and forest waste
-The management of operations for the biochar kiln including the loading of raw material
(feedstock) into the kiln, its burning, operation-timing, period check, volumes of raw material
to be fed etc.
-Precautions to be taken during the process
-The quality check of prepared biochar charcoal and the process for pulverizing it
-Dosage recommendations for different crops as per local conditions
-The mixing of biochar with cow dung and cow urine before apBIication
-Anttle%:ation with existing farming practices and the long-term benefits of biochar on soil

ealt

Impact and Knowledge Transfer

The biochar acts as a soil conditioner, enhancing water retention, nutrient availability, and
microbial activity. The benefits and impacts on improved fertility, increased water retention,
and reduced nutrient leaching, lead to higher crop yields and resilience against climate
variability, carbon sequestration aids in reducing greenhouse gas emissions, contributing to
global efforts to combat climate change, and uti izingagricultural residues reduces air
pollution from open burning and provides a sustainable solution for organic waste disposal.
Land users appreciated the enhanced soil productivity and environmental benefits brought by
biochar. Overall, the Sustainable Biochar Production Technology represents a promising
approach in sustainable agriculture and environmental stewardship.

The project team, in collaboration with local agricultural extension services and the Indian
Institute of Soil Science, monitored the impact of biochar application on soil health
parameters. This involved regular soil testing, crop yield assessments and feedback from

articipating farmers. In fact, they also measured the impact of biochar made from different
eedstock (raw materials). Success stories were shared with neighboring communities, public
stakeholders and researchers and encouraged the further adoption of sustainable soil
management practices.

The biochar production initiative in the Balangir District of Odisha in India demonstrates a
sustainable approach to addressing soil health issues using locally available resources.
Through the collaboration between ICRAF and GIZ, this project not only improves soil fertility
but also empowers local communities b% providing them with sustainable solutions for
agricultural challenges. The success of this intervention serves as a model for future

initiatives aimed at promoting environmentally friendly and community-driven approaches to
agriculture.

Biochar ready for application to soil (World Agroforestry)
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The single barrel biochar klin was developed by the Indian Institute of
Soil Sciences in Bhopal (1ISS). The Kiln had already been designed and
commercialised by the IISS. Land users can buy a metallic kiln unit
from the 1ISS or get it fabricated from local fabricators based on the
design specifications suggested in the drawing.

Top view

front view
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Author: Payal Dewangan
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The flowchart provides a step by step guide for biochar production in

the project area by land users
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by the users

By-products not used currently
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The investment towards the purchase of the kiln- and the pulveriser

unit. In the documented project, the investment costs were borne by
the project. Therefore, smallholder farmers may find it difficult to

purchase the hardware units of kiln and pulveriser, given such
investment costs.

1. Purchase of biochar kiln unit (J auztaad eaaugfiCan be done any time during the year but need to be ready before the month of September)
2. Purchase of pulveriser ([] avztaad aaauffiNeed to be purchased once and before the start of biochar production)

JaravacSalunaviadig was na849e (per 200 L capacity)
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1. Collecting the crop residues and forest waste ([ asztaad aaauffiNeeds to be collected and dried before the start of biochar production unit

(September and June))

2. Preparation of Biochar ([ agzcaad aaauffiBefore the sowing of Rabi (winter) and Kharif (summer) seasons (Months of September/October and

June/July))

3. Application of biochar in the field ([ asztaad aaauffDuring the cropping season)

JaravacSalunaudng)Snga was aal5498 (per 200 L capacity)
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For Wood Biochar or Wood Coconut Husk Biochar (WCB), or
Crop Residue Biochar (CRB) the highest grain yield of the
crop was recorded with the highest dose of biochar,
fertilizer, and manure application. Also, it's application
significantly improved the straw yield

- a o
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The application of Wood Biochar or Wood Coconut Husk
Biochar (WCB), or Crop Residue Biochar (CRB) with manure
also significantly improved the quality of the crop
nauwzSnsamaudn

@& ’ «&nén It was found with significantly improved straw yield the
availability of fodder for the livestock also increased
009087 nir=a0

It was observed that the crop in which the application of
A 4 gad) biochar was with the manure and fertilizer, the crop had
better adaptation and standing properties in comparison to
another crop without the application of biochar.
nayAnnavgDas)iify gUzdn v Sa0 aAws
2998y Aannausdn

Qod) 4 AL The yield for the crop in which application was done was
increased which led to an increase in income
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Gunziivaasfuiicon
naugnd / fiufinuf (nav] g29),
(=] @
vheR), siws [ a:u0) goesEy 4 oy Water retention from the soil increased because of the
increase in soil organic matter and carbon content
nay] gesIjuf] ARy
«EDED v @&y The water holding capacity of the water increased leading
to less surface runoff from the field.
nauazifiusay Bk v 09
naaughes)iu
Q& 7 «&nén With an increase in soil organic matter and improved soil
texture the soil moisture increased
naugucg Ry
The semi-arid climate and limited rainfall, combined with
@n2n 7 —— sporadic.and intense monsoons, can lead .tO soil erosion..
When rainfall does occur, it can cause rapid runoff, carrying
away the topsoil due to the lack of vegetation cover or
inadequate soil conservation measures.
S9asy 2gjgausamau]] To
7 The application of biochar with manure and fertilizers not
9039 ki)

only increased the nutrients in the soil but also increased
the nutrient uptake of plants from the soil.

Biochar can act as a soil amendment to moderate soil pH
depending on the initial pH level. Scientifically, biochar
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tends to be pH neutral, so its impact on soil pH depends on
the existing soil condition. The impact of biochar on pH is

b often gradual and depends on various factors like the type
and composition of biochar, soil characteristics and
environmental conditions. Biochar acts more as a buffer,
stabilizing soil pH over time rather than making drastic
immediate changes.
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@020 The plant biomass as well as the vegetative growth of the
plant showed a significant positive reaction to the biochar
application on crops
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8D Resistance of the crop increases with better uptake of K
from the soil. Plants become more resistant to disease and
pests.
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The benefits of technology to soil health, crop productivity and crop quality is much higher than the cost of establishment and maintenance
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Refinements in pyrolysis methods and technologies to produce biochar
with specific characteristics suited to diverse soil types and climate
conditions. This includes adjusting temperature, duration, and
feedstock to optimize biochar properties like porosity and water
retention capacity. Innovations in application techniques to improve
the efficiency and effectiveness of biochar incorporation into
agricultural systems. This involves exploring precision application
methods, such as localized placement or mixing with organic
amendments, to ensure better distribution and utilization of biochar
in the root zone. Emphasis on integrating biochar technology into
climate-smart agricultural practices, focusing on sustainable
intensification while adapting to changing climatic conditions. This
involves promoting practices that enhance resilience to drought,
water conservation and soil fertility improvement.
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The soil moisture, soil texture, water retention and water-holding
capacity of the soil increases. The uptake of nutrients increases
which leads to less application of fertilizers in the field

There was an increase in crop yield, straw yield, vegetative mass
growth, more grains or fruits per plant, and fewer pests & disease
attacks on the plants were noticed

The better use of crop residue from the field increase the soil
fertility and promoted better crop growth
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The use of biochar helps to combat the climate crisis by
sequestering atmospheric carbon into soil as well as processing
agricultural and other waste into useful clean energy

The application of biochar significantly changes the soil's
properties (texture, porosity, bulk density, particle density,
surface area, pore size distribution, cation exchange capacity, pH,
and water-holding capacity) which, directly influence plant growth
High porosity and a large surface area of biochar provide space for
micro-organisms that are beneficial for the soil and help in binding
important anions and cations, improving soil health and
enhancing crop productivity

Reduced nitrous oxide and methane emissions when biochar is
applied to the soil

2099y / Scde / noawd§): finFsuywus) 299dfuatEnty
Stinauchtecualn

Need large quantities of wood and crop residue for biochar
production on a larger scale A better planning for crop residue
management and access to communities to collect forest waste
from forest can easily address this problem

Exploring alternative biomass sources like agricultural residues,
crop waste, or dedicated energy crops can reduce reliance on
wood or coconut shells, promoting sustainable sourcing. Also,
advancements in pyrolysis technologies to optimize biochar
production from smaller quantities of biomass, improving
efficiency and reducing the overall demand.

Do not have knowledge about how this biochar can be sold in the
market for additional income Creating more awareness among the
farmers about biochar will create a market demand for it.

Conducting market assessments and creating awareness among
potential buyers about the benefits of biochar for soil
improvement, carbon sequestration, and agricultural productivity.
Exploring the development of value-added products or
applications derived from biochar, such as soil amendments,
filtration systems, or compost blends, to diversify market
opportunities.

an99y / 2.3 / nowd§): hnFsusywus) 29)tfdsusyy
ts93tinaucitecualn

The availability of suitable wood and coconut for biochar
production can be limited, and there may be competition between
biochar production and other uses of biomass, such as food and
fuel production The innovation in technology where biochar can
be produced with lesser amount of feedstock will be a great
solution

If not managed sustainably, the production of biomass feedstock
for biochar can lead to deforestation or the conversion of natural
ecosystems into monoculture plantations, which can have
negative ecological consequences The promotion of agro-forestry
is important to ensure the availability of feed stock while also
ensuring the increased coverage of forest.

The training of land users and other stakeholders around
sustainable biochar production.
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naudivuavaauazajn Lunaudyy 299 WOCAT

https://qcat.wocat.net/lo/wocat/technologies/view/technologies_6735/
380 shttps://player.vimeo.com/video/288

SyunaucdautogZyunauiunsgnaunatEivcuududy
Approaches: Developing professional standards in the installation, maintenance and management of pump units
https://qcat.wocat.net/lo/wocat/approaches/view/approaches_2515/

cannsFau chutidsauossnaaudsaantay

Ssnady
e Deutsche Gesellschaft fiir Internationale Zusammenarbeit (GIZ) GmbH (GIZ) - tduaziiv
e Ecociate Consultants (Ecociate Consultants) - 8utng
e International Centre for Research in Agroforestry (ICRAF) - téiuela
0 epaw
e Soil protection and rehabilitation for food security (ProSo(i)l)

nayuSagSgtiTasiu

e Bl publication at International Biochar Initiative: https://biochar-international.org/resources/ibi-publications/
c3sutegiiv Byunagy tinJoSagid

e About Balangir District: https://balangir.nic.in/about-district/

e Water Resources of Balangir District (Minor Irrigation Division, Balangir): https://balangir.nic.in/water-resources/

e Senior Geologist, Ground Water Survey & Investigation Division, Balangir:
https://www.rtiodisha.gov.in/Pages/printAllManual/office_id:2710/lang:

This work is licensed under Creative Commons Attribution-NonCommercial-ShareaAlike 4.0
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