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Glossary 

Activated charcoal: Charcoal that has been heated or otherwise treated to increase its 

adsorptive power. 

Adsorption: The adhesion of atoms, ions, or molecules from a gas, liquid, or 

dissolved solid to a surface. This process creates a film of the 

adsorbate on the surface of the adsorbent. 

Ammonium ion: A chemical with the symbol H4N. The ammonium ion is generated 

when ammonia, a weak base, reacts with Brønsted acids 

Biochar Based Fertilizers: Fertilizers that are made with biochar with added nutrients similar to 

chemical fertilizers (NPK). 

Calcium: A chemical element with symbol Ca and atomic number 20. Calcium is 

a soft gray Group 2 alkaline earth metal, fifth-most-abundant element by 

mass in the Earth's crust. 

Carbon Monoxide: A colourless, odourless, and tasteless gas that is slightly less dense 

than air. It is toxic to people and animals in certain quantities. 

Carbon Sequestration: A natural or artificial process by which carbon dioxide is removed from 

the atmosphere and held in solid or liquid form. 

Cation Exchange Capacity: The total capacity of a soil to hold exchangeable cations. CEC is an 

inherent soil characteristic and is difficult to alter significantly. It 

influences the soil's ability to hold onto essential nutrients and provides 

a buffer against soil acidification. 

Chemisorption: Adsorption in which the adsorbed substance is held by chemical bonds 

Co-adsorption:   The adsorption of multiple substances at the same time. 

Desorption: A phenomenon whereby a substance is released from or through a 

surface. The process is the opposite of sorption (that is, either 

adsorption or absorption). 

Magnesium: A chemical element with symbol Mg and atomic number 12. It is a shiny 

gray solid which bears a close physical resemblance to the other five 

elements in Group 2. 

Nitrogen: A chemical element with symbol N and atomic number 7. It is the 

lightest pnictogen (the nitrogen group of elements) and at room 

temperature, it is a transparent, odourless diatomic gas. 

Non-Methane Volatile 

Organic Compounds: 

A large variety of chemically different compounds, such as benzene, 

ethanol, formaldehyde, cyclohexane, 1,1,1-trichloroethane or acetone. 

Nutrients Holding Capacity: The ability to absorb and retain nutrients so they will be available to the 
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roots. 

Phosphorus: A chemical element with symbol P and atomic number 15. As an 

element, phosphorus exists in two major forms—white phosphorus and 

red phosphorus 

Polycyclic Aromatic 

Hydrocarbons: 

A group of more than 100 different chemicals that are released from 

burning coal, oil, gasoline, trash, tobacco, wood, or other organic 

substances such as charcoal-broiled meat. 

Potassium: A chemical element with symbol K and atomic number 19. It was first 

isolated from potash, the ashes of plants, from which its name derives. 

Products of Incomplete 

Combustion: 

Incomplete combustion occurs when the supply of air or oxygen is poor. 

Water is still produced, but carbon monoxide and carbon are produced 

instead of carbon dioxide. The carbon is released as soot. 

Pyrolysis: A thermochemical decomposition of organic material at elevated 

temperatures in the absence of oxygen (or any halogen). It involves the 

simultaneous change of chemical composition and physical phase, and 

is irreversible. The word is coined from the Greek-derived elements 

pyro "fire" and lysis "separating". 

Scanning Electron 

Microscope Images: 

A type of electron microscope that produces images of a sample by 

scanning it with a focused beam of electrons. The electrons interact 

with atoms in the sample, producing various signals that contain 

information about the sample's surface topography and composition. 

Sodium: Aa chemical element with symbol Na and atomic number 11. It is a soft, 

silver-white, highly reactive metal. 

Syngas: Syngas, or synthesis gas, is a fuel gas mixture consisting primarily of 

hydrogen, carbon monoxide, and very often some carbon dioxide. 

Syngas is produced by gasification of a carbon containing fuel to a 

gaseous product. 

Soil Organic Carbon: Organic carbon enters the soil through the decomposition of plant and 

animal residues, root exudates, living and dead microorganisms, and 

soil biota. Soil Organic Carbon is the organic fraction of soil exclusive of 

non-decomposed plant and animal residues. 

Total Organic Carbon: The amount of carbon found in an organic compound and is often used 

as a non-specific indicator of water quality or cleanliness of 

pharmaceutical manufacturing equipment. 

Total Suspended Particulate: A regulatory measure of the mass concentration of particulate matter in 

community air. 

Volatile Organic Compounds A large group of carbon-based chemicals that easily evaporate at room 

temperature. While most people can smell high levels of some VOCs, 

other VOCs have no odour. 
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Executive Summary 

1. TA-7984 NEP: Mainstreaming Climate Change Risk Management in Development - Sustainable 

Rural Ecology for Green Growth (44168-012) was a 2 year (July 2014 to August 2016) technical 

assistance project between the Government of the Federal Republic of Nepal (GoN) and the Asian 

Development Bank (ADB) financed by the Nordic Development Fund (NDF). The Executing Agency 

(EA) was the Ministry of Agriculture Development (MOAD) and the two Implementing Agencies (IAs) 

were the Nepal Agricultural Research Council (NARC) and the Nepal Academy of Science and 

Technology (NAST). ADB was responsible for administering the project. Landell Mills Limited from the 

UK was the technical assistance service provider (contractor).  

2. The main focus of the project was to assess the viability for scale-up of the utilisation of biochar 

as a strategy for addressing climate mitigation and for improving soil health, fertility and plant 

productivity, and resulting farm income, while reducing the import of carbon-intensive agri-inputs. 

Evidence from numerous field trials shows that urine-enriched biochar utilisation can indeed improve 

crop yields and farm incomes in Nepal in a climate-friendly manner. Findings on best practise to 

maximise impact were as follows: 

 The most appropriate technology for biochar production at the farm-level in Nepal is the soil pit Kon-

Tiki flame curtain kiln. Benefits include high-quality biochar production, low emissions, no need for 

start-up fuel, fast pyrolysis time and, importantly, easy and cheap construction and operation, with 

no initial capital investment except labour. The technology is thus affordable for small-scale farmers 

in Nepal; 

 Eupatorium spp. was identified as one of the most effective feedstock for the preparation of biochar 

in the context of Nepal. Eupatorium (having the local name “Banmara” – forest killer) is an invasive 

plant species (forest killer) commonly found in forest provinces, farm uplands/lowlands and river 

banks. Moreover, Eupatorium is naturally regenerated; hence, biochar can be sustainably produced 

every year. However, depending on the feedstock availability in different regions of Nepal, other 

available feedstock –especially animal feed leftovers and crop wastes – are equally suitable for 

biochar production; 

 To maximise crop yields from biochar utilisation, it is recommended to first enrich the biochar with 

animal urine (e.g. from cattle), by for example soaking the biochar in animal manure (urine 

recovery) pits, and mixing with compost. Urine was found to be more effective than mineral NPK in 

enriching biochar. The resulting biochar-urine blend becomes a broad band fertilizer containing 10 

kg of nitrogen and 10 kg of potassium per m3 of biochar. A farmer who owns two cows can produce 

7 to 10 m3 of organic biochar-fertilizer per year. This amount of organic fertilizer contains 120 kg of 

Nitrogen with a value of more than 10,000 NRs, sufficient for the annual fertilization of half a 

hectare, the average field size of a Nepali farm; 

 When applying the biochar to crops, the most effective method is root zone application. 

3. Benefits and opportunities from this recommended biochar method include the following: 

 Yield increases were observed in field trials for all crops tested, ranging from 20% (tomato) to 70% 

(tea), 200% (cabbage, chilli), and even up to 300% (pumpkin). On average, yield increases were 

119% across all crops (based on 103 field trials) compared to traditional farmer practise; 

 While yield increases were observed to be higher in degraded soils, yield increases were also 

experienced in fertile soils, and across the three main agro-climatic zones; 
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 While biochar-based fertilisers have a cost in terms of the NPK value, labour requirements to fetch 

fuelwood…etc (assessed as between NRs. 13.25 to NRs. 13.75 per kg (130 to 140 USD per ton)), 

the cost is lower than importing chemical fertilisers. With additional yield increases, farmers on the 

field trials experienced higher gross margins, which translate into increased farm income. 

Incremental profit increases ranged from NRs 43,000 / ha for potato to 550,000 / ha for cabbage; 

 The waste heat from biochar production can be used for other purposes such as tea leaf drying and 

distillation for essential oils which provides an additional benefit to farmers; 

 Biochar is applied as a soil amendment and helps improve the soil quality over a long period of 

time. By itself biochar contains insignificant quantities of plant nutrients such as N, P, K and less 

than 1 percent of agricultural lime (CaCO3) although some variations in nutrient contents may be 

accounted for by the type of feedstock used. The main contribution of biochar is to enhance the 

efficiency of nutrient up-take by plants and improve soil quality; 

 Biochar-based (organic) fertilisers offer a route to promote the scale-up of the production of organic 

products, which can attract price premiums (and of course bring health benefits), but which has to 

date been constrained by low yields. Furthermore, biochar development is supported by 

government which has made the improvement of soil health and the development of organic 

farming a priority; 

 Environmentally, the use of biochar has a number of benefits. The current imbalance in the world’s 
carbon and nitrogen cycle is not just the main cause of climate change, but also a direct threat to 

ecosystems through eutrophication (through nutrient run-off), desertification (through declining soil 

health) and a decline in biodiversity. Re-balancing through regular recycling of organic material with 

its high carbon, nitrogen and phosphorus content is needed. Biochar has the potential to play a key 

role, as it not only converts the carbon found in a wide range of biomasses into a stable form, but 

also binds volatile nutrients from biomass residues, thereby recycling them for agricultural use. 

Overall, the average Nepali farmer could annually sequester the equivalent of at least 3t CO2-e 

when implementing the proposed biochar system.  

4. While biochar utilisation presents a significant opportunity to increase farm incomes in Nepal, 

and elsewhere in the developing world, in a climate-friendly manner, a number of constraints need to be 

overcome to facilitate wide spread use (scale-up). These include the following: 

 The short labour supply in rural Nepal. Considering the labour requirements to support even the 

modest application rate of less than 2 tons per hectare, farmers will likely be applying biochar 

selectively on high value crops such as vegetables, even though yield increases are observed for 

staples such as rice; 

 The competing uses for charcoal (for cooking, brick production, iron melting and electricity), 

particularly when such uses present a low risk against utilising it for crop production which is a new, 

and thus potentially risky, technique for farmers; 

 In places where shrubs such as Eupatorium are not available, the competing use of crop residues 

as animal feed; 

 The lack of capacity within the government extension system to promote the scale-up of biochar 

use; 

 The lack of a certification system for organic farming, allowing farmers to benefit from price 

premiums; 

 The lack of a low cost (in terms of transaction costs) system for obtaining carbon credits; 

 Addition research is needed on the use of biochar as an animal feed additive.  
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5. If farm incomes increase as a result of biochar utilisation, then a number of these constraints 

will disappear. For example, there may be less need for family members to travel to cities for work, and 

farmers will value biochar and feedstock over other competing uses. To encourage scale-up the 

government, with donor support if required, should provide support in the last four constraints listed – in 

particular to leverage the extension system in promoting biochar production and application (which can 

then leverage farmer-to-farmer learning which occurred ‘organically’ in project villages), and in 
developing certification systems for organic farming. More specifically, it is recommended that the 

following initiatives are undertaken: 

6. In the immediate term: 

 The technical biochar manual/guide book produced by NARC, plus the ‘picture booklet’ for use by 
farmers, should be disseminated as widely as possible.  

 Biochar producing technology should be included in the national cattle shed improvement (Bhakaro 

Sudhar) program for 14,000 farmer families (to make use of cow urine recovery). This could be 

started as a pilot to begin with and offers an immediate opportunity for scale-up.  

 To provide justification for public funding into biochar research and extension, NARC or MOAD 

could quantify the agricultural productivity, gross margin, soil health (ecosystem) and fertiliser 

import substitution benefits at a national scale, using data from the farmer field trials and NARC 

trials undertaken by the project, as well as the national greenhouse gas reduction impact (possibly 

by NAST). 

7. In the short-medium term: 

 NARC should be provided with the necessary funding to undertake additional scientific trials to 

establish best practise for additional crops, for different formulations, and across different soils and 

agro-ecological zones will help build the knowledge base for further extension work. Additional trials 

are also needed to test the use of biochar as an animal feed additive. 

 Extension agents (e.g. District Agricultural Development Offices) should be further trained by NARC 

on the production of Kon-Tiki kilns and biochar production and application.  

 Closer co-ordination is required between NARC and extension agents (DOADs) to ensure that 

lessons learned from field trials are applied. 

 MOAD should provide official instructions to the five Regional Directorates and DADOs to include 

biochar production and application as part of their extension messages. Additional budget should 

be provided for DADOs and Agricultural Service Centres to undertake demonstrations, visit 

farmers…etc. The project has shown that once biochar production and utilisation has been 

successfully trialled in a village, it can be scaled-up in that and neighbouring villages through 

farmer-to-farmer exchange.  

 Additional training and equipment is needed for NAST for biochar analysis.  

8. In the longer-term:  

 While not considered a priority, to encourage large-scale commercial production of biochar-based 

fertilisers, which can be sold to farmers rather than them making it themselves, which may help to 

overcome labour supply constraints at the farm household level, incentives could be offered to agri-

businesses to cover ‘early-mover’ risk.  
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 Project Description 1.

 1.1. Background 

9. Nepal is one of the poorest countries in Asia, with GDP per capita (purchase power parity 

figure) of $25001 and over 25% of the population living in poverty, mostly in rural areas2. Agriculture 

contributes 33% of the gross domestic product and two-thirds of the population are engaged in 

agricultural production3, typically low-tech subsistence agriculture. Economically (in terms of net 

production value) crops account for approximately 72.5% of production value, and livestock 25.5%4. 

Rice, maize, wheat, potatoes, sugarcane and lentils are the main crops grown, with vegetable 

production5, which has significantly higher gross margins, also significant6. Most farms follow a mixed 

crop-livestock system with the average farm household owning at least two cows (or buffalo). 

10. Productivity remains one of the lowest in Asia with yields far below the world average7. 

Constraints include: (i) difficult terrain that is vulnerable to climate change and natural disasters such as 

droughts, floods, and landslides; (ii) poor physical infrastructure; (iii) limited access to inputs, output 

markets, and financial services; (iv) a low technology base with weak extension services; (v) a lack of 

land tenure security; and (vi) decreasing soil fertility. 

11. In response to requests from farmers and local service providers for a knowledge solution (i.e. 

demand-driven) – particularly those in drought-prone areas, with poor soil fertility, and with poor access 

to fertilizer - ADB initiated in October 2011 discussions with the Government of Nepal (GON) regarding 

the potential utilization of biochar - as part of an ecosystems approach for rural sustainable growth for 

farmers and ancillary industries which led to the development of this two-year project (July 2014 – June 

2016). The project was aligned with the government’s Agriculture Development Strategy which seeks to 

promote organic and bio-fertilizer at least at the supplementary or complementary level to help sustain 

soil fertility, and with the priority to develop a domestic industry to reduce dependence on foreign 

fertilizer imports and increase self-sufficiency, especially of remote farmers. The project was part of the 

wider Strategic Programme for Climate Resilience (SPCR), contributing to Component 3 of the SPCR – 

Mainstreaming Climate Change Risk Management in Development, as shown in Figure 1 below. 

                                                           

1
 Source: CIA World Factbook, 2015 estimate 

2
 Source: CIA World Factbook, 2011 estimate 

3
 Source: MOAD, Agricultural Year Book, 2014 

4
 Source: FAOSTAT, 2013 data 

5
 Cabbage and cauliflower production being the highest. 

6
 Source: MOAD, Agricultural Year Book, 2014 

7
 For example, rice (paddy) yields are 3.17t/ha, compared to a world average of 4.5t/ha. Average yields in India are 14% 

higher at 3.62t/ha. (Source, FAOSTAT, 2013 data). 
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Figure 1: The Strategic Programme for Climate Resilience 

Climate Investment Fund

Funding Body

Pilot Programme for Climate Resilience (PPCR) Nepal

Strategic Programme for Climate Resiliance  (SPCR)
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Lead Ministry: 
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Donor partner: 
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Building Resilience 

to Climate-Related 

Hazards

Lead Ministries: 

Ministry of 

Agriculture and 

Cooperatives / 

Ministry of 
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Science and 

Technology

Donor partner: WB 

Component 3: 

Mainstreaming 

Climate Change 

Risk Management in 

Development

Lead Ministry: 

Ministry of 

Environment, 

Science and 

Technology

Donor partner: ADB 

Output 1: Climate change risks are integrated into Nepal�s development planning and 

implementation of development projects.

Output 2: Knowledge management tools for climate change are developed and applied.

Output 3: Outputs and lessons from the SPCR and other adaptation programs are managed 

for results and incorporated into Nepal�s climate change programming.

ADB Country 

Partnership 

Strategy 

2020 Strategy  

Component 4: 

Building 

climate-

resilient 

communities 

(administered 

by IFC)

 

 1.2. An Introduction to Biochar and its Benefits 

 1.2.1. What is biochar?  

12. Biochar can be defined as the solid product resulting from the burning (thermochemical 

conversion) of biomass (e.g. wood, manure and crop residues such as rice husks or straw) in the 
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absence of air (oxygen). It is essentially charcoal – the difference being that charcoal is intended to be 

burnt as a fuel (entailing rapid mineralisation to CO2) while biochar is not burnt and used for other 

purposes – particularly as a soil amendment. Hence, biochar must not be used as a fuel since burning 

would simply convert the stable carbon in biochar into CO2 and return it back to the atmosphere.  

13. The precise definition of biochar is still being debated within the international expert community. 

However, for the purpose of this project, we followed the biochar definition of both the International 

Biochar Initiative (IBI) and the European Biochar Certificate (EBC) as containing a minimum of 50% 

stable organic carbon (Corg) and a minimum H/Corg ratio of less than 0.7. 

 1.2.2. Benefits and uses of biochar  

14. In the past decade there has been a huge increase in interest in biochar. Biochar brings 

together a number of critical topics, including removal of CO2 from the atmosphere through the process 

of photosynthesis and long-term storage of stable carbon in soils (on climate change relevant 

timescales, i.e. >100 years), and an improvement in soil health. It is these benefits to soil health, as a 

‘soil amendment’, resulting in increased crop productivity in an environmentally sustainable manner, 

which is of interest to this project.  Biochar has a number of uses, however, in the agricultural sector 

including as an animal feed additive, as will be further explained below. 

Figure 2: Multiple use of biochar products for agricultural productivity 
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 Biochar use for crop production i)

15. It was sometimes considered that biochar is an organic fertiliser (see further discussion in text 

box below). However, in most cases biochar is better thought of as a solid structure sponge. Biochar 

can have a very high internal surface area, varying from 1 m2 per gram to 400 or 500 m2 per gram.  

This is due to the very large number of pores within the biochar, originating from the original structure of 

the plant. Scanning Electron Microscope images (SEMs) show the highly porous structure of biochar – 

as in Figure 3 below.  

   

Figure 3: Images of biochar under microscope 

Scanning Electron Microscope (SEM) image of a Kon-Tiki made biochar from wood (left). A range of 

pore sizes from 1 to 2 µm to 20 to 50 µm can be seen (middle). SEM of rice husk biochar produced by a 

gasifier (right). The rice husk biochar contains about 40 – 45% ash, much of which is silica as well as c. 

35% carbon. The composition and consequent structure is much more heterogeneous than the wood 

biochars. In addition, it can be seen that many pores are packed with material which will influence the 

properties of the biochar 

 

16. When such a highly porous material is incorporated into the soil, it will tend to suck-up water 

and dissolved nutrients and other organic compounds - in technical parlance ‘adsorption’ (when a 

chemical attaches to the surface) or ‘absorption’ (when the chemical is distributed throughout the 

material, as in the case of water taken up by a sponge). In the case of biochar, ammonium ions (NH4+) 

- which are readily available from nitrogeneous fertilisers such as urea and mono or diammonium 

phosphate – form a loose chemical bond with the surfaces of the biochar particles. We can therefore 

think of biochar as a material with a very large internal surface area into which water can penetrate and 

to which a range of ions and minerals useful to plants can bind. Biochar can thus act both as a sponge 

and as a carrier of useful chemicals and organic compounds. This ability to absorb and retain water in 

the soil is especially beneficial in sandy soils that are prone to moisture deficiency during the plant 

growing period, while the absorption/absorption of ions and minerals is beneficial for low-nutrient soils, 

particularly by enhancing the Carbon Exchange Capacity (CEC) of such soils (e.g. sandy soils), 

meaning they have an increased ability to hold onto (retain) essential plant nutrients8.  Biochar has also 

been shown to increase the pH of overly acidic soils9.  

 

 

                                                           

8
 Positively charged cations such as calcium (Ca), magnesium (Mg), sodium (Na) and potassium (K)), as well as 

ammonium ions (NH4+) derived from organic matter such as compost and manures. 
9
 Source: Joseph (et al.) (2013) 
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Is biochar an organic fertiliser? 

The simple answer is no. Organic fertilisers are usually defined as materials which contain a minimum 

of 1% nitrogen (N), 1% phosphorus (P) and 1% potassium (K) – all in plant available forms, with a 

minimum organic matter content of c. 20 - 50% (dry weight). In most cases, biochar is not a fertiliser 

according to this definition, in particular when woody and grassy biomass is used, such as wood from 

trees, shrubs, leaves, bark, wood mill waste, and crop-residues (straws, husks, shells, cobs, stalks, 

etc.) because the nutrient contents tend to be low. When animal waste products are used, however, 

such as cattle manure and poultry litter, the nutrient contents can be much larger in poultry litter and 

cattle manure biochar though it is rather advised to use such nutrient rich feedstocks for composting 

than for the production of biochar. It is important to make a distinction between total available nutrients 

and plant-available nutrients.  

Biochar may contain relatively high amounts of NPK but the extent to which these nutrients are 

available to the plant varies from just a few percent to 80 or 90% in the case of potassium. What is not 

known is how readily nutrients leach out of biochar in real soil conditions. Plant roots and fungal 

hyphae, including mycorrhizae, are known to associate with biochar particles in the soil and to probably 

‘mine’ nutrients within biochar. At the same time, metals such as iron, magnesium and manganese 

precipitate upon the surface of biochar and slowly oxide. Complex chemical reactions have been 

proposed, associated with these organo-metal complexes, providing new hypotheses into how and why 

biochar can influence soil properties, sometimes dramatically. In the case of some biochar made from 

animal waste products, a biochar-mineral biofertiliser is a possible result. 

 

17. Impact of biochar on crop productivity. In the past few years, a number of meta-analyses 

have been undertaken to summarise the impacts of biochar upon crop productivity. These studies tend 

to indicate that biochar soil amendment increases crop productivity by, on average, about 15%, though 

there are instances of negative impacts of biochar upon crop yield.  

18. One limitation of such studies is that they risk mixing up studies undertaken for a wide variety of 

reasons and certainly include poorly-designed and ‘opportunistic’ studies, alongside much more 
focused field trials designed to test specific scientific hypotheses. An example of the latter is the study 

by Haefele et al. (2011) of the impacts of rice husk biochar (RHB) upon three types of rice cultivation, 

two in the Philippines and one in Ubon, NE Thailand. 

19. What the study showed is that RHB only had a significant impact upon rice yields at the site in 

NE Thailand and that the reasons for this were fairly evident. The pH of the sandy Ubon soil was sub-

optimal, the Cation Exchange Capacity (CEC) was very low (c. 1 cmolkg-1) and the hilly site suffered 

from water deficiency as there was no irrigation and the soil was unable to retain moisture. The RHB 

increased the CEC of the Ubon soil by c. 30% (compared to an increase of just a few % at the two sites 

in the Phillippines) which also had irrigation and were in general higher quality soils. The lesson from 

this study is that the application of large quantities of non-nutrient-enhanced biochar will only bring 

benefits where there are special soil constraints or deficiencies which the pure biochar is able to 

overcome (Spokas et al. 2013). i.e. as mentioned above, on sandy soils with low moisture retention, 

and low quality soils with few nutrients, and on acidic soils.   

20. Biochar-based fertilisers. A more recent development has been the development of biochar-

NPK and biochar-biofertilizer pellets or granules. Extensive experience in countries such as China, 
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Vietnam and Cambodia, has shown that a pelletized NPK product has important benefits over 

broadcast fertilisers. This is because the required plant nutrients are located during the final cultivation 

or transplantation close to the root zone (rhizosphere) and the NPK is released more slowly, reducing 

the overall quantities added over the season and reducing labour requirements in broadcasting 

fertilisers.  

21. A series of innovative field trials in China (Agricultural University of Nanjing) have been 

experimenting with NPK-biochar pellets (containing 25% wheat straw biochar, 5% bentonite and 70% 

MAP, Urea and KCl)10. The initial results suggested that even though there is a 25% reduction in NPK, 

rice yields increased by over 35%. A further set of experiments with a range of biochar compound 

fertilisers (mixtures of biochar, compost, NPK and other binders) also showed statistically significant 

yield increases despite reduced synthetic fertiliser additions. Importantly, it is not only on sandy and 

low-nutrient soils that such increases are observed. 

22. Joseph (et al. 2013) provided some reasons why biochar based fertilizers (BBFs) are effective, 

but one credible possibility is that the addition of biochar increases the longevity of the slow release of 

nutrients so increasing overall efficient utilisation of added nitrogen by the plant. The innovative 

prospect is that new BBFs can be developed which not only improve farmer profitability, but also reduce 

the greenhouse gas intensity of agricultural production, while storing carbon in the soil in the long term 

(100s of years), both of which mitigate against anthropogenic climate change.  

23. The economics of using biochar to enhance crop productivity. Too often biochar 

advocates have assumed demand from farmers simply because biochar addition brings benefits to the 

soil, without thinking critically enough about the constraints such as cost per kg, labour requirement, 

and other demands on farmers’ time and costs of hiring labourers, the practicalities of getting biochar 
into the right part of the soil, and so on. In economic parlance, there are always opportunity costs. 

Uncertainty in how to produce biochar and in how to get the best value out of biochar as a mixed bio-

fertiliser or as a BBF has contributed to the difficulty of scaling-up the use of biochar.  

24. Biochar has encountered a ‘chicken-and-egg’ type of problem, whereby without clear evidence 
of efficacy and value-for-money, farmers do not themselves produce or purchase the material, but 

unless there were some initial producers, users and / or buyers it is very difficult to collect and 

aggregate the necessary empirical evidence that are persuasive to the farmers. 

25. Lessons have now been learnt on the need to integrate supply (starting with suitable feedstock 

at the right price, that is harvested sustainably and in the right physico-chemical condition, such as cut 

to the right shape and within the suitable moisture content zone), technology (that is affordable, works 

at the appropriate scale, is durable and reliable, convenient and safe to use and meets the socio-

cultural expectations and preferences of the intended users), blending of the biochar with the other 

appropriate organic and / or inorganic amendments (such as composts, manures, rice husks, straw, 

shells, clays, NPK, etc.) and demonstration of the agronomic value of the biochar and BBF for specific 

crops and management regimes.  

26. In light of this the project has thus looked at the economics (i.e. gross margins) of using biochar 

for farmers in Nepal, as well as productivity increases. By focusing clearly on the needs and 

preferences of the farmers and their families, and their own understanding of the problems they 

encounter with management of their local soils11, in addition to a focus upon the affordability of soil 

                                                           

10
 Source: Joseph (et al.) (2013) 

11
 One study found that Nepalese farmers’ perceptions of the ‘health’ of their soils was confirmed as being largely 

accurate when compared with laboratory-based soil analysis (Dertiez et al., 2004), the key distinguishing features used 
by farmers being: soil characteristics, crop performance, agricultural management, environmental factors and biology. 
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amendment and fertilisers in general (including, crucially, labour constraints in rural areas, especially 

during busy times of the year from an agricultural perspective), the TA has concentrated on piloting 

viable biochar producing equipment (and therefore biochar) and BBF products and value-chains that 

are wanted by farmers.  

27. For the project to succeed it was vital to understand the holistic and resilient approach adopted 

by resource users, such as farmers, who have to cope with multiple uncertainties most of the time – not 

only weather and climate, but volatile availability and prices of fertilisers, seeds, crops, fuels, change in 

government policies, supply-chain logistics such as landslides destroying roads, and so on. The TA’s 
leading question was: What is the ‘field fitness’ of biochar or BBF product into this complex milieu and 

how can the technology and biochar products be modified appropriately so that they meet these 

evolving needs?  

28. To respond to this and find appropriate solutions, an extensive two-way dialogue between the 

TA team and the intended users was vital. Above all, there had to be sufficient benefit to the farmer 

without recourse to highly uncertain factors such as carbon financing.  

29. The holistic and mutual learning approach adopted in this TA also fitted well to the multiple 

ecosystem services that biochar and BBF can provide (e.g. as an animal feed additive as well as a soil 

amendment for crops).  

 Biochar use in the livestock industry ii)

30. Biochar as an addition to animal feed or as a component of animal bedding and liquid manure 

recovery provide important economic, ecologic and health benefits to the animals (better digestion, less 

hoof problems), to the farmers taking care of the animals (less infections, less toxic emissions), and to 

the environment (less nitrate and phosphate leaching, less water contamination, less GHG-emissions).  

31. For example, in Europe, 90% of biochar sales currently go to the animal feed market, as a feed 

additive, where a 1 to 2% biochar addition appears to have important benefits to animal health, while 

also reducing CH4 emissions from ruminants and NH3 emissions from manure. 

32. Biochar has been tested as an important component of rural water filters for liquid manure 

recovery, where sand and gravel media are not able to adsorb synthetic organic compounds such as 

pesticides and herbicides. Liquid manure recovery pits containing biochar have been shown to adsorb 

valuable N and P from bio-slurry. This approach prevents release of excessive N and P into water ways 

(causing eutrophication) and is a passive response to over dilution of cow and pig manure added to bio-

digesters.  

33. As bedding biochar adsorbs perspiration and odours, shields against electromagnetic radiation 

(electrosmog), and removes negative ions from the skin. Moreover, it acts as a thermal insulator 

reflecting heat, thereby enabling more comfortable sleep without any heat build-up in summer. 

 Other uses12 iii)

34. The range of uses for biochar covers a wide range of non-agricultural fields. Wherever biochar 

is used, even for industrial purposes, the carbon taken from the atmosphere in the form of CO2 can be 

stored for long periods or at least used to replace fossil carbon sources. 

35. Two of biochar’s properties are its extremely low thermal conductivity and its ability to absorb 
water up to six times its weight. These properties mean that biochar is a good material for insulating 

                                                           

12
 Journal for terrior-wine and biodiversity, 2008, ISSN 1663-0521 
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buildings and regulating humidity. In combination with clay, but also with lime and cement mortar, 

biochar can be added to sand at a ratio of up to 50%. This creates indoor plasters with excellent 

insulation and breathing properties, able to maintain humidity levels in a room at 45 – 70% in both 

summer and winter. This in turn prevents not just dry air, which can lead to respiratory disorders and 

allergies, but also dampness through air condensing on the outside walls, which can lead to mould 

developing. 

36. Such biochar-mud plaster adsorbs smells and toxins. Alongside their use in housing, biochar-

mud plasters are particularly good for warehouses, factory and agricultural buildings as well as in 

schools and other rooms frequented by people. 

37. Biochar is a very efficient adsorber of electromagnetic radiation, meaning that biochar-mud 

plaster is very good at preventing “electrosmog”. 

38. Biochar can also be applied to the outside walls of a building by jet-spray techniques through 

mixing it with lime. Applied at thicknesses of up to 20 cm, it is a substitute for styrofoam. Houses 

insulated this way become carbon sinks, while at the same time having a more healthy indoor climate. 

Should such a house be demolished at a later date, the biochar-mud plaster can be recycled as a 

valuable compost additive. 

39. There are growing uses of biochar in its use for decontamination including: 

 Soil additive for soil remediation; 

 Soil substrates - highly adsorbing, plantable soil substrates for use in cleaning waste water, in 

particular urban waste water contaminated by heavy metals; 

 A barrier preventing pesticides getting into surface water - the sides of field and ponds can be 

equipped with 30-50 cm deep barriers made of biochar for filtering out pesticides; 

 Treating pond and lake water - biochar is good for adsorbing pesticides and fertilisers, as well as for 

improving water aeration. 

 Treating biogas slurry (for bio-energy). First tests show that, through adding biochar to a fermenter’s 
biomass (especially heterogeneous biomasses), the methane and hydrogen yield is increased, 

while at the same time decreasing CO2 and ammonia emissions (Inthapanya et al. 2012; Kumar et 

al. 1987). Through treating biogas slurry with lacto-ferments and biochar, nutrients are better stored 

and emissions prevented. 

40. New and innovative uses of biochar are being explored and documented on a regular basis.  

 1.3. Expected Impact, Outcome and Deliverables 

41. The expected impact of the project was ‘a more climate resilient and productive rural sector in 

Nepal’.  

42. The expected outcome was ‘technically, economically and environmentally sound climate 

change responsive farming systems ready for scaling up’. 

43. The following sub-components were proposed to help to achieve the outcome: 

 Sub-component 1: Conduct field trials to document Nepalese specific evidence of positive impacts 

of carefully formulated and produced biochars and biochar-compound fertilisers as a soil 

amendment for water stressed and degraded soils by agro-ecological zone. 
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 Sub-component 2: Based on other field data make an estimation of the possible reduction in 

greenhouse gas (N20 and CH4) production and direct capture and storage of carbon in the soil. 

 Sub-component 3: Provide specifications for appropriate feedstock, stoves, ovens/kilns, operation 

and application guidelines for various farm or crop types, ensuring more on-farm energy is 

produced for less fuel wood inputs. 

 Sub-component 4: Socio-economic analysis of the impacts on rural poverty and health of a 

combined biomass-energy production, sustainable agriculture and waste management system 

which reduces greenhouse gas emissions and reliance on imported chemical fertilizers. 

 Sub-component 5: Technical and economic life-cycle analysis suitable for presentation to a lender 

of one rural agri-processing industry (such as a district level rice mill) for feasibility of conversion to 

biomass energy. 

 Sub-component 6: Awareness raising awareness on sustainable rural ecology for green growth. 

44. Put more clearly, the project aimed to: 

 Select appropriate biochar producing technologies and feedstocks, working together with the Nepal 

Agricultural Research Council (NARC) (Sub-component 3); 

 With this technology, conduct farmer field trials and Nepal Agricultural Research Council (NARC) 

field trials (Sub-component 1) in different agro-ecological regions;  

 Assess the results from field trials on yield increases and farmer benefits, reduction in greenhouse 

gases and improved carbon sequestration (with NARC and the Nepal Academy of Science and 

Technology (NAST) (Sub-components 1, 2, 4 and partly 5); 

 Undertake awareness raising and capacity-building to ensure post-project sustainability, and to 

recommend a strategy for further scale-up (Sub-component 6). 

45. Contract deliverables included: the production of reports (inception report, six progress reports, 

draft final report (this report) and a final report); workshops including an inception stakeholder 

workshop, a midterm workshop, and a national workshop; and knowledge products including a 

knowledge product report, a two page bio-brief summary and presentation of lessons learnt. 

46. Project deliverables were further defined through a consultative process with ADB, the EA, and 

the IA during the course of the project. An analysis of progress against requested tasks in the terms of 

reference is included in Appendix 1.  

 1.4. Project Institutional Arrangements 

47. The Contracting Authority for the project was the Asian Development Bank (ADB) with funding 

provided by the Nordic Development Fund (NDF). The Executing Agency (EA) was the Ministry of 

Agriculture Development (MOAD) and the two Implementing Agencies (IAs) were the Nepal Agricultural 

Research Council (NARC) and the Nepal Academy of Science and Technology (NAST). The service 

provider (contractor) was Landell Mills Limited from the UK. 

48. The project worked with MOAD to raise awareness of biochar and its use, and in particular to 

promote the extension of biochar use to farmers through extension agents; with NARC to test biochar 

producing technologies (i.e. kilns), and to undertake research on the impact of biochar on crops and, to 

a lesser extent, livestock productivity, and farm budgets (to calculate gross margins) (which can then 

feed into extension messages by MOAD); and with NAST to test the quality and characteristics of 
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biochar. By working with such institutions in an integrated manner, it was hoped to address the 

constraints at various level of the ‘biochar chain’, thus unlocking the potential for scale-up. 

49. The Ministry of Agriculture Development (MOAD) bears overall responsibility for the growth 

and development of the agriculture sector. Its organisational structure is highlighted below. 

Figure 4: MOAD Organisational Structure 

 

 

50. The public extension system for crop production is led by the Department of Agriculture 

(Agricultural Extension Directorate) in MOAD. While support is provided from central level, 

implementation is devolved to 75 District Agricultural Development Offices (DADOs), under the co-

ordination of five Regional Directorates for Agriculture (which also have a monitoring function), pursuant 

to the decentralization policy of the Government of Nepal and Local Self Governance Act of 1999. 

However, this devolution has remained incomplete. For example, the decision to devolve the sector 

budget from central level to local level has been poorly implemented with the responsibility for the 

expenditures still resting with the central level. While Agriculture Service Centers have been set-up in 

each district (approximately five per district), these are not well resourced, and devolution has not 

reached to the village development committee (VDC) level where face-to-face farmer interaction can 

better take place. This is the weakest link in Nepal's current decentralized extension service. The 

livestock extension system is similar, led by the Department of Livestock Services in the Ministry of 

Livestock Production, with extension services devolved to 75 District Livestock Services Offices. 

51. Extension coverage is not sufficient given the country's difficult terrain, physio-graphic situation, 

limited transport facilities and physical infrastructure. Extension services are generally provided to 

farmer groups, which is an efficient approach. However, coverage of such groups is limited13. Field 

extension agents are loaded with non-extension functions such as collection of agricultural statistics 

and data, transportation of agricultural inputs such as seeds, fertilizers and pesticides, and regulatory 

functions. This is aggravated by the lack of service standards in agricultural extension service delivery 

                                                           

13
 Less than 5% according to statistics for 2009-10 from the Agriculture Extension Directorate. 
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and extension methods. The system is overwhelmingly dominated by norms for expenditures. Key 

indicators for measuring success of agriculture extension service at district and service centres have 

not been defined. Moreover, training on marketing and agribusiness development has been neglected. 

52. In a market economy, extension serviced need not be limited to public sector provision. A 

number of private and not-for-profit organisations have been expanding their role in extension provision 

(including on a fee basis), following the issuance of ‘Guidelines by the Ministry of Agriculture to Involve 

Private and Non-Government Organizations’. Examples such organisations are provided towards the 
end of this section. In the future, extension could also be provided to farmers through embedded 

services offered through contract farming arrangements through agri-business.  

53. There is no separate research department within MOAD. This mandate is given to NARC – see 

further below. 

54. MOAD’s responsibility with regard to the development of biochar use, both as part of its wider 
remit, and as part of the project, would be to train farmers on biochar production, use and its benefits 

through its extension system. As such MOAD would draw on the testing undertaken by NARC for 

biochar production technologies suitable for use at the farm level, and on the testing of various biochar-

based fertiliser combinations for application to various crops in different agro-ecological zones.   

55. The MOAD extension agents have had had little prior experience with training farmers on 

biochar production and application. One of the project’s objectives was thus to ensure MOAD is in a 

better position post-project to train farmers through its extension services.  

56. The Nepal Agriculture Research Council (NARC) conducts agricultural research. It was 

established in 1991 as an autonomous organization under the "Nepal Agriculture Research Council Act 

1991" with the prospect of having an efficient, effective and dynamic agriculture research system in the 

country to uplift the socio-economic level of the people through productivity enhancement by optimal 

use of available means and resources without depletion of the environment. The organization’s 
objectives are: 

 To conduct qualitative studies and research on different aspects of agriculture; 

 To identify the existing problems in agriculture and find out the solution; 

 To assist government in formulation of agricultural policies and strategies. 

57. NARC’s responsibilities include: 

 To conduct qualitative agricultural research required for national agricultural policies; 

 To prioritize studies and research to be conducted; 

 To provide research and consultancy services to clients; 

 To coordinate, monitor and evaluate the agricultural research activities in Nepal; 

 To document the research activities. 

58. Research areas include: cereals and cash crops (rice, maize, wheat, potato, sugarcane, jute 

etc.); horticulture; livestock and animal health; fisheries; pasture and fodder; agro-forestry/farm-forestry; 

soil and irrigation management; botany and bio-technology; entomology, plant pathology and plant 

protection; farming systems; agri extension; agri-economics and marketing; food science; agri ecology 

and environment; socio-economics; and other fields related to agriculture. 

59. Financially NARC receives grants from the government, national and international donor 

agencies and governments, and funds generated from research or consultancy services.  
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Figure 5: Organisational Structure of NARC 

 

60. NARC has 24 research stations scattered across the country covering all of the major agro-

ecological zones. i.e. the terrai (<300m above sea level (masl)), foot hills (300-900 masl) and mid-hills 

(c. 900-2000 masl). Its capacity to undertake research however is limited with many positions vacant. 

The critical mass of scientists needed for multidisciplinary teams does not exist in most centres. Where 

research is undertaken, the benefits are not full realised due to poor linkages with the extension 

service. The recent establishment of Technical Working Groups (comprising extension and research 

staff) at regional and national level is one step to improve this however, although further strengthening 

is needed.  

61. Research into the use of biochar for improving agricultural productivity is fully within NARC’s 
remit (as is testing the NPK properties of biochar). It has tested the properties of biochar before at its 

laboratory in Kathmandu but has no prior experience of undertaking biochar research trials. It has 

therefore not been in a position to advice MOAD on extension messages to farmers – i.e. what biochar 

formulations work and what don’t work in different agro-ecological zones in Nepal, and how biochar 

should be applied. The project intended to address this gap.  

62. The Nepal Academy of Science and Technology (NAST) is an autonomous apex body 

established in 1982 to promote science and technology in the country. The Academy is entrusted with 

four major objectives:  

 advancement of science and technology for all-round development of the nation;  

 preservation and further modernization of indigenous technologies;  

 promotion of research in science and technology;  

 and identification and facilitation of appropriate technology transfer. 
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Figure 6: NAST Organisational Structure 

 

63. NAST programs are conceived and executed by the faculties and the divisions led by senior 

staff of the academy. A number of committees assist in the formulation of policy and scientific activities 

in different areas of science and technology which are then implemented either by the Faculty of 

Science, the Faculty of Technology or one of five divisions.  

64. NAST’s responsibilities with regard to the development of biochar use were somewhat unclear 
at the start of the project, but its mandate is in line with testing the properties of biochar. Such activities 

would be undertaken through the Faculty of Technology which has a small kiln but prior to the project 

has done little in the way of biochar analysis due to lack of funding.  One of the project’s objectives was 
to build capacity of NAST to address these weaknesses so that NAST could be in a position to carry out 

additional testing, post-project.  

65. Other potential stakeholders for the development of biochar use in Nepal include: the Institute 

of Agriculture and Animal Science which could include biochar utilisation as part of its curricula for 

students; Kathmandu University which could have a future role in soil analysis, although other providers 

also have this capacity such as the Department of Agriculture at MOAD and NARC; and NGOs (plus 

for-profit providers) which could have a role in extension of biochar production and use to farmers. 

These include the Foundation for Sustainable Technologies (FoST) which has some limited experience 

in providing training on biochar production and use, although mainly concentrates on promoting 

alternative energy, the Nepal Agroforestry Foundation which has undertaken a limited number of trials 

in Rasuwa, and Dhading using the Adam’s Retort kiln, and Helvetas which has also undertaken some 

trials on coffee farms using biochar from the Adam’s Retort kiln. 
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 1.5. Project Inputs 

66. The project was initially to be contracted under two contract envelopes. The original contract 

(this TA) had a total budget of USD 420,000 for Package A. Package B covered national NGO contacts 

for Farmer/Implementation Support/Impact Assessment which was to be recruited separately. However, 

Package A and Package B were brought together to give the total budget of USD 570,000. Details on 

the budget and final expenditure is included in Appendix 2. 

67. The government provided office space in NARC for the project, as well as a number of 

counterparts in the EA and IAs to provide support. These included  

 a focal point (Mr. Parashu Ram Adhikari) in the Food Security, Agri-Business Promotion and 

Environment Division of MOAD; 

 a focal point (Mr. Rabindra Prasad Dhakal) in the Faculty of Technology, Bio-engineering 

Laboratory, in NAST; 

 a focal point (Mr. Shree Prasad Vista) in the Soil Science Division in NARC; 

 NARC research station staff.  
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 Approach and Methodology 2.

68. The project approach can be summarised in a number of key steps as outlined in the figure 

below. Details on the methodology for each step are included in the following chapters. To ensure 

technology transfer and institutional building, government staff particularly NARC) were involved 

through the project. A work plan showing the phasing of activities against the six project sub-

components is shown in Appendix 3.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Testing of biochar producing 

technology options and selection of 

appropriate technology for field 

trials (see chapter 3.1) 

Testing of feedstocks (see chapter 

3.2) 

Study on using waste 
heat from biochar 
production (see 
chapter 3.1.3) 

Gross margin analysis 
(from scientific field trials) 

(see chapter 5) 

Farmer and NARC field trials (see 

chapter 3.2) 

Carbon sequestration 
study (see chapter 5.6.2) 

Capacity building and awareness 

raising for scale-up, plus lessons 

learned and recommendations (see 

chapter 6) 

Figure 7: Key project steps 
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 Biochar Production 3.

 3.1. Biochar production technology 

69. Key to the project was selecting the correct biochar producing technology which could be taken-

up post-project by farmers. Not only did the technology have to produce the right yield of biochar, but 

also not release high or unhealthy levels of emissions, be low cost, and be appropriate for the purpose 

of the project (i.e. for future scale-up). Selection of technology commenced with a desk review of 

available technology. 

70. Findings noted that the production of biochar in modern industrial devices can be a highly 

controlled process with low noxious emissions and resulting in certifiable high-quality biochar, but the 

technology has elevated costs of investment ( >US$ 500,000) and maintenance leading to current 

market prices in the range of US$ 600–900 per ton of biochar (Schmidt and Shackley, 2016). In 

developing countries, where most of the weathered tropical soils are found, biochar is not an option at 

these costs. 

71. Scientists from Germany, Australia, China and Scandinavia suggest, however, that people who 

lived on charcoal-containing Terra Preta soils (e.g. in the Amazonas region) have long known how to 

produce large quantities of biochar without the help of modern steel-based technology. As charcoal was 

necessary to reach the temperature for iron ore melting, the history of civilization has been linked to 

charcoal production since the beginning of the Iron Age. For more than 3,000 years most charcoal was, 

and still is in many developing countries, produced with inefficient and polluting methods, because 

syngases14 with significant caloric value are released into the atmosphere. These include methane, 

carbon monoxide (CO) and aerosols (smoke; PM2.5 or PM10), nitrogen oxide and dioxide (NO and NO2, 

together NOx), as well as non-methane volatile organic matter (NMVOC), in addition to hydrogen. Many 

of these gases are deleterious to human health, or they exacerbate anthropogenic radiative forcing. 

Cleaner but simple and accessible charcoal-making technologies are thus desirable. 

72. To improve the biochar-related cost-benefits for agricultural use (at least for small and 

subsistence farmers) the most appropriate way is that farmers produce their own biochar on-farm from 

residues such as straw, husks, animal feed left over, shrubs, cuttings and prunings on a small scale by 

using low-cost but high-quality biochar kilns with clean combustion. Farmers can thus combine biochar 

production with on-farm waste management, biomass heat generation and on-site organic fertilizer 

production (Schmidt and Shackley, 2016), which will reduce greenhouse and toxic gas emissions from 

uncontrolled decomposition and open burning. 

73. The desk review found that found that no ‘off-the shelf’ technology would be suitable for the 
needs of the project. A number of low-cost technologies, which would need to be manufactured on 

site, were thus shortlisted for further testing. These are highlighted in the section below.  

                                                           

14
 Syngas, or synthesis gas, is a fuel gas mixture consisting primarily of hydrogen, carbon monoxide, and very often 

some carbon dioxide. Syngas is produced by gasification of a carbon containing fuel to a gaseous product (Source: 
www.biofuel.org.uk) 
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 3.1.1. Low-cost biochar production technology 

74. Several traditional and low-cost technologies to produce charcoal exist. They are either based 

on centuries-old traditional methods or were adapted with more modern materials (e.g. mild steel) to 

improve their efficiency. In most cases they are not used to produce biochar for agriculture but to 

produce charcoal for cooking or for export (Redmond, 2009). For tropical rural settings, the most 

important challenges have been to introduce a technology that is affordable and preferably free to 

farmers (Sparrevik et al., 2015a), as well as one that generates as low as possible gas and particle 

emissions. The most important low-technology production methods for biochar include: 

 Traditional earth mound or earth covered pit kilns that usually deliver good quality biochar 

although only high-value wood logs can be used as feedstock. The main environmental drawback is 

that toxic pyrolysis gases are emitted unburned into the atmosphere generating significant gas 

emissions (Pennise et al., 2001). In addition yields are relatively low (10–20%) (Pennise et al., 

2001; Sparrevik et al., 2015b) and the pyrolysis process is slow, taking several days. 

 

 The development of the Adam retort kiln and similar devices, such as basic steel retort 

systems, which introduced the partial afterburning of pyrolysis gases. In these retort systems 

the feedstock wood can be mixed with dry bio-waste materials (e.g. prunings, rice husks or 

maize cobs) but a lot of valuable start-up wood is still needed (Adam, 2009; Sparrevik et al., 

2015b). Such medium-scale improved retort technologies, where the pyrolytic gases are 

recirculated into the combustion chamber and combusted internally (Bailis, 2009), produce 

around 75% lower deleterious gas emissions (mainly CO, CH4, aerosols) and higher 

conversion efficiencies of 30–45% than traditional systems (Sparrevik et al., 2015a). Energy 

contained in the recirculated carbon- and hydrogen-rich syngases is thus used to provide the 

activation energy for the pyrolysis process so that less heat from start-up wood combustion is 

needed to sustain the process. Moreover, the recirculation of pyrolytic gases leads to 

enhanced secondary char formation, which also increases yield (Anca-couce et al., 2014). 

Figure 8: Adam retort kiln built and tested under the project 

   

 

 Household-scale cooking stoves, so-called TLUDs (top-lid up-draft stoves) (Tyagi, 2013) that 

can generate biochar while using the energy produced for cooking. Advantages include that they 

burn cleanly avoiding negative health effects due to indoor air emissions (Smith and Mehta, 2003), 

they can use various waste biomasses as feedstock and are fuel-efficient. Pyrolytic gases are 

mostly combusted in the flame front, reducing emissions of CO, CH4 and aerosols by around 

75% (Bailis et al., 2009; MacCarty et al., 2008) compared to traditional cooking. Small-scale 

TLUDs may be applicable for horticulture or small kitchen gardens but they generate too little 

biochar (0.5 kg per run for household devices and up to 10 kg for the bigger community stoves) 
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to supply enough biochar for farming or selling as charcoal. In addition, the stove needs to be 

actively quenched after each cycle, which is impractical in daily use. 

 

Figure 9: Top-lit up-draft (TLUD) stoves built and tested under the project 

   

 

 The ‘Kon-Tiki’ flame curtain kiln, designed in 2014 in Switzerland  (Schmidt and Taylor, 2014) 

and spread by open source technology transfer to farmers in more than 50 countries. Further 

details are provided below. 

Figure 10: Kon-Tiki flame curtain kiln built and tested under the project 

  

 

75. The project team tested a number of these biochar-producing technologies (during the 

International Biochar Specialist’s second mission from December ’14 to February ’15). Kilns were 

manufactured by a local company, Min Energy, under the guidance of the International Biochar 

Specialist. Scientific testing of the devices was then undertaken at a test site provided by NARC in 

Matatirtha close to Kathmandu in order to select the most appropriate kiln for testing biochar in the field 

trials. A number of parameters were tested and assessed including biochar yield, quality, emissions, 

cost and handling – productivity and costs being the main parameters. Test results are included in 
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Appendices 4 and 5. A summary of the advantages and disadvantages of each of the main types is 

included in the table below. Testing was done in collaboration with NARC staff from its central office in 

order to build their capacity and knowledge on kiln use and testing.  

Table 1: Advantages and disadvantages of various medium-size kiln types 

Technology type Application Main advantages Main disadvantages 

Biochar-generating 
TLUD cookstove 

Kitchen gardens, 
cooking purposes 

 Energy for cooking 

 Saving firewood 

 Low gas emission factors 

 Too small to 

generate larger 

amounts of biochar 

Traditional kilns 
Agriculture, charcoal 
making 

 Familiarity 

 Low investment cost 

 Complete pyrolysis of thicker 

logs 

 High gas emission 

factors 

 Slow (4 days) 

Retort kilns 

Agriculture  (possibly + 
energy), 
charcoal/briquette 
making 

 Lower emissions than 

traditional kilns 

 High biochar yield 

 Energy generation possible 

with pyrolysis heat 

 Complete pyrolysis of thicker 

logs 

 High investment cost 

 Start-up wood 

required 

 Complicated 

construction and 

operation 

 Slow (2 days) 

Flame Curtain Kilns 
Agriculture + heat, 
charcoal making (small 
logs) 

 Relatively low emissions 

esp. of CO 

 No start-up wood required 

 Easy to construct and 

operate 

 Fast (3 hours for 1 m3 

biochar) 

 Low to zero investment cost 

 Heat recovery 

 Relatively low 

biochar yield 

(charcoal making) 

 Incomplete pyrolysis 

of thick logs 

Power-generating 
systems 

Energy + agriculture, 
briquette making 

 Power generation 

 Negligible emissions 

 Relatively high 

investment cost 

 Low caloric content 

of briquettes 

 

76. In terms of manufacturing costs, the metallic "Kon-Tiki" kilns require capital expenditure of 

between NRs 8,000 and NRs 20,000 depending on the size. The simple soil-metal cone type kiln costs 

between NRs 1,000-1,500 per unit.  The soil pit kiln only requires labour input. This compares with 

costs of approximately NRs 100,000 for the Adam’s Retort kiln and NRs 35,000 for the TLUD.  

77. Following this assessment, the project selected the Kon-Tiki flame curtain kiln. It is low cost 

and can easily be built by farmers both in the developed and developing world. Emission and quality 

tests using various feedstocks showed char yields of 22 ± 5% on a dry weight basis and 40 ± 11% on a 

C basis. Biochars with high C contents (76 ± 9%; n=57), average surface areas (11 to 215 m2 per 

gram), low EPA16 – polycyclic aromatic hydrocarbons (PAHs) (2.3 to 6.6 mg per kg) and high cation 

exchange capacities (CECs) (43 to 217 cmolc per kg) (average for all feedstocks, mainly woody 
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shrubs) were obtained, in compliance with the European Biochar Certificate (EBC) (Cornelissen et al., 

2016). The flame curtain kilns had significantly (p<0.05) lower emissions of CO and NOx (54 ± 35 and 

0.4 ± 0.3 g per kg biochar, respectively) than traditional or retort kilns (CO: 351 ± 141 and 148 ± 64 g 

per kg biochar, respectively; NOx: 2.0 ± 1.6 and 1.7 ± 1.0 g per kg biochar, respectively). The total 

products of incomplete combustion (PIC) emissions of the flame curtain kilns (19 runs) were 

significantly (p<0.05) lower than those of non-retort and retort kilns (5 to 10 runs; Sparrevik et al 2015). 

Non-methane volatile organic carbon (NMVOC) emissions were significantly lower for flame curtain 

kilns (6 ± 3 g per kg biochar) than for traditional kilns (53 ± 4 g per kg biochar). Methane and total 

suspended particulate (TSP, "smoke") emissions were not significantly different between the flame 

curtain, traditional and retort kilns. CO2 emissions were significantly higher for the flame curtain kilns 

than for retort or traditional kilns, which is a direct consequence of the slightly lower yields and lower 

non-CO2 emissions obtained in flame curtain kilns. CO2 is the lowest caloric and least climate 

hazardous emission product of biomass combustion and a measure of the completeness of the 

combustion of pyrolytic gases. PIC, the sum of all C-containing products of incomplete combustion, is 

dominated by CO (around 30–70%), and thus PIC could be lower for flame curtain kilns than for retort 

and traditional ones, even though TSP (<20% of the total PIC) was not. In conclusion, statistically the 

flame curtain kilns emitted significantly (p<0.05) lower amounts of CO, PIC and NOx than retort and 

traditional kilns, and higher amounts of CO2. When combined, the environmental, health and safety 

aspects of flame-curtain kilns are on average better than other kilns (based on the tests undertaken by 

the project). 

Figure 11: Emission measuring at the project test site at Matatirtha 

 

 

78. With benefits such as high-quality biochar, low emission, no need for start-up fuel, fast pyrolysis 

time and, importantly, easy and cheap construction and operation, the flame curtain technology 

represents a promising possibility for farm scale biochar production. 
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 3.1.2. Biochar production using the Kon-Tiki flame curtain kiln 

79. The principle of the flame curtain pyrolysis consists of pyrolyzing biomass layer by layer in a 

conically formed metal kiln or soil pit (see Figure 10 above). A fire is started in the kiln, and the burning 

embers spread to form a first layer on the bottom of the kiln. A thin layer of biomass is then added on 

top of the embers, heating quickly and starting outgassing. The rising pyrolysis gas is caught in the 

flames and reacts with combustion air entering the kiln from the top. When ash appears on the outside 

of the carbonizing biomass, the next layer of biomass is homogenously spread on top. Convective and 

radiant energy from the flames above, and from the hot pyrolyzing layers below, heat the fresh biomass 

layer, which starts to pyrolyze (Schmidt et al., 2015). 

80. The biochar below the upper pyrolysis layer is shielded from oxygen access by the fire curtain 

itself. The combustion zone thus forms a flame curtain that serves a double function; i) protecting the 

underlying biochar from oxidizing and ii) cleanly burning all pyrolysis smoke and gases as they pass 

through this hot fire front. It is important to spread new biomass in an even layer, at the right time and 

rate, which is determined by monitoring the flame, smoke and ash formation. 

81. Too much feedstock will smother the flame curtain (producing smoke and gas emissions), and 

too little feedstock will not maintain a full curtain of flames resulting in the oxidation of the biochar 

(leading to ash formation and decrease of biochar yield) and the incomplete combustion of the pyrolysis 

gases (resulting in smoke and toxic/GHG gas emissions). 

82. The manual layering of biomass is repeated until the metal kiln or soil pit is completely filled. 

The pyrolysis process is then actively ended by quenching with water or a nutrient solution (e.g., urine, 

dissolved fertilizer) or, where water is not easily available, by snuffing with a layer of soil. 

Figure 12: Illustration of the quenching and snuffing process 

   
To stop the pyrolysis 

process, two main methods 
exist. The snuffing as seen 

above consists in adding and 
compressing a 10–15 cm soil 
layer above the biochar. The 

quenching consists of 
dousing the biochar with 

water or nutrients containing 
liquids 

Snuffing of a soil pit kiln with soil, 
compressed with feet and shovel to 

make it air tight 

If water pressure is sufficient, the 
water is pumped into the kiln from the 

bottom of the kiln; the fire is then 
extinguished only at the end of the 

quenching process with some water 
dousing from the top avoiding 
pyrogases escaping unburned. 
Alternatively, quench water is 

introduced at one side only until the 
water level reaches the top 

 

83. The temperature in the main pyrolysis zone just below the flame curtain is 680° C to 750° C 

(Schmidt and Taylor, 2014) and cools down slowly below the main pyrolysis zone when new feedstock 
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layers are added to 150–450° C depending on the duration of pyrolysis before final quenching. When 

snuffed with soil, the biochar temperature may be maintained at temperatures above 150° C for more 

than 24 hours depending on how tight the snuffing layer and kiln are. 

84. A number of different Kon-Tiki kilns were tested in Nepal. These are shown below.  

Figure 13: Different types of flame curtain kilns built and tested in Nepal 

 

 

All-steel deep octagonal kiln 

Octagonal deep cone kiln without rim shield 

Upper long diagonal: 1500 mm 

Lower long diagonal: 820 mm 

Depth: 980 mm 

Outer angle: 70° 

 

 

All-steel shallow octagonal kiln octagonal 55° 

Octagonal shallow cone kiln without rim shield 

Upper long diagonal: 1131 mm 

Lower long diagonal: 381 mm 

Depth: 400 mm 

Outer angle: 55° 
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All-steel pyramid kiln 55° 

Upper long diagonal: 1100 mm 

Lower long diagonal: 382 mm 

Depth: 400 mm 

Outer angle: 55° 

 

 

All-steel shallow pyramid kiln 55° 

Upper long diagonal: 1740 mm 

Lower long diagonal: 382 mm 

Depth: 480 mm 

Outer angle: 45° 

 

 

Conical soil pit 

Upper diameter: 1500 mm 

Lower diameter: 800 mm 

Depth: 900 mm 

Outer angle: 70° 
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Steel-shielded soil pit 

Upper diameter: 1500 mm 

Lower diameter: 800 mm 

Depth: 900 mm 

Outer angle: 70° 

 

85. Soil pit kilns are the cheapest to make, and therefore likely to be the most appropriate to poor 

small-scale farmers in Nepal. 

 3.1.3. Use of waste heat from biochar production 

86. The project constructed heat recovery devices as an extension to the farm-scale biochar 

production units already introduced in several villages in Nepal. Further details are included in 

Appendix 6. The use of waste heat from biochar production provides an additional benefit for farmers, 

for example, for the drying of tea leaves and distillation for essential oil production. 

 3.2. Feedstock and Biochar Quality 

87. As well as choosing the most appropriate type of kiln, using the most appropriate feedstock was 

also an important factor for the field trials as it affects the quality of biochar and thus the benefits. A 

variety of farm and forest waste biomasses were tested as input materials (known as feedstock) for 

biochar production. Tested feedstock included: tea prunings, maize stalks, rice straw and rice husks, 

saw mill dust, coffee husks, feed twig leftovers, Eupatorium, animal bones, and potato weeds. Testing 

was done at a European Biochar Certificate-certified European Institute (Eurofins Umwelt Ost GmbH)15 

following accepted testing procedures (as set out in the European Biochar Certificate).  

88. The carbon contents of 17 tested Kon-Tiki biochars produced with the Kon-Tiki technology and 

from different feedstocks in Nepal were 75.5 ± 9%, the lowest value being for the rice husk/Eupatorium 

50/50 mixed feedstock runs (54–55%), due to the high inorganic (silica) content of the rice husk.  

89. Hydrogen contents of nine example biochars were 1.85 ± 0.5%, nitrogen contents were 0.69 ± 

0.16%, and C/N ratios were 118 ± 28. Three EBC-tested biochars have molar H to Corg ratios of 0.22 

to 0.28 and molar O to Corg ratios of 0.04 to 0.07 confirming the high aromaticity expected for biochars 

made at temperatures around 700° C. 

                                                           

15
 Note that testing was initially done at Khathmandu University but the analysis was not in line with international 

standards, so testing was undertaken at an EBC-certified institute to provide rigour to the results.  
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90. Surface areas of most biochars were in the range of 100–200 m2/g which is in agreement with 

other biochars produced with industrial technology at temperatures of 600° C to 750° C. 

91. Looking more closely at three completely characterized biochars the most apparent difference is 

the ash content being higher in both Eupatorium biochars (BCE-met: 21.9% and BCE soil: 19.9%) 

compared to the Eupatorium-wood biochar (BCE wood: 10.2%). This can be explained by the higher 

mineral content of Eupatorium shrubs compared to hard wood and is confirmed by the much higher 

silica (34,000/34,000 vs 5,400 g kg-1), iron (6,000/3,700 vs 950 g kg-1) and potassium (28,000/36,000 

vs 19,000) content of the pure Eupatorium chars. 

92. The nutrient contents further differed slightly between the two Eupatorium chars which can be 

explained by the fact that the metal cone biochar was water quenched and lost a higher portion of 

soluble minerals while the concentration of some less soluble minerals increased compared to the soil 

snuffed biochar. This is illustrated most clearly by the highly soluble Na which was 5.5 times lower in 

the water quenched BCE-met (520 mg per kg) than in the soil snuffed BCE soil (2900 mg per kg). The 

higher mineral content of both pure Eupatorium chars is probably also the reason for the higher pH (9.8 

/ 9.6) compared to the Eupatorium-wood char (8.7) which had also been water quenched. 

93. The heavy metal contents were all low compared to the EBC thresholds indicating clean 

biomass feedstock. Interestingly, the zinc content of the pure Eupatorium chars was comparably high, 

which could indicate zinc accumulation by the Eupatorium plants, as other sources of contamination 

can probably be excluded. The most toxic compound among the PAH-16 used as benchmarks by the 

environmental authorities in many countries is benzo(a)pyrene. Concentrations of benzo(a)pyrene were 

0.01-0.06 mg per kg, well below the relevant maximum tolerable risk level for soils. In addition, PAHs in 

biochar are only very sparingly bioavailable, often less than 1%. Due most probably to the optimized 

outgassing under the fire front the PAH EPA16 contents were low (2.3 to 6.6 mg kg-1). 

94. However, while both water quenched metal cone biochars would qualify for EBC premium 

quality (<4 ±2 mg kg-1), the soil snuffed biochar would only entitle for basic quality (<12±4 mg kg-1). It 

can be assumed that the hot water vapour that penetrates from bottom to top through the biochar layers 

during the water quenching process has an activating effect and may expulse PAH containing gases 

out of the biochar pores. This activating and tar reducing effect can also be seen in the nearly 50% 

higher specific surface area of the water quenched Eupatorium char (215 m2 g-1) compared to the soil 

snuffed char (149 m2 g-1). 

95. The thermogravimetric analysis of BCE soil and BCE wood showed that for both biochars the 

highest treatment temperature (HTT) was between 680° C and 750° C. The curb between 150° C and 

550° C showed a regular continuum of volatile organic carbon (VOC) release indicating a rather 

complete pyrolysis (no uncharred particles) and homogenous cooling at the end of the pyrolysis 

process. Interestingly, the pure Eupatorium biochar has slightly lower VOC content (64% vs 70% at 

HTT), probably owing to the smaller particle size of the Eupatorium feedstock and thus faster heat 

conduction, faster pyrolysis and better vapour penetration during water quenching. 

96. Overall, the three representative biochars produced in flame curtain kilns were of high quality 

comparable with high-tech produced higher temperature biochars and all qualifying for the EBC 

certificate, which is the baseline for authorization to use biochar as a soil amendment in, for example, 

Switzerland and Austria. 
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Table 2: Overview of biochar properties for three exemplary biochars produced with the proposed 
technology in Nepal compared to the threshold values of the EBC 

Kiln   60° – 1.1 m 
steel 

70° – 1.5m soil 
pit 

70° 1.5 m steel EBC – threshold 

Biomass   Eupatorium Eupatorium 
Eupatorium – Wood 
(50:50) 

Premium Basic 

Density kg m
-3

 120 n.d. n.d.     

Specific surface 
(BET) 

m
-2

 g 215 149 111     

Ash 550 °C mass% 21.9 19.9 10.2     

Hydrogen 
mass 
% 

1.33 1.41 1.89     

Carbon 
mass 
% 

72 71.7 80.5     

Nitrogen 
mass 
% 

0.54 0.66 0.6     

Oxygen 
mass 
% 

4.0 6.2 6.7     

Carbonate CO2 
mass 
% 

2.24 1.3 1.81     

Organic carbon 
mass 
% 

71.4 71.3 80.0 >50 >50 

H/C org. (molar)   0.22 0.24 0.28 <0.7 <0.7 

O/C (molar)   0.042 0.07 0.06 <0.4 <0.4 

pH   9.8 9.6 8.7     

Electric 
conductivity 

μS cm
-1

 9,090 n.d. n.d.     

Salt content g kg
-1

 53.7 n.d. n.d.     

Phosphorous mg kg
-1

 3,700 4,600 3,800     

Magnesium mg kg
-1

 12,000 4,100 3,800     

Calcium mg kg
-1

 17,000 15,000 26,000     

Potassium mg kg
-1

 28,000 36,000 19,000     

Natrium mg kg
-1

 520 2,900 860     

Iron mg kg
-1

 6,000 3,700 950     

Silica mg kg
-1

 34,000 34,000 5,400     

Sulfur mg kg
-1

 860 1,800 1,000     

Lead mg kg
-1

 <2 4 <2 <120 <150 

Cadmium mg kg
-1

 <0.2 <0.2 <0.2 <1.5 <1.5 
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Copper mg kg
-1

 30 19 16 <100 <100 

Nickel mg kg
-1

 5 14 12 <30 <50  

Mercury mg kg
-1

 <0.07 <0.07 <0.07 <1 <1 

Zinc mg kg
-1

 120 61 39 <400 <400 

Chromium mg kg
-1

 7 15 14 <80 <90 

Bor mg kg
-1

 74 10 <1     

Manganese mg kg
-1

 210 300 200     

Naphtalin mg kg
-1

 2.0 3.9 1.0     

Acenaphthylen mg kg
-1

 <0.1 0.3 0.2     

Acenaphthen  mg kg
-1

 0.2 0.5 <0.1     

Fluoren mg kg
-1

 0.1 0.9 0.1     

Phenanthren mg kg
-1

 0.8 0.5 0.3     

Anthracen  mg kg
-1

 0.2 <0.1 0.1     

Fluoranthen  mg kg
-1

 0.6 0.2 0.2     

Pyren  mg kg
-1

 0.5 0.2 0.2     

Benzo(a)pyren  mg kg
-1

 <0.1 <0.1 <0.1     

SUM PAH (EPA 
16)  

mg kg
-1

 4.9 6.60 2.3 <4 ± 2 <12 ± 4 

 

97. Eupatorium spp. was identified as one of the most effective feedstock for the preparation of 

biochar in the context of Nepal. Eupatorium (having the local name “Banmara” – forest killer) is an 

invasive plant species (forest killer) commonly found in forest provinces, farm uplands/lowlands and 

river banks. Moreover, Eupatorium is naturally regenerated; hence, biochar can be sustainably 

produced every year. In general, by effectively using the invasive plant Eupatorium, biochar production 

could be an outstanding approach for increasing soil fertility, farm production and carbon sequestration. 

However, depending on the feedstock availability in different regions of Nepal, other available feedstock 

–especially animal feed leftovers and crop wastes – are highly valuable and equally suitable for biochar 

production. 
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Figure 14: “Banmara” (or forest killer) is an invasive plant species 

 

98. The results of the above mentioned testing of kilns and biochar were included in a peer 

reviewed scientific publication: Cornellisen G, Pandit NR, Taylor P, Pandit BH, Sparevik M, Schmidt 

HP: Emissions and Char Quality of Flame-Curtain "Kon Tiki" Kilns for Farmer-Scale Charcoal/Biochar 

Production, PLOS One 2016 11(5): e0154617. 

http://journals.plos.org/plosone/article?id=10.1371%2Fjournal.pone.0154617.  

 

http://journals.plos.org/plosone/article?id=10.1371%2Fjournal.pone.0154617
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 Use of Biochar for Agricultural 4.
Production – Field Trials 

99. During the inception phase of the project, suitable field trial sites were selected by the project 

team, in order to test biochar production and application. Sites were chosen in order to have broad 

coverage across the three main agro-climatic zones (the low-lands of the terrai (<300m above sea level 

(masl)), foot hills (300-900 masl) and mid-hills (c. 900-2000 masl)), across a range of soil types, and 

with ease of access to decrease travel time from Kathmandu and district centres. Field trials were 

undertaken at both NARC research stations and at farmer field sites. For NARC stations, five sites were 

chosen in agreement with NARC central office. For farmer field sites, once potential sites were 

identified, field visits were undertaken to the communities in order to gauge their interest before final 

selection confirmed. The figure below shows the location of the trial sites.  

Figure 15: Map of Village Development Committees (VDCs) within which farmer trials (and NARC 
trials) were undertaken  

 

100. The Kon-Tiki 1000octa and Kon-Agno 1000 kilns were installed at the NARC field station sites. 

Kon-Agno were delivered to and installed at each of the farmer field trial sites. During the 

implementation of the project it was shown however that soil pit Kon-Tiki kilns were the most suitable 
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technology given the lower investment costs (zero capital investment except labour) – see Figure 16 

below. At each site participants were shown how to produce biochar and how to apply it to crops.  

Figure 16: Examples of farmer made kilns for making biochar 

  

  

 

101. At each site, trials consisted of non-scientific trials – used to provide demonstrations and 

observe results on a larger scale – and scientific trials, led by lead farmers, one male and one female at 

each site. These lead farmers helped to select crops of high priority for biochar use; helped select 

farmers for involvement in the trials, and facilitated follow-up meetings with them; and facilitated trial 

plot establishment. The lead farmers were provided with on-going training and support on trial 

maintenance, observations, data collection and reporting by project staff, and received a small stipend 

for their work. On the scientific trials several treatments were undertaken with five repetitions, including 

a control. It is data from the scientific trails that is used to provide comparison of yields. At a number of 

these sites, socio-economic analysis was also undertaken as presented in chapter 5 below - Analysis of 

Impacts on Farm Income and the Environment.  
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 4.1. Farmer Field Trials 

102. A total of 257 farmer field trials (with 113 participating farmers) were successfully set-up at 14 

locations between the central western district of Tanahu and the far eastern district of Ilam. Field trials 

were mainly done with vegetables, which are likely to produce the highest gross margin increases with 

biochar application. While yield increases in staple crops such as rice have been observed in other 

countries, the labour requirements are too high. Thus it was considered that trials on vegetables, which 

are grown extensively across Nepal and which have higher gross margins than staples, and are thus 

important for farm diversification, would prove a suitable entry point. A limited number of trials were also 

done on biochar-enriched feedstock for livestock.   

Table 3: The list of locations, crops, and number of participating farmers 

  Village Region Trials undertaken No of participant 

farmers 

1 Maina Pokhari Dolakha Potatoes, green peas, cardamom 9 

2 Mithinkot Kabre Ginger, beans, onions, garlic 12 

3 Dunkharka Kabre Tomato, corn, cardamom, pumpkin 16 

4 Naya Gaon Kabre Coffee 10 

5 Pathik Kathmandu Cabbage 1 

6 Nalang Baireni Dhading 
Pumpkin, cabbage, Japanese melon, 

cauliflower 
12 

7 
Bandipur (Jhhapri, Jhum 

Danda) 
Tanahu 

Chili, cabbage, cauliflower, potato, 

pumpkin 
15 

8 Dhamilikuwa Lamjung Banana 10 

9 Ratanpur Tanahu 
Mulberry, cinnamon, potato, milpa (mais, 

pumpkin, beans) 
22 

10 Simara Bara Onions 6 

11 Rauta Udayapur Cinnamon 8 

12 Barbote Ilam Tea 14 

13 Dumre Tanahu Goat feeding 1 

14 Godavari Lalitpur Cow feeding and manure 1 

  Total     113 

 

103. When field trials were initiated at each of the farmer sites project technical staff provided training 

on biochar production and biochar use to farmers16.  During the project each of the participating farmers 

                                                           

16
 During the course of the project, project staff highlighted the importance of extension staff being trained on biochar 

production and utilisation procedures so they could disseminate such practises to farmers post-project. As a result, 
training workshops were undertaken for such staff. However, in hindsight, DOAD extension staff should have been more 
fully involved from the beginning including accompanying project staff to farmer field sites in order to receive on-the-job 
training.  
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built at least one soil type Kon-Tiki kiln on his/her land and produced at least 200 litres of biochar. All 

biochar that was used in the farmer trials was produced by the farmers in their own kilns. Eupatorium 

(forest killer shrub) was used as the main feedstock for the biochar production. Other feedstock include 

corn stalks, rice husks and straw, and animal feed leftovers.   

Figure 17: The soil type Kon-Tiki kiln was used in all project villages to produce biochar 

  

 

 

104. The farmers were further taught how to produce mineral and organic biochar based fertilizer 

substrates (BBF). At most locations priority was given to the nutrient charging of the biochars with 

animal or human urine to solve two problems at once: malodours and nutrient losses. At farmer field 

trial sites training in biochar was combined with other improvements of best farmer practice like fertilizer 

application strategies, mulching or polyculture.  
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Figure 18: Demonstration of biochar production at a farmer site in Dolakha 

 
 

105. Multiple trials were set up at the 14 field trial locations. As mentioned above, at each of the 14 

farmer trial locations at least one of the trials was set-up as a scientific trial with several treatments and 

five repetitions. A number of such trials were also complemented with more in-depth collection of socio-

economic data and farm budgets in order to identify gross margin changes (see next chapter). All other 

trials of each respective site were set-up identically in such a way that each farmer site could be 

considered as one repetition and thus each farmer trials consisted of 6 to 12 repetitions.  

106. At each site complementary “biochar activities” to promote and test the use of biochar in various 

scenarios – as well as to build capacity - were suggested and organized. These included: 

 Demonstrations by participant field trial farmers to other non-field trial farmers; 

 Courses in a school (Shree Krishna Gopal Higher Secondary School); 

 Use of biochar in a school garden (in Dhungkharka); 

 Recycling of local organic (waste) nutrients with biochar; 

 Collection of waste biomasses for biochar production.  

107. Workshops and farmer exchange between different villages encouraged other farmers to trial 

the use of biochar on their fields. This is an impact of immediate scale-up of project results. Details are 

provided in chapter 6.3 below. Moreover, the results of the biochar farmer trials and the scarcity of 

chemical fertilizer on the market during 2015 motivated participating farmers to extend the 

implementation of the proposed biochar techniques and practice on a larger scale in their respective 

farms. 

108. A list of activities and results at each of the 14 farmer field trial sites by location is set out in 

Appendix 7.  
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Ram Maya Magar – Female farmer, Bandipur 

 

Ms Ram Maya Magar is a farmer in Bandipur municipality of Tanhu District. She has been a farmer for 

the last decade. In recent years she has spent a lot of time worrying about declining yields of her 

vegetable crops including chilli, tomato, cauliflower and cabbage. These crops play a key part in her 

household income and the lower yields have meant a lower income. She has said that the declining 

yield of her vegetable garden was not only because of low nutrient availability in the soil but also 

because of long spells of drought in the region. 

Looking for ways to increase yields of her vegetable garden she joined the project as a lead farmer in 

the farmer field trails in Bandipur when she was approved by the participating farmers in her village. 

She had no prior experience in biochar before joining the project.  

During the trials she experienced very positive yields. She more than doubled (220%) her chili yields in 

biochar used plots when compared to those without biochar. In cabbage and cauliflower, she claimed 

that urine enhanced biochar replaced chemical fertilizer (NPK) by giving more than 50% additional 

yield.  

She was awarded the title of ‘best pumpkin grower’ by the District Agriculture Development Office in 
the2nd district agriculture product exhibition in January 2016. She produced the largest pumpkin with 

use of biochar. At the start of the project 10 farming households started chili growing with use of 

biochar. Now she works with six other farmers to promote the use of biochar in various crops. She is 

continuing to produce and use biochar. Neighboring villages have asked for her advice in applying 

biochar to crops on their farms 

 4.2. NARC Field Trials 

109. A number of field trials were conducted in five NARC research stations by NARC research staff, 

with support from the project team. Details are provided in Appendix 8.  
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 Analysis of Impacts on Farm Income 5.
and the Environment 

110. Scientific data collection was undertaken at a number of the farmer field trial sites on farmer’s 
field application of biochar for a number of crops as detailed in the table below.   

Table 4: Selected crops and number of participating farmers (sample size) by district for economic 
analysis 

District/VDC Crop Sample size (participating farmers) 

Kavre-Dhungkharka Tomato 9 

Dhading-Nalang Baireni 

Pumpkin 9 

Cabbage 11 

Cauliflower 11 

Tanahu-Bandipur 

Chilli 8 

Cabbage 9 

Cauliflower 7 

Ilam Tea 14 

Maina Pokhari (Dolakha) Potato 9 

Total  87 

 

111. The field data collection methodology included the onsite regular monitoring of farmers' fields, 

data collection and record keeping by assigned lead farmers (two at each field site).The lead farmers at 

each site provided the data pertaining to both biochar application (treatment) and control data based on 

the usual practice of farmers. The collected data was tabulated and analysed by the project 

consultants. Supplemental interviews were held with the lead farmers and other participants to validate 

the data and make necessary corrections with additional information. 

112. Except for the potato trial (which used NPK treatments) the treatment plots included application 

of cow urine enhanced biochar and compost whereas the control (non-biochar application) plots only 

had compost and cow urine. The resulting change in crop yields were assessed by comparing the 

treatment and control plots. The potato trials were set up based on NPK application as this is the 

common practice of farmers in the field site at Mainapokhari (Dolakha district). The scientific trial of 

pumpkin included three treatments: (A) compost and urine, (B) compost and biochar, (C) urine 

enhanced biochar and compost. 

113. The plot sizes and biochar application on treatment plots varied and were as follows: 

a. Tomato: Feed stock used for biochar making was animal feed left over (small branches 

and twigs of Khasru (Quercus semicarpifolia) and other fodder trees) and Eupatorium. 

The trial consisted of 18 plots (nine farmers17, each having one control plot with 

compost and urine treatment and one plot with urine enhanced biochar plus compost). 

                                                           

17
 Note that the research group started with 11 farmers, but two did not maintain the trial with sufficient rigour.  
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Plot sizes were 5 m * 2 m with 32 plants per plot. Cow urine was applied at the rate of 8 

lit per plot (8 m3 ha-1). Compost application was 30 kg per plot (30 t ha-1). Cow urine 

imbibed biochar was applied at the rate of 4 kg per plot (4 t ha-1) which is equivalent to 

1.142 t ha-1 of dry weight (DW) biochar (BC).  

b. Chilli: Feedstock for biochar making was Eupatorium. The control and treatment plot 

were 8.4 m2 each with 20 chilli plants planted at a distance of 0.6 x 0.7 m. Before 

planting, the planting pits received 0.4 kg of compost in the control plot; and 0.4 kg 

compost plus 0.75 litre of biochar mixed beforehand with 1 litre of cow urine (9.5 t ha-1 

compost, 2.4 t ha-1 biochar, 24 m3 ha-1 cow urine). The set up was further based on 

pot irrigation of treatment plots. Altogether 5 pots were dug into soil to irrigate four 

plants each within an area of 1.2 x 1.4 meter (per pot). The total area per control and 

per treatment plot, respectively, was 8.4 m2. Normal method of irrigation was applied to 

control plots.  

c. Pumpkin (Dhading): A randomized block design with 15 plants and three replications 

was used for the scientific trial. The three treatments were: (A) 10.5 t ha-1 compost + 

6.3 m3 ha-1  cow urine; (B) 10.5 t ha-1  compost mixed with 0.75 t ha-1 (dry matter 

(DM) biochar without cow urine; (C) 10.5 t ha-1  compost + 0.75 t ha-1 (DM) biochar 

macerated in 6.3 m3 ha-1 cow urine. 

d. Cauliflower and cabbage: Plant to plant distance of 40 cm and row to row distance of 60 

cm. 20 seedlings were planted in control and in the treatment plots, respectively. 

Biochar was applied at the rate of 1.19 ton ha-1. (DW) blended with 7 m3 ha-1 cow 

urine. Plant density was 41,667 plants per hectare. 

e. Tea: The tea trials were carried out on orthodox tea plantations of two VDCs (Barbote 

and Sulubung) in Ilam district of Eastern Nepal. The plants were 5-7 years old. Average 

plant to plant distance of 0.7 meter and row to row distance of 1 meter gives an area of 

10.7 m2 for 14 plants (both treatment and control). In the treatment plots biochar was 

applied at 2 t/ha (DM). The biochar was nutrient enhanced with dissolved mineral 

fertilizer at urea=112 kg ha-1, DAP=187 kg ha-1, and potash=168 kg ha-1. Compost 

application was 25 t ha-1. The usual practice of NPK applying plots were taken as 

control plots (urea=112 kg ha-1, DAP=187 kg ha-1, and potash=168 kg ha-1). 

f. Potato: The potato trials carried out in Mainapokhari (Dolakha) contained a control 

where NPK fertilization was applied and the treatment plot where biochar (1t ha-1, 2t 

ha-1, and 4t ha-1) was applied mixed with dissolved NPK. Application of NPK was 1 t 

ha-1 of DAP and 200 kg ha-1 of muriate of potash. 

114. Data collection was done by two field-based enumerators who collected the data (working with 

the lead farmers) on biochar production, field trial set-up, fertilizing inputs, and crop yield. Data was also 

collected on the socio-economic characteristics of the farm community at selected sites including data 

on resource potential for biochar production at farm level.  

115. At the final stage the data validation was done by the project consultants (Farmer 

Implementation Support Specialist and Economist) by making field visits to selected sites and 

interacting with the participating farmers. The final data set has been used for the analysis.   

116. The crop yields of treatment (biochar) vs the control (non biochar) plots were assessed. The 

resulting mean yields were subjected to the tests of statistical significance (t-test). In the case of the 

pumpkin trial a two-way test (Anova) was applied.  
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117. The socio-economic data was collected by project consultants at three of the locations - in 

Kavre (Dhungkharka), Dhading (Nalang-Baireni), and Tanahu (Bandipur) districts. The socio-economic 

characteristics of the sample farm households are given in the table below. The average household 

size was 5.2 persons in Nalang-Baireni (Dhading) and 6.9 in Dhungkhara (Kavre) and Bandipur 

(Tanahun). The landholding size was lower than the national average of 0.7 ha which is understandable 

as all three sites are in the hills which have relatively smaller land holdings than the Terai districts. Non-

cultivated land ranges from 5 per cent of total land in Nalang-Baireni to 36 per cent in Dhungkharka. 

The non-cultivated land consists of kharbari (growing grass), and trees including fruit and fodder trees 

that are important sources of animal fodder and dried leaves to be used as bedding material (sottar) for 

animals. 

118. The farmers have two main sources of biomass including harvest residues and biomass from 

non-cultivated land. Maize crop residues are the main source of harvest residues which amounts to 716 

kg in Dhungkharka to over 2,000 kg in Nalang-Baireni. Usable biomass from non-cultivated land is 

available from Eupatorium, bamboo, and fodder waste. Quantity of accessible biomass from non-

cultivated land (kg ha-1) ranged from 1220 kg in Dhungkharka to over 7,400 kg in Nalang-Baireni. The 

household data show that in terms of supply of usable biomass the farmers have good access to both 

crop residues and biomass from non-cultivated land. During the initial phase of the project the farmers 

had by October 2015 already produced between 30 kg to 68 kg of biochar (within a period of about nine 

months). Farmers were producing as much as 15,375 kg of compost from cow dung and dry leaves 

(bedding material). On an average each household kept 6.5 to 10.5 heads of livestock (excluding 

chicken). The quantity of animal urine recovered was between 10 liters to about 22 liters per day. 

119. The participating farmers have access to community forest which provides additional source of 

collectable biomass besides privately owned non-cultivated land. The farmers are well endowed in 

terms of resources for biochar making due to the abundance of invasive species such as Eupatorium 

that can be cut freely in community forests. The livestock holdings provide cow dung as composting 

material and urine for use as liquid organic fertilizers.  

Table 5: Socioeconomic characteristics (household and community) of selected field sites 

  Socio economic characteristics Dhungkharka (N=16) Nalang-Baireni (N=14) Bandipur 
(N=10) 

Household size 6.9 5.2 6.9 

Total land holding (ha) 0.58 0.60 0.44 

Cultivated land (ha) 0.37 0.57 0.39 

Type of non-cultivated land (forest, 
barren etc.) 

Forest     

Access to community or other  forest Yes Yes Yes 

Type of harvest residues maize stubbles maize stubbles, rice straw maize stubble 

Amount of harvest residues (Kg) 716 2,005 1,344 

Type of usable biomass from non 
cultivated land  

Eupatorium, bamboo, 
fodder waste 

 Eupatorium, 

bamboo, 
fodder waste 

 Eupatorium, 

bamboo, 
fodder waste 

Quantity of accessible biomass from 
non cultivated land (Kg/year) 

493.12 3,162.80 1,322 
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Qty of biochar produced (kg)
18

 41.19 67.5 29.5 

Composition of biomass feedstock 
type (name) 

small branches and 
twigs of Khasru 

(Quercussemicarpifolia) 

and other fodder 

waste,Eupatorium 

 Eupatorium, 

bamboo, 
fodder waste 

 Eupatorium, 

bamboo, 
fodder waste 

Livestock (Number):       

1. Goat 6.25 4.86 2.90 

2. Cattle 1.17 1.21 2.50 

3. Buffalo 2.63 0.79 0.80 

4. Chicken 7.1 1.36 14.00 

Qty of animal urine recovered 
(lts/day) 

11.88 21.57 10.00 

Qty of compost per year (kg) 15,375 6,204 4,080 

 5.1. Cost of Biochar Production 

120. The three main factors on which the per unit cost of biochar production depends are as follows: 

 Availability of feed stock both from crop residues and biomass from non-cultivated private land and 

forest; 

 Labour supply situation and rural wage rates for unskilled labour; 

 Technology used and economies of scale. 

121. Crop residues such as dry maize stalks collected after crop harvest, and other available 

resources including small branches and twigs of Khasru (Quercus semicarpifolia) and other fodder 

waste, Alnus wood and bark, and Eupatorium were most commonly used by the farmers to prepare 

biochar. In Dhungkharka utilization of maize stalks for biochar making competed with its use as 

supplemental source of cattle feed. A competition between three farmers in cutting eupatorium and 

bringing it bundled to the biochar producing site led to a first cost evaluation: 1 t of eupatorium can be 

cut, bundled and transported for 2000 NRP ($20 US).  

122. As biochar making is a relatively labour intensive process the availability of family labour (labour 

supply) is a potential constraint for farmers. The cost per unit of biochar making at farmer level includes 

labour costs for activities such as collection of feedstock, making of a pit for the kiln (soil Kon-Tiki), firing 

of feed stock, nutrient charging (with cow urine or water), and crushing biochar into small pieces (which 

is not necessary when only twigs and harvest residues are used as feedstock), and packaging in bags.  

123. The metallic "Kon-Tiki" kilns require capital expenditure of between NRs 8,000 and NRs 20,000 

depending on the size. The simple soil-metal cone type kiln costs between NRs 1,000-1,500 per unit.  

At the farmer level the most common type of kilns used are based on the soil pit method which does 

only requires labour input. 

124. The cost of biochar production ranged from Rs. 13.25 per kg in Mainapokhari (Dolakha) to Rs. 

13.75 in Nalang-Baireni (Dhading) as shown in the table below. The quantity of accessible biomass 
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from non-cultivated land is 493 kg in Dhungkharka which is much lower than 3,163 kg of biomass 

available to farmers in Nalang-Baireni. Moreover, maize stubbles are also used as animal feed in 

Dhungkharka which reduces the quantity of crop residues available for biochar making. The amount of 

harvest residues is 716 kg in Dhungkharka which again is much lower than the 2005 kg of harvest 

residues available to farmers in Nalang-Baireni. 

Table 6: Per unit cost of biochar production and recovery rate 

 Dhungkharka Nalang-
Baireni 

Mainapokhari 

Cost (Rs. per kg) 13.44 13.75 13.25 

Recovery rate (%) 18.18 27.78 32.00 

 

125. Farmers in Dhungkharka have access to animal feed leftovers (fodder waste) and twigs and 

branches of fodder trees. The large share of feedstock for biochar making consists of such types of 

fodder waste for which no additional collection time is spent.  

126. The two locations Nalang-Baireni (Dhading) and Mainapokhari (Dolakha) represent typical mid-

hill locations in terms of resource availability for biochar production. Hence, the average cost of 

production of biochar in the mid-hills of Nepal can be assumed to be between Rs. 13.25 to Rs. 13.75 

per kg (130 to 140 USD per ton). This is about 17% of the current market price for biochar in the US 

and EU and about 34% of the current world market price for charcoal. 

127. The recovery rate (biochar yield) calculated as the ratio of biochar dry weight to the total 

quantity of feedstock used in the pyrolysis process of biochar making ranged from 18.2% in 

Dhungkharka (Kavre) to 32% in Mainapokhari (Dolakha). The recovery rate of biochar production was 

27.8 percent in Nalang-Baireni (Dhading). The quality of feedstock used is the major determinant of the 

recovery rate. The farmers were mostly using fodder wastage and Eupatorium which is found 

abundantly in most areas of the hills. Since minimal quantity of firewood (limited to what may be needed 

for initial ignition) was used with the bulk of the feedstock consisting of invasive plant species and crop 

residues/fodder waste, the biochar making by farmers can be considered as an appropriate and 

environmentally sound method. 

 5.2. Crop Yields 

128. The positive effect of biochar application on yield of selected crops is evident (see table below). 

On average yield differences range from 19.2 percent (tomato) to about 305 percent (pumpkin).  

129. The yield differences are statistically significant. Out of eight crop yield comparisons all except 

one (chilli) showed highly significant results (at 1% level of significance). The mean yields between 

treatment and control plots in case of chilli (Bandipur) were statistically significant at 5% level of 

significance. 

Table 7: Test of Significance (t-test) for difference of mean yields of treatment and control plots by 
crop and location 

FT 
No. 

Location Treatment 
(mt/ha) 

Control 
(mt/ha) 

Yield 
difference (%) 

Statistical 
Significance 

1 Tomato-Kavre (N=9) 71.1 59.6 +19.2 Significant at 
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1% 

2 Chilli-Bandipur (N=8) 29.6 19.2 +54.5 
Significant at 
5% 

3 Pumpkin-Dhading (N=9) 66.7 16.5 +304.6 
Significant at 
1% 

4 Cauliflower-Bandipur (N=7) 20.8 11.6 +79.5 
Significant at 
1% 

5 Cabbage-Bandipur(N=9) 26.7 10.5 +153.2 
Significant at 
1% 

6 Cauliflower-Dhading (N=11) 25.2 10.6 +138.4 
Significant at 
1% 

7 Cabbage-Dhading (N=11) 40.0 15.4 +159.5 
Significant at 
1% 

8 Tea-Ilam (N=14) 13.1 10.2 +27.8 
Significant at 
1% 

 

Figure 19: Yield comparisons of various crops (Treatment and control) 

 

130. The Dolakha potato trials were done with inorganic fertilizers. The yield data show the positive 

results on crop yields with three different application rates of biochar (1 t ha-1, 2 t ha-1 and 4 t ha-1). 

The average increment in yield was 15 per cent between treatment (39.61 t ha-1) and control plots 

(34.44 t ha-1) as shown below. 
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Figure 20: Average yields of potato following the order of biochar application rates in Mainapokhari 
(Dolakha) 

 

131. Looking at 103 field trials, for which sufficient robust data exists. The average yield increase 

across all crops was 119% compared to traditional farmer practise (i.e. average yield increase using 

organic biochar based fertilizer compared to same amount of organic nutrients without biochar). While 

the average yield increase using NPK biochar based fertilizer compared to the same amount of NPK 

nutrients without biochar was 20%, interestingly the average yield increase using organic biochar based 

fertilizer compared to NPK biochar based fertilizer with same amounts of NPK nutrients was 100%. See 

Appendix 9. 

 5.3. Gross Margin Analysis 

132. The economic contribution of biochar has been assessed considering the incremental income 

from crops. Four main high value crops: tomato, cabbage, cauliflower, and potato  were selected as 

representative crops.The gross margin (crop income less direct production cost) per hectare of land has 

been calculated for individual crops based on which the incremental gross margins are estimated 

between treatment and control conditions. Cow urine is taken as an important nutrient enhancer of 

biochar. The input price of cow urine which the farmers collect themselves has been taken at the 

combined value of NPK content and the prices with respect to these nutrients. The values for total 

nitrogen (TN), phosphate (P2O5) and potassium (K) content of the cow urine are taken at 9.5 g l−1, 
0.35 g l−1, and 9.2 g l−1, respectively. 

133. Tomato: Incremental gross profit of Rs. 371,102 per hectare has been estimated from tomato 

cultivation in Dhungkharka at the biochar application rate of 1.142 t ha-1. Gross margin in tomato 

cultivation was higher by 22 per cent (treatment plots) compared to control plots. 
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Figure 21: Gross margin per hectare in Tomato crop (Dhungkharka) 

 

134. Cabbage: Incremental gross profit of Rs. 548,957 per hectare has been estimated from 

cabbage cultivation at the biochar application rate of 1.19 t ha-1. The difference in gross margin 

between treatment and control is quite high. The reason was high plant mortality in the control plot. See 

table below.  

 

 

Figure 22: Gross margin per hectare in cabbage crop (Nalang-Baireni) 

 

135. Cauliflower: Incremental gross profit of Rs. 444,457 per hectare has been estimated from 

cauliflower cultivation at the biochar application rate of 1.19 t ha-1. 
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Figure 23: Gross margin per hectare in cauliflower crop (Nalang-Baireni) 

 

136. Potato: Incremental gross profit of Rs. 42,625 per hectare has been estimated from potato 

cultivation at the biochar application rate of 4 t ha-1. 

Figure 24: Gross margin per hectare in potato crop (Mainapokhari) based on an application rate of 4 t 
ha-1. 

 

 

Table 8: Gross profit comparisons (treatment and control) 

Crop Profit/ha 
(treatment) 

Profit/ha 
(control) 

Incremental 
profit/ha 

% gross 
profit 
increase / ha 

Profit per ton of 
added biochar 

Tomato 2,045,637 1,674,535 371,102 22% 324,958 

Cabbage 666,365 117,409 548,957 468% 461,308 

Cauliflower 535,625 91,169 444,457 488% 373,493 

Potato 498,900 456,275 42,625 9% 10,656 
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137. In summary, the farmers were able to obtain excellent economic results with high incremental 

profits per hectare of land as well as per ton of added biochar when the biochar was nutrient enhanced 

with liquid organic fertilizer (cow urine). This should provide farmers with the economic incentives to 

apply biochar for crop production. 

Figure 25: Gross profit comparison of different crops (Rs/ha) 

 

 5.4. Valuation of Biochar based on Fertilizer Value and Carbon 

Trading Value 

138. The valuation of biochar is done based on its fertilizer value and carbon trading value. The 

following table shows the results of a recent chemical analysis of biochar produced in Nepal using the 

Kon-Tiki type kiln, which is used to determine the respective values.   

139. The fertilizer value is estimated at NRP 2,940 per ton of biochar (US$27.8) – this is below the 

cost of imported chemical fertilisers and can thus translate into import substitution, one of the 

government’s priorities. There are two estimates of carbon trading value of biochar based on price per 

ton of CO2 as per the European Energy Exchange AG (EEX) rate and the voluntary carbon credit rates. 

The current trading rate (EEX) is USD 6.71 per ton of CO2 whereas the voluntary rate is as high as 

USD 35 per ton. The carbon trading value of biochar is estimated to be NRP 1,874 (EEX rate) to NRP 

9,776 (voluntary rate) per ton. The total biochar valuation including both fertilizer value and carbon 

trading value has been estimated to be NRP 4,815 (EEX rate) and NRP 12,716 (voluntary rate). 

Table 9: Chemical analysis of biochar from a conical soil pit kiln using Eupatorium as the feedstock 

Chemical Value 

Nitrogen (mass-%) 0.66 

Phosphorus (mg kg
-1

) 4,600 

Potassium (mg kg
-1

) 36,000 

Organic carbon (mass-%) 72.00 
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Table 10: Valuation of the biochar 

 Product 
NRs/mt 

Component 
(NPK) NRs/mt 

Valuation of 
biochar 
(NRs)/mt 

Fertilizer value (A)    

Urea (Nitrogen=46%) 18,000.0 39,130.4 258.3 

Diammonium phosphate (46% P2O5) 45,000.0 97,826.1 450.0 

Muriate of Potash (50% potassium) 31,000.0 62,000.0 2,232.0 

Sub-total (fertilizer value) 
  

2,940.3 

Carbon trading value (B)       

Carbon Trading Value1 (EEX) 
CO2@ USD 
6.71/mt=NRs 
710/mt 

  
1,874.4 

Carbon Trading Value2 (Voluntary) 
CO2@ USD 
35/mt=NRs 
3,703/mt 

  
9,775.9 

Biochar Valuation (A+B)       

With carbon trading valued at EEX rate     4,814.7 

With carbon trading valued at voluntary carbon trading 
rate 

    12,716.2 

Notes:  

Carbon trading value obtained from: www.eex.com/en/market-data/emission-allowances/spot-

market/european-emission-allowances#!2016/4/22 

Voluntary carbon credit of USD 35 per ton of CO2 from Rai (TA7984). 

Exchange rates: 1 Euro=USD 1.1263; 1 USD=NRP. 105.81 (http://www.nrb.org.np rate as of 

2016/4/22) 

Fertilizer prices are official rates (Source: Statistical Information on Nepalese Agriculture, 2013/14, 

MoAD) 

Carbon (C) conversion to CO2 done as: C* (44/12)  

 5.5. Total Economic Benefit of Biochar per Ton 

140. The economic benefit of biochar has been estimated by adding up the benefits from crop 

production and biochar carbon valuation using the carbon trading valued at EEX rate and carbon 

trading valued at voluntary carbon trading rate as given in the table below. The following table shows 

the estimated benefits of biochar application in terms of benefit per ton of biochar (on a dry matter 

base) using the crop income from the selected crops and biochar valuations BV1 (using EEX rate of 

carbon) and BV2 (voluntary carbon trading rate). 

Table 11: Economic benefit (NRP) per ton of biochar (Dry Matter) 

Crop Crop+BV1 Crop+BV2 

Crop (tomato)+biochar valuation 329,772 337,674 

Crop (cabbage)+biochar valuation 466,123 474,024 

Crop (cauliflower)+biochar valuation 378,308 386,209 
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Crop (potato)+biochar valuation 15,471 23,372 

 

141. The main value of biochar is the substantial yield increase that can be obtained with organic 

enhanced biochars. As the applied biochar amounts are low, the potential carbon credits maybe too low 

to consider establishing a carbon credit payment system for the respective farmers, given the 

transaction costs.  

Figure 26: Economic benefit of biochar including carbon credits at 6.71 USD or 35 USD respectively 

 

 5.6. Long-term Benefits 

 5.6.1. Soil health 

142. Biochar is applied as a soil amendment and helps improve the soil quality over a long period of 

time. By itself biochar contains insignificant quantities of plant nutrients such as N, P, K and less than 1 

percent of agricultural lime (CaCO3) although some variations in nutrient contents may be accounted 

for by the type of feedstock used. The main contribution of biochar is to enhance the efficiency of 

nutrient up-take by plants and improve soil quality. 

143. Biochar remains an active soil amendment even after harvest of a particular crop, with 

beneficial effects for future crops. The figure below shows the observed effect on yield of Japanese 

melons planted after pumpkin harvest in Nalang-Baireni which indicates that the positive effects 

continue to be available over a long term period. 
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144. The observed benefits of biochar applications even on small plots of selected crops in terms of 

higher yields has motivated farmers to gradually extend the application of biochar to follow up crops. 

This is particularly evident in Dhungkharka where follow up applications have been observed in maize, 

onion, and mustard. In Dhading one farmer has applied biochar to early rice planted during 

February/March 2016, both seedbed preparation and in the field. However, considering the labor 

requirements to support even the modest application rate of less than 2 tons per hectare, farmers will 

likely be applying biochar selectively on high value crops such as vegetables. Over the longer term, 

biochar will assist farmers to move in the direction of sustainable agriculture that will be both profitable 

and environmentally friendly due to its role in carbon sequestration.   

Figure 27: Japanese melon after pumpkin harvest in Nalang-Baireni (Dhading) 

 

 5.6.2. Carbon sequestration 

The project investigated the sequestration potential of the proposed biochar method in five Nepali 

villages. During three months an average of 109 kg biochar per household was produced which 

corresponds to the sequestration of about 210 kg of CO2-e per household (amount of CO2 = 109 kg * 

70% C-content * 80% C-stability *3.44). 

The study also estimated an average biomass (biochar feedstock) production potential of 4,900 kg per 

year per household which suggests an average biochar production potential of 1 t per year per 

household and thus an average CO2-e sequestration potential of about 2 tons per year per household. 
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In addition to the carbon sequestration through biochar application, an average compost production of 5 

tons per year per household has been recorded which corresponds to the sequestration of about 1.2 

tons of CO2-e annually for each household (0.24 tons CO2-e is sequestered by the use of one ton of 

compost). 

The project further showed that within the 3 months of the field study an average of 24 kg of nitrogen 

and 32 kg of potassium has been recovered from animal urine. Thus the farmers has replaced at least 

51 kg of urea and 60 kg of muriate of potash (potassium chloride) fertilizer. Considering the urea being 

imported from India and China where the emission factor for nitrogen fertilizer production is 13.5 t CO2-

e t N-1 (Zhang et al., 2013) each of the farmers avoided during the study period at least 0.32 t CO2-e. 

The average farm household in Nepal owns at least two animals (either cattle or buffalo or both). The 

potential cattle urine recovery per year per household is thus about 5,465 litre (15 litre of urine per day 

per household). This annual amount of cow urine contains approx. 55 kg of nitrogen or 120 kg of urea 

and the equivalent of 130 kg of murite of about 0.75t CO2-e would be avoided per year per household. 

Overall, the average Nepali farmer could annually sequester the equivalent of at least 3 t CO2-e when 

implementing the proposed biochar system. The 3 t CO2-e is a conservative value which does not 

include (i) the observed higher biomass growth capturing more carbon in the plants and not (ii) the 

avoided nitrous oxide emissions through using the cattle urine in root zone applications instead of 

letting it flow to the nature unused.    
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 Scaling-up Biochar Production and 6.
Application Post-Project  

145. The project did not simply assess the benefits of using biochar to increase crop-productivity in 

Nepal, but provided capacity-building to ensure scale-up across Nepal, including implementation of an 

exit strategy, discussed and agreed with ADB, the EA and IAs at a tripartite meeting in December 2015 

– see minutes in Appendix 10. For specific details on capacity building events undertaken see 

Appendix 11. 

146. For scale-up to be successful, support is needed at both the government level and eventually 

farmer level.  This was partly achieved in the project. However, given the limited scope of the project, it 

cannot be expected that systems are now in place to scale-up the biochar ‘industry’ without further 
support. Further follow-on work is thus required, with the support of other donors if agreed, to ensure 

that scale-up is achieved in a sustainable manner. Recommendation are provided below including 

recommendations from project stakeholders such as MOAD, NARC and NAST, some of which were 

discussed at the final workshop on 6th June 2016. 

 6.1. The Required Political Will and Financial Resources for 

Scale-up 

147. Any nationwide scale-up programme requires the political and financial support of the 

government – in this case senior decision-makers in MOAD in particular. To highlight the significant 

benefits of biochar, as demonstrated through the project, and thus to influence policy, MOAD staff were 

invited to a number of field trials and workshops (including the final workshop which was attended by 

the Minister), and one-to-one meetings also held (plus a tripartite meeting). Awareness raising on 

project results was also attained through a national press release (in the Kantipur newspaper), following 

one of the regional training workshops in Bandipur, Tanahu district, and TV and radio releases 

(including from BBC Nepal19) after the final workshop.  

                                                           

19
 See http://www.bbc.com/nepali/multimedia/2016/06/160615_biochar 

http://www.bbc.com/nepali/multimedia/2016/06/160615_biochar
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Figure 28: National press release on biochar training 

 

Figure 29: Joint Secretary, MOAD, observing the results of biochar tomato trial, Dhungkharka, 8-10
th

 
November, 2015 
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148. At the final workshop, the MOAD Minister stated that MOAD plans to demarcate 2100 pocket 

areas across Nepal for improved agricultural production, and that biochar production and application 

could be introduced in these areas. MOAD (Joint Secretary) has iterated that one of the goals stated 

within the recently approved Agricultural Development Strategies (ADS) and MOAD declarations has 

been to increase the organic matter content of Nepal's soil from 1% to 4%. It is recognised that 

increased use of biochar-based fertilisers can help achieve this. MOAD also recognises the benefit of 

biochar for organic farming models (which were emphasised as of key importance for Nepal’s 
agricultural development by the MOAD Minister at the final workshop). In addition, the government has 

intimated that that biochar producing technology could be included in the national cattle shed 

improvement (Bhakaro Sudhar) program for 14,000 farmer families (to make use of cow urine 

recovery). This could be started as a pilot to begin with. The Soil Management Directorate under the 

Department of Agriculture has submitted proposal guidelines to MOAD for inclusion of the biochar 

technology into the program – this is still under review at the time of writing (June 2016).  

149. An important development has been the decision by MOAD at a meeting consisting of high level 

MOAD, NARC and NAST officials, led by Secretary of the MOAD, on 20th July, 2016, to set-up a 

biochar technology recommendation committee, to provide recommendations to the government on 

how to move biochar development forward. The committee20 is chaired by the Soil Science Division 

(SSD) of NARC and coordinated by MOAD in consultation with the Soil Management Directorate of 

DOA. The first meeting of the committee was on 12th August, where the committee requested the Nepal 

Agricultural Research Council (NARC) to recommend to the Government (MOAD) to promote biochar 

technology at wider level (i.e. at farmers' level); and for NARC to conduct biochar trials across various 

soil types using different feedstock. This is in line with the projects TA’s recommendations, as outlined 
in this report.  

150. Thus the political will for scale-up is apparent. What is now needed is the financial resources 

and guidance (including specific plans) to ensure agencies carry out required interventions, as 

described below. As such MOAD should provide clear policy guidance to its various departments and 

affiliates (such as NARC) and include sufficient funds within its budget, and if required discuss with 

donors for grant or loan assistance.  

 6.2. Building the Capacity of Government for Scale-up   

151. The trial results show that biochar can significantly increase yields and gross margins and 

should thus be scaled-up by farmers. However, producing and using biochar has a cost (particularly 

labour), while its use entails a risk if farmers do not know whether if it will increase yields or reduce 

them. For biochar production and use to be scaled-up across Nepal farmers therefore need to: 

a. See evidence that using biochar can increase yields and gross margins i.e. taking the additional 

labour, costs for making a kiln and other costs into account. Such evidence can be provided by 

extension offices/agents (with NARC support);  

b. Be provided with training on how to manufacture kilns and produce biochar. This can be 

provided by extension offices/agents (with NARC support); and  

                                                           

20
 Members include: Kamal Sah, Chief of SSD, NARC- Chair of the committee; Durga Prasad Dawadi, Chief/ JS of Soil 

Mgt. Directorate/ DoA/ Member of the committee; Parashu Ram Adhikari, MOAD Focal, member of the committee; 
Rabindra Dhakhal, NAST Focal point, member of the committee; Shankar Sah, Senior Scientist of Department of 
Livestock Development, member of the committee; Bishnu Hari Pandit, DTL of the TA although likely to continue in this 
role post-TA; Shree Prasad Vista, NARC Focal, Observer 
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c. Be provided with training on how to apply biochar to crops. Again, this can be provided by 

extension offices/agents (with NARC support). 

152. In addition, in order ensure that biochar is being used of the right quality and in the most 

optimum way, biochar analysis to assess properties is required (which can be undertaken by NAST), 

and analysis of biochar-based fertilisers (which can be undertaken by NARC). 

 6.2.1. Building the capacity of NARC 

153. NARC should undertake additional field trials across the country, with farmer participation and 

the use of demonstration days, in collaboration with extension agents, while extension agents can 

include the production and use of biochar as part their extension packages. Additional scientific trials to 

establish best practise for additional crops, for different formulations, and across different soils and 

agro-ecological zones will help build the knowledge base for further extension work. Additional trials are 

also needed to test the use of biochar as an animal feed additive. 

154. The capacity of NARC staff to undertake such trials has been significantly increased through the 

project through active participation in the trials within five NARC field stations. Capacity has been 

increased in: 

 Kiln manufacture and biochar production – NARC staff were involved in the testing of various kilns, 

and then in the production of flame curtain kilns, both in the Matatirtha test site as well as in the 

field. The project has helped with technology transfer through this training and the hand-over of 

technical specifications for the various Kon-Tiki kilns (open source data). The project has also 

trained NARC staff on production of biochar from such kilns. NARC staff were involved in initial 

testing of various feedstock types (see further below). NARC now therefore has the capacity to train 

extension agents and farmers on kiln production and what feedstock to use and how to enrich it 

with nutrients (e.g. with cow urine), and in fact is continuing to produce kilns (using the 

specifications provided), and produce biochar, without project assistance. For further scale-up, 

extension agents (e.g. District Agricultural Development Offices) should be further trained by NARC 

on the production of such kilns. The technical manual produced by NARC will be a useful reference 

guide -  see further in text box below; 

 Application of biochar to crops – NARC staff have increased knowledge of how to undertake 

research trials for biochar, and have also been involved in showing farmers how to apply biochar to 

crops in the most optimum way. For further scale-up, extension agents (e.g. District Agricultural 

Development Offices and the five Regional Directorates for Agriculture) should also be trained by 

NARC on biochar application so they can then train farmers. The technical manual produced by 

NARC will be a useful reference guide - see further in text box below. 

155. As central level, NARC staff have been involved in the project throughout so they are now in a 

capacity to extend such trials across Nepal (and to provide training to extension offices/agents). In fact, 

this is already taking place post-project and NARC is planning new biochar trials involving wheat, jute, 

tomato, oilseed and vegetable based cropping systems in FY 2016/2017. For this to continue, sufficient 

budget should be allocated to NARC. The performance indicator should not just be the additional 

number of trials undertaken, but the transfer of technology and practises to extension agents.  
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Figure 30: NARC focal person discussing results of biochar trails with farmers at Dhungkharka 8
th

 – 
10

th
 November 2015 

 

 

156. As mentioned above, NARC also has a role in assessing the quality of biochar-based fertilisers. 

The institutional mandate needs to be agreed by the government however.  NAST and NARC are 

preparing a proposal about the organizational set-up of biochar and organic fertilizer analyses for 

Nepali farmers and the Ministry of Agriculture. It is likely that NARC will be responsible for testing 

nutrient analysis of organic liquids like cow urine, an essential ingredient for biochar-based fertilisers. 

This will further add to the knowledge base.  The capacity of NARC to undertake such testing has been 

strengthened through a training course provided by project TA from 20th – 26th March, at the NARC 

laboratory, while additional testing equipment has been procured under the project and provided to 

NARC. Further testing can be linked to the work undertaken in NARC trials in order to increase the 

knowledge base. In the future, if the industry is scaled-up, there could be a demand by farmers for 

biochar-based fertiliser testing, which could be charged by NARC on a cost-recovery basis. 
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Figure 31: Training on nitrate testing of liquid manure provided by the project for NARC staff 

 
 

157. Finally, to provide justification for public funding into biochar research and extension, NARC or 

MOAD could quantify the agricultural productivity, gross margin and soil health (ecosystem) benefits at 

a national scale, using data from the farmer field trials and NARC trials undertaken by the project.  

Biochar production and application manual 

At a workshop on 28th February 2016 the government confirmed their interest in scaling-up the use of 

biochar and proposed to develop a guidebook for use by NARC, NAST, extension agents and farmers. 

This has now been produced under NARC leadership. This includes a short brochure for use by 

farmers. 1500 copies were printed (using project funds) and distributed to NARC, NAST, MOAD and 

DOAD offices, as well as those government staff and farmers involved in the cattle-shed improvement 

program as MOAD want to pilot test urine-enhanced biochar with approx. 1400 farmers involved in this 

program. This is a positive sign of MOAD’s interest to scale-up and is a good entry point to get 

immediate nationwide coverage. 

Advice was provided by the project on the production of this manual, which has drawn on information 

provided to NARC to date, including a knowledge product on biochar, and a short step by step 

procedure booklet which was produced in digital form and forwarded to the Department of Agriculture, 

Soil Management Directorate (SDM) in November, 2015 which distributed these materials to various 

district staff who have used these for farmer level training under the cattle shed improvement program. 

As an introductory note to biochar and its benefits, a double-sided leaflet was produced by the project in 

English and Nepali, and 4000 copies disseminated, mainly to the approximately 4000 agriculture 

service centers throughout Nepal (i.e. approx one per VDC). This will hopefully spark their interest so 
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they can then get more information from the 75 District Agricultural Development Offices (DOADs), 

either through training and/or through receiving copies of the guidebook.  

 6.2.2. Building the capacity of extension offices/agents 

158. Extension offices and agents play a key role in scaling up biochar production and application, 

through inclusion of such technologies and practises in their extension messages for farmers. 

Extension agents include extension staff from District Agricultural Development Offices (co-ordinated by 

five Regional Directorates for Agriculture) and Agriculture Service Centers. Other extension agents 

include international and national NGOs, although the national coverage of these is limited. 

159. This task requires close co-ordination with NARC to ensure that lessons learned from field trials 

are applied. The knowledge of extension agents has already been increased by the project. As well as 

through the dissemination of a 2-page introductory leaflet and manual, a number of dissemination and 

knowledge sharing workshops were organised including: 

 From 28th February to 1st March 2006 at the NARC research station in Khumaltar, involving 

participants from the five Regional Directorates for Agriculture and eight District Agricultural 

Development Offices (DADOs); 

 On 15th April 2016, at the Regional Directorate, Bandipur in the western region for four DADOs; 

 On 30th April 2016, at the Regional Directorate, Makwanpur in the central region for eight DADOs; 

 On 30th April 2016, at the Regional Directorate, Udaypur in the eastern region for four DADOs. 

160. The DADOs which have been trained have already started to provide training to farmers on 

biochar production and application, while three regional centres committed to expand biochar urine 

technology to at least 200 farmers' in their region. Guidebooks (as mentioned in the text box above) 

have been distributed to DADOs to assist them in their work (with leaflets for farmers). At a meeting 

between the project TA and MOAD on 5th July 2016, the MOAD focal point explained that MOAD 

intends to involve all 75 DOADs across the country in scaling-up biochar utilisation. To ensure this 

occurs, MOAD should provide official instructions to the five Regional Directorates and DADOs to 

include biochar production and application as part of their extension messages; NARC should provide 

training to the Regional Directorates and DADOs in best practise; and additional budget should be 

provided for DADOs and Agricultural Service Centres if required to undertake demonstrations, visit 

farmers…etc.  
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Mr. Rewati Raman Paudel - Regional Directorate for Agriculture, Naktajiij, Janakpur  

 

Mr. Paudel is a First Class Officer/ Joint Secretary at the Regional Directorate for Agriculture, Naktajiij, 

Janakpur. Mr. Rewati Raman Paudel started to work at the Agriculture Department in 1993 as an 

Agriculture Development Officer. He first covered Bardia in the Mid-Western Region of Nepal. Over the 

course of his 23 year career in agricultural extension he has gone on to cover many other districts in 

Nepal, in different agro-ecological zones.    

He first participated with the project during biochar making and urine recovery training held at 

Khumaltar, Lalitpur on 28th February 2016 organized by the project and MOAD.  

Before this, he said, “I did not know anything about biochar and its use as a nutrient career for 

increasing agricultural productivity and means for soil amendment.  I was also not aware of its exact 

benefits. Now I know its use and importance in agriculture. Recently I have included biochar and urine 

recovery training course (one theory and one practical class) in the agricultural related trainings (6 days 

vegetable cultivation training) held at our center. Thanks to the project I now have a better 

understanding and have begun promoting biochar to more than 300 farmers in my region”.  

Mr. Paudel is looking forward to mainstreaming teaching biochar and good agricultural practices in the 

training in his area. 

Mr. Satrugna Yadav, District Agriculture Development Office, Udaypur 

 

Mr. Satrugna Yadav joined the District Agriculture Development Office (DADO) as a Junior Technician 

(extension worker) 10 years ago. He now works as an Agriculture Officer at the sub-district level 

agriculture service center at Murkuche of Udaypur District.  

He participated at the Eastern Regional training program on biochar organized by the project at 

Jhumka, Sunsari District on 30th April 2016. 
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As a result of the training he committed to train at least 10 farmers in his area in biochar production and 

application. A week after the training, he reported to the project team that he had provided training to 

members of a farmer business school associated to the International Center for Integrated Mountain 

Development (ICIMOD) program at Murkuche village of Udaypur district.  

 6.2.3. Building the capacity of NAST 

161. In order to scale-up the utilisation of biochar as a soil amendment, further research is needed 

on the most appropriate types and quantities of biochar (soil amendment) for different crops, different 

soils and in different agro-ecological areas. Analysis is needed in order to test biochar (and biochar-

based fertiliser21) (soil amendment) characteristics, particularly concerning the available plant nutrients 

in the biochar and biochar-based fertilisers, and contaminant-analyses in order to avoid any eco-

toxicological effects of the soil amendments. This research will help ensure that appropriate messages 

are disseminated to farmers on application types and quantities to achieve optimum results. The most 

appropriate institute to undertake this work is NAST, although this needs to be agreed by the 

government, since Khatmandu University also has relevant capacity. The capacity of NAST to 

undertake such testing has been strengthened through a training course provided by project TA from 

20th – 26th March, at the NAST laboratory, while additional testing equipment has been procured under 

the project and provided to NAST. Further testing can then be linked to the work undertaken by NARC 

trials in order to increase the knowledge base. In the future, if the industry is scaled-up, there could be a 

demand by farmers for biochar testing, which could be charged by NAST on a cost-recovery basis.  

162. Finally, to provide justification for public funding into biochar trials, analysis and extension, 

NAST or MOAD could quantify the greenhouse gas reduction impact at a national scale, using data 

from the farmer field trials and NARC trials.  

 6.3. Building the Capacity of Farmers 

163. The capacity of 113 farmers who participated in the field trials has been built by the project. The 

success of this has been realised by the fact that most have continued biochar use post-trials, including 

on additional crops. The success of the trials has already been scaled-up at a village level. Participating 

farmers have demonstrated to others who themselves have manufactured their own kilns, produced 

biochar and applied it to crops with positive results. This has happened naturally as shown in the 

following case studies.  

Scale-up at village level 

Ms. Radha Bisural of Dhamilikuwa village of Lamjung organized a training program in her neighbouring 

village, Chakratirtha Village, with the VDC. A total of 25 participants were present at the training and of 

the total participants, more than half (14) applied the knowledge learnt by using urine biochar slurry for 

their cabbage, cauliflower and chilli crops.  

Ram Maya Magar of Bandipur worked with an additional 6 farmers to improve potato production. 

In Ilam, farmers disseminated lessons learned to two neighbouring VDCs. 

                                                           

21
 While agreement needs to be reached, the bulk of the analysis is likely to be undertaken by NAST while NARC will be 

primarily involved in testing nutrient analysis of organic liquids like cow urine, an essential ingredient for biochar-based 
fertilisers.   
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In Ratanpur the lead farmer provided lessons learned to four districts (Makwanpur, Chitwan, Dhading 

and Bara districts). 

In Udaypur 11 farmers of Murkuche village were trained by Min Bahadur Thapa and Sita Rana Magar, 

leader farmers of the Rauta village trials. 

In Maina Pokhari, Dolakha, despite only undertaking a potato trial, based on the results and the training 

provided, participating farmers were motivated to continue their own trials and started to use biochar for 

various crops (maize, millet, beans, onions, cardamom and others), while 17 farmers have built their 

own soil Kon-Tiki kiln on their respective land and produced an average of 250 litres of biochar. 

Farmers observed that maize and millet plant growth performance almost doubled in urine-biochar plots 

compared to their control and to usual yields of earlier years. The lead farmer Bharat Prasad Dhungel 

had applied biochar to his large cardamom nursery where a biochar applied plot had much improved 

growth of seedlings compared to the non-biochar plots. Farmers continue to prepare and use organic 

biochar based fertilizers. The head of the NARC station, who has received on-the-job training from the 

project, supports the farmers in improving their methods. 

Encouraged by the visual growth of plants, under their own initiative, and before seeing the official 

results of the biochar field trial, the farmers at Pathink used urine-biochar containing substrates with 

root application for all their newly planted crops. They did not leave any control window for these large 

scale field applications. The TA can therefore not provide quantitative data.  However, when compared 

to the growth results of the preceding years, significantly increased yields for all tested crops were 

observed. This led to an unexpected overproduction and obliged the farmers to open new markets and 

find new clients. 

On the basis of the positive results of the first trial, the 12 participating farmers in Nalang built their own 

soil Kon-Tiki kiln and equipped their cattle sheds with urine collection pits to prepare organic biochar 

based fertilizer and used it for the cultivation of various other crops like onions, garlic, cabbage, 

cauliflower, maize and potatoes. 

Tree planting on private land with use of biochar has been very effective at Ratanpur research site. 

Many farmers in the region have shown an interest to promote afforestation with use of biochar and 

urine in their areas, and have requested assistance on the production and application of biochar.   

164. In addition, the project organised farmer exchange workshops. For example, on 9th November 

2015 a farmer-to-farmer learning workshop was organised in Dhungkharka, attended by 27 farmers, 

and from 16th-18th April 2016 in Ilam, attended by 26 farmers.  

165. To scale-up at a national level, the intervention of extension agents is required – e.g. Regional 

Directorates for Agriculture and DADOs as described above. However, the case studies above show 

that once biochar production and utilisation has been successfully trialled in a village, it can be scaled-

up in that and neighbouring villages through farmer-to-farmer exchange.  
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Figure 32: Project facilitated farmer-to-farmer learning discussing the method of urine recovery and 
biochar use at Dhungkharka 8

th
 – 10

th
 November 2015 

 

 

 6.4. Private-sector Led Models for Biochar-based Fertiliser 

Production 

166. The project TA has concentrated on the development of farm-level based biochar production 

systems. Based on experience from other countries (e.g. ADB TA7833 in Cambodia, Laos and 

Vietnam) it is likely to be too early for larger-scale commercial production of biochar-based fertilisers to 

emerge. However, once the use of biochar is scaled-up and a sufficient number of farmers demand 

high-quality biochar-based fertilisers, then the market conditions for the production of commercially-

available BBF products may be sufficient. Given the costs of collating raw materials, this is likely to be 

most viable at locations where a large amount of raw material and adequate feedstock is available. For 

example, large-scale animal (e.g. poultry) farms could add biochar to manure to create BBFs for sale. A 

pilot could be undertaken by offering grant assistance to cover the risk of early-movers.      

 6.5. Scaling-up Worldwide – Awareness-raising on Project 

Results 

167. The biochar industry is still at an early stage worldwide. Expanding the knowledge base will help 

to provide further evidence for scale-up. The project has contributed to this in the following ways: 

 All reports have been shared with ADB and NDF and provide useful material for the design of other 

biochar projects in Nepal or elsewhere. This includes a knowledge product report on biochar 

production and utilisation which will be uploaded onto the ADB agriculture community of practice 

website. 
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 Presentation of lessons learned - The Team Leader delivered a keynote presentation at the Joint 

International Biochar Symposium on 30th September 2015 on farm-scale biochar production and 

nutrient enhancement), presenting results and lessons learned during the project. The Team 

Leader further delivered an International Biochar Initiative (IBI) keynote webinar on 25th September 

2015 on the same topic, again presenting results and experiences from the project.  

 Two peer-reviewed scientific publications highlighting results from the project were published. The 

fact that such papers were peer-reviewed substantiates the analystical rigour of the work in the 

project. The publications were as follows: 

i. Schmidt HP, Pandi BH, Martinsen V, Cornelissen G, Conte P, Kammann CI: Fourfold Increase 

in Pumpkin Yield in Response to Low-Dosage Root Zone Application of Urine-Enhanced 

Biochar to a Fertile Tropical Soil, Agriculture 2015, 5(3), 723-741; http://www.mdpi.com/2077-

0472/5/3/723.  

ii. Cornellisen G, Pandit NR, Taylor P, Pandit BH, Sparevik M, Schmidt HP: Emissions and Char 

Quality of Flame-Curtain "Kon Tiki" Kilns for Farmer-Scale Charcoal/Biochar Production, 

PLOS One 2016 11(5): e0154617. 

http://journals.plos.org/plosone/article?id=10.1371%2Fjournal.pone.0154617.  

 A paper was presented at the Second National Soil Fertility Research Workshop organized by 

NARC in Nepal held on 24th and 25th March, 2015 as follows: Pandit NR, Cornelissen G, Hale S, 

Schmidt HP: Utilizing Invasive Plant Species, Eupatorium for Increasing Farm Productivity through 

Making Biochar in Nepal. An award was received for the best poster.  

 

http://www.mdpi.com/2077-0472/5/3/723
http://www.mdpi.com/2077-0472/5/3/723
http://journals.plos.org/plosone/article?id=10.1371%2Fjournal.pone.0154617
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 Conclusions 7.

168. The project has provided solid evidence that biochar can be produced at the farm-level in 

Nepal, across a range of agro-climatic zones, at a low cost, using feedstock (such as Eupatorium) that 

is readily available. When enriched with cattle (or buffalo or goat) urine, which is also readily available 

to farmers through digging clay-plastered and rammed urine recovery pits, and applied via root zone 

application, it can lead to significant increases in crop yields and gross margins. It can improve soil 

health, resulting in farming systems that are more sustainable in the long-term. At a national level, it can 

reduce demand for imported chemical fertilisers (and pesticides) resulting in much needed foreign 

exchange savings. Biochar-based (organic) fertilisers offer a route to promote the scale-up of the 

production of organic products, which can attract price premiums (and of course bring health benefits), 

but which has to date been constrained by low yields. Furthermore, biochar development is supported 

by government which has made the improvement of soil health and the development of organic farming 

a priority.  

169. Environmentally, the use of biochar has a number of benefits. The current imbalance in the 

world’s carbon and nitrogen cycle is not just the main cause of climate change, but also a direct threat 
to ecosystems through eutrophication (through nutrient run-off), desertification (through declining soil 

health) and a decline in biodiversity. Re-balancing through regular recycling of organic material with its 

high carbon, nitrogen and phosphorus content is needed. Biochar has the potential to play a key role, 

as it not only converts the carbon found in a wide range of biomasses into a stable form, but also binds 

volatile nutrients from biomass residues, thereby recycling them for agricultural use.  

170. While biochar utilisation presents a significant opportunity to increase farm incomes in Nepal, 

and elsewhere in the developing world, in a climate-friendly manner, a number of constraints need to be 

overcome to facilitate wide spread use (scale-up). These include the following: 

 The short labour supply in rural Nepal;  

 The competing uses for charcoal (for cooking, brick production, iron melting and electricity), 

particularly when such uses present a low risk against utilising it for crop production which is a new, 

and thus potentially risky, technique for farmers; 

 In places where shrubs such as Eupatorium are not available, the competing use of crop residues 

as animal feed; 

 The lack of capacity within the government extension system to promote the scale-up of biochar 

use and poor linkages with the research service (NARC); 

 The lack of a certification system for organic farming, allowing farmers to benefit from price 

premiums; 

 The lack of a low cost (in terms of transaction costs) system for obtaining carbon credits; 

 Addition research is needed on the use of biochar as an animal feed additive.  

171. If farm incomes increase as a result of biochar utilisation, then a number of these constraints 

will disappear. For example, there may be less need for family members to travel to cities for work, and 

farmers will value biochar and feedstock over other competing uses. To encourage scale-up the 

government, with donor support if required, should provide support in the last four constraints listed – in 

particular to leverage the extension system in promoting biochar production and application (which can 

then leverage farmer-to-farmer learning which occurred ‘organically’ in project villages), and in 
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developing certification systems for organic farming.   More specifically, it is recommended that the 

following initiatives are undertaken: 

172. In the immediate term: 

 The technical biochar manual/guide book produced by NARC, plus the ‘picture booklet’ for use by 
farmers, should be disseminated as widely as possible.  

 Biochar producing technology should be included in the national cattle shed improvement (Bhakaro 

Sudhar) program for 14,000 farmer families (to make use of cow urine recovery). This could be 

started as a pilot to begin with and offers an immediate opportunity for scale-up.  

 To provide justification for public funding into biochar research and extension, NARC or MOAD 

could quantify the agricultural productivity, gross margin, soil health (ecosystem) and fertiliser 

import substitution benefits at a national scale, using data from the farmer field trials and NARC 

trials undertaken by the project, as well as the national greenhouse gas reduction impact (possibly 

by NAST). 

173. In the short-medium term: 

 NARC should be provided with the necessary funding to undertake additional scientific trials to 

establish best practise for additional crops, for different formulations, and across different soils and 

agro-ecological zones will help build the knowledge base for further extension work. Additional trials 

are also needed to test the use of biochar as an animal feed additive. 

 Extension agents (e.g. District Agricultural Development Offices) should be further trained by NARC 

on the production of Kon-Tiki kilns and biochar production and application.  

 Closer co-ordination is required between NARC and extension agents (DOADs) to ensure that 

lessons learned from field trials are applied. 

 MOAD should provide official instructions to the five Regional Directorates and DADOs to include 

biochar production and application as part of their extension messages. Additional budget should 

be provided for DADOs and Agricultural Service Centres to undertake demonstrations, visit 

farmers…etc. The project has shown that once biochar production and utilisation has been 

successfully trialled in a village, it can be scaled-up in that and neighbouring villages through 

farmer-to-farmer exchange.  

 Additional training and equipment is needed for NAST for biochar analysis.  

174. In the longer-term:  

 While not considered a priority, to encourage large-scale commercial production of biochar-based 

fertilisers, which can be sold to farmers rather than them making it themselves, which may help to 

overcome labour supply constraints at the farm household level, incentives could be offered to agri-

businesses to cover ‘early-mover’ risk.  
    

 



 

 

Appendix 1: Progress against TOR 

ToR Progress against the ToR 

Paragraph 5. The project will adopt a socially inclusive, ecosystem approach 
to address the more efficient use of local resources to improve food security 
and rural energy while reducing dependence on external inputs for such 
farmers. 

Achieved. The project took into account gender and ecosystems 
considerations. Half of the lead farmers were women, and ecosystems 
considerations were key in selecting the appropriate technology, and what 
impact biochar application would have on soil health.  

Paragraph 6. The carbon sequestration potential of biochar, therefore, 
becomes an important aspect of the proposed project. 

Achieved. A carbon sequestration study was conducted under the project. 

Paragraph 7. pilot-test and demonstrate, in the three agro-climatic zones of 
Nepal (terai, hills and mountains), the potential uses of agri-waste to attain 
the ‘triple wins’ of improved agricultural production, rural energy generation, 
and climate change mitigation – while improving the sustainability of local 
resource use 

Achieved. The project pilot tested and demonstrated the potential uses of 
agri-waste (for agricultural production, energy generation (heat recovery) and 
climate change mitigation), in the three agro-climatic zones through over 200 
field trails. Eupatorium (having the local name “Banmara” – forest killer), an 
invasive plant species (forest killer) commonly found in forest provinces, farm 
uplands/lowlands and river banks was identified as a suitable feedstock, 
avoiding competition with agricultural waste which has other uses. Moreover, 
Eupatorium is naturally regenerated; hence, biochar can be sustainably 
produced every year.  

Paragraph 8. Three scales of pyrolysis technology will be piloted. At the 
household level, biochar cook stoves for both the preparation of animal feed 
and for human consumption, which will reduce the amount of fuel wood 
needed (collected by women and children) and the harmful emissions inside 
the house, provide warmth during winter, while producing biochar for the 
kitchen garden. At the farm level, larger, mobile ovens. At the agri-processor 
level, technical and economic feasibility for conversion to biomass-powered 
generation (using the waste product from the particular crop processed, 
producing power and/or heat for the plant and biochar as a by-product). 

Partially achieved. In order to provide focus for the project, and to avoid 
trying to achieve too many goals but failing to deliver, the project focused on 
the testing of kilns for the production of biochar for crop production, which 
can have a huge impact on farm incomes in Nepal, as opposed to cook 
stoves for the preparation of food. This allowed alignment with the expected 
project impact and outcome of a more productive rural sector and sound 
climate change responsive farming systems 
 
Four different types of pyrolysis technology were tested although at similar 
scales - suitable for farm-level production. The Kon-Tiki kiln was found to be 
the most appropriate. In farmer field trials, various types of Kon-Tiki kiln were 
then piloted, of which the soil pit kiln is recommended as being the most 
appropriate.  
 
A study to identify the potential of using waste heat (heat recovery) from 
biochar production for agri-processing purposes was also undertaken.    



 

 

Paragraph 12. Initial trials need to be carried out to determine the method 
needed to ensure an average biochar production temperature between 
350°C-500°C 

Achieved. Initial trials were conducted to optimize the selected technology.  

Paragraph 12. The number of treatments should be limited and the number 
of replicates should be at least five. 

Achieved. Trials were undertaken following scientific best practise allowing 
statistically significant results.  The field trials used five replicates both at 
farmer and at scientific levels. Treatments in farmer trials were usually only 
two but in scientific trials up to seven. 

Paragraph 12. Control will be farmer practice Achieved. Controls were set-up for each of the scientific trials.  

Paragraph 13. It is recommended that more complex trials be carried out by 
Nepal Agricultural Research Council (NARC) 

Partially achieved. NARC did not have the knowledge to carry out more 
complex trials at the start of the project. The project team set up trials at 
NARC field research stations and built the capacity of NARC staff which 
developed over the course of the project. NARC staff can now undertake 
such trials independently.  

Paragraph 14. Sub-Component 1: Conduct field trials to document Nepalese 
specific evidence of positive impacts of carefully formulated and produced 
biochars and biochar-compound fertilisers as a soil amendment for water 
stressed and degraded soils by agro-ecological zone 

Achieved. Using selected technology trials were set-up at NARC field 
stations and with farmers. B. Evidence of positive impact on crop yields has 
been reported, both in degraded soils, as well as fertile soils. 

Paragraph 14. Sub-Component 2: Based on other field data make an 
estimation of the possible reduction in greenhouse gas (N20 and CH4) 
production and direct capture and storage of carbon in the soil 

Achieved. A study was conducted on the possible reduction in greenhouse 
gas (N20 and CH4) production and direct capture and storage of carbon in 
the soil. 

Paragraph 14. Sub-Component 3: Identification of specifications for 
appropriate feedstock, stoves, ovens/kilns, operation and application 
guidelines for various type of farm or crop types, ensuring more on-farm 
energy is produced for less wood inputs 

Achieved. A number of kilns were testing against criteria including 
production, quality, cost and emissions and the most appropriate technology 
then tested in field trials. Optimised kilns were used to trial appropriate 
feedstock for quality char. The specifications of the selected kiln (soil Kon-
Tiki) were provided to the EA and IAs and guidelines for operation and 
application provided.   

Paragraph 14. Sub-Component 4: Socio-economic analysis of the impacts 
on rural poverty and health of a combined biomass-energy production, 
sustainable agriculture and waste management system which reduces 
greenhouse gas emissions and reliance on imported chemical fertilizers 

Achieved. Socioeconomic data was collected at a number of field sites to 
help determine gross farm margins and carbon sequestration benefits, as 
well as to provide a valuation for biochar, enabling comparison against 
imported fertiliser costs. The conclusion being that biochar-based fertilisers 
can reduce the reliance on imported chemical fertilisers.  

Paragraph 14. Sub-Component 5: Technical and economic life-cycle analysis 
suitable for presentation to a lender of one rural agri-processing industry 
(such as a district level rice mill) for feasibility of conversion to biomass 
energy 

Partly achieved. A life-cycle assessment was done for the biochar 
production stage, and the biochar utilisation stage (biochar quality testing).  
Based on the assessed quality of biochar no more investigations were 
undertaken done on the fate of biochar in soil as the biochar is considered as 



 

 

a nearly inert substance with a life cycle of more than 100 years. 
Presentation was not given to a lender of an agri-processing industry as the 
demand for biochar is not yet considered to be at the level to attract 
commercial investment, while the project did not concentrate on bioenergy 
production, but rather on the use of biochar as a soil amendment. The 
feasibility of the use of waste heat for agri-processing was undertaken 
however. 

Paragraph 15. Sub-Component 6: Aactivities to raise national awareness on 
sustainable rural ecology for green growth, including: (i) inception 
stakeholder workshop (government, nongovernmental organizations [NGOs], 
civil society organizations [CSOs], other development agencies) to raise 
awareness on use of biochar for climate change responsive soil amendment, 
carbon sequestration and energy production. Training on techniques and 
procedures for the formulation and production of biochars, including draft 
training materials; (ii) mid-term workshop detailing field trial methodologies, 
initial results, next steps; (iii) National workshop to widely disseminate field 
trial results, recommendations for implementation; (iv) preparation of a 
knowledge product (including training materials for government and NGOs) 
suitable for publication nationally and on the ADB website. 

Achieved. Inception workshop, mid-term workshop and final (national) 
workshop undertaken. Eight additional workshops were also undertaken as 
well as farmer-to-farmer exchange visits, an eco-school club and biochar 
analysis training provided by a visiting expert. The project was publicised in 
the national press.  
 
A knowledge product suitable for publication nationally and on the ADB 
website was produced. In addition, an introductory leaflet to biochar was 
produced as well as a ‘how to’ guide.  The project was presented at an 
international symposium, a keynote webinar undertaken, and two peer-
reviewed scientific papers published.  

Paragraph 16. NARC will take the lead in designing and conducting 
agronomic field trials, including analysis of horticultural and soil results 

Partially achieved.  The project team led the design of trials at the start of 
the project although these were conducted with NARC staff (at NARC 
research sites). NARC staff can now design and implement such trials 
independently. NARC staff have taken the lead at the research trial sites in 
the collection of data, although project staff were involved in data analysis.  

Paragraph 16. NAST will take responsibility for commissioning and testing 
the two types of pyrolysis units (based on open source design) and testing of 
the biochar produced 

Partially achieved. The project team worked together with NARC as 
opposed to NAST for the testing of pyrolysis units including those based on 
open source design. Training has been provided to NAST on biochar 
analysis however. Initial biochar analysis was done by Kathmandu University 
but then re-done at a European Institute.     

Paragraph 16. Soil analysis will be done at cost at Kathmandu University Not achieved. Soil analysis was not undertaken.  

 
While not a specific objective in the TOR, the project has helped to achieve 
initial scale-up of biochar production and utilisation, and has produced 
concrete recommendations for further scale-up.  
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Appendix 2: Expenditure against Budget 

Table 12: Consultant Inputs  

Position International/ National Mths  
Mths 
Utilised 

Mths 
Remaining 

Team Leader/Biochar Specialist International  6.07 6.07 0 

Biochar Specialist International  0.93 0.93 0 

Subtotal 7 7 0 

Agronomist National 6.82 6.59 0.23 

Economist National 5 3.5 -1.5 

Alternative Energy Specialist National  1.21 1.21 0 

Farmer Implementation Support 
Specialist/Deputy Team Leader 

National 18 19.73 1.73 

Heat Recovery Specialist National  4.97 4.97 0 

Subtotal 36 36 0 

 

Table 13: Reimbursable Expenditure 

Item Code and Name Qty Unit Rate $ Total Utilised Remaining 

1156 International Per diem allowance 210 Calendar day 150 31,500.00 25,065.00 6,435.00 

1157 National Per diem allowance 30 Calendar day 60 20,280.00 19,560.00 720.00 

1172 International Air Travel 5 Roundtrip 1500 7,500.00 9,255.00 -1,755.00 

1173 National Air travel 12 Roundtrip 300 3,600.00 537.00 3,063.00 

1182 Miscellaneous Travel Expenses 5 Roundtrip 150 750.00 1023.63 -273.63 

1183 Land Transport and Vehicle Hire 1 Month 13,716 13,716.00 23,694.92 -9,978.92 

1190 Office Operations 1 Month 6000 6,000.00 753.56 5,246.44 

1192 Communications 1 Month 1000 1,000.00 491.06 508.94 

1200 Equipment 1 Unit 22655 22,655.00 24,377.75 -1,722.75 

1300 Seminars, workshops and training 1 Unit 9000 18,000.00 8,866.81 9,133.19 

1400 Studies, surveys and reports 1 Unit 5000 78,553.00 46,939.71 31,613.29 

1900 Contingency - - 6,672 6,672 0 6,672.00 

    210,226.00 160,564.44 49,661.56 
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Appendix 3: Work Plan 

 

W

W

 

IR

 

 

W

W

KP

FR

Key:

Intensive Activities IR Inception Report  

 Intermittent Activities MTR Mid-term Report

FR Final Report

W Workshop  

KP Knowledge Product

DJ J A S O N A S O N DJ F M A M

Pre-mobilisation

(i) Preparation and signing of contracts with client, TA international and national team members

(ii) Preparation for mobilization of Team Leader and Landell Mills management team

(iii) Initial Consultation with key stakeholders

(iv) Set-up TA offices and team facilities 

JJ

ACTIVITIES
2014 (Yr. 1) 2015 (Yr. 2)

(v) Establishment of coordination and communications arrangements. Planning for Start-up activities 

Start-up (Inception) Activities

(i) Mobilize TA team and backstopping team

(ii) Meet and consult with the IA and ADB, NAST, NARC, Kathmandu University etc 

(iii) Orientation workshop for TA Team and key stakeholders 

(iv) Inception workshop for team, key stakeholders and wider audience

(v) Wrap up meetings and prepare draft inception report

(vi) Finalization and submission of Inception Report

Sub-component 1

(i) Conduct state of the art assessment (lessons learnt) of effective (product) formulation of biochar blend

(ii) Establish selection criteria for TA biochar production technology 

(iii) Identify existing biochar production technology in Nepal (inc. ICS) and other relevant international designs

(iv) Assessment of biochar production technology against selection criteria

(v) Justification and selection of biochar production technology

(vi) Lessons learnt on 'field fitness' of sites in Nepal and other relevant international experience

(vii) Establishing selection criteria for TA 'field fitness'

(viii) Identifying existing agricultural systems with desirable 'field fitness'

(ix) Assessment of 'field fitness'

(x) Justification and selection of sites in relation to 'field fitness'

(xi) Agronomic field trial designs (draft technology, site selection and field design report (inc. monitoring and indicators)

(xii) Preparation for Selection (ToR/mobilization) for Consultant for Identification, screening, selection of farmer field schools

(xiii) Planning, preparation, and implementation of field trials

Subcomponent 2

(i) Monitoring and collection of samples  

(ii) Analysis of samples 

(iii) Analysis of results (samples and field trials)

Subcomponent 3

(i) Identification of specifications for appropriate feedstock, stoves, ovens/kilns, operation and application guidelines for various type of 

farm or crop types, ensuring more on-farm energy is produced for less wood inputs

Subcomponent 4

(i) Identification of socio-economic baseline in selected sites

(ii) Analysis of socioeconomic baseline in selected sites

(iii) Interview and focus groups in field trial communities 

(iv) Analysis of economic and incremental economic and other cost benefit 

(v) Calculating Cap-Ex and #Co-Ex of used biochar production technology

(vi) Cost benefit analysis and distribution

(vii) Cost benefit analysis (non-monetary) and distribution

(viii) Possible new investment modalities for biochar production technology

Subcomponent 5

(i) Plan and undertake Life Cycle Assessment

(i) Wrap-up meetings

(ii) Preparation and Submission of Final Report

Subcomponent 6

(ii) Conduct training on techniques and procedures for the formulation and production of biochar

(iii) Plan and hold Midterm Workshop

(iv) Plan and hold National Workshop

(v) Preparation of Knowledge Product

Wrap-up

2016 (Yr. 3)

J F M A M J
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Appendix 4: Kiln Test Results 

Evaluation 
Criterion 

Carbon 
Catcher* Adam’s Retort** 

Optimized 
TLUD 120l 
with vortex 
gas burning 
and primary 

air regulation  
Khoi Straw 
Kiln (VN)*** Kon Tiki (cone)**** 

Quantity of 
Feedstock 
per batch 
(kg) 

15 1000 23  800 

Efficiency 
(%) 

 
30 30 – 42 37  25 – 30% 

Quantity of 
biochar per 
batch (kg) 

6 400 8.6  200 

Production 
time  
(hours) 
(allowing for 
cooling)  

2 12   4 – 5 

Biochar 
production 
per day (kg)  

24 400 
25 to 30 l per 

90 min 
25 to 30 l per 

90 min 
400 (1 m3 per hour) 

Number of 
days 
production 
required for 
field trials 
(c. 50 kg 
biochar per 
crop trial)  

2.5 

 

(7 days to 
supply 

farmer field) 

1   1 

Materials  
Steel Bricks & steel sheet Oil drum type 

Bricks & 
steel sheet 

 

Clean-burn  Secondary 
burn, Good 
clean burn 

Secondary burn via 
fire box 

Secondary 
burn, Good 
clean burn 

 
Secondary burn at 

surface/ edges, Good 
clean burn 

Cost (NR)  
No data Approx. 100,000 

Approx. 
35,000 

 
Approx. 1,000 – 

1,500 

Feedstock 
flexibility  Air-dried 

wood chips 
and 

residues 

Designed for 
charcoal production; 
adjusments required 

when using agri-
residues 

  

Mostly tested for 
woody feedstocks 

and bamboo; unclear 
how well it would 
work with agri-

residues 

Availability 
of design  

Open-
source 

Licence (c. €1000) Open-source 
Owned by 

ADB 
Open-source 

* Designed by the Soil Fertility Project – see http://www.soilfertilityproject.com/Soil_Fertility/Home.html and 

www.carboncatcher.co.uk - and used extensively in the UK, India and Namibia.  

http://www.soilfertilityproject.com/Soil_Fertility/Home.html
http://www.carboncatcher.co.uk/
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** An existent retort was optimized 

*** Designed by Khoi/Joseph in Vietnam 

**** Kon-Agno 1000 l – metal cone shield combined with soil pit as open fire kiln. Note that metallic "Kon-Tiki" 

kilns require capital expenditure of between NRs 8,000 and NRs 20,000 depending on the size. The soil pit 

kiln only requires labour input.  
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Appendix 5: Testing of emissions from 
the flame-curtain kilns 

1. In the selection of the technology for the project, health and safety of the biochar producing 

technology was an important selection criteria. Traditional kiln technologies for charcoal production are 

slow and without treatment of the pyrolysis gases, resulting in the emissions of gases (mainly methane 

and carbon monoxide) and aerosols that are both toxic and contribute to greenhouse gas emissions.  

2. In retort kilns pyrolysis gases are led back to a combustion chamber. This can reduce emissions 

substantially, but is costly and consumes a considerable amount of valuable ignition material such as 

wood during start-up. The Kon-Tiki flame curtain pyrolysis combines the simplicity of the traditional kiln 

with the combustion of pyrolysis gases in the flame curtain (similar to retort kilns), also avoiding use of 

external fuel for start-up. 

3. Under the project various types of biochar producing kilns were constructed, tested and 

compared on the basis of productivity, biochar quality, costs and importantly emissions. The negative 

effective of emission in the use of technology was flagged as an important issue by ADB and by the 

government.  

4. At the project test site in Matatirtha, all developed and manufactured kiln designs were tested 

with various feedstocks. Biochar yield and emissions were measured with advanced measuring devices 

brought over from Europe. The calculations for the analysis of the carbon content of the various 

biochar’s produced during these tests suggest the different open fire kilns like Kon-Tiki, Kon-Agno and 

soil cone kilns used in the project show very low emissions of climate relevant gases or of any other 

toxic compounds.  
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Figure 33: Conducting emission measuring at the project test site at Matatirtha 

  
  

5. Mean emission factors for the flame curtain kilns were (g kg-1 biochar for all feedstocks); CO2= 

4300 ± 1700, CO = 54 ± 35, non-methane volatile organic compounds (NMVOC) = 6 ± 3, CH4 = 30 ± 

60, aerosols (PM10) = 11 ± 15, total products of incomplete combustion (PIC) = 100 ± 83 and NOx = 

0.4 ± 0.3. The flame curtain kilns emitted statistically significantly (p<0.05) lower amounts of CO, PIC 

and NOx than retort and traditional kilns, and higher amounts of CO2. 
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Figure 34: Emission factors for CO2, CO, CH4, TSP (aerosols, derived from PM10 as described in the 
methods, non-methane volatile organic carbon (NMVOC), and the sum of nitrogen oxide and nitrogen 
dioxide (NOx), as well as the sum of all products of incomplete combustion, PIC (all C-containing 
gases except CO2). 

 

 

6. The evidence suggests the open fire kilns have the lowest emissions of all low to mid-tech 

pyrolysis devices tested; emissions are lower than those of retort systems like the Adam retort or than 

optimized TLUD systems devices.  

7. On the basis of these tests it can be concluded that the health and safety implications for using 

the recommended technology present a low risk to users.  

8. Full details of the emissions  tests can be found in the following peer-reviewed publication: 

Cornellisen G, Pandit NR, Taylor P, Pandit BH, Sparevik M, Schmidt HP: Emissions and Char Quality 

of Flame-Curtain "Kon Tiki" Kilns for Farmer-Scale Charcoal/Biochar Production, PLOS One 2016 

11(5): e0154617. http://journals.plos.org/plosone/article?id=10.1371%2Fjournal.pone.0154617. 

 

http://journals.plos.org/plosone/article?id=10.1371%2Fjournal.pone.0154617
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Appendix 6: Use of waste heat from 
biochar production for essential oil 
production 

1. The project constructed heat recovery devices as an extension to the farm-scale biochar 

production units already introduced in several villages in Nepal. The main heat recovery device 

proposed by the project enables farmers to produce essential oils from crops such as cinnamon, ginger, 

curcuma or lemon grass and thus to significantly increase the product value, the farmer income and the 

crop product storage time. Moreover, the combination of biochar production and essential oil distillation 

improves the overall carbon balance of the technology and produces hot water that can be used for 

pasteurization, sterilization or washing. 

2. Whereas in most traditional and low-cost pyrolysis systems, the pyrolytic gases escape 

unburned into the atmosphere causing potentially negative effects on the climate and ecosystems, 

modern pyrolysis systems cleanly combust the gases and recover the combustion heat. The flame 

curtain pyrolysis systems (Kon-Tiki) that were introduced to Nepal by the project to produce biochar 

cleanly combust the pyrolytic gases but as yet do not recover the heat. 

 1. Solution 

3. To improve the overall efficiency of the biochar system, the economics and the total carbon 

balance, the heat of the pyrolysis has to be used for agronomic or (semi-) industrial purposes like 

drying, pasteurization, essential oil distillation, space heating or for washing. Building on the previous 

biochar producing equipment, the project proposed the construction of heat recovery devices that can 

be adapted to the need of different farm situations, including: 

 drying for tea leaves, fruits and spice production 

 distillation for essential oil production from cinnamon, ginger or lemon grass 

 hot water for space heating, washing or home stay tourism 

 pasteurization for milk products. 

 2. Thermal energy potential 

4. An average metal or soil pit Kon-Tiki transforms within 3 hours roughly 2 m3 of biomass into 

800 litre of biochar. Depending on the feedstock, the clean combustion of pyrolytic gases produced 

during this time 1.5–2 MWh of heat. Considering that 30% of the gas combustion energy can be 

recovered as usable heat, approximately 500–700 kWh of heat can be recovered during each run of a 

Kon-Tiki. This thermal energy corresponds to the heating of 5,000–8000 litre water from 20° C to 90° C. 

With the same thermal energy 700–1,000 litre of ambient water could by transformed into 150° C hot 

water vapour. This amount of water vapour is sufficient to produce from 2 m3 of cinnamon leaves 2.5–3 

litre of essential cinnamon oil plus nearly 5,000 litre of hot water. 
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 3. Economics 

5. At a market value of NRP1 per kWh of heat, one run of the Kon-Tiki produces thermal energy 

with a value of NRP1,500–2,000. Nepali farmers produce and sell usually only the raw materials such 

as tea or cinnamon leaves to larger-scale manufacturers, who transform these raw materials to 

marketable products with high added value. However, by using the heat of the biochar production, this 

would enable farmers to transform their raw products themselves and achieve substantial added market 

value. 

6. For example: 

 Raw tea leaves in Ilam are sold at NRP150 per kg, while dried tea leaves, which can be sold as 

packaged tea, are sold at NRP600–1,000. 

 Cinnamon leaves in Udaypur have to be carried for three to five hours as very voluminous 15 kg 

backloads from the hills down to the valley, where they are sold for NRP40 per kg. If the farmers 

could produce the essential oil themselves directly in the villages, they would not only save the 

time, effort and cost to carry the voluminous leaves down to the valley but they could also double or 

triple the market value of their product, at least doubling their cinnamon-related income. From 10 kg 

of dried cinnamon leaves with a market value of NRP400, 60–100 ml of essential oil with a market 

value of NRP600–1,000 plus 8 kg of cinnamon marc with a market value of NP240 can be 

produced. Considering that the heat for the essential oil production is waste heat from the biochar 

production there is no extra investment for firewood as is the case in industrial production of 

essential oil. 

 4. Improvement of carbon balance 

7. If the crop or forest waste biomasses used for the biochar production in Nepal were left on the 

ground or burnt, which is the common practice, 95–100% of the biomass carbon would return to the 

atmosphere in the form of CO2 or CH4 and part of the nitrogen would be emitted as N2O. The climate 

balance would thus be highly negative as the CO2e of CH4 and N2O are calculated by a factor of 25 

and 300, respectively. 

8. If the biomass is carbonized in a flame curtain pyrolysis system (Kon-Tiki), 40–50% of the 

biomass carbon is transformed into a stable carbon pool and does not return as greenhouse gas to the 

atmosphere. However, during pyrolysis 50–60% of the biomass carbon is transformed into pyrolytic 

gases, which are combusted in the process. If, as estimated above, 30% of the caloric value of the 

pyrolytic gases are used as combustion heat, the overall carbon balance of the process can be 

improved by 30–40%. 

 5. Construction of a farm-scale distillation unit 

9. The project designed and manufactured a farm-scale distillation unit to co-produce economically 

relevant amounts of essential oil during biochar production.  

10. As the investment of NRP50,000 (USD5,000) for a distillation unit is considerable for most 

farmers in Nepal and the average leaf production per farmer is only 250 kg, the distillation device has to 

be used by 25–40 farmers (one village) together.  
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11. With a capacity of 1,000–1,500 Litres (200–300 kg) the distillation device has to run every day 

for about one month to transform the complete cinnamon leaf harvest of all farmers of an average 

village. Besides the transformation of cinnamon leaves other crops such as ginger, cardamom, lemon 

grass and divers forest products can be distilled during other harvest periods. 

 

Figure 35: Schematic view of the distillation process 

 

12. The combined use of pyrolysis and distillation technologies not only improves the carbon 

balance of the biochar production by 30–40% and replaces valuable forest wood, which is currently 

used in Nepal for industrial-scale production of essential oil, but also increases the income of the 

farmers. 

 

Figure 36: Distilling cinnamon leaves while producing biochar in Ratanpur 

 

 

13. The 1,200 litre distillation unit was built within three weeks at a local metal workshop in 

Kathmandu following the project team designs and guidance. The device was then extensively tested at 

the Ratanpur (Tanahu) field site using cinnamon leaves and other plants containing essential oil for 
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distillation. The distillation unit in combination with soil type Kon-Tiki biochar production was found fit for 

purpose and could be introduced to other farmer sites. 

14. The processing of the agricultural products with the proposed technology has a high potential to 

increase product value, product storage time and farmer income and will thus help to develop a more 

climate change resilient and productive rural sector in Nepal. 
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Appendix 7: Farmer Field Trails 

 1. Maina Pokhari, Dolakha 

15. The potato farmer trial in Maina Pokhari was set-up in December 2014 and was the first of all 

the farmer trials of the project. As with most farmer trials the farmers’ usual practice was used as a 
control. As the farmers’ practice in the participating village was to use mineral fertilizer, the biochar for 

the biochar treatment was enhanced with dissolved liquid fertilizer (NPK).  

 The biochar used for the trial was made from maize cobs, bamboo and some wood. The biochar 

was half water quenched, half soil snuffed. The biochar was manually grinded (0 – 30 mm). Biochar 

was used at 1 t and 2 t ha-1.  

 The NPK fertilizer was dissolved and then mixed with the biochar. The application rate was kg NPK 

ha-1 = 100:100:60. 

 The biochar fertilizer was applied in a line under the potatoes and covered with some soil.  

 Non liquidized fertilizer of the control treatment was broadcasted. 

 

  

Figure 37: Potato trial set-up at Devi Dakhal, Maina Pokhari. Potato growth at Kamala Dakhal, Maina 

Pokhari.  

 

16. The potatoes from the nine farmer field trials were harvested at beginning of May 2015. Results 

show highly significant increases of yield in all biochar treatments of up to + 60% and an average yield 

increase of +18.8%.  
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Figure 38: Potato yield of Dolakha farmer field trial with 9 participating farmers. Biochar was nutrient 

enhanced with dissolved mineral NPK. Biochar application amount was 1 t ha-1, respectively, 2 t ha-

1. The average yield increase was 18.8%.  

 
17. Due to the very remote location and the hardships after the earthquake in April and May 2015 

which destroyed houses of the participating farmers, no other scientific trials were set-up after the 

potato trial. However, after the trials, farmers received further training on production and application of 

organic biochar based fertilizers using liquid animal manure, which they used to replace mineral 

fertilizer. 

18. Scale-up: Despite only undertaking a potato trial, based on the results and the training 

provided, participating farmers were motivated to continue their own trials and started to use biochar for 

various crops (maize, millet, beans, onions, cardamom and others), while 17 farmers have built their 

own soil Kon-Tiki kiln on their respective land and produced an average of 250 litres of biochar. 

Farmers observed that maize and millet plant growth performance almost doubled in urine-biochar plots 

compared to their control and to usual yields of earlier years. The lead farmer Bharat Prasad Dhungel 

had applied biochar to his large cardamom nursery where a biochar applied plot had much improved 

growth of seedlings compared to the non-biochar plots. Farmers continue to prepare and use organic 

biochar based fertilizers. The head of the NARC station, who has received on-the-job training from the 

project, supports the farmers in improving their methods.  
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Figure 39: Biochar workshop in Maina Pokhari, Dolakha, on 24
th

 December 2014 

 2. Mithinkot, Kabre 

19. Mithinkot is a village development committee in Kavre. The project site is located 38 kilometre 

south-east of Kathmandu. Commercial vegetable cultivation has been started fairly recently in the 

village and farmers are applying chemical fertilizers and pesticides to the field crops. Due to this, the 

soil has deteriorated with direct effects on crop production.  

20. At the beginning of the project, a meeting was held and training undertaken on biochar. Its role 

in soil fertility improvement and crop productivity increment, and preparation methods was provided to 

ten farmers. Training was given at one of the farmers’ fields on the construction of soil Kon-Tiki kilns.  
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Figure 40: Biochar produced from Eupatorium (left). Soil-metal Kon-Tiki kiln used for producing the 
biochar applied in the ginger trial (right). 

  

21. In April 2015, ginger trials were set-up in ten farmer fields. Nutrient enhancement was done with 

cow urine. While biochar was used at 1 t ha-1, cow urine to enhance the biochar was used at 10 m3 per 

hectare, corresponding to 100 kg N and 110 kg K fertilization per hectare.     

22. At harvest in March 2016, the yield increase of the urine-biochar treatment was 30%. However, 

the overall yield in the trial plots was rather low due to poor ginger seed quality22. Thus the results 

cannot be considered as representative and would have to be repeated with more robust local seeds.  

 

Figure 41: Yield results of ginger trials in Mithinkot (Kavre) with 10 participating farmers using urine-
biochar compost soil amendments in comparison to the local practice with compost only 

 

                                                           

22
 The seeds were purchased and delivered by the TA team in order to provide the same seed varieties for all trial 

participants including for the NARC ginger trial in Panchkhal. 
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Figure 42: Soil particle with biochar covered by beneficial fungi in ginger trial plot (left). Ginger 
harvest (right). 

  

23. In December 2015 a scientific bean trial was set-up comparing mineral fertilizer with organic 

biochar fertilizer. The broadcasted application of mineral NPK fertilizer (the common practice in the 

region) was compared with an organic biochar based fertilization where only cow urine was used as 

fertilizing substance but where both main fertilizing substances, nitrogen and potassium, had the same 

content as in the NPK treatment. In the third treatment the cow urine (same N and K content as the 

mineral NPK treatment) was enriched with phosphoric acid to reach exactly the same NPK content as 

in the NPK treatment. No compost was used in this trial. 

  

Figure 43 Set-up of bean trial (left) and growth of the 15 plots (3 treatments) after one month. 

 

24. The results show that the urine-biochar treatment outperformed the conventional NPK treatment 

by a yield increase of 43%. The addition of phosphoric acid to the cow urine increased the yield by a 

further 46% leading to an overall yield increase of the optimized biochar based fertilization of 109% 

compared to the conventional NPK fertilization. The trial shows that at least for some crops and soils 

the enrichment of cow urine by phosphoric acid may substantially increase yield. If no phosphoric acid 

is available, other phosphorous sources may be compost, bone meal or bone char.  
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25. The trial demonstrates that the organic biochar based fertilization has the capacity to outperform 

the efficiency of mineral-chemical fertilization. To confirm the results similar trials have to be repeated 

with other crops and in other soils.  

 

Figure 44: Bean trial in Mithinkot (Kavre) 

Bean trial in Mithinkot comparing mineral fertilization (NPK) with organic and organic-mineral enhanced 

biochar root zone application. The NPK per hectare ratio was 60:80:60 for NPK and urine-bc-H3PO4 

treatments, the urine BC treatment had 60:05:60.  

 

26. Participating farmers in Mithinkot observed the following:  

a. Kendra Prasad Ojha (farmer) 

 Biochar- urine fertilizer was applied to cauliflower and cabbage. 

 The plants grew well even in the land where it hasn’t grown that well last year.  
 Few maize plants were applied with biochar-urine fertilizer. The growth was good and yield was 

even better than the plants in the chemical fertilizer treatment. In the field where chemical fertilizer 

was mandatory last year, biochar-urine application did a great job and worked well to get a good 

yield.  
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b. Juna Ojha (farmer) 

 Biochar-urine fertilizer was applied to cauliflower (about 40 plants).  

 Plants were healthy and had good growth. 

 

c. Krishna Adhikari (farmer) 

 Biochar-urine fertilizer was applied to potato crop. (2m x 2m plot). 

 No chemical fertilizer was applied. 

 Good yield was obtained.  

 

d. Ram Prasad Ojha (farmer)  

 Biochar-urine fertilizer applied in potato, cauliflower, broad bean- mixed cropping. 

 Will apply biochar-urine fertilizer in maize next year. 

 

e. Laxmi Upreti (farmer) 

 Biochar-urine fertilizer was applied to maize plants. The result revealed that biochar-urine 

applied plants yielded more than chemical fertilizer applied maize plants. 

 

f.   Kabi Prasad Silwal (farmer) 

 Urine-biochar fertilizer was applied to cabbage (around 50 plants) and cauliflower (around 100 

plants). Cabbage was bigger in size; cauliflower was flowering well. The experience from 

previous year shows biochar-urine fertilizer along with farmyard manure is enough to have a 

good harvest. No chemical fertilizer is required. 

 Potato was planted in the second week of January 2016 with root zone applied urine-biochar. 

 

g. Chandramani Silwal (farmer) 

 Cattle urine is being collected and applied to cabbage and cauliflower. 

 Biochar-urine fertilizer was applied to garlic plants on December 2nd. 

 

h. Jeet Bahadur Shrestha (farmer) 

 Biochar was applied to cauliflower and cabbage mixed with DAP and Potash.  

 Biochar-urine fertilizer was applied to garlic.  

 

i. Mina Shrestha (farmer) 

 Biochar was applied to cauliflower with good results (no control)  

 

j. Kamala Chimouriya (farmer) 
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 Biochar was applied to cauliflower with good results (no control).  

 Applied biochar-urine fertilizer to garlic, onion and potato. 

 

  

Figure 45: Cabbage and onion farmer trial in Mithinkot.  

 

27. Scale-up. During the growing season, eight more farmers joined the biochar group. All 18 

farmers used biochar either in combination with mineral or with organic fertilizer in some of their stable 

crops. Most of the farmers have both upland and lowland fields. In upland maize and mustard is the 

major crop while it is rice, potato, and barley in the lowlands. Maize plant and rice straw can be used as 

feedstock to prepare biochar though it is also used as a fodder during the dry season. The main source 

for biochar preparation includes Euphatorium spp., tree twigs and branches from fodder leftovers. 

28. Only some farmers started to collect cattle urine for biochar nutrient enhancement as most 

farmers continued their usual practice with mineral fertilizer application as broadcasting application of 

low amounts of dissolvable minerals is less of a burden and quicker to be done. Farmers who adopted 

the organic biochar based fertilization reported high yields obtained especially with cabbage, 

cauliflower, onions, and garlic. 

 3. Naya Gaon, Kavre 

29. Naya Gaon is a village in the district of Kavre, about 51 kilometres away from the capital city 

Kathmandu. Commercial vegetable cultivation is not prevalent at the site. Most are subsistence farmers 

although with a move to coffee growing – see below. The nearby market includes Kuntabeshi (as local 

market), Banepa and Kathmandu (large market). The major crop grown in the upland area is maize and 

in the lowland includes rice and potato. Excessive use of chemical fertilizers and pesticides on crops is 

found. This has created a major issue on depleting soil physical, chemical and biological properties. 

This results in the deterioration of soil fertility and a decrease of productivity per unit area.  

30. Naya Gaon is increasingly a coffee growing region. A new coffee company has been 

established in the village and planted 10 ha coffee. Most of the farmers have given their land to the 

company on lease.  

31. In February 2015 biochar training was given to ten farmers at the coffee company site. 

Feedstock for biochar making is abundant in the village. Beside maize crop wastes and fodder 

leftovers, the invasive species Eupatorium can be found all over.  
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Figure 46: Cutting of Eupatorium as feedstock for biochar making (left). Making of biochar from 
Eupatorium and also coffee husk and chaff (in bags behind the kiln). 

 

32. Eight farmer trials (initially ten but data from two could not be used) were set-up in February and 

March 2015. Half of the trials were set-up with one-year-old coffee trees, half with more than three-

year-old trees. Biochar nutrient enhancement was done with cow urine.  Older trees received 12 litres 

of urine-biochar substrate (1.5 kg biochar + 10 l cow urine) around the canopy circumference; the one-

year old trees received 6 l of the same substrate. 

  

Figure 47:  Application of organic biochar based fertilizer at a depth of 25 cm around the canopy 
circumference.  

 

33. While the eight farmer trials compared the traditional application of compost with the root zone 

application of the organic biochar based fertilizer, a scientific trial was set-up at the coffee company 

site. The four treatments were (1) compost, (2) compost + cow urine, (3) compost + biochar, (4) 

compost + urine-biochar. Each treatment was applied at 5 coffee trees in a randomized trial design. The 

applied amount per tree of biochar was applied at 750 g (DW), cow urine at 5 l, and compost at 8 l per 

tree, respectively. 
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Figure 48: Shaded coffee trial plantation in Nayagaon.  

  

34. Five times during the project period data for plant height, stem diameter, number of branches, 

and plant volume was collected. Unfortunately, the genetic variation of the coffee trees is too high for 

having only five repetitions per treatment and results are statistically not significant. However, 

considering the high intra-species variation, the tendencies of the results are interesting.  

35. While there is no difference in percentage annual height increase between the biochar + 

compost, urine-biochar + compost and compost only treatments, both biochar treatments seem to 

increase the growth of the stem with an percentage annual diameter increase of 41% compared to the 

treatments without biochar. As the growth of the stem diameter is often correlated with an increased 

root growth, it can be speculated that the biochar application stimulated the coffee root growth making 

the tree more drought resistant and sequestering more carbon. This result although it is only a 

statistically non-significant tendency confirms other data that the TA gained in further biochar - tree 

trials, notably with cinnamon trees in Udaypur (see Udaypur section below). We further hypothesize 

that for the growing of trees the nutrient enhancement of biochar is less of importance as the easily 

available nutrients from the upper soil horizon is mostly not a limiting factor for tree growth.  

36. Further trials could test optimal amounts of biochar with and without nutrient enhancement and 

if annual biochar amendments lead to cumulative effects.  
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Figure 49: Growth of young two-year  old coffee plants one year after the application of the 
substrates 25 cm deep at the canopy circumference of trees (applied when they were one-year old) 

 4. Dhunkharka, Kabre 

37. Dhungkharka is in the mid hill region belonging to the Kavrepalanchowk district, about 40 

kilometers from Kathmandu. The farmers from Dhungkharka are commercial vegetable farmers. Until 

recently the major nutrient input for their crops was compost and they considered themselves as 

organic farmers.  

38. Due to market proximity, increasing revenue from agricultural products and short-term 

commercial goals, farmers use more and more chemical fertilizer, hybrid seeds and pesticides with the 

known negative effects on soil fertility, ecosystem and a self-sustaining farm economy. The farmers are, 

however, open minded and motivated to improve their farm economy with advanced organic fertilization 

if it can be shown to be at least as productive as agro-industrial inputs.  

39. In March 2015, a total of 10 farmers were selected to participate in the biochar project. They 

received training on biochar production using the Kon-Tiki kiln technique and were taught how to 

prepare their own soil Kon-Tiki kiln. They learned the importance of biochar, its role in soil fertility 

improvement and crop productivity increase. It was demonstrated and explained how to prepare 

organic biochar based fertilizer using cattle urine, biochar and compost.  

   

Figure 50:  Emplacement of the community metal-soil Kon-Tiki used for the biochar workshop and 
the production of the biochar for the farmer tomato trial.  

 

40. In April 2015 ten tomato greenhouse trials were set-up. One of the trials was laid out as a 

scientific trial with five repetitions comparing cow-urine enhanced biochar with cow-urine only, cow-

urine-compost and compost only. The farmer trials compared the traditional treatment (compost and 

cow urine) with organic biochar based fertilization (urine-biochar + compost). The substrates were 

applied before planting as concentrated depot below the roots. Biochar was used at 1 t per hectare, 

compost at 4 t per hectare and cow urine at 8 m3 per hectare.  
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Figure 51: Setup of tomato field trials in Dhunkharka 

 

41.  Due to high quality plant health (especially in the biochar plots), the tomatoes in the farmer trial 

were harvested from June 2015 until Mid-December 2015. Farmers had to weight each single harvest 

and note carefully the data which was an important effort that all participating farmers provided with 

care and pride. The two farmer leaders controlled weekly the data and provided monthly updates to the 

TA. 

42. The average yield of eight of the nine farmer trials23 (the other trial being a scientific one) was 

71.1 tons per hectare in the urine-biochar plot compared to 59.6 t per hectare in the compost + urine 

plot with both treatments having the same amount of Nitrogen and Phosphate fertilization. At each 

farmer site the urine-biochar plot outcompeted the control plot. The highly significant (p < 0.001) yield 

increase was 21%.  

 

                                                           

23
 Farmer 5 unfortunately applied biochar also to the control plot 
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Figure 52: Tomato yield per plant in eight of the nine farmer trials in Dhunkharka 

 

43. Although the yield increase is consistent in all singular trials and statistically robust, the yield 

increase is lower than in all other farmer trials with annual plants. The TA team do not have any 

consistent explanation for the rather low yield increases except that tomato root development and 

nutrient dynamics might be less sensitive to the root zone modification brought by the biochar 

containing substrate.  

44. The scientific tomato trial could have delivered more data but was unfortunately disturbed 

negatively by the April earthquake. The water source situated close to the farm went dry because of the 

earthquake. Due to the drought and missing irrigation water till the start of the rainy season in June, 

several tomato plants died or were damaged. The remaining plants had too high yield variations and 

thus the results were statistically not significant. However, the statistical tendency confirmed the results 

of the farmer trial: the urine-biochar treatment showed a 25% yield increase compared to the control 

with compost only. 

  

Figure 53: Tomato farmer trial with organic nutrient enhanced biochar (left) and without (right) 

 

45. Due to the high level of participation of the farmers, the wide variety of crops and the proximity 

to Kathmandu, the village of Dhunkharka was chosen as the main case study site. The 16 participating 

farmers installed soil Kon-Tiki biochar production devices at their respective farms. Most of the farmers 

have only upland for cultivation. Maize is the major crop in the uplands and the maize stalks can be 

used for biochar production. Beside the maize crop wastes, the main source for biochar production in 

the area is Eupatorium spp., fodder leftovers, tree twigs and branches. 
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46. Before the collaboration with the TA, farmers of this area did not practice cattle urine collection. 

The TA supported farmers to construct 1m3 size cattle urine collection tanks so that most of the cattle 

urine was collected and utilized since September 2015. Biochar is now added to the tank and used as 

per need.  

  

Figure 54 Example of urine recovery pits built in Dhunkharka. 

   

 

 

Figure 55: Urine collection pit filled with biochar for direct organic fertilizer production (left) and 
urine collection to gain nutrient rich liquid manure for hot quenching of biochar in Kon-Tiki kilns. 

 

47. The fertichars (cattle urine enhanced biochars with compost) are by now extensively applied to 

all sorts of crops. Results in maize, cabbage, garlic, ground apple, potatoes and several other crops 

show substantial yield increases and improved plant health. In the case of cabbage, biochar applied 

plants have produced bigger sized fruits. The positive impact of biochar on broad beans was also 

clearly visible; the plot applied with biochar had earlier and more plant emergence than the 

conventional treated control. On visual inspection, the plants looked healthier and greener. Six weeks 

after seeding, the broad bean plant height was 27% higher in the urine-biochar treatment compared to 

the control with compost only. Cucumber yield also increased with the application of urine-biochar 

fertilizer. Three garlic trials revealed an average yield increase of 93%.  
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48. Farmers reported less intensity of disease and pest on the plants applied with biochar based 

fertilizer. The problem of red ants is also mitigated with biochar application. Farmers remarked that 

biochar based fertilizer worked at least as good as chemical fertilizer and in most crops even better.  

  

Figure 56: Broad bean trial with fertichar (left) and the control plot without fertichar (right) 

  

  

Figure 57: Cabbage trial with urine-biochar (left) and without (right). 

 

49. In several maize trials the treatment with fertichar was compared to conventional mineral NK 

fertilization (100 kg N + 100 kg K) and always improved the yield. In the trial at Sujan Shresta where 

three repetitions were set-up, the fertichar treatment more than doubled the maize biomass production 

and nearly doubled the cob weight. With 30 t maize biomass per hectare the field productivity was 

comparable to highly productive industrial farming.    
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Figure 58: Maize yield compared between urine-biochar fertilization (fertichar) and conventional 
mineral NPK fertilization. 

 

50. In a plantation trial for cardamom trees where urine-biochar was applied below the roots and 

compared to the traditional practice where only forest floor residues are applied into the planting pits, 

the plant growth more than doubled in the urine-biochar treatment with 50 cardamom trees.  

   

 

 

Figure 59: Cardamom tree plantation using 1 litre of cow urine enriched biochar per tree plantation. 
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51. In the Shree Krishna Gopal Higher Secondary School a student urine recovery pit was installed 

and is used to enhance farmer made biochar. In the school an eco-club was founded for the promotion 

of biochar in the village. A meeting for all students of the school was organized to teach the making of 

biochar and the production of organic biochar fertilizers. 

  

Figure 60 Student urine recovery pit using biochar to produce organic biochar based fertilizer. 

 

52. All 16 participating farmers produced biochar, recovered the liquid manure of their cattle and 

produced organic biochar based fertilizer that is applied to all their crops replacing completely chemical 

fertilizer. Yield increases vary between 20 and more than 100% depending on the crops.  

 5. Pathik Foundation, Kathmandu 

53. The site at the Pathik Foundation in Kathmandu is different to all other trial sites. It is not a 

village with individual farmers tending their own land but a community of farmers that tend in a common 

effort their common land. The farm has been organic for many years and produces vegetables, fruits, 

cereals and milk for their community as well as for restaurants and hotels of Kathmandu. The 

foundation receives many national and international guests, organizes workshops and opened a school 

for children of the wider region. The organic biochar based methods and results can thus find wide 

dissemination.  

54. Following a biochar workshop and training in December 2015, a demonstration field trial with 

cabbages was set-up.  
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Figure 61: Biochar training for members of the Pathik Foundation and students of the local 
school testing the biochar quality. 

 

55. The trial compared the application of a large amount of good quality compost which is the usual 

practice at Pathik with the addition of urine-biochar with and without compost. The application amounts 

were 40 m3 compost, 2.4 t of biochar and 16.5 m3 of liquid manure, respectively. The results show that 

in this very fertile soil the addition of more compost did not lead to a further increase of cabbage yield 

but the addition of organic nutrient enhanced biochar led to a significant 50% yield increase with 

compost or without.  

 

Figure 62: Cabbage field trial at Pathik Foundation, Kathmandu  

 

56. Encouraged by the visual growth of plants, under their own initiative, and before seeing the 

official results of the biochar field trial, the farmers at Pathink used urine-biochar containing substrates 

with root application for all their newly planted crops. They did not leave any control window for these 

large scale field applications. The TA can therefore not provide quantitative data.  However, when 

compared to the growth results of the preceding years, significantly increased yields for all tested crops 

were observed. This led to an unexpected overproduction and obliged the farmers to open new markets 

and find new clients. 
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Figure 63: At the farm of Pathik Foundation the organic biochar based fertilizers were introduced to 
the cultivation of all crops of the farm leading to an unexpected overproduction and need to open 
new markets for their farm products.  

 6. Nalang Baireni, Dhading 

57. In January 2015 pumpkin field trials were set-up at 11 farmer sites in the village of Nalang. The 

trials were the first trials in Nepal where the biochar was soaked in cattle urine before its application. 

The results of this trial compared (1) compost enriched with cattle urine, (2) compost blended with 

biochar and (3) compost blended with urine enriched biochar were significant. 

  

Figure 64: Establishment of pumpkin trial (preparation of planting pit with sub-root substrate 
application) (left) and pumpkin growth 2 month after seeding (right). 

    

58. Using urine enriched biochar at only 750 kg ha-1 applied directly into the root zone delivered a 

statistically highly significant yield increase of 400% compared to the control with urine enriched 

compost. The total harvest of the urine-biochar treatment was 82 tons per hectare, which is an 

extremely high yield even for optimized industrial farming.   

59. The trial results not only showed the high potential of the organic biochar based fertilization 

compared to the traditional practice but demonstrated for the first time that this method may lead to high 

yield increases even in fertile soils. The results of the pumpkin trial were published open access in the 

scientific peer review journal “AGRICULTURE”.  
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Figure 65: Pumpkin yields of the farmer trial in Dhading.  

 

60. On the basis of the positive results of the first trial, the 11 participating farmers (initially 12 but 

data from one trial had to be discarded) in Nalang built their own soil Kon-Tiki kiln and equipped their 

cattle sheds with urine collection pits to prepare organic biochar based fertilizer and used it for the 

cultivation of various other crops like onions, garlic, cabbage, cauliflower, maize and potatoes. 

61. In September 2015 a scientific cabbage trial was set-up both in Nalang and in Bandipur. Using 

at both locations the same set-up and cabbage plants from the same nursery the treatments of hot and 

cold mineral fertilizer enriched biochar with hot and cold urine enriched biochar (N= 5 with 8 plants per 

plot) were compared.  

  

Figure 66: Cabbage farmer trials in Nalang, Dhading. 

   

62. While in cold charging, the liquid mineral or organic fertilizer is mixed to cold biochar, hot 

charging means that red-hot glowing biochar is quenched directly with the liquid fertilizer solution. When 

biochar is still hot the liquid fertilizer can easier penetrate into the microporous structure and bound to 

or even coat the carbonaceous biochar surfaces. The urine-biochar treatments were enriched with 

phosphoric acid to reach the same NPK ratios in all treatments. 
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63. Two main hypotheses were tested: (1) cow-urine can replace mineral NK fertilizer when 

charged onto biochar maintaining at least the same fertilizer efficiency. (2) Hot charging of mineral 

fertilizer onto biochar improves the nutrient efficiency while for urine charging onto biochar no difference 

between hot and cold charging can be identified in regard to nutrient efficiency. 

  

Figure 67: Soil Kon-Tiki pit for biochar making and biochar addition to urine recovery pit to prepare 
organic biochar based fertilizer  

 

64. The results show significantly that the organic enhancement of biochar with liquid cattle manure 

is more efficient than the enrichment of biochar with dissolved mineral fertilizer. This was independent if 

the liquid nutrients were charged on the hot biochar or mixed with the cold water quenched biochar.  

65. The organic enhancement of biochar resulted in doubling the cabbage yield compared to the 

mineral fertilization while hot NPK charging was less efficient than the cold charging. With a plant 

density of 41,600 per ha, the average yield in the cold urine-biochar treatment was 54 tons per hectare 

which compares well even with industrial cabbage farming.  

 
 

Figure 68: Yield results of a cabbage trial 

Yield results of a cabbage trial (N=5; p < 0.0001) where 1.4 ton biochar per hectare was root zone applied 

either with dissolved mineral fertilizer or organic liquid manure (NPK 100:50:200); all treatments having the 

same NPK amounts, no compost was applied in these trials. On the right, the application of the biochar 

substrate and mixing with soil before planting the young cabbage. 
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66. in September, 9 farmers participated in a cabbage and cauliflower farmer trial where the 

traditional treatment with root zone applied compost + cattle urine was compared with a treatment 

where the same amount of compost was applied with the same amount of urine but which was charged 

on biochar. The same plants, set-ups and substrates as in a parallel trial in Bandipur were used.  

67. Besides the testing of the efficiency of the optimized biochar method for cabbage and for 

cauliflower, the objective was to compare the effect of different soils and climates. While Nalang has a 

hot tropical climate at 550 m above sea level, Bandipur has a more temperate and dryer climate at 

1100 m above sea level. 

68. The results show in the cabbage trial a more than tripling of yield in the urine-biochar containing 

treatment and in the cauliflower trial a yield increase by a factor of 2.7.  

69. In Bandipur the results were similar. The high yield increases are partly explained by higher 

plant mortality in the non-biochar treatment.  

70. However, the average cabbage weight per plant was also higher than in the control treatment 

even though the later had lower plant densities due to the higher mortality.  

  

Figure 69: Percentage yield increases of cabbage, respectively, cauliflower between compost + urine 
and compost + urine-biochar root zone application (1 ton per hectare biochar). In both treatments the 
same amounts of N and P nutrients were applied 

 

71. When the pumpkin trial plants were uprooted in September 2015, sweet cucumber (Solanum 

muricatum) was planted in the same planting pits applying the same type and amount of biochar-

substrate and compost as in the pumpkin trial again. A fourth treatment was added where the same 

urine-biochar + compost treatment was applied but not for the second time (as in the treatment after the 

pumpkin trial) but for the first time. The results demonstrate (1) that the positive effects of the urine-

biochar treatment continue over more than one growing seasons and (2) that the soil quality improves 

apparently from season to season as the second application improved yield much more than the first-

time application.  
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Figure 70: Yield results of Japanese melons planted at exactly the same spots of the earlier 
harvested pumpkins and one 1st year application of the same amounts of urine-biochar where no 
substrate was applied earlier.  

 

  

Figure 71: Preparation of biochar based substrates for field trial (left). Set-up of scientific 
cabbage trial (background) and Japanese melon trial (foreground).  

 

C
om

post
&
uri

ne 
2e

nd y
ea

r

uri
ne-

bio
ch

ar
+co

m
post

 2
en

d y
ea

r

co
m

post
+b

io
ch

ar
 2

nd y
ea

r

uri
ne-

bio
ch

ar
+co

m
post

 1
st

 y
ea

r
0

1000

2000

3000

4000

5000

japanese melone after pumpkin in Nalang, Dhading

total harvest after 3rd harvesting periode

g
 y

ie
ld

 p
e
r 

p
la

n
t

p < 0.0001
N = 5a

b
b

c

+ 
15

0 
%

+ 217 %



 

 

107 

  

Figure 72: Scientific cabbage trial with four treatments and five repetitions (left). Japanese melon trial 
at the beginning of the harvest season (right). 

 

  

Figure 73: Cauliflower trial. The cauliflower in the urine-biochar treatment (left) were flowering two to 
three weeks earlier than the cauliflower of the control plot having the received the same amount of 
fertilizing nutrients (right). 

 7. Bandipur, Tanahu  

72. Bandipur (Jhum Danda & Jhhapri) along with Dhunkharka, Nalang, and Ratanpur is one of the 

four main project sites. Jhum Danda was in January 2015 the first site where the whole village 

participated in the biochar meeting and subsequent biochar making in a soil type Kon-Tiki kiln.  

73. The biochar made during the first training was used to set-up a chilli trial comparing different 

organic nutrient enhanced biochar applications either directly into the root zone or around clay irrigation 

pots or with half of the application into the root zone and the other half around the irrigation pots.  

74. The project team hypothesized (1) that clay pod irrigation improves the water efficiency by more 

than 100% during dry season; (2) that the application of biochar-compost around the irrigation pots 

improves nutrient efficiency, yield and plant growth; (3) that the application of biochar-compost in the 

planting holes improves the early growth of the plant; and (4) that cow urine impregnation of biochar 

improves the nutrient availability. 
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Figure 74: First biochar making mostly with Eupatorium twigs in Jhum Danda, Bandipur.  

 

  

Figure 75: Irrigation pots are buried into the field and four chilli plants are planted around the pot. 
The irrigation water for the plants is solely given through the 12l pots. 

 

 

 

Figure 45: Trial set-up of chilli experiment with clay pots. 

 

75.      After initial problems with insect pathogens, the chilli plants developed. Chilli harvest started 

in June and was recorded over three months. Overall, the yield increased in the best treatment (urine-

biochar + compost 100% root zone applied + clay pot) by 220% compared to the control where only 

compost was applied to the root zone. The 100% root zone application was significantly better than 
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50% root zone and 50% around pot application. The clay pot had a tendency to improve the yield 

though it was statistically not significant.  

 
 

Figure 76: First year yield results of chilli trial with irrigation pots.   

 

76. Beside the scientific trial with five treatments, a simplified farmer trial with the two main 

treatments (clay pod + 100% root zone application of compost + urine-biochar versus root zone applied 

compost) was established at 8 farmer locations. The results confirm that the treatment with clay pod + 

100% root zone application of compost increased the yield compared to the control but the yield 

increase was only a quarter of the yield increase observed in the scientific trial. The project team have 

no consistent explanation for this. Beside the quantitative data, the biochar treated plants showed a 

clear superiority in size and colour of pods.  

77. The chilli plants are still in place and will fruit for a second year. It is expected that the effects of 

the substrates will still be observed in the second year and that the effect of the clay pod will increase 

as the roots are longer now and already oriented towards the water source from the clay pot.  
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Figure 77: Chilli farmer trial with 8 farmer participants comparing clay pot irrigation and root zone 
application of urine-biochar with root zone application of compost only 

 

78. A scientific trial with cabbage, identical to the trial in Dhading was set-up in September 2015. 

The objective of using the same set-up and plants in two locations was to see and prove that the 

methods and substrates lead to similar nutrient efficiencies and growth performance in different 

climates and soils. The results are of the same order as in Dhading showing that even if beside the 

climate also both soils are rather different (see below) the effect of the urine-biochar fertilization is 

similar if not the same.  

Soil of Dhading cabbage trial  Soil of Bhandipur cabbage trial 

5.91 pH 3.08 

5.40 SOM % 7.02 

0.52 total N  0.44 

6 C/N 9.3 
 

Table 14: Main soil analytical parameters of the experimental cabbage sites in Dhading and 
Bandipur.  
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Figure 78: Cabbage trial in Bandipur (left) with the same set-up as the trial in Dhading (right) 

 

79. More than 15 farmers in Jhhapri and Jhum Danda (Bandipur) produce their own biochar on their 

farm and use it for various crops including potato, pumpkin, beans, tomato, cabbage, cauliflower and 

onions. The project helped the farmers to build cow-urine recovery pits for nutrient enhancement of 

biochar as can be seen on the pictures below.  

  

Figure 79: Adding biochar to the liquid manure collection pit to charge the biochar directly with plant 
nutrients avoiding any bad odour in the shed and nutrient leaching to the ecosystem.  

  

80. The cabbage and cauliflower farmer trials, also identical to the trial in Dhading, confirmed the 

results from Dhading demonstrating that the biochar method that the project developed during the 

project works in different soils, different climates and with different farmers. While cauliflower yield 

results doubled in the urine-biochar treatment, cabbage almost tripled.  
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Figure 80: Farmer trial with cabbages and cauliflower in Bandipur. Same set-up, plants, fertilisation 
and treatments as in the parallel trial in Dhading, see section 5.2.6 above.  

 

81. In December 2015, a potato trial was set-up comparing for the first time the effect of bone-char 

as phosphate source. Bone char contains 60 to 80% tricalcium phosphate which is both a phosphate 

source and a liming agent beneficial for acidic tropical soil. As a result of the high temperature and 

energy surplus of the biochar making process with the Kon-Tiki kiln, up to 20% of bones can be added 

to the biochar feedstock. At application amounts of 1 t biochar per hectare containing 20% bone char, 

about 30 kg of phosphate is added to the soil. As cattle urine is poor in phosphate, such an organic 

source of phosphate could make cattle-urine-bone-biochar fertilizers a complete fertilizer containing all 

necessary plant nutrients at the right proportions.  

  

Figure 81: Potato trial and bone-biochar making in Jhhapri, Bandipur. 

   

82. The results show an advantage for the urine enhanced bone-biochar treatment of about 250% 

compared to control with compost only. The bone-biochar compared to the non-bone biochar has a 

tendency to improve the yield by about 40%, however, due to the high variation between the 5 farmer 

trials, the results are statistically not significant between the two treatments. The hypothesis that the 

bone biochar improves the plant nutrition is strengthened by these results though more trials are 

needed to prove it.  
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Figure 82: potato field trial in Bandipur  

The percentage yield difference between the potato trial treatments of 5 farmer trials in Jhhapri, 

Bandipur. The application amounts were 1.2 tons of biochar, 20 m3 compost, 9 m3 cow urine, 

0.25 t of bone char per hectare, respectively. The picture on the right side shows bone biochar 

containing app. 20% bone char.     

 

83. Excellent results in plenty of trials convinced not only the farmers to introduce the technology on 

the full scale of their farming but evoked also the interest of many NGOs and government officials who 

regularly visited the site for reference in using biochar.   

 8. Dhamilikuwa, Lamjung  

84. Eleven farmers participated in the first biochar meeting in February 2015. On this occasion a 

first banana field trial was established. Because farmers were only convinced about mineral fertilization, 

the biochar was charged with dissolved NPK fertilizer and the resulting substrate was applied at the 

canopy circumference at a depth of 30 cm. The farmers agreed to do equally in their respective 

plantation with newly planted as well as with two to three year old banana trees.  

85. Unfortunately, only a few farmers did so and those who did failed in documenting the trial 

sufficiently so that in most cases they were not sure where they applied the substrate and where they 

had not or they misunderstood the set-up guidelines or didn’t weight the substrates. The project team 

tried again to work with the farmers and changed the two lead farmers. Only two farmers were 

interested. It was with these two farmers that the project continued to work with and set-up further trials 

to test if biochar containing substrates may help to improve productivity and plant health of banana, one 

of the important cash crops of Nepal.  
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Figure 83: Initial field trials with Banana in Dhamilikuwa, Lamjung (left). Application of NPK-biochar 
substrate at canopy circumference (right). 

 

86. Realizing the importance of organic nutrient enhancement of biochar, a scientific banana 

biochar trial was set up at Radha farm in June 2015. After 45 days growth measurements showed a 

clear tendency towards increased banana plant height with urine-biochar substrates as well as with 

urine biochar mixed with NPK. After three months, the biochar treatments with urine-biochar and urine-

biochar+NPK revealed that growth more than doubled compared to the NPK only treatments and 

double when compared to a double dose of NPK fertilizer. The two participating farmers of the village 

started farmer trials with tomato, beans and maize where the results suggested to confirm the main 

hypothesize that organic fertilizer can replace costly mineral fertilization when combined with biochar. 

However, these field trials were not set-up in a way that would allow quantitative analyses.   

87. In November and December 2015 due to the Indian embargo prices for fertilizer more than 

doubled or in some cases fertilizers was not available at all. Interest in organic biochar based 

fertilization increased. One farmer who had obtained encouraging results in her banana plantation trial 

was invited to give trainings on biochar making in neighbouring villages. As a result of this some 

farmers started to use the biochar method but when the embargo ended and chemical fertilizers were 

again available, farmers turned back to their chemical fertilizer.  

88. In the main farmer’s banana plantation where organic and mineral fertilization was compared 
and showed encouraging initial results, the field revealed such difference in the soil that variations were 

extremely high and statistical relevance was difficult to establish.    
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Figure 84: Plant height of banana trees 3 months after plantation (left). Leader farmer at her 
plantation showing growth differences of banana plants (right). 

 

  

Figure 85: Planting pit for banana trial (left) and banana trial after 8 months. 

   

89. Even though the project team’s work in the village of Lamjung was unsatisfactory in producing 
any useable data, the team observed that biochar based organic substrates may have beneficial effects 

on banana growth and health. Future trials would be needed to confirm this.  

90. Beside the main banana trial plot a farmer planted another plot with her normal planting method 

using only NPK fertilizer. When the plants didn’t develop as well as in the trial plot, she applied a double 

dose of extra mineral fertilizer. This addition did not add to growth. After 10 months the banana plants in 

the trial plot are on average more than double in size compared to those in the adjacent double 

fertilized plot as can be seen on the image below: 
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Figure 86 On the left side are the banana plant with double NPK fertilization. On the right side the trial 
plot with the compost and the urine-biochar and NPK biochar treatments.  

 9. Ratanpur, Tanahu  

91. Ratanpur is a small village at 1000 m altitude about 2 hours from the main Kathmandu – 

Pokhara road in the Tanahu district. All 25 households of the village are subsistence farmers though 

most of the younger generation and most men left the village to work in Kathmandu or foreign 

countries.   

92. In general, subsistence farmers in remote locations are mostly aware of the necessity to close 

nutrient cycles and to return all available plant nutrients back to the cultivated soil. None of the farmers 

use any chemical inputs and all farmers in the village have some animals (mostly cattle, buffalo, goats) 

to produce compost. The liquid manure, however, was mostly unused and neither were the woody 

leftover of the animal feed. While the later can be turned into biochar, the former can be used to 

transform the biochar into a fertilizing substance.  

93. The Ratanpur farmers were highly receptive to the biochar method and it took only three weeks 

until each of the households had built their own soil Kon-Tiki kiln and produced biochar. Farmers also 

quickly installed cattle urine collection pits and made organic biochar based fertilizer to be used for their 

various crops.  
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Figure 87: Assembly of all farmer families of the village to decide on further biochar activities.  

 

94. At the end of August 2015, data from 25 households showed that more than 3000 kg of biochar 

had been produced and almost all of it was utilized for the fields and gardens adjacent to their houses. 

While farmers tested the biochar method with more or less all crops in their house gardens and for 

improving their compost, the project team focused the biochar trials on tree planting.  

95. Due to the loss of most male workers in the village and region, many if not most of the ancient 

terraces are abandoned with the soil degrading and exposed to erosion. To preserve the ancient 

terraces, to protect the soil and area from landslides, to secure source water provision and to generate 

additional income without exhausting the small available workforces, it was decided to plant the 

terraces with tree crops. It is, however, extremely difficult to establish tree crops on such degraded soil 

and to keep the trees alive during the long and more and more severe dry season (from mid-September 

till May). Information provided by the district forestry department stated that during a campaign to plant 

100,000 cinnamon trees, less than five per cent survived the first year; and a long-term investigation of 

the Nepali Agroforestry Foundation (NAF) showed that on average less than 50% of the trees planted 

to reforest the country survive the first two years.  
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Figure 88: Soil Kon-Tiki kiln in Ratanpur (left); urine collection pit with biochar (right).  

   

  

Figure 89: Biochar filled urine collection trench in cattle shed (left). Biochar making in the 
middle of the village is even celebrated by the village children that made their own soil 
Kon-Tiki.  

 

96. To test and show how to improve tree growth and survival and to demonstrate the possibility to 

transform the barren terraces into forest gardens, the project team established two extensive tree trials 

- one with mulberry and one with cinnamon trees. Later the farmers adopted the technique and used it 

for the plantation of other tree species like Paulownia, Rudrakshya, Michelia and Shiva trees.  

97. Urine enhanced biochar and compost was applied in different quantities and combinations in 

planting holes under the roots of new planted mulberry in July 2015 following a scientific set-up.  

 

Figure 90: Randomized design of mulberry trial with six treatments and five repetitions in Ratanpur. 
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98. The following five treatments were compared: (A) compost only (2.25 kg/plant); (B) compost 

(2.25 kg) + urine quenched biochar (1kg/plant); (C) compost (2.25kg) + water quenched biochar 

(1kg/plant); (D) urine (2.25lit) only; (E) urine (2.25 lit) + urine quenched biochar; (F) urine (2.25 lit) + 

water quenched biochar.  

99. At the end of the rainy season the mulberry trial showed good growth and no plant mortality was 

observed. Towards the end of the dry season in Mai 2016, only two of the 30 mulberry trees had to be 

replaced.  

  

Figure 91: Preparation of planting pit and application of substrate (left). Application of diluted cow 
urine for treatment D (right). 

 

100. The trial results show that in the poor and degraded soil of these ancient rice growing terraces, 

the amendment of organic matter in form of compost is the most important element.  All compost 

treatments are equally well performing independently if biochar was added or not.   

 

Figure 92: Mulberry tree height 10 months after plantation. The amendments per plant were 300 g 
biochar, 2.25 l cow urine, 2.25 kg compost, respectively. 
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101. The scientific trial for cinnamon tree plantation contains eight treatments with ten trees for each 

treatment to compare organically hot and cold charged biochars with a new method of plant pit 

preparation: charring biomass directly in the planting pit.  

  

Figure 93: Mulberry trial 3 months after plantation (left) and 6 months after plantation (right). 

 

 

Table 15: The 8 treatments of the cinnamon trial in Ratanpur.   

 

102. The idea behind producing biochar directly in the planting pit of the tree (see image below) is 

that valuable pyrolytic oils produced during the process impregnate the clay soil of the pit and may 

favour initial root formation.  
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Figure 94: Making biochar directly in the tree-planting pit 

 

103. Even though the trial was only established at the end of the rainy season, only one of the 80 

planted cinnamon trees did not survive the following dry season. After 8 months the growth variation 

within each treatment are unfortunately too high for statistically significant growth data analysis. 

However, the most important result of both tree trials is without any doubt, that the project team could 

demonstrate a planting method that results in a very high plant survival and quick first year growth.  

  

Figure 95: Cinnamon plant growth 5 month after plantation 

 

104. To help the trees to pass the first and second year, at least some irrigation during the low dry 

season is necessary. The project therefore showed the farmers how to build water retention pits with 

rammed clay and protecting plastic sheets. The pits were further connected with a water pipe to 

replenish it from sources further away.  

105. Biochar based organic fertilizers are valuable plant growth enhancing substrates but the method 

has to be integrated into other sustainable agronomic techniques like water retention, plant pits, 

mulching, shading etc. The biochar method can only be successful when these complementary 

methods are known and respected. 



 

 

122 

Figure 96: Farmers building water retention pits to irrigate the trees that were planted with the 
biochar method in abandoned terraces. 

 

106. All 25 farmer families of the village continue to produce their own biochar in self-made soil Kon-

Tiki kilns. They used urine-enhanced biochar for the cultivation of different crops as well as for private 

reforestation initiatives. 

  

Figure 97: Farmers of Ratanpur collaborate to set-up biochar field trials  
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Figure 98: Paulownia tree planted into biochar substrate at the end of the dry season, nine month 
after planting (right). Milpa trial where maize, beans and pumpkins grow in one field, each with root 
zone applied organic biochar based fertilizer. 

 10. Simara, Bara 

107. The onion farmer trial in Smara, Bara (Terrai) was set-up in January 2015 and was the first 

biochar trial of the project to provide yield data. The biochar was blended with dissolved mineral 

fertilizer because NPK fertilization is the common fertilization practice in the Terai; the later was used as 

control treatment. Five farmers participated in this first trial where the biochar containing substrates 

were applied into the planting furrow before the plantation of the onion plant. The same method and 

treatment was also tested in the NARC trial in nearby Parwanipur (see next appendix). 
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Figure 99: Onion plantation with NPK-biochar substrates in Simara. 

 

108. The results were highly significant (p = 0.0036) though the average yield increase of the NPK-

biochar treatment was only 17% compared to the NPK control. The results confirm that the biochar 

enhancement with mineral NPK lead only to modest yield increases and encouraged the project to 

focus more on organic nutrient enhancement in the trials that followed.  

 

Figure 100: Farmer onion trial in Simara. NPK 100:100:60, biochar application at 700 kg ha-1; 
plot size 5 m2.  

 

109. After the onion harvest at the beginning of May, the project team gave training on how to 

prepare organic biochar based fertilizer and set-up bean trials in the plots of the earlier onion trial. 

Farmers further used the substrates for other crops like lady finger and maize. However, due to the 

blockage of the Terai during several months in 2015, it was not possible to provide a continuous direct 

follow-up of this small farmer group and no further quantitative data were collected.  
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Figure 101: Production of biochar from maize crop wastes directly in the field (left). Quenching of the 
biochar with cow urine to prepare biochar based organic fertilizer. 

  

  

Figure 102: Set-up of bean trial after onion harvest with organic biochar based fertilizer. 

 11. Rauta, Udaypur 

 

110. Rauta is an extremely remote village in Udaypur. From the closest road it is a three-hour walk 

up hill with a difference in altitude of nearly 1000 m. While it was important for the project team to gain 

experience with implementing the biochar method in such remote areas, the main reason to select this 

village was that it is in the middle of the most important region for cinnamon production.  

111. The most valuable product of cinnamon trees is the essential oil of the leaves and the 

production of this essential could be done using the waste heat of the biochar production. Using the 

heat of the biochar production is a key development for climate positive farming  

112. Ten farmers participated in the cinnamon field trial. Biochar was mixed with compost or with 

cow-urine + compost and applied 30 cm deep in circles of canopy diameter around the tree. Some trials 

were set-up with two to three year old trees, some with new-planted trees. Some farmers did 

unfortunately not follow thoroughly enough the project team guidelines and no sophisticated data could 

be collected from these plots.  
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113. However, four thoroughly set-up trials (one with new planted trees, two with one year old trees, 

and one with three year old trees) were worth follow up over one year and provided valuable and 

reliable data. The farmer leaders regularly collected growth and plant health data (new leaves, 

branches, height) during the year.  

   

Figure 103: New planted cinnamon tree with biochar under the roots (left); lead farmer with one year 
old tree where biochar substrate was applied at canopy circumference (middle); and adult cinnamon 
tree in Rauta (right). 

 

114.   In both farmer trials with one year old trees and in the farmer trial with three year old trees, 5 

kg of compost and 1 kg of water quenched biochar was mixed and applied in a depth of 25 cm at 

canopy circumference around the trees. The control treatments contained only 5 kg of compost. Each 

treatment at each farmer site contained 5 cinnamon trees. After one year, the initially three-year-old 

trees showed in both treatments similar increases in plant height. The stem diameter and the leaf 

harvest both increased by a statistically significant 36% and 44%, respectively. The initially one-year-

old trees were too young to be harvested but the annual percentage height increase more than doubled 

in the biochar-compost treatment compared to the control treatment with compost only.  
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Figure 104: Percentage height increase over one year of 10 trees per treatment show a significant 
increase of 110% in the treatment with biochar-compost compared to the treatment with compost 
only. The differences in annual stem diameter increases are less but inconsistent and are under 
verification 

.  

115. The data of the trial with new planted cinnamon trees where the root zone applied treatments 

(1) compost only, (2) compost + biochar, (3) compost + urine, and (4) compost + urine-biochar were 

compared revealed after 10 month surprising results. The differences in plant height are hardly 

significant with a slight increase for the compost + urine-biochar treatment.  

116. However, the stem diameters show highly significant differences. The trees in the treatment with 

urine-biochar + compost have a three times thicker stem diameter than all the other treatments. In tree 

trials, plant height may, in fact, be a misleading parameter for plant growth performance. The stem 

diameter data seems to indicate that the cinnamon trees reacted understandably to the cow urine 

enhanced biochar in the compost amendment.  

 

 

Figure 105: Plant height and stem diameter of 10 months old cinnamon trees depending on the root 
zone applied substrate in Rauta, Udaypur. 

 12. Barbote, Ilam 

117. Close to the Indian border in Eastern Nepal, Barbote was the most distant trial location of the 

project. The main crop of the village and region is tea, which is one of the main export cash crops of 

Nepal. The export market for tea is mostly interested in high quality organic tea where the margins are 

also highest.  

118. Most of tea farms in Ilam are, however, not yet organic. The main reason for this is that with the 

application of mineral NPK fertilizer the average yields are double as high as with traditional organic 

fertilization (compost). The establishment of tea trials in Ilam had therefore two objectives:  

a. Can the application of nutrient enhanced biochar increase yield and tea quality? 
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b. Is it possible to create a farmer made organic biochar fertilizer that provide tea yields 

that are at least as high as with mineral fertilizers? 

119. To answer the first question a field trial with 14 participating farmers was set-up. Biochar was 

charged with dissolved mineral fertilizer and compared to the same amount of fertilizer without biochar. 

NPK fertilizer at a 90:90:90 per hectare ratio was dissolved and charged onto biochar (2.5 t ha-1) to 

produce a biochar nutrient slurry which was then applied into a 20 cm deep furrow at on side of the tea 

row. In the control plot the same amount of NPK fertilizer was broadcasted as it is usually done. During 

the growing season of 2015 eight tea harvests took place. The average yield increase over all 14 

farmer trials was 33 %.  

 

Figure 106: Tea leaf weight of 8 tea harvests of 14 participating farmers during 2015 in Barbote, Ilam. 

 

120.  Parallel to the farmer trial a scientific set-up with 3 repetitions was laid out comparing root zone 

applied urine enriched biochar (cold urine), urine quenched biochar (hot urine), pure biochar, compost 

(traditional) and top applied urine-water.   
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Figure 107: Application of biochar slurry in tea plantation (left) and organic field trial site (right). 

     

121. In the scientific trial it could be demonstrated that the application of cow urine charged biochar 

resulted in highest yields compared to all other organic treatments including or excluding biochar. The 

significant increase of 73% compared to the traditional organic practice is more than the difference 

usually observed between organic and mineral NPK fertilized tea plantations in the Ilam region.   

 

Figure 108: Total leaf yield after 8 harvests during 2015 in the organic tea trial.  

 

122. However, the project team did not make any direct comparison between conventional NPK 

fertilization and advanced organic enhanced biochar fertilization for tea growing. A third trial was thus 

necessary to test various combinations of biochar, mineral fertilizer, cow-urine and compost. Based on 

our experience with organic and mineral fertilization of other crops, we put forward the hypothesis that 
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the treatment with cow-urine-imbibed biochar is the most efficient fertilizing strategy. At the end of 

winter 2016 the project team set-up 10 new farmer trials comparing the traditional fertilization with our 

most advanced organic fertilization method and one scientific trial with the following treatments.  

 

 Name  Treatment BC compost urine NPK 

1 Control (NPK) NPK 90:90:90 broadcast 0 0 0 90:90:90 

2 Organic control Compost applied to root zone 0 30 0 0 

3 Organic-mineral Compost applied to root zone – NPK broadcast 0 30 0 90:90:90 

4 
NPK – biochar 

slurry 

NPK-biochar slurry applied to root zone (dissolve NP 

in water, mix with biochar, add potash to the solid 

mixture) 

2 0 0 90:90:90 

5 
Biochar pure + 

NPK stand. 

Water quenched biochar applied to root zone, NPK 

broadcast 
2 0 0 90:90:90 

6 
Urine-biochar + 

compost 
Compost + urine-biochar mixed applied to root zone 2 30 8 0 

7 Urine biochar Urine-biochar applied to root zone – no compost 2 0 8 0 

Table 16: Treatments of biochar tea trial in Ilam. All units are given in t ha
-1

. We consider a biochar 
density of  200 g/ l (2 t = 10 m3). Density of compost is considered to be 750 g /l (30 t = 40 m3). The 
biochar was made from tea prunings. 

 

123. The participating tea farmers and the local tea cooperative were trained to maintain the trial and 

to collect the data so that, after the end of the project, the trial can continue to be analysed. 

 13. Biochar as a feeding additive – cow trials in Godawari (Lalithpur) 

and goat trials in Dumre (Tanahu)  

124. Charcoal is one of the oldest homespun remedies against digestive disorders, not only for 

humans but also for livestock. Beside the administration of medicinal herbs, oil or clay, charcoal was 

widely used by traditional farmers all over the world for internal disorders of any sort.  

125. It might seem unnatural to feed char to animals; wild mammals occasionally eat charcoal if it is 

available to them, in nature e.g. charcoal that can still be found years after a forest or prairie fire. 

Struhsaker et al. reports observations of deer and elk eating charcoal from charred trees in Yellowstone 

National Park and others report domestic dogs eating charcoal briquettes. Famous in this respect is the 

Zanzibar red colobus (Procolobus kirkii), a small ape which regularly eats charcoal to help digest young 

Indian almond (Terminalia catappa) or mango (Mangifera indica) leaves with their toxic phenolic 

compounds. Struhsaker et al.observed that individual colobus monkeys consume about 0.25 – 2.5 g of 

charcoal per kg body weight daily. Recent studies report that growth rates of Vietnamese goats 

improved when their feed included 0.5-1g of bamboo biochar per kg body weight per day Kana et al 

have shown that 0.2-0.6% maize cob biochar added to chicken feed resulted in significant weight 

increases. In Vietnam, Leng et al. have demonstrated that live weight gain was increased by 25% when 

0.6 % biochar by weight was added to the feed. It is not yet clear what biochar function could cause the 

live weight gain and increased feed efficiency, though Struhsacker et al. (2007) state that phenolics 
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adsorb better to charcoal and can thus partly be immobilized by the biochar, while the digestibility of 

smaller proteins and amino acid molecules might be improved (Cooney & Struhsacker, 1997).  

126. In the case of ruminants it can be supposed that biochar immobilized lignin and tannins, while 

the digestibility of cellulose, smaller proteins and amino acids might be improved. However, it is not 

clear to what extent biochar also adsorbs essential feed compounds and its metabolites. It is supposed 

that biochar is a selective adsorber for longer polar and apolar molecules thus blocking surface site 

vacancies for feed relevant shorter molecules like amino acides and vitamines.  

127. This rather widely accepted explanation is, however, not systematically investigated yet for 

animal digestion. As long term trials with activated carbon as feed and as food additive have not shown 

any nutrient deficiency and since there are no known side effects of activated carbon applications, it 

might be supposed that immobilisation of beneficial feed compounds on biochar is not of relevant 

extent.   

128. In Vietnam, Leng et al. have demonstrated that methane formation was reduced by 20% when 

0.6 % biochar is added to the feed and more than 40% when combined with 6% potassium nitrate. This 

confirms earlier results from in vitro trials where biochar administered at 0.5% and 1% reduced 

methane emissions by 10% and 12.7%, respectively. With 50% nitrate N and 50% urea N plus biochar 

administered at a rate of 1% (wt) each, the reduction in methane was 40.5%. If such significant 

reduction in rumen methane emission could be confirmed, the use of biochar as a feed additive for 

cattle and other ruminants could have more profound effects for the reduction of agricultural GHG 

emissions than the pure carbon sink of biochar incorporated into soils. However, more research is 

needed to understand the function and the potential of biochar in reducing enteral methane production, 

how it can be optimized with other feed blendings, and if it can be generalized or optimized.  

129. Based on the literature review and positive experience with preceding biochar feeding trials 

outside of Nepal, three biochar feeding trials were undertaken during the TA.  

 Cow Trial in Godhabari i)

130. The first biochar feeding trial with two groups of three milking cows (March to May 2015) 

showed an average milk yield increase of 18% in the group that received 100g of biochar mixed to their 

daily feed compared to the control group.  
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Figure 109: First milking cow trial with 6 cows in Godawari. The milk yield increase of 18% 
was not statistically significant. 

 

131. The results of this trial were, however, statistically not significant and for that reason a second 

statistically more robust feeding trial with milking cows was set-up in January 2016. Over a period of 10 

weeks, two groups of seven cows were either fed with 150g of biochar mixed to their daily feed or did 

not receive the biochar feed additive. Two weeks before the start of the biochar feeding, the milk yields 

of the two groups were measured to build a robust baseline to evaluate later milk yield changes due to 

the feeding. However, in none of the 10 weeks any major difference in milk yield could be observed 

between the two groups of milking cows. Biochar feeding did thus not increase the feed to milk 

conversion efficiency. It was shown that feeding biochar did not have any apparent negative effects on 

the cows nor the milk yields. If the subsequent trials with the biochar enriched cow manure compared to 

the non-biochar manure reveal positive effects of the organic biochar substrate, prior feeding of biochar 

could be a relevant method to enter biochar into the agronomic system. 

 

Figure 110: Cows feeding on their early morning ration with 150 g biochar (DM).  

 

 Goat Trial in Dumre (Tanahu) ii)

132. In Dumre a biochar feeding trial was undertaken for three months with two groups of 4 adult 

goats and 4 kids (or goatlets), respectively. They were fed twice (morning, evening) grain pulp with 

biochar (15 g / day / adult animal) and without. While the weight gain of the adult goats was only slight, 

the average weight gain of the goatlets more than doubled in the biochar fed group compared to the 

control. The trial was statistically significant (p < 0.05) but the group size was rather small and another 

trial with a much bigger group size is recommended.  
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Figure 111: feeding of 15 g of biochar per day and goat led to significant weight increases in young 
goats (p<0.05). 

 

133. The use of biochar as a feed additive may provide interesting and economically feasible 

solutions to the complex problems of modern-day farming and may lead to increased productivity. The 

adsorptive qualities of biochar permit a wide range of toxic substances to be bound in the 

gastrointestinal tract. They may also have the potential to help detoxify already resorbed toxins (in 

particular lipophilic toxins) in the blood plasma via “enteral dialysis”. First studies indicate a reduction in 
methane emissions for ruminants (Leng et al. 2012; 2013). However, the available scientific data are 

not sufficient yet to suggest a broad introduction of farmer made biochar feed products to livestock 

production in Nepal. 

 

  

Figure 112: Goats and kids (or goatlets) are eager to gnaw on biochar (left). Weekly weighing 
of goats (right). 
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Appendix 8: NARC Field Trials 

 1. NARC Hill Crop Research Station, Maina Pokhari, Dolakha 

134. The Hill Crop Research Station (HCRP) in Maina Pokhari, Dolakha, was the first field station of 

the project. At the HCRP station Nepal’s first field trials with low dosage, root zone applied, nutrient 
enhanced biochar were set-up between 20th to 27th December 2014. A full metal Kon-Tiki – 

constructed by the project team in Kathmandu and  transported to the site. Three different types of Kon-

Tiki kilns (full metal, soil-metal, and full soil) were tested and the different biochars compared in the field 

trials.  

135. In the first two days approximately 3 m3 of biochar were produced from waste wood, maize 

cobs, buckwheat straw and bamboo in the three different kilns.  

  

Figure 113 The three main types of Kon-Tiki kilns compared at the Hill Crop Research Station in 
Dolakha. 

 

136. A water quenched (BCw) and a soil snuffed (BCs) biochar were then charged with liquidized 

mineral nutrients or mixed with compost. After at least 20 hours of impregnation, two biochar field trials 

with 7 treatments (see below) and 5 repetitions, respectively, were set-up one for potatoes and the 

other for barley in a clay rich soil at high altitude (2000 m absl) in sub-tropical climate.  

No Treatment  t BC ha-1 BC type NPK+compost(t) 

1 control 0 Non 100:100:60 +20 

2 BCa-high 4 activated-Kon-Tiki 100:100:60 +20 

3 Bca-low 1 activated-Kon-Tiki 100:100:60 +20 

4 BMC-low 1 soil-pit-soil quench 100:100:60 +20 

5 BMC-high 4 soil-pit-soil quench 100:100:60 +20 

6 
BMC-high at ½ NPK + 

BMC-compost (10%)  
2 + 2 soil-pit-soil quench 100:100:60 +20 
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7 BMC-high at ½ NPK 4 soil-pit-soil quench 50:50:30 + 20 

Table 17: Treatments of potato field trial at HCRS Dolakha. The treatments of the barley trials were 
the same but with only NPK 50:30:30 as initial fertilization. All potato trial plots were later two times 
top dressed with 30 kg N ha-1, all barley trial plots were top dressed twice with 25 kg N ha-1 in form 
of urea. 

137. The biochar substrates were all applied into 10 cm deep furrows which were then covered with 

some soil before laying the potatoes, respectively, seeding the barley.  

   

Figure 114: Application of biochar-fertilizer slurry into the furrow before laying the potatoes. The 
lines are then dug to 10 cm high dams. 

   

138. The following main hypothesizes were tested in these trials:  

 Biochar improves the nutrients holding capacity (NHC) and improves their long-term plant 

availability 

 Water quenched biochar improves the nutrient holding capacity compared to soil quenched biochar 

 Low amounts of biochar (1t and 4t / ha) may improve plant growth when applied concentrated close 

to the plant roots 

 The blending of compost with biochar improves the nutrient efficiency and can decrease mineral 

nutrient applications 

 Low regular applications of biochar is economical feasible, improves nutrient efficiency, reduces 

environmental impacts and leads to a continuous increase of soil organic matter and thus 

sequesters carbon and improves the climate resilience of a given agronomical used field in the 

subtropics. 
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Figure 115: Terrace of barley field trial (left) and biochar-fertilizer slurry at 1 t ha-1 applied in 
the furrow before closing with some soil and putting the seeds. 

  

139. Collaboration between the project  team and with the HCRP team for the set-up of the trials was 

positive. During the later trial period, the management of HCRP changed twice which caused some 

intermediary problems for the field trial.  

140. Due to irregular irrigation of the potato trial, growth on the southern part of the terrace was 

strongly reduced while the upper part of the terrace grew strongly. There was in fact a 12% yield 

difference between southern and northern part of the trial terrace which prevented statistically 

significant results (p=0.88) being obtained. Due to fungi infestation of barley, results of the barley trial 

were also hampered.  

141. The HCRP station was affected during the first earthquake on 25th April but was still in 

operation when the second major earthquake on 12th May destroyed 90% of the station. The Deputy 

Team Leader visited the station on 10th May to harvest the potato trial and was on his way back to 

Kathmandu during the second earthquake. Harvest of the barley trial had to be delayed for this reason. 

Due to the delayed harvest and the earlier fungi infestation with irregular pesticide treatment, result 

variation of the barley trial was also too high for statistical significance (p=0.35).  

  

Figure 116: Yield results of potato and barley trial at HCRP delivered both no statistically significant 
results nor did they show any tendency. The plot sizes were 3.5 m2 for the potato trial and 5 m2 for 
the barley trial. 
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142. Beside all the difficulties due to changing responsibilities at the station and the earthquake, the 

main reason for not obtaining clear and significant results were, however, that the nutrient 

enhancement of biochar with dissolved mineral fertilizer did not lead to high plant growth and yield 

differences as could be seen in other, later trials where liquid organic substances were used to enhance 

the biochar’s capacities as plant nutrient carrier.   

  

Figure 117: Biochar made from maize cobs and bamboo at the HCRP, Dolakha. 

 2. NARC Parwanipur Station, Bara 

143. The NARC station of Parwanipur situated in the low lands of Terai close to the Indian border 

was the second field trial site. The main intention of the first field trial set-up was to repeat the same 

seven biochar treatments as in the HCRP-Dolakha but in different climate and soil of the Terai testing it 

with different stable crops. In January 2015 approximately 2 m3 of biochar was produced from rice 

husk, sugar cane straw and waste wood with a full metal and a metal-soil Kon-Tiki kiln. While the full 

metal Kon-Tiki was quenched with water from above, the metal-soil Kon-Tiki was snuffed. 

  

Figure 118: Biochar making with metal-soil (left) and full metal Kon-Tiki kiln in Parwanipur, 
Bara, using sugar cane straw, wood and rice husks.  

 

144. The water quenched (BCw) and a soil snuffed (BCs) biochar were then charged with liquidized 

mineral nutrients or mixed with compost. After at least 20 hours of impregnation, two biochar field trials 

with 7 treatments (see below) and 5 repetitions, respectively, were set-up one for onions and the other 

for maize in the very degraded sandy soil in the hot tropical climate of Terrai.  
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No Treatment t BC ha
-1

  BC type NPK + compost(t) 

1 control 0 Non initial 60:60:40 

2 4BCw 4 Water quenched 60:60:40 

3 1BCw 1 Water quenched 60:60:40 

4 4BCs 4 Soil snuffed 60:60:40 

5 1BCs 1 Soil snuffed 60:60:40 

6 
4BCs with compost at 

20%  + ¼ NPK 
4 Soil snuffed 

15:15:10 / 

16 t compost 

7 Compost + ¼ NPK 0 Soil snuffed 
15:15:10 / 

16 t compost 

Table 18: Treatments of the maize field trial at NARC Parwanipur. The treatments of the onion trials 
were the same but with NPK 60:60:80 as initial fertilization. All maize trial plots were later two times 
top dressed with 30 kg N ha-1, all onion trial plots were top dressed one time with 40 kg N ha-1 in 
form of urea. 

145. The biochar substrates were all applied into 10 cm deep furrows which were then covered with 

some soil before seeding the maize or planting the onions.  

   

Figure 119: Application of biochar fertilizer slurry (left); planting of onion above the concentrated 
biochar slurry (middle); digging 10 cm deep furrows for biochar application before seeding of maize. 

   

146. Collaboration with the NARC team in Parwanipur was excellent throughout the whole year. The 

NARC team maintained the trials and collected thoroughly the data even during the difficult times of 

general strike in autumn 2015. In the onion trial, side effects due to dam failure were observed but even 

if these side effects are removed from the statistical evaluation of the yield data, the trial did not reveal 

significant yield differences. The onion plants purchased on the local market were apparently not of 

sufficient quality and a considerable part of the onions had to be replanted after two weeks, which most 

probably explains why no effect of the different treatments appeared.  
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147. The results of the maize trial which was set-up at the adjacent field site were statistically highly 

significant (p=0.0007). On the very poor, sandy soil the most important factor was the addition either of 

fresh soil organic matter (compost) or of biochar which both have the effect to increase the nutrient 

holding and exchange capacity, promote biological activity and increase the water holding capacity. 

These effects were extremely important in this poor soil and overshadowed probably all other possible 

effects of the biochar. All biochar and all compost treatment had between 22% and 25% higher yields 

than the control where the same amount of NPK fertilizer was applied but without either biochar or 

compost. The results confirm the known fact that in very poor sandy soils all type of organic 

amendments can improve the yield compared to even high mineral fertilisation without organic matter. 

148. The results of both trials confirm the conclusion already given for the HCRP trials in Dolakha 

that the nutrient enhancement of biochar with dissolved mineral fertilizer does probably not lead to high 

plant growth and yield differences. The results encouraged the project team to switch the focus on 

organic enhancement of biochar.  

  
 

Figure 120: Yield results of maize and onion trial at the NARC station in Parwanipur, Bara. The plot 
sizes were 13 m2 for the potato trial and 5.4 m2 for the onion trial. 

 

149.       In July 2015 a rice trial was installed with the following set-up and treatments:  

North 5.0 m 

Border  1.5 m 

  

E1   C1   D1   A1   F1   B1 

  

2.0 m 

irrigation chanel 
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West A3   F3   B3   C3   E3   D3 East 

irrigation chanel 

B4   C4   F4   E4   D4   A4 

                      

E5   A5   B5   D5   F5   C5 

irrigation chanel 
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A = Without color (Compost = 10kg, Urea = 100gm, DAP = 32.66 & murit of potash = 25 g) NPK 

50:15:15 ha-1; 10 t compost ha-1) 

B = White/gray color (Compost = 10kg, Urea = 100g, DAP = 32.66 & murit of potash = 25g) - NPK 

50:15:15 ha-1;  10 t compost ha-1 + 12l biochar (2 t BC ha-1) 

C = Black color (Urine = 10 lit) 

D = Green color (Urine 10 lit + 12 l biochar) (2 t BC ha-1; 10 m3 urine ha-1) 

E = Red (NPK pure = Urea = 200 g, DAP= 65.22 g & murit of potash = 50 g) = NPK 100:30:30 -1 

F = Blue color (NPK pure = Urea = 200 g, DAP= 65.22 g & murit of potash = 50 g) = NPK 100:30:30 ha-

1 + 12 l Biochar (2 t BC ha-1) 

 

150. The main aim of this trial was to compare the efficiency of organic and mineral fertilizers in 

combination with biochar and to show that much cheaper, readily available and more climate friendly 

organic fertilizers can outperform mineral fertilizers. Trial data on plant height and leaf area index was 

collected in five stages of rice plant growth including seedling, tillering, booting, flowering and grain 

filling. Due to technical difficulties to apply the biochar substrates into the root zone where rice 

plantation is done in water immerged fields, all substrates and fertilizer were applied homogenously on 

top of the fields and slightly incorporated into the soil before immerging the fields.  

151. As the root zone application of biochar based fertilizer is the key element of the method, the 

superficial application was clearly an error. The results show that the homogenous surface application 

of low dosage urine-biochar (1t ha-1) has no effect compared to application of urine only. While the 

nutrients of the urine only treatment are certainly leached out quickly in the submerged paddy field, the 

rice roots cannot reach the nutrient depots of the organic nutrient charged biochar when not applied 

directly into the root zone. The results reveal a significant lower yield for both superficial liquid manure 

treatments (urine-biochar and urine only). The results further show that with a modest application of 10 t 

compost ha-1 the application of NPK fertilizer could be reduced by 50%.       
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Figure 121: Yield results of the rice trial at the NARC station in Parwanipur 

 

152. Yield results of the rice trial at the NARC station in Parwanipur delivered statistically significant 

results showing the quality of the set-up and maintenance of the trial. The plot size was 10m2. Low 

yields of the urine-biochar treatment has to be explained by wrongly applying the substrate over the 

whole surface of the trial plots instead of its application into the root zone as done in all other trials of 

the project. 

153. The root zone application of biochar containing substrates in rice is certainly better adapted in 

direct seeding systems. Otherwise the row for the rice plantation in immerged fields would have to be 

clearly demarcated which is quite difficult and lavish. Further trials comparing mineral fertilization and 

organic biochar based fertilization have to be repeated with root zone application of the organic 

substrates.   

  

Figure 122: Maize and onion trial in March 2015, Parwanipur. 

 

 3. NARC Sugar Cane Research Station, Bara 

154. Biochar produced at the Parwanipur station was used to prepare the biochar-fertilizer substrates 

for the trial in the NARC Sugar Cane Research Station in Bara. A blend of water and soil quenched 

biochar (50:50) was used at a rate of 2 t/ha. The biochar for two out of the four treatments were soaked 

for 14 days in liquidized mineral fertilizer.  

155. The main objective of the trial was to compare different methods of biochar application. The 

fields are situated at 80 m altitude in the tropical climate on a very sandy poor soil. The trial was set up 

in February 2015 with five repetitions. The following three application techniques were compared: 

 Application of biochar-fertilizer slurry in rows under the roots without direct initial contact to the 

roots. 

 Application of biochar-fertilizer slurry broadcasted and superficially incorporated. 

 Application of pure biochar applied under the roots without direct initial contact to the roots, with 

mineral fertilizer broadcasted as in the control.  

156. The following two main hypothesizes were tested with this trial:  
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 The application of biochar close to the roots improves its plant efficiency and thus reduces the 

quantity to apply. 

 The charging of biochar with liquidized mineral nutrients improves its effect compared to the 

application of non-nutrient enhanced biochar and simultaneously broadcasted mineral fertilizer. 

 

 

Figure 123: Sugar cane field trial site. Each plot is 10 m2, the design is a randomized block design 
with five repetitions. 

 

157. At harvest in January 2016, the results show the importance of the root zone application. The 

yield increase of the treatment with root zone application of nutrient enriched biochar is only 10% 

compared to the broadcasted NPK but it has to be considered that only the initial fertilization of NPK 

60:60:40 ha-1 was given in this form at planting.  

158. During the growing season three more fertilizer top dressings each at 40 kg N ha-1 were 

applied equally over all plots. The observed effect is thus only due to the fertilization type of 1/3 of the 

nitrogen fertilization of the sugar cane field.  
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Figure 124: Harvest of millable sugar cane in NARC sugar cane research centre, Bara.  

 

159. It is suggested that further trials should be undertaken using a higher initial dose in the biochar-

NPK root zone application to replace later top dressing. More importantly, the root zone application of 

organic biochar based fertilizer should be compared to the NPK-biochar root zone application.  

 4. NARC Panchkhal Station, Kabre 

160. In January 2015 approximately 1.5 m3 of biochar was produced from waste wood and saw mill 

dust in a full metal and a metal-soil Kon-Tiki kiln at the NARC station Panchkhal, Kabre. The biochar 

was then charged either hot or cold with different types of mineral nutrients or was co-composted. After 

2.5 months of impregnations, a ginger trial with the following 5 treatments and with 5 repetitions was 

established. All substrates were applied in furrows below the ginger rhizome.  

No treatment t BC BC type NPK + t compost 

1 control 0 Non 40:50:25 +30 (init) 

2 bc-compost 2 
Kon-Tiki water quenched mixed at 

beginning of composting (12%) 
40:50:25 +30 (init)  

3 BC-hot charging 2 H3PO4 + Urea hot charged Kon-Tiki 40:50:25 + 30 

4 BC-cold charged 2 H3PO4 + Urea charging 40:50:25 + 30 

5 BC-cold charged 2 2 cold charging with DAP  40:50:25 + 30 
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Table 19: Treatments of ginger field trial in NARC station Panchkhal, Kabre 

   

Figure 125: Hot charging of biochar with dissolved mineral fertilizer. The red-hot biochar is taken 
directly from the kiln and immerged in the bucket containing the mineral fertilizer solution.   

 

161. The following main hypothesizes were intended to be tested in the trial:  

 The method of biochar nutrient charging is critical for its effect on nutrient holding and nutrient plant 

availability.  

 The chemical formulation of the nutrients to be charged on the biochar is equally important for its 

effect on nutrient holding and nutrient plant availability.  

 The lactic fermentation (bokashi) of farmyard manure with biochar improves the ginger productivity 

and quality compared to the fermentation without biochar. 

 FMY co-fermented with biochar can replace or reduce mineral fertilizer. 

 

  

Figure 126: Making of biochar bokashi (lactic fermentation) with mixed manure. The biochar 
and manure is mixed and wetted in the rectangular pit, which is then covered airtight with a 
plastic sheet and soil.  
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162. The trial was set-up at the beginning of May 2015 with each plot measuring 3m10 x 2m40 and 

containing 6 rows of ginger. The substrates were applied in the furrows and mixed with soils before the 

ginger rhizoms were layed, dams dug and finally mulched with rice straw.  

 

   

Figure 127: Planting of ginger seed in the biochar-compost trial plot. 

    

  

Figure 128: Mulching of the trial plots with rice straw where each plot received the same amount of 
mulching material.  

 

163. When the project team checked up on the quality of the test the maintenance of the field trial 

was poor: the field trial was overgrown with weeds. When the research station organized the weeding 

of the field, there was no diligence to differentiating ginger and weed. From the 1050 laid ginger 

rhizomes only 241 growing plants were left and the numbers of plants per plot were uncontrolled. Thus, 

little/no data could be gained from the trial. Maintenance of the field trial sites proved vital if data was to 

be useful to project results.  
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Figure 129 Survival of ginger plants after weeding 

 5.   NARC Khumaltar Station, Lalithpur  

164. At the NARC station in Kumaltar several biochar workshops and trainings were given by the 

project team. From spring 2015 most of the compostable harvest left-overs like maize stalks, rice straw, 

and twigs were pyrolized in one of the three Kon-Tiki kilns constructed by the project team. A total of 

more than 3 t of biochar were produced and used for various field and pod trials in different NARC 

divisions as well as for internal trainings and educational purposes.  

  

Figure 130: Biochar production at the main NARC farm in Kathmandu transforming 15 t of 
harvest leftovers into biochar. 

   

165. At the Soil Science Division of the NARC station, Dr. Prasad Vista set-up an important tomato 

pot-trial testing and comparing mineral and organic enhancements of biochar. Biochar may modify 

some physical properties of soils (pH, Eh, WHC, CEC etc.), but more important for plant growth are its 

influences on nutrient dynamics. The tomato pot-trial, therefore, investigated: 

 Liquid nutrient charging of biochar compared to conventional fertilizer application 
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 Application of biochar as highly concentrated slow release fertilizer compared to homogenous 

application 

 Replacement of mineral NPK with cow urine 

 

166. The following treatments were set-up with 5 repetitions:  

 control soil (soil only + vermicompost) 

 control + NPK top dressed 

 control + (NPK+urine) top dressed 

 (control + biochar) mixed + NPK top dressed 

 (control + biochar) mixed + (NPK+urin) top dressed 

 (control + (biochar + urine + NPK)) mixed – all homogenous mixed 

 control + (biochar+urin+NPK) applied concentrated (hotspot) at 1/3 of pot 

 control + biochar at 1/3 of pot (hotspot) + NPK-urin top dressed 

 

167. The results show clearly that cow-urine can successfully replace NK-mineral fertilizer when 

loaded onto low amounts of biochar but not when used without biochar. All treatments with organically 

enhanced biochar led to higher yields than the treatments with NPK. 

   

Figure 131: Tomato pot trial in Khumaltar. The applied amounts were 4 t biochar ha-1, NPK 
200:180:180, initial 100:180:180, 2% vermicompost (all treatments), 10.9 m3 cow urine ha-1, 
respectively. N source urea and DAP, P source DAP and phosphoric acid, K source MOP. 

 

168. In August 2015 a rice field trial was set-up with the same experimental design as in the Bara 

NARC station (see above section). The objective of the rice field trial was to compare the efficiency of 

advance biochar based organic fertilization with standard mineral fertilization. The second main 
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objective was to compare the results in two different climate zones and soils in Nepal therefore the 

same set-up as in Bara was chosen.  

  

Figure 132: Rice trial at the main NARC station in Khumaltar, Lalithpur. 

 

169. The rice was harvested in November and various data like plant height, number of tillers, dry 

grain weight, and dry straw weight were collected. The data analyses revealed that none of the various 

parameters delivered statistically significant results (p-value between 0.08 and 0.6). There is a 

tendency of equal performance between the plots with organic biochar based fertilization and those with 

chemical fertilizer. However, the non-significant differences between the treatments may well have 

other reasons like field maintenance or seed variability.  

  

Figure 133: Grain yield and plant height, Khumaltar 

   

170. The same resume as for the rice trial in Terai can be drawn up: the root zone application of 

biochar containing substrates in rice is certainly better adapted in direct seeding systems or the row for 

the rice plantation in immerged fields would have to be clearly demarcated which is quite difficult and 

lavish. Further rice trials comparing mineral fertilization and organic biochar based fertilization have to 

be repeated with root zone application of the organic substrates. 
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Appendix 9: Summary of Field Trial Yields 
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Dhunkharka tomato Solanaceae

8 1 2 10 36 12 t compost + 5 m3 urine; 

root zone applied

5 m3 cow urine mixed with 1 t 

biochar + 12 t compost; root 

zone applied  

maize straw, feed 

leftover (twiggs) tomato fruit 58.7 ± 19.7 71 ± 19.5 71.0 19% 0.0001

paired t-

test 27°30' 85°28' 2125

Barbote / Ilam tea Camellia

1 3 5 10 14

15 t compost broadcasted

10 m3 urine mixed with 2 t 

biochar root zone applied + 

compost broadcasted tea prunnings tea leaves 8.33 ± 0.87 11.65 ± 2.06 11.7 40% 0.048 ANOVA 26°56' 87°55' 1120

Jhum Danda / 

Bandipur chili Solanaceae
1 3 5 1.7 4

50 t compost + 10 m3 cow 

urine

10 m3 cow urine mixed with 4 

t biochar + 50 t compost eupatorium shrubs chili fruits 1.16 ± 0.48 2.33 ± 0.88 13.7 101% < 0.0001 ANOVA Minna 27°55' 84°24' 786

Jhum Danda / 

Bandipur chili Solanaceae
8 1 2 14 20

50 t compost + 10 m3 cow 

urine

10 m3 cow urine mixed with 4 

t biochar + 50 t compost eupatorium shrubs chili fruits 17.08 ± 3.55 25.39 ± 10.14 18.1 49% 0.0439

paired t-

test 27°55' 84°24' 786

Nalang / 

Dhading pumpkin Cucurbitaceae

8 5 3 3.8 1 10.5 t compost + 6.3 m3 

cow urine

6.3 m3 cow urine mixed with 

750 kg biochar + 10.5 t 

compost

eupatorium shrubs 

and woody feed 

leftovers pumpkin fruit 7.74 ± 3.04 30.82 ± 10.57 81.1 298% < 0.0001 ANOVA 2.6 6.7 5.7 silt loam 27°50' 84°50' 450

Chandragiri / 

Kathmandu cabbage Brassicaceae

1 3 3 1.45 8 40 t compost + 16.5 m3 cow 

urine

16.5 m3 cow urine mixed with 

2.4 t biochar + 40 t compost maize straw cabbage head 3.4 ± 0.25 5.03 ± 0.35 36.6 48% 0.021 ANOVA 27°40' 85°14' 1405

Dhunkharka cardamom Zingiberaceae

1 25 2 5 1 forest leaves in pit 

(traditinal practice)

4 m3 cow urine mixed with 

700 kg biochar + 12 t compost

maize straw, feed 

leftover (twiggs)

plant height  6 

months after 

plantation in cm 19.6 ± 4.32 43.4 ± 23.28 121% < 0.001

paired t-

test 27°30' 85°28' 2125

Nalang / 

Dhading

Solanum 

muricatum Brassicaceae

1 5 3 3.8 1 10.5 t compost + 6.3 m3 

cow urine

6.3 m3 cow urine mixed with 

750 kg biochar + 10.5 t 

compost

eupatorium shrubs 

and woody feed 

leftovers melone fruit 0.56 ± 0.092 1.23 ± 0.497 3.2 120% < 0.0001 ANOVA 2.6 6.8 6 silt loam 27°50' 84°50' 450

Rauta / 

Udaypur cinnamon Lauraceae

1 4 4 5 1 12 t compost + 4 m3 cow 

urine

4 m3 cow urine mixed with 

700 kg biochar + 12 t compost cinnamon prunnings

stem diameter in 

cm 3.1 ± 0.39 9.5 ± 3.6 206% < 0.0001 ANOVA 26°56' 86°39' 1075

Nalang

white 

cabbage Brassicaceae

10 1 2 3.7 20 30 t compost + 10 m3 cow 

urine

10 m3 cow urine mixed with 

1.4 t biochar + 30 t compost

eupatorium shrubs 

and woody feed 

leftovers cabbage head 7.4 ± 2.9 20.8 ± 8.8 56.2 181% 0.0006

paired t-

test 2.6 6.7 5.7 silt loam 27°50' 84°50' 450

Nalang cauliflower Brassicaceae

10 1 2 3.7 20 30 t compost + 10 m3 cow 

urine

10 m3 cow urine mixed with 

1.4 t biochar + 30 t compost

eupatorium shrubs 

and woody feed 

leftovers cauliflower head 5.6 ± 2.86 12.4 ± 6.2 33.5 121% 0.0003

paired t-

test 2.6 6.7 5.7 silt loam 27°50' 84°50' 450

Bandipur

white 

cabbage Brassicaceae
10 1 2 3.7 20

30 t compost + 10 m3 cow 

urine

10 m3 cow urine mixed with 

1.4 t biochar + 30 t compost

maize straw + woody 

feed leftovers cabbage head 5.05 ± 1.95 12.8 ± 5.48 34.6 153% 0.001

paired t-

test 27°55' 84°24' 786

Bandipur cauliflower Brassicaceae
10 1 2 3.7 20

30 t compost + 10 m3 cow 

urine

10 m3 cow urine mixed with 

1.4 t biochar + 30 t compost

maize straw + woody 

feed leftovers cauliflower head 4.7 ± 2.89 9.0 ± 3.24 24.3 91% 0.004

paired t-

test 27°55' 84°24' 786

total 70 119%

Maina Pokhari potatos Solanaceae

9 1 2 10 200
NPK 100:100:60 (DAP, MoP) 

broadcasted; 15 t compost 

applied below tubers

NPK 100:100:60 dissolved and 

mixed with 1 or 2 t of biochar, 

applied with compost below 

tubers

bamboo, wood waste, 

feed lefovers 

(prunnings), maize 

cobs potato 34.4 ± 12.28 39.6 ± 11.12 39.6 15% < 0.0001

paired t-

test 27°38' 86°08' 1900

Simara onions Amaryllidaceae

5 1 2 5 220
NPK 100:100:60 (DAP, MoP) 

broadcasted

NPK 100:100:60 dissolved and 

mixed with 1 t of biochar, 

applied below onion 

plantlings

wood waste, rice 

husks, sugar cane 

straw

onion bulb

3.7 ± 1.9 4.3 ± 2.2 8.6 16% 0.0036

paired t-

test 1.1 8.22 6.7

loamy 

sand 27°08' 84°59' 125

Barbote / Ilam tea Camellia
14 1 2 10 14 230 kg N (Urea)

230 kg N (Urea) dissolved and 

mixed with 2t of biochar
tea prunnings leaves

10.96 ± 5.1 13.99 ± 6.07 14.0 28% < 0.0001

paired t-

test 26°56' 87°55' 1120

Parwanipur maize Poaceae 1 5 7 13 104

NPK 236:78:52

NPK 236:78:52 dissolved and 

liquid mixed with 1.3 t 

biochar, applied below 

seeding row

wood waste, rice 

husks, sugar cane 

straw

above ground 

biomasse

16.35 ± 1.84 20.01 ± 1.45 15.4 22% 0.0007 ANOVA 0.65 7.558 7

loamy 

sand 27°03' 84°53' 89

total 29 20%

Dhunkharka maize Poaceae

1 3 2 6 36
100 kg N (Urea) + 25 t 

compost

6 m3 cow urine mixed with 1 t 

biochar + 25 t compost woody feed leftovers

above ground 

biomass 8.03 ± 1.72 15.73 ± 1.99 26.2 96% 0.0144

unpaired 

t-test 27°30' 85°28' 2125

Mithinkot beans Fabaceae 1 5 3 2.4

NPK 60:80:60

6 m3 cow urine + 75 kg 

dissolved P2O5 (in Form of 

H3PO4) mixed with 1 t biochar

woody feed leftovers beans

0.11 ± 0.012 0.22 ± 0.033 0.9 100% < 0.0001 ANOVA 27°34' 85°39' 1185

Nalang

white 

cabbage Brassicaceae

1 5 4 1.45 8 dissolved NPK 100:50:110 

mixed with 1.4 t biochar 

10 m3 cow urine + 50 t 

dissolved P2O5 (as H3PO4) 

mixed with 1.4 t biochar 

eupatorium shrubs 

and woody feed 

leftovers cabbage head 4.77 ± 0.58 10.3 ± 2.29 71.0 116% < 0.0001 ANOVA 5.4 5.2 5.4 silt loam 27°50' 84°50' 450

Bandipur

white 

cabbage Brassicaceae

1 5 4 1.45 8 dissolved NPK 100:50:110 

mixed with 1.4 t biochar 

10 m3 cow urine + 50 t 

dissolved P2O5 (as H3PO4) 

mixed with 1.4 t biochar maize straw cabbage head 3.9 ± 1.76 7.3 ± 0.85 50.3 87% 0.002 ANOVA 7.02 8 3.1 silt loam 27°55 84°25 905

total 4 100%

compost + cow urine versus cow urine - biochar + compost trials with same organic nutrient application amounts

NPK versus NPK-biochar trials with same nutrient application amounts

NPK-biochar versus cow urine-biochar trials with same nutrient application amounts

total field trials 103

average yield increase using organic biochar based fertilizer compared to same amount of organic nutrients without biochar: 119%

average yield increase using NPK biochar based fertilizer compared to same amount of NPK nutrients without biochar: 20%

average yield increase using organic biochar based fertilizer compared to NPK biochar based fertilizer with same amounts of NPK nutrients: 100%
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Appendix 10: Minutes of Tripartite 
Meeting on 16th December 2015 on the 
Project Exit Strategy 

Location: Conference Hall, Ministry of Agriculture Development, Nepal 

1. The meeting was held at the request of ADB Task Manager, Dr. Vidhisha Samarasekara as a 

kick-off to the mobilisation of the International Team Leader and to be used as an opportunity to consult 

all project stakeholders on current progress of the project and to seek guidance and inputs to the study 

outputs in the remaining TA. Project partners present included the focal persons of MOAD, NAST, 

NARC and the Team Leader and Deputy Team Leader of the TA team. The venue of the meeting was 

the Conference Hall of the Ministry of Agriculture Development. The meeting started at 3 PM and lasted 

for an hour. The meeting was attended by the following 13 participants:   

Name  Organization Position 

Dr. Vidhisha Samarasekara ADB TA Task Manager 

Shyam K Sah MOAD Officiating Secretary 
Suroj Pokhrel MOAD Joint Secretary 
Hans-Peter Schmidt LML TA Team Leader 
Durga Prasad Dawadi SMD  Program Director  
Rabindra Dhakal NAST Senior Scientist 
Parashu Ram Adhikari MOAD Senior Plant Protection Officer and Focal Person 
Shree Prasad Vista NARC TA Focal Person 

Anil Acharya MOAD Senior Horticulture Development  Officer 
Bhagawan Khatiwada MOAD Senior Agriculture Extension Officer 
Bishnu Sharma MOAD Senior Agriculture Economist 
Asha Sharma MOAD Agriculture Economist 
Bishnu Hari Pandit LML TA Deputy Team Leader  

 

Beginning of the meeting 

2. With approval from the Officiating Secretary, Dr. Shyam K. Sah of MOAD, the Focal person, Mr. 

Parashu Ram Adhikari of MOAD welcomed and thanked participants followed by the discussions on the 

agendas including the progress of the project and exit strategies.  

3. The Team Leader, Hans-Peter Schmidt, gave a 15 minutes presentation (attached) to the group 

focusing on the usefulness of biochar as carrier for organic nutrients to replace chemical fertilizer.  

4. He highlighted the work of the TA field trials and the results in the different communities and 

districts, biochar quality assessment and emission measurement, biochar nutrient enhancement, 

application strategies and ended with a recommendation of three levels of exit strategies for the TA. 

5. The Team Leader pointed out the encouraging results of both the on-farm research trials and 

the farmer’s field trials with different field crops with yield increases as high as four times compared to 
common practice (pumpkin) and double growth of banana trees with application of urine blended 

biochar compared to mineral fertilizer.  
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6. He also highlighted the importance of biochar for the conversion of conventional farming to 

certified organic farming for tea, coffee, cinnamon and other cash crops for the export market.  

Exit strategies 

7. The project is due to close in June 2016. To ensure that the project is sustainable the TA team 

must ensure that an exit strategy is designed and implemented to maximize the EA/IA benefit from the 

encouraging results of the TA. TA Progress Report 6 provides more details. The key focus of the TA 

exit strategy is capacity building activities for the key project stakeholders.  

8. Meetings had been held with individual Project stakeholders to discuss their thoughts on what 

would entail a successful exit strategy. These were presented and discussed collectively at the tripartite 

meeting. The exit strategy falls under three levels of aggregation; farmer level, IA level (NAST/NARC) 

and EA level (MOAD). Each level have their own needs for capacity building activities. The discussion 

covered: 

I. At farmer level: 

 Building on the successful of a Farmer exchange workshop the TA will organize 2 more exchange 

workshops at different field trial sites.  

 The TA encourages and supports farmer to organize for themselves farmer introduction courses in 

neighboring villages. 

 The TA prepares educational material for these farmer lever exchanges and workshops. 

II. At IA level: 

 Capacity building for biochar analysis and characterization. It is recommended under the TA to 

invite the international biochar analytical expert, Axel Ulbricht, to NAST and NARC to develop the 

analytical program with the available analytical devices. It is estimated that the costs will be feasible 

under the TA. A request will be sent to ADB shortly. 

 It is recommend the TA purchase analytical devices that are indispensable for the basic 

characterization from the intended project budget.  

 NAST and NARC will prepare a proposal how they intend to provide biochar analyses directly to 

Nepali farmer and the Ministry of Agriculture after the end of the project.       

 The TA will further support the capacity building for available nutrient analysis of organic biochar 

based fertilizer (invitation of international expert, potential purchase of some necessary analytical 

devices).       

III. EA level 

 Hold a national workshop for 8 district Agricultural Development Officers (Kavre, Dolakha, Tanhu, 

Lamjung, Dhading, Udaypur, Ilam and Lalitpur) and the Directors of the five Regional Directorates 

for Agriculture on Feb 20 to 22 2016 in Kathmandu.  

 Five regional workshops will be organized in March 2015 in each of the Regional Directorates for 

Agriculture offices to teach the agriculture professional staff that could then start teaching programs 

on regional village levels. These workshops were costed before the December mission with Landell 

Mills and within the TA budget.  

 Biochar producing technology will be included in the national cattle shed improvement program for 

14.000 farmer families. The government will decision on the exact locations and support by the TA 

team in this decision if necessary. 
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 From their experience under the TA MOAD will publish a booklet about the biochar making 

procedure, urine and biochar blending technique and application method in the bulletin of the 

Department of Agriculture and a MOAD authored paper in Nepali in the Agriculture Journal of the 

Department.  

Discussion and clarifications of exit strategy 

9. After the Team Leaders presentation the floor was open for discussion. Questions and 

clarifications included: 

I. The Program Director, Mr. Durga Prasad Dawadi of the Soil Management Directorate under the 

Department of Agriculture emphasized the linkage of the biochar program to the best performing cattle 

shed improvement districts and communities. He proposed first a case study to disseminate, then the 

results at wider scale. The Deputy Team Leader clarified that this point was included in the exit 

strategies presented by the Team Leader. The Program Director further asked about the qualities of 

biochar produced from different feed stocks. The Team Leader assured that all major types of potential 

biomass was tested and found to produce excellent biochar; 

II. Mr. Bhagawan Khatiwada, Senior Agriculture Extension Officer of MOAD showed interest to 

know the procedure of biochar production. He suggested arranging a training program for the extension 

officers and farmers. The Deputy Team Leader again made clarification that the Soil Management 

Directorate has already started communicating the biochar making procedure to the farmers, which will 

be emphasized in the next two-three months of the project period; 

III. Officiating Secretary, Dr. Shyam K. Sah asked whether wheat straw can also be used as 

biochar feedstock as that of rice husk and straw. The Team Leader responded positively. 

IV. Dr. Shree Prasad Bist, Focal Person and Senior Scientist of NARC inquired about why the dose 

of mineral fertilizer was so high for bananas and also asked about the yield increase of tea despite its 

nature to grow on acidic soils. The Team Leader responded to the first question by saying that it was a 

farmers' decision and the practice which they used for banana in Lamjung. To the second question the 

Team Leader replied that biochar-nutrient slurries are applied only in parts of the root zone for nutrient 

delivery but left most of the roots expend in the acidic soil. The low amounts biochar based fertilizer that 

are applied does not change the overall soil pH.  

V. Dr. Suroj Pokhrel, Joint Secretary mentioned about the recently approved Agricultural 

Development Strategies (ADS) and 27 points of MOAD declaration. ADS and one of the MOAD 

declarations have targeted to bring the organic matter content of Nepal's soil from 1% to 4%. Therefore, 

he said bio-fertilization has a greater value to improve Nepali soils. He suggested to prepare a joint pilot 

project proposal to further expand this activity after the project is phased out in March 2016.  

VI. Dr. Rabindra Dhakal, Senior Scientist of NAST reiterated the statement of the Team Leaders 

presentation on capacity building. He supported the approach to invite a senior scientist from Europe to 

train his staff at NAST to learn about biochar lab analysis. He pointed out three to four points such as 

that biochar needs to be scaled-up at a wider level; health issues while preparing the urine-biochar 

substrate; and that for the next project, it is important that more stakeholders need to be involved.  

VII. ADB TA Task Mananger, Dr.Vidhisha Samarasekara, asked the TA whether the partners 

(NARC and NAST) were involved to design the capacity building proposal of the TA. The Team Leader 

informed her that they were involved. Both IAs agreed. The Team Leader held a series of one-to-one 

meetings during his December mission. These meetings were set out in the December mission ToR 

sent to the ADB Task Manager.  
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VIII. In the context of extremely limited TA resources, the Task Manager further elaborated that 

partners' expectations in terms of equipment and other needs should be realistic and within the TA 

timelines, should not be too high, but encouraged the development of a pilot project proposal which was 

requested to be competed by the TA Team. This request came from the JS MOAD.  

IX. The Task Manager further asked all the agencies and partners whether all are ready to pursue 

the activities and exit strategies proposed by the TA. She emphasized and reiterated that the TA has to 

include all partners including EA and IAs to coauthor the publications in future so that GoN benefits 

from the TA outputs not just the TA experts. GoN need to demonstrate ownership of the project and co-

authoring  papers is a way of showing this. She stated 'this will provide a stronger case for GoN 

ownership and buy-in to the project and it also addresses the capacity building components of this 

work'.  

X. The Task Manager stated that some refinement of the capacity building component of the 

presentation is needed and that it has to comply with the budgetary constraint of the project. 

XI. Dr. Shyam Kumar Sah, Officiating Secretary took the word for a summary and closed the 

meeting with a final statement. He expressed that it has been an excellent opportunity for the 

Government to learn more about the potential of biochar for Nepali agriculture and that the perspective 

of replacing mineral fertilizer without yield decreases is highly encouraging. The meeting informed 

MOAD about the outcome and results of the project, which he praised the discussion on the exit 

strategy.  

XII. The Secretary thanked the Team Leader and the TA team for project progress. He emphasized 

that based on ADB and MOAD commitments the TA needs to further refine the exit strategies. He 

expressed his hope to continue the promising work in a follow-up project.  

 

 
 



 

 

Appendix 11: Capacity Building Events 

Date Event Location Topics  Participants Type 

25
th
 July 

2014 
Inception 
Workshop 

Kathmandu 

- The potential role of biochar in addressing soil 
fertility, climate change mitigation & adaptation and 
rural livelihoods.   

- Existing experience of using biochar to improve soil 
fertility in Nepal and in other relevant contexts.  

- Selection of field trial sites, crops and rotations, 
biochar properties and composition, biochar-
producing technologies, biochar blends, indicators 
and measurement protocols. 

34 participant  

Government 
(various from 
MOAD, NAST, 
NARC and others) 

26
th
 Jan 

2015 
Sharing 
workshop 

Kathmandu. 

- Experiences from across the four biochar field trial 
sites (Dolakha, Parwanipur, Jeetpur, Panchkhal). 

- Experiences from the farmer field trials established 
close to the NARC field research stations. 

- Protocol for the crop maintenance, protocols, data 
collection and the harvesting of the crop in due 
course. 

- Plans for the next field trials to be established in 
May 2015 

20 participants 

Government 
(various from 
MOAD, NAST, 
NARC and others) 

7
th
-10

th
 

April 2015 
Reflection 
Workshop 

Bandipur, 
Parawanipur, 
Dumarwana 

- Experiences from across biochar field sites 
(Farmers field Bandipur, RARS, Parawanipur and 
SRP, Jeetpur).  

- Experiences from the farmer field trials established 
close to the NARC field research stations.  

- Awareness in setting up biochar field trails 
(production, preparation of substrate, and 
establishiing field trails, data collection and the 
harvesting of the crop in due course.  

- Plans for the next field trials to be established in 
May 2015 

8 participants  
Government 
(MOAD, NAST, 
NARC) 

10
th
 Sept Midterm Kathmandu - Dhunkharka experiences on tomato biochar trials 10 participants Government 



 

 

2015 workshop and other farm crop case studies;  

- Awareness in setting up biochar field trials 
(production, preparation of substrate and 
establishing field trials, data collection and the 
harvesting of the crop)  

- Plans for future field trials.  

(various from 
MOAD, NAST, 
NARC and others) 

December 
15 

Equipment 
production 
workshop 

Kathmandu, 
Dolakha, Bara, 
Kabre. 

Demonstration and construction of:  

- Kon-Tiki 1000 l – full scale octagonal open fire kiln 
with rim shield (fixed and as flat pack) 

- Kon-Agno 1000 l – metal cone shield combined 
with soil pit as open fire kiln (60° and 72° and 
different sizes) 

- Soil Cone - soil cone pit as open fire kiln 

- Smaller scale deep and shallow octagonal and 
pyramidal Kon-Tiki kilns (60°, 45°) 

- Optimized TLUD 120l with vortex gas burning and 
primary air regulation 

- Adam retort (an existent retort was optimized and 
finalized for first production) 

The best performing devices as per the criteria were 
installed at the NARC field station sites where 
scientific field trials were set-up (Dolakha, Bara, 
Kabre). NARC field station staffs were trained in their 
installation, use and maintenance.  

11 Kon-Agno were installed at the 11 field trial sites 
with 22 lead farmers train in its use and maintenance.   

Metal workshop team, NARC 
field station staff, 22 lead 
farmers 

Private sector, 
government 
(NARC), farmers 

9
th
 Nov 

2015 
Farmer-to-
farmer learning 

Dhungkharka 

- Awareness of farmers on further promotion of 
biochar and urine recovery from 5 project village 
sites (Lamjung, Bandipur, Ratanpur, Dhading and 
Dhungkharka).  

- Experiences of farmers from different sites in terms 
of promotion of biochar and unutilized cattle urine 

- Awareness on how to collect field trail data and 
make effective use of urine and biochar for crop 
yield increases. 

31 participants  
 

Government and 
farmers 



 

 

26
th
 Dec 

2015 
Eco-school 
club 

Mahankalthan, 
Dhungkharka 

- Formation of Eco club at Shree Krishna Gopal 
Higher Secondary School. Including:  

- Preparation of biochar at School and make sure the 
urine tank is always filled with biochar 

- Utilization of produced urine-biochar fertilizer  

- Dissemination of biochar and its uses to the whole 
village 

11 members (from grade 4 to 
grade 10) 

School children 
 

28th Feb 
–1

st
  

March 
2016 

District Level 1 
workshop 

NARC 
Khumaltar 
Station 

- Experiences of the project among and between the 
leading agricultural administrators of Nepal in terms 
of preparation and use of biochar and biochar 
based organic fertilizer 

- Best practices adapted by farmers from each of the 
participating sites.   

- Awareness among government agencies on how to 
multiply the best project results in other parts of the 
country. 

- Commitments made by DOAD for transferring urine 
biochar technology to farmers. 

- Agreement made on need to produce a biochar 
book for use by government staff 

Directors of the five Regional 
Directorates for Agriculture, 
participants from seven District 
Agriculture Development 
Offices, plus representatives 
from NARC central level (8) and 
research stations (4), NAST (3), 
and MOAD (Soil Management 
Directorate and Department of 
Agriculture Information office 
(4)) 

Government 
(Various) 

16
th
-18

th
 

April 2016 
District Level 2 
workshop 

Ilam 

- Experiences of farmers from one site to another in 
terms of promotion of biochar and unutilized cattle 
urine 

- Awareness on how to collect field trails data and 
make effective use of urine and biochar for crop 
yield increase.  

- Best practices adapted by farmers from each of the 
participating sites 

26 participants (4 each from 4 
different farmer groups) 

Farmers 

15
th
 April 

2016 

Western region 
sharing 
workshop 

DADO, 
Bandipur 
 

- Experiences of the project among and between 
staff of the respective District Agriculture 
Development Offices in terms of preparation and 
use of biochar and biochar based organic fertilizer 

- Best practices adapted by farmers from the farmers 
of the project working districts.   

- Awareness among staff of DADOs and regional 
staff on how to multiply the best project results in 

20 participants (5 participants 
from each of the 4 districts) 
 

Government 
(District 
Agriculture 
Development 
Offices) 



 

 

other districts. 

- Commitments made by DOAD for transferring urine 
biochar technology to farmers. 

30
th
 April 

2016 

Central region 
sharing 
workshop 

DADO, 
Makwanpur 

- Experiences of the project among and between 
staff of the respective District Agriculture 
Development Offices in terms of preparation and 
use of biochar and biochar based organic fertilizer 

- Best practices adapted by farmers from the farmers 
of the project working districts.   

- Awareness among staff of DADOs and regional 
staff on how to multiply the best project results in 
other districts. 

- Commitments made by DOAD for transferring urine 
biochar technology to farmers. 

25 participants from 8 districts 

Government 
(District 
Agriculture 
Development 
Offices) 

30
th
 April 

2016 

Eastern region 
sharing 
workshop 

DADO, 
Udaypur 

- Experiences of the project among and between 
staff of the respective District Agriculture 
Development Offices in terms of preparation and 
use of biochar and biochar based organic fertilizer 

- Best practices adapted by farmers from the farmers 
of the project working districts.   

- Awareness among staff of DADOs and regional 
staff on how to multiply the best project results in 
other districts. 

Five participants from each of 
the selected districts (two 
working districts- Udaypur and 
Ilam and two from other 
adjoining districts) 

Government 
(District 
Agriculture 
Development 
Offices) 

20th-26th 
March 
2016 

Biochar 
Analysis 

Kathmandu 

- Work with the laboratory team of NAST in 
Kathmandu and help build capacity; 

- Help train GoN staff on analytical methods and 
application and establish with the team in NAST the 
in-lab procedures to prepare standard biochar 
analysis in Nepal;  

- Work with the soil analytical team at NARC to 
establish a program for nutrient analysis of organic 
liquids like cow urine. The latter is currently not 
available in Nepal which is one of the reasons why 
the valuable nutrients of animal urine is lost to the 
environment instead of replacing mineral fertilizer;  

- With NAST and NARC prepare a proposal about 

8 participants (4 from NAST, 4 
from NARC). 

Government 
(NAST and 
NARC) 



 

 

the organizational set-up of biochar and organic 
fertilizer analyses for Nepali farmers and the 
Ministry of Agriculture;  

- Propose a list of necessary items and devices that 
are indispensable for the establishment of basic 
characterization of organic soil amendments. 

6
th
 June 

2016 

Final Workshop 
(‘First National 
Conference on 
Biochar’) 

NAST, 
Kathmandu 

- The project 

- Biochar Production Technology 

- Biochar Analysis 

- Biochar Economy 

- Biochar as key element of soil management for 
sustainable agricultural intensification in the 
Himalayan Region 

- Biochar Research and Trials at NARC - future 
perspectives 

- Biochar in Animal Farming 

- Heat Recovery, Essential Oil Production, Water 
Filtration, other Biochar Products 

- Biochar and Reforestation - a climate perspective 
for Nepal 

135 participants from 
government, private sector, 
Universities, NGOs and Civil 
society. 

Multiple 

Ad hoc  
Support to 
farmers on a 
monthly basis 

Maina Pokhari  
Jiri  
Mithinkot  
Dhung Kharka  
Naya Gaon  
Godavari  
Nalang Baireni  
Dumre  
Bandipur  
Lamjung  
Udayapur  
Simara  
Jitpur  
Illam  

- Ongoing support in the use and application of 
biochar producing equipment and the application of 
biochar and biochar charged with liquidized mineral 
nutrients. Training in setting up field trails, 
maintenance of trails, data collection and data 
reporting.  
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biochar and biochar charged with liquidized mineral 
nutrients. Training in setting up field trails, 
maintenance of trails, data collection and data 
reporting.  

 

 




