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ABSTRACT 

 
Agricultural productivity is one of the paramount importance for making any nation self-reliant  

for food. The world’s largest agricultural production system, Rice-wheat cropping system  

(RWCS) is the keystone of India’s food security. Rice-wheat cropping system encompasses  

around 12.3 M ha in India, and most of this area falls in Indo-Gangetic plains. It has paramount  

influence on socio-economic development of rural population in India. Post Green Revolution  

researchers have evolved various farming techniques to improve the productivity, minimising  

the cultivation cost, and for less environmental impact but those are either not that much  

effective at the ground level or restricted to a small region. Also, inordinate use of inorganic  

fertilizers and plant protection chemicals for maximizing crop yield has resulted in the  

deterioration of physical, chemical and biological health of the rice–wheat growing soils. As  

such a critical review of all the established techniques with respect to their merits and demerits  

becomes necessary. With this in view, efforts have been made to critically evaluate all the  

modern techniques. This paper also highlights the trend in various parameters over the past few  

years which directly or indirectly affects the agricultural productivity. 
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1. INTRODUCTION 
 

It is observed that about 60-70% population in India depends directly or indirectly on the 

agriculture but it contributes only 18% in GDP. Also, productivity is quite low compared to 

developed nation, it is even lower than that of world’s average. [8] 

 Rice (metric tonne per hectare) Wheat (metric tonne per 

hectare) 

Highest National 

Average Yield 

10.04 (Australia) 9 (New Zealand) 

World’s Average 

Yield 

4.25 4.49 

India’s Yield 2.665 3.371 

Table: 1 World’s and India’s Yield Statistics [Source: Indexmundi] 

RWCS is the world’s as well as India’s one of the largest agricultural production system 

occupying around 12.3Mha in India. [2] Rice and wheat are the staple source of nourishment 

of billions of Indians. Rice and wheat occupied 22% and 15% respectively of the total net 

cultivable area in India. [6] Also, rice and wheat are one of the main sources of the nutrient 

supplier in most of the part of India and with increasing population its productivity must 

increase.[5] 

 

It is estimated that about 2.5% growth in cereal production will be required to meet food 

demands in the next decade. During the past 30 years, agricultural production has been able to 

keep pace with population demand for food. This came about through significant area and yield 

growth. Area growth will be less important in production growth in the future as more land is 

used for urbanization and industrialization. Total factor productivity (which indicate how 

efficient are the agricultural land, labour, capital, and materials) is declining and farmers have 

to apply more input to obtain the same yield. However, agriculture productivity of the country 

is at risk due to declining organic matter, new weeds, pest and diseases are creating more 

problems, and paucity of irrigation water is resulting in excessive ground water pumping. 

Farmers are complaining about high input costs and low prices for their produce. Farmers often 

rely on groundwater, which in place is low in quality either due to excessive salt content or 

due to presence of residual alkalinity with detrimental effects to soil health. Further soil quality 

degradation, falling water table, environment imbalance are the major constraints for the 

sustainable growth of the crop. [1] 

In this context field data was collected related to RWCS and the various modern farming 

techniques used in India for performing the sustainable farming of rice and wheat system which 

are, Surface seeding, Zero-tillage, Reduced tillage, Bed planting system, Multi use of low-

quality water, Non-Puddling of rice, LASER levelling have been evaluated[1]. Also, the 

various issues like ecological, agricultural, livelihood & climatic issues [2] to the farming of 

rice and wheat are being discussed. After that it have been discussed why System Dynamics 

Modelling is most suitable for observing the behavior of agriculture. Finally, the post COVID 

impact on agriculture have been discussed. 

 

2. RICE-WHEAT CROPPING SYSTEM (RWCS) 
 

Wheat is the most versatile crop of all cereal grain because of its high adaptability of different 

climatic regions, while rice is chief and cheapest source of carbohydrates in majority of the 

developing nations. [5] RWCS is the world’s as well as India’s one of the largest agricultural 
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production system occupying around 12.3Mha in India and around 85% of this area falls in 

Indo-Gangetic plains (IGP) spanning from Punjab to West Bengal. [2] Rice and wheat are the 

staple source of nourishment of billions of Indians. [5] Currently farmer focus on increasing 

the yield without considering much about the sustainable agriculture. RWCS is labour-, water-

, capital- and energy-intensive, and become less profitable as the availability of these resources 

diminished. [2] Since day by day labour shift from agriculture sector to manufacturing and 

service sector thus the availability of labour is less, also due to uneven rainfall water 

availability is less and irrigation mostly dependent on underground water which required high 

pumping cost due to falling water table thus overall expenditure increases. Agriculture require 

fertilizers and various other modern tools which are quite costly i.e., agriculture is very much 

capital intensive now a days. These could be further aggravated with deterioration of soil 

structure, declining underground water and lesser land and water productivity. [1] 

 

Fig. 1. Cropping system across the India [Source: ICAR-Indian Institute for Farming 

Systems Research, Modipuram, India] 

2.1 WHY RICE-WHEAT CROPPING SYSTEM (RWCS)? 

In Indo-Gangetic Plains (IGP) mostly rice and wheat cultivation takes place, it covers about 

12.3Mha of the agricultural land and at the nation scale rice and wheat occupied 22% and 15% 

of the total net cultivable area respectively which is quite significant and can’t be ignored. [2,6] 

Also rice and wheat are one of the main sources of the nutrient supplier in most of the part of 

India [5] and country’s population is increasing at higher pace thus to have self-reliant to meet 

the demand of the population, production have to improve but agricultural area is decreasing 

day-by-day due to urbanization and industrialization thus yield must be increased.[1] 

To improve profit, production and sustainability scientists recommends different Resource 

Conservation Technologies (RCTs) but they are not widely spread i.e., not much effective at 
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the ground. Hence there is urgent need of further research as well as its effective application 

in the agricultural field to maximize the yield without affecting the environment i.e., for 

sustainable farming. [4] 

2.2 WORLD STATISTICS 

Rice and wheat are grown widely almost in all the continents, making them globally important 

crops. Rice is majorly grown in Asian, African and Latin American countries, whereas, wheat 

is majorly grown in North America, Southern European countries and Australia. There has 

been a rise in global consumption of rice and wheat with subject to global population growth, 

raising the need to increase production with improvement in technology. [5] 

Global wheat production forecast for 2020 is trimmed by 2.3 million tonnes and now stand at 

762.7 million tonnes, just short of the 2016 record level. This reduction largely rests on lower 

output expectation in Ukraine, as well as in Argentina, where persistent dry weather curtailed 

yield prospects. By contrast, world rice production in 2020 is forecast to increased by 1.5% 

year-on-year to a new record of 508.7 million tonnes. [7]  

The forecast for total wheat utilization in 2020/21 is scaled up slightly, mostly on increased 

consumption expected in the European Union, raising the global forecast to 758 million tonnes, 

up 1.0% from the 2019/20 level. The global rice utilization in 2020/21 is predicted to reach 

510 million tonnes, up 1.5% from the 2019/20 estimate. [7] 

The forecast for global wheat inventories is also lowered by 3.8 million tonnes in November, 

on lower expected stocks in EU, the USA and the Russian Federation. Despite these downward 

revisions, global wheat stocks are still forecast to increase to 184 million tonnes, 1.9% above 

opening levels. However, if China is excluded from the forecast, global wheat inventories 

would likely to contract by 3.7%, driven by expected declines in several leading wheat 

exporters, including Argentina, the European Union and the USA, mostly due to reduced 

harvests. By contrast, continued build-ups in the major rice exporters are anticipated to keep 

world rice stocks at the close of 2020/21 essentially stable year-on-year, at 182.0 million 

tonnes. If confirmed, these trends would result in the global rice stock-to-use ratio falling only 

marginally below the year-earlier estimate, while the major exporters’ stock-to-disappearance 

ratio rising to a seven-year high. Forecast of world rice trade is pegged at 47.2 million tonnes, 

marginally changed since October and up 6.3% year-on-year. Global wheat trade continues to 

be forecast at a record 184.5 million tonnes in 2020/21, slightly up from 2019/20 and 

unchanged since October. [7] 

Table: 2. World Wheat Statistics [Source: Food and Agriculture Organization of the 

United Nations] 
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Table: 3. World Rice Statistics [Source: Food and Agriculture Organization of the 

United Nations] 

2.3 INDIA STATISTICS 

Rice and wheat are the staple source of nourishment for billions of Indians. India is the second 

largest producer of rice and wheat in the world after China, indicating the role of both the crop 

in food security of the nation. Both of these crops played key role in transforming the nation 

from a food deficient nation to a food sufficient nation. India produces 101.29 million tonnes 

of wheat and 175.58 million tonnes of rice annually (2018). [5] Approximately 44Mha and 

29.5Mha area are under rice and wheat production in India, symbolizing the importance of 

both the crop in Indian agriculture. [8] The country has also exported the significant quantity 

of both the crop thus, rice and wheat production not only make the country food sufficient 

nation but also strengthen its agrarian economy. Since, agriculture is the major source of 

income for a large population of the country, and rice & wheat being the majorly grown crops 

plays a key role in enhancing income of the farmers. [5] 

2.4 EFFECT OF GREEN REVOLUTION 

Although India is self-sufficient in food production, but its food production between 1947 and 

1960 was so bad that there were risks for the occurrence of famine. [9] Therefore, the Green 

Revolution was initiated in the 1960s in order to increase food production, alleviate extreme 

poverty and malnourishment in the country, and to feed millions.  

The Green Revolution introduced high-yielding variety of rice and wheat to increase food 

production. Post-Green Revolution, the production of wheat and rice doubled, but the 

production of other crops such as indigenous rice varieties and millets declined. Meanwhile, a 

number of traditional rice varieties consumed prior to the Green Revolution have become non-

existent, and the availability of local rice varieties are under cultivation. This loss of species is 

mainly due to focus given to the production of subsidized high-yielding hybrid crops and the 

emphasis of monoculture by the government. [9] 

After the Green Revolution productivity of the crops was increased by the use of fertilizers, 

pesticides, and groundwater resources. However, mismanagement and overuse of chemical 

fertilizers, pesticides, and lack of crop rotation caused the land to become infertile, and loss of 

groundwater became a common occurrence in agricultural areas. These impacts made the 
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farmers even more miserable, due to the increased expenditure spend on the cultivation of crops 

to overcome these shortcomings. [3,11] Due to Green Revolution growth rate of food-grain 

output increased from 2.4% per annum before 1965 to 3.5% after 1965. Since then, importing 

food grains has declined considerably. [9] 

In the success of Green Revolution, Indian Council of Agricultural Research (ICAR) have 

considerable contribution. ICAR is responsible for research related to agriculture. Post-Green 

Revolution ICAR have suggested various farming method for the conservation of resources 

but either those were not widely spread or restricted to local level only. 

 

3. VARIOUS MODERN FARMING TECHNIQUES 

3.1 Surface Seeding- 

In this tillage option wheat seed is placed onto a saturated soil surface without any land 

preparation. The key to success with this system is having the correct soil moisture at 

seeding. Too little moisture results in poor germination and too much moisture can 

cause seed to rot. The germination takes place in the moist soil and root follow the 

saturation fringes. Significant soil moisture reduces the soil strength and thus eliminate 

the need of tillage. In this some farmer also apply rice straw to mulch the soil which 

reduce evaporative losses of the soil and also control the weeds. In this practice standing 

stubble also protect the seed from the birds. Use of a drum or simple seeder for line 

sowing is found advantageous. In this overall expenditure decreases. [1] 

3.2 Zero Tillage with inverted T opener- 

In India, research on ZT for wheat started almost four decades ago. Zero tillage refers 

to the practice of directly sowing a crop without tillage after harvest of preceding crop. 

This coulter and seeding system place the seed into a narrow slot made by the inverted-

T. This type of seed drill is suitable where there is little surface residual after rice 

harvest. Loose straw and residue create a problem for the inverted-T opener farmers 

presently burn residues to overcome this problem but burning creates environmental 

problem. One of the ways to overcome this problem is use rice straw as mulch which 

result to preserve soil moisture, water infiltration, and soil erosion Savings in input cost, 

fuel consumption and irrigation water use have been reported due to zero tillage in 

wheat. The cost saving is the main driver behind its spread. Shortage of labor also favor 

this. Study reveals that the net return in the ZT is high by about 14% than the 

conventional one as it saves the human labor, machine labor, fuel consumption and 

irrigation cost. Since soil are disturbed less thus lesser weeds are exposed which result 

in lesser germinates. It also enables earlier sowing of wheat as no time required for field 

preparation. [1,4,12,13] 

 
Fig. 2. (a) Inverted-T opener (b) the locally manufactured Indian seed drill with this 

opener [Source: Research Gate] 
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3.3 Reduced Tillage- 

In this farming method soil are disturbed as minimum as possible. The machine used in 

for this farming techniques consists of a shallow rotovator followed by a six-row 

seeding system and a roller for compaction of the soil. The rotovator fluffs up the soil, 

which then dries out faster than with normal land preparation. The seeding coulter not 

places the seed very deep, thus soil moisture must be very high during seeding to ensure 

proper germination and root extension before the soil dries appreciably. As the seeds 

are not placed very deep thus to prevent it from birds some time rice straw is applied as 

mulch. [1] 

Fig. 3. Reduced tillage field [Source: Farm Energy] 

 

3.4 Bed Planting System— 

In this crop is cultivated on the raised bed. Various point which favour this system are- 

 Management of irrigation water is improved. 

 Weeds can be controlled mechanically between the beds thus no addition fertilizer for 

it. 

 Herbicides dependency is reduced, and hand weeding is easier. 

 Less lodging occur as additional light enters the canopy and strengthen the straws. 

 Same bed can be maintained for more than one crop thus reduce the cost. 

The major weed species affecting wheat, Phalaris minor is less prolific on dry tops of 

raised beds than on the wetter soil found in conventional flat beds planting. Cultivating 

between the beds can also reduce weeds. In this fertilizer can be placed on the bed 

which result in improving fertilizer use efficiency. [1,12] 

 

Fig. 4. Bed Planting System [Source: ResearchGate] 
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3.5 Multi use of low qualities water- 

Low quality of water can be blended with high quality water to improve the water flow 

rate and total water supply. Blending of multi-quality water supplies in on-farm water 

storage reservoirs not only improves the quality of water having residual sodium 

carbonates and overcome problems associated with this water, but can also improve the 

use of rainwater and water productivity and yield of a bed planted wheat crop. When 

the saline water is applied in raised bed method it permits the salt movements to the top 

of the bed keeping the root zone relatively free of the salt. [1] 

3.6 Non-Puddling for Rice- 

Most rice farmers traditionally puddle their soils to reduce percolation losses and 

control weeds. More cracking occurs in the puddled soils thus more water needed once 

the fields dry. Water percolation is higher for non-puddled fields, but the total water 

use may be less since no water is needed for seedling raising or puddling the main field. 

Data shows that wheat yields are significantly better when wheat is planted with ZT 

after non-puddled rice than after puddled rice. The data also shows that rice yields are 

similar between puddled and non-puddled situations if weeds are controlled. [1] 

3.7 Laser Levelling- 

In this a special machine is used based on the laser or GPS technology to level the field, 

i.e., it takes up the soil from the location in field where level is high and put it to the 

location where level is low. This technique offers the following advantages- 

 Reduction in time and amount of water for irrigation 

 Uniform distribution of water 

 Less water consumption in land preparation 

 Uniform moisture environment for crops 

 Good germination and growth. [1] 

Fig. 5. Moba LASER Leveller [Source: Indiamart] 

Rice and wheat cultivation are capital intensive thus financial assistance in the agricultural 

sector will boost the production. Financial inclusion may be defined as the process of ensuring 

access to financial services and timely and adequate credit when needed by vulnerable groups 

such as weaker section and low-income group at an affordable cost. Financial inclusion 

accelerate the Rural development accelerate and simultaneously reduce the poverty. Since 

majority of weaker sections resides in the Rural India hence the need of financial inclusion 

becomes very vital in the development of nation. As financial inclusion can empower the 

weaker sections which encourages and increases the level of rural development positively. 



11 
 

Financial inclusion allows banks to channelize the savings of the unbanked population of the 

country and offers new business opportunities for lending to this group. Also, under financial 

inclusion domain number of banks in the rural India got increased which allow-  

 farmer to easily access the banks to make the saving also to issue the loan for the 

farming at relatively lower interest compared to local money lender. 

 to start the business (like fishery) in the rural area by taking the loan from the bank. 

At present, the biggest challenge for the nation is bringing financial services to the rural 

residents specially the weaker section of the society. [14] 

4. FERTILITY MANAGEMENT IN THE RWCS IN INDIA- 

During recent years, a significant decrease in productivity of RWCS has been observed because 

of deterioration in soil fertility and nutrient deficiencies associated with decline in organic 

matter due to reduced inputs of bio-resources and lack of an adequate rotation. Therefore, good 

fertility management is ensured to express its yield potential. To find the desired amount of 

fertilizer for sustainable production in different plots SPAD (Soil Plant Analysis Development) 

meter, green sticker, and Leaf Colour Chart (LCC) are used. [3] 

Inclusion of short duration legumes, green manures between wheat and rice help in restoring 

the nutrient of the soil. Also, returning the rice residue to the farm and application of some 

microbes result in faster decomposition thus enhance the soil fertility. Although organic 

manures contain plant nutrients in small quantities as compared to the fertilizer, but the 

presence of growth promoting principles like enzyme and hormones besides plant materials 

and also supply of the macro and micro nutrients make them essential for improvement of soil 

fertility and productivity.[3] 

Component of soil fertility management 

Long term sustainability of the agriculture can be maintained through the following- 

1. Involving the legumes and green manure crops in rotation between wheat and rice. 

2. Balance fertilization 

3. Site specific nutrients management (SSNM) 

4. Adoption of Resource conservation Technologies (RCTs) 

Involving of legume & green manure in rotation 

Levels of organic C, total N, available N, P, K and micronutrients increased significantly and 

substantially due to inclusion of legume in RWCS after the harvest of wheat. Simultaneously 

the soil microbiological properties, viz., microbial biomass carbon, microbial biomass nitrogen 

and enzymatic (alkaline phosphatase, acid phosphatase, dehydrogenase, glucosidase, FDA 

hydrolysis, etc.) activities were also significantly high in these soils. 

 

Balanced Fertilization 

Application of complete dose of the fertilizer NPK can increase the productivity of soil. 

Deficiencies of sulphur and micronutrients due to their continuous removal without 

replenishment is one of the main causes of decline in productivity. Integrated application of 

organic manures and chemical fertilizers is must to increase crop yields and maintain soil 

fertility. 

 

Site Specific Nutrients Management 

In this soil test is performed after which fertilizer recommendation and fertilizer rate are 

established for the sustainable farming. SSNM is a dynamic, farm-specific management of 

nutrients in a particular crop or cropping system. This approach tries to optimise the supply 

and demand of nutrients according to their differences.  
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A geographical information system (GIS) approach has recently been successfully applied to 

rice fields, where developed maps showing the spatial variability in soil nutrient status are used 

as a site-specific fertiliser recommendation tool. 

The leaf colour chart (LCC) can help the farmers because the leaf colour intensity relates to 

leaf nitrogen status in rice plant. The monitoring of leaf colour using LCC helps in the 

determination of right time and quantity of nitrogen application. Use of LCC is simple, easy 

and cheap under all situations. [3] 

 

5. CHALLENGES OF RICE & WHEAT CROPPING SYSTEM 

 
1. Ecological Issues- [2] 

a. Declining underground water table 

Before introduction of the canal system, the underground water levels are more than 

40 m deep while with canals the water levels arose to 3 m deep below the ground 

surface. Now in the present scenario share of irrigation water is decreasing over the 

year. The area under GW irrigation has increased by 6-times over the last six 

decades because of uneven rainfall which result in fall of water table. Free 

electricity for the agricultural sector further complicated these issues. The increase 

in depth to the ground water in north–west India has three major negative effects 

(1) higher under-ground water pumping costs; (2) growing tube well infrastructure 

costs; and (3) abating ground water quality.  

b. Ground Water Pollution 

Excessive use of the fertilizers/insecticides in RWCS pollutes the underground 

water quality. Application of this poor-quality water to the agricultural and dairy 

sector leads to emergence of several severe diseases in animals and decreased the 

grain quality which ultimately affect the human health. Excessive use of N-

fertilizers resulting to leaching of nitrates leads to the pollution of ground water 

appears to be a serious concern.  

c. Diverse weed flora 

Weeds compete with the main plants for light, water and nutrients which in turn 

decrease overall land productivity of the system as a whole. The soil disturbance 

caused by tillage systems places weed seeds at different depths, which differ in 

availability of moisture, diurnal temperature fluctuation and light exposure, and 

activity of predators result in different amount of weed. Further, it is observed that 

new weeds occurred with time with intensive rice–wheat cropping system which 

are more difficult to control and in the some cases observed to be more resistance 

to the available chemicals.  

d. Outbreak of diseases and insect-pest 

Green crop with high dosage of N and under wet condition are more prone to the 

outbreak of disease. Further farmer act as per the advice of the dealer which result 

in more complexity of the situation. It lowers the water and land productivity thus 

one of the main constrain in the path to sustainable agriculture.  

2. Agricultural issues- [2,3] 

a. Degrading Soil Structure 

Repeated puddling of rice field led to sub-surface compaction which degrade the 

soil structure and result in reduction in productivity of upland crop like wheat as it 

restricts the growth of the root due to compaction. 

b. Declining soil health 
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Conventional practice of the farming in which crop residual are burnt result in the 

loss of the nutrients. Thus, farmer have to apply more fertilizer to meet the desired 

outcome. Due to which there is imbalance between the nutrient applied and nutrient 

obtained thus result in the loss of some micro and macro nutrients. 

c. Residual management 

Higher silica content in rice straw make it inappropriate to be used in the dairy 

sector. Thus, farmer generally burn the rice residual to get rid of it and timely 

sowing of the wheat crop. Burning of the rice residues causes the environmental 

pollution, global warming, killing the beneficial insects, create net negative nutrient 

balance and also degraded the soil, decreases organic matter levels and finally 

results in the soil health deterioration. Some the way of the straw managements are- 

1. Crop residual for manure- 

By dipping rice straw bundle in a solution of 1000L water+ 1Kg urea+ 1Kg cow 

dunk 

2. Crop residual for energy production 

3. Crop residual for ethanol 

4. Biogas- 

1ton of rice straw have potential to produce 300 m3 of biogas of which 55-60% 

is CH4 

5. Residual gasification- 

1000 kg of farm residue could be used to generate 300 kW h of electricity. In 

this process producer gas is produced to by partial burning of rice residual which 

is used to produced energy. 

6. Fast pyrolysis 

d. Least attended intervening period 

There is ample scope during the intervening period to ensure overall improvement 

of the productivity of the RWCS. Different advocated technologies during the 

intervening period to have a look on to their residual effects. 

e. Labour shortage 

The labour scarcity has been increasing over the last few years which result in 

higher wage rate also they try to transplant the paddy nursery at the wider spacing 

which increase the cultivation cost and simultaneously reduce the yield. Use of 

mechanical transplanter and direct seeded rice are suitable option to overcome this 

problem but not widely spread. 

f. Multiple nutrients deficiencies 

Earlier only macro nutrients are applied to soil but with time, requirement for the 

micro nutrients are demanded as soil health is declining day by day e.g., any region 

having continuous rice cultivation in kharif season from 8–10 years expected to 

have higher selenium toxicity. 

3. Livelihood issues- [2] 

a. High energy requirement 

Water level is falling which result in high energy requirement for the pumping of 

water and diverting electricity from the industrial to agriculture sector will create 

more problems as unemployment. 

b. Decreased land productivity- 

Some studies reported stagnant or even lesser yields in RWCS. Decreased land 

productivity is an issue needing urgent attention by using different technologies viz. 

bed planting, laser land levelling, direct seeded rice, mechanical transplanting, etc. 

c. Decreased water productivity- 
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Water productivity is the quantity of irrigation water used to produce per unit of the 

grains. Under conventional puddle transplant system of rice large quantity of water 

required which on other hand deteriorates the soil structure which finally resulted 

in lower yields and consequently, lower water productivity. Way to increasing water 

productivity is to omit the puddling of the ground and opt direct seeded rice. 

d. Decrease in water use efficiency- 

Water use efficiency deals with the total water discharge from tube-well to the field. 

It is challenge to the sustainable agriculture and could be improved by adopting 

suitable technologies viz. cementing the water channels, laser land levelling, 

irrigation based on soil matric potential using tensiometers etc. 

e. Poor income- 

Poor yields because of adverse climatic conditions, poor soil health, deeper 

underground water table, poor quality underground water, outbreak of insect-pests 

and diseases results in the poor income which further complicate the farming in the 

next season. 

4. Climatic issues- [2] 

a. Environmental Pollution- 

Burning of crop residue cause air pollution. Important nutrients in rice straw at 

harvest are 5–8 kg N,0.7–1.2 kg P,12–17 kg K,0.5–1.0 kg S per ton of straw on a 

dry weight basis. Apart from loss of carbon, up to 80% of N and S, 25% of P and 

21% of K loss occurs during burning. Thus, burning must be avoided as much as 

possible. 

b. Global warming- 

After striking of solar radiation on the soil surface long wave radiation are converted 

into the short-wave radiation and the global gases like CH4, CO2, etc. hinders the 

short-wave radiation to emit out of the earth environment resulting into rise of 

global temperature. Burning of farm residues generate ample amount of greenhouse 

gases and aerosols. Which may result in the regional depletion of ozone layer. 

Conservation Agriculture- Conservation agriculture (CA) is the only answer to the above 

listed sustainability threats. Broadly CA is based on the three basic principles- 

1. Crop rotation 

2. Reduced tillage system 

3. Mulching [2] 

6. FIELD DATA 

Year Wheat Rice 

 Production (103T) %age change Production (103T) %age change 

2018 99870 1.38 172580 2.42 

2017 98510 13.23 168500 2.93 

2016 87000 0.55 163700 4.57 

2015 86527 -9.73 156540 -0.42 

2014 95850 2.51 157200 -1.26 

2013 93506 -1.45 159200 0.89 

2012 94882 9.22 157800 -0.06 

2011 86874 7.51 157900 9.68 

2010 80804 0.15 143900 6.11 

2009 80679 2.68 135672 -8.35 

Table: 4. India Wheat and Rice production [Source: www.statista.com ] 

http://www.statista.com/
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Year Wheat Rice 

 Cultivated area 

(103 ha) 

%age change Cultivated area 

(103 ha) 

%age change 

2018 29651 -3.68 44500 1.62 

2017 30785 1.87 43790 1.39 

2016 30220 -3.96 43190 -0.46 

2015 31466 3.26 43390 -1.63 

2014 30473 1.57 44110 -0.06 

2013 30003 0.46 44135 3.23 

2012 29865 2.74 42754 -2.85 

2011 29069 2.15 44010 2.68 

2010 28457 2.54 42862 2.25 

Table: 5. Area under Wheat and Rice cultivation [Source: www.statista.com ] 

 

 

 

 

Deforestation- 

India is losing about 1.5 Million hectares of forest cover every year. [19] 

 

Per capita forest land in India=0.1 hectares [18] 

 

Average size of land holding= 1.15 hectares. 67% of the India’s farmer are marginal farmer 

with the land holding less than 1 hectare. Only 1% large holding of 10 hectares and above. [20] 

 

Average size of family in Uttar Pradesh- 5.7 member per family (India’s – 4.8) [18] 

 

Literacy rate – Varanasi- 75.6%, Uttar Pradesh- 67.68%, India- 74.04% [18] 

 

Health facilities- 

       Only 24% doctors are in rural India for about 70% population. There is 3767 people per 

doctor in Uttar Pradesh against the WHO’s 1:1000 guideline it means there is about 74% less 

doctors are available. For the India the ratio is 1:1445 which is also quite low than required. 

[18]. 

 

Rate of loan for farming sector- 

      Kisan Credit Card Scheme (KCC) provide short term loan to farmer at 4%. 

Fig. 6 Workforce distribution among 
different sector [Source: 

www.statista.com ] 

Fig. 7 GDP share among different sector 
[Source: www.statista.com ] 

http://www.statista.com/
http://www.statista.com/
http://www.statista.com/
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Solar radiation in one of the neighbouring districts of Varanasi i.e., Allahabad 
City Jan Feb Mar Apr May June July Aug Sep Oct Nov Dec Annual 

Avg. 

Allahabad 3.79 4.83 5.93 6.39 6.55 5.68 4.56 4.31 4.48 4.8 4.23 3.6 4.93 

Table: 6. Solar Radiation [Source: Uttar Pradesh: Uncovering Solar Rooftop Potential in 

Urban Cities] 

 

Grain Storage capacity in UP- 40*105 metric tonnes, while for India it is 877*105 metric 

tonnes. [18] 

pH of the soil in Varanasi  

    From a research having one of the blocks of Varanasi as study area taking 35samples we 

found that pH of these soils was ranged from 5.9 to 7.6 with average value of 7.03. Out of 35 

samples 11 soil samples were slightly acidic (pH 5.9 to 6.9), 21 soil samples were neutral (pH 

7.1 to 7.4), 3 soil samples were moderately saline (pH 7.5 to 8.0). [16]  

 

Electrical Conductivity of soil in Varanasi 

   Soil having EC more than 4dS/m is considered as saline while less than 1.5dS/m is low saline 

and suitable for crop. From the research it is obtained that electrical conductivity varied from 

0.05 to 0.46dS/m with an average value of 0.169 [16] 

 

Soil Characteristics Range Mean  Standard 

deviation  

Coefficient of 

Variation (%) 

pH 5.9-7.6 7.03 0.399 5.67 

Electrical Conductivity (dS/m) 0.05-0.46 0.169 0.100 59.34 

Organic Carbon (%) 0.32-0.77 0.495 0.113 23.00 

Available Nitrogen (kg/ha) 96.0-232.0 148.71  34.12 22.94 

Available Phosphorus (kg/ha) 14.8-38.6 21.26 5.59 26.32 

Available Potassium (kg/ha) 125.8-268.8 192.01 35.29 18.38 

Table: 7. Soil Characteristics [Source: 16] 

 

Expenses on agriculture related research at national level – It increase from Rs 5393 crores 

in 2010-11 to Rs 6800 crores during 2017-18 i.e., about 26%. 

 

No. of hour electricity supply in rural area of Varanasi: 16-18 hours [Survey] 

 

Year Wheat Paddy 

 Yield (Hg/Ha) %age change Yield (Hg/Ha) %age change 

2018 33705 5.35 38782 0.79 

2017 31994 5.46 38479 1.52 

2016 30339 10.34 37902 5.06 

2015 27496 -12.59 36077 1.23 

2014 31457 -0.26 35638 -1.20 

2013 31538 -0.75 36070 -2.27 

2012 31775 6.32 36909 2.87 

2011 29886 5.25 35878 6.82 

2010 28395 -2.33 33587 3.77 

2009 29071 3.74 32366 -0.44 

 

Table: 8. Average Wheat and Rice yield in India [Source: www.statista.com ] 

http://www.statista.com/
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Year Import Export 

 Wheat (103 MT) Rice (103 MT)  Wheat (103 MT)  Rice (103 MT)  

2018 17 0 496 10420 

2017 1166 0 569 12041 

2016 5995 0 501 11710 

2015 471 0 1130 10357 

2014 51 0 3409 12238 

2013 25 0 6053 10619 

2012 16 0 6824 10869 

2011 15 0 891 10376 

2010 272 0 72 2774 

 

Table: 9. Total Import and Export of Wheat and Rice in India [Source: www.statista.com ] 

 

Year Pottasium Chloride Diammonium Phosphate Urea 

2017 3158200 9294100 29894400 

2016 2863200 8963500 29613580 

2015 2466930 9107220 30634870 

2014 2853350 7625560 30610000 

2013 2280410 9154080 30600480 

2012 2211020 10191190 30002200 

2011 3028930 10491830 29565320 

2010 3931620 8231210 28112530 

 

Table: 10. Net Fertilizer usage in India [Source: www.statista.com ] 

 

7. WHAT IS SYSTEM DYNAMICS MODELLING? 
System Dynamics Modelling is a relevant system methodology and appropriate for 

management problem to frame, understand and discuss problem. It is suitable for non-linear, 

complex and dynamics system in which changes is to be observed over time. The basis of 

system dynamics modelling is the recognition of the structure of the system. Structure of the 

system comprises of different parameter (also called variable) and relationship among them on 

which overall behaviour of the system depends. 

System dynamics provide the information related to qualitative as well as quantitative analysis. 

From which most important parameters are obtained by simulation and policies are made 

regarding it. Various steps in system dynamics modelling are- 

1. Draw Causal loop diagram 

2. Draw Stock & flow diagram 

3. Simulation and testing of system dynamics model [14,15] 

7.1. WHY SYSTEM DYNAMICS MODELLING FOR RWCS? 

For rice and wheat cultivation in India- 

1. Relations are non-linear, complex and dynamics between the different variables. 

2. Some constant parameters are varying in different region of the India, which can easily 

vary in System dynamics model. 

3. Overall yield of the rice and wheat depends on many parameters which can easily be 

considered in system dynamics model. 

http://www.statista.com/
http://www.statista.com/
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4. As in agricultural system effect of change in some parameters are observed after some 

time delay, which can be easily represented in system dynamics model. 

5. For the various constant parameters upper limit must have to set to make the balance 

between productivity and environment management which can be easily represented in 

system dynamics model by considering the goal seeking property. 

6. As the amount of resources in the nature is limited thus it set the upper limit for the 

improvement of productivity. 

7. We have to perform the qualitative as well as quantitative analysis to check up to what 

extent the various parameter of the agricultural system affects the productivity. This 

can be easily fulfilled by system dynamics model. 

As rice and wheat cultivation system required above characteristic which are easily fulfilled by 

system dynamics modelling. Thus, we can conclude system dynamics modelling is very much 

suitable for rice and wheat cultivation in India compared to some other mathematical models. 

Model is formed by considering the different possible parameter in rice and wheat cultivation 

system and behaviour is observed by varying the different parameter. After that combination 

of different most effective parameter are made to form the guideline to make the government 

policies. [14,15] 

7.2. SAMPLE CAUSAL LOOP DIAGRAM (CLD)

Fig. 8. CLD 
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8. POST COVID IMPACT 

 
Government of India have declared a three-week nation-wide lockdown starting from last 

quarter of March till mid-April in the initial phase, which has subsequently been extended till 

May 3 for achieving satisfactory containment of the Corona-virus spread. Which was the peak 

of rabi season in India and crops like wheat, gram, lentil, mustard, etc. are at harvestable stage 

or almost reaching maturity. This is also the time when the farm harvests reach the mandis for 

assured procurement operations by designated government agencies. As due to lockdown 

migration of workers are restricted thus it affects the labour availability, as they are crucial for 

both harvesting operation and post-harvest handling of produce in storage and marketing 

centres. [10] 

As the ongoing lockdown coincides with the rabi harvesting season, farmers across the country 

look up to the Government to ensure uninterrupted harvesting of the crops as well as smooth 

procurement operations. The Union Home Ministry’s circular waiving restrictions on the inter- 

and intra-state movements of farmers/laborers, as well as harvesting and related farm machines, 

is indeed a step-in right direction. Immediately after the nation-wide lockdown was announced, 

the Indian Finance Minister declared a package to protect the vulnerable sections including 

farmers from any adverse impacts of the Corona pandemic. The Government also raised the 

wage rate for workers engaged under NREGS. Under the special scheme to take care of the 

vulnerable population, Pradhan Mantri Garib Kalyan Yojana, has been announced. Additional 

grain allotments to registered beneficiaries were also announced for the next three months. 

Also, a separate PM-CARES (Prime Minister Citizen Assistance and Relief in Emergency 

Situations) fund has been created for the assistance to persons engaged in informal sectors. 

The Indian Council of Agricultural Research (ICAR) has issued state-wise guidelines for 

farmer to be followed during the lockdown period. The advisory mentions specific practices 

during harvest and threshing of various rabi crops as well as post-harvest, storage and 

marketing of the farm produced. [21] 

More than 95% of the rice area in India is dependent on manual labor for crop establishment 

and the lockdown has triggered a huge reverse migration from the northwestern states of 

Haryana and Punjab. Productivity shortfalls from Northwest India could have profound 

national-level food security ramifications since these two states contribute around 50% of the 

staple food grains that are produced and distributed by the Government of India. Agriculture 

in this region is intensive, high input, and is dominated by rice and wheat crops grown in 

rotation. Rice-wheat system productivity is driven by timely transplanting of rice and, 

consequently, by the timely sowing of the succeeding wheat crop in rotation. Most of the rice 

is transplanted during a short two-week window staring mid-June, but due to lack of work-

force there is delay in sowing of rice which not only affects the productivity but also lead to 

the residual management problems and the delay in the sowing of wheat in the next season 

which further worse productivity of wheat. Rice harvesting delays may also lead to rice residual 

burning to periods in the later fall where weather conditions favor poor air quality. During the 

peak pollution period in November and early December, rice residual burning is a significant 

source of PM2.5 in the region. This broadly affects rural and urban communities, including the 

respiratory illnesses observed in the most fire-affected districts. The spiking of air pollution in 

the winter months in Northern India already constitutes a serious health problem, and may 

exacerbate the threat of COVID-19 by increasing both infection rates and diseases severity. 

[10]. 
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9. RESULT AND OBSERVATION 
 

It is observed that after Green Revolution yield have increased significantly but also the 

consumption of chemical fertilizer without considering much about sustainable farming which 

decline the soil fertility. From the table X and table Y it is observed that in the recent years 

yield and fertilizer consumption are somewhat stagnant. But to meet the pace of the population 

growth yield must increase at higher pace as agricultural land are decreases day-by-day due to 

urbanization and industrialization. 

It came to know that net return in Zero-Tillage is 14% high than the conventional one and it 

also enable early sowing of yield thus the productivity. But it is familiar to the people of Panjab 

and Haryana only due to lack of awareness. In the Bed-planting System it is observed that less 

weed germination occurs & it can be easily controlled mechanically i.e., without application of 

chemical thus no harm effect on soil fertility. Also, use of LASER Leveler reduce the water 

requirement for irrigation and create uniform environment which result in same yield across 

the field. 

 

10. CONCLUSION 
 

As yield and fertilizer consumption are stagnant hence to remain self-reliant for food in the 

future government must invest in research so that yield got improved. We also came to know 

that different farming techniques are available in the market but due to people knowledge and 

marketing they are not widely spread thus along with the investment in research government 

must also invest in spreading of the farming techniques in every corner of the country. 
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REPORT – 02 

Bangle Furnace 

 

ABSTRACT 
 

This report contains the final report on the project entitled “BANGLE FURNACE”.Traditional 

craft of making joint-less green glass bangles is prevalent in Unch village of the Nadbai block 

near Bharatpur, Rajasthan. RuTAG IIT Delhi interacted with the artisans engaged in this craft 

with the help of LUPIN foundation and identified problems with their furnace, seating posture 

during work and the tools they use. In this paper, the experience of developing solutions to 

these three problems has been discussed. A new furnace with commercial ceramic fibre 

insulation and a chimney-damper arrangement has solved the problem of hot and polluted 

working space and has also resulted in saving over 70% of the fuel they use in the furnace. 

Alternative seating arrangements proposed for the artisans were well-received by them. 

Modifications to their working tools also were appreciated by the artisans during the trials 

conducted. The furnace is in operation in the village. The other solutions need active 

promotion in the village before their effective adoption by artisans. 
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1.1 Introduction: 
 
Glass bangles are manufactured by skilled artisans in several clusters in Northern India. 

 

Bharatpur in Rajasthan has several artisans engaged in this activity traditionally. Con-

sidered very auspicious for weddings across the state of Rajasthan, these bangles are 

intended to be made joint-less. This makes the crafting process different from their 

counterparts of Firozabad where jointed bangles are produced. Bharatpur is house to 14 

of these bangle-making furnaces operated on loose biomass. The artisans in Bharatpur 

have been facing several difficulties in the use of traditional furnace and tools. In the 

village Unch, in Nadbai block of Bharatpur district, LUPIN Foundation, an NGO has been 

working for the betterment of the artisans. At the request of LUPIN Foundation The 

Rural Technology Action Group (RuTAG) IIT Delhi has taken the initiative for finding 

solutions to the problems faced by the artisans engaged in manufacturing glass bangles. 

The present paper presents the solutions proposed and their implementation in the 

field. 
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1.2 Problems faced by the artisians: 
 

 

The artisans perceived several problems in using this process. These problems were 
 

categorized into three parts: problems related to (i) The furnace (ii) the posture of arti-

sans during their work and (iii) the tools used. These are discussed below. 
 

(i) Problems related to the furnace  
 The smoky environment in the working area leading to respiratory disorders.


 The high temperature in the working area making the working conditions very 

diffi-cult particularly in summer.


 Low furnace efficiency is leading to high fuel consumption. The artisans never im-

agined that it was possible to reduce the fuel consumption, and hence, this problem
 

was actually identified by the RuTAG, IITD team. 
(ii) Problems of uncomfortable posture: The artisans did not have any back-rest while 
 

working. As shown in figure 30, they had to use a rope or cloth to tie their knees to-

gether to enable them to sit stably in a crammed space for long hours. 

Consequently, 
 

they had a backache and other health problems. 
(iii) The artisans also faced the problem of bruising/blistering of hands while 
spinning the rod of the mould.  
Due to the various problems faced by them, the artisans had to take frequent breaks 

leading to a reduction in productivity. The following sections of the paper address 

the solutions to the above three categories of problems faced by the artisans. 
 

1.3 Modifications in Furnace Design: 

 

Philosophy of design changes: For any biomass-based furnace to have high efficiency 
and low emissions, combustion quality must be high, and heat losses must be low. To 
achieve this, it was necessary to make the following major changes in the furnace de-
sign: 
 Need for insulation: The traditional furnace was not insulated, resulting in loss of a 
large amount of heat to the environment, thus leading to poor efficiency and in-
creased consumption of fuel.


 Need for better combustion of fuel: The fuel was being fed into the furnace in pow-
dery form. For proper combustion of the fuel in powdery form, a fluidized bed or an 
entrained flow configuration is employed. Both of these require forced flow of com-
bustion air, which will necessitate the use of a fan or a blower for the operation of the 
furnace. This was not advisable due to dependence on the availability of electric-ity, 
which can be uncertain in villages. For this reason, it was decided to use natural
 

convection for supplying combustion air to the furnace.  
 Due to the poor quality of combustion of loose biomass, it was considered desirable 
to use pelletized / briquetted biomass with a grate.

 Need for a suitably designed chimney: In the traditional furnace, the flue gases were
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being let out into the workplace. There was one furnace in Unch village which was 
modified by LUPIN foundation which had a chimney to vent out the flue gases (Fig.4). 
The need was felt to design the chimney more scientifically such that it not only 
exhausts the flue gases from the working area but also provides the right amount 

 
of draught for the operation of the furnace. A very large chimney would lead to ex-

cessive draught reducing the temperatures inside the furnace, and a small chimney 
 
would cause insufficient supply of air and hence excessive pollution. 

 

Priliminery designs: 

 

Single-block Sawdust Stove: The first prototype considered for the furnace was a large 
powdery biomass stove envisaged to be used by a single artisan to melt glass in one 
crucible. Sawdust was rammed into an annular cylinder with an L-shaped opening (Fig. 
5). The crucible with glass was kept on the stove, and the entire unit was kept in an 
enclosure having a chimney (Fig.6). The enclosure was insulated as shown in (Fig.7). 
This prototype resulted in the better combustion of the fuel as indicated by exhaust 
gases. However, before the temperature of the entire chamber could reach the desired 
levels, the sawdust got consumed. There was no provision for adding more fuel in this 
mode.  
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Multi-hole briquettes: Subsequently the design was modified to burn multiple bri-

quettes of smaller size with some small holes as shown in (Fig 8).These briquettes were 
 

made of sawdust with binders of cattle dung or used motor oil and were placed on a 
grate inside an insulated enclosure (Fig.9). Table 1 shows the temperature of the fire in 
the stove and the glass at different times during the firing. The temperature of about 
940oC wasreached in 40 minutes. However, these briquettes also had a limitation. They 
were difficult to handle and feed into the furnace without breaking (Fig.10). Since the 
fuel had to be repeatedly fed into the furnace to attain high temperatures and sustain 
them for a long period, this idea also had to be abandoned. 

 

Pellets in a Small Furnace: Following up on the above experiences, it was decided to 

use compacted fuel in the form of biomass pellets on a grate in a furnace with a similar 
 

configuration as the traditional furnace but of a smaller size with insulation and a chim-

ney. It was decided to make this prototype for only seven artisans to work simultane-ously 

in place of 15 in the traditional furnace. It was envisaged that the heat losses in a 
 

smaller furnace would be lower and hence the efficiency would be better than 

the traditional furnace. 
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shows the CAD model of the new furnace while (Fig.12) shows 

the CAD model of the traditional furnace for comparison  
Fabrication of the furnace was carried out with the following main features:  
1. Furnace body was moulded with castable material so that desired shape 

could be obtained  
2. The grating was provided to supply enough primary air for proper burning 

of the palletized fuel.  
3. A high-density insulation blanket was provided to reduce heat losses.  
4. A chimney was provided along with a damper to regulate the draft.  
It was also decided to have a single flat bottom crucible (Fig.13-14) in the centre of  
the furnace so that short-circuiting of the flue gases to the chimney can be avoided. 

The furnace was operated using sawdust pellets of 16 mm diameter and about 25 mm 

length. The details of the experiments with this furnace are reported in Singh et al.[1] 

During several trials on this furnace, the following problems were encountered: 

 
 The single crucible in the centre had high thermal inertia and also prevented the 
flame from reaching the upper part of the dome leading to very long preheat time.

 Material with which the furnace had also been made had high thermal inertia.

 The primary air was found to be insufficient, but an excess of secondary air 

was entering the furnace thereby increasing the pre-heat time. 
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To rectify these problems, the single crucible was replaced by individual crucibles made 

of alumina bricks positioned near each opening in the same manner as in the traditional 

furnace (Fig.15). This helped the flame reach the entire dome. Two alumina bricks were 

made to hang to form a baffle just below the top opening of the furnace to avoid short-

circuiting of the flue gases (Fig.16). The primary air openings below the 

 
grate were increased. The furnace was pre-heated by closing most of the working win-

dows to restrict the secondary air entry during preheating. With these changes, glass 

 
temperature up to 916oC was attained, and glass could be melted in all the crucibles.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Development and testing of a full-scale prototype: 

 

After the above experiences, it was considered desirable to design the furnace for pow-

dery biomass first to provide a solution to the artisans in a shorter period. The main 
 
focus of the new design was (i) to reduce the fuel consumption and (ii) reduce the 

emis-sions and the temperature in the working environment. 
 

The above experiments and modelling provided the following guidelines for the next 
prototype:  
 The desirability of retaining the configuration as well as internal dimensions of 
the traditional furnace for the new prototype.

 Use of construction material and insulation with low thermal inertia.

 Use of a suitably sized chimney with a damper to remove the flue gases from the
 

working area as well as for providing the right amount of combustion air to the fur-

nace. 
 
 Use of a baffle in the top region of the furnace to prevent short-circuiting of the 
flue gases directly through the chimney.

The new furnace henceforth referred to as the "modified traditional furnace" 

(Fig.17) was fabricated by a tandoor manufacturer in Delhi using clay (Fig.18) with an 

outer casing made of mild steel (MS) sheet to ensure structural integrity. 
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Alumina blankets [3] suitable for withstanding high temperature were used as the inner 

lining of the furnace (Fig.19). The same insulation was also used in the space between 
 

the clay and the outer MS casing (Fig.20). The floor of the furnace was made of Alu-

mina board. The chimney height was determined from the simulations. A damper was 
 

provided in the chimney to control the draft.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

The new prototype was fabricated and installed in IIT Delhi. Artisans from Bharatpur 
tested the furnace at IIT Delhi for three days (Fig.21). Table-2 gives the results of fuel 
consumption in the new furnace as compared to the traditional one in Bharatpur. 
The following observations were made during the testing at IIT Delhi.  
1. The new design drastically reduced the pollution level and temperature around the 
furnace thus improving the working environment.  
2. The furnace attained a temperature of 1000°C within 10 minutes of firing.  
3. The percentage reduction in fuel consumption in the complete operation (for 8 

hours) was found to be about 74% compared to that of the traditional furnace.  
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Seating Arrangement:  
In a traditional furnace, 15 artisans sit around the furnace facing small windows to 

withdraw semi-molten glass. The gap between each window is about 15 cm. Each man 

 
sits 35-45 cm away from the outer wall of the furnace and takes 70cm×50 cm work-

space. They bind their legs together with a cloth or rope as shown in (Fig.23) for the 

 
stability of posture while working and to minimize workspace. They also sit on a 

pillow for cushioning. The feedback provided by the artisans highlighted that this 

working posture was not comfortable for them and led to frequent pain in the 

back and abdomen. Due to difficulty in sitting in this position for a long time, they 

had to take frequent breaks.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

To improve the comfort while working, they were provided with two numbers of a 
commercially available ground chair (Fig. 24) to try out while at work in the village for 
about two months. They found the ground chair comfortable. The possibility of making 
such a chair locally using jute was also considered (Fig. 25).  
Also, while installing the modified furnace, a raised platform was constructed 
 

(Fig.26-27-28). In this arrangement, the artisans have the option of sitting on the plat-

form traditionally. They would also have the option of sitting in a posture similar to a 
 

normal chair, with legs resting on the floor, during their work. 
Thus, the artisans have two alternatives to the traditional uncomfortable posture. 
They need to be encouraged to adopt these alternatives, which is proposed to be done 
in the near future.  
Tool Design:  
Artisans use four different tools to make one complete bangle. They are as follows: 
1. A long steel rod with conical edges on both sides (Fig.29).  
2. An arrow-shaped tool  
3. A bicycle spoke (Fig.31).  
4. The bangle mould called the kalbhoot (Fig.32). 
All these tools were made by the artisans themselves.  
Problems related to the tools are: 
 Rotation of kalbhoot causes blisters on their hands.
 Needle tip of long steel red gets blunt with every operation.
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CALCULATIONS: 

 

MATERIAL USED:SODA LIME GLASS & SAW DUST. 
SPECIFIC HEAT CAPACITY OF GLASS:840J/KG-K. 
CALORIFIC VALUE OF FUEL:14644KJ/KG.  
1200 BANGLES ARE MADE BY A PERSON IN 8 HOURS.SO IN 1HOUR, 150 BANGLES AN 
BE MADE.  
1KG OF GLASS CAN PRODUCE 250 BANGLES.SO 0.6 KG OF GLASS CAN PRODUCE 
150 BANGLES. 
SINCE 12 PEOPLE SIT AROUND THE FURNACE  
SO HEAT ABSORBED BY THE GLASS:n*m*c*(t2-t1)=12*0.6*840*(950-
30)=5564.160kJ/ Hr=1.5456kJ/SEC. 
ASSUMING FURNACE EFFICIENCY 5%. 
TOTAL HEAT PRODUCEDE=20*1.55=30.9KJ/SEC. 
MASS FLOW RATE OF FUEL=30.9/14644=7.6KG/HR. 
TO CALCULATE THE RADIUS I HAVE TO FULLFIL TWO CONDITIONS. 
CONDITION 1:ANNULAR DISTANCE BETWEEN EACH ARTISIAN SHOULD BE ATLEAST 3FT. 
CONDITION 2:MAINTAIN THE TEMPERATURE BETWEEN 1300-1400 C IN THE FURNACE.  

SO I GOT THE CIRCUMFERENCE AS 12*3=36FT. 
2*PI*R=36FT.  
SO I GOT INSIDE RADIUS AS 0.52m AFTER DEDUCTING 3FT DISTANCE FROM FURNACE AND 
1 FT OF INSULATION.THIS IS THE LEAST RADIUS WHICH WE HAVE TO MAINTAIN.  
CONDITION 2:TO MAINTAIN 1300-1400C TEMPERATURE IN THE FURNACE WE HAVE TO TAKE 
COMBUSTION INTENSITY AS 150KW/m^3.  

SINCE, COM INT=HEAT PRODUCED/VOL.OF KILN. 
SO I GOT RADIUS AS 0.462m.  
SINCE RADIUS CALCULATED THROUGH COM INT IS LESS THAN RADIUS TO MAINTAIN 
3FT ANNULAR DISTANCE BETWEEN ARTISIAN (0.462<0.52).SO WE HAVE TWO OPTIONS: 
OPTION1:EITHER DECREASE THE COM INT KEEPING FUEL FLOW RATE SAME. OPTION 
2:OR INCREASE THE FUEL FLOW RATE KEEPING COM INT SAME.  
IF WE WILL DECREASE COM INT(OPTION 1) THEN THERE IS A CHANCE OF LESS 
TEMPERATURE THAN 1300C SO WE WILL GO WITH OPTION 2.  

SO INCREASED FUEL FLOW RATE IS 10.79KG/Hr TO GET THE RADIUS ATLEAST 0.52m. 
SINCE STOIHIOMETRIC RATIO OF AIR TO FUEL IS 6:1,SO I GOT AIR FLOW RATE AS 64.7KG/Hr 
We have to calculate: 
1):Mass flow rate of air through first law of thermodynamics. 
2):Height of chimney.  

We have already calculated the value of mass flow rate of air but that was 

through stoichiometric ratio(6:1). 
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After solving the equation we get mass flow rate of air as 85kg/hr. 
Now we have to calculate the value of height of the chimney for which we have to calculate major and 
minor losses. 
Major losses : Losses due to frition in the pipe. 
Minor losses : losses due to change of section,valve or bend. 
So, contraction of air at inlet(minor loss)+ loss due to friction between inlet to centre of furnace(major loss) 

+expansion of air at furnace centre(minor loss)+contraction of air at chimney inlet(minor loss)+loss due to 

friction between chimney inlet and outlet(major loss)+expansion at chimney outlet(minor losses). 
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By equating losses with natural draft pressure as:  
 
 
 
 
 
 
 

 

By solving the above equation we get the value of height of chimney as 10.95 

m when hydraulic diameter was 6 inches but we want chimney height less than 

5 m so we have increased hydraulic diameter to 8 inches so we get the chimney 

height as 3.48m. 
 
 

CONCLUSIONS:  
Three sets of problems faced by the artisans in Bharatpur have been 

addressed and solutions proposed. A modified furnace has been developed, 

installed in the village and is in use at the time of writing this paper. This 

furnace is shown to provide up to 74% saving of the fuel, reduction in 

emissions in the workspace due to the flue gases leaving through the chimney 

and reduction in workspace temperature due to the insulated fur-nace. Thus, 

the furnace has resulted in substantial improvement in their working envi-

ronment. The solutions to the other two problems of uncomfortable sitting 

posture and blisters in the hands with the long-term use of tools have also 

been proposed, and these were appreciated by the artisans. Further effort is 

required for promoting their use in the village. It is hoped that the design 

improvements will help the villagers at the grass-roots to have relatively more 

comfortable working environment resulting in higher productivity. Since the 

new furnace also saves fuel, the cost of production is reduced, and hence it 

can improve their economic status as well. 
 

 
 


