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Abstract 

 
The report determined that the most suitable design would be a water mill that is simple to 

construct and easy to maintain. As the water supply in Sandikhola is unpredictable, the project 

will be constructed over the weir located at FM2 as this will maximise the flow rate available. 

The village ward will be given ownership, and they will employ a full time miller devoted to the 

operation and maintenance of the water mill. The total cost of the project was estimated at 

179,037NPR. This value equates to approximately £1,145. It is suggested that the project is 

funded by the local Ward or Village Development Committee. 

Figure 1 – Rendered Model of Water Mill Design 
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1  INTRODUCTION 

The aim of the chosen project was provided by Engineers Without Borders (EWB) and Nepal 

Water for Health (NEWAH). The group chose to investigate the feasibility of installing a 

water mill for the residents of Sandikhola, Nepal. The report will document the challenges 

faced during the design process including technical considerations about the design itself to 

social considerations and the influence the project will have on the village. The water mill 

aims to provide a source of revenue for the community and a cost-benefit analysis will be 

completed to validate this. The report will also discuss the managerial side of the mill 

including ownership and the financial handling of the project. The water mill is designed to 

mill grain including rice and corn, which are the most widely grown produce in Sandikhola. 

 

In order to design and analyse the watermill, the group met twice a week for ten weeks. In 

every meeting, each individual was assigned a task to complete for the following meeting. 

These tasks varied from background research, design concepts to calculations. This ensured 

that everyone did similar levels of work and was involved in all sections of the design and 

the report.  

2  CONSIDERATIONS 

As Sandikhola is a remote village in Nepal, which is very much still a developing country, 

most of the information available to assist with this project is from EWB and NEWAH’s 

resources. Further, it is these two charities that would organise the implementation of this 

project, should it be selected. For these reasons, it is very important to consider the guiding 

principles of NEWAH, and the general design considerations as outlined by EWB.  

3  DESIGN CRITERIA 

At the start of the design process for the water mill, the required criteria of the final 

design should be specified clearly. Of course, in practice this may not always be possible 

and external-limiting factors should always be considered. Notably in Sandikhola, 

resources are scarce and there is not a predictable supply of water. This makes the design 

process far more challenging. 

 

An ideal design will satisfy each of the criteria listed below.  

 

 Low Cost 

 Simplicity of Design 

 Ease of Construction 

 Use of local materials 

 Long Lifespan 

 High Efficiency 

 Operational when flow rate is low 

 High Power Output 

Finances in Sandikhola are very limited, this emphasises the importance of ensuring that 

maintenance costs, construction costs and initial investments are kept to a minimum – a 

cheaper solution will be much more attractive to the residents. Also, the mill can generate 

revenue for the village. It’s important to note that the cheaper the design is to install, the 

shorter the payback time will be which again is an attractive feat; this means that that the 

design will be profitable sooner. 

  

As the water mill will be installed in the small, rural village of Sandikhola, it may not be 

assumed that local residents would be familiar with complex mechanical engineering. 

Therefore, a simple solution is favourable. Using materials and parts in the design that are 

sourced locally will have a positive effect on the local economy. More importantly, it 
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minimises the extra costs and time for material to be delivered to the village. In addition, 

using local suppliers will allow any part failures to be fixed quicker.  

 

The materials chosen for the design should be selected to ensure that the lifespan of each 

part is as long as possible, within justifiable cost constraints. Minimising the time spent 

maintaining the system and replacing parts will in turn allow the mill to remain operational 

for as long as possible. Furthermore, it will decrease maintenance costs. Thus the design 

will be safer, cheaper and more reliable. 

 

The flow rate of the water supply should be expected to change with the weather and with 

the seasons. An ideal mill would be operational year round, therefore it is important that 

the design is flexible, and will operate at all flow rates within a specified range. In 

particular, a low flow rate should not jeopardise the production of flour. Making the 

system as efficient as possible will obviously keep the output power high. This should be 

kept in mind when choosing materials and designing a water wheel. 

4  INITIAL DESIGN CONCEPTS 

4.1 Electricity Generating Water Mill 

The first concept designed has two main functions. Primarily it would be a water mill that 

would grind grain, but outside of working hours when grain will no longer be processed, 

the system would harness the power from the water for electricity generation. This 

introduces the possibility of selling electricity for profit, creating a new type of commerce. 

Secondly, if this energy is used for lights, this can allow people to do activities at night like 

study. As a result this could even improve education levels. However this is only feasible 

in a situation, in which the mill is driven by a water source with a high flow rate, and 

otherwise there will not be enough additional power. 

 

The main barrier to the development of this design was the fluctuating flow rate of the 

water at the potential sites for the mill. For a generator to operate correctly, a constant 

rotational speed is required. This would not be achieved without expensive and complex 

gearing system to ensure a constant rpm of a high enough value to produce electricity 

reliably. It was feared that creating a solution for this would increase the costs and 

complexity of the project, and ultimately shift the focus away from milling.  Finally, it was 

not evident that the flow rate would have been sufficient to generate electricity at all. For 

these three reasons, the concept was deemed unfeasible and was not developed further. 

 

4.2 Water Mill with differential gear system 

This design aimed to create a water mill that tackled the problem of an unpredictable water 

supply. The water mill would be designed in such a way so that it is possible to provide a 

supplementary form of energy into the system when flow-rate is low. This will help to 

increase the output power from the mechanism despite low flow rates. The alternative 

source would be in the form of manpower or animal power. The water wheel in this design 

is an overshot horizontal-axis, which means that water flows from above the wheel causing 

it to turn. This rotational movement would then be translated through a combination of 

shafts and gears to cause the grinding stone to rotate. In order to add an additional means 

to power the rotation of the grinding stone, a differential gear chain would be employed. 

This design employed a differential gear train to allow the output power of the mill to be 

dictated by other means than the flow-rate of the water.  

 

While most likely an effective means of compensating for a low flow-rate, this design was 

deemed unfeasible for a number of reasons. Firstly, this is a relatively complicated design, 

due to the network of gears, which would be difficult for the layman to comprehend. 

Secondly, this would have to be constructed with specialist parts including several sizes of 

gears and various types of bearings – all of which would most likely be very hard to acquire 

and unjustifiably expensive; it would be a prime example of over-engineering. 
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5  FINAL DESIGN DEVELOPMENT 

5.1 Arriving at a viable design 

The chosen concept for the watermill began with the desire to keep the design as simple as 

possible, as the two concepts described in Section 5.were both deemed too complex due to 

their gearing systems. The possibility of effectively ‘turning a classic waterwheel on its side’ 

was looked into. Again due to the low flow rates, it was suggested to place the mill on a 

steep section of a steam, and take advantage of the topography of the land to produce a 

large head. This direction was then developed in detail, although a specific location was not 

specified. However, even if bamboo scaffolding was employed to support pipes creating a –

hardly feasible- head of up to 10m, the system would barely produce sufficient power for 

grinding.  

 

Finally, upon discovering that NEWAH had constructed a V-notch weir in one of the local 

streams, (1) it was decided to relocate the mill to here. This is position at FM2, which is less 

than 1.4km away from the centre of Sandikhola, this will allow us to use the increased flow 

rate at the location. It is also known to be accessible, as the weir was constructed there in 

2013.  In order to make the design simpler, the way the water was expelled from the system 

was continually developed. Initially, water was to meet the turbine in and leave the building 

from a basement level. It was then to be redirected to its original path by deploying stones 

angled to force the direction of the water. With the relocation of the mill, it was thought to 

expel the water straight into the stream after meeting the turbine, further decreasing the 

materials required for the project. 

 

Overall, it is evident that the limiting factors pushed the development of the concept into a 

simpler, more feasible design. 

 

5.2 Operational Details 

The water flows out of the V-notch weir 

and straight into a cylindrical chute, which 

has a grate at the inlet to stop debris 

entering the system. The chute directs the 

water downstream, for a vertical distance 

of 1m in order to induce a head that will 

give the system mechanical power.  The 

chute may be removed by the miller at the 

end of each working day, to effectively 

‘switch the mill off.’  

 

The chute ends direct the water to fall onto 

a vertical axis turbine. It directs the water 

slightly to the right of the centre of the 

turbine causing it to rotate. The water 

then falls off the turbine blades directly 

into the stream, then continues along its 

original path. Thus, the water is redirected 

from its original path for the shortest 

possible time, minimising the 

environmental impact.  

 

The turbine should be provided by the Nepali Government, and is made from stainless steel 

with a protective coating of orange paint to prevent rust. The turbine is connected to a shaft 

made from Shorea Robusta - a locally grown hardwood that is commonly used in 

construction (2) - by a metal bolt, fed through the shaft horizontally and fixed with nuts. 

The shaft runs up through the floor of the Ghatta, where a large stone disc sits on top, called 

the runner stone. A metal bar, upon which the weight of the runner stone rests, is butted 

                        Figure 5.1 – Rendered model of final design 
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into a grove in the top of the shaft. The bar should be longer than the eye of the runner 

stone, and leave for the grains. 

 

The runner sits just above a similar stone that rests on the floor, called the bedstone. Both 

are patterned with radial groves, which are responsible for grinding the grain as the runner 

stone rotates. The grain itself sits in a woven hopper suspended from a ceiling beam via 

ropes. The hopper just touches the runner stone, which agitates it, causing the grain to be 

introduced to the stones through the eye of the runner stone. The patterned face of the 

runner is slightly concave and that of the bedstone slightly concave to allow the grain, once 

ground, to fall onto the floor with a walled tray, for collection by the miller.  

 

Bamboo ‘bearings’ between the shaft, bedstone and floor stop grains from escaping 

downwards and help to secure the shaft axially. These should be lubricated and replaced 

regularly. The weight of the shaft is supported by a short metal rod that is nailed into its 

bottom end. The rod comes to a point and rotates on top of stone with a slight indent for 

the rod to sit in. This rod is analogous to a spinning top. It is the height of this stone that 

controls the distance between the runner stone and bedstone, so it may be varied at the 

discretion of the miller.  

6  PROOFING OF DESIGN 

MATLAB was used to analyse the system for volume flow rates varying from 0 to 0.24 m3s-

1, as these were the limits available when using the V-notch weir at the FM2 location (3). 

This script showed that the maximum power available to the system will be 1.27kW. 

 

 

Perhaps the most useful analysis when assessing the viability of this technology is the 

projected output of the mill. It is also useful to compare this to the height of water because 

this value will be far easier for locals to measure than the flow rate. The relationship shown 

in Figure 7.3 indicates that the water height above the bottom of the weir would have to be 

a minimum of 0.2m before it 

would be beneficial to the local 

community as a person can 

mill up to 10kg/hr by hand (4). 

The mill is capable of 

processing more than 60kg/hr 

of rice if the water availability 

is high enough. 

 

The pressure force on the 

paddles of the turbine varies 

with the water available. The 

maximum pressure that will 

be exerted by the available 

water flow is 8.03kPa. This is 

far shy of the Yield Stress of 

steel, indicating the turbine 

can withstand this. This was 

confirmed using FE Analysis 

on a model of the turbine on 

Solid Edge ST7. The torque in 

the system at the operational 

rotational speed is vital in 

choosing a shaft material and dimensions that will not fail. Shorea Robusta is a material 

that was deemed suitably strong. (5)  

 

      Figure 7.1 - Rice Output against Water Height above Bottom of Weir 
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7 REQUIRED PARTS AND TOOLS 

7.1 Parts List 

Items marked with an * have been suggested, but should be reviewed and changed if 

necessary, according to local expertise. Materials for the Ghatta itself are suggested by 

choice is ultimately left to the locals. Some items are assumed to be available locally, but 

all assumptions were deemed very safe as these are everyday Nepali construction materials. 

 

Table 8.5- Complete Parts List 

Section Component Material Source Dimensions & 

Tolerances 

Entry Chute tree trunk  Local  See assembly 

instructions for length 

1.5m Inner Diameter 

at inlet (±0.2m). 

0.4m, Inner Diameter 

at outlet (±0.05m).  

Grate Chicken wire Local (6) 

 

4x2m (±0.5m) 

Supports Bamboo, 

replaced 

annually (7) 

 

Local (8) 

 

See assembly 

instructions 

Shaft Wooden shaft Shorea Robusta, 

strong hardwood 

Local, very 

common (2) 

2m tall (±0.01m) 

25mm radius (-2mm) 

Bamboo bearings Bamboo, long 

slivers 

Local (8) 

 

Inner Radius  25mm 

(±2mm) 

Outer Radius 35mm 

(±2mm) 

Thickness 10mm 

(±2mm) 

Length 228mm 

(±2mm) 

Metal bar 

Stainless steel 

Goyal Metal 

Industries, 

Kathmandu 

(9)  

150x20x20mm (-

2mm) 

Metal key Radius 25mm (-1mm) 

Length 100mm 

(±5mm) 

Metal bolt M20x110 (-1mm 

width, ±10mm length) 

Nuts and washers 

for bolt x2  

M20 (+2mm) 

Pointed metal rod 200mm length 

(±5mm) 

10mm radius (±5mm)  

Flat stone which 

shaft rests on 

Stone Local 50mm Radius of 

Indent (±10mm)  

20mm Depth of Indent 

(±5mm) 

Turbine Stainless steel Government, 

Kathmandu 

510mm Outer 

Diameter (±20mm) 

50mm Inner Diameter 

(+5mm) 
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Grinding 

System 

Runner Stone Fossiliferous 

limestone 

Local, very 

common (10) 

736mm Outer 

Diameter (±40mm) 

110mm Inner 

Diameter (±10mm) 

Thickness 128mm 

(±40mm) 

Bedstone Fossiliferous 

limestone 

Local, very 

common (10) 

736mm Outer 

Diameter (±40mm) 

70mm Inner Diameter 

(±10mm) 

Thickness 128mm 

(±10mm) 

Collection tray Wood* Local (8) 1.5x0.3x0.5m walls 

(x4) (±0.02m) 

Hopper Woven bamboo* Local (8) 300mm inlet (±50mm) 

110mm outlet 

(±20mm) 

Rope  Local 5m (cut to size)  

Nails Stainless Steel Local 60mm (±10mm) 

Ghatta Walls Fired clay*  Local (8) 

 

At discretion of 

builders, suggested 

2x5x2m 
Roof Corrugated iron* 

Structural beams  Shorea Robusta* 

Floor Stone/Clay* 

Door Wood Local (8) 

 

At discretion of 

builders, suggested 

1x1.5m 

Hinges Metal (9) At discretion of 

builders 

 

7.2 Significant Tools  

Important tools that will be required for the construction of this project are a saw, cutting 

stone hammer, an adjustable wrench, shovels, screwdriver, measurement tape, masonry 

trowel and a file flat steel. The cost estimation of the project includes the cost of all of these 

tools, though some may not have to be bought. 

 

7.3 Cost Estimation 

The approximate initial cost of the project has been estimated as closely as possible. Table 

8.5 below details the addition of the known parts, tools, transportation and labour costs. 

Labour costs are estimated on the assumption that the mill will take maximum of 30 days 

to construct, paying 4 workers a wage of 600NPR per day (6).  

 

Table 8.6 – Estimation of Overall Cost 

Contribution Cost (NPR) 

Parts 52,810 

Tools 3,227 

Transport  51,000 

Labour 72,000 

Total  179,037 

 

The total cost of the project was estimated at 179,037NPR, as shown above in table 8.5. 

This value equates to approximately £1,145 (11). It is suggested that the project is funded 

by the local Ward or Village Development Committee. If required, local farmers could be 

asked to make a short term investment. This will be returned to them over time once they 

begin using the mill. 
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8 INSTALLATION INSTRUCTIONS 

1. Fix the chicken wire grate to weir by folding excess chicken wire over the top of it. 

2. Determine the location of the turbine. The distance downstream of the weir should create 

a 1m head from the weir to the turbine, so must the stream must drop 1.5 below the top of 

the weir. If this does not happen quickly enough to allow for a suitable length of chute – 

say 2m – then the labourers should dig into the bed of the stream.  

3. Create a chute by hollowing half of a tree trunk. This should be done using a saw. The 

inner diameter at the beginning of the chute should be 1.5m, and 0.4m at the end of the 

chute. The length is determined by the distance downstream to allow the 1m head. 

Pythagorean Theorem should be used to calculate this, with the length of the chute equal 

to the square root of the square of the horizontal distance plus one.  

4. Hold the chute in place by creating a scaffold from bamboo, the base of which should be 

firmly secured into the bed of the stream. 

5. Build the foundations for the Ghatta, so the floor is 0.4m above the top of the weir –

assuming the floor is made 0.1m thick. Leave a hole of 70 mm in the floor, directly above 

the centre of the location of the turbine. 

6. Carve the limestone into two cylindrical grinding stones using the stone cutting hammer. 

Make the grinding patterns with the stone-cutting hammer. A pattern has been suggested 

in section 6.3, but this should be approved or rejected by an experienced miller. Make the 

runner stone slightly concave and the bedstone slightly convex. 

7. Place the bedstone, with the centre of its eye in line with centre of the hole in the floor.  

Shape the shaft from timber using a lathe. Create the slot in the top of the shaft and the 

hole for the key. Its centre should be approximately 0.45m up from the bottom. 

8. Drill a 20mm diameter hole through the top protrusion of the turbine, through which the 

key will fit.  

9. Lower the shaft down through the holes in the floor and bedstone. Support its weight 

manually and raise the turbine into position. Fix it in place by forcing the key through the 

slots in the turbine and shaft. Add the nuts to the threaded ends of the key to secure. 

10. Create a small, flat indent in a stone that is suitably large to sit just above the surface 

of the water in the stream. 

11. Use the metal file to shape the top half of the rod. Hammer the rod in 100mm into the 

bottom of the shaft, being careful not to cause damage. 

12. Use the metal file to shape the bottom 100mm into a cone, with a rounded point.  

13. Rest the shaft on the flat stone, which in turn should rest very securely on the bed of 

the stream. 

14. Cut slivers of bamboo to insert between the shaft and the floor and bedstone as 

bearings.  

Ensure that they fit very snugly and lubricate the inside of the bearings. 

15. Hammer the metal bar into the slot in the top of the shaft. Place the grinding stone on 

top of the bar. 

16. Finish the construction of the Ghatta.  

17. Assemble the collection tray: Saw timber into the four 1.5x0.3x0.05m walls. Nail 

together to create a square on the floor around the bedstone. 

18. Create the hopper by weaving thin strips of bamboo into a conical basket, the volume 

of which should be determined by the miller. 

19. Place the hopper above the centre of the grinding stone and hang from beam using 

ropes 

9 FEASIBILITY: 

When discussing the feasibility of implementing a water mill in Sandikhola, it is important 

to focus on both ease and convenience. A water mill that would be most suitable for the 

community would satisfy the needs of the residents’ as simple and effectively as possible; 

so should be easy to understand and install. In order to assess the feasibility of this 

project it is necessary to asses a number of factors, including the need, the location, the 

economic viability, the environmental and social impact and its sustainability.  
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9.1 Need 

When introducing new technology to a community, it is important to consider how 

appropriate it is for the community. It’s essential that there is a genuine need or desire for 

the technology. In Sandikhola 80% of the workforce are involved in agriculture (8). It is the 

village’s largest source of income and the industry is very important to the community. 

Introducing a water mill would provide a mechanical means to grind the grain that would 

be much less labour-intensive than its manual counterpart. This suggests that a water mill 

would be well received as it would save labourers a lot of time. Some of the workers would 

then be in a position to pursue other endeavours such as teaching, building or other income 

generating activities; all of which would improve the quality of life for the residents.  

 

In addition, as shown by the implementation, the labour and resources from the village will 

be employed for the construction of the watermill. This will mean the villagers have a vested 

interest in the mill and an understanding of how it functions and its maintenance 

requirements. 

 

9.2 Location 

The position of the watermill is an important determinant for how successful it will be. Firstly, 

it is important that it does not have an impact on the surrounding environment. The power 

output of the watermill, and therefore its productivity, depends greatly on two variables: 

the flow rate of the water and the head, as seen by equation 11. 

 

     



P  fg h                             (11) 

 

The chosen water source is marked FM2 (8). This is a stream, with a metal V-crested weir 

previously installed. This weir increases the flow rate considerably with an average of 0.68 

m3, depending on the water level (8). This flow rate is sufficient to generate enough power 

to make the installation of a watermill economically viable. In order to harness the energy 

produced by the weir the water mill will have to be built over it so that the water passing 

through the weir will directly hit the turbine. This design does mean that, the amount of 

head that can be achieved is limited as it is dependent on the height of the weir. However 

calculations show that the head is still sufficient enough to generate enough power. The 

flow rate depends on the water level of the stream before the weir. If the water level is not 

sufficient enough to pass over the weir there will be no water reaching the turbine. As a 

result the watermill will only function if the water level of the stream is 0.2m or greater.  

The main issue with this location is that it is further from the village so this will increase 

travel time to and from the mill. However it is situated between a large of paddy fields so 

wouldn’t be an overwhelming inconvenience for the farmers to deliver their produce to the 

water mill. Overall, this location has been deemed the most suitable for the project. 

 

9.3 Economic Viability 

An important motivation for this project is the economic benefit of installing a watermill. 

Compared to the traditional method currently being used in Sandikhola for milling the 

grains, a watermill will be much more time and labour efficient. The water mill will raise the 

value of the grains being milled by Rs4.16/kg (12). In addition, as it is more efficient the 

grains will be milled faster. The table and graph are calculated based on charging 2NRP per 

a kg of rice milled. This charge was determined as it is under 50% of the increase in value 

of the rice grained, therefore the villagers will still have a motivation to use the mill. It is 

very important that the break-even time is less than the lifetime of the mill, so it should be 

below 10 years therefore a flow rate of 0.12m3/s is required. This table shows that as long 

as the flow rate is over 0.12m3/s the watermill will be profitable and economically viable. 

However this project does have a high initial cost and annual maintenance cost. The cost 

benefit analysis, based on the cost estimates, below shows that the project does breakeven 
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and therefore over the life of the watermill it will be economically beneficial to the village. 

However, it can only be implemented if there is initial funding or a low interest loan.  

 

Table 10.1: Table showing how the profit and break even time varies with flow rate 

Flow rate (m3/s) 0.05 0.11 0.15 0.2 0.24 

Rice milled in an hour (kg) 14 30 41 56 67 

Profit -83970 16350 85320 179370 248340 

Break Even Time (years) LOSS 10.951 2.098 0.998 0.721 

 

Another economic benefit of installing the watermill is the amount of time it would save for 

the farmers. It would save time that would be used either milling by hand or travelling to 

another village for agro processing.  This time has an opportunity cost; instead the villagers 

have the potential to use the time for other forms of income generating activities. 

 

9.4 Social and Cultural Impacts 

The construction of a watermill in Sandikhola will have numerous social and cultural impacts 

on the villagers. There are a number of benefits that could result from this project. Firstly, 

currently the villagers use a lot of energy in grinding the maize and rice by hand or they 

must travel long distances with heavy loads for agro processing. If there was a watermill in 

the village it would reduce the effort and health risks associated with these activities. In 

addition, it would save the time that would be used either milling by hand or travelling; 

instead the villagers can focus on other income generating activities or education. Another 

benefit of installing a watermill in Sandikhola is that it can result in skills enhancements as 

people learn how to maintain and operate the mill and gain an understanding of 

management and accounting. The increased efficiency of grain production will result in an 

increase in income and for there to be a greater availability of food in the village. 

Furthermore, the project will create at least one fulltime job in the community for 

maintenance of the mill and a few more workers will be required for the construction of the 

mill.  

 

Socially, a very significant impact of installing water mills into a village is the effect it can 

have on gender relations. Milling and agro-processing is traditionally the responsibility of 

women and children. Through the installation of a water mill women are trained to operate 

the mills, this improves their skills and education levels. In addition, this enables women to 

become entrepreneurs in their own right and encourages them to engage in micro-

enterprise activities. In addition, the time saved in milling provides women with the time to 

focus on education and child-care.  

 

However the social and cultural impact of the watermill may not be entirely positive. 

Ownership of the mill could cause social disruption amongst the villagers. Our 

implementation strategy reduces the chances of this as it is expected for the ward to resolve 

social issues regarding the mill in a fair and effective manner. The ward will also be 

responsible for the finances of the mill and job delegation, this should ensure each position 

is elected in a fair and democratic manner. 

 

9.5 Sustainability 

The sustainability of the design depends on several factors. Perhaps the most important are 

the five sustainability elements of FIETS outlined by the Dutch WASH Alliance. These include 

financial, institutional, environmental, technical and social sustainability (13). Finance is 

obviously a key factor in the long-term success of the project. Adequate funding will be 

required to allow for the initial installation of the water mill.  

 

The environmental effect of the project is very important. The negative effect of the water 

mill on the environment should be as small as possible and cause minimal disruption to the 
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landscape and wildlife nearby. It is important to be cautious not to reduce biodiversity within 

the area. The water mill however, does not produce any harmful exhaust gases such as 

carbon dioxide or sulphur dioxide, which are pollutants to the earth’s atmosphere. During 

construction waste materials should be kept to a minimum and disposed of in an appropriate 

way. The mill is situated so that minimal damage is caused to the environment. 

 

Implementation of the watermill is important for sustainability. It is essential that the 

population of Sandikhola fully comprehend the benefits that the mill provides them with and 

are involved in the implementation to ensure they have a vested interest in the project. This 

shouldn’t be a problem in the case of this mill as long as they will be trained how to correctly 

operate it. It is crucial that they are able to identify when maintenance is required and either 

fix it themselves or have easy access to skilled labour to do so. In order to ensure social 

sustainability, it is essential that the project is primarily demand driven and needs based to 

ensure a healthy community attitude towards it. In the case of the water mill there should 

be a need for this technology as Sandikhola is a hillside rice farming community. Therefore 

overall it should be a sustainable project. 

10  CONCLUSION 

The installation of a water mill in Sandikhola faces a number of challenges, including limited 

water sources, minimal finances, low technical knowledge, limited materials and 

manufacturing methods due to the isolation of the village and the cooperation of the 

community. The final design had to be innovative, low cost, small-scale, affordable and 

appropriate, considering cultural customs and the social structure. Therefore the final design 

that was developed used basic technology and local materials and manufacturing processes 

where possible. The initial assembly is simple and can be performed by local workers. Some 

components, like the turbine, must be imported into the village from a nearby city, which 

will cost money for transport. However all these components should have a long lifetime, 

therefore will not need replacing. The maintenance costs have also been kept low and 

straightforward as parts that will need to be replaced regularly, like the bamboo bearings, 

are made of locally sourced materials.  

 

The implementation of a watermill in Sandikhola would be beneficial to the community. As 

seen the this report, a watermill could increase productivity in grinding grains, which would 

have a considerable effect on this village as 80% of the inhabitants are involved in 

agriculture (8). In addition, as long as there are sufficient flow rates, over 0.12m3/s, this 

mill will be economically viable with a breakeven time of less than the lifetime. As long as 

the initial funds can be found through charity or a low interest loan, the project will generate 

income for the community. Furthermore, the watermill has the potential to have social 

benefits through gender relations and increased time, for education or income generating 

activities. Finally, this design is sustainable as its effect on the local environment can be 

kept to a minimum as it utilizes a weir, which is already in place. In addition the technology 

has been made as basic as possible, utilizing some local materials and building techniques, 

so that repairs and maintenance can be done locally. Perhaps the most important factor in 

determining whether or not this will be a successful project, is the support of the community. 

In order to try to achieve this, the ownership of the mill should be given to the local 

government body, the VDC, to make it as fair as possible. In addition, the profit generated 

could be used to benefit the community, giving the villagers a vested interest in the mill. 

 

Overall it would be feasible to install a watermill in Sandikhola. This technology could also 

be transferable to other mountain villages in Nepal, dependant on a number of 

requirements. Firstly, there must be a need or desire for it in the village. Secondly, there 

must be a source of water with a sufficient flow rate or head, in order to generate enough 

power. In addition, the design must be appropriate for the individual village, based on local 

resources, social and cultural factors.  
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