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Background

The Problem

Everyday, women in the Uttarakhand region of the Indian Himalaya spend few
hours a day collecting six or more buckets of water for drinking, washing clothes
and cooking. In households that own biodigesters, women face an additional
burden of collecting extra water to ensure that the systems will function properly.
In this region, the manure is very dry and thus, the owners have to add at least
two buckets of water to the biodigester systems.

The Approach



If women could collect the water more easily or if they did not have to collect so
much water, then they would have time to complete other tasks. Thus, we tried
to tackle the challenge of having to collect additional water for the biodigester.
We created a device that would allow the women to separate the solid material
from the liquid in the slurry solution that emanates from the biodigester. This
way, they can preserve some of the water that would ordinarily be placed on the
compost pile and eventually evaporate.

This would not only reduce drudgery of headloading water, but also lead to
improving the efficiency of the biodigester, as the separated water, still rich in
microbes, would be fed back into the biodigester.

The Link

Our community partner is the Pan Himalayan Grassroots Development
Foundation, which is a non-profit organization that has created a holistic
intervention strategy that channels resources - managerial, technical, and
financial - directly to the people and associations of the communities, working at
the village level. The emphasis is on self-help participation and the belief that the
average villagers have the desire, the right, and the capability to promote their
own welfare and prosperity and to participate in decisions that affect their lives.

This organization has committed to field-test the technology during the next year,
as Grassroots is in the process of constructing almost 200 biodigesters in the
coming yeatr.

Initial Research

Literature review showed that most commercial slurry separators were expensive
and complex, ranging from industrial centrifuges to magnetic methods of
separation.

However cheaper, simpler methods were also found. Among these settling
basins, mechanical separators using filters such as wire mesh. A particularly
interesting approach used biomaterials such as oat straw, soybean residue, corn
cobs and corn stover as a filter.

Having established what was currently in use, we were then able to brainstorm
ideas and consider a variety of slurry separation methods.



Concept Description and Selection Process

1. Bucket in a Bucket

Description: We started out by using the simplest method of separating liquid
from solid; the coffee filter method, using a plastic bucket to store the liquid and
another bucket inside with a hole in the bottom covered with mesh to retain the
solid portion of the slurry. The idea was that during the day all the slurry coming
out of the biodigester would drip into this bucket which would filter most of the
water we needed to get back into the system.

Problems encountered: The problem with this method was first that it was too
slow and evaporation would cause a significant loss of water. Second, only the
slurry deposited in the bottom was dry while all the slurry on top remained wet
once the filter got saturated.

2. Gravity Flow

Description: This method consisted of a two-layered ramp: mesh and PVC pipe.
The PVC ramp was shorter than the other so that slurry sliding through got
separated and deposited in two different buckets, one for the liquid part and one
for the solid part; the liquid running through the PVC pipe and the solid sliding
through the mesh.

Problems encountered: the mesh clogged and interrupted the flow of slurry over
the inclined mesh.

3. Twistable Bag

Description: This method consisted of a "sand bag" that was filled up with slurry.
A twisting mechanism was then used to squeeze all the water out of the slurry
into a bucket, leaving the solid part of the slurry in the bag which at the same
time served as a container to store and transport this material to be used as
fertilizer.

Problems encountered: The "sand bag" we tried was impermeable so it did not
let any water out of the bag. There were also concerns that the bags might be too
weak if twisted repeatedly and that the bags had many important uses in the
farm.



4. Pressuring with Screw

Description: This method used a screw mechanism inside a container to push a
platform down the container; this caused the slurry to be pressed against the
mesh, squeezing all the liquid out. The advantage of the screw is that a greater
force, and therefore pressure, can be exerted on the slurry. One advantage of
this solution is that a very similar device, the oil screw-press, has already been
shown to work.

Problem encountered: this mechanism could be very expensive and hard two
build at scale.

5. Centrifuge Mechanism

Description: As a simple prototype we used a salad spinner, which works using a
centrifuge mechanism, and cloth to force all the water out of the mesh into a
deposit container and leaving only the solid part in the mesh basket.

Problem encountered: this mechanism worked very well, but building it in a
higher scale could be too complicated and expensive to be considered as an
appropriate solution. Pedal and hand cracked devices were considered but both
designs seemed overly complicated. There were also concerns as to whether it
would be more work than other solutions.

6. Pressuring with Piston

Description: This solution is a piston mechanism in which the slurry coming out of
the biodigester accumulates during the day, separating all the liquid out of the
slurry through a wire mesh filter that not only covered the bottom of the piston but
some portion on the sides too so that no wet portion of the slurry could
accumulate on top. At the end of the day it used a press to push the remaining
liquid out into the bucket through a funnel. It also has screws on the bottom to
disassemble the filter to take the solid part of the slurry out. We chose this option
because it was the most effective and the one that met with the requirements set
during the problem conception.

Problems encountered: the mechanism to take the solid part of the slurry out of
the device was too complicated for the users.



Final Design and Prototype

Over the last two weeks of the summit, the group worked on the final design (Fig.
1) and on the prototype construction (Fig. 2). This final design is based on a
cylinder, made predominantly from the steel mesh filter. It has a funnel
connected to its base to guide the liquid part of the slurry, once separated, into a
bucket. The piston pressurizes the slurry forcing the liquid part through the filter.
A list of the materials and details of the manufacturing process can be found in

the appendix.

Fig.1 Solidworks Sketch Fig. 2 Final Prototype



Prototype Testing

The device did not get as much liquid out of the slurry as we had hoped
(fig. 6). Many problems were encountered testing the prototype. Some of these
were due to rushing through the construction stage and some highlight
fundamental problems with the final design. The problems are described below:

Fig. 6

- Itis much too difficult to build perfect rings. This meant that the
cylinder was not of uniform diameter along its length. Therefore, we had to build
a piston smaller than the smallest ring so that it could fit inside the cylinder. So,
when we were pushing down on the piston most of slurry went up over the top of
the piston, rendering the piston almost useless

- Cleaning the tank can be a bit tedious

- The materials used were mostly steel which rusted almost

immediately.

- The funnel hadn’t been measured properly and was too small for the

device. This meant that some of the liquid outside the bucket (fig. 7)
and onto the floor.



Fig. 7

It was difficult to take the bottom off the device. The bolts got caught
and it required considerable effort. This was probably because the
angle irons were not aligned perfectly — it would be advisable to drill
larger holes. Moreover, taking out the bottom part with your hands is
unpleasant.

Due to the overhang, the outside part of wooden circle, some of the
liquid got stuck on the device (fig. 8).

Fig. 8



Benefits and Impact

Household

It currently takes up to half an hour for the women of Uttaranchal to collect water
for their household use. Buckets typically weigh 25kgs each and have to be
transported uphill distances sometimes exceeding 50m. Introducing this
separation unit would significantly reduce the burden on these women and save
them valuable time.

It has been seen in some instances that individuals will even hire people to
collect their water for them using vehicles and pay up to 50 cents per bucket. If
our aim of retrieving one bucket of water a day is met, then this device could
potentially save the household up to $180 a year.

The recycled water contains an abundance of microbes and it is hoped that using
the liquid part of the effluent will increase the yield of biogas. Research is needed
to validate this claim. Additional gas can be used to heat more food or the home
itself or to power a mantle lamp. The extra biogas is of particular importance
during the winter when the methane production is severely reduced by low
temperatures.

Regional and Global

Recycling water will help to reduce the pressure on water in the community,
especially in the summer.

Installation of more biodigesters will reduce the consumption of alternative fuels
such as wood, wood charcoal and Liquefied Petroleum Gas (LPG) all of which
cause environmental problems. LPG is heavily subsidized by the Indian
government and is far from a sustainable solution to the energy needs of rural
India. Wood and wood charcoal lead to deforestation.

Biodigesters are a sustainable energy technology with no net CO2. As a form of
decentralized energy in rural areas, biodigesters are empowering and reduce
dependence on government distribution networks.



Commercial Aspects

The cost of producing the device has been estimated at around 25 dollars. The
separator would be made locally in welding shops from readily available sheet
metal. It should take less than a couple of days to produce each device. From
these estimations, the device would recover its investment cost in just over 3
months.

Prototype field testing will help refine the technique and determine the value of
separating the digester effluent. It will also allow us to get a better estimate of the
potential market size and willingness of customers to invest in the device.

Further Work

Increasing the yield of water

We must overcome the problems we had with prototype. Currently the amount of
sediment in the liquid extracted using our prototype is higher than would be
desired. It is necessary for improvements to be made in this respect in order for
this addition to the biogas system to be accepted. The next prototype should aim
to remove 80% of the water in the slurry with the minimal of sediment present.

Increasing the percentage of water retrieved would have numerous benefits.

- The amount of water required to be collected for feeding the digester
would be reduced, thereby reducing the time spent collecting water,
allowing more time to be used for income generating activities.

- The microbial colonies retained in the water would further increase the
yield of biogas produced, allowing for a surplus of gas that can be used for
additional hours of lighting which in itself brings numerous advantages.

- Supplementary time for crafts or socializing.
- More time for after school study for the children of the house.

However, the actual improvements in methane yield as a result of re-using the

water must be verified and quantified if possible, as we have not yet established
actual figures for this fact.
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Full Integration of slurry separation into small fa rming systems

Currently the prototype that has been built has no means of being attached to the
slurry outlet. This factor must be incorporated into the next design, as well as a
means of easy extraction of both the liquid and the solid parts. It would be an
additional benefit if the whole system could be designed such that the water
feeds directly back directly back into the digester and the solid part can be
deposited easily into the pit.

Many large farming systems already integrate slurry separation into their
systems.

Current systems utilize the liquid retrieved from slurry as a hydroponic solution as
well as in the following ways;

- Organic manure in sowing season and water resources in slack season

- To feed fish

- To submerge seeds

Possible ways of using such systems on a small scale should be investigated
and implemented using the slurry separator.

The endless pursuit for affordability

If the design is simplified enough to enable theagh implementation into the biogas
system, this would add significantly to the dediigbof biogas technology aiding
further dissemination and implementation across eroms regions. The next team
should aim to minimize the quantities of materizded, and ensure that the materials are
the cheapest possible, without compromising orgtladity that is necessary. In particular
they ought to experiment with the stabilizing baswhich could prove to be a very
simple solution.
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Appendix

Materials List

3 Rings (Iron)

Inside Diameter: 350mm
Outside Diameter: 365mm
Height: 3,5mm

1 Cylinder (Steel)

Inside Diameter: 349mm
Outside Diameter: 350mm
Height: 300mm

1 Cylinder (Steel Mesh)
Inside Diameter: 349mm
Outside Diameter: 350mm
Height: 300mm

1 Dowel (Wood)
Diameter: 60mm
Height: 640mm

4 Rebar (Iron)
Diameter: 15mm
Height: 570mm

1 Circle (Acrylic)
Diameter: 345mm
Height: 5mm

1 Circle (Wood)

Inside Diameter: 320mm
Outside Diameter: 390mm
Height: 10mm

1 Funnel (Steel)

Up Diameter: 420mm
Down Diameter: 100mm
Height: 140mm

1 Circle (Steel Mesh)
Outside Diameter: 380mm
Inside Diameter: 320mm

2 Rebar (Iron)
Diameter: 15mm
Height: 100mm

4 Rebar (Iron)
Diameter: 15mm
Height: 450mm

2 Rebar (Iron)
Diameter: 15mm
Height: 200mm
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Contact Details

Anita Paul apaul@grassrootsindia.com
Tombozgani Banda tombozgani.banda@imperial.ac.uk
Robert Bain resb3@cam.ac.uk
Christopher Toledo christopher.toledo@gmail.com
Miguel Santos miguelcs.email@gmail.com
Kenda Leith kleith@mit.edu

Manufacturing Process

Firstly, pick up the three rings and four 570mm steel bars. Weld one ring
to the bottom, one ring to the middle and the last one at the top. These bars must
be equidistant. Then, drill four 8mm diameter holes in the all rings between each
bar (these also ought to be equidistant). Roll the sheet metal and steel mesh to
the required diameter. Put the steel metal cylinder around the top of the device
and place the steel mesh cylinder around the bottom of the device. Attach using
rivets. Weld the angle iron supports in the ring of bottom as shown in the fig. 3.

Fig. 3

Make two ‘A’s with the 450mm and 200mm rebar, welding them together,
to support the structure. So, in the top these ‘A’s weld perpendicularly the
cylinder of 200mm. Weld these supports in the device like shown in the fig.4.
Finally bolt the wooden base to the cylinder (fig. 5).
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Fig. 4

Fig. 5
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