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[bookmark: _Toc164794159]I. Introduction
[bookmark: _Toc164794160]Engineers Without Borders
	Engineers Without Borders-Madison (EWB-UW) is a student group whose mission is to “partner with disadvantaged communities to implement sustainable solutions to community problems” (About Engineers Without Borders, 2010). Our project in Orongo, Kenya is one of five projects in the EWB-Madison organization.  The Kenya project was formed in 2007 in response to a student’s personal interest in Orongo and its poor water quality.  Since then students have made six trips to the village to assess the situation and develop a biosand filter project for making clean water accessible to the community.
[bookmark: _Toc164794161]Orongo, Kenya
	Located in the south of Kenya, about ten minutes from Kisumu and right off the shore of Lake Victoria is a small farming community called Orongo.  Almost all of the people in Orongo are subsistence farmers who live off less than $1 a day (Levicki, 2004).  The village is home to an estimated 3,000 people, divided into 500 families (Werbeckes, 2010) and it is spread over about 10 sq. km (Levicki, 2004). 
[bookmark: _Toc164794162]Current Water Sources
 (
Figure 
1
: Water Sources Used in Orongo. Data from Jan 2010 trip.
)	The main ways that villagers get their water are from boreholes, shallow wells, rainwater from streams or catchment systems, and from Nyamasaria, which is a nearby water treatment plant (see Figure 1). Boreholes are protected wells that are drilled at least 50 meters into the ground.  The water from boreholes should be bacteriological safe but it has a very salty taste.  Shallow wells, while relatively clear, have shown an intermediate to high-risk bacteriological level (Levicki, 2004) due to fecal contamination from flooding and nearby pit latrines.  Streams are both highly turbid and highly contaminated due to domestic washing, open grazing, and severe flooding.  Rainwater is safer than streams and shallow wells (Levicki, 2004) but also carries the risk of fecal contamination from bird or bat droppings and storing it in an open container.  While about 30 percent of the village relies upon unsafe water for consumption (Levicki, 2004), the entire village runs the risk of fecal contamination after collection.  A study investigating the potential for water quality to deteriorate between the points of collection and consumption showed that the quality of borehole water went from 1 FC/mL to an average of 72 FC/mL between collection and consumption (Trevett, 2002). Similar results were shown for well water. This contamination is most likely due contaminated jerry cans used for collection, hand-water contact during collection and while walking the water home, and contamination of the serving container i.e. hands, cups, ladles, beakers, straining cloth (Levicki, 2004).  
[bookmark: _Toc164794163]Current Treatment Methods
 (
Figure 
2
: Water sources and treatment frequency. Taken from Jan 2010 survey data.
)	The current water treatment methods available and used in Orongo are chlorine disinfectant, boiling, or buying pre-treated water as is shown in the survey data collected in January 2010 (Figure 2).  However due to cost, time, or the belief that clear water is safe water these methods are used very inconsistently among the villagers.  Additionally, chlorine gives the water a bad taste. Without treatment, the contaminated water can result in serious diseases such as cholera, E-coli, typhoid fever, and diarrheal disease as shown in Figure 3 (Levicki, 2004). 
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[bookmark: _Toc164793894]Figure 3. Classical Waterbourne Infection Cycle (Tebbutt, T.H.Y., 1992)
[bookmark: _Toc164794164]Biosand Filters
	Biosand filters use slow sand filtration to remove harmful pathogens from water (Figure 4).  In addition to being relatively inexpensive, and simple to operate and maintain, the filters are one of the best single-process methods of improving the physical, palatable, and bacteriological quality of surface waters (Shaw, 1999; See Appendix A).  A filter is constructed with a layer of fine sand and two layers of different sized gravel.  As water is poured through the filter the microorganisms in the water collide and collect forming a bio-layer, called the schmudstecke, on top of the sand layer.  There are four processes involved in the removal of pathogens with the biosand filter (CAWST, 2008).  The bio-layer is critical because it consumes pathogens from the water that passes through it.  Sediment and pathogens are also removed by being “mechanically trapped” in the spaces between the sand grains. Attraction between pathogens and sand removes more of the pathogens, and pathogens surviving the first three removal processes die naturally due to lack of food and oxygen inside the filter.  Studies done in Kenya show that together these processes can remove more than 93% of fecal coliform (Snider, 2002) and result in 54% reduction in child diarrhea (Tiwari, 2009).  Based on the .6L/minute recommended flow rate, and 6-12 hours required for pause periods, the biosand filter can effectively treat 60-80 L/day, which is sufficient for the typical consumption (CAWST, 2008). It should be noted that the filter does not remove 100 percent of pathogens and should thus be used in combination with another treatment method for 100 percent removal (the amount of chlorine used in combination can be significantly less) (CAWST, 2008).

[bookmark: _Toc164793895]Figure 4: Biosand filter diagram.

[bookmark: _Toc164794165]Project Timeline
[bookmark: _Toc164794166]Pre-January 2010
	Since the beginning of the project, the group’s goal has been to develop a project that addresses the water quality in Orongo.  Research of several different treatment methods including SODIS, moringa water purification, and biosand filters led the group to decide that biosand filters would be the most effective treatment method in terms of cost, feasibility, and benefits.  The group built a prototype filter on campus to learn about the process and in January 2009 and August 2009 built two plastic filters in country as an initial small-scale implementation to observe whether the community was receptive to the new concept and to see if a large-scale implementation would be welcome and feasible. 
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[bookmark: _Toc164793896]Figure 5: Group members posing with filter and filter recipient, Peter Odonga.
[bookmark: _Toc164794167]January 2010
	In January 2010 a group of students returned to Orongo for an assessment trip.  Data on water collection methods, costs, and treatment methods were collected to confirm that the biosand filter would be a good treatment method for the area.  In addition, follow-up visits were made to the two existing filters.  One of the filters, which had been given to the community nurse, did not appear to be working and it was concluded that this was due to lack of use (the bio-layer dies with lack of use).  The other filter had been used successfully for a while until the owner poured extremely turbid stream water (mud) through the filter causing it to clog and require some maintenance.  The conclusions made from these follow-up visits were that the filter education had not been sufficient enough and would need to be a key component in any further implementation. 

	Additionally, some water testing was conducted on several water sources. The results from these tests showed several of the sources contaminated with coli form too numerous to count (TNTC) (Ministry of Water and Irrigation, 2010).  While this proved that there is a need for treatment, it did not provide a good baseline for comparative data.  It was decided that a search for a more extensive water testing method for the following trip would be beneficial.

	Also during this trip the group met Amos Omondi Oyoo, a young local who had independently received training on the Center for Affordable Water and Sanitation Technology (CAWST) biosand filter construction during a workshop at the Divinity Church in Kisumu. At this workshop a man from Canada taught Amos and approximately 10 others how to properly construct and install biosand filters. Amos is 30 years old and grew up in Orongo, Kenya. He is the Chairman of the Buoye Quarry Youth Group and knows the community well enough to understand what will work and what will not. EWB realized that Amos and his Buoye Quarry Youth Group would be a perfect partner for implementing such a project. Discussions about the partnership were started and the team planned to move forward during the next trip if the mutual interest in the project was still present.
[bookmark: _Toc164794168]August 2010
	In August 2010, a group returned to Orongo and continued discussing the way forward with Amos on this project.  During this trip, Amos, two of his friends, Geoffrey, Frederick, and the Engineers Without Borders team successfully constructed 4 biosand filters and Amos and his crew constructed 4 more after the team left. 
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[bookmark: _Toc164793897]Figure 6: Biosand filters poured August 2010 in Orongo.
	The extent of the partnership was outlined in a memorandum of understanding, which was signed by Engineers Without Borders and the Buoye Quarry Youth group at the end of the trip. The document stated that Amos and the Buoye Quarry Youth Group would work together with EWB to implement several biosand filters successfully and would do so without any pay or compensation. These filters would be paid for by EWB. Upon completion of this, Amos and the Buoye Quarry Youth Group would be awarded the steel mold used to construct these filters. A business plan would be implemented so that Amos and his crew could sell the filters and use the revenue to purchase more materials, with the intention for a profit generating business.  
[bookmark: _Toc164794169]January 2011
	In January 2011 the group officially established AFGO Filters with Amos Omundi Oyoo, Fred Agonda, and Geoffrey Odhiambo Yengo, had a steel mold built and donated to the company, and built one filter.  A new memorandum of understanding was signed along with forms detailing marketing, business, and education strategy within the community.  See Appendix B for these documents.
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[bookmark: _Toc164793898]Figure 7: Founders of AFGO Filters posing with steel mold.
[bookmark: _Toc164794170]II. Objectives

	With the biosand filter project underway, the next step in this project is to monitor the progress and make adjustments as needed in order to reach the overall goal to have biosand filters available to the whole community.  The rest of this paper is aimed towards assessing the technical and social effectiveness of the project and defining a method for continuing evaluation of the project into the future.  

	Technical effectiveness will be defined as AFGO Filter’s ability to operate as a profit-making business.  Methods of assessment are to see whether the filters can be produced at a price that is significantly lower than the amount that can be obtained from the sale of a filter, to analyze the rate at which filters are being sold, and to judge whether there is enough labor available to meet demands.  Additionally, technical effectiveness will be defined as whether or not the filters are being built, maintained, and operated successfully, and whether the filters are effective in producing clean water and improving community health.  Assessment will include comparative water testing and standardized follow-up surveys of filter owners.  It is necessary for this evaluation to involve both a continuous short-term assessment and a plan for continuing the evaluation into the long-term. 

	Social effectiveness will be defined as the ability for EWB and AFGO Filters to implement marketing strategy so that AFGO Filters are a desirable commodity, and to create community health awareness so that community members demonstrate an understanding of the health risks of contaminated water and a drive to take action.  Further it will evaluate whether training and education is effective by looking at whether the filters are being used and maintained properly.  Assessment will involve surveying filter owners to see whether they understand how to use their filter and are using it regularly, and collecting marketing data to show whether the community is becoming aware of the product and demonstrating interest. Additionally, EWB and AFGO Filters will work together to continually improve the education and marketing techniques already established.

	The final objective of this paper is to define a method for collecting this data in the future and for making the research and conclusions easily available to students facing the same challenges.  Since the project is fully run by students, there is a quick turnover rate and it is important that the efforts made in this project are not lost once the founders move on.  Providing a clear history of the project and laying out what information should be collected for future monitoring and evaluation will help minimize communication disconnects between incoming and outgoing students and will minimize the amount of “repeated work” that is done for the project.  It is important to extend the results of the project to the long-term so that others can learn from our successes and failures.  
[bookmark: _Toc164794171]III. Related Work
[bookmark: _Toc164794172]Challenges of NGOs
	Non-governmental organizations and non-profits such as Engineers Without Borders have been attempting to alleviate poverty in Africa for decades, and while some have been effective, efforts as a whole have not met the expectations to reduce poverty in Africa because everyone has faced similar challenges in implementing change.  The main challenges that arise are finding a way to help a community without being regarded only as a source of money, and finding a way to help a community in the long-run rather than putting a temporary “band-aid” on an issue.  Promoters of NGOs suggest that the human touch and dedication of its highly motivated members is a real asset and that NGO members tend to view hardships as challenges rather than punishments (Mwansa, 2007). However, the downfalls of NGO projects appear when there is a divergence in ideology between NGOs and the people they are helping.  For a project to be effective, it is thought that the NGO should help the poor on the poor’s terms (Mwansa, 2007).  The villagers should be the ones stating their problems and what method of assistance they are seeking.  Doing this will minimize the probability of arising conflict of interest, distrust, or misunderstandings.  Failure to start a project in this way has often lead to passive recipients, lack of leadership in the community, misdirection of resources, and lack of sustainability.   While Mwansa states the extreme, that there needs to be a paradigm shift in which community based organizations (CBOs) replace NGOs, it is safe to say that a partnership between the community and the assisting organization needs to be formed in order to be effective.  A partnership should reflect equality, transparency, shared responsibility, joint decision-making, trust, and mutual understanding (Mommers, 2009).  This is the first step in developing an effective project. 
[bookmark: _Toc164794173]Unintended Consequences
	If an NGO can beat the odds and develop an effective project, another issue arises which is unintended consequences.  Unintended consequences refer to outcomes other than those intended, both positive and negative.  This next section will focus on negative unintended consequences that may arise with development projects.  One of the most common unintended consequences is referred to as the “dependency syndrome”. This has been a problem for as long as volunteers have been in Kenya.  “White people” in Kenya are immediately looked to as a source of money and in many situations this has pushed people towards a less independent society.  For example, when visiting an irrigation scheme that was implemented in a rural village right outside of Kisumu, Kenya the dependency syndrome was very obvious.  The system had been a collaborative effort - built with physical help from the community, technical help from the Ministry of Irrigation, and financial help from an outside donor.  Our EWB-UW group visited the site a year after its implementation to make assessments for a similar project.  What was witnessed was that the once cleanly dug canals were dry had become overgrown, the water tank necessary for the pump to run was cracked and empty, and the community leaders were showing no intention of fixing these problems, notifying the Ministry of Irrigation, or using the system.  The farmers said that they could not use the irrigation system until trenches were dug to keep the hippos from destroying their crops.  The community had not yet come together to find a way to dig these trenches or have them dug but instead they repeatedly asked every one of our members for funding to have the trenches dug. This detrimental unintended consequence has been present for a long time and is not something that can easily be avoided.  But awareness of the issue is important so that one can try to implement a project that gives as much responsibility and ownership to the community as possible. 

	The EWB-UW El Salvador group experienced more of a unique unintended consequence with their project to install piping to bring waste water from a local community, La Granga, to a water treatment plant in a nearby village.  The project began 5 years ago and was requested by the mayor’s office.  Per request, the group designed and installed a complete piping system from La Granja to the water treatment plant; however soon after, the water treatment plant started having issues where the water was now leaving the treatment plant in worse condition than it was arriving because it was passing over key processes in the treatment process. While the El Salvador group successfully implemented their assignment, severe unintended consequences arose and left them with a serious ethical question of whether or not it was their responsibility to fix the problem.  According to current project manager, Chris Dawson, “It is absolutely our responsibility to stay and fix the plant and  […] it would be unfitting to do what so many other volunteer groups do and just go to a community, do the job, and leave.  The plant is experiencing issues due to what we have done and it wouldn’t be right to just leave it for others to fix.”  The detrimental implications of their well-intended actions have stretched the project duration from 1-2 years to many more.   Another question that arises is whether or not the consequences could have been avoided.  Previous project manager Chris Bareither states that the appropriate research was done before implementing.  The treatment plant had a projected capacity of 27L/s and was only operating at 10.5L/s (Bretl, 2006). The design for expansion was implemented taking these numbers into consideration and it is thought that lack of proper maintenance at the plant was what caused the improper function.  While hindsight bias says yes, it is impossible to predict all of the unintended consequences that might arise from a project.  This example is not meant to place blame on anyone but to remind groups working on similar development projects that it is important to incorporate, consider, and monitor all of the known components that a project is made up of, and that even if this is done, unintended consequences may still arrive and it is necessary to have a plan of action for these consequences. 

	The next section of this paper will look at two projects that have seen success and work off of similar cornerstones that are most likely necessary for an effective project.  The first, Heifer International embodies the ideas of full participation, self-reliance and sustainability, and education and training among nine other cornerstones that they define for their success.  Aqua Clara, a new program dedicated to spreading clean water technology, similarly has a focus on training and sustainability.
[bookmark: _Toc164794174]Heifer International
	Heifer International began in 1944 with the mission to give out female cows “heifers” to families in need so that they can have food.  In return, the family has to agree to give one of the offspring to another family in need.  The family can then eat or sell the original heifer and her remaining offspring.  The idea was developed so that families would be receiving a source of food rather than a one-time relief.  Included in the donation is extensive training in livestock care, how to develop income generating activity, and leadership (Chiana, 2006).  Since its beginnings in 1944, Heifer International has directly and indirectly 13.6 million families (Our History, 2011). When the EWB-UW Kenya group visited a Heifer International location in Kenya, one of the major distinctions seen with the methods of implementation was that the entire establishment was ran by locals.  Locals, who are experts in the area of study, performed all of the management and training.  This is a key feature because it adds to the local sustainability.  Aside from funding, the system could and does run smoothly and effectively without the assistance of “outsiders”.  
[bookmark: _Toc164794175]Aqua Clara
	Aqua Clara International is an organization that aims to start locally sustainable water solution projects in developing countries. The organization, which had its first full year of operation in 2008 is a fairly new organization but seems to understand some of the key features of an effective project.  After realizing that many previous clean water projects had been overlooking the sustainability concept, Aqua Clara developed its mission to focus on training rather than placing filters.  Aqua Clara facilitates local financial sustainability by sending trainers to communities who request their presence.  It aims to transfer technical knowledge for production, maintenance, business, and marketing to locals so that the projects can be maintained a replicated after they leave the area.  Additionally, they recognize that “affecting behavioral change / product adoption is the biggest challenge in community development projects (How we work, 2001).” and therefore try to work with trusted, local leaders in the community to help in overcoming this challenge.  The AC Franchise Program that the organization offers is free of charge and includes the following (Franchising the solution, 2011): 		
· On-site instruction of AC Water Purifier manufacture
· The right to produce and sell our patent-pending technology at a profit, if desired
· Business planning and launch collaboration
· Our supply of written, illustrated and film resources – in English and translated into 	various local languages (as needed)
· The ACWP construction and maintenance manuals
· AC business planning and management materials
· Basic accounting and business tracking materials
· Marketing and awareness-raising materials
· Continued Technology Center support
· The AC Engineering Team stands by to answer any technical questions that may arise
· The AC Engineering Team will work to develop new and appropriate solutions to specific local water issues
· AC will aid in the facilitation of Purifier output testing to ensure quality
· On-going business support
· Business tracking assistance
· Access to AC personnel for troubleshooting and/or expansionary planning
· The future offer of additional related products, including health & hygiene products, for sale into the local market

	The goals and methods of Aqua Clara (AC) fall strongly in line with what the EWB-UW Biosand Filter project has established in Orongo and review of AC’s business and analysis planning can help us to identify areas of strengths and weaknesses in our project so that we might be able to identify future challenges and unintended consequences before they arise.  The following table will list AC’s considerations for starting an effective franchise, describe the criteria, and then identify where the EWB-UW Biosand Filter project falls (weak, moderate, or strong) and explain why (Microfranchise, 2008). 

	Criterion
	Description
	Biosand Filter Project Score
	Project Details

	People: Established Community Relationship
	An ongoing internal-external trusting relationship with community
	Moderate
	EWB has had an established relationship with Orongo since 2007.  A background of successful collaboration with the community prevents a “strong” score.

	People: Local trust relationship
	Local contact with a strong value system and the trust and respect of the community.
	Moderate
	Local contact, Amos, has a strong dedication to the project but not necessarily an n explicitly strong network of trust and respect in the community. This is not due to character issues but the layout, politics in the community.

	People: Communication Maintenance
	Ability for local contact(s) to communicate clearly and frequently with the external partner
	Strong
	Amos and 2 of his close “co-workers” have internet access in Kisumu, and communicate frequently through email and Facebook.

	Place: Water Source
	Water testing of the source can be performed to establish need and a baseline for monitoring change.
	Strong
	Water testing has been sourced locally, and done in country by EWB-UW students providing a need and baseline for change. More efficient, effective methods of treatment are still being explored.

	Place: Community
	General awareness of water quality issues and health implications
	Moderate
	Community leaders and others understand the water problems but many are uniformed or uninterested in changing. 

	Place: Transportation
	Transportation between business site and materials, and between business site and market customers.
	Moderate
	The distance between Orongo and Kisumu (supplies) is short and there are many methods of transportation available. Within the community there is less transportation methods available. Cost is a small but present issue.

	Things: Tools & Materials
	How available / costly are tools and materials.
	Strong
	All of the tools and materials can be purchased in Kisumu, which is about a 10-minute ride from Orongo. Initial tools and materials have been purchased by EWB-UW.

	Place: Space for production
	Space for storage and construction, secure enough to prevent inventory theft, and should be convenient to its target market.
	Moderate
	Currently the production site is in Amos’ families yard.  The area is large enough for production but not secured in any way.


[bookmark: _Toc164794151]Table 1: Description of biosand filter project in comparison to the Aqua Clara business franchise analysis & planning guidelines.

	Based on the above table the biosand filter project looks to have a moderate chance of being effective.  The relationship between EWB-UW and the local leaders and need for this water treatment method are strengths of the project, whereas transportation needs, an established business site, and community awareness will need to be monitored and modified frequently until successful solutions are found.
[bookmark: _Toc164794176]IV. Post Implementation Results
	Immediate results and analysis of the January 2011 implementation trip will serve as a baseline for the effectiveness of the project and again serve to identify the strengths and weaknesses that will be monitored into the long term.  The breakdown of the trip is as follows.
· Built the steel mold that is necessary for pouring the filters
· Bought all materials and tools for building filters
· 4 filters have been distributed for use and 5 remain unused
· Signed agreements detailing the roles of AFGO Filters and EWB in the project. Additionally guidelines for marketing and communication were written.
[bookmark: _Toc164794177]Steel Mold 
 (
Figure 
8
: Completed steel mold.
) (
Figure 
9
: Steel mold construction.
)	EWB paid 64000ks (about $853.30) for the construction of the steel mold, which is used for pouring the filters.  The steel for the mold was all purchased locally and was cut and welded by Kisumu local, Erick Otieno Obiero, at Hever Technical Services.  Based on the successful construction of four filters in between the time EWB visited in August 2010 and January 2011, the mold was handed over to Amos of AFGO filters for full ownership.  Ownership of the mold eliminates having to pay a rental fee to rent the mold for pouring filters and thus leads to a much more financially effective business. The mold was successfully built by following the plans in the CAWST biosand filter manual.  

[bookmark: _Toc164794178]

Materials
 (
Figure 
10
: Founders of AFGO Filters posing with sieves.
)	All of the materials and tools needed for pouring filters were purchased by EWB for AFGO Filters as per the agreement for EWB to pay the startup business costs.  A batch of sand, cement, and gravel, and most of the tools were purchased during the August 2010 trip.  The sieves, which are used for sifting the sand and gravel into desired sizes, a mallet, and another batch of cement was purchased during the January 2011 trip.  All of these materials are available locally in Kisumu, which cuts costs and transportation feasibility, adding to the effectiveness of the project.  
[bookmark: _Toc164794179]Filters Built
 (
Figure 
11
: Completed filters.
)	As of August 2010, nine filters have been built.  EWB and AFGO Filters built three filters in August, AFGO Filters built five filters, between August and January, and AFGO Filters built one filter in January under the observation of EWB members.  Of the nine filters, four of the filters had been distributed and five remain unused.   The first batch of filters was distributed to families close to the business and was agreed upon by both EWB and AFGO Filters members.  All filters were built on-site at Amos’ compound and delivered by wheelbarrow.  None of the filters have been sold yet. 

	Filter Recipient
	Reason for donation
	Current filter status

	Tobias Nyalik
	Has hosted and advised EWB for several years
	Has been using filter to clean water for his family of 7. Swirl and dump maintenance was performed on the filter 

	Geoffrey’s mom
	Mother of co-founder of AFGO Filters
	The filter has not been filled with sand or gravel yet and is not in use.

	Amos Omondi Oyoo
	Co-founder of AFGO Filters
	Uses the filter regularly.

	Mama Rose
	Community nurse; replaced plastic filter previously built by EWB
	Has been using the filter regularly and 3M water testing showed 0-2 fecal coli form counts

	Florence Gundo  
	Has bought 2. One for 2500ks and one by installments totaling 2200.
	The filters have not yet been installed.


[bookmark: _Toc164794152]Table 2: Status of distributed filters to date.
	Effective construction of nine filters shows that AFGO Filters will be able to fulfill its role in constructing technically sound filters.  The lack of sales thus far and lack of proper use in at least 2 of the 4 filters distributed filters identifies marketing and education as the areas that will need a lot of focus in the upcoming business development stages.  It will be crucial to establish a need for clean water in the community and important that each filter owner gets individual attention so that they understand how the filter works and what they must do ensure that it is working properly.  
[bookmark: _Toc164794180]Memorandum of Understanding
            An agreement was signed that defines the roles of both EWB and AFGO Filters in the bio-sand filter project.  The agreement states that EWB will hold a consulting role in the business and covered all start-up costs totaling 130000ks ($1735).  AFGO Filters agrees to carry out all operations relating to business including construction, marketing and sales, and follow-up and maintenance.  Additionally, they agree to keep accurate and detailed records of sales and costs.  The minimal role that EWB will play in the business from here ensures that the business is locally sustainable and independent.  The hope is that the business will be able to succeed with limited intervention.  
[bookmark: _Toc164794181]Marketing
	Together EWB and AFGO Filters came up with marketing strategies and goals including but not limited to: 
· Make brochures with personalized information about AFGO filters and the bio-sand filter in general. Distribute to interested families.
· Talk to City Counsel. Have them recommend filters in their speeches on hygiene. 
· Arrange a demonstration or speech at a chief’s meeting. 
· Perform an education session at the Orongo Secondary School.
· Get published in the Daily Nation or other media source.
· Painting the filters. Make the filters as attractive as possible by painting them (may need to wait for additional funding or sold filters).
[bookmark: _Toc164794182]Communication
	In order to create an efficient relationship between EWB and AFGO Filters weekly communication is highly encouraged.  EWB requested that AFGO Filters send weekly email updates detailing: 
· Current marketing strategies. What is working? What isn’t?
· Level of community interest.
· Any difficulties or roadblocks.
· Additional information including questions or comments.

EWB agreed to send weekly updates detailing:

· Questions necessary for EWB work to continue
· Problems or hang-ups
· Documents for distributing in Orongo

Additionally, EWB requested that when a filter is sold the following information is recorded and shared:

· Name of customer
· Selling method chosen (off of customer selling sheet)
· Price of Filter
· The marketing strategy used to attract this customer
· Any difficulties or concerns

	Thus far, communication has been week on both ends.  While we have not lost all contact, the specifics asked for each week have not been delivered.  In order for this project to continue successfully, increased effort on both ends needs to be made to keep constant communication and create continuity between the two entities.

[bookmark: _Toc164794183]V. Cost Analysis
	A total of $1735 has been spent in starting AFGO Filters. This includes fixed costs such as initial mold rentals, and purchase of the mold, sieves, shovels, trowels, buckets, tarps, wrenches, and mallets, and variable costs such as cement, sand, gravel, butter, tape, piping, and transportation. It also accounts for some miscellaneous costs such as additional transportation and renting the mold for the first few batches. The following includes a breakdown of costs and profit analysis.
[bookmark: _Toc164794184]Fixed Costs

	Fixed Costs
	
	
	

	Item (qty)
	Description of costs
	Cost (KS)
	Cost (USD)

	Filter Mold (1)
	steel and labor
	64,000
	$853.33

	
	transportation
	650
	$8.67

	Sieves (3)
	wood
	900
	$12.00

	
	small screens
	900
	$12.00

	
	medium screens
	1,200
	$16.00

	
	large screens
	1,500
	$20.00

	
	labor
	1,100
	$14.67

	Tools
	buckets (2)
	1,050
	$14.00

	
	trowels (2)
	220
	$2.93

	
	wrenches (2)
	380
	$5.07

	
	shovels (2)
	560
	$7.47

	
	tarps 
	1,390
	$18.53

	
	mallets (2)
	550
	$7.33

	Total
	
	74,400
	$992.00


[bookmark: _Toc164794185]Variable Costs
	Material
	Quantity Purchased
	Cost
	# of Filters
	Cost/Filter (KS)
	Cost/Filter (USD)

	cement
	1bag
	820
	2
	410
	$5.47

	sand
	1 pile
	3016
	5
	670
	$8.94

	piping
	3 meters
	600
	2
	300
	$4.00

	blue band
	1kg
	250
	2
	125
	$1.67

	tape
	1 roll
	70
	10
	7
	$0.09

	diffuser plate
	1 sheet
	600
	15
	40
	$0.53

	sandpaper
	2 sheets
	10
	4
	2.5
	$.03

	transportation (estimate)
	Round trip
	500
	2*
	250
	$3.33

	Total Cost/Filer
	
	
	
	1804.5
	$24.06


[bookmark: _Toc164794153]Table 3: Variable costs for filters
* based on buying the minimal quantity of each material at a time
	
[bookmark: _Toc164794186]Revenue Variations
	The filters can be purchased in one of three ways.  Both EWB and AFGO Filters decided on these prices and payment options as appropriate costs for creating a demand and making profit.

· Pay in Full: 2000ks
· Installments: 2200ks (600 initial payment and 550, 550, 500 monthly payments)
· Loan: 2300 (700 non-refundable deposit with a decision to pay in full, pay in installments, or forfeit filter and deposit after 3 months)
[bookmark: _Toc164794187]Profit
	Since EWB paid for the fixed costs and do not expect any of it to be repaid, profit is a simple revenue minus expense calculation and revenue will be generated upon the first sale.  Assuming a variable cost of 1804ks per filter.  Any sales by the paid in full method will generate 196ks, sales by the installments method will generate 496ks, and sales by the loan method will generate 596ks.  This profit can be put towards marketing strategy, purchasing of new tools, and can allow AFGO Filters to donate some of its filters.  As the business grows, variable costs should be able to be reduced through ordering large quantities of the required materials. This will lead to increased profit margins.
[bookmark: _Toc164794188]VI. Monitoring and Evaluation
	Monitoring and evaluation of AFGO Filters will be conducted through regular email communication between AFGO Filters and EWB, detailed record-keeping, and bi-annual follow-up visits to the community. In order to ensure that the correct data is collected to judge project effectiveness, the desired data will be clearly defined along with a clear method for collecting and recording this data.  There are two main areas where effectiveness will be judged: technical effectiveness and social effectiveness. 
[bookmark: _Toc164794189]Technical Effectiveness
	Technical effectiveness judges whether AFGO Filters is able to run a business and make a profit and whether it is able to provide filters that effectively improve water quality.  
[bookmark: _Toc164794190]Business
	In order to monitor whether the business is running sufficiently, AFGO Filters should be keeping detailed accounting records and communicating these records with EWB.  If EWB is not receiving weekly or bi-weekly updates from AFGO Filters, they should follow-up with reminders to emphasize the importance of communication and record keeping.  The following information should be recorded as incurred.  
· Materials Purchased:  any purchases for the business should be recorded
· What was purchased?
· How much was purchased?
· Where was the purchase made?
· How much money was spent? How much was transportation?
· Filter sales: Information about every sale should be recorded
· Name
· Date of sale
· Payment method (and when each payment is received)
· Water source & previous treatment methods
· How did the family learn about the filters (from a neighbor, directly from AFGO Filters, from a marketing attempt in the community etc.)
	EWB has provided AFGO Filters documents for recording this information and a binder for storing this information.  Cost information will be used to determine whether AFGO Filters is generating profit and to identify where cuts can be made in terms of cost.  

In addition to the continuous record keeping, AFGO Filters will be encouraged to communicate any major changes in operations such as additional labor, change in materials, or acquisition of new assets, and any theft or issues with gathering materials.
	During follow-up visits, all of these records should be photocopied for EWB’s record keeping and observations should be made to determine whether there is enough labor to meet demands, enough space to hold resources, enough demand, etc.   If changes need to be made to the business they need to be recorded so that consistent long-term record keeping can help track whether changes are effective or not.
[bookmark: _Toc164794191]Water Quality
	Monitoring of water quality will help to judge both the technical and social effectiveness of the project.  Water testing will be performed on a bi-annual basis for as long as filters are being sold and EWB is traveling to Orongo.  Depending on resources available to EWB about 5-10 filters should be tested for turbidity and fecal coliform counts each trip.  Previously water testing has been conducted either at a water quality lab in Kisumu or by using 3M water testing supplies.  Testing the water in Kisumu is more detailed and locally provided but costs about 10000ks per test.  3M water testing is inexpensive and provides a learning opportunity for students but results are hard to read and not necessarily that reliable.  Until a better method is determined one of these methods should be chosen for each trip (depending on funds).  The method should be consistent across before and after testing.  For each filter, the water should be tested before it is poured into the filter, and after it comes out of the filter.  The information should be recorded and should include:
· Whose filter is being tested?
· How long has the filter been in use?
· How regularly is it being used?
· Has any maintenance been performed and if so what kind?
· What the water source is?
· Turbidity and fecal coliform and e.coli counts of “before” water
· Turbidity and fecal coliform and e.coli counts of “after” water
	Any improvement in water quality should be noted but water should only be deemed safe if it meets the World Health Organization (WHO) standards of 0 mpn/100 mL and 5 NTU (KEBS, 1996).  The presence of e.coli should be measured as because it is the recommended fecal bacterial indicator of drinking water quality and is closely associated with diarrheal disease (Stauber, 2007).  If the results show that the filters are not effectively removing bacteria, the filter should be tested for proper flow rate and use by the owner, which will be explained later.

	AFGO Filters should participate in the water quality collection and use the data for further marketing.  EWB should transfer all water quality data from notebooks to an organized document that holds ALL water quality information for the biosand filter project and it should be accessible to all students through the EWB UW Kenya Project’s Google page found at https://sites.google.com/site/uwkenya/. This way data can be tracked across a long period of time and students can look for trends in the social and technical effectiveness of the project.

[bookmark: _Toc164794192]Social Effectiveness
	Social effectiveness judges whether the community understands the importance of water treatment and how to use the filter, and whether AFGO Filters can create a demand for the filters.  This addresses marketing and usability aspects of the project.
[bookmark: _Toc164794193]Marketing
	A combination of marketing data and sales data will provide some sort of “brand recognition” data and will help to evaluate whether the community understands the importance of water treatment.  Anytime either AFGO Filters or EWB implements marketing strategy or community health education in the community, the following should be recorded:
· What was done?
· Who was involved on the AFGO Filters or EWB side?
· Who was the target audience?
· How many people were targeted?
This information along with the data of who has received a filter and how each recipient heard about the filters will show which marketing techniques are the most effective.  Also a comparison of the number of people who have been targeted by filter marketing and education verses the number of people who have purchased a filter will show whether a need is being created in the community.  It is very possible that AFGO Filters will successfully inform the community about the filters but that the community as a whole will still not see enough incentive to purchase a filter. In this case, the project would not be as effective as hoped. Again, all of this information should be collected in a uniform manner, recorded in one spot, and should be accessible to all students. 
[bookmark: _Toc164794194]Filter Use
	Use of the filters will also be monitored on a bi-annual basis as long for as long as filters are being sold and EWB is traveling to Orongo.  This should be evaluated on the same 5-10 filters as the water testing each trip.  EWB members with the help of AFGO Filters members should verbally survey each owner to determine:
· How often are they using the filter (how many times/day, how long of a pause period)?
· How much water are they pouring into the filter?
· What have they been using the water for?
· Does the filter appear to be working?
· Have they performed any maintenance on the filter? If no, does it need it?
· Are they generally satisfied with the filter?
 (
Figure 
12
: Members of AFGO Filters demonstrating the swirl and dump method of maintenance.
)[image: ]	Eventually users will get to the point where their filter needs some simple maintenance, most likely the swirl and dump technique.  If the user keeps the filter past this point, it is a good sign of effectiveness because it means that the user understands the importance for the filter, understands how it works, and sees the benefit in putting effort into maintenance.  If users are not keeping their filter past maintenance then they either don’t see the importance of the filter, or are uninformed on how to properly use the filter.  Questions should be asked to determine the cause of this lack of maintenance, and action should be taken.  If the user is uninformed this is a sign of an ineffective education component and may mean that AFGO Filters members need to spend more time working with their customers and making follow-up visits.  AFGO Filters members should spend time with the family to show them how to recognize when the filter needs maintenance and how to perform the simple swirl and dump technique to clean the top layer of the filter and re-establish the bio layer.  If the user still doesn’t see the importance of the filter, and this is common among the community, then the project may be less effective than desired.
[bookmark: _Toc164794195]Community Health Effects
	Ideally, we would collect diarrheal incidence rates of filter owners and non-filter owners before and after the distribution of the filters in order to measure the effectiveness of the filters to reduce diarrheal diseases.  However, since we have not collected baseline data prior to distributing filters, and since we only have the means to travel twice per year, it would be difficult to conduct a proper longitudinal health study.  A field study conducted in the Dominican Republic found a 53% lower incidence rate of diarrhea in filter owners compared to non-filter owners (Stauber, 2007), and CAWST sites an estimated 30-40% reduction in diarrhea among all age groups (CAWST, 2008).  While the percentages vary, studies have proven that biosand filters help to reduce diarrhea.  Thus, if our surveys show that the filters are being used properly, and our water testing shows a reduction in e.coli and fecal coliform, then we can conclude that the filters are providing a positive health effect.

[bookmark: _Toc164794196]Data Collection and Recording
	The following summarizes what data needs to be collected, how it should be collected, and where it should be collected.  Additionally EWB and AFGO Filters should be aware of “moderate & weak” areas of the project as specified in the “previous work” section and should take notes on any changes that effect the ratings in these categories.  Proposed survey collection sheets can be found in Appendix C.
	Category of data
	How often it should be collected/ recorded?
	What should be collected 
	Where it should be recorded

	Purchases
	Anytime purchases for AFGO Filters are made
	Item, quantity, location of purchase, and cost (including transportation) should be written down
	1.) In a notebook by AFGO Filters 2.) in an email to EWB  3.) in a document kept by EWB

	Filter sales
	Anytime a filter is sold or donated
	Family, family size, date, payment method, water source, previous treatment method, how they heard about filters
	1.) Payment form should be filled out and AFGO Filters 2 should record other info in a notebook.) in an email to EWB 3.) in a document kept by EWB

	Water testing
	Bi-annually by EWB
	Samples of source water and filtered water should be tested for 5-10 filters for turbidity and fecal coli form counts
	1.) Info should be recorded in a notebook and transferred to an excel sheet that will hold ALL water testing results

	Marketing data
	Anytime marketing strategy is implemented
	Method, people involved, target audience, how many people were targeted
	1.) In a notebook by AFGO Filters 2.) in an email to EWB 3.) in a document kept by EWB

	Filter use
	Bi-annually by EWB
	Verbal surveys of 5-10 filter recipients to determine use, maintenance, health effects, and satisfaction
	1.) Info should be recorded in a notebook and transferred to an excel sheet that will hold ALL user survey data


[bookmark: _Toc164794154]Table 4: Data collection summary
	One issue that needs to be addressed is who should be managing the email communication.  If one person on the EWB side is in charge of communication it is easier to make sure that all of the information is going to the same place and nothing is lost.  However, there is the potential for that information not to be shared with the group.  If no one is specified for keeping email communication, then it is hard to ensure that all of the bits and pieces of information that get shared with various members gets shared amongst the group and it is hard to know what each EWB member is responding and make sure that contradictions aren’t being made.  The best way for the information to be shared would either be through an open forum or through one person whose role is to move this information to a source that is accessible by all as it comes in.  The advantages of an open forum are that there is complete transparency among the whole group and the information is immediately available for all.  The advantage of having one person in charge of communication is that there is no contradiction or overlap in communication and the one person can be in charge of pursuing information if the weekly emails are falling behind.  The group can choose whichever way works best for them but should be decided and made clear to all.
[bookmark: _Toc164794197]VII. Conclusions and Future Work
	The two main goals originally set for the biosand project were 1.) to provide the opportunity for clean water technology to the Orongo community and 2.) to help provide a small business opportunity to a local in the community.  The seeds have been planted for both of these goals to be met and monitoring along with continual adjustments will help to grow the project towards these goals.  While there is definitely clean water awareness in the community a possible weakness in the project may be a lack of perceived value of the filters. It may take some time for the filters to become a desired household commodity and for that reason we want to stay and work with the community and AFGO Filters to strengthen and develop the project rather than move on to a new community.  
	The monitoring and evaluation will allow EWB students to identify weaknesses in the project and continually advise changes to the business, marketing, and education operations.  The information that is to be collected will be valuable to AFGO Filters, EWB-UW Kenya project members, and any similar student or professional groups attempting similar projects in similar situations.  Further, monitoring and evaluation of the biosand filter project will help to judge the effectiveness of the business AFGO Filters, the effectiveness of implementing new technology into a developing rural community, and the ability to instill change in a community.  We hope to make this information as detailed, consistent, and available as possible so that those who may benefit from the information know exactly where to find it and how to interpret it. 
	 In the end, it will help us to judge specific details like “are the filters a cost-efficient product”, “is the product making a difference in the community” etc. However it will also help us answer a general question that is repeatedly asked –can one effectively start a project that is sustainable and can be left and independently run by the community? More specifically, is the business model feasible in this situation or is community ownership and donation-based implementation the best way to help the largest amount of people in the most effective way? The answer to this question will be key to starting and planning all projects from here on out and it will be extremely beneficial to be able to build off experiences and learn from what has already been done.
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APPENDIX A
The table below ranks slow sand filtration as the second most effective of all single treatment processes.
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Biosand Filter Business
Memorandum of Understanding (MOU)
Between
Engineers Without Borders—Madison 
And
AFGO Filters
Amos Omondi Oyoo, Geoffrey Odhiambo Yengo,  Fred Agonda
I. Purpose and Scope
· The previous Memo of Understanding (from August 2010) is invalid after the completion and signing of this memo.

II. EWB Responsibilities under this MOU
· Pay for the labor, materials, and transportation of one mold. Will also oversee construction and provide technical assistance. 
· EWB is not liable for errors found within the construction of the mold, or malfunctions of the mold. For further assistance consult the welder. 
· After delivery of the mold, EWB is not responsible for replacement or repair costs (i.e. if the mold is broken or stolen)
· EWB will provide three copies of the CAWST manual instructions to Geoffrey, Amos, and Fred Agonda. Also, a copy of the welding sections will be supplied for the welder. 
· While in country, EWB will provide technical assistance pertaining to this manual, to the best of our ability. 
· EWB has provided 130,000 Ksh to assist in the start up of this business. These funds were allocated for the purchase of a mold, sieves, and supplies to create the first batch of filters. This also includes transportation, and other costs associated with obtaining these materials.
· EWB will provide the outline of how to construct a business plan
· EWB will fill the role of a consultant by providing recommendations and suggestions.

III. AFGO Filter’s Responsibilities under this MOU
· Carry out all operations related to the business. This includes, but is not limited to: labor for biosand filter construction, maintenance, procurement of additional materials, marketing
· Keep accurate and detailed records of sales and costs. 
· Carry out marketing plan as agreed on.
· Maintenance and upkeep on materials purchased by EWB.

IV. Funding
· Beyond the funding provided by EWB, Amos, Geoffrey, and Fred must raise their own funding through selling filters or alternative means. 

Signatures

EWB Representatives
__________________________    _________________________


AFGO Filters
_________________________
_______________________   _______________________
[bookmark: _Toc164794201]APPENDIX C
AUGUST 2010 Trip Expenses
	Vendor Name
	Address
	Items Purchased
	Amount Paid (KS)

	Cement Center Ltd.
	PO Box 1869 Kisumu 
	4 meters of tarps
	400

	Yatin Limited
	PO Box 1176 Kisumu
	garbage bags and blue band 
	430

	Deliverance Church Kondele
	PO Box 1357 Kisumu
	biosand filter mold rental
	2500

	Nakumatt
	PO Box 2805 Kisumu
	wrenches, trowel, sandpaper, tarps
	1500

	Bahati Hardware
	PO Box 1087 Kisumu
	one bag of cement
	820

	Ndugu Transport CO Ltd
	PO Box 940 Kisumu
	gravel/sand
	3016

	Lakhami Electrical and Hardwares LTD
	PO Box 191 Kisumu
	one bag of cement
	800

	Alpha Hardware Supplies Ltd
	PO Box 946 Kisumu
	piping and shovels
	1300

	Michael Ouma
	PO Box 4141 Kisumu
	transportation of mold
	4000

	Deliverance Church Kondele
	PO Box 1357 Kisumu
	mold hiring
	12500

	Alpha Hardware Supplies Ltd
	PO Box 946 Kisumu
	piping and wirebrush
	1620

	Amos Omondi Oyoo
	Orongo
	Biosand Filters
	2700

	Alpha Hardware Supplies Ltd
	PO Box 946 Kisumu
	piping
	1880

	Nakumatt
	PO Box 2805 Kisumu
	buckets for cement
	1050

	Tusky's United
	PO Box 54280 Kisumu
	blue band
	440

	Kisumu Shiva Enterprises
	PO Box 9798 Kisumu
	cement
	2380

	Migosi Hardware
	PO Box 3993 Kisumu
	cement
	3950

	National Printing Press Ltd
	PO Box 224 Kisumu
	tape
	70
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Sample questionnaire.  The full survey that will be used for monitoring is not yet finished. 

[image: ]







[image: ]

Number of People who use water source	Borehole	Buy	Rainwater Catchement	River	Well	21.0	3.0	5.0	1.0	3.0	
Water Source and Treatment Method
Number of People who use water source	
Borehole	Buy	Rainwater Catchement	River	Well	21.0	3.0	5.0	1.0	3.0	Treat Regularly	Borehole	Buy	Rainwater Catchement	River	Well	5.0	3.0	0.0	1.0	2.0	image4.png




image5.jpeg




image6.png




image7.png




image8.png




image9.png




image10.jpeg




image11.png
Effectiveness of different household treatment systems

The effectiveness of some of the reatment systams shown inthe  properly tested in a fied situation beforetiswidely promoted. Some
tablehas been generalzed. Atreatment method shouldalwaysbe  ofthe methods need tobe combined to be effective.

Effectiveness of treatment method
0= minimal if any effect. 1-4 =increasing effectiveness.
- =unknown effect. + =helpful to another process mentioned.
Problem with zg g_ s| & 5 § A
3 H s s | 8 -
raw water 25| s g§.§ AN E NN 58
£2| & 2§55 S35 (5|25 | 2|88
ge | & cEsl o5 | cg E |9 |2 |e8
£2|3 §8% 22| 32 I BERARREREL
&= Sopis|a | 2 3= § Sa
& EY § |0 3
H 3 5
PATHOGENS
Bacteria, (eflectiveness often also apply
for amosbas, viruses and ova) 0 + |1-2 01| 4 2 3-4| 4 4 4 4
Guinga-worm larvae (in cyclops) 4|0 |0 |- |4 |23 - | 4 |24b|] - | 4|4
Schistosomiasis cercania - o4 [ - 14 J23[ -] afean[ af a4
NATURAL CHEMICALS @
Iron and manganese o+ | v |13 3 4
Fluoride 0 0| 4 4
Arsenic o | + 4 |4 4 4
Salts 0oflo]o 0 ol ofofo]o]ofa
OTHER PROBLEMS
Odour and taste 0 2 1 1 2 2 [3-4] 2 0 1 - |3-4
Organic substances [HIENERERE 3| - ]3] - 4| - |4
Turbidity (cloudiness produced by 1 0 2 3 4 3 - 4 0 0 [ 4
suspended solds)
a. See pages 107 - 108,
b. Removal depends on sufficient temperature rise, cercaria die at 38"





image12.png
las.

How much water do you pour nto your fite at a time? (Note quantity and container used to fl iter)

fiter? (circle one)

< & tmes/ay |

o ot Seveen 1618 7 (e o p— PP P—
7062 15 anyihing but yes, see Append &
Qo] o e p—

> 6 times /day

Q65 s aryhing Bt 6 fimes/ay, s6e Append

7.

[What 00 you use your Tiered water for? (e

P drinking dgoing dishes
cooking washing hands
bathing Tood preparation
feccing animais| _ doing launcry
watering crops
G [Where d6 you g your water from (Rank any g et
[reievent sources in orcer of most common)? )
Permanent Stream
Borehole
wel
Buy
Rainwater
Seasonal Stream
Other
99 Feve Fou g s perfr any aenancs o e o -





image13.png
RS ur ey Stttz Mlicrosoft Exc T RN =D e

=]
Home  Inset  Pagelayout  Fomulas  Data  Review  View  Team
o swe

9-a3
Print =
Save as @
Copies: 1 2
Open
= o print
Close [Nam es/Status of New Filter Owners
. Printer IDate of summary:
recent 9. me-2109-laser on CAE-PRINT o IName Purchased |Installed |Method of Payment __|All § Received
< Ready [Ex. Claire Davis Yes No Installments No
Printer Properties
New
Settings
it A
[ Print Active Sheets .
5~ Only printthe active shets
Save & Send L
Pages: T B
Help
Collated
B85 s
(3 options
™
& e Portrait Orentation >
Letter .
8511
Normal Margins .
H= Left 07" Right: 0.7
[ No Scaling

Print sheets at their actual size

Page Setup

1 of2»





image1.jpeg




image2.png
Infected

person

Susceptible Pathogens

person in excreta
Consumption of Contaminated
untreated water water source

\_(_/




image3.png
diffusion plate






Biosand Filters in Kenya: Monitoring and Evaluation

Engineers Without Borders UW-Madison Chapte; Kenya Projet
Adisor: Nosm Dol




