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Summary- This paper presents a systemic methodology byhwangineering is put to
use in vulnerable communities through applied tetdgical research and the main
results of its application. The methodology preedntorresponds to one implemented
and designed by two groups of Engineers withoutdB in Europe and Latin
America, to integrate technical know-how with locahtext in communities with water
problems in Colombia and the Democratic Republi€ohgo. The main results of this
methodology are related to the improvement of ikiend conditions of vulnerable
groups thanks to the integration of the commuriikeswledge with engineering know-
how, leading to autonomous communities and engimgegprofessors and students

learning from real life problems to enrich applsences.
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1. INTRODUCTION

Water is the liquid that makes life possible on @lenet; it is important for the
economic development of nations and essentiahforcarrying out of daily activities by
most people. However, the reality for about on¢hsof the world population is that a
lack of access to safe drinking water holds baaleldpment and causes serious gastro-
intestinal diseases. As noted by the United Nat@rganization in its Third Report on
Water Resources, these will be the conditions ¥ 6f the world’s population by
2030 (United Nations, 2009). The situation is catiin regions like Africa where
economic growth has done so little to decreasempwich, in turn, limits the access
to safe drinking water for almost 340 million inltaints on the continent (United
Nations, 2009). It is also an area of concerrL_&im America which accounts for 10%
of the world’s water resources and has 14% of tbedis population, out of which
40% live in poverty with limited or no access tdesdrinking water and sanitation. Out
of this 40%, 26% live in South America. Based oe World Bank’s projections, by
2015 the human population will have gone from 6.®billion inhabitants reducing per

capita water supply in regions with medium and lomwomes (World Bank, 2002).



These facts show a mismatch between the world’silpgpn and the distribution of
water resources, e.g. Asia, and at the same tirgapabetween the water resource
distribution and their accessibility or managementyy. Africa and Latin America,
which is strongly associated with the sanitary,ialoend economic conditions of the

region.

One of the United Nations’ eight Millennium Devetopnt Goals by 2015 is to reduce
by half the number of people without access to thsource. According to a UNDP
report (United Nations, 2008), 900 million peopldl weed access to water and 1.3
billion will need access to basic sanitation by 20The reduction of diarrhea could
help regain 272 million days of school attendamspecially in sub-Saharan Africa and
South Asia; additionally, 3.2 million workdays cdube gained for people between the
ages of 15 and 59; 1.7 billion dollars which areerdptreating infectious diseases
transmitted by water could be saved. Accordingh® Report on the Development of
Water Resources in the World (United Nations, 2008pny countries lack the

financial, legal and institutional resources toeassthe state of their water resources.

There are currently three important types of pnaoislen countries that have water
issues: the lack of sources of safe water, the dia@ddequate management systems for
water and third, it is usually the case that thesenmunities with unsatisfied basic
needs wait for help and knowledge from others teestheir own problems. Access to
basic water and sanitation facilities would save trealth systems of developing
countries nearly 1.6 billion dollars a year. Otheeresting indicators that allow closer
monitoring of the complexity of water systems shitsat 1.8 million children die each
year due to diarrhea (5 billion cases are diagneseth year in children in developing
countries) which translates into the death of dm&levery three minutes. In addition,
3,600 people die each day due to malaria (of wBi@0 are children): when drainage
systems are not working properly, pools of stagneaier soon become infected with

malaria-carrying mosquitoes (UNDP, 2006).



2. THE SYSTEMIC METHODOLOGY: EMERGING SOLUTIONS FROM
COMMUNITIES AND ENGINEERS

2.1.LITERATURE REVIEW

The scenario presented above shows that it is aeteto inquire about the role of
science in society and the part played by Non-Guwental Organizations (NGOs) and
Universities in the promotion and development ddtainable development initiatives
creating synergy between the community and theepsabnals, especially in the rural
regions where they have influence (Bodorkos & Hat2B809). In this framework of
institutional social responsibility within region®odorkds et al, 2009), there is a
concern to design projects and strategies thatt@aiimprove the quality of life of the
most vulnerable population, in this case through itnprovement of the quality of
water for human consumption. Some of the questiegarding the role of science have
been answered by engineering, which, through theimentation of different types of
technologies and methodologies, has contributesbme regions of the world in the
improvement of water quality. Regarding the chaéd¢echnology, which is related to
factors such as the type of source, collectiomtinent, storage and distribution (Brikké
& Bredero, 2003), some projects have made use oU Hfoint of use)type
technologies such as SODIS, also known as SolanfBation (Moser & Mosler, 2008),
sand filters or clay filters with silver coating,iero filtration membranes, or more
chemical alternatives such as the use of chloonéhie disinfection of water in homes.
On the other hand, literature points out that titervention methodology usually used
in projects in vulnerable rural communities with tera problems is based on
Participatory Action Research (PAR); in this pracdse community participates in the
evaluation of their problem and the implementatbnthe projects with the help of the
institution in charge of carrying out the researchgeneral, this method is appropriate
for work with rural communities because it: 1) pates the emergence of sustainable
solutions, 2) generates a progressive change indimnunity, 3) increases community
participation, 4) generates consensus regardingljectives and planning of activities
in the community, and the roles and responsitslioéthe stakeholders, 5) results in the
implementation of more productive technologies feich community’s specific

characteristics, 6) facilitatdeedbackand adjustments regarding the proposals and 7)



generates long-term commitment. On the other hiamsljnteresting because it allows
engineers and engineering students and teacheepgly their knowledge in real
problems with the hope of obtaining real and sgtigf results, and more specifically it
allows them to: 1) work jointly with communities part of their social responsibility
programs, 2) address real problems, search for selaitions and learn from local
knowledge and 3) generate inclusive teaching asdareh processes generating new
knowledge in the different disciplines which betefall those involved (Bodorkéds et
al., 2009; Schaap & Nandi, 2009; Martin & Sherimgtd996; Frdlich, Wehrle &
Niederer, 2001). Nyong et al. (1999) present a-sas#y in northeast Nigeria, in the
village of Katarko, where the objective was to depean integrated management
system of water resources taking into accountusttthe technical aspects but also the
socio-demographic and cultural patterns which mighmpact on water usage in the
community. Moser et al. (2008) also utilize PAR thee implementation of SODIS
technologies in Bolivia; Prokopy (2005) makes uksthe method to evaluate the impact
in communities participating in water projects imdia and Bodorkds et al. (2007)
integrate research based on the community and letysl of academia to promote
sustainable development in the rural regions ofgdup A case-study closely related to
those treated in this paper is the evaluation demwsources in the Colombian Andean
zone through PAR with the participation of locabgs of young people (Roa Garcia &
Brown, 2008). These projects were successful inrtfmementation of technologies or
water management systems from the community’s pafiiew and were capable of
responding with solutions adjusted to the userR PAs been applied since the 1980s
in North American universities with good resultgaeding the interaction generated
between education in the classroom and interaetithcommunities (Bodorkos et al.,
2009). The methodology has gained a wide accepiantte implementation of water-
related projects, especially in those carried autleveloping areas such as Africa and
Latin American countries such as Bolivia and EIV&dbr, in which good results have
been obtained due to the ownership generated incomemunity (Prokopy, 2005)
through the gradual participation in projects iniahhthe inhabitants acquire the skills
necessary to operate the systems over time (Frédchal., 2001). Each group
participates with its own knowledge, creating sgmes towards the improvement of the
living conditions of communities without access safe water, thanks to the
combination of the local knowledge of with the teglogical innovation developments

of engineering teachers and students.



It is worth pointing out that the results obtainfdm the implementation of this
methodology can vary from case to case, and theyair always those expected by the
community, the group of engineers or both. PAR ples general guidelines for the
implementation of water related projects in ruramenunities and to be effective,
modifications must be made according to local canté does not guarantee success; it
simply improves the chances of success by activelglving the community in the
identification of the problem, the solution and thplementation processes. As in most
intervention methodologies for communities, theme several arguments against, such
as there being little evidence to state that tretiomship generated by PAR has positive
effects, that the community has too much powehedecision-making process, or that
it imposes a large burden on communities who wénow how to respond. Still,
Prokopy’s results in his 2005 research suggest dhdéast in developing countries,
work should be carried out through the applicabbthis methodology. In this way the
proposed technical solutions can hopefully be é&ffecand replicated by local

communities working towards the achievement of me@épendent development.

2.2. PARTICIPATIVE METHODOLOGY

These projects are based on a systemic particgatethodology. The sustainability of
these projects depends on the way in which theynéegrated in the local cultural and
social context, environmental and economic conggjoinstitutions and available
technologies. For this reason, starting from aryamsaof the concepts of autonomy and
development, the purpose of this type of engingepiject is to make the community
autonomous, self-organized and independent. Inegt®] managed by engineers,
Technology and Innovation alone are not sufficienguarantee success, they must be
driven by human factors and coupled with the ppleciof participation and direct
community involvement so that they may constituten@e proper set of instruments
and values to address the challenge for globalldpreent and human promotion. The
proposed participative methodology is based onsénen steps of PAR, previously

mentioned.



The community plays an active role in the decisieking process guided by an
institution in such a way that commitment is getetaallowing the local population to
gain awareness of the problems and to facilitage dlecision-making process by
increasing knowledge and experience. The communityllingness to tackle water
related problems, although important, is not enowghappropriately address the
problem as they may lack resources and technicalvkrow that could help identify
and design more appropriate solutions given themtext. This is where the group of
engineers comes into play, by working jointly witlke community and combining their
experience and knowledge with the group’s reseakills and resources in order to
design the best possible solution and work togeitmets implementation, hopefully

achieving substantial improvements in the qualittheir life.

Regardless of the choice of participation methtus identification and participation of
all those involved (stakeholders) is essentialaddress and solve conflicts arising from
changes in the context, they must be identifiednduthe initial stages of the process, in
order to initiate adequate negotiations, consakedtolders and devise a constructive
plan. The discussion topics depend on the typesaage of the project, but in principle,
they are related to the involvement of institutiosis different levels, associations,
technicians and experts, various types of pubkoeasations (neighborhood committees;
social, religious or ethnic groups; NGOs, environtagorganizations, territory-linked
institutions, etc.) and individuals. A key role time participation process is that of the
“facilitator” (formal or informal leader) whose fahon is to facilitate communication
between the parties involved. The facilitatorsérd limited to explaining the scope of
the debate and guaranteeing that it will not beaqm¢d or monopolized, giving an
opportunity to all parties involved to express thavints of view and understand one
another, also providing help with difficulties redd to the use of technical language.
The main stakeholders in these processes are tmengoities and the teams of
engineers. Workshops are conducted through whit¢h parties present the way in
which they see the problem and how they would tadkl As a result of these
discussions a portfolio of technological solutiosgprepared which is evaluated at the
laboratories of the universities. These technobgi® implemented and improved upon
thanks to the feedback obtained from the resuldstia® community’s experience.



2.2.1. THE ROLE OF ENGINEERS WITHOUT BORDERS

The implementation of these projects is carriedlyuthe communities and groups of
engineering professors and engineering studenesseThlliances or teams of engineers
are often called Engineers Without Borders or similon-profit organizations which
work toward the improvement of the quality of litd disadvantaged communities
through education and implementation of sustainaigineering projects (EWB-
International, 2009).

Particularly, the mission of EWB Milano and Colomhs focused on two main fields:
Education & Formation and Technology Migration. this framework, both groups
have established the following aims: 1) generatemroanication and information
capacity between the community and the engineersgederate decision-making
processes where the points of view of both the camity and engineers are taken into
account, 3) promote the active participation of ividbals in the process: the
community provides labor, resources, local knowtedgd feedback, and the team of
engineers provides technical knowledge and resdauslities, 4) increase interactive
participation so that local communities are invola all phases of project design, 5)
promote self-development, and 6) develop knowlettgeugh the interaction and

feedback between the community and the engineers

The synergy between worlds (technical and commynrtitye constant feedback and the
search for the emergence of solutions as a re$wdhadntegration process make the

methodology of EWB Colombia and Italy systemic.

2.2.2. THE ROLE OF THE COMMUNITY

One of the main stakeholders is those directly fieakeby the results of the design and

implementation of engineering: the communities.

The role of the community in this process is vanportant. From their relationships
with students, emerging properties can be obsesusth as the generation of trust,
application of knowledge and knowledge synergiesgd®ding the trust built, the

necessity to share between students and teachavsasved in order to achieve success



in the engineering process. Regarding knowleddegration between the community’s

local knowledge and the university’s technical kiexnge is observed.

The communities directly identify their needs andimlg the different stages of the
process they are contributing to the accomplishroétite desired results. As such, it is
necessary to identify those that will be direct éfemaries of the technology, the
different community leaders and the relationshigsveen them and the local entities.

3. HOW THE COMMUNITY AND THE ENGINEERS GOT TO WORK
TOGETHER: OUR PROPOSED METHODOLOGY

As in any engineering process, a project that sfierreal and lasting solution to a
specific problem requires careful planning, in ademce to what is called the “project
cycle”. As a result, it might be useful to elaberatbrief guideline for the integration of
participation (Figure 1) within the deadlines e$ithted for each stage of the project
cycle (programming, identification, formulation, néincing, implementation,
evaluation). Each case-study is described accortinghis methodology. As the
detailed review of the project cycle is beyond shepe of this paper, we present a brief
of the stages so the reader can fully understaedctse-studies presented in the
following section and the proposed methodology. réhis plenty of information

available for literature review if the reader slibbave any questions.



[ Programming

*Organization of the participation
*Stakeholder analysis
*Information collection:
Evaluation and P
Identification e
feedback

*Participatory Community
Diagnostic (PCD)

*Field Activities
«Community characterization

Financing

Figure 1. Integration of participation in the project cycle

The community’s participation is implicit throughothe entire process. The const
dialogue with the local population allows infornwati and knowledge to flow i
directions allowing for a better description and understagdpf the problemati
situation and the emergence of more appropriate solutibagks to the feedbar
between technical and empirical knowled(The diagram shown below explicit
shows the involvement of the population in evegst of the participative proce:
which helps designatutions that are better adjusted to the needschadhcteristics ¢

the community.



mml Programming

*The programming phase involves the participation of the local population
and the identification of local partners who will aid in the development of
the project.

*This promotes the building of consensus between both group’s objectives
and promotes the emergence of sustainable solutions

Identification

*The end result of this phase should be the identification of priorities,
objectives, possible strategies and a feasibility study. During this phase, it
is also necessary to organize the participation and formulate a plan,
making explicit from the beginning the phases and activities throughout
the process. In this stage the following stages are normally carried out:

Stakeholder analysis Achive a vision of the local context in order
to design viable solutions for the
Information gathering community. This is posible through the use
of: Participatory Community Diagnose
Characterization of the (PCD) and Field Activities.

comunity

Formulation

*A map with the variables related to the perception of the stakeholders
regarding the problem is made. With these definitions, integral proposals are
made, which cover everything from the proposal of a technical solution to
the definition of the roles and commitments of everybody involved to try to
ensure good results

Financing

eEach stakeholder makes a financial contribution of some sort to the
development of the project

Implementation

eImplementation of the technology

el earning from each other’s abilities
eAcknowledgement of the good results of team work
eDevelopment of communication skills

mml Evaluation and Feed Back

*This phase seeks to evaluate the learning, observe and measure the
results and of course, to specify how the living conditions have
changed due to the integration of knowledge and joint work

Figure 2. Phases of the proposed methodology



4. CASE-STUDIES: MAIN RESULTS IN CONGO AND COLOMBIA

In this section, two case-studies of Engineers authborders in Europe and South
America are presented, where the proposed methgylols applied to water

management.

4.1. Italy — Africa

In the Congo, the project started in 2005 withquesst for cooperation made by Father
Silvano Ruaro, an Italian missionary who has workethe town of Mambasa (in the
North East of the Democratic Republic of Congo) dwer 40 years, to Engineering
Without Borders-Milan (EWB-MI) and Veterinarians iMout Borders-Italy (S1Vtro-I).
So far, SIVtro-1 and EWB-MI have completed 4 missdetween December 2006 and
August 2008. During these missions, the involvenaemt collaboration among SIVtro-
I, EWB-MI and the local population has aimed to emstand and define the social,
economic and health aspects. The methodologieswsexidesigned to carry out a joint
analysis between EWB-MI, SIVtro-I, the local parsehe project beneficiaries and the
local institutions, in order to obtain a completetgre of the problems that develop

within a complex reality.

4.1.1. Participative process

The choice of action in the field, as well as thesign and conduction of all the
activities by EWB-MI, was the result of an actuebgess of listening and confrontation
with the local population and its institutions. To@mplex process from conception to
implementation of the initiative was conducted wikte culture and traditions of the
local community in mind. To ensure the direct iroption of all beneficiaries a strong
network with local partners was created, represebiethe Club of teachers for the
Initiation of Youth Development (C.P..J'D of Mambasa, the hospital and the
territorial local institution. Meetings were heldtlwthe population during the different
stages of the project to obtain feedback from t@raunity and make the necessary
adjustments, confronting different points of viewarder to try to build a shared vision
of the problem, its solution and the way in whi¢hshould be implemented. The

community facilitators, represented by some membetke club of teachers, helped a



great deal in the confrontation process and disoassf the project with the local

population.

4.1.1.1. Programming

The Mambasa project plan has set the general olgscobf contributing to the
sustainable development of the socioeconomic camditof the community through
better management of water resources (specifictgeof EWB-MI) and of achieving
greater food security (specific objective of SIVtjoDuring the programming phase, at
the beginning of the collaboration between the peam partners (EWB-MI and
SIVtro-I) and locals, information regarding the igo&l situation (1965-2008),
population, poverty, water resource managementapbbitation of natural resources in

the DRC was collected.

4.1.1.2. Identification

This stage of the participatory process was stradtaround some key stakeholders, in
order to properly represent the different interesttsstake: the Working Group was
initially formed by two engineers from EWB-MI, FatihSilvano, the hospital physician,
teachers of the Club and the Water Committees asegpof user representatives from
different water points (which was better formalizkding a later stage at the end of the
socioeconomic and environmental analysis). The Watenmittees are associations of
water users already present in the territory, dutire project others have been created
and they have been the direct beneficiaries ohitrgi Broad participation was also
established during all phases of the project thnoagstakeholder analysis and their
involvement. This analysis begins by identifying ghroblem (Phase 1) where EWB-MI
and the community identify the poor management afew In the second Phase the
stakeholders are identified as: the population,méais cooperatives, women's
cooperatives, the Ministry of Agriculture, the Tkacs’ Club, the Women's Club,
Politecnico di Milano, religious missions (local rpeers), EWB-MI and SiVtro-I
(executors) and the Veneto region (donor). In PRases established that stakeholders
should be involved through various activities suab participatory rural days,

questionnaires, focus groups and at all stagesopéqi implementation and monitoring.



Like all other stakeholders, the Congolese govennshould be involved in the
project’s development to improve its chances otess, particularly in an area like the
Congo where the government isn’t entirely stablenfodunately, the Congolese

government has not cooperated as the group wdd li

A participation strategy was adopted to involve plogulation in training courses and
meetings between the committees and working grobp.involvement of stakeholders
has allowed the understanding of the interestsg@Ha of the beneficiaries, who have
shown a strong interest in the health and hygisseeis identified by EWB-MI and the
issue of food safety underlined by SIVtro-I togetheith the community, and a
constructive willingness to change current manageraad production practices. The
last phase (Phase 5) of the analysis was condoctéde importance and influence of
stakeholders, emphasizing the role of local institis. In developing countries, this can
be problematic, because sometimes the institutiveng be fragile and do not cooperate
fully. The most important stakeholders are, howgewdirect beneficiaries whose
problems, needs and interests coincide with theeobtlbp of the project’s
implementation, which, as was said previously, r@@esentative of the interests and
needs of the community. The data collection phass wonducted in the form of
Participatory Rural Diagnostic (PRD) and integratainpaigns for data collection,
during the three missions that took place during622007. In Congo, the DRP project
was conducted by organizing meetings with the erpiopulation and inhabitants of
each district. Tools like "talking maps" provideldwal information on the conformation
of the territory and the arrangement of items sasmmeighborhoods, streets, hospitals,
farms, and wells. Another important area of foaustlfie debate was the analysis of the
social, economic and health situations, which ridedhat problems are perceived
differently by different stakeholders (e.g. womehtbe village and administrative
institutions). These were framed in the PRD wididiactivities to which the public was
invited, questionnaires and interviews with exeegifrom the wells. Subsequently, the
population participated in organizing field tests ¢ollect data on water quality
(measures necessary for the development of theiaiah phase). The field activity
was conducted with quantitative and qualitative lysia tools, such as: interviews
which focused on local contacts; questionnairesottect information from each water

source; focus groups at the household level, quastires to doctors hospital of



Mambasa; analysis of water and soil quality ancdalirobservation of water point

construction techniques, maintenance practicesvastewater management.

In total, 21 water points in the village participdtin interviews and quality analysis.
These water points form a circle around the twdshin which the village stands,
allowing quick access for women in each districd sare located in the lowest
depressions, because it is easier to find wateetiferom our investigations on the
population, access and characteristics of the wateestimated an availability of about
15-30 liters / day / person, depending on the seasa type of water point. Here are

some results of the interviews addressed to thelptpn and the technical analysis:

Figure 3. Water points surveyed in Mambasa.



N Potential availability of water for each water poirt

I study period: August 2007

Potential
availability of
water

barrels /day

Connée non disponible
1-160

161- 250

251- 350

351- 500

eCcCCe@®

Figure 4. Potential availability of water for eachwater point, calculated as barrel/ day based on
interviews with population

After the socioeconomic, environmental and watespuece analysis, it was possible to
identify representatives from the Water committe®®, after being legitimized before
the whole town, would be responsible for the tasksommended by the Working
Group. Taking into account the analysis of the @pe&conomic and health context and
the data obtained to date, it has been possihtetdify weaknesses, strengths, threats
and opportunities in the socio-economic developnoérthe village of Mambasa. The
SWOT analysis carried out by the Working Group iinfe the population and prepares
them for exchange and discussion. It is not evidleat the vision of the context, which
arises from an analysis of the information, coroesls to the perception of the
individuals involved, even though it is primarilgded on information obtained from the
population itself. In the case of Mambasa, the SWAD@lysis has helped to identify
weaknesses according to three macro themes: hegatilems, social problems and
economic problems. It also revealed a differencesitnations perceived by village
women, the Community and the hospital in connectwith the theme "health
problems”.



A survey carried out with the doctors of the smadlal hospital has highlighted the
many diseases from which people suffer, most ofclwtare caused by the lack of
microbiologically-safe water and spread by the latkhygiene. In a 3 month period,
1.694 people were attended in the hospital: 178mad of diarrhea or other water-
related illness, 26% (with the exclusion of malagtated illness), that is 29% if only
children under 5 years are considered, though nmucte people in Mambasa could
suffer of water-related illness.

Pathologies
Pathologies
Diseases linked to Tropical associated with sexual
linked to poor Other diseases
water diseases transmission and poor
diet
hygiene
Intestinal Respiratory
Malnutrition | +++ +++| Malaria | ++++ HIV / AIDS ++ ++++
diseases infections
Hospital
Anemia ++ Typhus +++] Filiariasis | + Venereal diseases | ++ +
infections
Infections to
Diarrhea and
+++| Anemia | +++ urogenital ++
enteritis
apparatus

Table I. Incidence levels of diseases linked to wextquality (Hospital of Mambasa, 2007)

The SWOT analysis has helped build a problem trigle eause and effect relationships
that relate to all major macro themes. However, gr@blem tree does not explicitly
indicate the relationship between poverty and logricaltural production, low
profitability of agriculture and trade, and, indedaese factors could be linked to form
the so-called vicious circle of poverty (povery low savings and low efficiency of
investments— low rates of productivity and growth> poverty). The analysis has
highlighted the need to improve the managementaiemresources (lack of access to
water and poor water quality) and the low profiliépiof agriculture: the solution of
these problems, which coincides with the specifiectives of EWB-MI and SIVtro-I,

could help break the cycle of poverty and initiaterocess of development and growth.

The quantity and quality of water depend strongly the season and constructive

typology. During the dry season all constructiveuBons suffer a significant reduction



in the amount of extractable water; in some cdsesyipe (d) is completely dry. During
the rainy season quality degrades quickly as th&emwpoints are not adequately
protected from soil contamination and surface rtiniof some cases, the type (d) is

practically flooded with contaminated water in #rea underlying pipes.

Figure 5. Constructive typologies of water points.

4.1.1.3. Formulation

Having highlighted in the identification phase, flaet that health problems and water
resources are strongly linked to the population&dequate training (problem tree), two
strategies have been identified for the managewfentiter resources in the project; the
awareness of health concerns and management of vemteurces and the technical
training of local staff in hand with the parallekation of new wells with lift pumps. To



succeed, it is very important to create an instingl link between government, citizens

and hospitals in good water use practices.

A previous feasibility study of technical systemsifips, latrines and water purification
systems) was made with the Club of teachers fomiineduction of youth development
of Mambasa and Politecnico di Milano, consideriagtérs such as ease of construction,
using easily acquirable or locally available matsriand ease of management,
preferring technologies that do not require spdwaldling or complex controls for their
adequate and continuous operation. The most usedimdy water technology in
developing countries, because it meets the abogairegnents, is slow filtration
(Antonelli et al 2008). It was nevertheless decittedroceed in stages, initially offering
a limited group of people slow filtration systenppeopriate for the size of each group,
which can be made by them, with intermittent fegdiperation. The experience of this
group of people has served to assess the degreeceptance of the technology,
identify management problems and to show real ingareent in water quality. The first
pilot experiments have been useful in explaining ahowing to the population the
specific benefits of these treatment systems asdhavided invaluable feedback from
the population regarding the technologies, methmgles and joint work. The success
of this step, supported by the degree of sustdihalfiom different points of view
(acceptance, proper and adequate management hyeaserof understanding, use and
maintenance), have lead to the construction andgeiglof slow filtration systems for

coupling to different water supplies.

Regarding the choice of type of construction of neells, the decision was taken by
the population once it was proved that a betteewsystem could be made. EWB-MI
promoted the study, conducted by local engineetsaxthers’Club, and proposed a fast
and cheap drilling method. The conditions of thaychnd sandy soil enabled the
application of a drilling technique that uses ombgal materials and labor. It is
important to point out that every choice regardiiedd work has been made with the

involvement of the local population.



4.1.1.4.Financing

The financing for the development of the projectha Congo was provided mainly by

a private bank and the local administration of Wlemeto Region. These two institutions

provided approximately 60 k € (30 k € each) in fimgdand carried out communication

activities in Italy. The group of engineers used thoney to finance all project related

activities and thanks to the amount has been ablenplement the project on a

considerable scale with a large number of benefegaand tangible improvements in

the management of water resources through simgiemodogical solutions.

4.1.1.5. Implementation

This phase has provided from April 2008 to Augu¥2the following activities:

1.

Training

Training of 10 local technicians on the construttand maintenance of different
types of drinking water points (springs, wells,. etc

Constitution and training of Water Committees toalde the community to

technically and economically manage the facilities their area (training of

approximately 50 people during 20 days).

Improvement of the awareness of 500 householdsherthiteme of sanitation and
personal hygiene at home.

Construction / Facilities

Construction of 6 wells equipped with hand pumpsnétalled, 5 self installed by
local technicians).

Redevelopment of the wells of the General Hospital.

Installing the software platform for wireless mamihg of cooperatives (production,
diseases, health management and economic perfoematz) and water points

(production, quality, economic management, perforceaetc.).



Figure 6. Training moments, stages of constructionf wells and filters.

4.1.1.6. Evaluation and feedback

The use of Information and Communication Techne®g(ICT) in developing
countries can facilitate the development processuyhents found on the Internet can
be a valuable support in medicine, health and t@olgy). This instrument was used in
the Congo project for this purpose and to fac#itabmong other things, the
communication between Mambasa and EWB-MI in Itatg &0 allow the evaluation
and monitoring of the progress of the project. Moer in February 2010 an assessment
mission of the project was carried out. The missinalysis showed that the population
manages autonomously new wells, is satisfied whth results of the project and is

planning to build more wells.



6.1.1.4 Main results

The main project results which are focused onripact of the proposed methodology

on the stakeholders involved, are:

- 10,000 people (almost 30% of the population of Masa) have better access to
water (quality and quantity) thanks to six newlddlwells

- 10 local engineers are able to build wells indepetig.

- 10 Management Committees have a better capacity nabilization and
management of water points, thanks to the trairecgived.

- 5 management committees are achieving total ecanaustainability for the
maintaining of the wells, with more than 1.000 $thweir cash, earned by selling
water at prices accessible to all (10 to 20 FCcpetainer, depending on quality).

- 500 families live in better hygiene conditions, nka to the awareness raising

campaign conducted.

Table Il shows the impact of the project on theencdommunities. As shown, the
number of direct beneficiaries involved/satisfigdtbe self-installed wells is very high.
These results highlight the fundamental role of thethodology applied and its
sustainability. Indeed after the first well wastaiked by the local working group with
the collaboration of EWB-MI members, another fivellw were built without any

external technical support, management or maintsnan

Installed Self Installed total

Direct Beneficaries satisfied 56% 67%

Table 1. Impact of improved wells in the Mambasa Foject.

4.2.Colombia — Colombia

The Universidad de los Andes and the Corporacidwdisitaria Minuto de Dios have
been leading a community work project in the fiefdengineering called Community



Innovation Project (CIP). Inspired by the interpatl organization Engineers Without
Borders (EWB-ISF), a group of teachers and studahitsdustrial, civil, environmental
and chemical engineering have been conceiving, gdiegj and implementing
technologies in vulnerable communities in Colombleere water conditions are not the

best.

This preliminary design phase of social intervemtio engineering has been developed
in the Torres district, attached to the municigabf Guayabal de Siquima, 150 km
from Bogota. In this area, the group has been wgrkiith the mayor, UMATA, the
community and students and teachers from the twginearing schools involved.
Through the development of diagnostic, technicstistgoint work with the community
and a basic understanding of their needs, the gnasplesigned an appropriate solution
supported by an existing technology related to skamd filters to improve water

conditions in the area.

4.2.1. Participative process

EWB-Col has been worried about the living condisian many communities around
the country due to the poor quality of drinking aratWith this in mind, the group
began searching for a community which could beitalske candidate to work with in
the improvement of water quality. In the Torrestrits , a community was identified
which expressed its interest in working togethethwine team of engineers in the joint
development of technologies for the improvementhef water conditions, which were
tailored to their specific economic and socio-awaticharacteristics. During the entire
process the community played an active role. Ih, the community’s leader, who had
been managing and administrating the aqueductetieéle team to understand the main
problems associated to the water resource, andrmahg introduced the team in each of

the homes.



Figure 7. Introduction between the community and EVB-Col (students, professors, community).

After this first impression of the community’s ptelms, a meeting with its inhabitants
was planned in order to identify people interestedworking on the design and
monitoring of the water improvement systems. Frdins tmoment on, groups of
engineers and inhabitants of the community werméal to specify the characteristics
of the filters to be implemented. Approximately avdifteen days, the EWB team
visited the community and met with the people. Tigio these meetings, the team was
able to determine that the filter was useful fortla homes which were to take part in
the pilot project. For each home, a committee veagbdished, formed by the owner of
the house who provided the details of the insialtaand a couple of students who
provided technical support, and its task was terdeine the specific characteristics of
the filter and the installation. The knowledge @gainby the students through this
process was socialized each week with the resteotdam during meetings. It is worth
pointing out that the characteristics of the filiare the same for all the homes but each
committee determined the optimal conditions fottafiation based on the preferences
of the homeowner, the characteristics of the laapls@nd the house.

Aside from working with the community, EWB Colomhsdso worked together with
the mayor and an employee from the UMAT#® try and establish a relationship of
trust with the community’s inhabitants from the ioegng. Working together with the

mayor has improved the probability of effective aorhes of this participatory



methodology. Thanks to the mayor, the EWB group thedocal population who have
been working together have had the chance to shewfindings to the political leaders
representing each of the districts attached to rtumicipality. This has created a
positive "tension” which has increased the numbepemple interested in making a
contribution with their local knowledge and papiaiing in creating better living
conditions for their communities. Testimonials sashthat of the mayor are presented:
"l was able to go and look at the functioning oé fiiters and we are definitely very
happy because we found that thanks to the colleetierk, water was improved and is
fit for human consumption. What we liked best iattthis is a professional job, well
done (1), which benefits us and also enables keap the filters working”. Moreover
Leonel Riafio, community leader says that "... A# work of implementing the filters
was very good, the community was actively invohaetl we learned several things
about the composition of the filters and their nb@iance. The learning process has
been fundamental for students in order to actiyeyticipate in the design of other
proposals. Paula Gonzélez, an industrial engingesindent says that, even though it
has not been easy to understand each member’sijpatitbn, her work has been very
beneficial as it has developed communication skigmmwork and integration. For
teachers of engineering, it has been a potentraliaedesign more clearly their
engineering courses, particularly those of finahesterd

The selection of the community, technology and glessf methodologies were the
result of a dialogue with the community and basedwo understanding of their needs
and concerns. Likewise, the work with the commumitys structured and developed
based on its major socioeconomic and cultural chanatics, seeking to ensure
compatibility between the lifestyle of the localpgutation and the project to promote

long-term sustainability and appropriation of taehtnology by its inhabitants.

4.2.1.1. Programming

The main objective of CIP has been to improve thelity of life in vulnerable
communities through the improvement of water resesir During the programming of
the project, first-hand information about the malraracteristics (economic, political,

socio-cultural and geographical) of the communitgsweollected, through visits and



cooperation with an employee of the UMATA. Beforeist the group gathered
information on the general situation and on Colatsbicapacity to manage water
resources, its quality and availability, with emgisaon rural communities. This
information was used to develop a comprehensiviei@of the situation in the country
and the problems related to the quality and avéitialof water specifically in rural
areas. With this information, and its discussiod &alidation with the members of the
community the team of engineers was able to begsigding sustainable solutions
based on the population’s needs, characteristidsrgut.. For example, the filter was
designed taking into account the general charatiesiof the homes and the habits of
its inhabitants so that it could meet their watelated needs and be placed in an
appropriate location which would facilitate its use

4.2.1.2. ldentification

During the identification phase, the interestste main stakeholders were taken into
account: EWB-Colombia, community members and tlommmunity and political
leaders, the UMATA employee and the district’s atpet. During the development of
the project, active participation of the stakehdderas promoted, particularly of the
district’s inhabitants, by conducting surveys amdelviews to understand their
problems and needs, training workshops to help thppropriate the technology and
encouraging their collaboration in the adaptatibland for the installation of the filters
in order to help develop a sense of ownership. TEaiming process between EWB-Col
and the community has allowed to group to adjustittitial proposal based on the

community’s feedback, resulting in a more apprdprand productive solution.



Figure 8. Training workshop held in Torres regarding the maintenance of the filters.

The analysis begins with the identification of {m®@blem (Phase 1). EWB-Colombia
and the population identified the problem assodiatéh the quality of water used for
human consumption. The stakeholders identifiedhiase 2 are: the inhabitants of the
community, EWB-Colombia, Universidad de los Andégsjversidad Minuto de Dios,
the directors and employees of the district’'s agqae@nd the mayor of Guayabal de
Siquima. Phase 3 of the project consists in thelwement of stakeholders through
various activities organized by EWB-Colombia, whicttlude questionnaires about
basic sanitation and hygiene practices among ailigjects, training workshops on the
use and operation of the filter and education osicbhygiene practices. Through the
development of the project, the community’s pgpition and cooperation has been
achieved as well as a good level of appropriatioin® technology and independence in
the use of the filter. In this process, the helpnfrother stakeholders such as the
community leaders, the mayor and the UMATA employas been crucial for the
success in organizing the community. The grouphzasto be careful in dealing with
politicians, as they might try to claim some of tlesults of the project as their own in
order to obtain support from the community and f@agra more positive and proactive
image. Communication with the community and thetpans has been crucial in this
process, the group has been very careful not tmigeomore than it can deliver and not

to make commitments it can’t keep.



The involvement of the stakeholders has enabledjytbep to understand and identify
local interests (Phase 4) such as the intereshenmtanagement of water resources
proposed by EWB-Colombia. During the last phasea¢h5) an analysis of the
importance and influence of stakeholders on theldgwment of the project was carried
out. In particular, it is worth highlighting thetarest of some community members in
gaining support from EWB-Colombia during talks wigwliticians and in getting
support in the improvement of the aqueduct and m&atpply in search for longer term
solutions. The data collection phase was carrigddatng visits and interviews with
people with previous experience working within t@mmunity allowing the group to
revise initial suppositions and adjust the propodased on the interaction with the
community. The visits were scheduled accordindnéodaily activities of the inhabitants
and taking into account special dates (market dagigjcal activities, holidays, etc.) to
avoid any inconvenience. The debate and discussitimn the community revealed
different positions among stakeholders regardirgy rttanagement of water resources
and their availability and generated an opporturidybuild consensus within the
population and between it and EWB-Col regardingsit@pe of the project, its aims and

technical details.

4.2.1.3. Formulation

Two strategies have been identified for the managgnof water resources in the
project; basic education on hygiene practices iseabke prevention and community

training in the management of slow sand filters #air installation in family homes.

The group has sought to establish close links wath local authorities in an effort to
enlist their support and collaboration, obtainirmgpg results from the collaboration with
the Mayor and the UMATA. This strategy has beendrtgmt in developing the project
and seeking new communities which might suffer frppor water quality and be
willing to work together with the group in order develop joint solutions. The group
has evaluated different types of filtration teclogiés in a search for those which are
best suited to the characteristics and conditidrttie community. The evaluation was
made taking into consideration the cost, ease oistcoction and procurement of
materials and ease of maintenance. The aim thraugh@s to ensure that the



technology chosen would be sustainable in the teng and that the community might

appropriate it and eventually no longer need h&mfthe engineering group.

In the case of Torres, the group decided to use sknd filters due to their low cost,
ease of use and installation, and good resulthenrémoval of micro-organisms. The
group began with a pilot project in which four fdies cooperated, and later, with 10
additional families after having verified the effieeness of the filters and their cultural
suitability. The experience with this group of pkowas used to verify the acceptability
of the technology, identify problems in its usecfteical and cultural), measure
improvements in water quality and make adjustméntfie participatory methodology
to improve cooperation and make better use of dmeneunity’s local knowledge. At
present there is a high degree of ownership inctieemunity and an independent and
autonomous management of technology which is tetansuring sustainability and the
potential for replication in the future. The traigi workshops have had the desired
results as they have led to gradual changes ircah@nunity’s habits; the filters are
being managed by the members of each householdewddllent results and minimal
need of intervention from the group of engineerse Work with the community and
their involvement in the development and implemeota processes have helped
establish trust and mutually beneficial relatiopstihich opens up future cooperation

possibilities.

4.2.1.4. Financing

The financing will vary depending on the commurstgontext and the characteristics
of the group of participating engineers but in gahéerms, in Colombia, the group of
engineers funds the research required to devempetthnologies and implement them,
usually with support from their corresponding ediozal institutions, interested in the
academic results and learning opportunities fodestts. Each stakeholder makes a
financial contribution of some sort to the develgmmn of the project. The local
population, for example, commits to building thecessary infrastructure for the
installation of the technical solutions; the teash&nd students make a commitment to
invest in research; and the local authorities lewthe resources required to guarantee

the sustainability of the project (allocation of mmipal resources for instance). It is



very important that the community help finance piheject by providing their work and

skills in order to promote ownership and empowermen

4.2.1.5. Implementation

The development of this phase is extremely impor@s it involves the actual
implementation of the solutions with the communiypd provides an excellent
opportunity for both parties to learn from actuaperience. In the Torres district,
EWB-Col worked together with the local populationorder to install the filters in each
home. Students, teachers and members from eaclkehwdsparticipated in setting up
the pipes, putting together the filter and whenawressary, building a base to put it
on. Last but not least, the team of engineers errut training sessions to teach the
community how to perform routine maintenance onfilkers and to improve awareness
regarding the importance of basic hygiene practdeish should be followed in order
to decrease gastrointestinal diseases. Specificdllying this phase the following

results were achieved:

- Implementation of the technology.
- Learning from each other’s abilities.
- Acknowledgement of the good results of team work.

- Development of communication skills.

4.2.1.6. Evaluation and feedback

The development of the project must be evaluatedirmoously and feedback must be
shared between all the stakeholders. This phass seevaluate the learning, observe
and measure the results and of course, to speaoiy the living conditions have
changed due to the integration of knowledge anat j@ork with the community. This
evaluation process will help the team of enginemnd the community to identify
problems in the implementation of the project anakenthe necessary adjustments,
learn from each other, learn from their mistakes iaentify opportunities for both the
current and future projects. In Torres, the grotigrggineers has been monitoring the

continuation of the project and has observed thatiacal population has been able to



appropriate the technology and make good use offitiees in an independent and

autonomous manner.

4.2.1.7. Main results
Table 1l presents the project results focused loa impact of the proposed

methodology on the stakeholders involved:

Stakeholders involved

Institution Population EWBColombia
5 teachers
Guayabal de Siguima Mayor o
30 Families
UMATA
6 students

Table Ill. Stakeholders involved the Torres Distrid Project.

In table IV, the number of direct beneficiaries ohxed/satisfied by the self-installed
filters is very high. These results highlight thendamental role of the methodology
applied and its sustainability. Indeed after iratadn of the first four filters by the local

working group with the collaboration of EWB-Colorahinembers, a further ten filters

were built without any external technical exters@bport, management or maintenance.

Installed Self Installed

Slow Sand filter

Direct Beneficaries satisfied

Table IV. Impact of slow sand filter’s installation in the Torres District Project.

5. CONCLUSIONS

We would like to point out that in countries lik@l@mbian and Congo mortality due to
poor water conditions reaches very high levelsdestly in children). Without doubt,
vulnerable populations face many problems regartheg basic necessities, the access
to safe drinking water being one of the worst. Tiftervention of government entities
has not been sufficient to address these issues.pfposal’s unique contribution

consists of achieving the participation of commiasitlocal entities and universities to



propose viable technological solutions that truhprove the living conditions of many.

Also, the participation of students and teacherghia type of activities can generate
learning which can be replicated. In this way, we r@ot only generating knowledge but
also enabling the formation of future professiortaiat despite a technical emphasis

have a solid formation in global issues which regjeverybody’s active participation.

We are convinced that the systemic proposal whiehgroup of Engineers Without
Borders aims to achieve enables the emergencevofalale properties both in the
satisfaction of a vulnerable community’s basic rse@dd the formation of communities
and students with a level of autonomy which all¢kesm to face difficult problems and
propose effective solution alternatives.

Participation and ownership are fundamental to emguhe relevance, effectiveness
and sustainability of this type of projects. Thealijy of the dialogue with partner

countries is a key in establishing effective depatent cooperation policies and their
successful implementation. Partnership and ownershdevelopment processes by the
target population, and strengthening of institidlomnd administrative capacity to

effectively manage change, are principles whichnase largely shared by all donors.

In participatory projects in vulnerable communities developing countries, it is
essential to involve the community’s inhabitantd atearly identify the stakeholders to
try to ensure compatibility with the specific chetexistics of the problem and the
community in an effort to ensure sustainabilitytiod project in the long term. It is also
necessary to develop an understanding of the maicioeconomic, -cultural,
environmental and political characteristics of thegion to design solutions and
implementation and management plans jointly with¢bmmunity and actively involve
them in the process, taking advantage of their kedge and experience. The systemic
methodology was appropriate in the case-studieauseg through the community’s and
students-professors participation in the activittekted to the identification of the
problem, definition of the objectives, field resgaand implementation of technologies,
a solution was generated which responded to th&sas®cio-cultural and economic
characteristics, thus promoting sustainability afficient usage of resources in the
future. Besides the generation of knowledge, th¢haumlogy of EWB is effective
because it takes into account the specific chaiatits and needs of the community



and translates this into the implementation of nemesible solutions that usually have
much better reception and promote empowerment bytdlget population thanks to
their active involvement throughout the entire g%

The use of methodologies that involve the commuanity the students-professors in the
various project planning cycles have better reqdtsause they enable the generation of
more productive proposals for each community, thentification of real problems
regarding water resources, the understanding ofah@nunity’s perceptions regarding
water use; and once a proposal has been madepriraunity provides the researchers
with feedback that will eventually allow necessargdifications to be made in order for
the project to respond to their specific requireteeand lifestyle. The active
involvement of the community promotes a sense aiership and compromise which
improve the chances of the project being sustagnabl the long term and its

autonomous management by the local population.

In each case-study, the identification phase ivi@l importance as the information
collected, either orally or through different suyrv@eans, enables the elaboration of a
map to understand the functioning of the commuritisysocial, economic, demographic
and cultural characteristics which allows the tdaamsee the different relationships and
determine the necessary modifications to the stanparticipatory methodology. This
avoids the implementation of proposals which am®mnpatible with the community’s

characteristics.

This interdisciplinary cooperation between univiéesi and local actors seeks to design
intervention projects with an organizational stunet where the stakeholders have a
clearly defined role. Given the nature of projedtse research and experience of
communities and universities is fundamental, topadgppropriate technologies that

respond to the real needs of the context.

With regard to the results, it is important to Hight the fact that the communities were
involved in such a way that they managed to refdithe technologies brought by the
EWB groups. In the Colombian case, the guidancéhefcommunity leader was of
great importance, thanks to him the filters ar# &tnctioning. In the Mambasa case,

the community developed a management system tloatsah follow-up from ltaly, so



the engineers can monitor the progress and conditiche wells. In both cases, the
inhabitants were trained in the operation of thehtelogies. Also, the joint learning
processes, between the EWB groups and the comesjnitave led to the adjustments
of the participatory methodologies and allowedéhgineering students and teachers to
gain knowledge and experience in the developmethisftype of projects, where the
communities are not mere beneficiaries, but aldove@articipants in the decision

making process, implementation and managemeneddhutions.

We hope that the learning of this methodology dredresults of EWB in Colombia and
Mambasa become a generator of technical and humawl&dge which contribute to
the solution of the complex problems faced by téslayorld.

NOTES
1. Club de Professeurs pour I'Initiation de la J=s® au Développement,
2. Unidad Médica de Asistencia Técnica Agropecuévladical Unit of Agricultural
Technical Assistance).
3. To see the info-video enter the following link:
http://www.youtube.com/watch?v=_WnLmV5beWY &featuctrannel
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