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ABSTRACT
According to official documentation on the level of achievement of the Millennium
Goals for rural water coverage, 75% of Malawi’s rural population has currently access to
potable drinking water. However, surveys performed by independent organisations
suggest that the rural water coverage in Malawi can be as low as 57%. As observed by the
British Charity Water Works in a country survey on rural water pump supply in Malawi
in the Summer of 2009, possible reasons for this considerably lower figure include: an
inequitable allocation of rural water projects by the Government of Malawi; and a lack of
sustainability in the conventional handpump projects, which are abiding to the
community management model and the promotion of reciprocating pumps.
With this as a starting point, this thesis investigates the concept of handpump
sustainability in Sub-Saharan Africa and the reasons why current water projects in rural
Malawi fail. Through a case study in the Likuni area (which is representative of Malawi’s
rural poor communities), a critical reflection on unconventional management models,
and the adaptation of unconventional pump technologies, this thesis proposes an
alternative implementation model to conventional handpump projects. This model
includes the promotion of “Self Supply”, a management model focused on private
ownership, and a particular design of a Rope Pump technology, which can be made
entirely out of local materials and with local skills.
Without actually implementing the proposed handpump project model in situ, it is
impossible to state whether or not the overall aim of this thesis, which is to achieve
handpump sustainability, has been met. However, a critical assessment of the theoretical
model identified in this thesis on the basis of criteria measuring handpump sustainability
allows to conclude that the model has a potential for achieving rural handpump projects
delivering high performance services, and which can be initiated and sustained by local
communities without external aid.
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CHAPTER 1: Introduction
In the summer of 2009, the Edinburgh-based Charity Water Works did a country survey
in Malawi to investigate possibilities for water development projects for the rural poor in
the country. During this four week long survey, representatives of the charity visited
numerous rural communities with the aim to assess their water points; understand the
organisational structure and management of these various water points; and listen to the
users' experiences and challenges, their demand for improved water sources, their current
limitations and their struggle to reach their goals.
In many of these rural communities, the water point facilities were broken. These
facilities were all either boreholes or protected shallow wells, fitted with handpumps
which had fallen to disrepair. All these facilities had been installed either by the
government or by external donors.
In several of these communities, designated users were in charge of the maintenance of
the pumps, but due to insufficient skills and/or a lack of tools, they were unable to
perform their task. Furthermore, the majority of these broken pumps needed to have
parts replaced. However, because the communities could not afford the cost of the spare
parts, or simply because the parts were not available locally, these replacements had not
been done. In some cases, this lead to dramatic consequences: In a community near Cape
Maclear for instance, the villagers had not been capable of repairing the broken
handpump of their communal well, and had seen no other solution than to return to
their traditional water source: Lake Malawi. As a result, this community was under
constant threat of waterborne diseases from the lake, such as bilharzia or cholera.
Other rural communities visited during the Water Works survey had not received any aid
at all from either the government or external agencies. These communities accessed their
water from “unprotected” sources such as shallow hand dug wells, rivers or lakes. One
of these communities, called Likuni, was a peri-urban settlement comprising eight
villages located in the outskirts of the capital of Malawi, Lilongwe. The villages in the
Likuni area struggled against dire poverty resulting from food shortages, as they could
not afford to buy fertilisers to grow their own crops, and poor health as a result of
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HIV/Aids and cholera. The villagers of Likuni were getting their water from unprotected
wells, which they had themselves hand dug over time.
It appeared clearly during the visit that Likuni could have benefitted greatly from shallow
well protections fitted with hand pumps. However, although Likuni had all the
characteristics of a poor rural community, the authorities were reluctant to give support
to such projects because Likuni was considered a community that potentially could be
connected to the urban water grid of Lilongwe. It appears however that government
funding to perform this connection has never been available, and that the villagers of
Likuni would in any case be unable to afford the water tariffs associated with such a
connection.
The majority of the rural communities visited by Water Works who had not previously
received any aid from government or external agencies, expressed their preference for
protected shallow wells fitted with conventional handpumps. However, since the rural
communities who had received support (such as the one in Cape Maclear) were incapable
of keeping their facilities in operation, Water Works was in doubt whether that this
would really be beneficial to a community such as Likuni.
This is the starting point for this thesis, which will investigate the concept of handpump
sustainability in Sub-Saharan Africa and the reasons why current water projects in rural
Malawi fail. By using Likuni, a representative of Malawi’s rural poor communities, as a
case study, this thesis will propose an alternative implementation model to conventional
handpump project models, based on a critical reflection on alternative management
models and pump technologies.
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CHAPTER 2: Aim, Objectives and Outcomes
AIM
Propose an implementation model for sustainable handpump projects in a representative
community of Malawi’s rural poor, Likuni, based on a suitable management model and
an adapted handpump technology.

OBJECTIVE 1:
Identify a suitable management model and generic handpump technology, addressing the
specific demand for sustainable handpump projects in Likuni.
Outcomes:
1.

The demand for handpump projects in Likuni is articulated, based on a case
study presenting context, constraints and resource limitations;

2.

Based on desk studies on handpump sustainability and management models for
rural water supply, and the case study, the most appropriate management model
for sustainable handpump projects in Likuni is identified;

3.

Based on desk studies on handpump sustainability and generic handpump
technologies for rural water supply, and the case study, the most appropriate
generic handpump for sustainable handpump projects in Likuni is identified.

OBJECTIVE 2:
Within the chosen management model, redesign the chosen generic handpump
technology to make it a sustainable handpump option for Likuni.
Outcomes:
1.

Based on a desk study, the necessary materials and skills available in Likuni to
build the prototype handpump are identified;

2.

An initial version of the prototype handpump is designed, built and tested;

3.

The design of the handpump is adapted, on the basis of the results of the test and
envisaged in situ conditions.
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OBJECTIVE 3:
Make a review of issues related to sustainability and clarify the role of stakeholders, when
implementing a handpump project in Likuni within the chosen management model and
following the adapted handpump design.
Outcomes:
1.

Pre-construction phase: conditions, clarifications and choices;

2.

Construction phase: building and training;

3.

Post-construction phase: maintenance, monitoring and evaluation.
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CHAPTER 3: Literature Review

Through an investigation of past and current political strategies to reduce poverty in
Malawi the first section, Background, of this Literature Review seeks to present why there
still so many people in rural Malawi without access to potable water.
Section two, Handpump Sustainability, identifies a possible way of measuring handpump
sustainability based on a reflection on the failures of current handpump projects in SubSaharan Africa.
Section three, Management Models, presents the most conventional management model for
water projects in Sub-Saharan Africa, the Community Management Model. Other
management models are also introduced, such as Self Supply, which to a greater extent
may contribute to securing the sustainability of handpump projects in rural Malawi.
The last section, Handpump Technologies, introduces the Reciprocating Handpumps, which
are the conventional handpumps for rural water supply, and compares them with the
Rope Pump technology.

3.1 Background

3.1.1 Malawi - Country Information, Poverty Level and Health
Malawi is a small landlocked country in southeast Africa occupying parts of the Great
Rift Valley while bordering to Lake Malawi to the east. According to the World Health
Organisation, Malawi is one of the poorest and least developed countries in the world.
Currently, the Human Development Index ranks the country 165 out of the 177 world
nations (WHO, 2006). The country is also the most densely populated country in Africa.
With an average of 105 inhabitants per square kilometre, it is for instance 6 times more
densely populated than its neighbouring country Zambia (WHO, 2006; and WaterAid,
2006).
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In addition, Malawi has one of the highest percentages of rural population in Africa. Of a
population of almost 13 million as many as 83% live in rural areas (WHO, 2006). The
main reasons for this may be linked to the vast rural migration that took place during the
colonial era and the civil war with Mozambique (Water for People Malawi, 2006).
An integrated household survey conducted by the Government of Malawi in 1998 found
that 65.3% of the population was classified as poor, implying an average daily income per
capita of less than 10.47 Malawian Kwacha (equivalent to £0.05) (Malawi Government,
2002). 28.2 % of these were living in dire poverty, which often signifies living standards
with limited or no participation in cash economy. However, these figures do not illustrate
the entire truth, as wealth inequalities are prominent in the country. The survey
concluded that in 1998 the richest 20% of the population consumed 46.3% of the total
services while the poorest 20% consumed only 6.3%. A recent report by the independent
American charity Water for People Malawi indicated that these figures have not changed.
However, their figures on wealth inequalities pointed out that as much as 70% of the
population only had 2% of the wealth (Water for People Malawi, 2006).
Deep-rooted poverty is often associated with severe health issues and here Malawi is no
exception. A World Health Report from 2006 indicated that the life expectancy at birth
in Malawi was 41 years and that 47% of the population was under 15 years of age (WHO,
2006). The main causes of morbidity are associated with HIV/AIDS (which by 2006
were affecting 30% of the urban population and 15% of the rural population), malaria,
tuberculosis and water-related diseases (Water for People, 2006; WHO, 2006; and
WaterAid, 2006).
The water related diseases include water washed diseases like trachoma and water borne
diseases such as typhoid, diarrhoea and cholera. Cholera has been prevalent in Malawi
and returns continually during the rainy season in most years (WHO, 2006; and
WaterAid, 2006). In January 2009, Afrol news reported that one cholera outbreak alone
cost 52 lives in the rural outskirts of Malawi’s capital Lilongwe (Afrol News, 2009).
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3.1.2 Water Scarcity in Malawi
While studying the map of Malawi one may believe that the country is blessed with water
coverage from Lake Malawi. Unfortunately, the lake is located in the bottom of the Rift
Valley, while most of the population live on the rift plateaux, where the water is scarcely
distributed. The design water storage capacity is one of the lowest in Africa, with only
9cubic metres per person (Water for People Malawi, 2006). Coupled with large scale
erosion from high deforestation rates and a rapid population growth, the water resource
scarcity is not likely to improve with the years (WHO, 2006).

3.1.3 The Millennium Development Goals for Water in Malawi
In September 2000 at the United Nations General Assembly in New York, Malawi
signed the Millennium Declaration. This committed the country to achieve the
Millennium Development Goals (MDGs).

The MDGs is a long-term international

agenda with an overall aim to alleviate abject poverty among the 192 United Nations
member states. It comprises eight goals and eighteen targets to be implemented by the
undersigned countries in a period of 25 years starting in 1990 (Government of Malawi,
2005).
Target ten under goal seven in the MDGs states that the proportion of people with
access to safe drinking water should be reduced by a half within 2015. For Malawi, this
means an overall country coverage target of 73% (Government of Malawi, 2005).
According to the 2007 Malawi Millennium Development Goal Report, it appears that
Malawi is doing well towards meeting this target. This report stated that access to
improved potable water had significantly improved from 47.1% coverage in 1992 to 75%
in 2006. In addition, it was claimed that with this rate of change, the projected potable
water coverage would be 94% by 2015 (Government of Malawi, 2007a).
Unfortunately, surveys performed by several independent non governmental agencies
(NGOs) on Malawi’s current potable water coverage are differing from the official
figures. A recent water point mapping survey performed by the British charity WaterAid
indicated that only 57% of the rural population of Malawi had access to safe water
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(WaterAid, 2006). Handpump data provided by the Rural Water Supply Network
(RWSN) stated that the rural coverage in Malawi was 62% (Harvey, 2009a).
The reasons why the official figures may be over-estimates are discussed thoroughly in
the literature. WaterAid stated that the official figures are erroneously high as the actual
definition for safe water supplies by Malawian officials have historically been confused
and because current statistics and data on water supply installations are limited, dissipated
and inaccurate. For instance, WaterAid argued that official rural water statistics in Malawi
to a great extent include broken facilities (Sudgen, 2003; and WaterAid, 2006). Similar
issues have been discussed by Water for People who additionally stated that the official
figures have failed to include certain Malawian communities in their statistics, in
particular peri-urban settlements (Water for People Malawi, 2006).

3.1.4 Governmental Strategies for Achieving the MDGs and their
Weaknesses
In April 2002 the final draft of the Malawi Poverty Reduction Strategy (MPRS) paper was
launched by the Government of Malawi. The MPRS was to be the official overarching
country strategy for poverty reduction in Malawi towards meeting the MDGs. The
MPRS was to form the basis of all future activities by the Government of Malawi,
implemented through the annual budget. It was also to be the main guideline for
activities performed by NGOs and the private sector in the country (Government of
Malawi, 2002).
The MPRS identified that the principle setbacks for the development of human capital,
which was recognised as key to the country's poverty reduction, was the lack of access to
credit, the poor health status in the country including HIV/AIDS, limited off-farm
employment, the rapid population growth and the low education status per capita
(Government of Malawi, 2002).
The provision of adequate water supply was not a prominent factor in the strategies set
to counter these setbacks. In the MPRS, the provision of water was placed within the
Rural Infrastructure Strategy Group, where it was seen upon as purely an engineering
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function towards improving commercialisation, modernisation and growth of agriculture
(Government of Malawi, 2002).
Considering water as purely an engineering function has been criticised in several
publications in the wake of the MPRS. In a review on the MPRS programme process
performed by WaterAid in 2001 it was stated that the benefits of good water sources is
an essential factor that enables a community’s health to improve. As a result, not giving
priority to water in the MPRS was not reflecting the need of the poor within Malawi’s
rural communities (WaterAid, 2001). A WaterAid study on long term impacts of rural
water projects in the African countries Ghana, Tanzania and Ethiopia between 1991 and
1993, showed that not only did water and sanitation projects improve health and reduced
time spent on collecting water, these projects also showed significant improvements in
household income levels, increased school attendance by children and social and cultural
benefits such as the reduction in stress levels, to name a few (Gutierrez and Blagbrough,
2001).
The targets presented in the MPRS for rural water supply has also been subjected to
considerable criticism. The sole focus of these targets was on the installation of new
water facilities, with limited attention on maintenance and rehabilitation of the existing
facilities and no plans for research or action plans on how to reduce breakdown rates or
to ensure that water point schemes were kept operational (Water for People Malawi,
2006; Government of Malawi, 2002; and WaterAid, 2001).
The only rural water facilities promoted through the MPRS were borehole installations
(fitted with handpumps called the Afridev) (Government of Malawi, 2002). It has been
argued by Water for People Malawi (2006) that for many rural areas with naturally high
water tables, the promotion and installation of simple shallow well protections would
have been a better and much more affordable option to many communities. The rigidity
of government policy was clearly demonstrated during a water point survey performed
by WaterAid in the rural Area of Salima in 2003, which showed that 375 of the boreholes
installed by the government were in areas with a high water table, where simpler shallow
well technologies would have been more suitable (Sudgen, 2003).

9

Sustainable Handpump Projects for Malawi’s Rural Poor

A further criticism of the MPRS’s rural water supply strategy focused on its lack of
attention to proper documentation, monitoring and evaluation of water supply
installations, which has resulted in an inequitable distribution of facilities between rural
communities (WaterAid, 2001). Water for People Malawi (2006) argued that this
inequitable distribution is not uniquely due to inadequate project documentation, but that
it also has political origins: certain communities are given priority in the provision of
water facilities in return for political allegiance.
The aforementioned water point mapping performed by WaterAid in 2003 also yielded
evidence of an inequitable distribution of water points. Of 538 boreholes investigated in
Salima that had been provided since 1998, more than 51% had been allocated to
communities which already had adequate water supplies (Sudgen, 2003). (Adequate water
supplies have been defined by Sudgen (2003) as at least one water point every 250 metres
within a community).
In 2007, the successor of the MPRS, The Malawi Growth and Development Strategy
(MGDS), was published by the Government of Malawi. As in the MPRS, water did not
receive prominent attention in the MGDS and was again placed as an engineering
function under the Infrastructure Development Group. The primary focus was once
more on constructing new boreholes rather than on rehabilitating the increasing number
of broken facilities (Government of Malawi, 2007b; and Water for People Malawi, 2006).

3.1.5 Obstacles to Progress in Malawi’s Rural Water Sector
The observations above demonstrate clearly that there has been little political attention
on rural water supply issues in Malawi’s governmental strategies to reduce poverty. This,
together with a lack of effort and political will to improve the distribution of water
facilities, represents a huge hindrance for the provision of appropriate water facilities to
the large rural population of Malawi, and also to the country's goal of reaching the
MDGs.
In addition, it is worthwhile mentioning that, as for many countries in Africa during the
1980s, Malawi underwent a decentralisation process where responsibility for the rural
water sector was transferred from national to local authorities. However, these local
10
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authorities have had inadequate resources and have lacked the capacity to fulfil their role
in the rural water sector (Parry-Jones et al., 2001).
It has also been demonstrated that rural water policies to date have had a focus on
implementing rural water technologies such as boreholes, which on certain areas were
inappropriate. In a literature review performed by the Water, Engineering and
Development Centre (WEDC) in 2001, it was suggested that the implementation of
inappropriate technologies were one of seven key issues that compromises “Handpump
Sustainability” (Parry-Jones et al., 2001). These seven issues were summarised as follows:
1. On-going use of alternative (non-potable) resources;
2. Lack of user involvement in choice of technology;
3. Failure of a community to undertake preventive maintenance;
4. Poor system of cost recovery for maintenance;
5. Inadequate training and ongoing support for community;
6. Excessive numbers of users for handpumps;
7. Inadequate attention to water quality leading to taste and corrosion problems.
In the following section of this literature review, these seven issues will be further
discussed in the context of measuring handpump sustainability.

3.2 Handpump Sustainability

3.2.1 Defining ‘Sustainability’ in the Context of Rural Water Supply
In the preceding Background section of this Literature Review, the term sustainability has
hardly been mentioned. The reason for this is that ‘sustainability’ is one of the most
misused terms in development vocabulary (Sudgen, 2003). It is thus imperative, for the
sake of the quality and credibility of this thesis, to clarify its meaning.
Numerous definitions of ‘sustainability’ in the context of rural water supply have been
identified in the literature. Three of these are presented in Box 3.2.1.
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Box 3.2.1: Definitions on sustainable rural water supplies identified in the literature:
Harvey and Reed (2003):
‘The water sources are no not over exploited but naturally replenished, facilities are
maintained in a condition which ensures a reliable and adequate supply, the benefits
of the supply continue to be realised by the users over all prolonged period of time,
and the service delivery process demonstrates a cost effective use of resources that can
be replicated’.
Parry-Jones et al. (2001) on core issues relating to sustainable handpump
projects:
- ‘Minimal external assistance in the long term;
- Financing of regular operation and maintenance costs by users;
- Continued flow of benefits over a long period.’
Wood (1994):
‘Sustainability may be defined as an intervention which is capable of being supported
and maintained by a community or individual over an extended period of time with
an absolute minimum of outside assistance’.

Unlike the two latter definitions in Box 3.2.1, the definition of Harvey and Reed (2003)
also refers to the issue of environmental degradation. In other words, this definition of
sustainability is not just about ‘functional sustainability’, but also about ‘environmental
sustainability’.
According to the WHO Global Water and Sanitation Assessment (GWSA) (WHO, 2000)
the term ‘environmental sustainability’ pertaining to water supply is defined as:
“A system operation that does not damage the environment (and thereby health and prosperity) for future
generations. Neither do environmental changes damage the water resource to the point where future
services become difficult or impossible to maintain”.
Parry-Jones et al. (2001) argues that natural resource depletion is not normally an issue
with water projects relating to handpump installations, as they normally draw relatively
small quantities of water from the aquifer. However, this does not take into account the
impacts of environmental changes and their damaging effects on future water supplies, as
mentioned in the GWSA from 2000.
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The reviewed literature shows a clear consensus on the most important indicator for
‘functional sustainability’, which is the ability for a water supply system to be kept under
effective operation and maintenance (O&M). Harvey and Reed (2003) argue that an
improved water supply should not be installed unless a proven maintenance system of
the service has also been established to support it. However, the definitions in Box 3.2.1
show different views on O&M in rural water projects. Parry-Jones et al.’s definition
argues that successful O&M of a facility require continuous flow of benefits from
institutions, such as donors or governments. On the other hand, this principle is
conflicting with Wood’s definition, which is that operation and maintenance should be
performed by the user with an absolute minimum of outside aid.
It is clear from the above discussion that defining sustainability of rural water supply
without a set context is complex and ambiguous. This is acknowledged in the literature,
where it is argued that instead of defining the term in an isolated context, it is easier to
measure it by identifying specific approaches or tools.

3.2.2 Measuring Handpump Sustainability
The ability of a community to achieve sustainable handpump projects has been identified
in the literature as a complex interaction of factors such as demand, policy context,
institutional arrangements, technologies, the natural environment, community and social
aspects, financing and cost recovery and the implementation process, to name a few.
Several studies over the last decade have attempted to define frameworks or indicators
for sustainable handpump projects. One of these indicators is WaterAid’s “Sustainability
Snapshot”. The sustainability snapshot is conceptually simple, and basically involves
investigating three principle criterions in the evaluation of a handpump project. The first
criterion is whether a community has funds to carry out repairs on their pump; the
second is whether the community has access to skills to carry out repairs; and the third
whether it has access to the necessary spare parts and equipment to carry out repairs
(Sudgen, 2003).
One of the criticisms against the Sustainability Snapshot is that it does not properly
measure the user ‘demand’ over time, which arguably has a major influence on the
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sustainability of a handpump project. Instead, it has been argued by Harvey and Reed
(2003) that the when measuring sustainability, the focus should be on the users
‘willingness to pay’.
Recognising that at the date of writing, no perfect system towards measuring the
sustainability of handpump projects has been fully developed (Harvey and Narkevic,
2009) this literature review will instead discuss indicators currently identified as
compromising handpump sustainability. Through this discussion, important factors such as
the “sustainability snapshot criterions”, “demand” and “willingness to pay” will be
identified and discussed into more depth.
The seven issues compromising handpump sustainability, presented by WEDC in 2001,
were listed in the “Background” section of this literature review. Before discussing each
of these issues separately in the subsequent sub-sub sections, it is important to briefly
clarify what this thesis means with the word ‘community’. For this review, the word
community will conform to Parry-Jones et al.’s (2001) definition: “A community is a group of
individuals that come together when they have a common felt need, such as for example a potable water
source”.

3.2.2.1 Issue 1: On-Going Use of Alternate non-Potable Resources
A very well documented problem for many African handpump projects is that people
often revert to their traditional water sources if the ‘improved’ handpump facility falls to
disrepair (Parry-Jones et al., 2001). The reason behind this is not always that the users are
incapable of maintaining or repairing the facility. As argued by Carter (2009), very often
the users make a rational choice: the troubles and responsibilities involved with the
management of O&M of the handpump, and the user conflicts and financial costs
affiliated with this facility, outweigh its perceived benefits.
This problem strongly relates to the concept of demand for a service. The motivation to
keep a handpump facility in operation is much stronger when access to alternative
traditional resources is scarce (Parry-Jones et al., 2001).
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3.2.2.2 Issue 2: Lack of Involvement in Choice of Technology
It has been pointed out in the preceding Background section that in Malawi rural water
supply has not been given priority in the government’s official policy agendas. The
consequences of this were inequitable distributions of water facilities, but also that the
handpump technologies promoted for the rural water projects often were not a
community’s preferred choice, as simpler and more cost effective technologies would
have been as appropriate. A lack of user involvement in the choice of technology for
handpump projects have proven to yield low levels of ongoing O&M of a facility by the
user (Harvey and Reed, 2003).
It is clear from the literature that the user’s technology choices depend on many factors.
A community’s financial restrictions and the suitability of technology to site conditions
have already been mentioned.
The importance of the pump technology being socially accepted must also be considered.
As exemplified by Collins (2000), for many women in Africa the collection of water
provides an opportunity for social interaction which to them is an important part of the
day. The installation of an upgraded water facility may thus be discouraged by a
community as this alters traditions and social patterns.
It has been argued by Harvey and Reed (2003) that a community’s choice of technology
should be a question of meeting a demand. As stated, meeting a community’s demand is
a fundamental requirement towards creating ‘ownership’.
The concept of ownership is regarded as key to the sustainability of handpump projects,
as it is believed that this will lead to improved maintenance of the pump (Parry-Jones et
al., 2001). It is explained by Collins (2000) that ownership from the user is not something
that can be created at the moment of the inauguration of a handpump facility.
Ownership must be nurtured carefully from the very beginning of the water supply
process, by involving the community in all stages of the project life cycle, from project
planning to cost recovery and construction, and later to the management of the facility.
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3.2.2.3 Issue 3: Failure of Community to Provide Preventive Maintenance
The failure by a community to provide preventive maintenance on a handpump facility is
the greatest threat to handpump sustainability (Harvey, 2009b). The reason why a
community alone has not been capable of maintaining its facility may be a question of
low interest, as users have access to alternative water sources, or because the technology
was not the users’ preferred choice to begin with, or because of a lack of ownership to
the project. It has also been argued by Parry-Jones et al. (2001) that the lack of
preventive maintenance may have come as result of inadequate training to the user
during construction, or simply because of poor maintenance culture in the community.
Another important reason for why communities have failed to provide preventive
maintenance of their handpump facilities may have its origin in the pump technology
itself. Wood (1994) and WaterAid (2001) argue that often the maintenance of the
technology itself requires skills and tools which are beyond the reach of a community.
The provision and reliability of spare parts for many handpump technologies also poses a
great barrier to community maintenance, but are generally not addressed within many
project frameworks (Harvey and Reed, 2003).

3.2.2.4 Issue 4: Poor Systems of Cost Recovery for Maintenance
Although handpump projects generally are financed by governments, donors or NGOs,
communities are often expected to make financial contributions to the capital cost of the
projects. The literature identifies three principle reasons to this. Firstly, it is believed that
by contributing to the projects’ financial costs, the communities’ sense of ownership to
the project will be enhanced (Parry Jones et al., 2001). Secondly, by contributing to the
overall capital cost, a community will show a ‘willingness to pay’ which is believed to be a
crucial factor in determining the true demand for the project (Harvey and Reed, 2003).
Lastly, the community’s ability to pay for the handpump installation is an indication of
sufficient financial and organisational capacity to pay for the future maintenance and
operation (Carter, 2009).
Poor communities that may not deal with cash economy are often expected to contribute
in kind instead of providing financial contributions, for instance in the form of labour
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and by gathering materials for the project. Although this might contribute to the
promotion of ownership and show a demand, this is in direct contradiction to the latter
principle that communities should prove their ability to pay the cost for ongoing
operation and maintenance of the facility (Parry Jones et al., 2001).
Parry Jones et al. (2001) argues that the lack of attention to the financing of the operation
and maintenance during the project life cycle is one of the principle reasons to
handpump failures. Often, if community water fee charges are set to cover future
maintenance costs, they are usually not based on the real life cycle cost of the pump, but
on the amount that the users are able to pay. Consequently, when a major breakdown
occurs, the funds for maintenance are insufficient to pay for the true cost of repair
(Carter, 2009).

3.2.2.5 Issue 5: Inadequate Training and Ongoing Support for Community
Under the discussion of the three definitions presented in Box 3.2.1 in the preceding
section of this literature review, the question of sustainable projects and continued
outside support was raised. Wood’s (1994) definition stressed the importance for a
community to be ‘self sustaining’, implying that communities should be able to sustain
their water supplies themselves. On the other hand, it has been argued by several authors
in this literature review, that moving from an unimproved to an ‘engineered’ water supply
actually increases dependence on external organisations to provide support during the
construction, but also on continued support for the operation and maintenance of the
facility (Carter, 2009; Harvey and Reed, 2003; and Parry-Jones et al., 2001).
The concern raised by Wood is that often this external support is inadequate, leading to
projects falling into disrepair as communities are incapable to maintain the “engineered”
facilities themselves. For these situations, Wood suggests that communities should have
the option of using simpler technologies, such as the rope and bucket, which they have
enough capacity to maintain. Coupled with this approach however, Wood emphasises the
importance a ‘hard hitting’ hygiene education programme.
A hard hitting hygiene education has been argued in the literature as being essential for
the sustainability of a handpump project, regardless of whether or not external ongoing
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support has been provided (Parry-Jones et al., 2001). The benefits of teaching
communities the link between dirty water and diseases can also contribute to minimising
the problem of people reverting to traditional water sources (Collins, 2000).

3.2.2.6 Issue 6: Excessive Number of Users per Handpumps
The standard number of users per handpump has often been set to 250 per day.
However in practice, this figure varies greatly as different pumps have different design
parameters, and as the demand for water varies from community to community.
However, it is recognised that excessive numbers of users per handpump is a great threat
to handpump sustainability, as this can cause the facility to wear and subsequently fail
prematurely (Parry-Jones et al., 2001).
It has also been argued in the literature that the provision of an improved water facility
often attracts an increase in users. Often in the planning phase of the project, these
increases of demand are not envisaged, leading to an excessive exploitation of the
improved facilities, running beyond their design capacity soon after commissioning
(Perrings, 1996).

3.2.2.7 Issue 7: Inadequate Attention to Water Quality, Leading to Taste
and Corrosion Problems
The chemical composition of the groundwater is an important factor when considering
the sustainability of a handpump facility. Aggressive groundwater can lead to corrosion
of metallic parts of a pump, leading to premature wear. The chemical composition of the
water can also lead to rejection by the users, who may dislike its smell, colour or taste
(Parry-Jones et al., 2001).
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3.3 Management Models
The life cycle of a rural handpump project does not end after the installation of the
pump. On the contrary, Collins (2000) argues that the most important phase in the life of
the system has only just started. This is the phase of management of operation and
maintenance, replacement of parts and upgrading of the water supply system to meet
future demands, which is regarded as crucial in assuring that the water supply service is
sustained (Montangero, 2009).
In a Sustainable Rural Water Supplies (SRWS) strategy paper from 2009, it was stated
that the current two official management models adopted by governmental policies for
rural water supplies in development countries were: the Demand Responsive Approach
(DRA) and the Community Management Model (Harvey and Narkevic, 2009).
The concept behind the DRA is to advocate water as an economic good. In this model,
the rural populations’ demand is therefore key to the investment decision for water
supply. For the rural population to drive this demand, the DRA projects should provide
the users with guidance and options, to allow them to make informed decisions in the
selection of service and technology, with a clear understanding of the costs and
responsibilities that these options bear (Katz and Sara, 1998).
Although the DRA model in theory is a promising model as it allows the users to fully
take responsibility for the decision making on the choices regarding their own water
supply, in practice this model has not generated any promising results in Sub- Saharan
African countries. The main reason for this has been that many African countries to date
have not had policies that have incorporated a vast scope of services and technologies
for rural water supply. Consequently, DRA projects have not proven to be successful as
restricted policies have resulted in limited user choices in the provision of water facilities
(Harvey and Narkevic, 2009).
The management model that has been standard in most Sub-Saharan African
governmental policies, such as for policies in Malawi, and that will be clearly dominant in
the coming years, is the Community management model (Montangero, 2009;
Government of Malawi, 2002; and Parry-Jones et al., 2001). The main features of this
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model are that the rural communities are largely responsible for the management of their
own communal water facilities, in terms of operation and maintenance but also in terms
of the improvement of the facility (Montangero, 2009).
In the subsequent subsections of this section, the community management model will be
presented in more depth in the context of Sub-Saharan African countries like Malawi. In
addition, two alternative management models identified in this literature review as
approaches that could challenge the Community management model in delivering
sustainable handpump projects will be presented. These models are identified as the
Handpump Leasing Concept and Self Supply.

3.3.1 The Community Management Model
It has been argued that the community management model is the most dominant
management model for the rural water sector in most developing countries (Montangero,
2009). Although the methodological approach of the model varies from one project to
another, the fundamental principles of the model is that the community should be
equipped with necessary technical training, tools and skills from the beginning of the
implementation of the project (by the project facilitators: governmental agencies, NGOs
or donors) to be able to manage the maintenance and operation of the service themselves
(Gutierrez and Blagbrough, 2001; and Parry-Jones et al., 2001). Allowing the
communities to manage their own facilities is regarded as crucial towards enhancing their
ownership of the project. In addition the model aims to promote ownership through
community participation in the construction phase of the facility, by contributing in the
initial planning, cost recovery and labour (Harvey and Narkevic, 2009).
Generally, the management of the facility is not performed by the entire community, but
by a group of elected users, often referred to as the “Water Committee” (Montangero,
2009). In addition to managing the water facility, the water committee is required to
manage the financing and the cost recovery and to provide preventive maintenance of
the facility (Parry-Jones et al., 2001). This cost recovery is usually performed by charging
user fees of the facility from the community (Carter, 2009).

20

Sustainable Handpump Projects for Malawi’s Rural Poor

There are two sets of advantages in allocating management responsibilities to a
committee within the community. First, by spreading the management responsibility on
several members of the community, the risk taken by each member is reduced. Secondly,
by allocating the management of the water facility to the community of users allows for
better mechanisms for users to express demands, flexibility in dealing with water tariffs
and local capacity to deal with user conflicts (Montangero, 2009).
However, case studies investigated by Gutierrez and Blagbrough (2001) from different
Sub- Saharan African countries show that for many projects neither the water committee
nor the village government have properly understood their roles and responsibilities in
the management of the facility. These studies also show that water committees often lack
the skill capacities and motivation to manage technical equipment, and fail to sustain
their commitment towards managing the water facilities on the long run.
In section 3.2.2.5 of this literature review, it has been argued that a successful
management of an improved water facility quite often requires ongoing external support,
which in itself contradicts the notion of a community needing to be ‘self-sustaining’
(Harvey and Reed 2003; and Wood, 1994). In the SRWS strategy paper from 2009 it is
stated that providing ongoing external support to the community management is in fact
essential to keep a water project sustainable, which leads to the development of the
conceptual idea “Community Management Plus”. The concept of “Community
Management Plus” is a community management model where permanent monitoring
and follow up in terms of technical support, training of the water committee members is
provided by local governments or the private sector (Harvey and Narkevic, 2009).
Although conceptually the community management model Plus is promising, in most
African countries local governments are under-resourced and lack capacity to fill this role
of monitoring and follow-up (Perry Jones et al., 2001). Additionally, as was argued in
outcomes of the 24th AGUASAN Workshop in 2008, there is little interest within the
private sector in development countries to take part in handpump projects, as very little
cash flow is generated for spare parts resale services (Montangero, 2009).
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3.3.2 The Handpump Leasing Concept
The Handpump Leasing Concept or the maintenance oriented “package” model is a
management model where private manufacturers own up to 100 handpumps which are
placed in communities under clear maintenance contracts. Depending on the local
situation, the manufacturer is obliged under the contract to provide services such as
routine and preventive maintenance of the pump, emergency maintenance in case of
pump breakdowns, fee collections from the users and the provision of technical
assistance to the users (Harvey and Narkevic, 2009; and Parry-Jones et al., 2001).
Although the rational behind this model is promising, to date this management model
has not achieved great success when implemented. This is the case for Mauritania in
2004, where a considerable proportion of users after 2 years of using this model were not
interested in renewing their contracts (Montangero, 2009).

3.3.3 Self Supply
A field research performed in rural Malawi in 2005 by Zwier (2009) on the viability of the
management of different rural water points revealed that the community management
model for a borehole and a protected shallow well investigated was very fragile. In the
case of the borehole, the water committee struggled with the preventive maintenance of
pump system, while the shallow well system, which had been installed by an NGO, was
left in disrepair with no motivation from the community to fix it. On the other hand, the
management of a traditional unprotected shallow well demonstrated a rare case of robust
management, even without an affiliated water committee. It was observed that female
users provided continued maintenance and monitoring of the facility, as well as a
correction to each other's behaviour.
This robust management of traditional water points, as in the case of the unprotected
shallow well investigated by Zwier, is not a new observation, but a worldwide
phenomenon of users responding to the inadequacies of public sector solutions by
improving on their own pre-existing water facilities (Sutton, 2008). This concept is called
‘Self Supply’.
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Several reasons why certain rural communities are not covered in the provision of
improved water facilities by governmental agencies or NGOs have already been
discussed in the background section of this literature review for the case of Malawi.
Another possible reason, identified by Sutton (2008), is that certain communities which
are peripheral to communal water pipe services are expected, but cannot afford, to pay
the municipal water tariffs. Central governments are often reluctant to support these
communities with alternative water services. Case studies identified by Gutierrez et al.
(2003) in Uganda, Mozambique and Ghana also reveal that private contractors tend to
construct water points where it is easier and cheaper for them to do so, and not
necessarily where the demands of the receiving communities are met.
There are many forms of self supply initiatives in the rural water sector, which all depend
on the investment capacity of the private group initiator. Carter et al. (2005) classify these
supply initiatives into different source types. The simplest type, referred to as source type
1, is a very shallow unprotected water hole. Type 2 is a hand-dug valley tank. Type 3 is a
shallow well, typically hand-dug, equipped with a rope and a bucket, or as an improved
protected shallow well with a handpump. Type 4 is typically a drilled borehole with a
handpump.
The investment capacity in self supply depends as stated on the financial capacity of the
initiator. Very often, rural communities with limited financial capacities are limited to the
mobilisation of labour and the use of local resources to perform an improvement to the
type 1 or type 2 sources. On the other side of the financial scale, some self supply
initiators are business men, who have the capacity to invest in the two latter types of
water sources (type 3 and 4). However, a common factor to all these initiators is that
they share an entrepreneurial spirit (Carter et al., 2005).
There are several barriers to self supply initiatives as presented by Carter et al. (2005) and
Sutton (2008). The main one is that self supply activities generally are discouraged by
many governments and NGOs in Sub-Saharan Africa. Governments have a tendency to
regard self supply services as poor water quality sources, especially for sources of type 1
and 2, and will generally not support communities and help them improve these sources.
This is argued by Carter et al. (2005) as being attributed to a conventional thinking that
either a water source is seen as “traditional”, “unimproved” and “unsafe”, thus
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unacceptable, or it is seen as modern and “improved” or “safe” source, and that nothing
exists between these two extremes. Moreover, with regard to water quality, Sutton (2008)
argues that for the consumers, convenience in water supply, resulting in increased
productivity, is often regarded as more important than water quality considerations.
Another barrier to the acceptance of self supply is that governments and NGOs are
reluctant to assist individual households, as they fear that the assistance to individuals will
undermine their commitment to help communities (Carter et al., 2005). However, studies
on self supply in Zambia have shown that the private “family” wells investigated served
up to 50 to 80 people. Studies on self supply in Uganda showed that it was abnormal for
the private source owner to prevent neighbours from sharing the water source. In
addition, the payment for this service was regarded as unacceptable by both user and
owner (Carter et al., 2005).
A last important barrier to self supply initiatives is that the investment needed for the
upgrading to type 2 and 3 sources (protected shallow wells and boreholes) are available
to very few individuals, and will often not occur unless external support is provided. A
pilot project on self supply which was assisted by NGOs in rural Uganda from 2006 to
2008, proved the great suitability of shallow well handpump projects in self supply if
technical assistance with a measure of financial subsidies were provided (Joel, 2009).
The greatest advantage of the concept of self supply, in comparison with the community
management model, is with regard to ownership. Carter et al. (2005) argues that the
ownership created through the community management model is only partially with the
community, as the service is often externally initiated and the technology provided offers
limited scopes to alterations or modifications by the community members. The
ownership created from the self supply model however, is clear, as the initiation,
implementation and cost recovery (cash/labour) is performed uniquely by the owner.
Although initial improvements made by self initiatives may provide limited quality from
water services (such as for type 1 and 2), it is believed that the ownership created through
the process can create a consecutive ‘ladder of improvements’ (Sutton, 2008). In Ghana,
individuals from peri-urban areas progressively expanded their water facility from simple
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private wells with rope and buckets, to stand-posts with elevated storage and chlorinated
supply (Sutton, 2008).

3.4 Handpump Technologies
This last section in this literature review will discuss the principle handpump technologies
identified in the literature in the context of rural water development in the developing
world. This review will limit its discussion on handpumps for shallow well protections,
although the borehole pump type called the ‘Afridev Pump’ (African Development
Pump) will be discussed in a historical context, for reasons which will be argued.
The two principle handpump groups identified were the Direct Action Pumps and the Rope
Pumps. In the subsequent two subsections, each of these handpump types will be
discussed in terms of design, historical context and in terms of their advantages and
limitations. The last subsection will compare the two handpumps based on comparative
analyses identified in the literature.

3.4.1 The Direct Action Pumps
The direct action pumps belong to the group of Reciprocating Pumps, which is the group in
where the majority of the handpumps used in the developing world belong. In addition
to the direct action pumps, which are most commonly used for shallow well water
extraction, the group also comprises the Lever Action Pumps, which are mostly used for
extracting water from boreholes (Baumann and Erpf, 2005).
In rural water development in most Sub-Saharan African countries today, the modern
reciprocating pumps have been designed to be managed by rural communities under the
community management model. Thus, often development agencies relate these pumps as
VLOM pumps (Village Level Operation and Maintenance Pumps) (Parry-Jones et al.,
2001).
Scarce information on historical documentation on the use of direct action pumps in
rural water development was found in the literature. However, thorough documentation
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was found on the Afridev Pump which is one of the most widely used lever action
pumps in the world. Thus in the subsequent sections, rather than discussing the historical
context of the direct action pumps, focus will be on reciprocating pumps and the
Afridev.

3.4.1.1 The Generic Principle and Design of Reciprocating Pumps
The principle of the reciprocating pumps is the function of suction, where the pump
action of moving a piston up and down in a rising main creates a low pressure above the
body of water in the well, causing the water to flow upwards through the rising main
(Baumann and Erpf, 2005).
The major features of the reciprocating pump designs, as demonstrated in Fig. 3.4.1.1.1
for the Direct Action Pump “Nira AF-85 Pump”, is the piston made of a T-handle and a
pumprod made of plastic pipes, and the raiser pipe of PVC in where the pumprod pipe is
airtight. At the bottom of the pumprod, a non-return valve called the “footvalve” is
fitted. The footvalve allows water to flow in to the raising main, but prevents it from
flowing back (Baumann and Erpf, 2005).
The “down hole components” for most reciprocating pumps are made of plastic and
rubber while most of the components above ground are made of lightweight
noncorrosive steel. In Sub-Saharan Africa, the two most widely promoted direct action
pumps are the Nira Af-85 Pump (Fig. 3.4.1.1.1) and the Malda Pump. The most widely
promoted lever action pump is, as stated, the Afridev (Baumann and Erpf, 2005).
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Figure 3.4.1.1.1: the Nira Af-85 Pump
(Picture courtesy of www.rwsn.ch, 2010)
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3.4.1.2 The Historical Context of VLOM Pumps in Sub-Saharan Africa
The development of the VLOM pumps came as a result of the realisation, by many
central governments in Africa in the late 1970s, that they did not have adequate resources
to fulfil their role in rural handpump maintenance. This resulted in the development of
the community management concept, where the handpumps were to be designed in such
way that they could be operated and maintained within the community (Baumann, 2009;
and Wood, 1994).
The pioneering of the most prominent handpump to date, the Afridev, was started by
the Government of Malawi in the early 1980s, with the collaboration of UNICEF,
UNDP and the World Bank. In 1983, the development of this pump was moved to
Kenya where it was further improved towards meeting the VLOM requirements that the
pump could be maintained locally, by local people (Hankin, 2001).
However, the manufacturing of the Afridev has never truly taken off in Africa, and to
date most African countries, including Malawi, import the VLOM pumps, such as the
Afridev, and their spare parts, from countries such as India and Pakistan (Hankin, 2001).
The main reasons for this is that industries in Pakistan and India are much more
developed, implying that manufacturers benefit from competitive economies which keep
the production price low (Parry Jones et al., 2001). Certain components of the VLOM
pumps, such as the footvalve for instance, require moulds which are complex and
expensive to produce in Africa (Wood, 1994).
Although the history of reciprocating VLOM Pumps in Africa has been problematic,
they are still by far the most widely used handpump solution for Sub-Saharan Countries.
An estimation by Baumann (2009) shows that up to 800,000 Afridev pumps have been
installed there since the early 1990s.

3.4.1.3 Advantages and Limitations to the Reciprocating Handpumps
The advantages of the reciprocating pumps have already been mentioned in terms of
their lightweight non-corrosive steel and relatively simple design, which allows for full
maintenance and operation to be performed by the user, within the community
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management model. Baumann and Erpf (2005) also argue that the installations of
reciprocating pumps are simple, as this can be performed entirely on the ground surface,
without having to go down the well. However, as was thoroughly argued in the
Handpump Sustainability section of this literature review, an appropriate technology is
only one of several factors that must be taken into consideration towards achieving a
sustainable handpump management.
With regard to the limitations of the reciprocating pumps, it has been argued by
Baumann (2009) and Wood (1994) that certain technical issues with for instance the
Afridev, are almost always beyond the means of the village handpump caretaker to
maintain and repair. In a paper by Hankin (2001) on problems encountered with Afridev
pumps during 6 years of implementation in rural Malawi, it was demonstrated that
failures would occur in almost all the components of the pump at all the different
implementation stages (design, manufacturing and installation).
One of the greatest limitation to the current reciprocating pumps however does not lie in
the fact that they break, but as argued by Parry-Jones et al. (2001) in the lack of
availability of spare parts to fix the pumps in case of failure.

3.4.2 The Rope Pumps
While the principle behind the reciprocating handpump technology is water suction, the
principle behind the rope pump is water lifting.
Rope pumps have usually been installed for shallow well protections, for a depth up to
15 metres. However, recent improved designs have shown the pump technology being
capable of operating on boreholes, for depths up to 50 metres (WSP, 2001). The
following discussion however, will be limited to shallow wells.

3.4.2.1 The Generic Principle and Design of the Rope Pump
The principle behind the rope pump is a loop of rope which is pulled through a plastic
raiser pipe. Attached at regular spacing on the rope, are equally spaced plastic pistons
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(often referred to as washers), which are guided into the rising main from the guide box
at the bottom of the well. At the pump stand, the rope is pulled by a turning a pulley,
operated with a crank handle, which drags the pistons up the main, each trapping a
column of water inside to raise it to an outlet spout at the surface (Baumann et al. 2005).
The major features of the rope pump are demonstrated on Fig. 3.4.2.1.1 for the
Nicaraguan Rope Pump.

Figure 3.4.2.1.1: The Nicaraguan Rope Pump
(Picture courtesy of www.rwsn.ch, 2010)
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3.4.2.2 The Historical Context of Rope Pump in Sub-Saharan Africa and
Nicaragua
The technology of the rope pump has existed in different forms for centuries, with
records from ancient China as “The Chain and Washer Pump” (Erpf, 2005) and with
records in France at the turn of the last century (WSP, 2001).
In modern times, the rope pump has been promoted in Nicaragua since the early 1980s,
where in 1995 the government declared that it would become one of the official
handpumps for rural water point development (WaterAid Ghana, 2004). In 2006, more
than 30,000 rope pumps were in use in Nicaragua, providing water to approximately 25%
of the population (Harvey and Drouin, 2006).
Recognising the success of the rope pump in Nicaragua, in 1996 Ghanaian authorities
with the support from the World Bank started to investigate the possibility of a ‘SouthSouth’ private sector technology transfer of the rope pump from Nicaragua to Ghana.
This investigation, which concluded that there was capacity to both produce and install
the pumps in Ghana, led to the introduction of the rope pump to the private sector in
Ghana in 1999, with initial support from the Ghanaian Government and Nicaraguan
rope pump manufacturer delegates (WSP, 2001).
A WaterAid Ghana briefing paper from 2004 reported that despite a promising start, this
initial introduction of the rope pump to Africa was not entirely successful. However,
since then several other attempts at introducing the technology to Ghana but also to
other Sub-Saharan African countries such as Zimbabwe, Madagascar, Kenya,
Mozambique, Uganda and Zambia have generated more promising results and all these
countries are at various stages of developing the rope pump (Harvey and Drouin, 2006;
Erpf, 2005; and WaterAid Ghana, 2004).

3.4.2.3 Advantages and Limitations to the Rope Pump
Several reasons why the rope pump technology was such a success in Nicaragua have
been identified in the literature. First, the fact that the technology received great support
from the Nicaraguan Government has already been mentioned as one of the success
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criterions. Second, a demand was created by extensive promotion of the pump by the
manufacturers. In 1999 it was estimated that over half the population of Nicaragua had
heard of the rope pump (WSP, 2001). Last but not least the rope pump was successful
because of the advantages of the technology itself.
It has been widely accepted that the rope pump has a number of advantages over
conventional (reciprocating) pumps (Harvey and Drouin, 2006). These include a
significantly lower initial cost, but also a lower cost in maintenance and repair. A study
performed in Nicaragua by the Water and Sanitation Programme (WSP) in 2001 reported
that the upfront cost and annual maintenance cost for the Nicaraguan Rope Pump were
$110 and $10 respectively, while the upfront cost for the Nicaraguan Afridev was $750
with annual maintenance cost ranging from 59$ to 107$ (WSP, 2001).
Another significant advantage of the rope pump is that it is made of materials which
potentially can be produced domestically and repaired locally. In Nicaragua, one of the
principle manufacturers of the Nicaraguan Rope Pump, a private company called
Bombas De Mecate S.A, found it sufficient to provide a short training course with a
manual to their customers, which ranged from rural families to NGOs and governmental
agencies. On the basis of this, the customers have shown themselves capable of installing
and maintaining the rope pump by themselves (WSP, 2001).
With regard to limitations, the greatest argument against the rope pump technology when
compared to conventional pumps is that the rope pump technology requires the rope to
pass in and out of the well, which implies that the well cover can never be fully sealed.
This is believed not to be entirely satisfactory in terms of bacterial safety of the well,
especially if the rope is in direct contact with users (Harvey and Drouin, 2006).
It has also been proved that when installed incorrectly, the rope pump has had a
tendency of failing prematurely. This was one of the main reasons why the Nicaraguan
Rope Pump technology transfer initially failed in Ghana, as too many of the pilot rope
pumps failed prematurely, resulting in a limited social acceptance of the technology
(WaterAid Ghana, 2004). The importance of quality of installation is further stressed by
Erpf (2005): “No matter how simple the mechanisms of (the rope pump) look like and how easy and

32

Sustainable Handpump Projects for Malawi’s Rural Poor

cheap production process’ are, the rope pump is still a complex machine requiring manufacturing of a
relatively high quality standard”.

3.4.2 Comparative Performance Analysis of the Rope Pump and the
Direct Action Pump
Since the introduction of the rope pump technology to Sub-Saharan Africa, several
comparative performance analyses have been carried out between the rope pump and the
conventional pumps. The best documented study in this literature review was performed
by the Water Engineering and Development Centre (WEDC) in 2006 (Harvey and
Drouin, 2006).
For this study, 20 handpumps installed on shallow wells in the Upper East region of
Ghana, with the same water sources, identical hydrological and climatic conditions, and
subjected to near identical sanitary pollution risks and usage loads, were chosen. Ten of
the handpumps were equipped with the Nicaraguan Rope Pump and ten with the Nira
AF85 Direct Action Pumps. On the basis of user interviews, sanitary inspections, water
quality analysis, cost assessments and technical performance assessments, the two pumps
were compared along six assessment parameters: capital costs, impact on microbiological
water quality, maintenance costs, maximum pumping heads, flow rate and turbidity.
The result of the analysis showed that the Nicaraguan Rope Pump outperformed the
Nira AF85 for all six assessment parameters. The rope pump proved to be considerably
cheaper in terms of both capital costs and maintenance costs, and the pumping head and
flow rate were considerably higher than with the conventional pump. However, it was
recognised that the Nira AF85 had a significantly higher capital cost than other direct
action pumps, such as for instance the Malda.
It was also confirmed that the rope pumps delivered water with much less turbidity than
the Nira AF85 pumps, as the reciprocating actions of the direct action pumps causes
more disturbance in the well water. More importantly however, this study showed no
significant difference in the microbiological water quality between the two pump types.
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CHAPTER 4: Investigating a Suitable Management Model
and Generic Pump Technology for the Likuni Villages
This chapter will address Objective 1 and its 3 outcomes:
Objective 1: “Identify a suitable management model and generic handpump technology, addressing the
specific demand for sustainable handpump projects in Likuni.”

-

Outcome 1: The demand for handpump projects in Likuni is articulated, based
on a case-study presenting context, constraints and resource limitations;

-

Outcome 2: Based on desk studies on handpump sustainability and
management models for rural water supply, and the case study, the most
appropriate management model for sustainable handpump projects in Likuni
is identified;

-

Outcome 3: Based on desk studies on handpump sustainability and generic
handpump technologies for rural water supply, and the case study, the most
appropriate generic handpump for sustainable handpump projects in Likuni
is identified.

Based on a case study of the Likuni villages, including a field trip log from the British
Charity ‘Water Works’ and a census on water and sanitation among the villagers, the
demand for handpump projects in Likuni will be articulated. Subsequently, based on
findings from this case study, the most suitable management model between the
Community Management Model and Self Supply will be identified for Likuni. Lastly, based on
the case study and a research on handpump technology in Malawi, the most suitable
generic handpump technology, between the Direct Action Pump and the Rope Pump, will be
identified for Likuni.
Although the Likuni census focused on water and sanitation, considerations on sanitation
are not the primary focus in this thesis. However the important linkage between
handpump sustainability and adequate sanitation facilities has been recognised. Some of
these issues are raised in Chapter 6 of this thesis.

34

Sustainable Handpump Projects for Malawi’s Rural Poor

4.1 Materials and Methods
In the summer of 2009, the Edinburgh-based Charity Water Works performed country
surveys in rural and peri-urban areas of Malawi in order to assess the feasibility of future
water projects in the country. One of these surveys was performed in the Likuni villages,
a peri-urban area south-east of the Malawian capital Lilongwe.
The investigations performed on the Likuni villages by Water Works Charity were
initiated by Mr. James Mambulu, a Malawian country representative for the Canadian
International Development Agency (CIDA). They consisted in a guided field trip to the
villages on June 15th, including a request for a water and sanitation census from the
villagers and a meeting on June 17th with the Director of Water Supply of the Malawian
Ministry of Irrigation, Mr. Boniface Gondwe, where issues regarding the Likuni villages
were raised.

4.1.1 Water Works Field Trip to the Likuni Villages
This field trip was performed by Water Works representatives, Mr. James Mambulu of
CIDA and the water committee of the Likuni villages, including the Chair of this
committee, Mr. Black and the secretary, Mr. Eliet.
The field trip included three stages. The first stage was a briefing meeting where general
poverty and health issues in Likuni were discussed, with emphasis on the water and
sanitation coverage in the villages. In this meeting, Water Works representatives asked
the committee what kind of help related to water supplies would benefit them most
through a future cooperation with the charity. Questions regarding the committees’
financial capacity was raised and discussed.
The second stage of the field trip involved a brief site visit to all the villages of Likuni,
guided by the water committee. The 8 villages of Likuni are Mtomondo, Nachipi,
Mnjolo, Nkhongoni, Mchawa, Kumlambala, Chimphangu and Chitsinde. Due to time
restrictions, the aim of the site visits was not to perform a detailed investigation on all the
water supplies in the villages, but was rather to familiarise the Water Works trustees with
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Likuni and some of its water related issues, such as the quality of the wells and some of
the users’ experiences.
The last stage of the Likuni field trip involved a water and sanitation census request from
Water Works, to be performed by the water committee by mid July 2009. This census
request comprised a set of questions requiring data collection from each well in the
Likuni Area. These questions were as follows:
-

How many wells are there in each village?

-

How many villagers are using each well?

-

How many families are using each well?

-

Who is the owner of each well?

-

Do any of the wells dry up during the year?

-

Have the users experienced health problems from using the well? If yes, specify.

-

What are the water characteristics from each well in terms of smell, taste and
colour (cloudy, muddy or clear)?

In addition, this census request also comprised questions on the sanitation facilities in
Likuni, as follows:
-

How many pit latrines/toilets are there in each village?

-

How many villagers are using each latrine?

-

How many families are using each latrine?

-

Who is the owner of each latrine?

4.1.2 Meeting with Director of Water Supply at the Ministry of
Irrigation of Malawi
This meeting, which was held in Lilongwe on June 17, 2009, was attended by Water
Works representatives and Mr. Boniface Gondwe, the Director of Water Supply at the
Ministry of Irrigation. The aim of the meeting was primarily to present Water Works to
Mr. Gondwe, to get his advice on how the Charity should go about to set up future
projects in the country, and his point of view on which rural areas that the Charity
should focus on.
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In this meeting, the Likuni Area was discussed in particular, as this is one of Water
Works’ potential future project areas.

4.2 Results

4.2.1 Findings from the Likuni Field Trip
Water Works’ log on the briefing meeting with the water committee and the consecutive
site visits have been provided in Appendix B. This sub-section will identify some of this
log’s key findings.
It was clear from this field trip that the daily struggles of the Likuni villagers were
numerous, from health issues associated with HIV/Aids, to a profound poverty which
resulted from food shortages, as villagers could not afford to buy fertilisers to grow their
crops.
With regard to the villages’ water supplies, these were all unprotected shallow wells, with
rope and bucket water extraction systems, hand dug over time by people within the
community.

4.2.1.1 Quality of the Wells Examined
The quality of the wells that were examined varied from village to village. For example,
one of the wells inspected in Mchawa (Fig. 4.2.1.1.1) had no proper well cover and had
large cracks leading into the well around the well head (made simply of a truck tyre).
Another well of similar quality from Mnjolo was reported to dry up in the dry season,
because it was only 4 metres deep. (Please refer to Appendix A, which explains the
function of well protection features for shallow wells such as: the ‘well head’; the ‘well
cover’; the ‘well slab’; and the ‘the drainage channel’.)
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Figure 4.2.1.1.1: One of the wells from Mchawa Village
In contrast, a well examined in Chimphangu (which according to the water committee
was relatively new, Fig. 4.2.1.1.2) had a well head and a well lining made of bricks and
cement. In addition, this well had a well cover system comprising of a “tailor fitted”
wood closure. This well, which had been dug to a much greater depth than the wells
examined in Mchawa and Mnjolo, was reported never to have dried up.

Figure 4.2.1.1.2: One of the wells from Chimphangu Village

38

Sustainable Handpump Projects for Malawi’s Rural Poor

Common to all the wells examined, however, was the lack of, or inadequate, well slabs
surrounding the wells, which resulted in stagnant water accumulating around the well
heads. This was particularly the case for wells having a large population of users, such as
a well from Nkhongoni (reported to have over 100 users, Fig. 4.2.1.1.3). In Nkhongoni,
users expressed the inconvenience of this stagnant water, which for example would
attract animals urinating around the well.

Figure 4.2.1.1.3: One of the wells from Nkhongoni Village

4.2.1.2 Water Quality as Expressed by the Users
Several demonstrations on water collection were performed by villagers during the site
visit, with ropes and buckets of varying, and in general poor, quality.
One of these demonstrations was done at the aforementioned well of Mnjolo, where an
old paint container was used as a bucket. This allowed for an inspection of the water in
the well, which was identified as cloudy (see Fig. 4.2.1.2.1). It was recognised that the
users of this well also expressed a discontent for this water source. In addition, sanitary
facilities were observed to be relatively close to this well.
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Figure 4.2.1.2.1: Water Collection from a Well in Mnjolo
During the field trip briefing meeting, water quality in the context of water borne
diseases was discussed. Here, the water committee Chair, Mr. Blake, stated that cholera
in particular was a recurring problem within the Likuni villages. For instance, Nkhongoni
Village had recently suffered from cases of cholera.

4.2.1.3 Likuni’s Demand for Handpump Projects and its Financial
Restrictions
The last topic raised during the briefing meeting with the water committee of Likuni
focussed on the type of contribution needed from Water Works. Here, the committee
agreed unanimously that the most beneficial implementation would be the upgrading of
one well in each village with a shallow well protection, with installed handpump. Having
had previous experience with the Malda pump, the Water Works representatives asked
the committee if this was a technology that they would consider suitable for such a
project. It was apparent that the committee knew about this handpump technology,
which with a clear conformity expressed that the installation of Malda pumps would
meet their demands.
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However, it became obvious from further discussions that the water committee did not
have on its own the financial capacity to pay for the capital costs of such projects. The
current cost recovery system set by the committee for such projects, was selling
vegetables and fruits harvested from a communal garden in Likuni. However, this system
had proven to give scarce revenue, as the committee could not afford the necessary
fertilisers.

4.2.2 Findings from Meeting with Director of Water Supply at the
Ministry of Irrigation
In the discussion on the Likuni Area with Mr. Gondwe, on whether or not Water Works
should pursue water projects in these villages, Mr. Gondwe argued that in principle these
were not projects that would be recommended by the Ministry. The reasons for this were
twofold.
First, there had been a plan from the Ministry of Irrigation for nearly a decade to expand
the urban pipe network of Lilongwe to the peri-urban areas of Likuni. Thus, performing
shallow well water projects in this area would not conform to the Ministry's policies for
this area.
Second, when compared to water from urban water supplies, Mr. Gondwe argued that
water from shallow wells gave unsatisfactory quality, regardless of the level of protection
of the well, and therefore such a project could not be endorsed by the Ministry. (Please
refer to a log of the meeting of Water Works with Mr. Gondwe in Appendix B.)

4.2.3 The Likuni Water and Sanitation Census
The detailed census provided by the water committee of Likuni, including Summary
Tables presented for each of the 8 villages, is presented in Appendix C. The following
discussion will be limited to the coverage of wells in Likuni. For more details on
sanitation coverage, please refer to Appendix C.
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4.2.3.1 Well Facility Coverage in Likuni
Table 4.2.3.1.1 below summarises the shallow well water coverage of the Likuni area, as
reported in the Likuni Census.
Table 4.2.3.1.1: Shallow Well Water Coverage of the Likuni Villages
Comments
Total population
Total no. of families
Total no. of wells
Total average of users per well
Standard deviation
Total average of families per well
Max. no. of user per well on average per village
Min. no. of user per well on average per village
Maximum no. of users for a well
Minimum no. of users for a well
Maximum no. of families for a well
Minimum no. of families for a well

1169
188
36
32
21
5
63
22
102
6
17
1

Nkhongoni
Chimphangu
Nkhongoni and Nachipi
Chimphangu

As shown is this Table 4.2.3.1.1, the total average of users per well in the 8 villages is 32.
However, as indicated by the large standard deviation of 21 users, this average varies
greatly between the 8 villages. Some villages, such as Chimphangu, has 12 wells shared by
a population of 232 users, an average of 19 users per well. In contrast, the village of
Kumlambala was reported to have the entire village of 80 people sharing only one well.
Figure 4.2.3.1.1 illustrates the variation of average, maximum and minimum numbers of
users per well for each of the 8 villages in Likuni. On this figure, the maximum number
of users per well occurs in Nkhongoni, with 102 users per well, which confirms the
observations during the field trip.
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Figure 4.2.3.1.1: Spread of Users per Well for the 8 villages of Likuni

4.2.3.2 Well Owners and Family Sharing
With regard to well owners, it was clear from the census that all of the 32 wells in the
Likuni villages were privately owned by one family. However, for most of these wells, the
census reported that they were shared with neighbouring families. In fact, only 5 of the
183 families in Likuni were not sharing their wells with other families. 4 of these families
were in Chimphangu while the 5th family was reported to be in Chitsinde. In
Nkhongoni, the 102 people using one well consisted of 17 families. According to the
census, this well was owned by Mr. Eliet (the water committee secretary) and his family.
Table 4.2.3.2.1 summarises the population and families in the Likuni Area sharing
privately owned wells.
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Table 4.2.3.2.1: Population and Families Sharing Wells
Population sharing a well
Population not sharing a well
Population sharing a well (%)
no. families sharing a well
no. families not sharing a well
Families sharing a well (%)

1139
30
97.43
183
5
97.34

4.2.3.3 Additional Comments in the Census by the Water Committee
The census sheet provided to the committee provided an additional column for
comments from the users on issues such as: the drying-up of wells in the dry season;
water quality in terms of taste, smell and colour; and the evidence of waterborne diseases
such as cholera related to using the wells. This column was only partially used by the
committee.
The census indicated that certain wells had to date never dried up, but for most of the
other wells, no information was provided. Thus, it has been assumed for this thesis that
where this information was not provided, the users would have experience drought in the
past. The findings of this survey have been presented in Table 4.2.3.3.1.
Table 4.2.3.3.1: Number of Wells not drying up in the Likuni Area
Village

Total
wells

Mtomondo
Nachipi
Mnjolo
Nkhongoni
Mchawa
Kumlambala
Chimphangu
Chitsinde
Total

6
5
4
2
3
1
12
3
36

no. of wells
reported
not drying
up
2
2
2
1
1
1
2
3
14

% of wells
reported
not drying
up
33
40
50
50
33
100
17
100
39

With regard to water quality in terms of taste, smell and colour, the information provided
in the census was scarce. This information was only provided for one well in Nkhongoni,
were users had commented that the water had a salty taste, and the three wells of
Mchawa, where it was reported the water had a bad smell. There was however no
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correlation between these findings and whether the wells had a tendency to dry up (two
of these wells being reported not to dry up in the dry season).
With regard to cholera outbreaks, the census indicated that all areas of Likuni suffered
from this waterborne disease in the rainy season.

However, it was not indicated

specifically if this was the case for every well in Likuni.

4.3 Discussion
It has been argued in the Literature Review in section 3.2.2, that one key criterion for a
sustainable handpump project was the users’ “demand” for such a project. As indicated
in the preceding result section, there was a clear demand for handpump projects in the
Likuni villages: the results demonstrated that the current facilities were inadequate, with
as many as 70% of the 36 wells in the villages drying up; that the water quality, as
expressed by some of the users, was poor; and more imperative, the entire population of
Likuni was under a constant threat of cholera outbreaks.
Improved water facilities in Likuni would not simply contribute to decreasing these
severe water related issues. As was discussed by Gutierrez and Blagbrough (2001) in
section 3.1.4 in the Literature Review, this would also contribute to improving health and
stimulating economic growth among the Likuni households.
However, a clear demand is not the only criterion to achieve sustainable handpump
projects. It was argued in the literature that in addition, a system must be in place to
allow for a continuous operation and maintenance of the facility. In the following
subsections of this discussion, the suitability of different management models and of
different generic handpump technologies will be discussed, in the context of achieving
sustainable handpump projects in Likuni.
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4.3.1 A Suitable Management Model for the Likuni Villages
4.3.1.1 The Community Management Model and Likuni
The fact that the Likuni Area has an established “Water Committee” abides by the
community management model. However, none of the 36 wells in Likuni are communal
wells, as they are all built and owned by private households.
If a community management model were to be adopted in Likuni, this would mean that
the wells chosen to be upgraded with shallow well protections must be donated or sold
from private owners to the community. Another possibility would be to build new and
separate facilities which would be owned by the communities.
There are certain drawbacks with these approaches. Expecting certain private owners to
donate their facility to the community cannot be regarded as reasonable, as this might
cause local conflicts. Buying water wells from private owners would require a financial
capacity that the Likuni communities currently do not possess, and this is especially the
case for building entirely new facilities.
Assuming that the Likuni villages managed to allocate communal wells in each village,
the next step in the introduction of a community management model would require a
certain level of organisational restructuring. Either the current water committee of the
Likuni area would be given responsibility for the maintenance and operation of all the
communal wells in the Likuni area, or new water committees would have to be
established for every village, with each committee responsible for the management of
each communal well.
A clear challenge with the implementation of a community management model for
handpump projects in the Likuni villages, is, as has been discussed, the financial
restrictions of the Likuni community, evidenced by the population’s inability to afford
fertilizers for their crops. Thus, water committees expected to collect money from user
fees towards carrying out preventive maintenance of the upgraded water facilities, would
struggle to perform this task. This issue was raised in the Literature Review: although
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some communities may have demonstrated a clear demand for handpump projects, this
demand cannot reflect their “willingness to pay”.
As was also discussed in the Literature Review, financial restrictions within communities
to provide maintenance and operation of their upgraded water facilities is not
uncommon. It may be reminded here that 65.3% of Malawi’s population have an average
daily income per capita of less than £0.05. As repeatedly argued by Harvey and Narkevic
(2009), one requirement for a handpump project to be sustained is the continuous
financial support from external institutions, such as governments or NGOs. In the case
of the Likuni villages however, external support for the community management of
upgraded shallow wells cannot be expected from the government, as these projects do
not conform to the policies set by the Ministry of Water and Irrigation.
One last challenge with adopting a community management model for one upgraded
well in each Likuni village is that these wells will coexist alongside conventionally
managed wells in the villages. In other words, there will be two simultaneous
management models. As argued by Carter (2009), if for some reason the upgraded well
would fall into disrepair, the users will probably return to their traditional water sources
and management model, rather than going through the trouble of fixing the improved
well.

4.3.1.2 The Self Supply Model and Likuni
It is evident from the results of the census that self supply already is the established
management model for the unprotected shallow wells in Likuni. Over time, as the public
sector has failed to connect Likuni to the piped water network of Lilongwe, and given
that Likuni would have struggled to pay water tariffs associated with such a network, the
citizens of the Likuni area have had no other choice but to improve their water resources
through private initiatives. As a result, all the 36 wells in Likuni are privately owned, dug
manually, over time, by people within the community.
Another clear finding from the census is that although the wells are privately owned, less
than 3% of the population are reluctant to share their well with their neighbours. This
clearly confirms Carter et al. (2005) that within the self supply model in Sub-Saharan
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Africa, it is normal for private source owners to share their water resources with their
neighbours.
The advantages of self supply in terms of the strong sense of ownership of the users
have already been addressed in the Literature Review of this thesis, but it in addition it is
worth mentioning that by committing to self supply for handpump projects in Likuni, an
organisational restructuring within the communities will not be necessary, which can
further enhance the community’s acceptance of such projects.
The major drawback with the self supply model in the present context, as with the
community management model, is again the financial restrictions of the villagers.
According to Carter et al.’s (2005) classification scheme for self supply initiatives, the
water points in Likuni can be classified as type 2 to 3 sources. An upgrade to type 3
sources (protected shallow wells) would require a private investment which, based on the
information available from the Likuni villages, would probably be beyond the capacity of
most private owners. However, the magnitude of these private investments depends on
the type of pump technologies employed.

4.3.2 A Suitable Generic Handpump Technology for the Likuni
Villages

4.3.2.1 The Direct Action Pumps and Likuni
At the end of the briefing meeting held during the field trip to Likuni, the water
committee stated that the Malda Hand Pump would be a suitable technology for
handpump projects in Likuni. As was argued in the Literature Review section 3.2.2.2, the
user involvement in the choice of technology is an imperative criterion for handpump
sustainability. However, certain aspects of the Malda pump can contribute to undermine
handpump sustainability in the Likuni villages.
First, the fact that direct action pumps are produced abroad and made of components
that all need to be manufactured off site (Hankin, 2001), makes the capital cost of these
pumps, but also the cost of spare parts, expensive to private investors such as those in
Likuni. During a handpump project performed in July 2009 by Water Works Charity in
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Maluwa, a rural village in the outskirts of Blantyre, the retail price for the Malda Pump
was £250 (Cohen, 2010).
Second, the limited availability of the direct action pumps spare components would make
the maintenance and operation of for example Malda pumps difficult. During Water
Works Charity’s country survey in Malawi in the summer of 2009, it was stated by CIDA
representative James Mambulu that the only supplier of Malda pumps in Malawi was
located in the city of Blantyre (Mambulu, 2009).
Lastly, as argued by Baumann (2009) and Wood (1994) in the Literature Review for
reciprocating pumps, there will always be certain technical issues with these pumps which
would almost always be beyond the means of the village handpump caretaker to maintain
and repair.

4.3.2.2 The Rope Pump and Likuni
The advantages of the rope pumps in comparison with the reciprocating pumps were
thoroughly discussed in the Literature Review of this thesis. Recalling the Harvey and
Drouin’s (2006) comparative performance analysis, the rope pump outperformed the
conventional pumps in terms of capital costs, impact on microbiological water quality,
maintenance costs, maximum pumping heads, flow rate and turbidity.
In Malawi, the rope pump was introduced in 2008 by the British charity ‘Pump Aid’ as
the “Elephant Pump”, following their success with this pump in Zimbabwe, which since
1999 has provided over 1 million rural Zimbabweans with access to clean water. Since
this introduction, 270 thousand rural Malawians have their clean water covered by the
Elephant Pump (Pump Aid, 2010a).
According to the Pump Aids website, communities are selected according to their needs
through an application process (Pump Aid, 2010a). However, the hypothetical
probability of Pump Aid choosing communities such as those in Likuni is not very likely,
as all the wells there are privately owned. Pump Aid, like most water charities in African
development countries, are reluctant to assist individual households, as they fear that
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assisting individuals will undermine their commitment to help communities through the
community management model (Pump Aid, 2010a; and Carter et al., 2005).
Furthermore, all the Elephant Pumps components are manufactured by Pump Aid staff
in two Pump Aid workshops in the cities of Lilongwe and Blantyre (Chinchen, 2010).
This implies that certain components, such as for instance the pulley system and the
guide, have been made with tools, equipment and skills which are not available in the
communities employing the technology. Although the breakdown rates of the Elephant
pumps are limited (where 90% of all Elephant Pumps installed in Zimbabwe and Malawi
are operating), when a breakdown does occur, the communities are most of the time
dependent on Pump Aid to perform maintenance and replacement of parts (Chinchen,
2010).
In conclusion, although it can be concluded from this discussion that the rope pump
technology has a greater potential of sustainability in Likuni than for example the Malda
Pump, a different technology than Pump Aid's Elephant Pump must be considered. This
rope pump technology must be adaptable to the existing self supply Model, must take
into account the limited funds of the private initiators and must be made of components
which can be sourced and built by the initiator within the financial and skills limitations
of the Likuni community.
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CHAPTER 5: Making the Rope Pump a Sustainable
Handpump Option for Likuni’s Self Supply Management
Model
This chapter will address Objective 2 and its 3 outcomes:
Objective 2: “Within the chosen management model, redesign the chosen generic handpump technology to
make it a sustainable handpump option for Likuni.”
-

Outcome 1: Based on a desk study, the necessary materials and skills available
in Likuni to build the prototype handpump are identified;

-

Outcome 2: An initial version of the prototype handpump is designed, built
and tested;

-

Outcome 3: The design of the handpump is adapted, on the basis of the results
of the test and envisaged in situ conditions.

In the concluding paragraph of Chapter 4, important requirements for a rope pump
adapted to the conditions in Likuni were raised: The pump should be made from locally
sourced materials using local skills. An additional requirement is that the pumps’
serviceability should be adapted to local conditions.
The case study presented in Chapter 4 did not yield many findings on the water
collecting culture in Likuni. However, considering an in-depth study on this subject by
Parry-Jones et al. (2001) it can be assumed that in Likuni, collecting water for the family
is predominantly the responsibility of women. Thus, an additional important requirement
to the rope pump design presented in this chapter is to adapt its serviceability so that it
can be easily operated by women.
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Figure 5.1: Water collection performed by a woman and her child in Likuni

5.1 Materials and Methods
5.1.1 Research on Local Materials and Skills that can be used in the
Design of a Likuni Rope Pump
This research consisted of two parts. The first part involved the identification of
materials used for the components of rope pumps already employed in countries in
Africa. The three rope pumps that were investigated for this study was the Elephant
Pump from Zimbabwe and Malawi, the Nicaraguan Rope Pump from Ghana and the
Taratra from Madagascar. In addition, a part of this research was to identify which of
these components were manufactured or sourced from skilled labour in workshops offsite.
The investigation under the first part was performed through a brief literature review and
manual study on the aforementioned pumps, and through the consultation of various
NGO web pages.
The second part of this research was to investigate materials that can be sourced locally
in a community such as Likuni, which potentially could replace some of the premanufactured components investigated in the first part. A second requirement for these
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materials was that they should be familiar to a local community such as Likuni, implying
that this community should have the skills to work with these materials.
The investigation under the second part consisted of a literature review on alternative
rope pumps; a consultation with material experts for wood and ceramics in the UK; an
online consultation of population and housing statistics of Malawi; and personal
communication with a citizen of Malawi.

5.1.2 Initial Design of the Likuni Rope Pump
Based on the materials and skills identified from the second part of the preceding
section, an initial design of the Likuni Rope Pump was performed. This design did not
incorporate any engineering calculations; it was rather a preliminary sketch towards
achieving a rope pump which potentially could work in-situ, using exclusively local
materials and skills.

5.1.3 Constructing a Prototype of the Likuni Rope Pump
Using the initial design as a reference, the construction of a Likuni Rope Pump prototype
was performed together with thesis partner Christopher Mckeand on his farm in Biggar,
Scotland, from February 27 to March 1, 2010. No actual well was dug for this prototype.
The pump was mounted on a barn loft floor, 4 metres above a basin full of water at
ground level. A plank was removed from the barn loft floor to allow the pipe and the
rope to go through.
Only materials identified through the materials and skills research were used for the
construction of the prototype. The construction and assembly of the pump was
performed exclusively with thesis partner Christopher Mckeand. Neither Christopher
Mckeand nor the author are experienced carpenters and only simple manual tools were
used for the construction. These tools are presented in Fig. 5.1.3.1.
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Figure 5.1.3.1: The Construction Tools
From left to right: A hacksaw, a sharp knife, a tape ruler, a hammer, pliers, a C-clamp, a wood
saw, sandpaper and a wood chisel
For this initial prototype, a 6mm rope thickness and 40 mm pipe diameter were selected.
These dimensions were on purpose arbitrarily chosen, taking into consideration the
complexity of specifying standard sizes for these components in-situ.
The construction of the prototype was divided in seven construction steps to make: the
washers; the guide; the wheel; the axle and handle; the pump stand and the outlet spout;
and lastly the assembly of the pump.

5.1.4 Testing the Prototype of the Likuni Rope Pump
Subsequent to the construction of the prototype Likuni Rope Pump, several tests were
conducted towards measuring the overall performance and serviceability of the pump.
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5.1.4.1 Test 1: Discharge Test
Verifying that the pump actually served its fundamental purpose of pumping water was a
simple, but crucially important test. This initial test involved operating the pump till
water discharge was observed and subsequently see if the pump was capable of
producing one minute flow rate measurements.
If the pump was to fail in producing adequate discharge measurements for this test,
modifications of the initial design would be required.

5.1.4.2 Test 2: Flow Rate Measurements
Test 2 involved taking three maximum flow rate measurements of one minute each.
For each measurement, the pump was operated at a maximum user speed (varying
according to the capabilities of the operator) for one minute, while the water discharge
was stored in a basin at ground surface. The volume of water pumped for each test was
subsequently measured using a litre measurement cup. Water discharge is conventionally
measured in litres per minute (Harvey and Drouin, 2006), thus no unit conversions were
needed following these measurements.
Figures of this test are provided in the result and discussion section of this chapter.

5.1.4.3 Test 3: Measuring the Pulley Force
An important test towards determining the serviceability of the pump was to measure the
overall friction in the system, which would be an indirect indication on the amount of
force required to operate the pump. A conservative, but simple, approach towards
determining the pulley force was to measure the overall static friction of the system,
followed by adding the forces in the system created by a column of water in the rising
main.
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Test Procedure:
For this test, the static friction of the rope pump was measured by hanging a bucket on
the handle of the pulley (which was carefully levelled with the floor for each test).
Subsequently, water was poured at a low rate into the bucket till the handle started
moving. At this occurrence, the bucket was taken of followed by a reading of the amount
of water in it using a measurement cup (in litres). 10 consecutive static friction tests were
performed.
Figures demonstrating this test are provided in the result and discussion section of this
chapter.
Pulley Force Calculations:
For a rope pump, the forces making the pulley turn are called “torque” (measured in
Nm).
The static torque, τs (Nm), was measured as the weight of water in the bucket, F (N),
multiplied by the lever arm, r (m), being the distance from the handle to the centre point
of the crank:

τs = r × F
The torque created on the axle from a column of water in the raiser main, τw (Nm), was
the weight of the water in the column, Fw (N), multiplied by the radius of the pulley
wheel, rw (m).

τw = rw × Fw
The total operation torque, τ (Nm), which needs to be applied to the system by turning
the handle, is thus:

τ = F + Fw
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5.1.4.4 Test 4: Testing the Braking Mechanism
One of the reasons why the Nicaraguan Rope Pump initially failed to be accepted by the
users in Ghana was that the piloted rope pumps did not have any form for braking
mechanism (WaterAid Ghana, 2004).
When operating a rope pump, the torque created from the weight of the column of water
in the rising main will work in the opposite direction of the operation torque from the
handle. If the handle is abruptly released, this could cause the handle to spin backwards,
which, for the case of Ghana, sometimes would hurt the users.
The braking mechanism envisaged in the Likuni Rope Pump design was to lock the axle
in place through the action of pushing the “rotary connections” of the axle out of the
“bushings” on the pulley stand. This technique has been demonstrated along with a
figure in the result and discussion section of this chapter.

5.1.5 Final Design of the Likuni Rope Pump
The final stage in the design of the Likuni Rope Pump was to incorporate all the
modifications that were done to the initial design, through the process of constructing
and testing the pump, into final sketches.
For these final sketches, the Likuni Rope Pump was drawn as envisaged in-situ: installed
on a well, with additional features such as a well cover, a well slab and a drainage channel
(For more information on these features, see Appendix A). Based on information
acquired from the case study of the Likuni area (Water Works’ field trip log, Appendix
B), these additional features were designed so as to be built from materials that could be
sourced locally.

5.1.6 Assessment on the Durability of the Likuni Rope Pump
In accordance with the materials investigated for the Likuni Rope Pump, a brief
assessment on durability issues for the different components of the pump was made in
consultation with material experts in the UK.
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5.2 Results and Discussion
5.2.1 Research on Local Materials and Skills that can be used in the
Design for a Likuni Rope Pump

5.2.1.1 Identification of Materials used for Standardised Rope Pumps
The research on the Elephant pump, the Nicaraguan Rope Pump and the Taratra
demonstrated that all these models are built with quite similar designs employing similar
materials for its components. This research is summarised in Table 5.2.1.1.1.

Table 5.2.1.1.1: Materials Used for Conventional Rope Pump Models
Components

Elephant
Pump

Manufactured/
Sourced:

Nicaraguan
Rope Pump
Ceramic,
concrete and
PVC

Manufactured/
Sourced:

Guide Box

Concrete, metal
tubing and PVC

off-site

Wheel

Car Tyre and
Steel Spokes

off-site

Car Tyre and
Steel Spokes

off-site

Car Tyre and
Steel Spokes

off-site

Crank

Painted steel
pipe

off-site

Painted steel
pipe

off-site

Painted steel
pipe

off-site

Handle

Rubber and
mild steel

off-site

Rubber and
mild steel

off-site

Rubber and
mild steel

off-site

Outlet Spout

PVC pipe

off-site

PVC Pipe

off-site

PVC Pipe

off-site

Rising Main

PVC pipe

off-site

PVC Pipe

off-site

PVC Pipe

off-site

Pump Stand

Wooden Poles

in-situ

Painted Steel
rod

off-site

Painted steel
pipe

off-site

Rope

Varies,
sometimes
Seaweed

off-site/in-situ

Varies

off-site

Varies

off-site

Washers

Plastic

off-site/in-situ

Plastic

off-site

Plastic

off-site

off-site

Taratra

Manufactured/
Sourced:

Concrete,
PVC and
glass

Sources:
Elephant Pump: Pump Aid (2010a); Pump Aid (2010b); Cohen (2009); and Thirsty Planet (2007)
Nicaraguan Rope Pump: Baumann and Erpf (2005); and Erpf (2005)
Taratra: Baumann and Erpf (2005); and Erpf (2005)

As can be seen in Table 5.2.1.1.1, the major component employed for the three rope
pump models is steel. This is the case for the crank, the handle and the wheel spokes of
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the pulley system, but also the case for the pump stand of the Nicaraguan Rope Pump
and the Taratra. These components require welding and thus, they have mostly been
manufactured in workshops off-site (Pump Aid, 2010b and Erpf, 2005).
The main materials for the guide box for the models investigated were cast concrete for
the guide block. The secondary materials were PVC tubing’s for the inlet pipe and the
outlet connection pipe, and dependent on the model, a non corrosive steel tube
(Elephant Pump), a ceramic tube (Nicaraguan Rope Pump) or a glass bottle (Taratra) for
the non-abrasive turning point of the rope. (Please refer to Fig. 5.2.1.1.1)

Figure 5.2.1.1.1: The Standard Rope Pump Concrete Guide Box
(Figure courtesy of Erpf (2005))
The washers (often referred to as pistons) were for all the standard rope pumps
investigated made of scrap plastic produced with injection moulds. For the Elephant
Pump, Pump Aid has reported that while the majority of these washers have been
produced in their workshops, some of their partnering communities have managed to
produce them locally (Chinchen, 2010). The plastic washers are presented in Fig.
5.2.1.1.2.

Figure 5.2.1.1.2: Standard Rope Pump Washers Attached on Rope
(Figure courtesy of Erpf (2005))
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PVC was also identified to be an important material in the standard rope pump designs.
As already discussed, PVC was used as a secondary material for the guide box, but more
importantly it is used in all the three designs for the riser main and the outlet spout.
Lastly, the investigation on the different rope pump designs yielded limited information
on different materials used in the making of ropes. The only finding was for the
Elephant Pump, where some of Pump Aids partnering communities in Malawi made
ropes locally from seaweed plants (Thirsty Planet, 2007).

5.2.1.2 Local Materials and Skills for a Likuni Rope Pump
Alternative materials investigated that potentially could replace some of the premanufactured components identified in the preceding sub-sub section are provided in
Table 5.2.1.2.1.
Table 5.2.1.2.1: Alternative Materials for the Likuni Rope Pump
Components

The Likuni
Rope Pump

Manufactured/
sourced:

Guide Box

Timber log

in-situ

Wheel

Bicycle Wheel
with wood hub

in-situ

Crank

Wood

in-situ

Handle

Bicycle handle
and wood

in-situ

Outlet Spout

Wood

in-situ

Rising Main

PVC

off-site

Pump Stand

Wooden Poles

in-situ

Rope

Varies

off-site

Washers

Bicycle tyre
Rubber

in-situ

As shown in Table 5.2.1.2.1, the main components for an alternative rope pump design
were found to be composed of wood and parts of a bicycle.
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Attempts were made at finding an alternative to PVC for the rising main, such as
bamboo or locally manufactured ceramic pipes. However, procuring these alternative
materials would often require more elaborate effort for a local community than to
procure PVC.
Pinus Patula:
In a publication by Lambert (1990) on an alternative way to make rope pumps, an
emphasis on wood as one of the primary components in the design was presented. The
design in this publication presented a rope pump with a pump stand, a crank and a
“guide box” made of timber materials.
Many Sub Saharan African countries such as Malawi are renowned for their skill of wood
handicraft. In Malawi, stalls featuring impressive woodcarvings can be found displayed in
most local markets, as shown in Fig. 5.2.1.2.1. The (sadly) flourishing coffin industry in
Malawi (Mullan, 2010) is also based on local woodcarving skills.

Figure 5.2.1.2.1: Stalls Displaying Wood Carvings found in Local Markets in Malawi
According to Luhanga (2009) the most commonly available timber specie in Malawi is a
soft pine called “Pinus Patula”. Untreated, Pinus Patula can last up to 5 years submerged
in water, and to 2 to 3 years when exposed to environmental weathering and decay
(Searle, 2010).
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With this information at hand, a rope pump with its major components made from Pinus
Patula can arguably be beneficial for a community such as Likuni, as this timber can be
sourced locally and used untreated for components that can be built and maintained
using local skills.
The Bicycle:
In Malawi the bicycle is one of the most important means of transportation for the rural
population. Not only is it used for commuting, the bicycle also forms an important asset
for local traders in their transportation of goods (Mullan, 2010). A 1998 Population and
Housing Census from Malawi stated that 41% of the Malawian population had access to
at least one bicycle (Government of Malawi, 1998). Figure 5.2.1.2.2 illustrates one of the
many user purposes of the bicycle in Malawi.

Figure 5.2.1.2.2: Two men in Malawi carrying Fire Wood on their Bicycles
(Picture courtesy of news.bbc.co.uk, 2009)
All standard rope pump designs that have been investigated for this thesis, including the
three identified in Table 5.2.1.1.1, featured pulley wheels made from car tyres.
Considering the discussed availability of bicycles in rural Malawi, instead of using a car
tyre that may not be readily available in a rural community such as Likuni, an alternative
approach is to make the pulley wheel from a bicycle wheel rim, with the hub made out of
wood.
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In addition, other components from a bicycle were identified as having the potential of
being used in a Likuni Rope Pump design. This included for instance the bicycle pedals,
which can be used as pulley handles. Lambert (1990) also discussed the possibility of
using rubber washers, carved out from rubber tyres.

5.2.2 Initial Design of the Likuni Rope Pump
The initial prototype design of the Likuni Rope Pump called “Taylor” is presented in Fig
5.2.2.1.

Figure 5.2.2.1: The Initial Design of the Rope Pump Prototype “Taylor”
(Figure not to scale)
As demonstrated in Fig. 5.2.2.1, the materials identified in Table 5.2.1.2.1 have been
incorporated in the design of the Taylor. This includes the guide, sourced from a timber
log of pine; the pulley wheel, comprising of a bicycle wheel rim and a pine wooden hub;
the crank, being a pine wood shaft; the handle, consisting of a bicycle pedal and a plank
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of wood; the outlet spout, of pine wood; the pump stand, of pine poles; the PVC rising
main; and washers of rubber from bicycle wheel tyres.
In addition, the design incorporates lashing material sourced from the bicycle wheel
inner tube. As seen on Fig. 5.2.2.1, this lashing material binds the rising main to the
timber log guide.
The design of the Taylor was adapted for testing in an indoor environment. Thus, pump
features such as the pump stand and the outlet spout were uniquely designed for this
setting.

5.2.3 Constructing the Prototype of the Likuni Rope Pump

5.2.3.1 Making the Washers
Table 5.2.3.1.1 presents the materials and tools used to make the washers of the Taylor.
Table 5.2.3.1.1: Materials and tools to make the washers
Materials:
Tools:

-

Bicycle tyre
A small piece of plank, typically 10 mm thick
Sharp knife
C-clamp

The initial step towards making the washers was to carve a rigid model out of the wood
plank. This was subsequently used as a guide to cut the washers out of the rubber tyre as
illustrated in Fig. 5.2.3.1.1. The diameter of the washers was chosen to be 38mm,
implying a clearance of 1mm, as suggested by Lambert (1990).
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Figure 5.2.3.1.1: Cutting out the washers
Carving the central hole of the washer was facilitated by folding the washer in two using
a clamp as illustrated in Fig. 5.2.3.1.2. The diameter of this central hole needed to be at
least the thickness of the rope, which for this pump prototype was 6mm.

Figure 5.2.3.1.2: Carving out the central hole aided by the clamp

65

Sustainable Handpump Projects for Malawi’s Rural Poor

Figure 5.2.3.1.3 presents the washers at completion.

Figure 5.2.3.1.3: The washers at completion

5.2.3.2 Making the Guide
The materials and tools needed in the making of the timber guide are presented in Table
5.2.3.2.1.
Table 5.2.3.2.1: Materials and tools to make the guide
Materials:

-

Tools:

-

A pine log (roughly 600mm deep and
200mm in diameter)
Hammer
Wood-chisel
Sand Paper

The most important feature of a guide made from a log is the hole which effectively
feeds the rope into the pipe. To allow for good clearance and minimum friction, this hole
should be relatively larger than the washers, suggesting a diameter of more than 50mm
for 38mm washers. Using hammer and chisel, the hole was carved 200mm from the base
of the log as shown on Fig. 5.2.3.2.1.
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Figure 5.2.3.2.1: Carving the hole with hammer and chisel
To minimise the potential friction between the rope and the guide, the interacting
surfaces were carefully smoothed with sandpaper. In addition, for an optimised transition
between the guide and the pipe, a “pipe groove” on the outlet side of the guide was
carved using the chisel, as illustrated on Fig. 5.2.3.2.2.

Figure 5.2.3.2.2: Crating a smooth transition from the hole to the pipe
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Figure 5.2.3.2.3 presents the guide at completion.

Figure 5.2.3.2.3: The guide at completion facing the outlet side

5.2.3.3 Making the Pulley Wheel
The materials and tools used to make the pulley wheel structure are presented in Table
5.2.3.3.1
Table 5.2.3.3.1: Materials and tools to make the wheel
Materials:

Tools:

-

Bicycle wheel with 580mm diameter
Two 500mm long planks of 25mm thickness’
Two 400mm long planks of 40mm thickness’
Nails
Hammer
Wood-chisel
Sand paper
Hacksaw
Wood saw
Pliers

Initially, the spokes were removed from the rim of the bicycle wheel using the hacksaw.
This was done in a careful and systematic manner by cutting off the spokes by altering
sides for each removal. The spokes on a bicycle wheel carry a considerable force in
tension; if removed abruptly and unevenly, the release of tension can cause the rim to
buckle.
Constructing the wooden hub involved several stages. The first stage was to make the
connection between the rim and the hub. For this, the 4mm thick planks were tailor
fitted (see Fig. 5.2.3.3.1) and subsequently attached to the rim with nails, through the
already existing spoke holes. To damp the connection between the wood and the rim,
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parts of the bicycle tyre material was placed in between the connection, as illustrated in
Fig. 5.2.3.3.2.
Extreme care was taken in assuring that the planks were completely parallel with the rim
when attached as failure to do so could cause the wheel to rotate in an unsteady manner.
The connection between the rim and the hub at completion is illustrated in Fig. 5.2.3.3.2.

Figure 5.2.3.3.1: Tailor fitting the rim-hub connection using hammer and chisel

Figure 5.2.3.3.2: The connection between the rim and hub at completion
The second stage of making the hub involved the fitting of the central connection
between the wheel and the axle, often referred to as the “Hub Connection” (Erpf, 2005).
For this, rectangular holes with identical dimensions to the axle (see making of axle) were
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carved out on the 25mm planks, using chisel and hammer. Subsequently, these planks
were levelled and nailed to the rim-hub connection as illustrated on Fig. 5.2.3.3.3.

Figure 5.2.3.3.3: Attaching the axle-hub connection to the wheel with nails
The last stage involved enhancing the potential friction between the rope and the wheel
during pumping as it was believed that the friction between the rope and wheel alone
would not be adequate. This was accomplished by adding clamps made from bent
spokes, through the spoke holes of the rim as illustrated on Fig. 5.2.3.3.4. Clamps were
added at a 500mm interval on the rim.

Figure 5.2.3.3.4: A clamp made from a bit of spoke, installed using pliers.
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Figure 5.2.3.3.5 shows the wheel structure at completion.

Figure 5.2.3.3.5: The wheel at completion

5.2.3.4 Making the Axle and Handle
The materials and tools needed to make the axle and handle of the rope pump are
identified in Table 5.2.3.4.1.
Table 5.2.3.4.1: Materials and tools to make the Axle and Handle
Materials:

Tools:

-

One 1800mm long square wood shaft of 45mm
thickness
One 400mm long plank of 40mm thickness
A bicycle pedal
Inner tubing from bicycle tyre
Nails
Hammer
Wood-chisel
Sand paper
Sharp knife

The axle component of the pump is a simple feature, consisting of a 1.8 metre long
square wood shaft with two rotary connections at the pole bearings. These 100mm long
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connections were carved as hollow sections, using the chisel and sandpaper as illustrated
on Fig. 5.2.3.4.1.

Figure 5.2.3.4.1: Carving a rotary connection using the chisel
The ideal component for making the handle of the pulley system was as identified in the
initial design, a bicycle pedal. By cutting off everything but the core of the pedal and
subsequently lashing it with inner tube from the bicycle tyre, a handle with a smooth grip
was made as shown on Fig. 5.2.3.4.2.

Figure 5.2.3.4.2: The handle grip
To make the connection between the axle and the pedal the 400mm long plank was
utilised. Firstly, a square connection having the same dimensions as the axle cross section
was carved 80mm from the bottom of the plank. Secondly, the handle was lashed to the
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connection using inner tube strips of the bicycle wheel. As can be seen on Fig. 5.2.3.4.3
below, a groove was carved on the connection to better accommodate the pedal.

Figure 5.2.3.4.3: The handle at completion
Finally, the wheel, axle and handle were assembled as shown on Fig. 5.2.3.4.4. The
components were held together entirely by friction alone.

Figure 5.2.3.4.4: The assembled axle with wheel and handle
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5.2.3.5 Making the Pump Stand
The materials and tools needed to make the pump stand of the rope pump are identified
in Table 5.2.3.5.1.
Table 5.2.3.5.1: Materials and tools to make the Support Poles
Materials:

-

Tools:

-

Four 1200mm long square pine poles of 80mm
thickness
Eight 320mm long planks of 45mm thickness
Nails
Hammer

In-situ, the bearing poles for a rope pump are to be fixed to the ground at appropriate
depths to achieve stability and stiffness to the structure. However, as the testing of
Taylor was in an indoor environment on a wood floor, the poles were fixed to the
ground by artificial means. On the other hand, the rotary connections between the axle
and the poles, called “Bushings” (Erpf, 2005) were the same as the ones envisaged insitu.
The bushings for this design consisted of two poles nailed together with square wood
planks, of the same dimensions as the axle, clamped in between. An imperative
requirement in making the pole structures was to make sure that the bushings were at the
exact same position on both pole structures, to achieve an axle that was level.

Figure 5.2.3.5.1: The bearing poles at completion
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5.2.3.6 Making the Outlet Spout
The materials and tools used in making the outlet spout are presented in Table 5.2.3.6.1.
Table 5.2.3.6.1: Materials and tools to make the Outlet Spout
Materials:
Tools:

-

Pine boards, typically with 25mm thickness’
Nails
Hammer
Wood saw

The function of the outlet spout is essentially to guide the pumped water from the outlet
into a container. Thus, the outlet spout is not a “pumping feature” on the rope pump
implying that its design characteristics depend greatly on site conditions of interests and
user preferences. However, a very important requirement that all designs should meet is
the prevention of water losses due to leakages. It is therefore important that the outlet
spout is properly sealed.
The fabrication of the outlet spout for this design was performed by nailing together pine
board material, with a 350mm channel width. At the bottom board a hole was cut using a
chisel to accommodate the pipe. Strips from the inner tube of the bike were used to seal
edges.

Figure 5.2.3.6.1: The outlet spout
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5.2.3.7 Assembling the Taylor
The first part in assembling the rope pump was the attachment of the PVC pipe to the
guide. This was facilitated using the remaining strips of the bicycle tyre inner wheel as
lashing material as shown on Fig. 5.2.3.7.1.

Figure 5.2.3.7.1: The PVC pipe lashed to the guide using inner wheel tube rubber
For this prototype, the guide was nailed to a wood platform which was subsequently
placed in the basin. On this platform, quarry stones were positioned to keep the guide
fixed as shown on Fig. 5.2.3.7.2.

Figure 5.2.3.7.2: The guide fixed to the bottom of the basin with quarry stones
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4 metres above the guide, the “ground level” pump structure was mounted on the barn
loft floor. As already argued, an artificial way of fixing the poles to the ground had to be
used for this prototype design. The assembled pulley system was subsequently placed on
the pole bearings.
The last part of the assembly involved connecting the rope with washer to the system.
The washers were pushed on to the rope at one metre intervals with a knot on each side
to keep it in place. Between each washer an additional knot was added, implying a knot at
every half metre interval which would counterpart the spoke clamp intervals on the
wheel. The rope with washers and knots are demonstrated on Fig. 5.2.3.7.3.

Figure 5.2.3.7.3: The rope with washers and knots at 50cm intervals
The rope was installed in the system with relative ease considering the accessibility to the
guide in the basin. The two rope ends were fastened together using a standard reef knot.
The assembled Taylor with the outlet spout mounted, is presented on Fig. 5.2.3.7.4.
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Figure 5.2.3.7.4: The Taylor Assembled

5.2.4 Testing the “Taylor”

5.2.4.1 Test 1: Initial Discharge test
Although the tests performed on the Taylor generated discharges, it was recognised that
the pump's performance was inadequate to produce viable test data results. Only a single
minute flow rate measurement was achieved, generating 25 litres per minute. For this
successful test, it took 10 seconds of pumping before a discharge was observed at the
outlet. Figure 5.2.4.1.1 shows Christopher Mckeand operating the Taylor during this
successful measurement.

Figure 5.2.4.1.1: Testing of the Taylor
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It was clear during the several test attempts that the pulley wheel was spinning in an
unsteady manner, causing the rope ever so often to slip off the wheel. This was
particularly the case when additional tension on the rope was induced from the weight of
the column of water in the pipe.
It was also recognised that the surface friction between the wheel rim and the rope alone
was inadequate; implying that the rotating force from the pulley to the rope was only
transferred between the spoke grips and the knots on the rope. This resulted in an
unsteady rope motion, where the rope would slip backwards on the wheel in the absence
of a spoke clamp.
During several tests, it was observed that the rope on several occasions needed retensioning, as it easily stretched out during operation and detached itself from the pulley.
A last important setback with the Taylor was with regard to the amount of friction in the
system, which together with the added weight of the water in the pipe made the
operation of the pump heavy and difficult.

5.2.5 Modifications to the Likuni Rope Pump Design
As the Taylor failed to produce adequate discharge measurements and was not meeting a
reasonable standard of serviceability, modifications on the initial design were required.

5.2.5.1 Re-Levelling of the Hub Connection of the Pulley Wheel
One of the principle reasons why the pulley wheel was spinning in an unsteady manner
on the Taylor was identified to be the axle-hub connection, where the two rectangular
holes on the wheel were not perfectly level (See Fig. 5.2.3.3.3). This demonstrates the
difficulty of doing precise craftsmanship when limited tools are available, and the
importance for some of the components on the rope pump to be of a relatively high
quality standard, as was argued by Erpf (2005) presented in the Literature Review in
section 3.4.1.
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To adjust this inaccuracy no new techniques were applied, due to the limitation of the
tools available. The hub connection was detached from the wheel and, with additional
care, re-levelled and reattached.

5.2.5.2 Using a Smaller Diameter Pipe and a Thicker Rope
Towards decreasing the weight of the column, and thus the force required to turn the
pulley, the rising main pipe was replaced from a 40mm diameter PVC pipe to a 32mm
pipe. By doing this replacement, the existing washers had to be made smaller, from
38mm to 30mm in diameter.
In addition, to increase the surface friction between the wheel rim and the rope, the 6mm
diameter rope was replaced with an 8mm diameter rope. Subsequent to the attachment
of the washers, this thicker rope was pre-tensioned, as illustrated on Fig. 5.2.5.2.1, to
minimise the effect of the rope “relaxing” during operation.

Figure 5.2.5.2.1: Pre-tensioning of the rope
To minimise the stretching effect of the rope, but also the friction imposed by the rope
in the system, the two rope ends on each side of the reef knot were lashed onto the rope
with bicycle wheel inner tube as demonstrated on Fig. 5.2.5.2.2.
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Figure 5.2.5.2.2: Lashing the end of the rope

5.2.5.3 Adding a Second Handle
A last modification to the original design was to build a second handle (using the same
techniques employed in section 5.2.3.4), in order to obtain a two handle pulley system
which could be operated by two people. The reason behind this installation was to
improve the serviceability of operating the pump.

5.2.5.4 The Modified Rope Pump Prototype “Abakus”
The modified prototype of the Likuni Rope Pump was called “Abakus” and is presented
in Fig. 5.2.5.4.1.

Figure 5.2.5.4.1: The Abakus Assembled

81

Sustainable Handpump Projects for Malawi’s Rural Poor

5.2.6 Testing the “Abakus”

5.2.6.1 Test 1: Initial Discharge test
The initial discharge tests of the Abakus were successful. On average, it took 6 seconds
of operation before water was observed at the outlet.
The pulley wheel was recognised to spin in a much steadier manner than for the Taylor;
the thicker rope was not slipping on the wheel; and the rope did not significantly loose its
tension. As a possible consequence, the rope did not detach itself from the wheel when
operating the Abakus.
The ease of operation was also greatly improved by having a two handle system. This
was not only because the force required to spin the pulley was shared by two people
(which had been additionally reduced from using a smaller diameter pipe). Operating the
pump from two sides improved the stability of the operation.

5.2.6.2 Test 2: Flow Rate Measurements
The results of the 3 flow rate measurements performed for the Abakus are presented in
Table 5.2.6.2.1.
Table 5.2.6.2.1: Abakus flow rate measurements
Tests:
Test 1
Test 2
Test 3
Average

L/min
32.1
32.7
35.1
33.3

As can be seen, the average flow rate from the three tests performed was 33.3 litres per
minute. In comparison, the flow rates presented by Harvey and Drouin (2006) for the
Nira AF85 Handpump and the Nicaraguan Rope Pump were, 28 and 41 litres per
minute, respectively. However, it is important to stress that the flow rate measurements
for the Abakus was performed for a pumping head of 4 metres, while the pumping head
was 12 metres for the pumps presented by Harvey and Drouin (2006).

82

Sustainable Handpump Projects for Malawi’s Rural Poor

During the flow rate measurements, a considerable amount of water losses were
observed at the outlet of the riser main. A plausible reason for this was that not enough
care to properly seal the outlet spout had been applied during its fabrication, as this was
observed to leak. Thus, it is reasonable to assume that the flow rate measurements of the
Abakus would have been greater, if more precise craftsmanship had been applied in
making the outlet spout.
Figure 5.2.6.2.1 demonstrates one of the flow rate measurements executed with the
Abakus.

Figure 5.2.6.2.1: Testing of the Abakus
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5.2.6.3 Test 3: Measuring the Pulley Force
The static friction measurement procedure for the Abakus is demonstrated in Fig.
5.2.6.3.1.

Figure 5.2.6.3.1: Static friction measurements of the Abakus
In all, 10 static friction measurements were performed for each handle separately on the
Abakus, implying 20 measurements in total. The results of all these measurements are
presented in Appendix D.
Table 5.2.3.3.1 summarises the torque required to overcome the static friction for the
Abakus, and the torque created on the axle from a 4 metre column of water in the rising
main.
Table 5.2.3.3.1: Operation Torque of Abakus using one handle

Static
Friction
Weight of
Water in
rising Main

Litres of
water

Lever Arm, r
(m)

Weight of
water (N)

Torque
(Nm)

3.01

0.40

29

12

3.22

0.29

32

9

Total Operation Torque (τ)

84

21

Standard
Deviation
(Nm)
3.23
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As seen in Table 5.2.3.3.1, the total torque required to operate the Abakus at full
discharge with one handle only was 21 Nm. With a handle length of 0.4 metres, this
corresponds to an applied force of 52.5 N for one handle and 26.25 N for two handles.
Figure 5.2.6.3.2 presents the total operation torque for the Abakus, using one handle,
against the depth of a well (length of rising main pipe) varying from 4 to 15 metres, for
rising main diameters of 32mm, 25mm and 20mm.
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Figure 5.2.6.3.2: Operation torque vs. the depth of well, for different rising main pipe diameters
As can be seen on Fig. 5.2.6.3.2, as the depth of the well increases, the total operation
torque for the 32 diameter rising main will after only 10 metres be 35Nm, which
corresponds to a pulley force of 87.5N. However, by reducing the diameter of the rising
main the pulley force will be reduced to 65N using the 25 mm diameter pipe and further
to 52.5N if the 20mm diameter pipe is employed.
In section 5.1.3 it was argued that in the initial design the pipe diameter chosen was
arbitrary, taking into account the complexity of specifying standard sizes for pipes in-situ.
However, what Fig. 5.2.6.3.2 demonstrates is the clear effect of the specified rising main
diameter on the serviceability of the rope pump.
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Lastly, it is important to stress that Fig. 5.2.6.3.2 presents the operation torque of the
Abakus with only one handle. Using two handles during operation will consequently
reduce the required pulley force by half.

5.2.6.4 Test 4: Demonstrating the Braking Mechanism
Figure 5.2.6.4.1 demonstrates the axle in a locked position which keeps it from spinning
backwards due to the torque created from the weight of water in the rising main.

Figure 5.2.6.4.1: The axle in locked position
Pushing the axle into a locked position was facilitated with great ease when the Abakus
was operated by two persons. However, when only one person was operating the pump,
it was found that employing the locking mechanism would require some level of practice
by the user.

5.2.7 Final Sketch of the Likuni Rope Pump
Figure 5.2.7.1 presents the final sketches of the Likuni Rope Pump, the Abakus, as
envisaged installed on a well in-situ.
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Figure 5.2.7.1: The Likuni Rope Pump as envisaged in-situ
(Figure not to scale)
As can be seen on Fig. 5.2.7.1, this final drawing incorporates the modification from one
pulley handle to two. In addition, the pump stand poles are fixed to the ground as
envisaged in-situ, at an appropriate depth to provide adequate stiffness to the structure.
As was discussed in section 5.2.1.2, the pump stand would be made of untreated “Pinus
Patula” poles. According to Searle (2010), it is these poles that would determine the life
span of the pump structure. Untreated and in direct contact with the ground, these poles
can be subjected to termite attack. With poor maintenance of the pump stand in-situ,
termite attacks can require the poles to be replaced after only a year. With adequate
maintenance however, the pump stands can last up to four years without replacement.
Figure 5.2.7.1 presents features of the well structure such as the well superstructure (see
Pump Cover, Appendix A). The envisaged principle building materials for this feature
were mud bricks. In Water Works log from the field trip to the Likuni Area (see
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Appendix B) it was observed that local production of mud bricks was found in almost
every village. Figure 5.2.7.2 shows the local mud brick productions from Chitsinde
Village.

Figure 5.2.7.2: Mud brick production in Chitsinde Village
Most standard hand pumps use a well cover made of reinforced concrete to provide a
well with full protection from direct contamination (see Appendix A). However,
considering that the pump will already receive considerable protection from the
superstructure, an option towards reducing the amount of cement required for
construction is to use a well cover made of wood, which can be sourced locally. A
second advantage of using a “wood lid” as a well cover is that it provides easy access for
inspection purposes down the well.
During the handpump project performed by Water Works Charity in Maluwa in June
2009, in total 22 bags (50kg each) of Portland cement were required to build additional
features to the well such as the well slab, the drainage channel, the well head and the well
cover. The total cost of cement for this project came to £229 (Cohen, 2010). By
incorporating alternative options to concrete in the Likuni Rope Pump well design, such
as mud bricks for the super structure and the well cover, the capital cost of a Likuni
shallow well protection project is significantly reduced. Although mud bricks can also be
used to build the well slab and well drainage, these features must however also include
some cement to ensure that they are fully impermeable (Erpf, 2005).
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5.2.8 Assessment of the Durability of the Likuni Rope Pump
Table 5.2.8.1 summarises some of the important durability issues of the different
components of the Likuni Rope Pump.

Table 5.2.8.1: Durability issues for the different components of the Likuni Rope Pump
Components

Guide Box

Wheel

Durability Issues
Fully submerged in water, the
timber log will be subjected to soft
rot decay. Life expectancy: 5
years (Searle, 2010)
Metal components such as the
wheel clamps and the rim may
corrode.

Crank

Untreated wood will be subjected
to fungal decay. Life expectancy:
2-3 years (Searle, 2010)

Handle

The metal parts of the bicycle may
rust; the wood piece will be
subjected to fungal decay.

Outlet Spout

Wood subjected to fungal decay

Rising Main

Mechanical wear

Pump Stand

Subjected to termite attack. Life
expectancy: 1-4 years (Searle,
2010)

Rope

Abrasion from mechanical wear

Washers

Mechanical wear

As seen in table 5.2.8.1, the two main durability issues of the Likuni Rope Pump,
disregarding mechanical wear, are different forms of wood decay and metal corrosion. In
this context, the already discussed termite attack of the pump stand can be seen as the
most critical durability issue, potentially shortening its life expectancy to one year.
89

Sustainable Handpump Projects for Malawi’s Rural Poor

However, an important consideration in the assessment of the life expectancy is the
aforementioned mechanical wear. In the case of the Nicaraguan Rope Pump in Ghana
for instance, premature failure of the rope from mechanical abrasion was one of the
reasons why the pump technology initially lost user interest. A major reason for this
abrasion however, was the friction contact between the rope and the concrete guide box
(WaterAid Ghana, 2004). On the other hand, The Likuni Rope Pump “guide box” is
made from a timber log which, when wet, becomes slippery. This source of rope
abrasion is therefore mostly eliminated.
One last consideration worth mentioning, with regard to the durability of the Likuni
Rope Pump, is that its construction must meet high quality standards. As demonstrated
in this chapter, failing for example to properly level the hub-connection on the pulleywheel may cause the rope to slip off the wheel during operation. During implementation
in situ, this will not only reduce the pump’s durability, it will also severely affect its social
acceptance.
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CHAPTER 6: Implementing Sustainable Handpump
Projects in the Likuni Area
This chapter will address Objective 3 and its 3 outcomes:
Objective 2: “Make a review of issues related to sustainability and clarify the role of stakeholders,
when implementing a handpump project in Likuni within the chosen management model and following
the adapted handpump design.”
-

Outcome 1: Pre-construction phase: conditions, clarifications and choices

-

Outcome 2: Construction phase: building and training;

-

Outcome 3: Post-construction phase: maintenance, monitoring and evaluation.

If the Water Works initiative is to be continued, a more accurate assessment on all
implementation issues of the handpump project must be performed based on an
additional, more detailed census among the villagers of Likuni. Thus, some of the
implementation issues discussed in this chapter will be more general rather than specific.

6.1 Materials and Methods
A literature review on self supply (Carter et al., 2005) and on sustainable handpump
projects (WaterAid, 2008; Harvey and Reed, 2003; Parry-Jones et al., 2001; and Collins,
2000) has allowed to determine a range of important considerations in implementing the
Likuni Rope Pump within the self supply management model for one well in each of the
eight villages of Likuni.
These considerations were grouped in three separate sections: The pre-construction
phase; the construction phase; and the post-construction phase. For each phase, the
respective roles of the stakeholders involved were specified, these stakeholders being the
private initiator (the owner of the well) and the supporting agency (such as a NGO).
Finally, all the considerations discussed were summarised in a table.
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6.2 Results and Discussion

6.2.1 Pre- Construction Phase
Consideration 1: Well Sighting
Specifically in the Likuni area, a shallow well protection will have the greatest impact for
those wells serving most users. For example, as can be seen in Fig. 4.2.3.1.1 in Chapter
4, a handpump project will have a considerable impact on the biggest well of Nkhongoni
with its 102 users or the only well of Kumlambala with 80 users.
A second criterion for well sighting, as suggested by Collins (2001), is that the well must
be replenished all year through. According to Table 4.2.3.3.1 in Chapter 4, 39% of the
wells in the Likuni Area meet this requirement. If the well dries up during the dry
season, it will have to be dug deeper, which will increase the capital cost of a handpump.
The Likuni census indicated that all the villages are affected by cholera, but as argued in
section 4.2.3.3 in Chapter 4, it was not indicated to what degree each particular village
was affected. Also, the information in the census on plausible sources of indirect
contamination of the wells was insufficient.
According to WaterAid (2008) the water in a well can be contaminated either directly
from the well head (through direct contact with the users or from foreign objects falling
into the well), or indirectly through the soil around the well.
Collins (2000) provides general guidelines for the sighting of a well to limit indirect
contamination of a water source. According to these guidelines, a well should: not be
located in an area liable to seasonal flooding; be in an area which allows rapid dispersal of
spilt water; and be at a minimum distance of 30 metres from a pit latrine.

92

Sustainable Handpump Projects for Malawi’s Rural Poor

Consideration 2: Defining Clear Objectives and Project Benefits
Parry Jones et al. (2001) argued that one of the first steps in planning a sustainable
handpump project is the articulation of the demand by the user, through clear objectives
and project benefits.
As was discussed in section 4.2.1.2 in Chapter 4, the demand expressed by the water
committee of Likuni was an improvement of health. However, a private owner of a well
may see additional benefits: for example increased income from agriculture through
improved irrigation of a land plot, or an additional household income by starting to
charge water fees.
Consideration 3: The Choice of Pump Technology
It will be recalled that the initial preference for the water committee of Likuni was for
Malda Pumps. Here, the role of a supporting agency will be to provide private initiators
with information about alternative options within the range of their financial capacity or,
as was discussed in Chapter 3 in the Literature Review: their “Willingness to Pay”.
Following the argument of Harvey and Reed (2003), private initiators should
demonstrate their financial capacity to pay the full capital cost of the pump, as this will
reflect their motivation and capacity to perform future operation and maintenance of the
pump without outside support. The Likuni Rope Pump is in this respect a very good
alternative.
Still, for some private well owners in Likuni, even the purchase of a rope and a PVC pipe
may be beyond their financial reach. With this in mind, it may be necessary to encourage
other users of the well to contribute to the capital cost of the pump. This lack of initial
resources shows that user fees for continued operation and maintenance of the pump
may be required. Here, the role of the supporting agency will be to help the private
initiator to set up a water fee system, with sufficient fees to cover the full lifecycle costs
of the pump.
As discussed in section 5.2.6.3 in Chapter 5, the depth of the well will also give an
indication on the appropriate diameter of the raising main pipe, which is an important
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consideration with regard to the serviceability of the Likuni Rope Pump. This must also
be clarified to the private initiator by the supporting agency at this stage, as the initiators’
access to different sizes of PVC pipes may be limited.
Consideration 4: The Choice of Material for and the Type of Well Protection
The financial capacity of the private initiators will also be reflected in their choice of
materials for the well protection, such as the well slab, pump cover, well cover and
drainage channel (see Appendix A). For example, the financial cost of a well cover made
of wood should be assessed against the cost of a well cover made of concrete. However,
the need for protection against well water contamination should not be compromised by
financial limitation. As argued by Carter et al. (2005), financial subsidies for adequate well
protection and drainage system should initially be provided by a supporting agency, if
private initiators do not have the financial means to provide these themselves.
Consideration 5: Allowance for Time to Establish Building Capacity
According to Parry-Jones et al. (2001), an important part of planning for sustainable
hand pump projects is to allow time for an initiator to establish building capacity and
empower communities.
Before the construction of the Likuni Rope Pump under the self supply model in Likuni,
private initiators must, if necessary, be given sufficient time to collect money from users,
procure or purchase the pump materials as presented in Table 5.2.1.2.1 in Chapter 5,
acquire materials for the well protection, and liaise as necessary with carpenters and brick
manufacturers within the community. Private initiators must also be given time to
instruct the future users of the new wells if their help is required for the construction
process.
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6.2.2 Construction Phase
Consideration 1: Building and Installing the Rope Pump
As suggested by the self supply model, the building of the rope pump will be projectmanaged by the private initiator by exploiting capacity and recruiting help within the
community. The role of a supporting agency will be to provide technical advice and make
sure that adequate quality standards are met (Carter et al., 2005). The importance of
making sure that high quality standards are met in building the rope pump, in order to
secure its social acceptance, has been stressed repeatedly as an indispensable factor of
sustainability.
The building and installation of the rope pump will follow the steps presented in section
5.2.3 in Chapter 5. The only construction procedure that defers from this sub-section is
the installation of the “guide box”.
In Chapter 5, the installation of the timber log guide was easily performed as this was
placed in an accessible basin. On a well however, the installation of the timber-log guide
will require more elaborate attention as the installation can only be performed from the
ground surface. Erpf (2005) suggested that a guide box should weigh at least 5 kg, so that
the rope is not lifted upwards when tightened at the pulley wheel. Considering that the
guide during the test installation weighed roughly 3kg, it was nailed onto a wood
platform on which quarry stones were piled for added weight.
In situ, a possible solution will be to nail the guide to a rectangular wood platform, on
which quarry stones are piled at ground surface. Subsequently, the guide and the quarry
stones will carefully be lowered down the well, using ropes attached on to each corner of
the platform. However, there may be other approaches to fix the guide to the bottom of
the well. Possible solutions suggested by the private initiator should be particularly
welcome.
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Consideration 2: Building the Well Protection
It is beyond the scope of this thesis to go into detail on the construction steps of the well
protection. However, there are many comprehensive and well written manuals on the
construction of well protections (WaterAid (2008); Erpf (2005); and Baumann (2003).
However, as for the building and installation of the rope pump, the building of the well
protection will be managed by the private initiator, while technical advice on the quality
of the protection will be performed by the supporting agency.
Consideration 3: Hygiene Issues
As stated by WaterAid (2008): “The ultimate aim of a water supply scheme is to improve the health
and quality of life to a community. Technical developments or improvements will give maximum benefits
only if they are part of a wider hygiene education programme”.
Comprehensive procedures on hygiene education have been presented by WaterAid
(2008), Collins (2005); and Parry-Jones et al. (2001). This section will only outline the
most important of these procedures in relation to the Likuni villages.
Hygiene education must be done within a community at an early stage of the
implementation of a water pump project, to ensure a full comprehension of the concepts
involved (Collins, 2000). For instance, as was argued by Collins (2000) in section 3.2.2.5
Chapter 3, a community may not fully understand the linkage between dirty water and
diseases. Although the initial discussion during the Likuni field trip (see section 4.2.1.2,
Chapter 4) demonstrated that some users, such as those in Mnjolo, understood this link,
the census did not provide enough information to establish whether or not this
understanding was general to all inhabitants of the Likuni area. As was suggested in the
introduction of this chapter, the need for a follow-up census in Likuni may be necessary,
for example towards setting up adequate training programmes.
WaterAid (2008) argues that the focus on hygiene education, in the community
management model, should be on the women, as they are usually the ones who are
primarily concerned with health of the family, and the children, who are the easiest to
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educate on the benefits of hygiene education. However, within a self supply model, the
primary focus must be on making sure that the concepts of water and hygiene are
understood by the owners of the well themselves, as their habits will often influence the
habits of the other users of the well (Carter et al., 2005).
Another important consideration with regard to hygiene concerns the management of
the water point itself. Although a proper well protection with a drainage channel will, to a
great extent, prevent direct contamination and the presence of stagnant water around the
well, it is imperative that the water point is kept clean at all time, and that no other
activity is taking place around the well which could lead to indirect contamination of the
water source (Collins, 2000). Here, building a robust fence around the well will for
example keep animals away (Erpf, 2005).

6.2.4 Post Construction Phase
Consideration 1: Maintenance, Monitoring and Evaluation
The major benefit of self supply as argued by Carter et al. (2005) in the Literature Review
of this thesis is that through significant investment in cash, labour and time, the private
initiator (owner of the well) has developed a strong sense of ownership to the water
source and thus a strong motivation to manage it. In addition, through the process of
having built the rope pump using materials and skills available within the community, the
initiator’s capacity for preventive maintenance is also high. It can therefore be argued
that, ideally, the need for continued external support may not be necessary beyond the
initial phase.
However, as was also presented in the Literature Review of this thesis, the concept of
sustainable handpump projects is extremely complex, involving many factors. It can
therefore be argued that some degree of continued support in terms of training and
advice from an external agency will be necessary. Also, an appropriate system should be
established for private owners to provide supporting agencies with continued updated
reports on the evaluation and monitoring of the water point (Parry-Jones et al., 2001).
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6.2.5 Summary Table of Implementation Considerations
Table 6.2.5.1 summarises the implementation considerations discussed in this chapter,
with a particular attention to the specific roles of the stakeholders involved in handpump
project in Likuni.

Table 6.2.5.1: Summary Table of Implementation Considerations
Stage

Activity

Role of Stakeholder
Supporting
Private Initiator
Agency

Well Sighting

Comments

Sighting one private
well in each Likuni
village

Well is sited according
to population, quantity
of water and quality of
water

Articulation of Project
Objectives and Benefits

Express project
objectives and
benefits

Provide assistance
in making the
objectives and
project benefits
clear and reachable

The owner's demand
for a water pump
project must be
articulated into clear
objectives and project
benefits

Choice of Pump
Technology

Make an
informed choice
on the pump
technology

Provide owner with
pump options,
clearly emphasising
the advantages and
limitations of each
technology.

The choice of
technology must reflect
the owners "willingness
to pay". All capital cost
of the pump must be
covered by the owner
to ensure future O&M.
If the owner’s financial
capacity is limited, user
fees must be
considered.

Choice of Materials for
Well Protection

Decide on the
materials for, and
the type of, well
protection
structure

Make sure that the
owner's choice will
provide adequate
protection from
contamination

It is important to make
sure that the owner
understands the
important link between
well protection and
water borne diseases

Building Capacity

Liaise with local
carpenters and
brick
manufacturers;
Purchase and
collect materials
and tools; Liaise
with users of the
well for labour

Assist the owner
with advice. If
necessary, provide
subsidies for the
provision of well
protection materials
such as Portland
cement

PreConstruction
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Construction

Making Rope Pump

Construction
Management

Assist with technical
support and
monitoring

Building Well Protection

Construction
Management

Assist with technical
support and
monitoring

Set a "good"
example for all
users

Provide the
guidelines for
training of users.
Primary focus
should be on
educating the owner

Management of Well

Keeping the well
clean and in
operation. If
applicable,
collect user fees.

Provide initial
support and
guidelines for the
management of the
improved well.

Preventive Maintenance

Perform repairs
and replacement
of parts of the
pump as needed

Monitoring and
Evaluation

Provide the
external agency
with continued
updated reports
on the evaluation
and monitoring of
the well

Request and
analyse reports on
the evaluation and
monitoring of the
well, in view of
further
improvements

Technology
Development

Perform
improvements to
further the
pumps
performance and
serviceability

Request reports on
improvements
performed to the
pump

Hygiene Education

Since the private
owner has managed to
procure all parts and
cover the full capital
cost of the pump,
preventive
maintenance will
ideally be performed
without external
support.

PostConstruction
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CHAPTER 7: Conclusions
The purpose of this thesis was to propose an alternative implementation model for
handpump projects for Malawi’s rural poor (through a case study in a representative area,
Likuni), considering unconventional pump technologies and management models, and
with an overall aim of achieving handpump sustainability. However, without actually
applying in situ what this thesis has proposed, it is impossible to state whether or not this
overall aim has been met.
On the other hand, the concepts of measuring handpump sustainability have been
investigated in great detail in the Literature Review of this thesis. Considering that the
discussion in Chapter 4 focused on the application of these concepts, and that attention
to local constraints dictated the specifications of the pump model presented in Chapter 5,
the conclusion of this thesis will be a critical assessment of the theoretical “Likuni
Handpump Projects”, presented in a “Sustainability Assessment Table”. The findings of
this thesis will be measured against the seven issues compromising handpump
sustainability, which were identified in the Literature Review (Parry-Jones et al., 2001).
The last section of this conclusion will present potential spin-off effects of a successful
implementation of the “Likuni Handpump Projects”.
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7.1 Sustainability Assessment Table of the Theoretical Likuni
Handpump Projects
Table 7.1.1: Sustainability Assessment Table
Issues
Undermining
Handpump
Sustainability

Issue 1: On-Going
Use of Alternate
non-Potable
Resources
(refer to section:
3.2.2.1)

Issue 2: Lack of
Involvement in
Choice of
Technology
(refer to section:
3.2.2.2)

Issue 3: Failure of
Community to
Provide Preventive
Maintenance
(refer to section:
3.2.2.3)

Principle Components of "The Likuni Handpump Projects"
Self Supply

Likuni Rope Pump

Implementation Considerations

The Likuni
Handpump Projects
do not conflict with
other pre-existing,
management models
in Likuni. With no
assistance from
government or
NGOs, these villages
are already in self
supply mode.

Reasons for social
acceptance:
The pumps have a
good performance
and serviceability;
Users are able to
provide full
maintenance and
repair of the pumps.

High quality standards in making the
rope pumps must be met, to minimise
break-down rates and enhance their
serviceability in order to not
compromise the pumps’ social
acceptance; Hygiene education must
be provided to the users, to ensure
that the linkage between poor drinking
water and diseases is understood.

According to the
concept of self
supply, the choice of
the technology is
made by the local
initiator. However this
is constrained by the
initiator's and the
users' financial and
organisational
capacity.

The Likuni Rope
Pump is initially not
the users' first
choice. However
their preferred
model (Malda) is
not a relevant
option without
external support.

The key benefit of the
self supply model is
the users' strong
sense of ownership
to the project, which
is the basis of their
willingness to provide
preventive
maintenance.

Since skills, tools
and replacement of
parts can all be
found locally, the
users are able to
perform full
maintenance and
repair of their Likuni
Rope Pumps.
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The choice of technology must reflect
the users' ‘willingness to pay’. The
low-cost Likuni Rope Pump is a very
good option for destitute villages. This
must be presented to potential
initiators by a supporting agency.

The community may not have an
adequate tradition of maintenance
culture. Therefore it is important to
provide adequate maintenance
training during the implementation of
the project. However, considering that
the rope pumps have been made
entirely by the users during
construction, their understanding of
maintenance and repair processes
should be strong.
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Issue 4: Poor
Systems of Cost
Recovery for
Maintenance
(refer to section:
3.2.2.4)

The type of cost
recovery system is
dependent on the
financial capacity of
the private initiator.
Cost recovery is
either paid in full by
the owner or shared
by the users through
fees.

In comparison with
conventional
handpumps, the
maintenance cost
for the Likuni Rope
Pump is limited.

Issue 5:
Inadequate
Training and
Ongoing Support
for Community
(refer to section:
3.2.2.5)

Issue 6: Excessive
Number of Users
per Handpumps
(refer to section:
3.2.2.6)

An external agency must ensure that
the private initiator shows full
willingness to pay, which will be a
direct indication of sufficient financial
and organisational capacity to pay for
the future maintenance and operation.
Introducing a cost recovery system
from user fees must be addressed
when determining objectives and
project benefits in the pre-construction
stage, if the private initiator cannot
show full willingness to pay alone. In
addition, the funding system based on
user fees must cover the “true” life
cycle cost of the pump.

Ideally, if appropriate construction,
maintenance and hygiene training
have been provided by an external
agency during project planning and
construction, ongoing external support
after construction will not be
necessary.

In the self supply
model, the number of
users will be
regulated by the
private initiator.
However, as studies
on self supply have
shown, a private
owner will usually not
deny a neighbour
access to his/hers
water source.

The effect of
excessive operation
and wear on the
Likuni Rope Pump
has not been tested
in this thesis.
However, the
advantage of the
pump is that full
repair can be
performed locally by
the users in the
case of premature
breakdown.

Issue 7:
Inadequate
Attention to Water
Quality, Leading to
Taste and
Corrosion
Problems
(refer to section:
3.2.2.7)

Considering that initially only one well
will be upgraded for each village in the
context of a Likuni handpump project,
the possibility for excessive
exploitation of the improved facilities
must be envisaged during the
planning.

An important consideration, when the
wells to be upgraded are selected,
must be water quality. As mentioned,
an accurate selection process will
require a second census.
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7.2 Independence from Aid
Recalling Wood’s (1994) definition of sustainability (in the context of handpump
projects) presented in Box 3.2.1:
‘Sustainability may be defined as an intervention which is capable of being supported and maintained by
a community or individual over an extended period of time with an absolute minimum of outside
assistance’.
The most important conclusion to be made from the Sustainability Assessment Table is
with regard to outside assistance. As argued, ideally, the role of the supporting external
agency for the “Likuni Handpump Projects” is limited to a careful initial phase of
technology transfer, training and coaching.

When the pumps are installed, the

communities can in principle operate, maintain, repair and improve their pumps entirely
on their own. This may prove to be a satisfactory solution as long as governing
authorities cannot offer a suitable and affordable alternative.

7.3 Potential Spin-Off Effects from Likuni Handpump
Projects
•

If the projects are successful, other private owners in Likuni may want to
construct the Likuni Rope Pump entirely on their own initiative. Subsequently,
this can also spread to other surrounding villages.

•

A successful project may lead to a "ladder of improvements" (Sutton (2008)
section 3.3.3), where the technology is perfected locally until optimally adapted to
needs.

•

The project may also result in a boost of the local economy through stimulation
of carpentry and mud brick manufacturers.

•

In time, with a number of private initiators managing water points in a more
professional way, one might see a transition from the Self Supply Management to
a Handpump Leasing Management Model (Literature Review, section 3.3.2).
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CHAPTER 8: Recommendations for Further Research

8.1 From Theory to Practice
At the time of writing, a small project grant to fund the implementation of the proposed
projects in this thesis has been requested from the University of Edinburgh. If this grant
is awarded, Water Works will return to Likuni in August 2010 to implement the “Likuni
Handpump Projects”.
As mentioned in this thesis, in order to assess whether the implementation of the Likuni
Handpump Projects are sustainable after the pumps are operational, regular updates
from the well owners on the evaluation and monitoring of the water projects must be
provided to Water Works.

8.2 Locally Made Shallow Well Protection
A main focus of this thesis has been to develop a handpump that could be built and
maintained by the users from local materials and skills, without any need for continued
external support. However, research on alternative shallow well protections, using the
same methodology as in this thesis, remains to be performed. A pump superstructure
made of local mud bricks has been suggested, however the need for cement to make the
pump structure waterproof has been acknowledged. In conclusion, there is a need for
further research on an alternative ways of protecting a shallow well with an installed
handpump, using locally available materials and skills.

8.3 Locally Made Water Treatment Facilities
A possible important complement to this thesis would be to investigate sustainable ways
to further improve the quality of the water in the wells. These investigations should
follow the same methodology as in this thesis, implying the use of local resources and
skills.
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APPENDIX A: SHALLOW WELL PROTECTION
Shallow well protections are features which protect the water in the well from being
contaminated either directly or indirectly, by contaminants seeping into the well from the
well head or through the soil surrounding it.
Figure A1 presents the principle features for shallow well protection.

Figure A1: Features for Shallow Well Protection
(Picture Courtesy of Erpf (2005))
The main features that protect a well from indirect contamination are, as shown on Fig.
A1, the well slab and drainage channel. The main purpose of these features is to prevent
the presence of stagnant water surrounding the well (which when polluted, can seep back
into and contaminate the well), by draining it away to an area of lower elevation.
Common materials used for well slabs and drainage channels are reinforced concrete
(Erpf (2005)), or bricks coated with cement as shown on Fig. A2.
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Figure A2: Shallow Well Protection of Bricks and Cement
(Picture Courtesy of Water Works Charity)
The shallow well protection features in place to prevent direct contamination are as
shown on Fig. A1 the well head and the well cover. The main purpose of these features
is to prevent foreign objects from falling- and surface water from seeping into the well,
but also to protect the well water from direct contact with users. The most common
materials used for the well-head are bricks coated with cement, as illustrated on figure
A2, while a reinforced concrete slab is often the preferred choice for the well-cover
(Erpf, 2005).
Some handpumps, such as the rope pump, do not require the user to stand on the well
cover during operation. Thus, for the provision of full protection from direct
contamination, a superstructure called the “pump cover” (Erpf, 2005) is often applied in
stead of a well-head. Pump covers are most commonly made of masonry or, as shown on
Fig. A3 for Pump Aids “Elephant Pump”, reinforced concrete.
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Figure A3: The Elephant Pump with a Pump Cover
(Picture Courtesy of www.bond.org.uk)
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Log Report 1:

Survey of the Likuni Villages
Monday 15th of June 2009

Initial meeting with the water committee of the Likuni Villages
This brief meeting was attended by the Water Works trustees Simon Cohen and
Mikael Ullerø (writer), CIDA representative James Mambulu and 6 members of the
Likuni Villages water committee, including the Chairman Black (who was the only
committee member speaking English) and the committee secretary, Mr. Eliet.

Initial meeting with the water Committee from the Likuni Villages
The issues discussed were on current difficulties the villages are facing with regard to
poverty and health. These issues included food shortages as the villagers could not
afford fertilizers to grow maize, the prominent HIV/Aids problem and the lack of
satisfactory sanitation facilities.
However, the most critical problem expressed by the committee members was the
lack of adequate water facilities. The current water facilities in the 8 villages are
unprotected shallow wells, with “rope and bucket” extraction systems. According to
Mr. Black most of these wells have been dug and financed by community members
themselves over time.
The water quality problems recognised by the committee were that many of the wells
had water of cloudy substance and bad taste. On the question posed by Simon
Cohen with regard to illnesses created from drinking the water (water borne
diseases), Mr. Black could confirm that cases of cholera among the villagers,
especially in the rainy season, were common in Likuni.
With regard to the question by Simon Cohen on what kind of help the villagers
wanted from a potential future cooperation with Water Works, it was expressed by
the committee that they would benefit greatly from financial and technical support to
upgrade their hand dug wells to protected shallow wells with handpumps. It became
clear from this discussion that the handpump the committee had in mind was the
Malda.
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A last question asked (by writer) was if the committee currently had any money
recovery strategy to finance such an upgrade themselves. Here it was explained that
the only money recovery system that the water committee had set up was by selling
vegetables and fruits from a communal garden. However, as the committee currently
lacked fertilisers, this garden was not giving much revenue.

Field Inspection of the 8 villages of the Likuni
After the meeting, the 8 villages of Likuni were visited with primary attention on the
inspection of some of the water wells. Due to time restrictions, only a few wells in
each village were examined. The tour was guided by the water committee. The 8
villages of Likuni are Mtomondo, Nachipi, Mnjolo, Nkhongoni, Mchawa, Kumlambala,
Chimphangu and Chitsinde.
Village 1: Mtomondo
One out of the six wells in Mtomondo Village was examined. Like all the wells in
Likuni, this was a rope and bucket hand dug well. The well-head consisted of two
truck tyres on top of each other. This seemed to be the most standard type of wellheads in the Likuni Villages.
This well in particular seemed to have been built to quite a high degree of standard,
as the well lining and well slab was made of mud bricks with a cement cover.
However, by inspection this well seemed quite worn down and no system for well
coverage was installed.
The water extraction process from the well was demonstrated by one of the villagers.
The rope and tin bucket appeared by inspection quite worn down and dirty and the
water recovered from the well appeared considerably cloudy.

The well examined for Mtomondo Village
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The well examined for Mtomondo Village-2

The water extracted from the well was cloudy
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Village 2: Nachipi
In Nachipi Village there are five wells, but only one was examined. This well had the
truck tyre well head and a well slab of mud bricks. As for the well in Mtomondo
Village, this well appeared to be very warned down and did not have any appropriate
well cover. The water sample taken from the well was identified as cloudy.
The committee commented that this well in particular had a tendency to dry up in the
dry season, but that the other wells in the village, which were deeper, did not.

One of the five wells examined in Nachipi Village
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Village 3: Mnjolo
In Mnjolo two of the four wells in the village were inspected. The committee informed
that the first well examined, which was the oldest and not more than 4 to 5 meters
deep by inspection, had a tendency to dry up in the dry season. The quality of the
water was also recognised by the committee as poor. There was no well slab on this
well, and pit latrines were identified to be in close vicinity of the well (from inspection,
less than 10 metres).

The first well examined in Mnjolo Village was recognised as poor

The second well examined in Mnjolo had been dug recently, and the committee
commented that for this well, the water was much cleaner. However, this well still
needed a proper well slab, which according to the committee was to be constructed
soon.

118

Sustainable Handpump Projects for Malawi’s Rural Poor

The second, newer, well examined in Mnjolo Village
Village 4: Nkhongoni
In Nkhongoni there are two wells, and the one examined had, according to the
committee, over 100 users. This was evident from an excessive level of stagnant
spilled water was surrounding this well. In spite of its well-slab, a well with this
number of users could benefit from a having a drainage channel. Villagers told that
the stagnant water often would attract animals which would urinate on the premises.
The committee commented that villagers of Nkhongoni using this well had recently
suffered from cholera.

The principle well for Nkhongoni Village
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Village 5: Mchawa
One of the three wells in Mchawa was inspected. Apparently this well had 28 users
who in addition shared only one pit latrine. The state of the well was identified as
poor as it lacked both a well-slab and a proper well-head. Large unprotected
openings were noticeable between the ground surface and the well-head.

The well examined for the Mchawa Village
Village 6: Kumlambala
The committee informed that for Kumlambala, one well was serving the entire village
of 80 people. This well was relatively new and more than 7 meters deep, which was
recognised as beneficial by the committee as deeper wells did not dry up in the dry
season and gave better quality water.

The well examined for the Kumlambala Village
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Village 7: Chimphangu
According to the committee, Chimphangu Village is the biggest in Likuni with over
250 inhabitants. There are 12 wells in this village where one was inspected. This well
was relatively new. The committee commented that digging this well had been
troublesome due to the sandy soil in the area, but that they still had managed to dig a
quite deep well. This well had to that date never dried up.
It was noticeable that Chimphangu appeared to be one of the wealthier villages in
Likuni.

The well examined for the Chimphangu Village
Village 8: Chitsinde Village
The last village inspected in Likuni was Chitsinde, where again only one well was
inspected. According to the water committee, Chitsinde Village has a total of 3 wells.
As with most of the wells inspected in Likuni, various amounts of stagnant water were
found around the well, regardless of the well having a well slab or not. This was also
the case for the well inspected in Chitsinde.

The well examined for the Chitsinde Village
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An additional observation from this guided tour in Likuni was the local production of
mud bricks in most villages.

One of Likuni's many local mud brick manufacturers in Chitsinde Village

Census Request from the Water Committee in Likuni
After the tour of the 8 villages of Likuni, a summarising meeting was held to discuss
the future cooperation between the Likuni Villages and Water Works Charity. The
water committee was requested to perform a census on all the water points in the 8
villages to allow informed planning, with regard to potential future water projects in
Likuni.
Questionnaire for the Census:
For each village in Likuni, the committee had to collect information for the census
based on the following questions:
Well data:
- How many wells are there in each village?
- How many villagers are using each well?
- How many families are using each well?
- Who is the owner of each well?
- Do any of the wells dry up during the year?
- Have the users experienced health problems from using the well? If yes,
specify.
- What are the water characteristics from each well in terms of smell, taste and
colour (cloudy, muddy or clear)
Sanitation data:
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-

How many pit latrines/toilets are there in each village?
How many villagers are using each latrine?
How many families are using each latrine?
Who is the owner of each latrine?

It was arranged with the water committee that these data were going to be collected
by Simon Cohen at some point in mid-July 2009 (after the writer’s departure from
Malawi).
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Log Report 2:

Meeting with the Director of Water Supply in the Malawian
Ministry of Water and Irrigation, Mr. Boniface Gondwe
Wednesday 17th of June 2009

Two days after the Likuni field survey, a meeting was held in Lilongwe with Mr.
Boniface Gondwe, the director of water supply from the Ministry of Water and
irrigation in Malawi.
The aim of the meeting was to present Water Works Charity to the Ministry of
Irrigation and to get advice on what approaches the charity should take towards
setting up future projects, in terms of governmental policies, restrictions and
stakeholders to consult within the rural water sector.
An additional aim was to get the ministries views and recommendations on which
rural areas that should be given priority with regard to Water Works future water
projects in Malawi. In this context, Mr Gondwe was asked specifically about the
ministries views on helping the Likuni villages with upgrading some of their hand dug
wells with shallow well protections fitted with handpumps.
Mr. Gondwe’s response to this query was that helping the Likuni villages with these
upgrades would in principle not be recommended by the ministry. The reasons were
twofold; Firstly, the Ministry of water intended to extend the urban pipe network into
the Likuni area. However, when this was to happen, was not specified. Secondly,
shallow well water extraction should not be encouraged, as these water sources are
considered (by the ministry) to give unsatisfactory water quality (compared with water
from urban water supplies).
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APPENDIX C: WATER AND SANITATION CENCUS
FOR THE LIKUNI VILLAGES
General comments
The Water Census presented in this Appendix, was performed by the water committee of
the Likuni Villages in the last weeks of June 2009. Each table provides information on
the number of users, number of families and on the owners for each of the 36 wells of
the Likuni Villages. The tables also provide information on the supply of sanitation
facilities.
In addition, each table has a column where general comments on water quality and on
whether or not the well dries up in the dry season, could be made by the water
committee. Unfortunately, this column was only partially used be the committee. Thus, it
has been assumed that unless specified otherwise, all wells may dry up in the rainy
season.
With regard to cholera outbreaks, the census indicated that all areas of Likuni suffer from
this waterborne disease in the rainy season. However, it was not indicated if this was the
case for every well in Likuni.

The Water and Sanitation Census
VILLAGE 1: MTONONDO
WELL 1
Family
number
1
2
3
4
5
6
7
8
9
Total

Name of
Family
Banda
Mtambira
Mazengela
Malita
Isaac
Stanry
Mtomond
Nasitima
Master
9

No of
People
7
4
6
6
3
11
9
15
7
68

Toilet
yes
yes
yes
no
no
yes
yes
yes
no
6
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Well
yes
no
no
no
no
no
no
no
no
1

Comments
- Well does not dry up
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WELL 2
Family
number
1
2
3
4
5
6
Total

Name of
Family
Mgona
Jamison
Alick
Ronard
Nango
Zinuka
6

No of
People
5
11
3
6
7
6
38

Family
number
1
2
3
4
5
6
7
8
9
Total

Name of
Family
Elliot
Chiudzu
Gene
Kapala
Royrd
Willison
Flytone
Mobostos
Roberts
9

No of
People
8
3
6
5
6
4
8
6
12
58

Family
number
1
2
3
Total

Name of
Family
Chabvuta
Thauzen
Nukhomas
3

No of
People
7
11
10
28

Family
number
1
2
Total

Name of
Family
Samuel
Iwalen
2

No of
People
7
7
14

Family
number
1
2
Total

Name of
Family
Nalinbe
Tambach
2

No of
People
7
10
17

Toilet
no
no
no
yes
no
yes
2

Well
yes
no
no
no
no
no
1

Comments
- Well may dry up in dry season

Well
yes
no
no
no
no
no
no
no
no
1

Comments
- Well does not dry up

Well
yes
no
no
1

Comments
- Well may dry up

Well
yes
no
1

Comments
- Well may dry up

Well
yes
no
1

Comments
- Well may dry up

WELL 3
Toilet
no
yes
no
no
no
no
no
yes
yes
3
WELL 4
Toilet
yes
yes
no
2
WELL 5
Toilet
yes
no
1
WELL 6
Toilet
yes
yes
2
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SUMMUARY TABLE FOR MTONONDO VILLAGE:
Population
no. of families
no. of wells
Average no. of users per well
no. of wells used by one family
no. of wells shared
Average no. of users per shared well
Maximum no. of users for well
Minimum no. of users for well
Total no. of toilets
Average no. of users per toilet

223
31
6
37
0
6
37
68
14
16
14

VILLAGE 2: NACHIPI
WELL 1
Family number
1
2
3
4
5
6
Total

Family number
1
2
3
4
5
6
7
8
9
10
11
Total

Family number
1
Total

Name of
Family
Gamaliel
Sybert
Nabien
Adiel
Nabuwel
Ireen
6

No of
People
20
10
9
10
9
26
84

Toilet
yes
yes
no
yes
yes
yes
5

Name of Family
Likanjelo
Kasumbu
Velonica
Njiwa
Yosofina
Madalitso
Chinkhuti
Daine
Namaenda
Katengeni
Denis
11

WELL 2
No of People
6
7
5
4
4
2
7
6
4
5
7
57

Name of Family
Belenado
1

WELL 3
No of People
3
3
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Well
yes
no
no
no
no
no
1

Comments
- Well does not dry up

Toilet
no
yes
no
yes
yes
no
yes
no
no
no
yes
5

Well
yes
no
no
no
no
no
no
no
no
no
no
1

Comments
- Well does not dry up

Toilet
no

Well
yes
1

Comments
- Well may dry up
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Family number
1
2
3
4
Total

Name of Family
Nbouota
Letters
Isaack
Kupisa
4

WELL 4
No of People
6
5
9
4
24

Toilet
no
no
yes
no
1

Well
yes
no
no
no
1

Comments
- Well may dry up

Family number
1
2
3
4
5
6
7
8
9
Total

Name of Family
Katola
Napulet
Maseko
Nibewe
Charlos
Scarliot
Greshan
Nasuan
Engine
9

WELL 5
No of People
5
2
7
6
6
3
4
2
4
39

Toilet
no
no
yes
no
yes
no
yes
no
no
3

Well
yes
no
no
no
no
no
no
no
no
1

Comments
- Well may dry up

Toilet
yes
yes
no
yes
yes
yes
yes
yes
yes
yes
no
9

Well
yes
no
no
no
no
no
no
no
no
no
no
1

Comments
- Well does not dry up

SUMMURY TABLE OF NACHIPI VILLAGE:
Population
no. of families
no. of wells
Average no. of users per well
no. of wells used by one family
no. of wells shared
Average no. of users per shared well
Maximum no. of users for well
Minimum no. of users for well
Total no. of toilets
Average no. of users per toilet

207
31
5
41
1
4
52
84
3
14
15

VILLAGE 3: MNJOLO

Family number
1
2
3
4
5
6
7
8
9
10
11
Total

Name of Family
Banba
Mtchuma
Nangozo
Fikinos
Innock
Mnjolo
Mary
Violet
Nasita
Chinkhwaya
Ellifra
11

WELL 1
No of People
6
6
4
5
10
3
3
3
4
7
4
55
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Family number
1
2
3
4
5
6
7
8
9
10
11
12
Total

Name of Family
Nasi
Zena
Geiseman
Kaipa
Titanil
Naliseino
Kudzala
Bush
Mauhaliswe
Ndel
Keletina
Peter
12

WELL 2
No of People
7
7
4
2
4
2
2
10
7
4
3
6
58

Toilet
yes
no
no
no
no
no
no
no
no
no
no
yes
2

Well
yes
no
no
no
no
no
no
no
no
no
no
no
1

Comments
- Well does not dry up

Family number
1
2
3
4
5
6
7
Total

Name of Family
Nabasi
Makalani
Najere
Nakwenda
Aless
Chibziwitso
Luise
7

WELL 3
No of People
3
4
3
3
6
2
7
28

Toilet
no
yes
no
yes
no
no
no
2

Well
yes
no
no
no
no
no
no
1

Comments
- Well may dry up

Family number
1
2
Total

Name of Family
Watengen
Naba
2

WELL 4
No of People
6
9
15

Toilet
no
yes
1

Well
yes
no
1

Comments
- Well may dry up

SUMMURY TABLE OF MNJOLO VILLAGE:
Population
no. of families
no. of wells
Average no. of users per well
no. of wells used by one family
no. of wells shared
Average no. of users per shared well
Maximum no. of users for well
Minimum no. of users for well
Total no. of toilets
Average no. of users per toilet

156
32
4
39
0
4
39
58
15
12
13
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VILLAGE 4: NKHONGONI

Family number
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
Total

Name of Family
Eliet
Lameck
maso
lamon
Kanthu
Willison
Susan
Whongoni
Hopson
Harry
Moyo
Chisenu
Manuel
Eneless
Chitsouka
Manda
Innocu
Robert
17

WELL 1
No of People
5
10
7
3
6
4
5
3
4
6
6
4
6
4
10
5
4
10
102

Family number
1
2
3
4
5
Total

Name of Family
Mangani
Charlos
Tsirzani
Limbani
Aufi
5

WELL 2
No of People
4
3
2
6
7
22

SUMMURY TABLE OF NKHONGONI VILLAGE:
Population
no. of families
no. of wells
Average no. of users per well
no. of wells used by one family
no. of wells shared
Average no. of users per shared well
Maximum no. of users for well
Minimum no. of users for well
Total no. of toilets
Average no. of users per toilet

124
22
2
62
0
2
62
102
22
14
9
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Toilet
yes
yes
yes
no
no
yes
no
no
yes
yes
no
no
yes
no
yes
no
no
yes
9

Well
yes
no
no
no
no
no
no
no
no
no
no
no
no
no
no
no
no
no
1

Comments
- Water tastes Salty
- Well does not dry up

Toilet
yes
yes
yes
yes
yes
5

Well
yes
no
no
no
no
1

Comments
- Well may dry up
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VILLAGE 5: MCHAWA

Name of Family
Levson
Ben
Chufikan
3

WELL 1
No of People Toilet
8
yes
4
no
5
no
17
1

Well
yes
no
no
1

Comments
- Well may dry up
- Water smells
- Users suffer health problems

Family number
1
2
3
4
5
6
7
8
Total

Name of Family
Mrs Jamu's
Mrs Muza's
Mrs Sabwerela's
Nabophans
Kanthiti
Wire
Susan
Chiwawula
8

WELL 2
No of People Toilet
3
no
3
no
8
yes
4
no
5
yes
4
yes
3
no
5
yes
35
5

Well
yes
no
no
no
no
no
no
no
1

Comments
- Well does not dry up
- Water smells
- Users suffer health problems

Family number
1
2
3
4
Total

Name of Family
Wire
nabethcha
Zienba
Niose
4

WELL 3
No of People Toilet
5
no
5
no
4
no
12
yes
26
1

Well
yes
no
no
no
1

Comments
- Well may dry up
- Water smells
- Users suffer health problems

Family number
1
2
3
Total

SUMMURY TABLE OF MCHAWA VILLAGE:
Population
no. of families
no. of wells
Average no. of users per well
no. of wells used by one family
no. of wells shared
Average no. of users per shared well
Maximum no. of users for well
Minimum no. of users for well
Total no. of toilets
Average no. of users per toilet

78
15
3
26
0
3
26
35
17
7
11
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VILLAGE 6: KUMLAMBALA

Family number
1
2
3
4
5
6
7
8
9
10
11
12
13
14
Total

WELL 1
No of People
5
4
6
3
10
7
2
2
6
6
10
3
10
6
80

Name of Family
Tito
Joss
Bala
Khumbi
Lameck
Henorbs
Yeletsani
Mrs Sinoya's
Kumlambala
Chasokera
Bive
Chifundo
Nabanda
Banda
14

Toilet
yes
yes
no
no
no
yes
no
no
yes
yes
yes
no
no
yes
7

Well
yes
no
no
no
no
no
no
no
no
no
no
no
no
no
1

Comments
- Well does not dry up

SUMMURY TABLE OF KUMLAMBALA VILLAGE:
Population
no. of families
no. of wells
Average no. of users per well
no. of wells used by one family
no. of wells shared
Average no. of users per shared well
Maximum no. of users for well
Minimum no. of users for well
Total no. of toilets
Average no. of users per toilet

80
14
1
80
0
1
80
80
80
7
11

VILLAGE 7: CHIMPHANGU
WELL 1
Family
number
1
2
3
4
5
Total

Name of
Family
Buluzi
Peter
joseph
Henrly
Chakumodzi
5

No of
People
6
7
7
10
14
44

Toilet
yes
no
no
yes
yes
3
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yes
no
no
no
no
1

Comments
- Well does not dry up
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WELL 2
Family
number
1
Total

Name of
Family
Dube
1

No of
People
6
6

Family
number
1
2
3
Total

Name of
Family
Malungo
Monicca
Nasinjoya
3

No of
People
7
9
6
22

Toilet
yes
1

Well
yes
1

Comments
- Well may dry up

Well
yes
no
no
1

Comments
- Well may dry up

Well
yes
1

Comments
- Well may dry up

Well
yes
1

Comments
- Well may dry up

Well
yes
no
no
no
1

Comments
- Well may dry up

Well
yes
1

Comments
- Well may dry up

Well
yes
no
1

Comments
- Well may dry up

WELL 3
Toilet
yes
no
yes
2
WELL 4
Family
number
1
Total

Name of
Family
Mpezeni
1

No of
People
6
6

Toilet
yes
1
WELL 5

Family
number
1
Total

Name of
Family
Allan
1

No of
People
7
7

Family
number
1
2
3
4
Total

Name of
Family
Bikoko
Nalidaka
Chikumbutso
Frieby
4

No of
People
10
8
11
5
34

Family
number
1
Total

Name of
Family
Jossams
1

No of
People
8
8

Toilet
yes
1
WELL 6
Toilet
yes
yes
no
yes
3
WELL 7
Toilet
yes
1
WELL 8

Family
number
1
2
Totals

Name of
Family
Zunga
Misozi
2

No of
People
10
6
16

Toilet
yes
yes
2
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WELL 9
Family
number
1
2
3
4
5
6
Total

Name of
Family
Chimphangu
Samuel
Chigwedya
Bauleni
Chengan
Tongole
6

No of
People
3
11
8
6
5
8
41

Family
number
1
2
Total

Name of
Family
Limbikan
Chipempha
2

No of
People
4
7
11

Family
number
1
2
Total

Name of
Family
Black
Chizuko
2

No of
People
13
9
22

Toilet
yes
yes
yes
no
no
yes
4

Well
yes
no
no
no
no
no
1

Comments
- Well does not dry up

Well
no
no
1

Comments
- Well may dry up

Well
yes
no
1

Comments
- Well may dry up

Well
yes
no
no
no
1

Comments
- Well may dry up

WELL 10
Toilet
yes
yes
2
WELL 11
Toilet
yes
yes
2
WELL 12
Family
number
1
2
3
4
Total

Name of
Family
Zickiel
Msaua
Ganizan
Mthimbangovu
4

No of
People
4
5
4
2
15

Toilet
yes
yes
no
yes
3

SUMMURY TABLE OF CHIMPHANGU VILLAGE:
Population
no. of families
no. of wells
Average no. of users per well
no. of wells used by one family
no. of wells shared
Average no. of users per shared well
Maximum no. of users for well
Minimum no. of users for well
Total no. of toilets
Average no. of users per toilet

232
32
12
19
4
8
29
44
6
25
9
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VILLAGE 8: CHITSINDE

Family number
1
2
3
Total

Family number
1
2
3
Total

Family number
1
2
3
4
5
Total

Name of Family
Kamunde
Majuba
Jester
3

Name of Family
Kadoko
Lytone
Bavite
3

Name of Family
Chitsinde
Namaga
Izione
Gannacio
Kumlulu
5

WELL 1
No of People
5
6
5
16

Toilet
yes
yes
no
2

Well
yes
no
no
1

Comments
- Well does not dry up
- Lots of water present

WELL 2
No of People
7
6
8
21

Toilet
yes
yes
yes
3

Well
yes
no
no
1

Comments
- Lots of water present

WELL 3
No of People
10
5
3
7
7
32

Toilet
yes
no
no
no
yes
2

Well
yes
No
no
no
no
1

Comments
- Well does not dry up
- Lot of water present

SUMMURY TABLE OF CHITSINDE VILLAGE:
Population
no. of families
no. of wells
Average no. of users per well
no. of wells used by one family
no. of wells shared
Average no. of users per shared well
Maximum no. of users for well
Minimum no. of users for well
Total no. of toilets
Average no. of users per toilet

69
11
3
23
0
3
23
32
16
7
10
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APPENDIX D: STATIC FRICTION MEASURMENTS OF
THE ABAKUS
Table D1 presents all the friction measurements performed on Abakus, in accordance
with section 5.1.4.3 and 5.2.6.3. The length of the lever arm, r (m), being the distance
from the handle to the centre point of the crank, was 0.4 metres.

Table D1: Friction Measurements
Handle 1
test 1
test 2
test 3
test 4
test 5
test 6
test 7
test 8
test 9
test 10
Average:

Handle 2
test 1
test 2
test 3
test 4
test 5
test 6
test 7
test 8
test 9
test 10
Average:

Litres of
Water
3,00
3,00
3,00
2,50
3,50
4,20
2,90
4,40
4,00
3,80
3,43

Weight of Water
(N)
29,43
29,43
29,43
24,53
34,34
41,20
28,45
43,16
39,24
37,28
33,65

Torque Moment
(Nm)
11,77
11,77
11,77
9,81
13,73
16,48
11,38
17,27
15,70
14,91
13,46

Litres of
Water
3,40
1,50
2,20
2,90
3,00
3,30
3,70
1,40
1,70
2,70
2,58

Weight of Water
(N)
33,35
14,72
21,58
28,45
29,43
32,37
36,30
13,73
16,68
26,49
25,31

Torque Moment
(Nm)
13,34
5,89
8,63
11,38
11,77
12,95
14,52
5,49
6,67
10,59
10,12
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APPENDIX E: RISK ASSESSMENT

Table E1 presents the risk assessment made for the construction of the Likuni Rope
Pump, in accordance with section 5.2.3.
Table E1: Risk Assessment
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