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PREFACE
 

This Handbook aims to be an instrument in standardized collection
 
and processing of data on performances of wate: pumping systems
 
in the field.
 

The Handbook results from efforts by various donor agencies and
 
many individuals; its objectives and set-up imply various
 
compromises and many possibilities for further discussions.
 
Issues still under discussion for instance, include the methods
 
of incorporating different benefits, the methods for discounting
 
water output over the project length, types of cost to be
 
incorporated, etc.
 

The reader should be aware, that a number of assumptions and
 
simplifications had to be made (equal benefits, omission of
 
common cost, not discounting of the water output) and that the
 
resulting "cost per cubic meter" therefore is not a real cost of
 
water. It rather is a relative cost indicator that can be used
 
for comparison of different system..
 

However, given the considerable time which has passed since
 
composing, reviewing and redrafting the various chapters, the
 
editors feel that "field testing" of the Handbook would now be
 
appropriate. Errors or ommission must come to the fore once this
 
Handbook is disseminated among users of windpumps and persons
 
knowledgeable about windpumping. We actually look forward to
 
receiving supportive criticism and suggestions which may be
 
included in later versions of this publication.
 

The present distribution of the Handbook has two purposes. First
 
it means to improve the actual data collection on technical and
 
economic performances of water pumping systems. Secondly it is
 
meant as a trial phase for the Handbook as such, its lay-out, the
 
usefulness of the recommended methods, procedures, sheets, etc.
 

Simultaneaously with the release of this Handbook, CWD and the
 
Worldbank have agreed on preparing for publication two other
 
publications on windpumping. One of these publications is the
 
"Wind Pumping Handbook", patterned after the "Solar Water Pumping
 
Handbook" produced by Kenna and Gillett (1985).
 
The section on "testing of windpumps under real field conditions"
 
in the Wind Pumping Handbook is actually taken from the relevant
 
sections of the present Handbook.
 
We trust that these publications will meet with interest and will
 
assist in clarifying some of the more critical issues involved
 
in disseminating windpumps.
 



EXECUTIVE 	SUMMARY
 

This Handbook describes a field evaluation methodology for six
 
selected water pumping techniques. Later extension to other
 
techniques may be done relatively ea' Lly. Standardized and
 
uniform prccedures are given for the different pumping techniques
 
in order to enable comparative evaluations.
 

The methodology for evaluation of pumping systems basically
 
consists of five steps, four of which are dealt with in this
 
Handbook.
 

1. 	 Through Data collection at the start of the tests the
 
technical system and its environment are described.
 

2. 	 During the Short term testing phase technical data are
 
gathered over a period of a few days only in order to
 
assess the technical condition of the punping system.
 

3. 	 During Long term testing a much broader spectrum of
 
data is gathered over a longer period of time
 
(preferably half a year to one year). The information
 
to be collected relates to a variety of operating
 
performances of the systems, such as the experiences
 
of the ow..er and operator of the system, costs,
 
reliability, need for maintenance and output, rather
 
than to "technology" only.
 

4. 	 An Econcmic evaluation follows the above tests, using
 
the information obtained during Long term testing. It
 
further involves the collection of information on
 
markets and governmental policies.
 

As a fifth step the effects of the water pumping system on, and
 
its interrelations with, its social, ecological and institutional
 
environment will have to be evaluated. This step is not yet
 
included in this version of the Handbook.
 

The Handbook is intended to be used by:
 
- technical staff of projects and institutes when performing
 

tests, making observations and processing data;
 
- staff at management level or economic experts who will carry
 

out the subsequent economic evaluations.
 

The results of the evaluations for which procedures are described
 
in this Handbook should contribute to:
 
- improving existing systems by providing data on actual field
 
performance that may be compared with the predicted
 
performance;
 

- improved sizing and selection of new systems;
 
- feedback to suppliers of pumping systems and subsequent
 

improvement of systems and components.
 

The Handbook has primarily been conceived as a "how to" document;
 
precision and completeness have been sacrificed for the sake of
 
clarity and usability.
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1. OBJECTIVES AND SCOPE OF THE HANDBOOK
 

1.1. BACKGROUND AND JUSTIFICATION
 

Many agricultural and ot',. development projects include
 
significant water pumpi.g or water management related
 
components. Therefore it is necessary that field data on
 
technical and economic performance of water pumping systems
 
are available. Such data will be needed for e.g.: improving the
 
performance of existing water pumping systems, selection of new
 
pumping equipment, improving maintenance in water supply
 
schemes, improving water management schemes and reducing their
 
cost, etc..
 

The present Handbook aims to be an instrument in these
 
processes, by providing a methodology for standardized
 
collection and reduction of technical and economic field data on
 
water pumping systems. The given procedures are uniform for
 
different pumping techniques in order to enable comparative
 
evaluations. As such the present Handbook covers only part of
 
the overall assessment process; it not includes, for example,
 
socio-institutional analyses.
 

The Handbook responds to a growing recognition among
 
international field workers and agencies of the present limited
 
availability of data on field performances of various pumping
 
systems and the lack of uniformity in collecting, evaluating and
 
presenting field data. It was felt that uniform practical
 
guidelines would be particularly useful in developing and
 
analyzing such information. A uniform methodology would improve
 
comparisons of data among donors, PVOs, NGOs and government
 
institutions. Though various attempts had already been made at
 
developing evaluation guides for different types of pumping
 
systems, a major effort is still required to integrate and adapt
 
the existing guides to the specific problems of comparative
 
assessment of alternative systems. This Handbook aims at
 
filling this gap in giving standardized test practices and
 
standardized procedures for data analysis.
 

The present version originates from a series of consecutive
 
activities in which a large group of experts has been involved.
 
In 1985 USAID organized a meeting in Washington, D.C. on
 
priorities and cooperation in improving water pumping and water
 
lifting in Africa. The participants, covering a broad range of
 
expertise and institutions, ranked the preparation of a Handbook
 
among the most important actions for the near future.
 

The methodology was extensively discussed during a workshop in
 
West Sussex, England (1986). The participants included many
 
representatives from international and other donor agencies.
 
Following this workshop several international donors, including
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CIDA-Canada, FAO, GTZ-Germany, DGIS-The Netherlands, and USAID,
 
produced a draft Handbook. This draft was presented at the
 
Botswana Conference on Water Pumping and Water Lifting in April
 
1987. The present edition is derived from this draft, drawing on
 
the discussions during that Conference as well as from various
 
other comments. Moreover the sources of literature as listed
 
in Chapter 7 have been used.
 

In its present form the Handbook will be applied and its
 
procedures tested in a number of implementation projects. Using
 
these experiences, a final version will be prepared in the
 
course of 1989. See also Section 1.4.
 

1.2. OBJECTIVES AND SCOPE OF THE HANDBOOK
 

As stated, this Handbook aims to offer a standardized and
 
uniform methodology for collection and reduction of technical
 
and (socio-) economic field data on a range of different types
 
of water-pumping systems. Though it has merits on its own in
 
providing standard methods for data collection, the Handbook
 
should mainly be considered an instrument in the generation of
 
relevant data for a series of activities, e.g.:
 

* it will assist in improving existing systems by providing data
 
on actual field performance, that may be compared with the
 
predicted performance.
 

* it will assist in sizing and selecting new systems. Though the
 
Handbook on its own is not intended as a guide for selection
 
of pumping systems it will generate field data, that can be
 
used in the process of selecting a pumping system.
 

* it may be used as a diagnostic tool by providing data on
 
performance.
 

* it may serve to provide feedback to suppliers of pumping
 
systems on actual field performances of their systems and thus
 
be instrumental in improving the designs.
 

The target group of this Handbook basically consists of two
 
types of people:
 
- The people uho are going to use it when performing tests,
 
making observations and reducing data;
 

- Those who will carry out the subsequent socio-economic and
 
socio-institutional evaluations.
 

The former group will usually consist of technical staff of
 
projects or institutes. The latter more likely will consist of
 
staff at management level or (socio-)economic experts.
 
Obviously the results of the activities will be of interest for
 
a broad user-group (users/owners of the pumping systems, project
 
management staff, regional planners, national planners,
 
international planners, donor organizations, etc.).
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It is not envisioned that the handbook will necessarily be used
 
by end-users themselves, but rather by institutions, agencies,
 

its
etc. Neither is the Handbook meant as a training manual; 

users will need a certain minimum level of knowledge on water
 
lifting systems, instrumentation, etc. The use of the Handbook
 
will be strongly enhanced if it is included into a programme of
 
training and strengthening of institutions involved in water
 
pumping programmes.
 

The Handbook has been conceived as a "how to" document;
 
precision and completeness have been sacrificed for the sake of
 
simplicity and usability. In some cases only orders of magnitude
 
a.id trends may be expected from the tests and evaluations.
 
For practical reasons the present Handbook is limited to six
 
widely used pumping techniques (see Section 2.1.). However, it
 
will be relatively easy to extend the recommended procedures to
 
a wider range of water pumping techniques in the future.
 

The primary stimulus for preparing this Handbook came from
 
agricultural uses of water (especially irrigation) in Africa.
 
However, the material can also be applied to projects involving
 
other water uses. This is important because projects often
 
involve multiple water uses.
 

1.3. KEY TO THE USE OF THE HANDBOOK
 

In Table 1.1. all phases of a general evaluation process are
 

depicted in a chronological order. As stated the present
 
Handbook only covers the first four of thes..
 

The evaluation procedure starts off with a System Description.
 
During this activity the system in its "as-found" condition is
 
described. System Description is dealt with in Chapter 3 of the
 
Handbook.
 

The next step, treated in Chapter 4, is the so-called Short Tern
 

This test primarily provides technical performance
Test. 

the prime mover, the
information about the pumping system (i.e. 


Moreover it is a diagnosis of the
transmission and the pump). 

technical condition of the system at the start of the evaluation
 

that can be repeated during the testing period as often as
 

desired, e.g. after repairs, overhauls or when the pumping
 

system seems to fail. As a reference, performance data from the
 
Where possible the
manufacturer or designer may be used. 


Handbook indicates the ranges within which values of important
 

parameters normally lie.
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TABLE 1.1. Subsequent phases of evaluation programme.
 

Main activity/ IActivity I output
 
Chapter I I
 

PRESENT 
 HANDBOOK 


Data collection at Data collection before tests System definition and description
 
the start of tests
 

Short Term Testing 	 Pre-test inspection Performance measurements
 
Measurements and data collection Assessment of 
condition of technical 
Data reductio, system 
Decision: proceed with evaluation, Comparison with performance data of 

yes/no 	 manufacturer or standard values 

Long Term Testing Measurements and data collection Long term overall system pertrmance 
Data reduction 	 Assessment of system quality 

I Assessment of system costs
 
I *3 

Ecornmic evaluation 	 Data collection 
 Cost per m water pumped
 
Evaluation I Cah flows
I 

YET 
TO BE PREPARED 

Socio-cutturat and 
 collection of background information, Assessment of socio-institutional
 
Institutional issuesi I aspects of the use of the system
 

If the Short Term Tests do not generate contra indications, such
 
as e.g. obvious malfunctioning of the system, a Long Term Test
 
is the next step in the procedure. During a longer period of
 
time (at least one year) information on system performance,

operation, quality and costs will be gathered. Long Term Testing

produces information on the long term overall system performance

expressed in values averag d over longer periods of time, e.g. 
a
 
water volume pumped of2X m /month at an monthly average

irradiance of Y Watt/m .
 
Long Term Testing also includes recording chronologically all
 
relevant occurrences during the test such as system breakdowns,

repairs, running dry of the well, expenses for operation and
 
maintenance of the system, benefits, etc..
 
Long Term Testing is dealt with in Chapter 5.
 

Finally Chapter 6 of this Handbook describes an Economic
 
Analysis. Based on the information obtained during the Long

Term Test, together with other socio-economic indicators (e.g.

interest rates, shadow premiums, exchange rates for foreign

currencies, inflation rates, etc.), this evaluation leads up to
 
a price per m3 water pumped. It analyses the impact of the
 
pumping system both from a user (financial analysis) and a
 
governmental (economic analysis) point of view.
 

/ 
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To introduce the reader into the general ideas behind this
 
Handbook Chapter 2 explains how the boundaries of the system

under observation are defined and how they expand when
 
proceeding in the subsequent phases of the evaluation. It also
 
gives suggestions on how to organize the tests, on manpower

required and it prescribes the measuring equipment to be used.
 

In Chapters 3,4 and 5 many parallel texts occur for the six
 
pumping techniques dealt with in thiL Handbook. For an easy
 
access these parts are marked by small pictogrammes at the top

of each page. A reader interested in the evaluation of e.g. a
 
hand pump system can jump over the pages with other pictogrammes

without missing relevant information. Pages without
 
pictogrammes generally refer to aspects relevait to all six
 
techniques.
 

1.4. FOLLOW-UP OF THE PRESENT EDITION OF THE HANDBOOK
 

The distribution of this edition ol the Handbook has two
 
objectives:
 

1. 	 It is the intention of the authors and the editors to gain
 
experience with the use of this book in the field. We
 
therefore urgently invite users to give their comments as
 
to the practicality and form of this edition.
 

2. 	 Moreover the methods laid down in this Handbook are aimed
 
to a standardized data collection on alternative pumping
 
systems under field conditions. The data gathered are
 
primarily meant for local use. However it is also
 
important that these data be collected on one central point

for the sake of comparison, analysis and distribution of
 
results. It is hoped that the results of such analysis

could be made available again in improving water use and
 
management in developing countries.
 

For these reasons the user is kindly requested to mail comments
 
upon the Handbook as well as a copy of the data collected to the
 
editors:
 

CWD
 
P1;BOX 85
 
3000 AB AMERSFOORT
 
The Netherlands
 

C 
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2. SYSTEM DEFINITION, METHODOLOGY AND EQUIPMENT
 

2.1. SYSTEM DEFINITION
 

This Handbook deals with the evaluation methodology for six
 
selected pumping techniques. This does not imply that these
 
techniques would always belong to the "top six" for applications
 
anywhere; it is merely a selection of widely used techniques
 
made at the start of the preparation of this Handbook. Extension
 
to other pumping techniques will be relatively easy in a later
 
phase.
 

The following pumping techniques will be considered:
 

1. GRID CONNECTED ELECTRIC PUMPS
 

In these systems a one or three phase electric
 
motor, powered by the electrical grid, drives a
 
water pump (e.g. centrifugal pump, mono pump,
 
piston pump). Motor and pump may also be one
 
integrated single unit.
 

2. FUEL ENGINE PUMPS
 

A diesel, petrol or kerosene engine is mechanically
 
coupled to a pump.
 

3. SOLAR PUMPS
 

These systems consist of a photovoltaic (PV) array
 
that generates DC (Direct Current) electric energy.
 
The PV array is connected to an electric pump via a
 
power conditioner (DC-AC converter and voltage
 
control). The system may be equipped with a
 
battery storage system (for power conditioning
 
capability). It usually contains a water storage
 
tank.
 

4. MECHANICAL WIND PUMPS
 

In these systems a windrotor is coupled
 
mechanically to a piston pump, a centrifugal pump
 
or a mono pump. Generally the system also includes
 
a storage tank to get through periods of low winds.
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5. HAND PUMPS
 

This group comprises all human powered water
 
pumps including "hand" driven pumps. Examples are
 
the kangaroo pump and the flywheel pump.
 

6. ANIMAL TRACTIOIT PUMPS
 

All 	types of animal driven pumps are included.
 

The tests and procedures are described basically for pumping

systems without back-up systems. If a pumping system including
 
a back-up system is to be evaluated, there are two
 
possibilities:
 
1. 	If the back-up system is very small and is only rarely used
 

it should be neglected. Describe its effects qualitatively
 
in the logbook.


2. 	If the back-up system produces a substantial output compared

with the main system, it is recommended to carry out a
 
simultaneous evaluation of the back-up system.

In most cases the back-up system consists of a diesel pump
 
or a hand pump. The corresponding chapters (4.2., 5.2.
 
and 4.5., 5.5., respectively) can be used accordingly.
 

2.2. SYSTEM BOUNDARIES
 

For 	the various types of tests and evaluations the boundaries of
 
the 	system under consideration will vary. In Figure 2.1. the
 
pumping system and its environment are depicted, showing

sub-systems, inputs, resources, outputs and components. 
During

the tests a number of flows (material, energy, money) and
 
characteristics of (sub-)systems (efficiency, quality, etc.) 
are
 
measured or observed. The quantities to be measured or
 
registered are shown in Figure 2.2.
 

During Short Term Testing the emphasis lies on the technical
 
performance of the pumping system. 
Only the water pumping

function is considered. Therefore during Short Term Testing the
 
system only includes the pumping system as represented by the
 
central block in Figure 2.2. (prime mover, transmission and
 
pump). Flows of energy and material are basically measured at
 
the boundaries of this system. The quantities to be measured
 
are marked by an "S" (Figure 2.2.).
 

During Long Term Testing the system boundaries are chosen wider
 
and 	include, in addition to the elements already mentioned under
 
Short Term Testing, aspects of operation, maintenance,

infrastructure and end-use of the water. 
Also included are
 
resources (water, energy, manpower, materials and money) and the
 
output of the system (not only in terms of water flows in
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[m3/s], 
but also in terms of availability of water in relation
 
to the need for water).
 
Some pumping systems are equipped with a water storage tank in
 
order to compensate for large energy input fluctuations. From
 
the above it will be clear that in such cases during Long Term
 
Testing the storage tank is to be included in the system under
 
observation; it has a predominant effect on the availability of
 
water. Consequently the water volume actually used will be
 
measured behind the storage tank. Additionally the water volume
 
entering the storage tank will be measured for solar and wind
 
pumps. This represents the water volume pumped; compared to the
 
water volume actually used it gives information on the effect of
 
the storage tank on the performance of the system.
 

The extra quantities to be measured or monitored during Long

Term Testing are marked by an "L" (Figure 2.2.).
 

In the Economic evaluation the system boundaries need to be
 
widened still further: The "economic environment" of the pumping
 
system should be added to the system under observation. The
 
related quantities are indicated in the blocks marked by an "$"
 
(Figure 2.2.).
 

2.3. METHODOLOGY
 

The methodology for evaluation of pumping system performance

basically consists of five steps, four of which are dealt with
 
in this Handbook.
 

Through Data collection at the start of the tests the technical
 
system and its environment will be described. This should be
 
carried out by a technician.
 

During the Short Term Testing phase technical data are gathered
 
over a period of only a few days. It is preferred that these
 
tests are also carried out by skilled technicians, who will also
 
be able to do the subsequent data reduction and analysis in this
 
phase.
 

During LonQ Term Testing relatively little work has to be done,
 
be it over a much longer period of time. The information
 
required strongly relates to the experiences of the owner or
 
operator of the system (costs, reliability, need for
 
maintenance, etc.) rather than to "pure technology"; Long Term
 
Tests will be executed while the pumping system is being used
 
and water is supplied to its specific end use.
 
The owner/operator will be the major resource person during Long

Term Testing. He takes daily care of the pumping system and he
 
will be asked to keep a regular logbook of all relevant data.
 
The owner/operator needs to be properly motivated to perform

this task and some training might be required to ensure proper

logbook keeping. This is an important issue, because an
 
owner/operator will often not be convinced of the need and
 
usefulness of the data to be collected or of the accuracy
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required. Also it may interfere with his own priorities.
 
Establishing a contract with him might be a solution. Regular
 
visits by the team leader and/or the technician for
 
cross-checking the accuracy and relevance of the data will be
 
required to assess which logs are properly being kept and to
 
assure that inadequate records will not be included in the data
 
analysis.
 
Other resource persons may be the mechanics/technicians taking
 
care of maintenance and repair and extension staff providing
 
guidance/advice in the use of the water. Such persons may fill
 
in relevant information in the logbook and comment on the
 
quality and functioning of the system.
 

Generally the data reduction and analysis of the Long Term Tests
 
will not be done by the tester (the owner or operator). It is
 
recommended that the technical part of data reduction and
 
analysis is performed by the technician involved in the Short
 
Term Testing. However, it might be very motivating for an
 
interested tester to involve him in part of the data handling as
 
described in Chapter 5. Always be sure that in such cases all
 
original data are handed over to the person in charge of the
 
final evaluation in order to prevent "unwanted data reduction".
 
The reduction and analysis of the non-technical data should be
 
done by a socio-economist following the procedures of the
 
Socio-economic evaluation.
 

Chapters 4 and 5 extensively prescribe procedures for data
 
gathering during Short and Long term Testing and describe the
 
use of data sheets and check-lists. All information is to be
 
recorded in the logbook.
 

An Economic Evaluation follows the above tests. The evaluation
 
uses the information gathered during Long Term Testing. It
 
further involves the collection of extra information of a
 
specialist nature requiring insight in markets and governmental
 
policies. Therefore this information will have to be collected
 
by the socio-economic expert in charge of the fihal evaluation.
 

As a final step the effects of the water pumping system on and
 
the relevant interrelations with its social, ecological and
 
institutional environment will have to be evaluated. This step
 
is not described in this Handbook.
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2.4. PERSONNEL QUALIFICATIONS
 

Table 2.1. gives a survey of the staff required for the system

evaluation. Because this Handbook is not a training manual, it
 
is assumed that the users are sufficiently educated in the
 
related fields.
 

For the technician the following skills are required:
 
= general knowledge of water lifting systems,
 
= experienced in measuring techniques and in the installation,
 

calibration and use of measuring instruments,
 
= experienced in simple data reduction techniques.
 
It is recommended to appoint someone as team leader during the
 
testing activities. Because it is the task of the economist to
 
elaborate all data it might be appropriate to charge him with
 
this task. An important task of the team leader is to organize
 
additional training for the technician and owner/operator, if
 
necessary.
 

TABLE 2.1. Personnel requirements
 

Activity I Handbook Chapter Qualification 

Data Collection at the start of the Tests I
 

General information I 3.1 to*1 .4 Team Leader
 
System description 3.5.x., Technician
 

Description of the site 3.6.x. j Technician 

Short Term Testln g
 

Data collection 4.x.2., Technician
 
Technical data reduction 4.x.3. j Technician 

Long Term Testing 5) 

DaiLy observations 5.x.2. Owner/operator 
Periodical visits to the site I ) Team Leader 
Preliminary data reduction 5.x.3. Technician 

Economic Analysis 6 
All activities Economist 

I.) 
In the section numbers given In this Table "x" indicates the various pumping
 

techniques:
 

x = 1 : Grid-connected electric pumps x aI. : Mechanical wind pumps
 

x a 2 : Fuel erginepumps x 5:Hand pumps
 

x a 3 : Solar Pumps x a 6 Animal traction pumps
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2.5. MEASUREMENT EQUIPMENT REQUIRED
 

In the following the measurement equipment required for Short
 
Term Testing and Long Term Testing is described. The selection
 
is based on accuracy, reliability, availability and ease of
 
operation of the equipment.
 

Subsection 2.5.1. deals with instruments needed for all pumping
 
systems, subsection 2.5.2. gives details on specific equipment
 
per technique.
 

Apart from the recommendations given in these sections, one
 
should considei,thoughtfully the instructions for installation,
 
calibration and use provided by the manufacturer of the
 
instruments.
 
The various instruments are arranged according to the quantities
 
to be measured.
 

2.5.1. Measurement ecruipment for all pumping systems
 

To time the start and completion of each measurement a clock
 
should be used. For the timing of the 10-minute periods during
 
Short Term Testing a clock with seconds hand, a digital watch or
 
a stopwatch is required.
 

Head
 

a. suction head
 
For surface water sources or dug wells, the suction head should
 
be measured directly with a measuring stick or tape. Where the
 
horizontal distance between water source and pump is long, a
 
level should be used to get a more accurate reading of the
 
vertical distance. For example a U-shaped transparent hose
 
partly filled with water can be used to indicate points of
 
constant height, even at large distances apart. For bore holes
 
where the water surface is not accessible, a well dipper should
 
be used to measure the suction head.
 

b. discharge head
 
The discharge head should be measured directly using a measuring
 
stick or tape.
 
During Short Term Tests for systems using rotating pumps and
 
particularly for systems with long or small diameter discharge
 
lines a pressure gauge at the pump discharge should be used.
 

c. pressure head
 
The pressure head should be measured at the boundary of the
 
pumping system by means of a bourdon type pressure gauge.
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Water 	volume pumped
 

a. for all pumping techniques except hand pumps
 
Water flow should be measured using an integrating flow meter
 
that is able to measure irregular and pulsating flow. Because
 
meters of this kind are usually rather sensitive to clogging,
 
they have to be checked, cleaned and calibrated regularly to
 
prevent errors, especially when the water is not too clean (e.g.
 
when pumped from open dug wells).
 
In order to avoid these problems as much as possible, it is
 
strongly recommended to use a turbine flow meter of the dry
 
running type, characterized by a turbine axis parallel to the
 
piping in which the water flows more or less straight without
 
change of direction. This will reduce sensitivity to pollution
 
to a high degree. Finally, in order to keep friction losses as
 
low as possible it is important to select a flow meter with a
 
capacity that can easily meet the maximum water flow.
 
Especially for systems with strongly varying output like solar
 
or wind pumps care should be taken to select the meter for the
 
maximum system output to be expected.
 

For a proper functioning of the flow meter it is very important
 
to prevent air from entering into the meter. The piping should
 
be such that the flow meter can not run dry when the pumping
 
system is in operation.
 
As an example Figure 2.3 shows two flow meters (indicated by
 
"F") installed in such a way that when measuring they are always

full of water. For this reason flow meters should never be
 
installed at positions "A" or "B". Please mind the length of
 
straight pipe upstream of the flow meters.
 
When there is a risk of a certain air content in the water
 
pumped (e.g. when part of the system is sub-atmospheric or when
 
an air chamber is fitted with an air supply system), a
 
deaeration vessel is recommended (Figure 2.3). Its diameter
 
should at least be three times the diameter of the discharge
 
pipe in order to generate a sufficiently low vertical water
 
velocity for the air bubbles to escape. In order to minimize
 
turbulerce in the vessel, the pipe entering it should be bended
 
at its end towards the wall (see "C" in Figure 2.3).
 
When the pump is of the reciprocating type, the vessel might
 
have a second function in that the flow fluctuations in the
 
meter 	are damped. As a result a smaller flow meter can be used
 
(selected on maximum average flow in stead of maximum peak flow)
 
and the accuracy of the meter will be improved as well.
 

Note: 	For solar pump and windpu~ap systems with a storage tank
 
two integrating flow meters are required.
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Figure 2.3. Installation of flow meters.
 

b. for hand pumps
 
To measure the volume pumped per person a calibrated container
 
should be used. Its capacity should be larger than the maximum
 
volume pumped per person. It should be calibrated with a scale
 
in liters.
 
To measure the flow over longer periods, two or more larger
 
containers with a known volume should be available. Preferably
 
these ccntainers should have such a capacity as to contain at
 
least the water volume pumped by five persons.
 
If the hand pump system is equipped with a storage tank, an
 
integrating flow meter should be installed at the outlet of the
 
storage tank (see Figure 2.3 and explication above!).
 

c. for animal traction pumps
 
There is a large variety of animal traction pumps. Usually the
 
water volume pumped cannot simply be measured by means of an
 
integrating flow meter as described under a. Many animal
 
traction pumps have buckets or the like, delivering
 
discontinuous bulks of water. Here the water volume pumped
 
should be measured by means of a small tank receiving the water
 
and connected in such a way to the flow meter that the latter
 
can not run dry when the pumping system is in operation. In
 
Figure 2.4. an example is given (note the length of straight
 
pipe upstream of the flowmeter).
 
Alternatively the water volume pumped could be measured by
 
counting the revolutions of a shaft, if any, and relating the
 
result to the number of buckets of water lifted. However care
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should be taken because this method is indirect and less
 
reliabJe; it "measures" also a full flow when the well is empty
 
or when the buckets are only filled partially with water.
 

Figure 2.4. 	Measurement of water volume pumped for intermittent
 
flows.
 

Pump strokes or rotations
 

a. reciprocating pumps
 
For a reciprocating pump a stroke counter attached to the pump
 
rod should be used. This could be done by means of a simple
 
button actuated mechanical counter, driven by a disk mounted on
 
the pump rod. Also an internal powered electronic LCD counter
 
could be applied (at least 8 digits). Alternatively the number
 
of strokes can be obtained by visual observation.
 

b. rotational pumps
 
For centrifugal or screw pumps a revolution counter should be
 
used (e.g. a car odometer attached to any shaft. Take into
 
account the transmission ratio between that shaft and the pump
 
shaft).
 
For pumps with an essentially constant speed, the rotational
 
speed should be measured by means of a vibrating reed or other
 
mechanical tachometer.
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2.5.2. Measurement equipment per pumping technicue
 

2.5.2.1 Grid connected electric pumps:
 

Motor energy consumption
 

An integrating electric power meter (A common Energy meter or
 
kWh meter) should be used. The meter leads should be connected
 
to the power leads as close to the motor as possible. For
 
single phase motors the power across the two powez leads should
 
be measured. For three phase motors, which have three power
 
leads, a three phase meter should be used. In case this is not
 
available, first a single phase meter should be connected
 
subsequently to each of the three power leads and the neutral
 
(or ground) and the power recorded and noted down in the logbook
 
with identification of the connected lead. Subsequent power
 
measurements need to be taken from one lead and the neutral (or
 
ground) only, with identification of the chosen lead in the
 
logbook.
 

2.5.2.2 Fuel engine pumps:
 

Fuel consumption
 

a. Short Term Tests
 
During Short Term Tests the fuel tank should be replaced by a
 
transparent plastic cylinder. If this cylinder is calibrated in
 
cubic centimetres, the fuel consumption during a short period
 
can be read directly. If alternatively the cylinder has only a
 
level mark, the fuel volume consumed should be measured by
 
refilling the cylinder up to the mark with a measuring cylinder.
 

b. Long Term Tests
 
The fuel consumption over a longer period of time should be
 
determined by measuring the amount of fuel to be added to the
 
fuel tank of the engine in order to refill it to a well defined
 
level. This amount should be measured by weighing or by means
 
of a calibrated container.
 

Operating time
 

The operating time of the engine pump should be measured by
 
means of an engine hour meter. It is a clock that runs during
 
the time it "observes" vibrations of an engine. It does not need
 
any external energy source.
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2.5.2.3 Solar pump:
 

Solar irradiation
 

An integrating pyranometer, reading in [Wh/m2 ] should be used.
 
The pyranometer should be set at the same angle to the sun as
 
the PV array. It should be calibrated before and after the
 
tests according to the manufacturer's instructions.
 

Array energy output
 

An integrating electric power meter (a common energy meter or
 
kWh meter) should be used.
 

2.5.2.4 Windpump:
 

Wind speed.
 

An integrating rotating cup anemometer (e.g. wind run meter)
 
should be used. It should be positioned at the height of the
 
rotor shaft and at such a place that it is outside the wake of
 
the windnump during most of thp time. This nan he achipud h
 
two different methods:
 
1. If the terrain is flat and without major obstacles (resulting
 

in windspeeds not varying very much over larger distances),
 
place the anemometer at a distance of about 20 times the
 
rotor diameter away from the windpump: then wake effects for
 
all wind directions can be considered negligible.
 

2. If the terrain does not meet these conditions, place the
 
anemometer at a distance between 2 and 8 times the rotor
 
diameter away from the windpump and at such a place with
 
respect to the windpump, that it is outside the wake of the
 
windpump for the predominant wind directions.
 

To avoid the disturbance of the windspeed measurements by the
 
tower in which the anemometer is mounted, the tower height
 
should be chosen such that the anemometer can be installed on
 
ton of it.
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3. DATA COLLECTION AT THE START OF THE TESTS
 

This chapter describes the data collection at the beginning of
 
the test6. In Sections 3.1., 3.2., 3.3., and 3.4. general
 
aspects are treated, while Sections 3.5. and 3.6. deal with
 
those aspects that differ with the pumping technique.
 

The chapter concerns information that is available at the start
 
of the tests; no measurements are required at this stage.
 

3.1. GENERAL INFORMATION
 

Through completion of Data Sheet 3.1. a general identification
 
of the system under consideration and the persons that carry out
 
the tests will be obtained.
 

DATA SHEET 3.1. General Information on Pumping System
 
(to be completed by team leader)
 

General
 
Type of pumping system :
 
Year of installation :
 

Owner of the PumpinQ System
 
Name
 

Address
 
Telephone
 

Location of the PumpinQ System
 
Town/village :_Latitude 
 :
 
District : Longitude :
 
Country :_Altitude :
 

Supplier of the Pumping System
 
Name
 
Address
 
Telephone
 

Institution supporting the evaluation
 
Name
 

Address
 
Telephone
 

Names of persons in charge of the tests and evaluation
 
Team leader
 
Technician
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DATA SHEET 3.2. Persons involved in daily care for the system
 
(to be completed by team leader)
 

Persons 	 Function Experience
 

1. 	Name : (see data sheet 3.1.) Owner
 
Address :
 

Telephone:
 

2. 	Name : Operator
 

Address :
 

Telephone:
 

3. 	Name : Guard
 

Address :
 

Telephone:
 

4. 	Name
 
Address :
 
Telephone:
 

5. Name :_ii
 
Address :
 

Telephone:
 

1. 2. 3. 4. 5.
 
Owner Operator Guard ............
 

Operation
 

Guarding
 

Maintenance
 

Repair
 

Selling of water
 

Cleaning of site
 

Basis of involvement 	 i
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3.2. PERSONS INVOLVED
 

It is important to determine the persons involved in keeping the
 
pumping system in running order and their respective tasks and
 
responsibilities. In Data Sheet 3.2. such information will be
 
noted down. It contains three suggestions for functions and six
 
ideas on tasks. Others may be added if deemed appropriate.
 
Further information relates to the basis on which persons
 
involved contribute to the operation of the system (direct
 
beneficiary, family member, paid, etc). In the logbook more
 
information on the types of tasks of the various persons
 
involved may be noted down.
 

3.3. WATER SOURCE AND WELL CONSTRUCTION
 

Data sheet 3.3. shows a summary of quantitative information on
 
the water source. Not all items are relevant for all types of
 
water sources; please skip them if not applicable.
 

DATA SHEET 3.3. Water Source
 
(to be completed by technician)
 

Source type : dug well/river/tube well/
 
Identification Number
 

Diameter : [i]
 
Depth : [m]
 

Static ground water level (i.e. without water extraction) 
Maximum value :[m below ground level) 
Minimum value : _ [m below ground level) 

*
 Capacity : [3/hour) or [m3/day]
 
Corresponding lowering
 
of ground water level :[meter draw down]
 

circle or complete the correct answer
 

Because every water source or aquifer has a limited recharge
 
capacity, its capacity should be recorded together with the
 
corresponding lowering of the ground water level, if available.
 

To enable a proper assessment of longer term developments and
 
the use of the water additional information is required that
 
does not refer directly to the pumping system but may provide a
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framework for explanation of certain aspects. Information on
 
the following items may therefore be useful and added into the
 
logbook.
 

-Quality of the water
 
=Salt contents (taste!). Include a copy of lab tests, if
 
available.
 

=Temperature.
 
=Presence of solid particles.
 

-Variations of the water level
 
=What are the normal seasonal variations in water level.
 
=Reasons for these variations.
 
=Long term variations of the water level over the past
 
years, if any. Known or possible causes.
 
=Is the well at times pumped dry?
 
=Does salt content change appieciably if water level drops?
 

-Source construction
 
=Please add a drawing of the source. In case special
 
filters or filter pipes are used, specify their length,

diameter, depth and porosity, kind of filter gravel used,
 
etc.
 
=Describe the protection of the well against pollution of
 
different origin, such as spill water return flow into the
 
source, non-hygienic treatment of water carrying

equipment, pollution by natural, hiuman or animal waste or
 
contamination of the aquifer by dung pits, latrines etc.
 

3.4. SUMMARY OF OPERATING EXPERIENCE
 

A serious attempt should be made to describe the history of
 
operating and maintenance experience in the logbook, covering,

if possible, the past operating years. Any routine inspections

and maintenance carried out should be noted, describing the type

of maintenance and how frequently it was done.
 

The history should summarize any breakdowns and repairs to the
 
pumping system. If possible, it should include for each failure
 
its description, the date of occurrence, time that the system
 
was out of service, descriptions of the cause of failure (if

known), and of the maintenance action (repair, replacement, or
 
modification) that was carried out.
 

A note should be made in the logbook as to whether the average

water flow rate or the system efficiency may have changed over
 
time from the nominal values supplied by the manufacturer, or as
 
measured when the system was new.
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3.5. PUMPING SYSTEM
 

3.5.1. System Description Grid Connected Electric Pumps
 

Data Sheet 3.5.1. serves to describe the pumping and storage
 
system.
 
The capacity of the storage tank may2 be calculated by L * W * H 
for rectangular tanks or by r/4 * D * H for cylindrical tanks.
 
Use the line "Capacity" for deviating shapes.
 

In addition to Data Sheet 3.5.1. supply the following
 
information*
 

- Make a sketch or drawing of the pumpi..g system. The sketches
 
should indicate the distance above or below a reference ground
 
level of the water intake, tiie electric motor, the pump, the
 
water storage tank (if used) and the water discharge pipe.
 
The sketches should show the dimensions (lengths and
 
diameters) and locations of piping fittings, including valves,
 
tees, elbows etc..
 
In certain cases the electricity supply may be irregular,
 
creating the need for additional on-site water storage or the
 
use of stand-by equipment. These should be included in the
 
system description and layout.
 

- Add photographs showing details of the components of the
 
system as mentioned in the previous paragraph.
 

- Describe the measurement equipment applied during the tests.
 
Give relevant parameters like make and type, (maximum and
 
minimum) capacity, resolution (smallest unit indicated),
 
accuracy (%) and address of supplier. Indicate the position
 
of the instruments in the drawing of the pumping system
 
mentioned above.
 

- Describe the availability of electricity from the grid,
 
including any daily, weekly or seasonally planned shutdowns.
 

- Give details on the kind of voltage and frequency
 
fluctuations, if any. Give reasons for their occurrence.
 

- Give a listing and the location of available documentation,
 
describing the system, e.g. assembly drawings, instruction
 
books, performance test results, etc..
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DATA SHEET 3.5.1. 	 System description Grid Connected Electric
 
Pump (to be completed by technician).
 

Electric Grid
 

Extent of the grid : tocal/regional/
 

Voltage and variation : [Volt], +(- (Volt]
(__ __ 

Frequency and variation : __ [Hz], ./-__ (Hz] 

Electric motor
 

Year of manufacture . Manufacturer
 

Make, type :Name :
 
Nominal shaft power (kW] Address :
 

Voltage - (Volt], mingle/three phase Serial no.:
 

Nominal rotational speed: - [revs/mini
 

Rated power _ kW] / [kVA]
 

Power factor (cos *) _)__ (-1
 

Transmission Manufacturer 

Type :Name I 
Transmission ratio : [motor revs / pump rev) Address : 

Pump. 
Year of manufacture : -


Make _ _,I Manufacturer
 
Type Centrifugal/Mono/ Na :
 
Position (meters below ground level] Address :
 

Nominal rotational speed: [- Serial no.:
rev/min] 


Nominal capacity : 1kW]
 

Nominal efficiency : [__
% at revs/min]
 

Storage tank (if any)
 

Year of manufacture : Manufacturer
 

Type, structure . Name :
 
Length, Width, Height : 1 Address:serat
... 	 ]1 3......... 


... 1 Serial no.:
 

or: Capacity : (m I
 

Minimum water level : - meters above ground level]
 

or: Diameter, Height : 0.7854 3C ... •... Im 


Back-up system (if any) Manufacturer
 

Year of manufacture : Name :
 

Make, type : Address :
 
capacity __Serial no.:
 

1O)I
 
circle the correct ansuer
 

(continued on next page) 
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DATA SHEET 3.5.1. System description Grid Connected Electric
 
Pump (to be completed by technician)
 

(continued)
 

Initla Investments (specify currencies:
 

(a) (b) (c) (d) (a+bpc-d)
 
ITEM 	 Cost,insurance, Import duties Handling, Subsidies
 

freight (CIF) taxes storage, TOTAL
 
OR: off-works overheads, etc.j
 

Pump 

motor and starter
 
Piping and meters
 
Electric controls
 

Pumphouse and works 
storage tank
 
other
 

Instattatlon/slte
 
preparation: 
* skiled tabour 
* unskilled tabour 

I transport 

TOTAL INSTALLED COST
 

*NOTE: In case of local manufacture of pump, motor, etc. one may distinguish where possible between:
 

material, tow skilled tabour, high skilled tabour and overhead cost to enable the different economic
 

calculations as mentioned in Chapter 6.
 

*NOTE: if changes of the welt construction were needed, because of the choice of a particular technology,
 

the additional costs for welt adaptation need to be Included. Common costs for the welt construction
 

that would be needed for all technologies are not to be Included (see also chapter 6).
 

3.5.2. System Description Fuel En ine Pumps
 

Data Sheet 3.5.2. serves to describe the pumping and storage
 
system.
 
The capacity of the storage tank maY 2be calculated by L * W * H
 
for rectangular tanks or by r/4 * D * H for cylindrical tanks.
 
Use the line "Capacity" for deviating shapes.
 

In addition to Data Sheet 3,5.2. supply the following
 
information:
 

- Make a sketch or drawing of the pumping system. The sketches 
should indicate the distance above or below a reference ground 
level of the water intake, the internal combustion engine 
(IC), the pump, the water storage tank (if used) and the water
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discharge pipe. The sketches should show the dimensions
 
(lengths and diameters) and locations of piping fittings,
 
including valves, tees, elbows etc..
 
In certain cases the fuel supply may be irregular, creating
 
the need for an on-site fuel storage. In such cases the
 
system description should include relevant details.
 

DATA SHEET 3.5.2. System description Fuel Engine Pump
 
(to be completed by technician)
 

Year of manufacture :_Manufacturer
 

Make, type :_Name :
 

Nominal shaft power ____ [kW3 Address : 
Nominal rotational speed: - (revs/min] Serial no.: 

Nominal fuel consumption: - I/h]
 

Type of fuel : diesel/petrol/kerosene/ __
 

Volume of fuel tank [I]
 

Transmission manufacturer
 

Type _Name :
 
Transmission ratio : ([engine revs/ pump rev] Address :
 

pumv 
Year of manufacture
 

make ---------------
Manufacturer 
Type :Centrifugat/Mono/ Name : 
Position (meters below ground level] Address : 
Nominal rotational speed: - trevs/min] Serial no.: 

Nominal capacity : - [kWI 

Nominal efficiency : __ at __ [revs/min) 

Storage tank (if any)
 

Date of installation : Manufacturer
 

Type, structure . Name . 

Length, Width, Heigh.....: . .2.........[m u Sdderiln.ss___________ 

or: Diameter, Height : 0.7854 3....m3 1 

or: Capacity : - Em 

Minimum water level : _ (meters above ground level] 

Back-up system (if any) Manufacturer 

Date of Installation : Nam : 

Make, type . Address : 
Capacity :_Serial no.: 

circle the correct answer
 

(continued on next page) 

http:dderiln.ss
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DATA SHEET 3.5.2. System description Fuel Engine Pump
 
(to be completed by technician)
 

(continued)
 

initia investments (specify currencies:
 

ia) (b) (c) (d) (a+bc-d)
 
ITEM Cost,insurance, Import duties, Handling, Subsidies
 

freight (CIF) taxes storage, TOTAL
 
OR: off-works overheads, etc.I
 

Pump 

Downhoie piping
 
Site preparation
 
Purpouse and works
 

Storage tank
 
Above ground piping
 
Instalation_
 

* skilled tabour 

* unskilled Labour 
* transport 

Other I
III - - II 

TOTAL INSTALLED COST _ I I 

*NOTE: In case of local manufacture of pump, motor, etc. one may distinguish where possible between: 
materiaL, tow skilled tabour, high skilled tabour and overhead cost to enable the different economic 
calculations as mentioned In chapter 6. 

*NOTE: if changes of the welt construction were needed, bicause of the choice of a particular technology, 

the additional costs for welt adaptation need to be included. Common costs for the welL construction that 
would be needed for all technologies are not to be included (see also cnapter 6). 

- Add photographs showing details of the components of the
 
system as mentioned in the previous paragraph.
 

- Describe the measurement equipment applied during the tests. 
Give relevant parameters like make and type, (maximum and 
minimum) capacity, resolution (smallest unit indicated), 
accuracy (%) and address of supplier. Indicate the position
of the instruments in the drawing of the pumping system 
mentioned above. 

- Describe the reliability of the fuel supply. Is the use of
 
alternative fuels allowed?
 

- Give a listing and the location of available documentation,
 
describing the system, e.g. assembly drawings, instruction
 
books, performance test results, etc..
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3.5.3. System Description Solar Pumps
 

Data Sheet 3.5.3. serves to describe the pumping and storage
 
system.
 
The capacity of the storage tank may 2be calculated by L * W * H
 
for rectangular tanks or by r/4 * D * H for cylindrical tanks.
 
Use the line "Capacity" for deviating shapes.
 

DATA ShEET 3.5.3. System description Solar Pimp
 
(to be completed by technii.ian)
 

Solar array 

Year of manufacture :__ Manufacturer 

make, type : _ Name . 

Effective area [m] Address : 

Orientation see drawing asked for in 
5 
.3.2.2z Serial no.: 

Rated power : (W] at irradiance_ W/m2 ]I 

Rated voltage [Vott] at Irrad. _ W/m l 

Power control system Manufacturer 

make, type : Name : 
Battery storage (if any): ( Address(kWh] :
 

Electric pump
 

Year of manufacture
 

make :manufacturer
 

Type :_Name _
 

Position : (meters below ground level] Address :
 

Nominal rotational speed: - (rev/mini Serial no.:
 

Nominal capacity : [kW]
 

Voltage : 1 Vott] AC/DC*
 

Storage tank (if any)
 

Year of manufacture : manufacturer
 

Type, structure : _ _---- Name :
 

Length, Width, Height : ... ... . ... . ... E]m AddressSeria_ : 


or: Diameter, Height : 0.7854 *3( ... m 1 Serial no.:
3 . 

or: Capacity : (m I
 

Minimum water level [meters above ground level]
 

Back-up system (if any) Manufacturer 

Date of installation : Name : 
make, type : Address : 
capacity :_Serial no.: 

circle the correct answer
 

(continued on next page)
 

I 
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DATA SHEET 3.5.3. System description Solar Pump
 
(continued) (to be completed by technician)
 

Initial investments (specify currencies:
 

(a) (b) (c) (d) (C+bc-d) 
ITEN Cost,insurance, import duties, Handlin, Subsidies 

freight (CIF) taxes storage, TOTAL 

OR: off-works overheads, etc.I I 

Pump & rnotor 

SoLar modiltes 
ReLated solar hardwarel 
Below ground piping 
Above ground piping 
Pumphouse and works 
Storage tank 
other 

Instaltation/site 
preparation: 
* skilled labour 
* unskilled Labour 

I transport 

TOTAL INSTALLED COST
 

*)NOTE: in case of Local manufacture of pump, motor, etc. one may distinguish where possible between:
 

material, tow skilled labour, high skirled tabour and overhead cost to enable the different economic
 

calculations as mentioned in Chapter 6.
 

*)NOTE: if changes of the welt construction were needed, because of the choice of a particular technology,
 

the additional costs for welt adaptation need to be included. Common costs for the welt construction
 

that would be needed for aLL technologies are not to be included (see also Chapter 6).
 

In addition to Data Sheet 3.5.3. supply the following
 
.information:
 

- Make a sketch or drawing of the pumping system. The sketches
 
should indicate the distance above or below a reference ground
 
level of the water intake, the solar photovoltaic array (also
 
indicate its orientation!), the power conditioning equipment,
 
the electric motor, the pump, the water storage tank (if used)
 
and the water discharge pipe. The sketches should show the
 
dimensions (lengths and diameters) and locations of piping
 
fittings, including valves, tees, elbows etc..
 

- Add photographs showing details of the components of the
 
system as mentioned in the previous paragraph.
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- Describe the measurement equipment applied during the tests.
 
Give relevant parameters like make and type, (maximum and
 
minimum) capacity, resolution (smallest unit indicated),
 
accuracy (%) and address of supplier. Indicate the position
 
of the instruments in the drawing of the pumping system
 
mentioned above.
 

- Give a listing and the location of available documentation,
 
describing the system, e.g. assembly drawings, instruction
 
books, performance test results, etc..
 

3.5.4. System Description Wind Pumps
 

Data Sheet 3.5.4. serves to describe the pumping and storage
 
system.
 
The capacity of the storage tank may 2be calculated by L * W * H
 
for rectangular tanks or by r/4 * D * H for cylindrical tanks.
 
Use the line "Capacity" for deviating shapes.
 

In addition to Data Sheet 3.5.4. supply the following
 
information:
 

- Make a sketch or drawing of the pumping system. The sketches
 
should indicate the distance above or below a reference ground
 
level of the water intake, the windmill, the mechanical
 
transmission, the pump, the water storage tank (if used) and
 
the water discharge pipe. The sketches should show the
 
dimensions (lengths and diameters) and locations of piping
 
fittings, including valves, tees, elbows etc..
 

- Add photographs showing details of the components of the
 
system as mentioned in the previous paragraph.
 

- Describe the measurement equipment applied during the tests.
 
Give relevant parameters like make and type, (maximum and
 
minimum) capacity, resolution (smallest unit indicated),
 
accuracy (%) and address of supplier. Indicate the position
 
of the instruments in the drawing of the pumping system
 
mentioned above.
 

- Give a listing and the location of available documentation,
 
describing the system, e.g. assembly drawings, instruction
 
books, performance test results, etc..
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DATA SHEET 3.5.4. System description Windpump
 
(to be completed by technician)
 

WUindmilt I 
Year of manufacture __--_Manufacturer I
 
Make, type :_Name :
 
Rotor diameter [meters] Address :
 

Tower height (meters] Serial no.: [ 
Controllsafety system automatic/manual" I 

on-off/continuous II I. I 
Transmission Manufacturer
 

Type :_Name :
 
Gear ratio [rotor revs per pump stroke]l Address :
 

Stroke of pump rod (meters] Serial no.:
 

Pump 
Year of manu.facture :
 

Make :_Manufacturer
 

Type Piston/Centrifugal/Mono/ _ Name :
 

Position : [meters below ground level] Address :
 

(only for piston pumps) Serial no.:
 

Pump diameter - . mi] 

(Only for centrifugal pumps)
 

Nominal rotational speed: - (rev/min)
 

Nominal capacity : [kW 

Storage tank (if any)
 

Year of manufacture : 1 Manufacturer 

Type, structure : Name : 
Length, Width, Height : ... ..... ........ [m ] 3Address 

or: Diameter, Height 0.7854 *( ... . ..... Im 1 Serial no.: 

or: Capacity Cm I 

Minimum water level : __ [meters above ground level] 

Back-up system (if any) Manufacturer 

Year of manufacture __ Na:Name :
 

Make, type : Address :
 
Capacity : [kW] Serial no.:
 

circle the correct answer
 
n oI
 

(continued on next page) 
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DATA SHEET 3.5.4. System description Windpump

(continued) (to be completed by technician)
 

Initial Investments 
(specify currencies:
 

(a) (b) (c) (d) 
 I (a+b+c-d) 
ITEM Cost,insurance, Import duties, Handling, Subsidies 

freight (CIF) taxes storage, J TOTAL 
OR: off-works I overheads, etc. I 

PumpI
 

WIJndmttt & tower I 
Piping/rising main I 
Above groundpiping I 
Pumphouse and works 
Storage tank 
Other
 

Instatlation/site
 
Ipreparation:
 
* skilled tabour 
* unskilled tabour
 

I'transport
 

TOTAL INSTALLED COST I 

*NOTE: In case of local manufacture of pump, windmill, etc. one may distinguish where possible between:
 
material, low skilled tabour, high skilled labour and overhead cost to enable the different economic
 

calculations as mentioned inChapter 6.
 
*NOTE: if changes of the welt construction were needed, because of the choice of a particular technology, the
 
additional costs for welt adaptation need to be included. Common costs for the welt 
construction that would
 
be needed for at te:hnotogies are not to be included (see also Chapter 6).
 

3.5.5. System Description Hand Pumps
 

Data Sheet 3.5.5. serves to describe the pumping and storage
 
system.
 
The capacity of the storage tank maY2be calculated by L * W * H
 
for rectangular tanks or by r/4 * D * H for cylindrical tanks.
 
Use the line "Capacity" for deviating shapes.
 

In addition to Data Sheet 3.5.5. supply the following
 
information:
 

- Make a sketch or drawing of the pumping system. The sketches
 
should indicate the distance above or below a reference ground

level of the water intake, the pump assembly, the water
 
storage tank (if used) and the water discharge pipe. The
 
sketches should show the dimensions (lengths and diameters)

and locations of piping fittings, including valves, tees,
 
elbows etc..
 

I 
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- Add photographs showing details of the components of the
 
system as mentioned in the previous paragraph.
 

- Describe the measurement equipment applied during the tests.
 
Give relevant parameters like make and type, (maximum and
 
minimum) capacity, resolution (smallest unit indicated),
 
accuracy (%) and address of supplier. Indicate the position
 
of the instruments in the drawing of the pumping system
 
mentioned above.
 

- Give a listing and the location of available documentation,
 
describing the system, e.g. assembly drawings, instruction
 
books, performance test results, etc..
 

- Because there is a large variety in hand pumps it is
 

DATA SHEET 3.5.5. System description Hand Pump

(to be completed by technician)
 

Year of manufacture :
 

Make _ _ __ Manufacturer
 

Type : Plston/Centrifugat/Mono/_cme : -


Position : __ (meters below ground level] Address :
 
(Only for piston pumps) Serial no.:
 

Pump diameter : -_ [mm)
 

Maximum pump stroke : _ _ [mm]
 

(OnLy for screw pumps)
 

Nominal flow Ilte : _ Ct/mini at (revs/min]
 

(other pumps)
 

Nominal flow rate : _ t/mini 

Nominal condition
 

Capacity of bucket : Cli
 
Number of buckets : [-i
 

Storage tank lf any)
 

Year of manufacture : I Manufacturer
 
Type, structure oName :
 

Length, Width, Height . . ...... C Address :
 
or: Diameter, Height : 0.7854 3( * ... . Cm I Serial no.:
 

or: Capacity : [mc I
 
Minimum water level : __ (meters above ground level) 

I Icircle the correct answer
 

(continued on next page)
 

I * 
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DATA SHEET 3.5.5. System description Hand Pump
(continued) (to be completed by technician) 

Initial investments (specify currencies:
 

(a) (b) 
 (c) (d) (a+b+c-d)
 
ITEM 	 Cost,insurance, Import duties, Handling, SLbsidies
 

freight (CIF) 
 taxes storage, 	 I 
TOTAL
 
OR: off-works 
 I overheads, etc. 
 I
 

Pump 

Punp head
 

Piping/rising main
 
Above ground piping
 

Works, foundation,
 

fencing, etc. I 
Storage tank I
 
Instattation/site
 

preparation:
 

* skilled tabour
 

* unskilled Labour 

* transport
 
Other
 

TOTAL INSTALLED COST 	 ,I
 

'NOTE: in case of local 	manufacture of the hand pump, or may distinguish where possible between: 
material, tow skilled tabour, high skilled tabour and overhead cost to enable the different economic 
calculations as mentioned in Chapter 6. 

*NOTE: if changes of the well construction were needed, because of the choice of a particular technology, 
the additional costs for wat adaptation need to be included. Common costs for the well construction
 
that wtould be needed for all technologies are not to be included (see also Chapter 6).
 

recommended to add a number of photographs of the pumping
 
system to the 	logbook.
 

3.5.6. System Description Animal Traction Pumps
 

Data Sheet 3.5.6. serves to describe the pumping and storage
 
system.
 
The capacity of the storage tank maY2be calculated by L * W * H
 
for rectangular tanks or by r/4 * D * H for cylindrical tanks.
 
Use the line "Capacity" for deviating shapes.
 
In addition to Data Sheet 3.5.6. supply the following
 

information:
 

- Make a sketch 	or drawing of the pumping system. The sketches
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should indicate the distance above or below a reference ground
 
level of the water intake, the pump assembly, the water
 
storage tank (if used) and the water discharge pipe. The
 
sketches should show the dimensions (lengths and diameters)
 
and locations of piping fittings, including valves, tees,
 
elbows etc..
 

- Add photographs showing details of the components of the
 
system as mentioned in the previous paragraph.
 

- Describe the measurement equipment applied during the tests.
 
Give relevant parameters like make and type, (maximum and
 
minimum) capacity, resolution (smallest unit indicated),
 
accuracy (%) and address of supplier. Indicate the position
 
of the instruments in the drawing of the pumping system
 
mentioned above.
 

DATA SHEET 3.5.6. System description Animal Traction Pump
 
(to be completed by technician)
 

Pump assembtly
 

Year of manufacture : 1
 

Make : _ __ Manufacturer
 

Type Piston/Centrifugal/Mono/ m Name :
 

Position [meters below ground level] Address :
 
(Only for piston pumps) Serial no.:
 

Pump diameter : - [m] 

Maximum pump stroke : 1_ (
 

(Only for screw pumps)
 

Nominal flow ggte : - Cl/min] at [revs/min][ 


(other pumps;
 

Nominal flow rate : (/mini
 

Capacity of bucket : C
Ell 


Number of buckets : C-]
 

Transmission Manufacturer
 

Type of harness _Name _
 

Transmission ratio : ] Address :
 

Storage tank (if any)
 

Year of manufacture : 1 Manufacturer
 

Type, structure Name . 

Length, Width, Height ... ... . ........ m] Address :
3 


or: Diameter, Height 0.7854 ... a
3( -. m i1Serial no.:
 
or: Capacity [m ] 


Minimum water level : __ (meters above ground leveli I
 

circle the correct answer adapt units to system, e.g. puImp revs. per beam rev.
 

(continued on next page)
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DATA SHEET 3.5.6. 	 System description Animal Traction Pump

(to be completed by technician)
 

(continued)
 

ilnitiainvestments (specify currencies:
 

(a) I (b) (c) (d) (ab c-d) 
ITEM 	 Cost,insurance, I mport duties, Iand(ing, Subsidies
 

freight (CIF) Jtaxes storage, 
 TOTAL
 
OR: off-works 
 Ioverheads, etc.l
III I 

Pum
 

Pumping system
 
Animals
 

Harnesses,etc.
 
Piping/rising main
 

Above ground piping
 
Pumphouse and works
 
Storage tank
 
instattation/site
 
preparation:
 
* unskilled tabou 	 I 
* skilled tabour 	 I I 
* transport I 	 II 

Other 	 I_IIIII I I 
TOTAL INSTALLED COST I 

L 
*NOTE: 
in case of local manufacture of the animal pump, one may distinguish where possible between:
 
material, 
low skilled tabour, high skiLLed labour and overhead cost to enable the different economic
 
calculations as mentioned InChapter 6.
 

*NOTE: if changes of the welt construction were needed, because of the choice of 
a particular technology, 
the additional costs for welt adaptation need to be Included. Common costs for the welt construction
 
that would be needed for all technologies are not to be Included (see also Chapter 6).
 

-
Give a listing and 	the location of available documentation,

describing the system, e.g. 
assembly drawings, 	instruction
 
books, performance 	test results, etc..
 

- Because there is a large variety in animal traction pumps it
 
is recommended to add a number of photographs of the pumping

system, including the animals, to the logbook.
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3.6. DESCRIPTION OF THE SITE
 

3.6.1. Site Description Grid Connected Electric Pumps 
 I 
 jJ 
Specify the end-use of the electric pump system:
 

=Number of people using the system for drinking water.
 
=Area of land irrigated by the system.
 
=Number of cattle watered by the system.
 

3.6.2. Site Description Fuel Engine Pumps
 

Specify the end-use of the fuel pump system:

=Number of people using the system for drinking water.
 
=Area of land irrigated by the system.
 
=Number of cattle watered by the system.
 

3.6.3. Site Description Solar Pumps
 

Give information on the solar irradiation conditions prevailing
 
over the year at the test site, if available. Both data on
 
seasonal and daily fluctuations from either a meteo station or
 
another source are of interest. Because the form of the data
 

DATA SHEET 3.6.3. Summary of solar irradiation data
 
(to be completed by technician)
 

Source of solar data: 
 0 Meteo Station in:
 

0 Other source : 

0 References 

Type, make of equipment :
 
Reliability of data
 

2I
 
(Units: [W/m ])
 

Year IJ F I A N J J A S 0 N D IAveraeI I I I I 
19.. I -
19.. -- I
 
19.. --
19.. -- I
 
19..I _ _ _198at
 

I - I I I _IIAvorogeI------------------------I 
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available may vary strongly for different sites, Data Sheet
 
3.6.3. serves only as an example on how to summarize available
 
information.
 

Specify the end-use of the solar pump system:
 
=Number of people using the system for drinking water.
 
=Area of land irrigated by the system.

=Number of cattle watered by the system.
 

3.6.4. Site Description Wind Pumps
 

A detailed map of the surroundings of the wind pump system shall
 
be provided, including location, size and height of any major

obstacles like hills, valleys, trees, forests, houses or
 
buildings.
 
Add a series of 8 to 10 photographs taken at the windpump site
 
in various directions (panoramic view).
 

DATA SHEET 3.6.4. Summary of wind data
 
(to be completed by technician)
 

Source of wind data 
 0 Seteo Station in:
 

0 Other source :
 

0 References
 

Height of measurements :_m) 


Type, make of equipment :
 
Exposure 0 Good
 

0 Remarks
 

Units: [mls]
 

Year J F M l A M I J A S 0 D AverageI I .1 I I 

19.. I-- -
19.. I---
19.. I----
19.. I----

I I IJ I I I II19a 

JAveragel- _- _ -1 _ 
I 

Give information on wind and climate conditions including a
 
description of the wind conditions prevailing over the year at
 
the test site. This can be in the form of seasonal probability

distributions of wind velocities and directions obtained from
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meteorological stations, if present. Also data on daily
 
fluctuations are of interest.
 
If wind data are available from a nearby site with similar
 
terrain, these should be added to the logbook, along with the
 
name and location of that site.
 
Because the form of the data available may vary strongly for
 
different sites, Data Sheet 3.6.4. serves only as an example on
 
how to summarize available information.
 

Specify the end-use of the windpump system:
 
=Number of people using the system for drinking water.
 
=Area of land irrigated by the system.
 
=Number of cattle watered by the system.
 

3.6.5. Site Description Hand Pumps
 

Specify the end-use of the Hand pump system:
 
=Number of people using the system for drinking water.
 
=Area of land irrigated by the system.
 
=Number of cattle watered by the system.
 

3.6.6. Site Description Animal Traction Pumps
 

Specify the end-use of the Animal traction Pump:

=Number of people using the system for drinking water.
 
=Area of land irrigated by the system.
 
=Number of cattle watered by the system.
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4. SHORT TERM TESTING
 

OBJECTIVES OF SHORT TERM TESTING
 

The objective of this chapter is to describe procedures for
 
carrying out short term field tests needed to characterize the
 
technical performance of existing small scale water pumping
 
systems. The tests focus on measuring the performance of the
 
entire water system rather than of individual components. In
 
some cases optional procedures will also be provided which will
 
permit the calculation of the performance of individual
 
components.
 

Performance parameters to be obtained from the short term field
 
tests include water pumping rates and system (or component)
 
energy inputs and outputs, both obtained under well defined and
 
(to the extent possible) uniform test conditions and covering
 
the range of expected operation. Based on this, system capacity

and overall efficiency are calculated over the range of expected
 
operating conditions.
 

The results of the Short Term Tests are intended to be used,
 
along with the results of the Long Term Tests, for the same
 
systems as described in Chapter 5, for several purposes:
 

1. to provide a technical performance data base covering many

water pumping system types to be used for the
 
techno-economic evaluation of each system type as described
 
in Chapter 6.
 

2. to provide technical performance information to the owners or
 
operators of the systems tested which can be used to improve
 
the design, operation or maintenance of their own system.
 

3. to provide field technical performance information of value
 
to the owners or operators of similar systems, vendors of
 
components for such systems, and governmental and private
 
donor agencies who support the use of such systems.
 

This chapter is intended to provide directions as to what
 
technical information is needed and how the information should
 
be obtained and presented. It is divided into sections, as with
 
chapters 2, 3 and 5, in accordance with the technical system to
 
be tested.
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Test procedures
 

Because of the many differences among water pumping systems even

of the same type, the description of the test procedures will be
 
limited to the information needed to prepare for and carry out
 
the Short Term Tests on a typical system. Examples will be
 
provided of the data sheets for collection of the information.
 

The following format will be used in describing the test
 
procedures:
 

Objectives

The specific objectives in carrying out the tests of a
 
particular system.
 

Test Protocol
 
Pretest inspections and preparation of test procedures including

equipment calibration as applicable, test conditions, number
 
and/or sequence of measurements, instructions for taking

measurements, and instructions for carrying out preliminary

calculations at the test site.
 

Data F.sduction
 
Data reduction is carried out in two steps. At the test site
 
(see above), preliminary calculations convert the measured
 
quantities into standard forms such as 
flow rates and
 
velocities. These standardized quantities can be plotted against

each other to determine whether any of the measurements were
 
read or recorded in error. Erroneous data would appear as
 
"outliers" on such plots. Where outliers are identified in the
 
field, additional corrected data can be taken.
 

Subsequently, at an office where calculators are available,

other calculations and plots will be made, generally by trained
 
engineers or technicians using the additional formulas shown in
 
each section, to convert the measured quantities and standard
 
forms into the performance parameters used to evaluate each
 
water system type. These include energy input rate, energy

output rate, and overall energy efficiency. The performance

parameters are plotted on graphs to generate curves showing the
 
effect of the operating conditions on the system performance.
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i
E
4.1. GRID-CONNECTED ELECTRIC PUMPS 


This section covers water pumping systems in which the prime
 
mover is an electric motor. The motor is coupled mechanically,
 
generally through a transmission, to the pump, which may be a
 
rotating screw (Mono) or centrifugal type. A local or regional
 
electric grid supplies the power for the motor.
 

4.1.1. Objectives
 

The objective of the short term tests of grid connected electric
 
pumps is to obtain performance data showing overall system
 
efficiency and water pumping rate as a function of total head
 
and pump speed.
 

4.1.2. Test protocol
 

4.1.2.1 Data collection at the start of the tests
 

Before the short term tests are begun, the data collection
 
described in Chapter 3 should be completed.
 

4.1.2.2 Pretest inspection and preparations
 

The following inspections should be carried out prior to field
 
tests. The results should be included as comments in narrative
 
form in the logbook, with notations as to which component or
 
part was inspected and the results of the inspection. If a
 
component listed below is not inspected, that fact should be
 
noted. However, unless the system is not in operating order, do
 
not carry out any maintenance at this time based on the pretest
 
inspections.
 

Visually inspect the electric motor, electric power cables,
 
meters, cable junctions and splices, and control switches.
 
Comment on the condition of the insulation and electrical
 
contacts, looking particularly for evidence of overheating,
 
arcing at contacts, bare wires, frayed insulation and exposed
 
junctions. Note condition of lubrication of motor bearings,
 
transmission or pump.
 

Listen to the pump during normal operation. Note if the system
 
does not appear to be in satisfactory physical condition (e.g.,
 
look for excessive corrosion, lack of lubrication, lubricant
 
leaks, worn seals) or if the system performance during operation
 
appears to be clearly unsatisfactory (e.g., very low water flow
 
rate, excessive leaks, excessive pump vibrations or noise etc.).
 

Inspect system piping and valves visually. Open and close all
 
valves (not during operation of the pump!). Note valves which
 
do not operate. Note on a sketch the location and severity of
 
leaks in valves and piping, if any. Also where possible, note
 
the physical condition of the interior surfaces of piping and
 
valves. Determine whether a buildup of scale or other deposits
 
has formed tiat reduces the effective diameter of the pipe or
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that causes the interior surface to be extremely rough. Note
 
where the wall thickness has been reduced significantly by
 
corrosion.
 
Note: Following inspection of the valves, it should be
 

determined that all of the valves leading to and from the
 
pump are set in their open position prior to beginning
 
the tests.
 

Inspect the storage tank if included in the system. Note any
 
leaks. Clean the sight glass if present.
 

Inspect the water intake. Examine screens if they are
 
accessible and note their condition, i.e., whether they are
 
intact or have visible holes, whether they are clogged, etc.
 

Install test equipment as described in sections 2.5.1 and
 
2.5.2.1, and ensure that the equipment is calibrated and
 
functioning properly. Enter in the logbook a description of the
 
test equipment used (see Section 3.5.1).
 

For bore hole wells, measure the static suction head (vertical
 
distance from the water level in the borehole to the pump inlet
 
when no water is being pumped and the pump has been off for at
 
least two hours).
 

4.1.2.3 System maximum pumping rate
 

The pumping performance tests will consist of sets of
 
measurements taken during ten minute time intervals.
 
It is recommended to take the sets of measurements as a
 
continuous series. The measurements then just reduce to
 
recording every 10 minutes the readings of the various
 
instruments. Accuracy will greatly improve when the integrating
 
instruments (time, electric energy and flow) are read in the
 
same order every time.
 

Data Sheet 4.1.1. (column "MEASUREMENTS") gives a lay-out to be
 
used for noting down the results of the measurements and an
 
example as how to fill in the sheet.
 
When the ten minute measurements are consecutive, the end of a
 
measurement coincides with the beginning of the next one (see
 
lines 0 to 10). Single measurements need two lines in the
 
sheet. After every interruption a new measurement or block of
 
measurements requires a new "0"-line (see lines 0 and 14).
 

For this test, if there are any valves in the discharge line
 
from the pump, they should be fully opened. If there is a
 
variable speed transmission between the motor and pump, it
 
should be set for maximum speed. If there is a storage tank as
 
part of the system, it should be at as low P level as possible
 
at the beginning of the test.
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DATA SHEET 4.1.1. Measurements and Calculations Short Term Tests
 
(to be completed by technician)
 

Location: 	 Date : _[YY/MM/DD]
 

District: 	 Start time :[HH/MM/SS] 

owner _End 	 time : HH/MM/SS]
 

MEASUREMENTS 	 CALCULATIONS
 

II I II 

No Time Energy Water Suction Discharge Length Electric Water Hydraulic Overall
 

meter 	 meter head head of power flow power sstem
 

t reading reading 	 period input rate output eff.
 

E a 1 	 a Hin Hdis T Pel,T qPT Ph,T qhot
 

3 
HH:MM:SS] (kWh] Cm I Cm] Cm] I s) CkW] [/s] [kW] [-1 

I II I I *1 	 I 

12 1L~J N S I2 1 	 nmL1~ it 1 _1Ll. 	 30 0.~ V1 o30 
13 go1113145.1I 	 _h Ia. I LII 4L 2= 15 o.I 3 
4I 	 1 Z JL1'L - _L_4 10.4 1~ r1 n. 5I If _15 1111 o.3
 

I Z I II
15 %A J 	 S IIIIIS II I&_III nI I 0 35I 
16 LQzg±a 345. l~ f .4 .klo. a g41 J-2 0.. 159L 0.31 

8 Ito: 1 35 . -1, to, _ 1 1).506 _2'. ._0.1163 c.32
 
9 It-,D 3S 1131 1 -2,.4 I0 51r) 0,51 o.1IIh A ~0
 

110 IO 3 -0 '14. 10% I0 f), ~ ~o.322,2 


112 -
113
 

114 Th.2i] 3 l f2.3& Y. X X.~ ~ __ __ 

115 1l1413~b ziL, I 0,1 0~As~LLJ" -1.'3 
116 iLqL7 I .LL JJIS 0 6.30Wl0...J.4 .048 
117 11.: ol. 34 , 18. IS~ 0.1 QIS3 0. 
19
 

Start motor and pump. Allow the system to operate for at least
 
30 minutes or as long as is required so that the intake head
 
(drawdown) has stabilized.
 

Take ten sets of ten-minute measurements (as listed below).
 
Allow the system to continue pumping water for one hour. Take
 
three additional sets of measurements. Data Sheet 4.1.1 gives a
 
hypothetical example of these blocks of ten and three sets of
 
measurements.
 

http:go1113145.1I


H4PiGRID 4 - 6 22/10/88 

SET OF TEN-MINUTE MEASUREMENTS:
 

The following constitutes a set of measurements:
 

Time
 

Record the time t (hour, minute, second) of the beginning and
 
end of each ten minute measurement period.
 

Electric energy
 

Record the readings (kWh) of the integrating power meter E
 
at the beginning and the end of each ten minute measuring el
 
period.
 

Water volume PumPed
 

Record the readings (cubic meters) of the integrating flowmeter

Q at the beginning and at the end of each ten minute measuring

p~riod.
 

Suction head
 

Record the suction head reading (meters) of the measuring stick,

well dipper or other suction head measuring equipment Hin once
 
during each ten minute period.

Note: 
In Data Sheet 4.1.1. the suction head recordings are


negative because in the example the pump is below the
 
water surface in the well. 
 See Figure 5.1.1. and the
 
discussion on head measurements on page 5 - 6.
 

DischarQe head
 

Record the reading (meters) of the pressure gauge at the pump

discharge Hdis once during each ten minute period.
 

Note: Not all pressure gauges read in meters. 
Other
 
possibilities are bar, At (atmosphere), psi (pound per
 
square inch) and kPa (kiloPascal). The following

conversion factors should be used:
 

Pressure equivalent head
 
1 bar -> 10 [m]
 
1 at -> 10 (m]

1 psi -> 0.69 [m]

1 kPa -> 0.1 (m]
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Pump Speed (optional)
 

If a variable speed transmission is used and measurements are
 
made at different speeds, then measure the pump speed n (rpm)

using a tachometer at the beginning of each ten minute eriod.
 

Preliminary calculations
 

Length of period T
 

Calculate the exact length of the "ten minute period" T. T
 
simply equals the difference in time [seconds] between the start
 
and the end of the measuring period.
 

Example: 	If the first measurement starts at 08:51:20 and ends at
 
09:01:01, the length of the period T equals 581 seconds
 
(see lines 0 and 1 of Data Sheet 4.1.1.).
 

Average electric power input
 

Calculate the average power input for each ten minute period:
 

3600 * (Eele - Eel,b ) [kW]
 
el,T T
 

where:
 

E the electric energy meter reading [kWh] at the
el,b beginning of period T
 
Eel e the electric energy meter reading (kWh] at the 

ele end of period T 
T = the length of the measuring period [s] 

3600 = conversion factor (seconds per hour) 

Example: 	At 09:41:05 the energy meter reading was 345.648 kWh.
 
At 09:51:10 the energy meter reading was 345.730 kWh.
 
Because the length of the measuring period was 605 s,
 
the average power input according to the formula is:
 

3600 * (345.730 - 345.648) 
Pel,T 605 = 0.488 [kW] 

(see lines 5 and 6 of Data Sheet 4.1.1.)
 



H4PIGRID 
 4 - 8 	 22/10/88 

Averaqe water flow rate
 

Calculate the average water flow rate for each ten minute
 
period:
 

1000 * (QP,e - Q ,b)
 
qT= [l/s]
 

T
 

where: Q = the integrating flowmeter reading (cubic meters]
at the beginning of each ten minute period.
 

QPe = the integrating flowmeter reading at the end of 
each ten minute period.
 

T = the length of the measuring period (s]

1000 = conversion factor (liters per cubic meter)
 

Example: If QP,b = 723.19 [m ] and Qp,e = 724.42 [m3], then the 

average flow rate is qPT = 2.07 [1/s] (see lines 9 and
 

10 in Data Sheet 4.1.1.).
 

Total effective head
 

Calculate 	the total effective head H for each ten minute period:
 

Hin + Hdis
H H 	 [m]
 

where: H. = suction head [m] 
H in discharge head [m]dis
 

Example: 	 During the fourth ten minute period the suction and
 
discharge head were -2.4 m and 10.4 m, respectively.
 
(see line 4 of Data Sheet 4.1.1 and Figure 5.1.1 b,
 
page 5 - 5). As a result the total effective head is
 
8.0 m. The result is not recorded in the Sheet.
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Hydraulic 	power output IIE h
 

Calculate 	the hydraulic power output for each 10 minute reriod:
 

9.81 * qPT * H
 

Ph,T 1000
 

where: qPT = the average water flow rate in [l/s]
 

H = the total effective head (m)
 
9.81 = the acceleration due to gravity
 
1000 = conversion factor (liters per cubic meter)
 

Example. 	 For the ten minute period in the previous example qPT
 
= 2.25 [1/s]. Then the hydraulic power output is:
 

9.81 * 2.25 * 8.0 
Ph,T 1000 0..177 kW 

(line 4 of Data Sheet 4.1.1)
 

4.1.2.4 	 Effect of head and pump speed (optional)
 

For this test, the effect of changing the discharge head and/or
 
the pump speed on the pumping rate and the system efficiency
 
will be determined.
 

Discharge 	head effect:
 

The discharge head can be changed in several ways. The most
 
effective way is if there is one or more valves located in the
 
line between the pump discharge and the system boundary. In
 
this case, the discharge head can be increased by partially
 
closing one valve. The pressure gauge should be located between
 
the valve and the pump. At no time should the valve be closed
 
completely during this test.
 

Start the pump and motor. Set the transmission to the maximum
 
speed. All valves in the discharge line should be fully open.
 
Operate for about thirty minutes or as long is necessary to
 
allow the motor to reach normal operating temperature and the
 
water intake condition (drawdown) to stabilize.
 

Close a valve in the discharge line such that the discharge
 
flowrate is reduced by approximately 25-50%. After 10 minutes,
 
take ten complete sets of measurements as described in the
 
previous section. Re-adjust the valve position so that the flow
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rate is further reduced by about 50%-75%. Take ten complete

sets of data. Re-adjust the valve position to be fully open and
 
take ten complete sets of data.
 

If there are no valves between the pump discharge and the system

boundary it may still be possible to vary the discharge head.
 
If there is a storage tank as part of the system and the intake
 
to the storage tank is into the tank bottom, then varying the
 
height of water in the storage tank is another way to change the
 
discharge pressure. Alternatively the water inlet of the tank
 
can be moved upwards temporarily by adding a vertical piece of
 
piping to the system, thus increasing the discharge head.
 

Pump speed effect:
 

If the system uses a variable speed transmission, adjust the
 
transmission to provide the lowest speed setting. 
Open the
 
discharge valve(s) fully. After 10 minutes, take five complete

sets of data as indicated below. Re-adjust the transmission to
 
provide a speed setting intermediate between the fastest and
 
slowest and take three complete sets of data.
 

4.1.3. Data Reduction
 

Data reduction will make use of the results of the preliminary

calculations to arrive at estimates of the overall performance

of the grid connected electric system which can be compared to
 
what would be expected based on the manufacturers information or
 
to earlier or later data.
 

The data reduction will consist of the calculations and
 
preparation of curves based on the experimental measurements and
 
the preliminary calculations.
 

System Efficiency
 

For each of the 10 minute measurement sets, calculate the
 
overall system efficiency 9tot using the following equation:
 

9tot = h,T 

Pel,T 

where: Ph = Sh,:T= Hydraulic power output andAverage electric power input, both as calculated 
el,T above. 



H4PlGRID 
 4 - 11 22/10/88 

Water Output Curves (optional)
 

If measurements were made at different discharge heads, for each
 
of the measurements plot the average water flow rate qPT along

the vertical axis versus the total effective head along the
 
horizontal axis.
 

If measurements were made at different transmission speeds, plot

the average water flow rate along the vertical axis versus the
 
pump speed along the horizontal axis.
 

Overall system efficiency curve (optional)
 

If measurements were made at different discharge heads, plot the
 
overall system efficiency qtot along the vertical axis versus
 
the power output Ph,T along the horizontal axis.
 

If measurements were made at different transmission speed

settings, plot the system efficiency along the vertical axis
 
versus the power output along the horizontal axis.
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4.2. FUEL ENGINE PUMP SYSTEMS
 

This section covers water pumping systems in which the prime

mover is a fuel engine pump. The fuel engine may be either a

compression ignition (diesel) or spark ignition (gasoline)

engine. The engine is coupled mechanically, generally through a
transmission, to the pump, which may be a rotating screw 
(Mono)
 
or centrifugal type.
 

4.2.1. Objectives
 

The objective of the short term tests of fuel engine pumps is to
obtain performance data showing overall system efficiency and
 
water pumping rate as a function of engine speed, pump speed,

and total effective head.
 

4.2.2. Test Protocol
 

4.2.2.1 Data collection at the start of the tests
 

Before the short term tests are begun, che data collection
 
described in Chapter 3 should be completed.
 

4.2.2.2 Pretest inspection and preparations
 

The following inspections should be carried out prior to field
 
tests. 
 The results should be included as comments in narrative

form in the logbook, with notations as to which component or
 
part was inspected and the results of the inspection. If a
 
component listed below is not inspected, that fact should be
 
noted. 
However, unless the system is not in operating order, do
 
not carry out any maintenance at this time based on the pretest

inspections.
 

Visually inspect the engine block, fuel storage tank and fuel
 
lines, fan and fan belt, coolant water reservoir and radiator,

internal engine lubricating oil reservoir, and associated gauges

and instruments. 
Comment on the overall condition of the

engine, particularly observing the adequacy of engine internal
 
and external lubricating oil and grease, the presence of oil 
or
 
water leaks, and the presence of dirt or other solid
 
particulates in the cooling water, lubricating oil 
or grease.

Comment on the condition of the spark plugs and/or carburetor or
 
fuel injectors, fan and fan belt and radiator fins.
 

Listen to and inspect the engine during normal operation. Note

difficulties in starting the engine from a cold or from a hot

condition. Comment on the observed vibration of the engine

block, fuel reservoir and piping, and other associated
 
equipment. Note abnormal noises from the fan and fan belt.
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Listen to and inspect the pump during normal operation. Note if
 
the system does not appear to be in satisfactory physical

condition (e.g., look for excessive corrosion, lack of
 
lubrication, lubricant leaks, worn seals) or if the system

performance during operation appears to be clearly

unsatisfactory (e.g., very low water flow rate, excessive leaks,

excessive pump vibrations or noise etc.).
 

Inspect system piping and valves visually. Open and close all
 
valves (not during operation of the pump!). Note valves which
 
do not operate. Note on a sketch the location and severity of
 
leaks in valves and piping, if any. Also where possible, note

the physical condition of the interior surfaces of piping and
 
valves. Determine whether a buildup of scale or other deposits

has formed that reduces the effective diameter of the pipe or
 
that causes the interior surface to be extremely rough. Note
 
where the wall thickness has been reduced significantly by

corrosion.
 
Note: Following inspection of the valves, it should be
 

determined that all of the valves leading to and from the
 
pump are in their open position prior to the beginning of
 
the tests.
 

Inspect the storage tank if included in the system. Note any
 
leaks. Clean the sight glass if present.
 

Inspect the water intake. Examine screens if they are
 
accessible and note their condition, i.e., whether they are
 
intact or have visible holes, whether they are clogged, etc.
 

Install test equipment as described in sections 2.5.1 and
 
2.5.2.2, and ensure that the equipment is calibrated and
 
functioning properly. Enter in the logbook a description of the
 
test equipment used (see Section 3.5.2).
 

For bore hole wells, measure the static suction head (vertical

distance from the water level in the borehole to the pump inlet
 
when no water is being pumped and the pump has been off for at
 
least two hours).
 

4.2.2.3 Pumping performance
 

The pumping performance tests will consist of sets of
 
measurements taken during ten minute time intervals. 
The tests
 
will be run at different pump speeds if possible.

It is recommended to take the sets of measurements as a
 
continuous series. The measurements then just reduce to
 
recording every 10 minutes the readings of the various
 
instruments. Accuracy will greatly improve when the integrating

instruments (time, fuel consumption and flow) are read in the
 
same order every time.
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DATA SHEET 4.2.1. Measurements and Calculations Short Term Tests
 
(to be completed by technician)
 

Location: 
 Date : IYY/MM/DD] I 
District: Start time : _HHIM/SS]
 

owner :_End time : 
 [HH/M/SS3 

MEASUREMENTS CALCULATIDNS

I I 

No Time Fuel Water Suction DischargelLength Fuel Water Fossil Hydraulic Overall
 

cylinder meter head head I of con- flow power power system 
t reading reading period sumpt. rate input output eff. 

Cfuel 0p Hin Hdis I T Vfuel qT Pfossit Ph,T 9tot
 

I3 3 3I 
[HH:M4:SS] [cm] m] m] Cm] I (s] [cm] Ils] [kW] 1kW] [-1I , , , ,, I 

12 11ol ILU ELUd :jL J I 4aAU JL&aj 0.5 Q I
1 3 9:11i:3~ 5l- 12.1. =1,3 jo I jai _L UL _1,5 4 ~0.4 I1 
1'~U4 3 1l, I LD -. 4 1-4 1 JUL JOA _.L--- 0.53 n 12 
15 141L~ 'L5131L-1. It S -'2.L A- 0n52, 13~j96 _ _ __ -?,. -_. __ _ L...... . .. _ ___ ._. 
7 

9 
I'o
 

112
 
113
 

115 

116

I
 

Data Sheet 4.2.1. (column "MEASUREMENTS") gives a lay-out to be
 
used for noting down the results of the measurements and an
 
example as how to fill in the sheet.
 
When the ten minute measurements are consecutive, the end of a
 
measurement coincides with the beginning of the next one (see
 
lines 0 to 6). Single measurements need two lines in the sheet.
 
After every interruption a new measurement or block of
 
measurements requires a new "0"-line.
 

If there are any valves in the discharge line from the pump,

they should be fully opened. If there is a storage tank as part
 
of the system, it should be at as low a level as possible at the
 
beginning of the test.
 

Fill the fuel measuring cylinder with fuel up to the highest
 
level mark. Set the transmission at maximum pump speed. Start
 
the engine and pump. Set the engine throttle for maximum speed.
 
Allow the engine to run for at least 30 minutes or as long as
 
is required so that the engine has reached its normal operating
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temperature and the water intake conditions (drawdown) have
 
stabilized. Take five sets of measurements as listed below.
 
Data Sheet 4.2.1. gives a hypothetical example of this block of
 
measurements.
 

SET OF TEN-MINUTE MEASUREMENTS:
 

The following constitutes a set of measurements:
 

Time
 

Record the time t (hour, minute, second) of the beginning and
 
end of each ten minute measurement period.
 

Fuel consumption
 

Record the readings (cubic centimeters) of the measuring
 
cylinder at the beginning and at the end of each ten minute
 
measuring period (Cfuel)*
 

If the measuring cylinder only has one mark on it, then fill the
 
cylinder with a calibrated measuring jug to the mark at the
 
beginning of the measuring period, and again at the end of the
 
measuring period. In that case record the amount added at the
 
end of the measuring period as read from the measuring jug in
 
column 8 of Data Sheet 4.2.1. (Vfuel).
 

Water volume pumped
 

Record the readings (cubic meters) of the integrating flowmeter
 
Q at the beginning and at the end of each ten minute measuring
 
p~riod.
 

Suction head
 

Record the suction head reading (meters) of the measuring stick,
 
well dipper or other suction head measuring equipment Hin once
 
during each ten minute period.
 
Note: In Data Sheet 4.2.1. the suction head recordings are
 

negative because in the example the pump is below the
 
water surface in the well. See Figure 5.2.1. and the
 
discussion on head measurements on page 5 - 18.
 

("
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DischarQe head
 

Record the reading (meters) of the pressure gauge at the pump
 
discharge Hdis once during each ten minute period.
 

Note: 	Not all pressure gauges read in meters. Other
 
possibilities are bar, At (atmosphere), psi (pound per
 
square inch) and kPa (kiloPascal). The following
 
conversion factors should be used:
 

Pressure equivalent head
 

1 bar -> 10 (m) 
1 at -> 10 (m] 
1 psi -> 0.69 [m) 
1 kPa -> 0.1 (m] 

Pump Speed (optional)
 

If a variable speed transmission is used and measurements are
 
made at different speeds, then measure the pump speed n (rpm)
 
using a tachometer at the beginning of each ten minute eriod.
 

Preliminary calculations:
 

Lenath of Period T
 

Calculate the exact length of the "ten minute period" T. T
 
simply equals the difference in time [seconds] between the start
 
and the end of the measuring period.
 

Example: 	If the first measurement starts at 08:51:20 and ends at
 
09:01:01, the length of the period T equals 581 seconds
 
(see lines 0 and 1 of Data Sheet 4.2.1.).
 

Fuel consumption
 

Calculate the fuel consumption for each ten minute period:
 

Vfuel 	= Cfuel,e Cfuel,b (cm3
 

where: Cfuel,b m 	fuel measuring cylinder reading at the
 
beginning of period T
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Cfuele r
fuel measuring cylinder reading at the
 
end of period T
 

If alternatively the fuel consumption is measured by recording

the amount of fuel to be added at the end of period T to fill
 
the fuel tank to the mark as described above, Vfuel simply
 
equals this amount.
 

Example: At 09:11i14 the level in the fuel cylinder was
3

475.2 cm . At 09:21:33 the level was 530.5 cm Vfuel
 
equals the difference between these numbers:
 

Vfuel = 530.5 - 475.2 = 55.3 cm3
 

(see lines 2 and 3 of Data Sheet 4.2.1)
 

Average water flow rate
 

Calculate the average water flow rate for each ten minute
 

period:
 

)q 1000 * (QP,e - Qp,b /s 

T 

where: QP,b = the integrating flowmeter reading (cubic meters] 
at the beginning of each ten minute period. 

= the integrating flowmeter reading at the end of 
each ten minute period. 

T = the length of the measuring period [s) 
1000 = conversion factor (liters per cubic meter) 

Example: If QP,b = 727.43 m3 ] and Qp,e = 731.32 [m3], then the
 

average flow rate is qPT = 6.7 (1/s] (see lines 4 and 

5 in Data Sheet 4.2.1.).
 

Total effective head
 

Calculate the total effective head H for each ten minute period:
 

H = H in + Hdis (m]
 

where: Hin = suction head [m]
 
Hdis = discharge head [m]
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4.2.2.4 
 Tests at varying pump speed (optional)
 

Turn off engine and reset transmission for a slower pump speed,

preferably at the slowest speed that the transmission will
permit. Restart the engine and pump, allow the engine to run
for 30 minutes, and take five sets of measurements as listed
 
above.
 
Reset the transmissicn to maximum pump speed. 
Adjust the engine
throttle to obtain measurements at about five different engine
speeds ranging from the maximum to the slowest speed that the
engine runs in a stable manner without stalling.
 

4.2.3. Data reduction
 

Data reduction will make use of the results of the preliminary
calculations to arrive at estimates of the overall performance

of the fuel engine pumping system which can be compared to what
would be expected based on the manufacturers information or to
 
earlier or later data.
 

The data reduction will consist of the calculations and
preparation of curves based on the experimental measurements and

the preliminary calculation-.
 

Fossil power input
 

For each ten-minute period calculate the average fossil power

input Pfossil using the following equation:
 

3.6 * Vfuel * B kW]

fossil T
T
 

where: Vfue =fuel consumption during period T in [cm 3 ] 

w V= length of period T in (s]
B = the caloric value of the fuel in [kWh/l]

3.6 	 = conversion factor (seconds per hour, liters per
cubic meter) 

The caloric values of various fuels are as 
follows:
 

Type of 	fuel 
 Nett Caloric Value
 
B (kWh/l]
 

Diesel oil / gasoil 	 11
 
Petrol / gasoline 9
 
Kerosene / parrafin 10
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Example: From 09:31:24 to 09:41:05 the fuel consumption
 

3
Vfuel = 60.2 cm . Assuming for the example that the 

fuel is diesel oil gives B 11 kWh/l. Then the fossil 

power input is: 

3.6 * 60.2 * 11 
Pfossil = = 4.1 kW581
 

(see lines 4 and 5 of Data Sheet 4.2.1)
 

Hydraulic power output
 

Calculate the hydraulic power output for each 10 minute period:
 

9.81 * qPT * H
 
Ph,T =1000 [kW]
 

where: qPT = the average water flow rate in [l/s]
 

H = the 	total effective head (m)

9.81 = the acceleration due to gravity

1000 = conversion factor (liters per cubic meter)
 

Example: 	 For the ten minute period in the previous example qPT 
- 6.7 [l/s]. Then the hydraulic power output is: 

9.81 * 6.7 * 8.1 
= = 0.53 kWh,T 
 1000
 

(line 5 of Data Sheet 4.2.1)
 

System Efficiency
 

For each of the 10 minute measurement sets, calculate the

overall system efficiency qtot using the following equation:
 

PhT
= ,tot 

fossil
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where: P - = Hydraulic power output and 
 T iPfoss = Average fossil power input, both as calculated
 
ossil above.
 

Water Output Curves (optional)
 

If measurements were made at different pump speeds (resulting

from either different engine or different transmission speeds),

plot the average water flow rate qPT along the vertical axis
 
versus the pump speed ns along the horizontal axis.
 

Overall system efficiency curve (optional)
 

If measurements were made at different engine or transmission
 
speeds, plot the overall system efficiency rtt along the
 
vertical axis versus the power output PhT along the
 
horizontal axis.
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4.3. SOI7, PUMPS
 

This section covers water pumping systems in which the prime
 
mover is a solar photovoltaic electric pump. The systems may
 
use AC or DC motors which drive centrifugal or screw type pumps.

The systems may make use of power conditioning equipment to
 
adjust the voltage level generated under various irradiance
 
conditions in order to result in higher pump and motor
 
efficiencies.
 

4.3.1. Objectives
 

The objectives of the short term tests of solar pumps is to
 
obtain performance data showing cverall system efficiency and
 
water pumping rate as a function of irradiance and total
 
effective head and covering the normal range of irradiance
 
expected at the site.
 

4.3.2. Test Protocol
 

4.3.2.1 Data collection at the start of the tests
 

Before the short term tests are begun, the data collection
 
described in Chapter 3 should be completed.
 

4.3.2.2 Pretest inspection and preparations
 

The following inspections should be carried out prior to field
 
tests. The results should be included as comments in narrative
 
form in the logbook, with notations as to which component or
 
part was inspected and the results of the inspection. If a
 
component listed below is not inspected, that fact should be
 
noted. However, unless the system is not in operating order, do
 
not carry out any maintenance at this time based on the pretest
 
inspections.
 

Visually inspect the array assembly. Note in the logbook the
 
relative cleanliness (transparency) of the array glass covers,

and the number and location of modules or cells that are known
 
to be defective. Examine the instruments and controllers and
 
note in the logbook signs of insulation deterioration or
 
moisture intrusion which may cause shorting.
 

Listen to and inspect the pump during normal operation. Note if
 
the system does not appear to be in satisfactory physical

condition (e.g., look for excessive corrosion, lack of
 
lubrication, lubricant leaks, worn seals) or if the system

performance during operation appears to be clearly
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unsatisfactory (e.g., very low water flow rate, excessive leaks,

excessive pump vibrations or noise etc.).
 

Inspect system piping and valves visually. Open and close all

valves (not during operation of the pump!). Note valves which
 
do not operate. Note on a sketch the location and severity of
 
leaks in valves and piping, if any. Also where possible, note

the physical condition of the interior surfaces of piping and
 
valves. Determine whether a buildup of scale or other deposits

has formed that reduces the effective diameter of the pipe or
 
that causes the interior surface to be extremely rongh. Note
 
where the wall thickness has been reduced significantly by

corrosion.
 
Note: 	Following inspection of the valves, it should be
 

determined that all of the valves leading to and from the
 
pump are in their open position prior to the beginning of
 
the tests.
 

Inspect the storage tank if included in the system. Note any

leaks. Clean the sight glass if present.
 

Inspect the water intake. Examine screens if they are

accessible and note their condition, i.e., whether they are
 
intact or have visible holes, whether they are clogged, etc.
 

Install test equipment as described in sections 2.5.1 and
 
2.5.2.3, and ensure that the equipment is calibrated and
 
functioning properly. 
Enter in the logbook a description of the
 
test equipment used (see Section 3.5.3).
 

For bore hole wells, measure the static suction head (vertical

distance from the water level in the borehole to the pump inlet
 
when no water is being pumped and the pump has been off for at
 
least two hours).
 

4.3.2.3 Pumping Performance
 

The pumping performance tests will consist of sets of
 
measurements taken during ten minute time intervals under
 
conditions where the solar panels are receiving full 
sun.
 

The ten minute measurement intervals should be distributed
 
equally throughout the day starting at approximately 09:00 local
 
time and ending at approximately 16:00 local time. A total of

50 sets of ten minute measurements should be taken over a period

of several days.
 

It is 	recommended to take the sets of measurements in a number
 
of blocks of consecutive measurements. Within these blocks the
 
measurements then just reduce to recording every 10 minutes the
 
readings of the various instruments. Accuracy will greatly

improve when the integrating instruments (time, irradiation,
 
array 	energy output, flow and stroke/revolution counter) are
 
read in the same order every time.
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Data Sheet 4.3.1. (column "MEASUREMENTS") gives a lay-out to be
 
used for noting down the results of the measurements and an
 
example as how to fill in the sheet.
 
When the ten minute measurements are consecutive, the end of a
 
measurement coincides with the beginning of the next one (see
 
lines 0 to 3, 5 to 8, etc.). Single measurements need two lines
 
in the sheet (see l.ines 10 and 11). After every interruption a
 
new measurement or block of measurements requires a new
 
"0"-line (see lines 0, 5, 10, 13, 17 and 21).
 

It is not necessary that there be no clouds as long as the
 
clouds do not obscure the sun during measurement periods. If
 
the sun is obscured during any portion of a measurement period,

then data taken during that period should be omitted and that
 
fact noted in the logbook.
 

If there are any valves in the discharge line from the pump,

they should be fully opened. If there is a storage tank as part

of the system, it should be at as low a level as possible at the
 
beginning of the test.
 

Start the motor and pump in the morning of a clear day as soon
 
after sunrise as the solar radiation will permit. Allow the
 
system to operate continuously throughout the test. Take a first
 
block of 3 - 5 ten-minute measurements starting at approximately

09:00 local time and following that, at approximately one hour
 
intervals until approximately 16:00 local time.
 

SET OF TEN-MINUTE MEASUREMENTS:
 

The following constitutes a set of measurements:
 

Time
 

Record the time t (hour, minute, second) of the beginning and
 
end of each ten minute measurements period.
 

Irradiation
 

Record the integrated irradiance (Wh/m2) reading from the
 
pyranometer E at the beginning and at the end of each ten
 
minute period.s~l
 

Water volume pumped
 

Record the readings Qp (cubic meters) of the integrating flow
 
meter at the beginning and at the end of each ten minute
 
measuring period.
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DATA SHEET 4.3.1. Measurements and calculations Short Term Tests
 
(to be completed by technician)
 

Location: Date :_[YY/MM/DD) 

District: Start time _ _ _ [HHoH,SSJ 

Owner :_End time : _ IHH,M,SS) 
2
 

Array area A "Lf m I
 
array
 

MEASUREMENTS CALCULATIONS
 

fl I Soa Array I I I 
No Time Sorer Array Water Suction Discharge Length Average Average OveralI 

irrad. energy meter head head of irradi- ftow system 

t output reading period ance rate eff. 
Ego Eet ap Hin Hdi T Psot ,T apT 9tott s 


2 3 2I 
CHH:MM:SS] [Whim I [Wh] Im I Iml [m] Is] (W/m It/s] [-3 

4 I 
5 . . . _ IIIIII!i1111111111111111111111111111111 

1 6 to: 4 1 _SLL 5 _IW . J5 3L5 _I 14 0 .3 

I o in iD 51... .i ... E _____ IIIIIIIIIIIIIIiIIIIIIIIIIIIIIIIIIIIIIIIIII 
9 I 

16 11i 4L~ O2L0 SOZ t ~1 1-A 99' WI. 0.030 

15812 M1* 019L29L2LL5O 3. .195 0,0B 'tn Lo 4 L 1 1 I 

18 -431 t31 ilA~ -5D3 15105 W oS -AiPi A& kf I 
16
17 1413 El IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 

116 _____ __,_ __ ___. __._ _._ _ __ _ _ __._
20I
21 . _ __ IIIIIIIIIIIIII521,llllll lllllllllllllll

22919@1- .J2ii -L 251LJO 18 SLl -Fo 0.316D 6,I I 

2155 11 I.ik0 08123 IS-!on. iaJB -L~ W. - 2O 0.0 

25
 

26
 

27 

Suction head
 

Record the reading (meters) of the suction head Hin once during
 
each ten minute measurement.
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Note: 	If the pump is below the water surface in the well the
 
suction head should be recorded as a negative number. See
 
Figure 5.3.1. and the discussion on head measurements on
 
page 5 - 33.
 

Discharge head
 

Record the reading (meters) of the pressure gauge at the pump
 
discharge Hdis once during each ten ainute period.
 

Note: 	Not all pressure gauges read in meters. Other
 
possibilities are bar, At (atmosphere), psi (pound per
 
square inch) and kPa (kiloPascal). The following
 
conversion factors should be used:
 

Pressure equivalent head
 
1 bar -> 10 (m]
 
1 at -> 10 [m]
 
1 psi -> 0.69 [m]
 
1 kPa -> 0.1 [m]
 

Temperature (optional)
 

Record the module internal temperature (deg C) beneath the glass
 

cover of one or more solar cell modules at the beginning of each
 

ten minute period. If the temperature of the module cannot be
 

obtained, record the ambient temperature of the air on the
 

outside of the solar panels.
 

Array 	energy output (optional)
 

Record the array electric energy output Eel (Watthours) at the
 
and the end of each ten minute measurement period.
beginning 


Pump Speed (optional)
 

(rpm) 	using a tachometer at the
Measure the pump speed ns 

beginning of each ten minute period.
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Preliminary calculations:
 

LenQth of period T
 

Calculate the exact length of the "ten minute period" T. T
 
simply equals the difference in time (seconds] between the start
 
and the end of the measuring period.
 

Example: 	If the first measurement starts at 8:51:20 and ends at
 
9:01:01, the length of the period T equals 581 seconds
 
(see lines 0 and 1 of Data Sheet 4.3.1.).
 

AveraQe water flow rate
 

Calculate the average water flow rate for each ten minute
 
period:
 

1000 * (Qp,e - QP,b ) s 
(/s]
qPT 	 [l 


T
 

where: QP,b = the integrating flowmeter reading (cubic meters] 
at the beginning of each ten minute period. 

= the integrating flowmeter reading at the end of 
each ten minute period. 

T = the length of the measuring period [s] 
1000 = conversion factor (liters per cubic meter) 

Exml:I 25.8r3
Example: If QP,b = 2556.28 [m ] and Qp,e = 2557.03 Cm3], then 

the average flow rate is qPT = 1.22 [11s] (see lines 7
 

and 8 in 	Data Sheet 4.3.1.).
 

Total effective head
 

Calculate the total effective head H for each ten minute period:
 

Hin + Hdis
H H 	 (m]
 

where: Hin = suction head [m]
 
H = discharge head [m]
 

disi
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Average solar irradiance
 

Calculate the average irradiance P for each ten minute 

period: sol,T 

- 3600 * (Esol,e - Esolb) [W/m 2 ] 

sol,T T 

where: Esol,b the integrating pyranometer2 reading at thebeginning of period T (Wh/m ). 
E ofprothe integrating pyranometer reading at the end 

sol~eof period T
 
T = length of measuring period T (s) 

3600 = conversion factor (seconds per hour) 

Example:Exml:IIf Esol,b = 8660 [Wh/m2 ] and Esol,e = 8825 [Wh/m2], 

the average solar irradiance is:
 

3600 * (8825 - 8660) 2
 

sol,T 597
 

(see lines 14 and 15 in Data Sheet 4.3.1.)
 

4.3.2.4 Discharge head effect (optional)
 

The following day or the next clear day, close a discharge valve
 
such that the discharge flow rate is reduced by about 25-50%.
 
Start the motor and pump as in the preceding paragraph and
 
repeat the measurements.
 

4.3.3. Data Reduction
 

Data reduction will make use of the results of the preliminary

calculations to arrive at estimates of the overall performance

of the solar pump system which can be compared to what would be
 
expected based on the manufacturers information or to earlier or
 
later data.
 

The data reduction will consist of calculations and preparation

of curves based on the experimental measurements and the
 
preliminary calculations.
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Power Input
 

Calculate the average solar power input Pso1 , for each ten
 
minute period using the following equation: i
 

Psoli 
 Psol,T * Aarray [W]
 

where: PSol the average irradiance (W/m2)
 
array the gross solar panel surface area (m2)
 

Example: 	Between 14:21:38 and 14:31:41 the average solar power

input was:
 

Psol,i = 	 901 * 3.4 = 3063.4 [W] 

See lines 17 	and 18 in Data Sheet 4.3.1. The number

3.4 is the array area as given in the top lines of the

data sheet. The result is not recorded.
 

Hydraulic power output
 

For each of the ten minute measurements sets, calculate the
 
hydraulic power output Ph,T using the following equation:
 

Ph,T = 9.81 * qPT * H (watt)
 

where: q 	 = the average flow rate (l/s)
 
= the total effective head (m)
 

9.81 = the acceleration due to gravity.
 

Example: If qPT = 0.96 [1/s] and Hin and Hdis are 3.8 [m] and
 

7.8 [m] respectively, then Ph,T = 109.2 (Watt] (see
 

line 18 of Data Sheet 4.3.1.; result not recorded).
 

Overall system efficiency
 

For each of the 10 minute measurement sets, calculate the
 
overall system efficiency 9tot using the following equation:
 

h-T
= 
qtot 

Psol,i
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where: Ph = Hydraulic power output andSsoli = 	 Average solar power input, both as calculated 
above. 

Example: 	 For the ten minute measurement that started at
 
14:21:38 the results of the previous examples lead to:
 

109.2
 

- 0.036qtot = 
3063.4
 

(see line 	18 of Data Sheet 4.3.1)
 

Water Output Curve
 

For the data taken with all discharge valves fully open, plot
 
the average water flow rate qPT along the vertical axis versus
 
the time of day along the horizontal axis.
 

Electric power output curve (optional)
 

Calculate for each ten minute period the electric power output
 
Pel,sol of the solar array:
 

3600 * (Eele - Eel,b [W)
 

Pel,sol 	 T
 

h Eelb the electric energy meter reading at the
 
beginning of period T (Wh)
 

Eel'e the electric energy meter reading at the end of
 
ele period T
 
T = length of period T (s) 

3600 = conversion factor (seconds per hour) 

Plot the array output power Pelsol along the vertical axis
 

versus the irradiance Psol,T along the horizontal axis.
 

Figure 4.3.1. gives an example of such a graph.
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Array 3S .0 
power 300.0 +
 
output 
 + 

[]2SO0091 + + + 

99S I0'Ss79S 89s 


>Average irradiance [W/m 2 ]
 

Figure 4.3.1. Example of electric power output curve
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4.4. MECHANICAL WIND PUMPS
 

This section covers water pumping systems in which the prime
 
mover is a windmill. The windmill is coupled mechanical]y,
 
generally through a transmission, to the pump, which i,,ay be a
 
reciprocating, rotating screw (Mono), or centrifugal type.
 

4.4.1. Objectives
 

The objective of the Short Te m Tests of windmill direct drive
 
systems is to obtain curves s .owing system water pumping rates,
 
energy inputs and outputs, and efficiencies as a function of
 
ten-minute average windspeeds covering the normal range of
 
windspeeds expected at the site.
 

Additional data will be obtained on the performance of the
 
windmill and of the pump. These include rotor speed
 
characteristics as a function of windspeed and load, and water
 
pumping rate as a function of rotor speed.
 

4.4.2. Test Protocol
 

4.4.2.1 Data collection at the start of the tests
 

Before the short term tests are begun, the data collection
 
described in Chapter 3 should be completed.
 

4.4.2.2 Pretest inspection and preparations:
 

The following inspections should be carried out prior to field
 
tests. The results should be included as comments in narrative
 
form in the logbook, with notations as to which component or
 
part was inspected and the results of the inspection. If a
 
component listed below is not inspected, that fact should be
 
noted. However, unless the system is not in operating order, do
 
not carry out any maintenance at this time based on the pretest
 
inspections.
 

Inspect the windmill rotor, the transmission and the pump
 
assembly visually. Determine the condition of the blades, shaft
 
and bearings, both those used for transmitting power and for
 
yawing. Note changes from the original form or spacing of the
 
blades. Comment on the visible wear of all the moving parts
 
including bearings and transmission gears. Note whether
 
lubrication appears adequate.
 

Observe the windmill during operation. Note whether the rotor
 
turns freely in its bearings and whether it turns easily with
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the changes in the wind di.ction. Note excessive vibration of
 
windmill shaft or transmission, if any, while the rotor is
 
rotating.
 

Listen to the purp during operation. Note if the system does not
 appear to be in satisfactory physical condition (e.g. look for

excessive corrosion, lack of lubrication, lubricant leaks, worn

seals) or if the system performance during operation appears to
 
be clearly unsatisfactory (e.g. very low water flow rate,

excessive leaks, excessive pump vibrations, noises).
 

Inspect system piping and valves visually. With the windpump

furled, open and close all valves. Note valves which do not
 
operate. Note on a sketch the location and severity of leaks in

valves and piping, if any. Also where possible, note the
 
physical condition of the interior surfaces of piping and

valves. Determine whether a build-up of scale or other deposits

has formed that reduces the effective diameter of the pipe or
that causes the interior surface to be extremely rough. Note
 
where the wall thickness has been reduced significantly by

corrosion.
 
Note: Following inspection of the valves, it should be
 

determined that all of the valves leading to and from the
 
pump are set in their open position prior to beginning

the tests.
 

Inspect the storage tank if included in the system. Note any

leak. Clean the sight glass if present.
 

Inspect the water intake. Examine screens if they are accessible
 
and note their condition, i.e. whether they are intact or have

visible holes, whether they are clogged, etc.
 

Install test equipment as described in sections 2.5.1. and

2.5.2.4., and ensure that the equipment is calibrated and
 
functioning properly. 
Enter in the logbook a description of the
 
test equipment used (see section 3.5.4).
 

For bore hole wells, measure the static suction head (vertical

distance fre- the water level in the borehole to the pump inlet

when no water is being pumped and the pump has been off for at
 
least two hours).
 

4.4.2.3 Pumping performance.
 

The pumping performance tests will consist of sets of
 
measurements taken during ten minute time intervals.
 
It is recommended to take the sets of measurements as a
 
continuous series. The measurements then just reduce to
 
recording every 10 minutes the readings of the various
 
instruments. 
Accuracy will greatly improve when the integrating

instruments 
(time, wind speed, flow and stroke/revolution

counter) are read in the same order every time.
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Data Sheet 4.4.1. (column "MEASUREMENTS") gives a lay-out to be
 
used for noting down the results of the measurements and an
 
example as how to fill in the sheet.
 
When the ten minute measurements are consecutive, the end of a
 
measurement coincides with the beginning of the next one (see

lines 0 to 6). Single measurements need two lines in the sheet
 
(see lines 10 and 11). After every interruption a new
 
measurement or block of measurements requires a new "0"-line
 
(see lines 0, 10 and 13).
 

A total of 100 sets of ten minute measurements should be taken
 
over a period of several days. If wind conditions warrant, the
 
sets of measurements should cover periods when the windspeed is
 
high as well as periods when the windspeed is low.
 
If the rotor does not rotate at all during a 10 minute period,
 
that period should be omitted.
 

Engage the rotor and pump early in the morning (just after
 
sunrise) of a day with expected normal windspeed. After the
 
windspeed has become so high that the rotor is turning steadily,

take a series of ten-minute measurements as follows:
 

SET OF TEN-MINUTE MEASUREMENTS:
 

The following constitutes a set of measurements:
 

Time
 

Record the time t (hour, minute, second) of the beginning and
 
end of each ten minute measurements period.
 

Windrun
 

Record the readings (kilometers) of the integrating anemometer
 
(windrun meter) Rw at the beginning and at the end of each ten
 
minute measuring period.
 

Water volume pumped
 

Record the readings (cubic meters) Qp of the integrating flow
 
meter at the beginning and at the end of each ten minute
 
measuring period.
 

Rotor rotations
 

Record the readings (revolutions) of the integrating rotation
 
counter attached to the rotor NR at the beginning and the end
 
of each ten minute measuring period.
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DATA SHEET 4.4.1. Measurements and Calculations Short Term Tests
 
(to be compteted by technician)
 

Location: Date CYY/MH/DD] 

District: Start time [HH:MM:SS] 

Owner : End time : EHH:i9:SS] 

Pressure head H [z Rotor Diameter: [m](no 8 
MEASUREMENTS CALCULATIONS 

(see section 4.4.2.) I (see section 4.4.2. and 4.4.3.)
I , , , . ) , , i , , , I 

No Time Wind Water Rotor Suction DischargelLength of Average FLow Rotational Perform.I 

run meter rotations Head Head I period Wind rate speed factor 

reading I 
t R 0 N orNSS Hin H i i T speed V n or n C .eta 

3 I 
[HH:14:SS] [km] Cm 1 [-3 [ml [m] I[seconds] m/s] t/si (rev/sI [-] 

I 3 

1 Wi tI.S, tJk,.2 V 6S 4-4 J IS t 3. 0. % .51 .1 
12 jl_ 'm147 11.5 SO A 0.3Jk~L 1 4.3 5 3.% 

L 0. 93I 
A,1,1 L38 S.184 

15 8: to. 4 tlt1 '15 &h~4. 11.o L 'In 3.5 6. bSL 
I6a 2 24.58 1~ -3.9q 3.S 64__i .5 0.0851
II I I iI i I I I I I 

Is 
7

8 _ ___ _ _t_ _ __ _ _ _ _ _ _ _ 

11 5.__4 1_ __3_ L._15 3_1_ -0__,U 0 .1oN__981 
1D Ant 2 45-1 61b X x1 
15 in: ii o L . 3i.6---5 U-0 I ho n.0 n. ofI 

112 _____..__ _____ _____ ____,________L___ ___ ______ o______. ___.__I 

SK1813 ,%j 5~a J11.1 _1" 541~. _ ';_I.q __ A.I__3_i_101 I I I I I I 5 I I 0 0 

211 *n 4 eL '.1. &OA 1.43 .21 0-31.. j*.to1 1 .... ,16 
2 *Chnge4 ino 1.mA toe if Sptcbe upsrkert fapia0.1) .ohneit13 

23116: 30-n 166.4 - ON -1L 1 '1-,5I-61 M 5 

Change into Pump strokes If appticable. Change Into pump stroke rate If applicabie.
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PumpD strokes
 

(Only 	as an alternative for rotor rotations; Pump strokes and
 
rotor 	rotations are related by the transmission ratio).

For reciprocating pumps, record the readings (number of strokes)

of the integrating stroke counter Ns at the beginning and the
 
end of each ten minute measuring period.
 

Suction head
 

Record the reading (meters) of the suction head H at the
 
beginning of each ten minute period. in
 

Note: 	If the pump is below the water surface in the well the
 
suction head should be recorded as a negative number. See
 
Figure 5.4.1. and t;,e discussion on head measurements on
 
page 5 -	49.
 

Dsc arcie head
 

Record the reading (meters) of the pressure gauge at the
 
pump 	discharge Hdis at the beginning of each ten minute period.

During Short Term Tests the discharge head is defined as the
 
head the 	pump "sees", including pipeline friction losses (see

Annex 	2.2).
 

Note: 	Not all pressure gauges read in meters. Other
 
possibilities are bar, At (atmosphere), psi (pound per
 
square iach) and kPa (kiloPascal). The following

conversion factors should be used:
 

Pressure equivalent head
 
1 bar -> 10 (m]

1 at -> 10 (m)
 
1 psi -> 0.69 [m]
 
1 kPa -> 0.1 (M]
 

Preliminary calculations:
 

..
ngth of Period T
 

Calculate the exact length of the "ten minute period" T. T
 
simply equals the difference in time [seconds] between the start
 
and the end of the measuring period.
 

Examyp~: 	If the first measurement starts at 7:30:30 and ends at
 
7:41:25, the length of the period T equals 655 seconds
 
(see lines 0 and 1 of Data Sheet 4.4.1.).
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Average windspeed
 

Calculate the average windspeed for each ten minute period:
 

l000*(
*
 
VT = (Rw'e - Rwb [m/s]
T
 

where: Rw,b 
= the integrating anemometer reading (kilometers)
at the beginning of the measuring period.
 
Rw,e = the integrating anemometer reading at the end of
measuring period.
 

T = the length of measuring period.
 

Exame: If Rw,b = 162.53 (kin] and Rw, e = 164.69 [kin], the 

average windspeed is VT = 3.72 [m/s] (see lines 3 and 4 

in Data Sheet 4.4.1.).
 

Averacte water flow rate
 

Calculate the average water flow rate for each ten minute
 
period:
 

1000 * (QP,e- QP b )
 
qPT T [l/s]
 

T
 

where: QP,b = the integrating flowmeter reading (cubic meters]

at the beginning of each ten minute period.


QP,e = the integrating flowmeter reading at the end of
 
each ten minute period.


T = the length of the measuring period.

1000 = conversion factor (liters per cubic meter)
 

Example: If QP,b = 764.98 [m3 ] and Qp,e 
= 765.20 [m3 ), then the
 

average flow rate is qPT = 
0.35 [l/s] (see lines 10 and
 

11 in Data Sheet 4.4.1.).
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Average rotational rotor speed
 

Calculate the average rotational speed of the windmill rotor for
 
each ten minute period:
 

NR~ - NR 

nRT = Rb [revs/s] 
T 

where: NR,b =the integrating rotation counter reading at thebeginning of the measuring period. 

NRR'e = the integrating rotation counter reading at theend of the measuring period. 

T = the length of the measuring period. 

Example: If NR,b = 6773 (-] and NR,e = 6999 [-], then the 

average rotational speed nRT = 0.39 (rev/s] (see lines 

15 and 16 in Data Sheet 4.4.1.).
 

Averaqe stroke rate (optional)
 

Calculate the average stroke rate nST of the reciprocating pump
 
for each ten minute period:
 

NS~ - Ns
 
nST sb (strokes/s]


T
 

where: N~Fb = the integrating stroke counter reading at the 
beginning of the measuring period. 

= the integrating stroke counter reading at the end 
S,e of the measuring period. 
T = the length of the measuring period. 

Average effective Plunger capacity foptionall
 

Calculate the average effective plunger capacity of the
 
reciprocating pump:
 

PC = [liter/stroke] 
nST 
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4.4.3. Data Reduction,
 

Data reduction will make use of the results of the preliminary
calculations to arrive at estimates of the overall performance
of the windmill system which can be compared to what would be
expected based on the manufacturers information or to earlier
 
or later data.
 
The data reduction will consist of the preparation of the
following curves based on the experimental measurements:
 

Water output Curv
 

For each of the ten minute measurement sets, plot the average
water 
flow rate qPT along the vertical axis versus the average

windspeed VT along the horizontal axis. Figure 4.1. gives an
 
example.
 

Average 0.S0  -'++
flow e.0-+ 
rate .30- 4 + 

}/s] 0.20 - 4I 0.10_1 

0.0 1.0 2.0 3.0 4.i
 

> Windspeed [m/s]
 

Figure 4.1. Example of water output curve
 

Rotor Rotational Speed Curve.
 

For each of the 10 minute measurement sets taken with the rotor
engaged, plot the average rotational speed nRT of the windmill
 



22/10/88
H4P4WIND 4 - 39 


rotor along the vertical axis versus the average windspeed
 
VT along the horizontal axis. Figure 4.2. gives an example.
 

rotor 0.60- .4-.+ 

rotational O.SO -1 
speed 
[rev/s] 

0.40 
0.30- + 
0.20
0.10 
0.00 

0.0 1.0 2.0 3.0 4:0 5.0 

> Windspeed [m/s]
 

Figure 4.2. Example of rotor rotational speed curve
 

Hydraulic power output curve 

For each of the ten minute measurements sets, calculate the 
hydraulic power output Ph from and using the 
following equation: ,T qPT Hin Hdis 

Ph,T = 9.81 * qPT* ( in + Hdis) (watt] 

where: 9.81 = the acceleration due to gravity. 

Example: If qPT = 0.29 (l/s] and Hin and Hdis are 3.6 (m] and
 

31.5 [m] respectively, then P = 99.9 [Watt] (see
h, T
 

line 20 of Data Sheet 4.4.1.; result not recorded).
 

Plot the hydraulic power output Ph T as calculated for each 
ten minute measurement along the ' vertical axis versus the 
average windspeed VT along the horizontal axis. 

(I6
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Power innut
 

For each of the ten minute measurements sets, calculate the
 
power input Pi,T using the following equation:
 

D2
= 0.393 * rhoa * VT3 [watt)
PiT0.3* *VTo
 

where: 0.393 = conversion factor equalling r/8,
 
D = rotor diameter [m],


VT = average windspeed [m/s],

rhoa = density of air, obtained from the table below.
 

Example: If D = 8 (m], VT = 2.91 (m/s] and rho 1.23
a (m3/kg],
 

then Pi,T = 762 (Watt] (see line 20 of Data Sheet
 

4.4.1. ; result not recorded)
 

Altitude above 
 Air density rhoa (kg/m3]

sea level m] 150C 
 250 C 30O0
 

0 1.23 1.18 1.15
 
1000 1.09 
 1.05 1.02
 
2000 0.96 0.93 0.90
 
3000 0.85 
 0.82 0.79
 
4000 0.75 0.72 0.70
 
5000 0.65 0.63 0.61
 

Overall windpump performance factor curve
 

For each of the ten minute measurement sets, calculate the

overall windpump performance factor Cp*eta from the following
 
equation:
 

= 'h,T
Cp.eta 

Pi,T
 

where: P = hydraulic power output,

iT=
p,T power input, both as calculated above.
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Example: If Ph,T = 99.9 (Watt] and Pi,T= 762 (Watt), then 

Cp.eta = 0.13 (see line 20 of Data Sheet 4.4.1.).
 

Plot the windpump performance factor C_.eta for each ten
 
minute measurement set along the vertical axis versus the
 
average windspeed VT along the horizontal axis. Figure 4.3.
 
gives an example. The large scatter in the region with
 
average windspeeds between 1.2 and 2.8 [m/s] is caused by the
 
so-called hysteresis effect; Within this range of windspeeds a
 
running windpump will continue to run and a not-running windpump
 
will not start.
 

0.3S +
Cp.eta 0.30 +4
 

0.20 

0.20 - + 

0.00 * i --0.0 .1.0 2.0 3.0 4.0 s.e
 

> Windspeed (m/s]
 

Figure 4.3. Example of overall windpump performance factor
 
curve. 
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4.5 HAND PUMPS
 

This section covers water pumping systems in which the prime
 
mover is a human operating a one-person hand pump. The pump may

be a reciprocating type, a rotating screw type, or a
 
counterpoise or swing basket system.
 

4.5.1 Objectives
 

The objectives of the short term tests of hand pumps is to
 
obtain performance data showing the distribution of water
 
pumping rates for different types of hand pumps as a function of
 
the age and sex of the pumper and the suction head (drawdown).
 

4.5.2 Test Protocol
 

4.5.2.1 Data collection at the start of the tests
 

Before the short term tests are begun, the data collection
 
described in Chapter 3 should be completed.
 

4.5.2.2 Pretest inspection and preparations
 

The followirg inspections should be carried out prior to field
 
tests. The zesults should be included as comments in narrative
 
form in the logbook, with notations as to which component or
 
part waz inspected and the results of the inspection. If a
 
component listed below is not inspected, that fact should be
 
noted. However, unless the system is not in operating order, do
 
not carry out any maintenance at this time based on the pretest

inspections.
 

Visually inspect the pump assembly. If possible, disassemble the
 
pump assembly and inspect individual parts. Note in the logbook
 
worn or corroded parts: for reciprocating pumps, %ylinder,
 
piston, and packing; for rotating screw pumps, screw and liner;

for counterpoise or swing basket systems, inadequate

counterweight or leaking baskets, etc.
 

Listen to and inspect the pump during normal operation. Note if
 
the system performance during operation appears to be clearly

unsatisfactory (e.g. very high force needed to operate pump,
 
very low water flow rate, excessive leaks, excessive pump noise
 
etc.).
 

Inspect system piping and valves visually. Open and close all
 
valves. Note valves which do not operate. Note on a sketch the
 
location and severity of leaks in valves and piping, if any.

Also where possible, note the physical condition of the interior
 
surfaces of piping and valves, where present. Determine whether
 
a buildup of scale or other deposits has formed that reduces the
 

(\
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effective diameter of the pipe or that causes the interior
 
surface to be extremely rough. Note where the wall thickness has
 
been reduced significantly by corrosion.
 

Note: Following inspection of the valves, it should be
 
determined that all of the valves leading to and from the
 
pump are in their open position prior to the beginning of
 
the tests.
 

Inspect the storage tank if included in the system. Note any
 
leaks. Clean the sight glass if present.
 

Inspect the water intake. Examine screens if they are accessible
 
and note their condition, i.e. whether they are intact or have
 
visible holes, whether they are clogged, etc.
 

Install test equipment as described in section 2.5.1. and ensure
 
that the equipment is calibrated and functioning properly. Enter
 
in the logbook a description of the test equipment used (see
 
Section 3.5.5).
 

For borehole wells, measure the static suction head (vertical
 
distance from the water level in the borehole to the pump inlet
 
when no water is being pumped and the pump has been off for at
 
least two hours).
 

4.5.2.3 Normal Pumping Test
 

With the cooperation of the normal users of the pump, observe
 
and record the pump use characteristics over a period of 24
 
hours. All individuals using the pump should use the containers
 
they normal]- use, and should be encouraged to fill them only to
 
the amount :.,.t they normally do.
 

Data Sheet 4.5.1. gives a lay-out to be used for noting down the
 
information required and an example as how to fill in the sheet.
 
During a measuring period the following information about
 
persons using the pump is to be recorded:
 

PumpinQ time, water volume pumped and characterization of users
 

For each usage proceed as follows:
 
1. By means of the stop-watch measure the time Tp a person needs
 

to fill her/his tin or bucket.
 
2. By means of the calibrated container measure the volume of
 

the water pumped QPP by each user.
 
3. Determine her/his sex and age. In many cases it is not
 

117)
necessary to ask after the age; the class (7-11, 12-17, 

can be determined by guessing.
 

Put the results in Data Sheet 4.5.1.; Sex and age are recorded
 
by noting down the pumping time and the water volume pumped in
 
the applicable column. Put the pumping time in seconds before
 
the semi-colon and the water volume pumped in liters behind it.
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DATA SHEET 4.5.1. Measurements and Calculations Short Term Tests
 
(to be compteted by technician) 

Location: Date : [YY,MM,D] 
District: Begin time: [HH,NM]
 
owner : End time :CHHIM]

I-

Discharge head 	Hdis :I CmI
 

Pumping time T is]; Water votume pumped per user a It) SuctionlNumber IAveragel Avelage
I of ringl 

No Time female mate IstrokesI rate Ipt. cap.
 

head I 	 Ipum effectivel 

t 7 Hin I 'SPT PC
I 7-11 12-17 17 7-11 12-17 17 s I T 

HH;MM Is];Ct]is];t] [s];[I] Cs];It] Cs];lt] Is];I] [m] I [' I it/s] I(C/stroke] 
2I 	 I I o 0 

3 I.16SIS o.5o4 ;;;/ - '_,;; 	 -. ,80_ 4a 0.24 0 
5 	 _ _ ' _, _ ' _ - i-.;1no_ 31 0,.2 n 48 

6 .I ;I.
 
7 D - - ---- , _ .nn;---- .n o6
 

9 ; _ ; ; 	 2 VA 0-1 0.48 

Ill - 2A 10 -11 	 . 6304 

Io "I ;m - ' -,; _ '_,, -.%.L.. l _ _O Z o 
4L, o, z o

•o114 - -; . , 

115 - -;;I0 35 - 0-54 

16 -; 	 -Lh 46..1 15MiL 1. 	0 
117 80t;/1% 1.6o -2;L -QU ,,S 
19 ;% ; IA 0.;16 
20;; 	 ;,
 

Example: 	On line 13 in Data Sheet 5.5.1. it can be seen that a
 
woman older than 17 years pumped 17 liters of water.
 
It costs her 80 seconds to fill her container.
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Number of strokes
 

For reciprocating hand pumps or swinging baskets, count and
 
record the number of strokes NS for each usage.
 

Suction head
 

Every hour during the day, men,sure and record the time (hours,
 
minutes) and the suction head Hin (meters).
 

Note: 	If the pump is below the water surface in the well the
 
suction head should be recorded as a negative number. See
 
Figure 5.5.1. and the discussion on head measurements on
 
page 5 - 63.
 

Discharge head
 

Measure the discharge head at the beginning of the day. For
 
handpumps it can be considered constant. Record its value in
 
the heading of Data Sheet 4.5.1. It is the vertical distance
 
between the pump body and the wate: outlet level. See also the
 
note under suction head.
 

Preliminary Calculations:
 

Average pumping rate
 

Calculate the average pumping rate qpT for each pumper:
 

qPT 	 [1/s] 
Tp
 

where: Q = the water volume pumped by the user in [1] 

T = the pumping time in [s] 

Examle: The 16th user pumped 21 1 water in 75 seconds. As a
 
result his average pumping rate is:
 

21
 
qpT - = 0.28 [i/s] 

75 

AM
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Average effective plunger capacity
 

Calculate the average effective plunger capacity PC (only for
 
reciprocating pumps):
 

PC = (1/stroke]
 
NS
 

where: 	 QPP = the volume of water pumped by the user in (1]
 

NS ? the 	number of strokes of the pump handle 

Example: 	The first user pumped 9 liters of water in 26 strokes.
 
According to the formula the average effective plunger
 
capacity is:
 

9 
CP = = 0.35 [1/stroke] 

26 

This low 	value (when compared with the other results in
 
Data Sheet 4.5.1. could be explained by the fact that a
 
little girl is not able to use the full stroke length
 
of the handpump.
 

4.5.2.4 Continuous Pumping Test
 

Arrange for the participation of a representative group of local
 
water pumpers. The group should consist of 5-15 individuals.
 
Each participant should use the same water container that they
 
normally 	use and pump the same quantity of water as they
 
normally remove. The water pumped during this test can be stored
 
for later use.
 

The users should be asked to operate the pump one at a time in
 
the same 	sequence such that the pump is being continuously
 
operated. This should continue for a total time period of
 
between one and two hours during which a set of measurements
 
should be taken as described below.
 

The above sequence should be repeated on the next day.
 

Also for these tests a data sheet with a lay out as given in
 
Data Sheet 4.5.1. can be used.
 

The following constitutes a set of measurements:
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Time
 

Record the time (hour, minute) of the beginning tb and end te of
 
this continuous pumping test. Put the results in the
 
heading of Data Sheet 4.5.1. (right hand side).
 

Water 	volume pumped and characterization of users
 

For each usage proceed as follows:
 
1. By means of the calibrated container measure the volume of
 

the water pumped Qpp by each user.
 
2. Determine her/his sex and age. In many cases it is not
 

necessary to ask after the age; the -lass (7-11, 12-17, ,,17)
 
can be determined by guessing.
 

Put the results in Data Sheet 4.5.1.; Sex and age are recorded
 
by noting down the water volume pumped in the applicable column.
 
Leave the space for the pumping time (as used in the previous
 
test) open and put the water volume pumped in liters behind the
 
semi-colon.
 

Alternatively, if two larger containers (as described in section
 
2.5.1., sub water volume pumped, sub b. page 2 - 9) are
 
available, the total volume pumped should be measured directly:
 
Count the number of large containers that can be filled by the
 
tins, buck-ts, etc. of the pumpers during the measuring period.
 

Number of strokes
 

For reciprocating hand pumps or swinging baskets, count and
 
record the number of strokes NS for each usage.
 

Suction head
 

Measure and record the suction head H (metets) regularly. In
 
many cases it is not necessary to mealfre at the beginning of
 
each usage. For wells of sufficient capacity tha results will
 
vary only slightly (see Data Sheet 4.5.1.). Measurements should
 
be performed that often that differences between subsequent
 
measurements are smaller than 10%.
 

Vote: 	If the pump is below the water surface in the well the
 
suction head should be recorded as a negative number. See
 
Figure 5.5.1. and the discussion on head measurements on
 
page 5 - 63.
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Dis.harqe head
 

Determine the discharge head H s . For hand pumps it can be
 
considered constant. Record iqlvalue in the heading of Data
 
Sheet 5.5.1. It is the vertical distance between the pump body
 
and the water outlet level. See also the note under suction
 
head.
 

Preliminary calculations:
 

Lenath of test period T
 

Calculate the length of the test period T. T simply equals the
 
difference in time between tha start and the end of the test
 
period.
 

Average pumping ratt, durinQ test period
 

Calculate the average pumping rate during the test period qT
 

SUMIQpp

q PT = CQIP[)./s] 

T
 

where:
 
SUM(QPp) = the sum of the water volume pumped by all users
 

during the test in El]
 
T = the length of the test period T in seconds
 

4.5.3 Data Reduction
 

Data reduction will make use of the results of the preliminary
 
calculations to arrive at estimates of the overall performance
 
of the hand pump system which can be compared to what would be
 
expected based on the manufacturers information or to earlier or
 
later data.
 

The data reduction will consist of calculations and preparation
 
of curves based on the experimental measurements and the
 
preliminary calculations.
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Water Pumv UsaQe Distribution
 

For the data taken during the Normal Pumping Test, prepare

diagrams of pump usage. These will consist of plots of time
 
intervals (one half hour per interval) along the horizontal axis
 
and the number of pumpers using the pump during each time
 
interval along the vertical axis.
 

Normal Pumping Rate Distribution
 

For the data taken during the Normal Pumpirg Test, prepare
 
diagrams of pumping rates. These will consist of plots of
 
pumping rate intervals along the horizontal axis and the number
 
of measurements of pumping rate which fell within that range

along the vertical axis.
 

Note: The pumping rate intervals should be selected such that
 
the full range of pumping rates observed is divided up
 
into 5-10 intervals.)
 

Separate diagrams should be prepared for male pumpers, for
 
female pumpers and for each age category.
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4.6 ANIMAL TRACTION PUMPS
 

This section covers water pumping systems in which the prime
 
mover is one or more animals operating a pump. The pump may be
 
a reciprocating or rotating screw type.
 

4.6.1 Objectives
 

The objectives of the short term tests of animal traction pumps
 
is to obtain performance data showing the distribution of normal
 
water pumping rates as a function of the characteristics of the
 
animals used and of -%hedrawdown.
 

4.6.2 Test Protocol
 

4.6.2.1 Data collection at the start of the tests
 

Before the short term tests are begun, the data collection
 
described in Chapter 3 should be completed.
 

4.6.2.2 Pretest inspection and preparations
 

The following inspections should be carried out prior to field
 
tests. The resLlts should be included as comments in narrative
 
form in the logbook, with notations as to which component or
 
part was inspected and the results of the inspection. If a
 
component listed below is not inspected, that fact should be
 
noted. However, unless the system is not in operating order, do
 
not carry out any maintenance at this time based on the pretest
 
inspections.
 

Visually inspect the pump assembly. If possible, disassemble
 
the pump assembly and inspect individual parts. Note in the
 
logbook worn or corroded parts: for reciprocating pumps,
 
cylinder, piston, and packing; for rotating screw pumps, screw
 
and liner etc. Listen to and inspect the pump during normal
 
operation. Note if the system performance during operation
 
appears to be clearly unsatisfactory (e.g. very high force
 
needed to operate pump, very low water flow rate, excessive
 
leaks, excessive pump noise etc.).
 

Inspect system piping and valves visually. Open and close all
 
valves. Note valves which do not operate. Note on a sketch the
 
location and severity of leaks in valves and piping, if any.
 
Also where possible, note the physical condition of the interior
 
surfaces of piping and valves, where present. Determine whether
 
a buildup of scale or other deposits has formed that reduces the
 
effective diameter of the pipe or that causes the interior
 
surface to be extremely rough. Note where the wall thickness has
 
been reduced significantly by corrosion.
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Note: 	 Following inspection of the valves, it should be
 
determined that all of the valves leading to and from the
 
pump are in their open position prior to the beginning of
 
the tests.
 

Inspect the storage tank if included in the system. Note any
 
leaks. Clean the sight glass if present.
 

Inspect the wuter intake. Examine screens if they are accessible
 
and note their condition, i.e. whether they are intact or have
 
visible holes, whether they are clogged, etc.
 

Install test. equipment as described in section 2.5.1. and
 
ensure that the equipment is calibrated and functioning
 
properly. Enter in the logbook a description of the test
 
equipment used (see Section 3.5.6).
 

For borehole wells, measure the static suction head (vertical
 
distance from the water level in the borehole to the pump inlet
 
when no water is being pumped and the pump has been off for at
 
least two hours).
 

4.6.2.3 Performance tests
 

Arrange for the use over a period of one to two days of two or
 
more representative teams of draft animals normally used for
 
water pumping. If there is more than one species that is used
 
for water pumping at the site, attempt to assemble teams of each
 
type. 	Each team of animals used should be only of one type.
 
Record 	in the logbook the number and type of animals which
 
comprise each team.
 

Inspect the animals just prior to use to be sure that they can
 
perform the water pumping normally expected of them. Be sure
 
that the animals have been fed and watered properly and at their
 
usual times and that they are rested.
 

If there are valves downstream of the pump discharge, they
 
should 	be fully opened. If there is a storage tank as part of
 
the system, the level of water should be as low as possible.
 

Assemble and attach a team of animals to the pump assembly and
 
initiate pumping. The animals should walk at their normal speed
 
and should continue for the same period as their normal shift or
 
until their speed noticeably decreases. Take during this period
 
a set of measurements as indicated below. Repeat the test with
 
the additional teams as available. Repeat the same tests on a
 
second day.
 

Data Sheet 4.6.1. gives a lay-out to be used for noting down the
 
information required and an example as how to fill in the sheet.
 
For each team (or shift or period) two lines are available
 
marked by B(egin) and E(nd).
 

t 
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DATA SHEET 4.6.1. Measurements and Calculations Short Term Tests
 
(to be completed by technician)
 

Location: Date : _ _ YY,MM,DO] I 
District: Begin time _ _ [HHHM] 
Owner :_End time : _ HH,1]I

I I
 
Discharge head Hdis . [m 
 I
d- -'
 

No Time Water Suction Kind, n.'iber Nuber Length Water Average 
meter Head & cordition of of the flow volume 
reading of animals revolutions shift rate pWmped 

t 0p Hin 
S 

NR
i 

T T per rev.I 
PC 

[HH,;4M] Cm ( m] xxn,qq] C-) [HH;M4MJ Ct/a) (I/rev) I 
I I 
I 

I 
flZ 

I 
L 

I I 
J1L 

I 
IIIIIIl 

I } I 
illlllllllllll 

Type of break: rper'/ change of animals/ _ 

E 1 

Type of break: Zaet/ change of animals/_ I
 
- I 

B 11 . 01 15t - III!111111111111A 
E J2v3L J30. -1._ __, 1 q 

Type of break: rest / ch..-erh If
 

B VA-%I 00. -_%._ i111111111111111111 
E Iq :45 -__L_ I_A 141 

Type of break: rest / -- /I I
 
I, I
 

E 11-.4 143 -1-6 4-.2) NO-L
 
Type of break: xoot / change of animals/ _ 

I , _____ - _______ _____ IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 
E - ",) -

Type of break: rest / change of animals/ 

K) -
For kind of animals xx use the following codes: For condition qq use the following codes: 
hh: heavy horse bt: buttock ++ : excellent 
lh: light horse ox: ox +: good 

mu: mute ca: camel +/':medium 
do: donkey bf: buffalo - : poor 
co: cow _ -- :bad 

Choose the relevant alternative
 
I _ 
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BET OF MEASUREMENTS
 

Time 

By means of a watch determine the clock time t (hours, minutes)
 
at the beginning and the end of the pumping period for each team
 
of animals.
 

Water volume pumped
 

Record the readings (cubic meters) Q of the integrating
 
flowmeter at the beginning and at the end of the pumping
 
period for each team of animals.
 

Suction head
 

Record the suction head (meters) Hin at the beginning and at the
 
end of each pumping period.
 

Note: If the pump is below the water surface in the well the
 
suction head should be recorded as a negative number. See
 
Figure 5.6.1. and the discussion on head measurements on
 
page 5 - 74.
 

DischarQe head
 

Determine the discharge head at the beginning of the day. For
 
animal pumps it can be considered constant. Record its value in
 
the heading of Data Sheet 4.6.1. It is the vertical distance
 
between the pump body and the water outlet level. See also the
 
note under suction head.
 

General Description of the Animals
 

Record in the logbook the condition of the animals at the start
 
of the test i.e. do they appear healthy and do they appear
 
rested. If the animals do not appear to be all in the same
 
condition, i.e. some animals appear to have considerably less
 
ability to pull their share than the rest, this should be
 
described in the logbook. In data sheet 4.6.1. this information
 
can be summarized in the column "Kind, number and condition of
 
animals".
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where: Rw = wind run meter reading at the beginning ofw'b period T,
 
RW wind run meter reading at the end of period T,
 

length of observation period in hours,
 

3.6 = conversion factor 3600/1000. 

Example: On 7 February 1987 the wind run meter indicated 35153 

km (Rwb); a week later the reading was 37123 km
 

(Rw,e). Then the formula leads to VT = 3.2 (m/s] (see
 

example in lines 5 and 6 in Data Sheet 5.4.1.).
 

Water volume pumped
 
33
When the flow meter readings Q are registered in m , the water
 

volume pumped over a period T is:
 

=QPT QP,e - QP,b 

where: QP = the reading of the integrating flow meter at theP,b beginning of period T,
 

Qp,e = the reading of the integrating flow meter at the
end of period T.
 

Example: On 21 March 1987 the flow meter at the pump outlet
 

indicated 4184 m3 (QP,b). A week later the reading
 

3
was 4249 m (Qp,e). Application of the formula leads to
 

3
PT = 65 m (see lines 11 and 12 in Data Sheet
 

5.4.1.).
 

Water volume actually used
 

3
When the flow meter readings Q are registered in m , the water
 
volume actually used over a period T is:
 

QUT = QU,e QU,b 3]
 

where: QU b = the reading of the integrating flow meter at the 
beginning of period T, 

QUe = the reading of the integrating flow meter at the 
end of period T. 
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AveraQe volume pumped Per revolution
 

Calculate the average volume pumped per revolution of the
 
pumping team PC (liters):
 

PC 1000 *(QPe - QP,b) (1/rev]
 
NR
 

where: QP,b= the integrating flowmeter reading (cubic meters]
at the begining of the pumping period. 

= the integrating flowmeter reading at the end ofthe pumping period.
 

NR = the number of revolutions made by the pumping
 
team.
 

Example: The second team made 95 revolutions. Then PC becomes:
 

1000 * (1375.9 - 1362.1) 
PC = = 145 (1/rev] 

95 

/
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5. LONG TERM TESTING
 

OBJECTIVES OF LONG TERM TESTING
 

During Long Term Testing three different types of information
 
have to be collected over a longer period of time:
 
1. Performance of the system,
 
2. Reliability of the system,
 
3. Costs of operation and maintenance of the system (recurrent
 

costs).
 

Information on the nerformance of the system is obtained by
 
periodic reading of instrumentsthat measure parameters of
 
interest such as the water volume pumped.
 

Information on the reliability of the system is obtained by
 
carefully recording in the logbook all events and incidents that
 
do not belong to the normal operation of the pumping system.
 

Information on recurrent costs of the system is obtained by
 
punctually keeping an administration of all costs occurring
 
during the period of evaluation of the system.
 

In the following six sections each pumping technique is treated
 
in detail.
 

Please note that the Long Term Test does not focus on sub-system
 
efficiencies; "internal" quantities like the number of pump
 
strokes are not measured. If an indication is wanted on the
 
possible deterioration of components after some years, another
 
Short Term Test may be executed as a diagnostic tool (see
 
Chapter 4 of this Handbook) after a certain period of time.
 

In order not to burden the owner/operator too much, it is
 
recommended that he only collects the information that needs to
 
be collected continuously during the Long Term Test: all
 
information to be gathered at the start of the tests as well as
 
the data handling after the tests should preferably be looked
 
after by professional staff. In section 2.4. a recommended
 
division of tasks is given and commented upon.
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5.1. GRID-CONNECTED ELECTRIC PUMPS
 

5.1.1. The "System" during Long Term Tests
 

During the Long Term Tests the system under observation consists
 
of the following parts:
 
1. Electric motor T Technical system as considered during
 
2. Pump 	 (Short Term Test.
 
3. Storage tank, if any
 
4. Back-up system, if any
 
5. 	Resources: =Manpower
 

=Water
 
=Electricity from grid
 
=Money
 

6. Output : 	=(Useful) water.
 

In most cases a back-up system, if any, consists of a diesel
 
pump or a hand pump. According to the considerations at the end
 
of Section 2.1. it might be subjected to a Long Term Test
 
simultaneously (see Sections 5.2. and 5.5. respectively).
 

5.1.2. Measurements and data collection during Long Term Testb
 

5.1.2.1 Measurements
 

Measurement equipment required and recommendations with respect
 
to its installation have been described in sections 2.5.1. and
 
2.5.2.1.
 

Within the framework of Long Term Testing measurements shall be
 
perfotmed on a 	weekly asis.
 
It is recommended to choose a fixed time in the week (e.g. every
 
Monday morning) to carry out the measurements; by doing so their
 
regular performance is guaranteed and the chance of forgetting
 
measurements is minimied.
 

Data Sheet 5.1.1. (column "MEASUREMENTS") gives a lay-out to be
 
used for noting down the numerical information required and an
 
example as how 	to fill in the sheet. For every measurement one
 
line on the data sheet is available. At the start of the Long
 
Term Test the start reading of the various instruments is
 
recorded on the first line (marked by "0"). When during Long
 
Term Tests a new Data Sheet is opened, the first line is used
 
for copying the last measurement of the previous Data Sheet.
 

The two bottom lines of Data Sheet 5.1.1. are used for average
 
and cumulative values over a longer period of time.
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DATA SHEET 5.1.1. Measurements and Calculations Long Term Tests
 
(to be completed by owner (MEASUREMENTS) and technician (CALCULATIONS)
 

Location: Start Date [YY/MM/OD;NHH) 

District: End Date : [YY/MM/DD;HH] I 
owner : I

I 	 I 
Discharge head H : (.m..T].[n( 	 [m] Pressure head H :._ (ml IHorizontal Distance L :, 

dis P 

MEASUREMENTS (see section 5.1.2.1)
II 

CALCULATIONS (see section 5.1.3) 
I I I 

I 
I 

No Date and time Energy Water Suction Length of Electric Water Hydraulic Overall I 
meter meter Head period energy volume system system I 

t reading reading consumption pumped output efficiencyl 
et aP Hin T Eatl,T 0PT Eh,T '1tot 

I 3 3I 
[YY/MM/DD;HH] (kWh] CmI (m] (hours] [kWh] (m I [kWh] [-1 

0 8 1 1 0 113 ., %1 s~0 , 1 4 1 .8 Z 1 

I -IQr 1tue:j avrg I 6 1 0-1 'k t a.35 I 
I6 ffi is 11 31 11.39 I 

d~ .A 32. 0 
9 W03401% 1 7,82,L6!a I3 110 35,9 '.3)o3 I1. 

I7J .. d.2. 24h~6 1268 1 .3L44L ji0 1..1.4 .35.I 

110 14 13 LL3o 1435 26 4 L6 UA 1 n3±B IJ -L 0 I6 
Il1 11 11 35,4 I L6 31 ±L, a440i 1 51 
12 18:0 t 2I~tn± 46 1 16b J2" __U,9 0.331 

4.00 IM 6v ~ 
3L5 	 kqL 6 

I	113 I111 14 1 0 19LL. .. I1I 110 -38 5Z 1a13....±-A40 2 
115 4,254 31-1810: 1O.3Io Z18. I ID Il411 34,1 ,4UWSi IL"16 I4.Ji2,O4041 I,503 3 
116 A.S:1 ~541-35 14 40 6 )J 0 -341 1" J1.12 IT031 

118 as 4,13 %agi~L.2Li .A16I 238IJ12, -. L,6 13.83 ...o.i3I 

119 it-,I LLI3 IS&B. 3.50 IIaZ3532 1A1 .,n~ 0.34 
20 23,11I"ZLj 2.L13 sjQ. I 0 .11J2 JL3±A- ~ 0331.JL Ik36 

121 I 121.4 3.5 U8i .35,94a 103.8 11. 0.3Th4A5 
122 	 16J9U4J 4.L QO I1 111o I81RL 0 10, 63~A 0. I 

Gooft 	 L.0 14M 0.3323II : I ~ .225I 164L2 	 11.3 

26ainonT5I&a__S i i 6 3541 113, 12. I I 

I HaLf-yearly cumulative values: 1.02.,342. 18hS.o 3.2A~. 4 

I Half-yearly average value: 	 0~.. 
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Date and Time
 

Write Date and Time in the format YY/MM/DD;HH.

E.g. 87/01/03;11 is equivalent to 3 January 1987 at 11 a.m..
 
Recording the time in whole hours is sufficiently accurate for
 
the present purpose.
 

Electric energy consumption
 

For Long Term Tests the integrating electric power meter (kWh
meter) shall be used. Write the results in kWh
 
(kiloWatt-hours).
 

Water volume pumped
 

Measure the volume pumped using the integrating flow meter.
 
Check the flow meter regularly in order to detect malfunctioning
 
e.g. due to contamination as soon as possible (see 2.5.1.).

Care should be taken to record whether and when the flow meter
 
passed its maximum number of digits and started at the zero
 
reading, especially if for any reason readings are taken over
 
longer intervals than prescribed.
 
During Short Term Testing the flow meter was installed at the
 
pump outlet. Do not forget to move it to the storage tank
 
outlet (if any) at the start of the Long Term Tests.
 

Head
 

Suction Head
 
If the level of the water source showed large variations during

the Short Term Tests, the accuracy of the tests may be improved

by taking an additional measurement of the suction head Hin e.g.
 
half-way the measuring period T. Put all values in the
 
logbook and record the average value (in metres [m)) in Data
 
Sheet 5.1.1..
 

Discharge Head
 
In many cases the discharge head Hdis is constant. It is simply

the vertical distance between the pump and the discharge pipe
 
outlet at the toD of the storage tank.
 
If the discharge pipe enters at the bottom of the storage tank,
 
the discharge head should be measured up to the average water
 
level in the tank (e.g. half-way between top and bottom). Write
 
the results in metres [m].
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Figure 5.1.1. Examples of head measurements 
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Pressure Head
 
In most electric pump applications a storage tank functions as a
 
water tower to generate a pressure head as required for the end
 
use system. Then this pressure simply forms 2art of the
 
discharge head from pump level to storage tank water level and
 
must not be measured separately. If alternatively for example
 
an electric pump directly feeds a system requiring a pressure at
 
its intake, e.g. a sprinkler system, the discharge pressure H
 
should be measured at the sprinkler system intake by means of a
 
bourdon type manometer. Write the results in metres [m].
 

In Figure 5.1.1. some examples are given to illustrate the
 
measurement of the different types of head for a number of
 
situations:
 

Case a.
 
A shallow well is equipped with a surface pump and a storage

tank. The suction head Hin is measured from the water level to
 
the centre of the pumpnthe discharge head Hd. from the
 
centre of the pump to the end of the pipe abovedt~e storage
 
tank. In this case there is no pressure head.
 

Case b.
 
A tube well is equipped with a deepwell pump and a storage tank.
 
Because the pump is below the water level, Hin is negative. It
 
should be calculated by the differance between the water level
 
(meters below ground level) and the position of the pump (meters
 
below ground level).
 

Case c.
 
A tube well feeds a storage tank at a long distance L. Note L
 
down in the heading of Data Sheet 5.1.1.. The suction head is
 
calculated as in case b.. Because the pump is situated above
 
the water level, Hin is now positive.
 

Case d.
 
The storage tank is fed through its bottom. Therefore Hdis is
 
measured between pump level and the average water level
 
in the tank.
 

Case e.
 
The pumping system feeds an end use system requiring a pressure.

The corresponding pressure head is measured by means of a
 
manometer at the system boundary.
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5.1.2.2 Additional data collection
 

The logbook should describe in sufficient detail all events
 
occurred e.g. the activities carried out with regard to
 
servicing, maintenance (i.e. preventive action), repair (i.e.
 
corrective action) and overhaul. It should specify the date of
 
the event, the amount of time spent and the costs (distinguish
 
between skilled and unskilled labour, parts, materials,
 
lubricants and transportation). It is recommended to make this
 
description by systematically treating the following issues:
 
-Maintenance
 

=Actions performed (by whoin?). If standard, refer to users
 
manual.
 
=Replaced parts
 
=Lubricants used
 

-Break downs of the system (including shut-downs of the grid)
 
=Description of system failure
 
=When was it discovered?
 
=Who was warned, how?
 
=(Possible) causes
 
=When repair started?
 
=Actions performed (by whom, time spent?)
 
=When was the system ready for operation again?
 

-Operation of the system
 
=Payments of electricity bills
 
=Periods of water shortage, reasons
 

-Water source
 
=Occurrence of abnormal water levels in water source.
 
=Running dry of the well.
 

Data sheet 5.1.2. gives a lay-out and a hpothetical example as
 
how to complete this sheet. It can be used as a summary of all
 
events and simultaneously serve as a table of contents to refer
 
to logbook pages with detailed information. The first lines of
 
Data Sheet 5.1.2. give information on the people contributing to
 
the logbook. The subsequent columns of the data sheet contain
 
the date of the event, the initials of the reporter (it is very
 
important that any person putting down information in the
 
logbook is identified by his initials; he is an iaportant source
 
of additional information when needed), a short description, the
 
time during which the system was out of order (down time), the
 
time spent to maintenance or other activities, the costs and the
 
page number of the logbook where detailed information, if any,
 
is recorded. The example shows how the different kinds of costs
 
can be distinguished by using more lines for a single event.
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DATA SHEET 5.1.2. 	 Chronological survey of all relevant events
 
(to be completed by various people)
 

Initiats I Function Name
I .__I I 	 -

I G~...., ~ I~/oner

I- k I 	 -.-

I kdIn~i+(1Uf'* 

I'm I I 	 I 
II II
 
II II
 

II II
 

Dote Init Description Down Time Costs tcbook 
II I Itime spentl page 
I I Itho'2s]."I (hours) I I..41 1.

I I II 	 I I I ' 

II _ Sl 	 I............_ ...2. ..~
 
I I I P,. e 	 Il 

I 	 I _I 

I 

5.1.3. Data reduction LonQ Term Tests
 

Data analysis should be initiated as soon as possible after data
 
collection to quickly indicate possible problems with either the
 
pumping system or the data collection instruments.
 
Early detection of 	any anomalies in the data will not only lead
 
to more reliable data, but will also eliminate potential
 
problems resulting 	from incorrect installations of equipment or
 
oversights in the design. Also deterioration of performance in
 
time will be detected by doing so.
 

If during the Long Term Tests large deviations from expected
 
values are found, it is recommended to perform (part of) a Short
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Term Test in order to identify possible causes of these
 
deviations.
 

5.1.3.1 Performance
 

The results of reduction of data on system performance are
 
recorded in Data Sheet 5.1.1. in the column indicated by
 
"CALCULATIONS".
 
Two steps of data reduction are performed, both using the same
 
type of calculations and formulas.
 

1. After every measurement cumulative and average values are
 
calculated over the period of time between that measurement
 
and the previous one. The length of the period of
 
observation T equals the time between two successive
 
measurements (about 1 week). The calculations are performed
 
using pairs of two successive measurements. The results are
 
noted down in Data Sheet 5.1.1. behind the corresponding
 
measurements.
 

2. After a certain period of time (half a year, a year),when a
 
data sheet is fully completed, cumulative and average values
 
over that longer period are calculated. Now the length of the
 
period of observation T equals the time between the two
 
measurements at the beginning and at the end of that period.
 
For the calculations the latter two measurements are used.
 
The results are noted down on the two bottom lines of Data
 
Sheet 5.1.1.. and ir Data Sheet 5.1.3. under the heading
 
"P1rformance".
 

LenQth of period T
 

The length of the period of observation T simply equals length
 
of time between two measurements.
 

Example: The first measurement took place on 3 January 1987 at
 
11.00 A.M. (87/01/03;11), the second one on 10 January
 
at 08.00 A.M. (87/01/10;08). The length of the time
 
period T is 7 days minus 3 hours equalling 165 hours
 
(see lines 0 and 1 of Data Sheet 5.1.1.).
 

Electric energy consumption
 

When the electric energy meter readings Eel are registered in
 
kWh, the electric energy consumption EeI,T over the period T
 
simply equals:
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Eel,T = Eel,e - Eel,b (kWh] 

where: Ee = the Electric energy meter reading at theel,b beginning of the period T.
 

E =e the Electric energy meter reading at the end of
el'e period T.
 

Example: 	If Eel,b = 247.677 [kWh] and Eel,e = 283.673 [kWh] then 

the electric energy consumption during period T
 

Eel,T - 35.996 (kWh].
 

See lines 8 and 9 of Data Sheet 5.1.1.
 

Water volume pumped
 

When the flow meter readings Qp are registered in m3 , the water
 
volume pumped over a period T is:
 

[3]

QPT = QP,e - QP,b [
 

where: QP,b = the reading of the integrating flow meter at the 
beginning of period T 

QP,e = the reading of the integrating flow meter at the 
end of period T 

Example: On 21 March 1987 the flow meter at the puy.p outlet
 

3
indicated 1613.4 m (Qp,b' A week later the reading
 

was 1733.4 m3 (Qp,e). Application of the formula
 

leads to QPT = 120 m3 (Lines 11 and 12, Data Sheet)
 

Hydraulic system output
 

The hydraulic system output Eh,T over a period T can be
 

calculated from QPT by:
 

Hb +H e
 
Eh,T = 0.0027 *Q*PT e [kWh]


2
 

where: Hb = total effective head (see Annex 2.2) at the
 
beginning of period T
 

He = total effective head at the end of period T
 
0.0027= conversion factor (9.81/3600).
 

Example: 	During the week from 9 to 16 May 1987 the hydraulic
 
system output was:
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4 + 3.5 
EhT = 0.0027 * 109.6 *( +37) = 12.06 [kWh] 

2 

See lines 18 ai~d 19 of Data Sheet 5.1.1.. (The number
 
37 stands for the discharge head Hdis, see heading of
 
the Data Sheet).
 

Overall system efficiency
 

The overall system efficiency qtot for a period T is obtained
 
by:
 

Eh[T

ntot 
 Eel,T
 

Example: During the period of the previous example Ee,T=
 

35.339 [kWh]. As a result qtot = 12.06/35.339 = 0.34.
 

(Line 19, Data Sheet 5.1.1).
 

Average and cumulative values over a longer period of time
 

The bottom lines of Data Sheet 5.1.1. are used for noting down
 
average and cumulative values over a longer period of time. In
 
the example this period has a length of 26 weeks.
 

The Total length of period T (being 4368 hours in the example)
 
can be obtained by summing all calculated T-values or
 
alternatively by the difference between the first and the last
 
"Date and Time" (lines 0 and 26).
 

For the Total electric energy consumption and the Total water
 
volume pumped the formulas explained in the beginning of this
 
section are applied using the integrating meter readings on line
 
0 and line 26. The result is:
 

Half-yearly electric energy consumption 

903.915 - 0.973 = 902.942 [kWh] 

= - 472.8 = 2845.0 [m3 Half-yearly water volume pumped 3317.8 


The Half-yearly hydraulic energy output is obtained by sunuing
 
all 26 values.
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For the Half-yearly overall system efficiency simply the
 
cumulative values of Eh,T and Eel,T are used:
 

'tot, y = 310.41 / 902.942 = 0.34 

NOTE:
 

The overall system efficiency q_ . relates the hydraulic
 
output of the electric pumping system to the amount of
 

DATA SHEET 5,1.3. Summary for Electric Pumping System
 

(to be completed by technician)
 

[SUMMARY OVER 19
 
Location:
 
District:
 
Owner :
 

Perforrance
 
Yearly electric energy consumption : [kjh]
 
Yearly water volume pumped : I[m]
 

Overall system efficiency : [-3
 

Operation
 
Operating time of the system : [hours]
 
Tot-l time needed for maintenance : [hours]
 
Total time needed for repairs [
(hours]
 
Total down-time :(hours]
 
Number of break-downs : _[-]
 

Mean down time : (hours]
 
Mean time between failures [hours]
 
Availability [-1
 
Other uses of system : [hours)
 
(pls. give details in log or below
 

,= 
Recurrent Costs [
 

operation maintenance repair total
 

Skilled labour
 
Unskilled labour
 
Electricity
 
Materials
 
Parts
 
Transportation
 
Replacements 

±
 

Indicate currency; note details on replacements (types and
 

time), repairs, et,. in the log.
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electric energy consumed. Its value normally is in the range
 
from 0.20 to 0.40. Much lower values might be caused by:
 
- a bad matching of the pump to the pumping head,
 
- losses in the piping system,
 
- a worn pump or worn electric motor.
 

The average and cumulative data over the period of a year (to
 
be calculated as described above) should be put in Data Sheet
 
5.1.3. under the heading "Performance".
 

5.1.3.2 Reliability of the electric pumping system
 

As stated, Data Sheet 5.1.2. shows information on reliability
 
e.g. the number of system failures, their type and duration,
 
repair types and times, maintenance problems, climatological,
 
natural or other phenomena affecting delivery reliability, any
 
inherent design faults, etc.
 
In Dica Sheet 5.1.3. this information will be summarized for a
 
period of a year under the heading "Operation". Some items are
 
already suggested in the sheet.
 

The various total times asked for might require some
 
explanation. Operating time is the time during which tha system
 
was running during the length of period T. It can be estimated
 
by dividing the yearly electric energy consumption by the
 
average power input of the electric motor as measured during
 
Short Term Tests (See Chapter 4.1.1.)
 
Total time needed for maintenance and total time needed for
 
repair equal the number of man hours spent to maintenance and
 
repair respectively.
 
Total down-time is the total time the system was not in
 
operating order due to system failures.
 

The reliability of the system can be expressed by three
 
different indicators, viz. the mean down time (MDT), the mean
 
time between failures (MTBF) and the availability. They are
 
calculated as follows:
 

Total down-time
 
MDT = (hours per break-down]
 

number of break-downs
 

Length of period - Total down-time
 
MTBF = [hours]
 

number of break-downs
 

Length of period - Total down-time 
Availability = [-] 

Length of period 

j \
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These indicators all refer to different aspects of reliability.
 
E.g. if a short MTBF is caused by many break-downs of short
 
duration (due to quick repair service), the MDT is low and the
 
availability of the system is high.
 

In addition, other events could be summarized, for instance
 
those having occurred strikingly often (e.g. pumping dry of the
 
well). Careful consideration of Data Sheet 5.1.2. should result
 
in meaningful summaries of events.
 

5.1.3.3 Recurrent costs
 

The data on recurrent costs collected during the Long Term Test,
 
recorded in Data Sheet 5.1.2. will be summarized in Data Sheet
 
5.1.3. under the heading "Recurrent costs".
 
Details on types and times of repairs will be noted down in the
 
log.
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5.2. FUEL 	ENGINE PUMPS
 

5.2.1. The "System" during Long Term Tests
 

During the Long Term Tests the system under observation consists
 
of the following parts:
 
1. Fuel storage tank
 
2. I.C. engine1 Technical system as considered during
 
3. Transmission 	 (Short Term Test.
 
4. Pump
 
5. Storage tank, if any
 
6. Back-up system, if any
 
7. 	Resources: =Manpower
 

=Water
 
=Fuel
 
=Money
 

8. Output : =(Useful) water.
 

In most cases a back-up system, if any, consists of a hand pump.
 
According to the considerations at the end of Section 2.1. it
 
might be subjected to a Long Term Test simultaneously (see
 
Section 5.5.).
 

5.2.2. Measurements and data collection during Lonci Term Tests
 

5.2.2.1 Measurements
 

Measurement equipment required and recommendations with respect
 
to its installation have been described in sections 2.5.1. and
 
2.5.2.2.
 

Within the framework of Long Term Testing measurements shall be
 
performed on a weekly basis.
 
It is recommended to chose a fix-1 time in the week (e.g. every
 
Monday morning) to carry out the ,teasurements; by doing so their
 
regular performance is guaranteed and the chance of forgetting
 
measurements is minimized.
 

Data Sheet 5.2.1. (column "MEASUREMENTS") gives a lay-out to be
 
used for noting down the numerical information required and an
 
example as how to fill in the sheet. For every measurement one
 
line on the data sheet is available. At the start of the Long
 
Term Test the start reading of the various instruments is
 
recorded on the first line (marked by "0"). When during Long
 
Term Tests a new Data Sheet is opened, the first line is used
 
for copying the last measurement of the previous Data Sheet.
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DATA SHEET 5.2.1. Measurements and Calculations Long Term Tests
 
(to be completed by owner (MEASUREMENTS) and technician (CALCULATIONS)
 

Start Date : [YY/MM/DD;HH] ILocation: 


District: End Date : [YY/MM/DD;HH] I 
Owner
 

I- I
 

Discharge head Hdis : [m] Horizontal Distance L : ImO_ [i]Pressure head : I
I. I 
CALCULATIONS
MEASUREMENTS 


(see section 5.2.2.1) I (see section 5.2.3.) I 

No Date and time Filled Water Suction Length Cumutative Fossil Water HydrauLic overal I
 

UP meter Head of fuel Energy volume energy system
 

t fuel reading period consumption input pumped output efficiencyl
 
I fuel OP Hin T VCfuel Efossil PT Eh,T 9tot
 

I 3 3
 
CYY/I4tDD;HH] II] im I imr] [(hours] It] [kWh] CmI [kWh] C-]

I I 

1 J;0i, 1 .. A1.S &I a...1 3. 8 54.6 I .o3 Itj,
 
1 & -JJU 04 It J11
1 2 Ji A1 f-L 12 ~ 5 A- 8, 1 Is01 

13 4 1 SL IL iaL31 I' I,4 I. 1 I 

4 il-s .S" JL~ -1 1 11b 'A 8 ii. 33 dL 114 0.10 1 

Art 11 tu51:. 166 1- -;,06 1 Aluo .IL& 11-,o I 

I
58.8. 0.toI

I0 Nelk II-OL 14!M. 23l05 
+ 
Ile iM jI&.6 111 

1 :11 JL1li.3kj' 4a2. IL It 0. ZZ 115, 114.4 115 ,1 

13 Of II46 .o 1- - 1. Z 0
 
13 11:1~Z tn 4,5a 1 i.L 14l o L J S,45~ . i
134.8 


16 %1,~a ~ l0 .1 S12 02-A5i 
1,3,L2~Illy& M~ J1B.5 I1 AAI JA 


17 14.jj 23laf 4,oo iJA 1" .~ 1441E 


is J1 ~ w 

hn 4I M 189.1 J I,1 
118 05:1 241 4.0 161 159A LU, iMAf n-5 0-65 

19I-i .(..1., L o 1 

120 13:11 ~~ 1 5o 1 110 22,1.4 121. II~ 17', -0,10I 
121 3*It 10,11 11ZLit I -L '431.1 f1l~ IDA 11s 6.1
 
22 11iijn.i4 10..13 2LfiU L4 I JIL '~L,1 iL.1 _a" lei. L3 6,0 I
 
23 ... 1:.....Ih 11J-45 I& - 4. ..16 L 253,~ 1$Q. LA.j 11,18. m~a I 


1.- 2O21514 3 0 I124 J~11 S L0 1JL4 ~111.4 101.0 11.15 1 

22 3.3 .11.8 I-qL% 0.051I
 

1 26Jm_- I 5 8 12,U 1L-6 1," 17,. 0.11 I

25 37A4 Iu 161 111, ALL 

I I I!I - 1 111i I 
IHat-yearly cumuslative values: 14-Lig 2j8L.ib '31'41.'41' 1 4.O 110.41 

I ~Haif-yearly average value:0.g 

http:11iijn.i4
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The two bottom lines of Data Sheet 5.2.1. are used for average
 
and cumulative values over a longer period of time.
 

Date and Time
 

Write Date nnd Time in the format YY/MM/DD;HH.
 
E.g. 88/09'08;16 is equivalent to 8 September 1988 at 4 p.m..
 
Recording trye time in whole hours is sufficiently accurate for
 
the present purpose.
 

Fuel consumption
 

Measurement of fuel consumption is done by means of a measuring
 
jug. Fill the fuel tank of the engine up.to a level well
 
determined by a mark at the start of the Long Term Tests. The
 
amount of fuel consumed in a certain period is determined by
 
measuring the amount of fuel required to top up the tank to the
 
mark.
 
Do not forqet to include the fuel filled up in between two
 
measurements!
 
The latter pitfall can be by-passed by using a fuel tank with a
 
capacity larger than the maximum weekly consumption.
 
Write the results of the measucements in litres (1].
 

Water volume pumped
 

Measure the volume pumped using the integrating flow meter.
 
Check the flow meter regularly in order to detect malfunctioning
 
e.g. due to contamination as soon as possible (see 2.5.1.).
 
Care should be taken to record whether and when the flow meter
 
passed its maximum number of digits and started at the zero
 
reading, especially if for any reason readings are taken over
 
longer intervals than prescribed.
 
During Short Term Testing the flow meter was installed at the
 
pump outlet. Do not forget to move it to the storaqe tank
 
outlet (if any) at the start of the Long Term Tests.
 

Head
 

Suction Head
 
If the level of the water source showed large variations during
 
the Short Term Tests, the accuracy of the tests may be improved
 
by taking an additional measurement of the suction head H. e.g.
 
half-way the measuring period T. Put all values in the lbook
 



H5P2COMB 
 5 - 18 22/10/88 

and record the average value (in metres [m]) in Data Sheet
 
5.2.1..
 

Discharge Head
 
In many cases the discharge head H is constant. It is simply

the vertical distance between the O Rp and the discharge pipe

outlet at the too of the storage tank.
 
If the discharge pipe enters at the bottom of the storage tank,

the discharge head should be measured up to the average water
 
level in the tank (e.g. half-way between top and bottom). Write
 
the results in metres [m].
 

Pressure Head
 
In most fuel engine pump applications a storage tank functions
 
as a water tower to generate a pressure head as required for the
 
end use system. Then this pressure simply forms part of the
 
discharge head from pump level to storage tank water level and
 
must not be measured separately. If alternatively for example a
 
diesel pump directly feeds a system requiring a pressure at its
 
intake, e.g. a sprinkler system, the discharge pressure H
 
should be measured at the sprinkler system intake by meanspof a
 
bourdon type manometer. write the results in metres [m].
 

In Figure 5.2.1. some examples are given to illustrate the
 
measurement of the different types of head for a number of
 
situations:
 

Case a.
 
A shallow well is equipped with a surface pump and a storage

tank. The suction head H. is measured from the water level to
 
the centre of the pump, the discharge head Hdis from the
 
centre of the pump to the end of the pipe above the storage

tank. In this case there is no pressure head.
 

Case b.
 
A tube well is equipped with a deepwell pump and a storage tank.
 
Because the pump is below the water level, H. is negative. It
 
should be calculated by the difference betwedR the water level
 
(meters below ground level) and the position of the pump (meters

below ground level).
 

Case c.
 
A tube well feeds a storage tank at a long distance L. Note L
 
down in the heading of Data Sheet 5.2.1.. The suction head is
 
calculated as in case b.. Because the pump is situated above
 
the water level, Hin is now positive.
 

Case d.
 
The storage tank is fed through its bottom. Therefore Hdis is
 measured between pump level and the average water level
 
in the tank.
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Figure 5.2.1. Examples of head measurements
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Case e.
 
The pumping system feeds an end use system requiring a pressure.
 
The corresponding pressure head is measured by means of a
 
manometer at the system boundary.
 

5.2.2.2 Additional data collection
 

The logbook should describe in sufficient detail all events
 
occurred e.g. the activities carried out with regard to
 
servicing, maintenance (i.e. preventive action), repair (i.e.
 
corrective action) and overhaul. It should specify the date of
 
the event, the amount of time spent and the costs (distinguish
 
between skilled and unskilled labour, parts, materials,
 
lubricants and transportation). It is recommended to make this
 
description by systematically treating the following issues:
 
-Maintenance
 

=Actions performed (by whom?). If standard, refer to users
 
manual.
 
=Replaced parts
 
=Lubricants used
 

-Break downs of the system (including fuel shortages, if any)
 
=Description of system failure
 
=When was it discovered?
 
=Who was warned, how?
 
=(Possible) causes
 
=When repair started?
 
=Actions performed (by whom, time spent?)

=When was the system ready for operation again?
 

-Operation of the system
 
=Payments fuel
 
=Periods of water shortage, reasons
 

-Water source
 
=Occurrence of abnormal water levels in water source.
 
=Running dry of the well.
 

Data sheet 5.2.2. gives a lay-out and a hypothetical example as
 
how to complete this sheet. It can be used as a summary of all
 
events and simultaneously serve as a table of contents to refer
 
to logbook pages with detailed information. The first lines of
 
Data Sheet 5.2.2. give information on the people contributing to
 
the logbook. The subsequent columns of the data sheet contain
 
the date of the event, the initials of the reporter (it is very
 
important that any person putting down information in the
 
logbook is identified by his initials; he is an important source
 
of additional information when needed), a short description, the
 
time during which the system was out of order (down time), the
 
time spent to maintenance or other activities, the costs and the
 
page number of the logbook where detailed inforration, if any,
 
is recorded. The example shows how the different kinds of costs
 
can be distinguished by us3ng more lines for a single event.
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DATA SHEET 5.2.2. Chronological survey of all relevant events
 
(to be completed by various people)
 

iInitlals Function Name 

II I ~~Aeje. 7 
YI II 

I I I I 

Date Init Description Don Tim costs logbookt 
e
IspntmI pag

I(hours] I(hours)
I_____I_____I I O I I I _ I 

le 1--1 

5.2.3. Data reduction LonD Term Tests
 

Data analysis should be initiated as soon as possible after data
 
collection to quickly indicate possible problems with either the

pumping system or the data collection instruments.
 

Early detection of any anomalies in the data will not only lead
 
to more reliable data, but will also eliminate potential
 
problems resulting from incorrect installations of equipment or
oversights in the design. Also deterioration of performance in
 

time will be detected by doing so.
 

If during the Long Term Tests large deviations from expected
 
values are fmnd; it-- in renmmP~nr1 to pe-rform (part of) a Short 
Term Test in order to identify possible causes of these
 
deviations.
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5.2.3.1 Performance
 

The results of reduction of data on system performance are
 
recorded in Data Sheet 5.2.1. in the column indicated by

"CALCULATIONS".
 
Two steps of data reduction are performed, both using the same
 
type of calculations and formulas.
 

1. After every measurement cumulative and average values are
 
calculated over the period of time between that measurement
 
and the previous one. The length of the period of
 
observation T equals the time between two successive
 
measurements (about 1 week). The calculations are performed

using pairs of two successive measurements. The results are
 
noted down in Data sheet 5.2.1. behind the corresponding
 
measurements.
 

2. After a certain period of time (half a year, a year), when a
 
data sheet is fully completed, cumulative and average values
 
over that longer period are calculated. Now the length of the
 
period of observation T equals the time between the two
 

measurements at the beginning and at the end of that period.

For the calculations the latter two measurements are used.
 
The results are noted down on the two bottom lines of Data
 
Sheet 5.2.1. and in Data Sheet 5.2.3. under the heading
 
"Performance".
 

Lencrth of period T
 

The length of the period of observation T simply equals length

of time between two measurements.
 

Example: 	The first measurement took place on 3 January 1987 at
 
11.00 A.M. (87/01/03;11), the second one on 10 January
 
at 08.00 A.M. (87/01/10;08). The length of the time
 
period T is 7 days minus 3 hours equalling 165 hours
 
(see lines 0 and 1 of Data Sheet 5.2.1.).
 

Cumulative Fuel consumption
 

After a new measurement has been performed, the new value of the
 
cumulative fuel consumption is obtained by adding the filled up

fuel to the previous value of the cumulative fuel consumption:
 

VCfuel,new = VCfuel,previous + Vfuel [I]
 

Example: 	On February 7th, 1987 the cumulative fuel consumption 
VCfuelprevious = 45.66 1. The amount of fuel used 
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from February 7th to 14th Vfuel = 11.5 1. According to 

the formula the cumulative fuel consumption on February 

14th VCfuel new = 45.66 + 11.5 = 57.16 1. (see lines 5 

and 6 of Data Sheet 5.2.1.). 

Water volume pumped
 

3
When the flow meter readings Q are registered in m , the water
 
volume pumped over a period T Ys:
 

=
QPT QP,e - QP,b Em3]
 

where: QP,b = the reading of the integrating flow meter at the 
beginning of period T 

QP,e = the reading of the integrating flow meter at the 
end of period T 

Example: 	On 21 March 1987 the flow meter at the pump outlet
 

indicated 1613.4 m3 (QP,b). A week later the reading
 

was 1733.4 m3 (Qp,e). Application of the formula
 

leads to QPT = 120 m3 (see lines 11 and 12 in Data
 

Sheet 5.2.1.).
 

Hydraulic system output
 

The hydraulic system output Eh,T over a period T can be
 
calculated from QPT by:
 

Hb + He 
EhT 0.00 2 7 * QPT * 2 [kWh] 

where: Hb = total effective head (see Annex 2.2) at the
 
beginning of period T
 

H = total effective head at the end of period T
 
0.00 27 e = conversion factor (9.81/3600).
 

Example: 	During the week from 9 to 16 May 1987 the hydraulic
 
system output was:
 

4 + 3.5 
EhT = 0.0027 * 109.6 * ( +27+10) = 12.06 [kWh] 

2 

p
 



H5P2COMB 	 5 - 24 22/10/88
 

See lines 18 and 19 of Data Sheet 5.2.1.. (The number
 

27 stands for the discharge head Hdis, the number 10
 

stands for the equivalent head for horizontal
 

transport Hhor, see heading of the Data Sheet and Annex
 

2.2).
 

Fossil energy input to the system
 

The fossil energy input to the system is calculated by:
 

Efossil fuel *B [kWh] 

where: B = the caloric value of the fuel in [kWh/l) 

The caloric values of various fuels are as follows: 

Type of fuel 	 Nett Caloric Value
 
B [kWh/l]
 

Diesel oil / gasoil 11
 
Petrol / gasoline 9
 
Kerosene / parrafin 10
 

Example: 	From March 14th to 21st the fuel consumption
 

Vfuel = 11.37 1. Assuming for the example that the
 

fuel is diesel oil gives B = 11 kWh/l. Then the fossil
 

energy input Efossil = 11.37 * 11 = 125.07 kWh. (see
 

line 11 of Data Sheet 5.2.1.)
 

Overall 	system efficiency
 

The overall system efficiency qtot for a period T is obtained 
by: 

= EhfT 
E fossi tot 
 Efossil
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Example: During the period of the previous example Efossil
 

125.07 [kWh]. As a result qtot = 12.51/125.07 = 0.10.
 

See line 11 of Data Sheet 5.2.1.
 

Average and cumulative values over a longer period of time
 

The bottom lines of Data Sheet 5.2.1. are used for noting down
 
average and cumulative values over a longer period of time. In
 
the example this period has a length of 26 weeks.
 

The Total length of period T (being 4368 hours in the example)
 
can be obtained by summing all calculated T-values or
 
alternatively by the difference between the first and the last
 
"Date and Time" (lines 0 and 26).
 

For the Cumulative fuel consumption, simply the calculated
 
result from line 26 can be copied: 286.133 1.
 

The Cumulative fossil energy input can be calculated by
 
multiplying the Cumulative fuel consumption by the caloric value
 
of the fuel:
 

Half-yearly fossil energy input = 286.133 * 11 = 3147.47 kWh.
 

For the Total water volume pumped the formulas explained in the
 
beginning of this section are applied using the integrating
 
meter readings on line 0 and line 26. The result is:
 

Half-yearly water volume pumped = 3317.8 - 472.8 = 2845.0 [m3
 

The Half-yearly hydraulic energy output is obtained by summing
 
all 26 values: 10.03 + 9.15 + 10.64 + ... + 12.42 = 310.41 kWh.
 

For the Half-yearly overall system efficiency simply the
 
cumulative values of Eh,T and Efossil are used:
 

qtot, y = 310.41 / 3147.47 = 0.10
 

NOTE:
 

The overall system efficiency nq4 relates the hydraulic
 
output of the fuel engine system°umping system to the
 
amount of fuel consumed. Its value normally is in the range
 
from 0.05 to 0.15. Much lower values might be caused by:
 
- bad adjustment of the engine,
 
- a worn pump.
 

http:12.51/125.07
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The average and cumulative data over the period of a year (to

be calculated as described above) should be put in Data Sheet
 
5.2.3. under the heading "Performance".
 

DATA SHEET 5.2.3. Summary of information of ICE Pumping System
 

(to be completed by technician)
 

SUMMARY OTER 19
 

Location:
 
District:
 
Owner 
 :
 

Performance
 
Yearly fuel consumption 

Yearly water volume pumped 

Overall system efficiency 


Operation
 
Operating time of the system 

Total time needed for maintenance 

Total time needed for repairs 

Total down-time 

Number of break-downs 

Mean down time 

Mean time between failures 

Availability 

Other uses of system 

(pls.give details in log or below)
 

[ii 
:m] 
:-]
 

(
(hours]
 
:_[hours]
 
: [hours]
 
:_ [hours]
 

_ _[-] 

:(hours]
 
:_[hours]
 

:_ [-]
 
:[hours]
 

,
 

Recurrent Costs [
 

Skilled labour
 
Unskilled labour
 
Fuel and lubricants
 
Materials
 
Parts
 
Transportation
 
Replacements
 

operation maintenance repair total
 

Indicate currency; note details on repairs, replacements
 

(types, time), etc. in the log.
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5.2.3.2 Reliability of the fuel pump system
 

As stated, Data Sheet 5.2.2. shows information on reliability
 
e.g. the number of system failures, their type and duration,
 
repair types and times, maintenance problems, climatological,

natural or other phenomena affecting delivery reliability, any

inherent design faults, etc.
 
In Data Sheet 5.2.3. this information will be summarized for a
 
period of a year under the heading "Operation". Some items are
 
already suggested in the sheet.
 

The various total times asked for might require some
 
explanation. Operating time is the time during which the system
 
was running during the length of period T. It can be estimated
 
by dividing the yearly fossil energy consumption by the average
 
power input of the engine as measured during Short Term Tests
 
(See Chapter 4.2.1.)

Total time needed for maintenance anid total time needed for
 
repair equal the number of man hours spent to maintenance and
 
repair respectively.

Total down-time is th%! total time the system was not in
 
operating order due to system failures.
 

The reliability of the system can be expressed by three
 
different indicators, viz. the mean down time (MDT), the mean
 
time between failures (MTBF) and the availability. They are
 
calculated as follows:
 

Total down-time
 
MDT = [hours per break-down]
 

number of break-downs
 

Length of period - Total down-time
 
MTBF = [hours]
 

number of break-downs
 

Length of period - Total down-time
 
Availability -


Length of period 
[-] 

These indicators all refer to different aspects of reliability.

E.g. if a short MTBF is caused by many break-downs of short
 
duration (due to quick repair service), the MDT is low and the
 
availability of the system is high.
 

In addition other events could be summarized, for instance those
 
having occurred strikingly often (e.g. pumping dry of the well).

Careful consideration of Data Sheet 5.2.2. should result in
 
meaningful combinations of events.
 

'V 
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5.2.3.3 Recurrent costs
 

The data on recurrent costs collected during the Long Term Test
 
are recorded in Data Sheet 5.2.2. 
and will be summarized in Data
 
Sheet 5.2.3. under the heading "Recurrent Costs".
 
Details on types and times of repairs will.be noted down in the
 
log.
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5.3. SOLAR PUMPS
 

5.3.1. The "System" during Long Term Tests
 

During the Long Term Tests the system under observation consists
 
of the following parts:
 
1. Photo voltaic array 1
 
2. Power control system Y Technical system as considered
 
3. Electric pump 	 [during Short Term Test.
 
4. Storage tank, if any
 
5. Back-up system, if any
 
6. 	Resources: =Manpower
 

=Water
 
=Solar energy
 
=Money
 

7. Output : 	=(Useful) water.
 

In most cases a back-up system, if any, consists of a diesel
 
pump or a hand pump. According to the considerations at the end
 
of Section 2.1. it might be subjected to a Long Term Test
 
simultaneously (see Sections 5.2. and 5.5. respectively).
 

5.3.2. Measurements and data collection during Long Term Tests
 

5.3.2.1 Measurements
 

Measurement equipment required and recommendations with respect
 
to its installation have been described in sections 2.5.1. and
 
2.5.2.3.
 

Within the framework of Long Term Testing measurements shall be
 
performed on a regular basis. The maximum period of time
 
allowed between two measurements depends on the capacity of the
 
storage tank that usually is part of a solar pump system. The
 
time between two successive measurements should be about equal
 
to the time during which the end-use system can function without
 
major problems when it starts with a storage tank full of water,
 
while no further water is being pumped during that period.
 
Given the most common storage tank sizes for the various
 
applications for irrigation purposes usually a period of one
 
week between the measurements is sufficient. For drinking water
 
systems this period will vary between one day and half a week.
 
It is recommended to choose fixed times in the week to carry out
 
the measurements; by doing so their regular performance is
 
guaranteed and the chance of forgetting measurements is
 
minimized. Possible schemes could be for an irrigation system
 
every Monday morning, for a drinking water system every Tuesday
 
and Friday at noon, etc.
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Data Sheet 5.3.1. (column "MEASUREMENTS") gives a lay-out to be

used for noting down the numerical information required and an
 
example as how to fill in the sheet. For every measurement one
 
line on the data sheet is available. At the start of the Long

Term Test the start reading of the various instruments is
 
recorded on the first line (marked by "0"). When during Long

Term Tests a new Data Sheet is opened, the first line is used

for copying the last mearurement of the previous Data Sheet.
 

The two bottom lines of Data Sheet 5.3.1. are used for average

and cumulative values over a longer period of time. 
 It is

recommended to chose the number of lines in Data Sheet 5.3.1. in

such a way that averages and cumulative values are calculated
 
over a proper period of time i.e. a month, a quarter or half a
 
year. Dependent on the chosen period of time between two
 
successive measurements (see above) the following lengths of
 
Data Sheet 5.3.1. should be applied:
 

Time between two 
successive 
observations 

Number of lines 
in Data Sheet 

5.3.6. 

Length of 
averaging 
period 

1 day 31 month 
half a week 

1 week 
26 
26 

quarter 
half a year 

Date and Time
 

Write Date and Time in the format YY/MM/DD;HH.

E.g. 87/01/03;11 is equivalent to 3 January 1987 at 11 a.m..
 
Recording the time in whole hours is sufficiently accurate for
 
the present purpose.
 

Solar irradiation
 

For Long Term Tests the integrating pyranometer shall be used.

Write the results in [Wh/m ]. The pyranometer should be set at
 
the same angle to the sun as the solar array. Calibrate (and

recalibrate) the instrument according to the manufacturer's
 
instructions.
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DATA SHEET 5.3.1. Measurements and Calculations Long Term Tests
 
(to be completed by owner (MEASUREMENTS) and technician (CALCULATIONS))
 

Location: Start Date _ _[YY/MM/DD;HH] 

District: End Date : [YY/MM/DD;HH]
 
Sowner: 

I2
 IDischarge head H (m] Area of photo voltaic array A 3.4 [m
dis array
 

I MEASUREMENTS I CALCULATIONS
 

I (see section 5.3.2.1) j (see section 5.3.3.)

I , , , , I , , , , 

No Date and time Pyrano Water Water SuctionlLength of Solar Water Water Expl. Overall
 

meter meter meter Head period irradiation volume volume factor system
 

t reading reading reading Hin pumped used eff.
 

Esot OP aU sotT PT UT fse rtot
 

2 3 3 I3 3I 
I Cm (m]I [Wh] Cm [-]EYY/M/DD;HH] [Wh/m ImI I (hours) Cm ] I -] 

0I 
12 

1 3 

81:118 I 'i j 
114r1yaf 
1! rJILa-1 

_a~-jj, .PA ' ',81, 
uLlati 

overage 

-1.6L'ins%.So 
aLu 

vue 
I iI4 
I 1 t, 

I _ _1 
I 

-al 

2L3±L4 .1 0.83 
.a-, 

Ih1a 
_ I 
-a1lO & 

o 
4 

15 
6 

31* 
BfinLiL~jj 

P~i5 

1 Q 82 
V~58 
2L 

a 
2-1L-

LSI 

1 
m~ 
16MU1 

I 116 
~ LLU_,= 6 

i11.85 
isciYO 
1.00 96ia.ad 

ta - 1 
5n5 
5J1. 

5., IO 
IM 

6.639 
Q.l04~ 

I 

I 2o e 615 I I e, s .5 U _ A , Iil 
18 
9 

18.10 
1f4L 

1151.I~L 
118 

' b I -I L 
j~adI I 1~n 

148 19f 
163,61 

S'-.S1 
52 

45L QU6 
0a 0,03 

110 14!1i42. So 1 d1%.164. I SA I2. -%L2 D n.0 3 
Ill 11:11 So-n1054.0 11-0AL. i-%l 3.L _4P- U.9 0,0 
112 'LW 185LA8 I L3, 18i2 6 -6& J 0oC0 

15 laI OU 0-19. 4 5- kaD2 ,4 I 
13 %3n-1 I -I 1161- 1,5.So 4-0 16L 106,18 W!,s 6L8Z --,* 0841 

117 afaIbLll 165,51 U_ 4LkL1 _L61 182 -I~i S.3 iJia L0 8LD I 
118 05 ill ~1311. 15 %&6 _IJL_ 115_~6 _k 3.1~ A,2 6-04il.S-2 i.5-1 

119 16Joll 1981 -01591 2Ah1. .A. JNS Le UI 51,.a .5~ &Ji -.i I 
120 1~ 3:.11~ -5± J-UUUR 3L.o315*14 146o116. 'A 0A iki 
121 16:1 9flgoI5jua 12,30.2 -IA 166 ±12514 J d - i ~ A'~ 
122 Of I IO I 2~ .66 A2L. 1 -4 . i.,WO i L20' Q1 IiS I- -ha Jgf 
123 13: 1 148.L4 1A t4o 6 L r 4 R.-;51. 41.1 AU a.08S 
124 1i 1 IISU46 154. l~ 1IU JLIU 1 10 J~~L511- _q~ a," fA 

5A A25 M an___1lo______.__gI_______14S_%'I 

264 I- I I-4 .5 IOL 6%1 SI I5L6 I,0-
L .1IMonthly/ouarterty/HaLf-yearly cumulative values: '43 o%1047 41.5 1111.I -

I Monthly/OuartertylHatf-yearty average valIues: 0.n 0.3 
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Water volume pumped and water volume actually used
 

During Short Term Tests for solar pump shstems with a storage
 
tank the flow meter was installed at the pump outlet. During
 
Long Term Tests a second meter (same type) shall be placed at
 
the discharge of the storage tank.
 

In order to obtain information on the effect of the storage
 
tank, durinq Long Term Testing the owner should preferably not
 
switch off the pump when the tank is full. To avoid spillage
 
of water the system should be equipped with an overflow pipe to
 
a place where excess water can be utilized. Do not feed back
 
the nxcess water to the well; it might contarinate the water
 
source!
 
By doing so the flow meter between the pump and the tank
 
measures the potential water volume pumped at the given
 
circumstances. The second flow meter measures the water volume
 
actually consumed by the end-user or the end-use system.
 
Under certain conditions it might be difficult to require the
 
owner to operate his pumping system continuously, e.g. when the
 
water is scarce. A compromise might be to operate the system
 
continuously during a shorter period of time. Also an
 
indemnification might be offered to the owner to compensate for
 
the extra running hours.
 

If for any reason only one flow meter is available, it should be
 
installed at the storage tank outlet.
 

Check the flow meters regularly in order to detect
 
soon as possible
malfunctioning e.g. due to contamination as 


(see section 2.5.1.). Care should be taken to record whether
 
and when the flow meters passed their maximum number of digits
 
and started at the zero reading again, especially if for any
 
reason readings are taken over longer intervals than prescribed.
 

The water volume pumped is read from the flow meter between pump
 
and storage tank, the water volume actually used is read from
 
the flow meter at the storage tank outlet.3
 
Note the results down in cubic metres [m ].
 

Head
 

Suction Head
 
If the level of the water source showed large variations during
 
the Short Term Tests, the accuracy of the tests may be improved
 
by taking an additional measurement of the suction head Hin e.g.
 
half-way the measuring period T. Put all values in the
 
logbook and record the average value (in metres [m]) in Data
 
Sheet 5.4.1..
 

\ ,
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G 
Discharqe Head
 
In many cases the discharge head Hdis is constant. It is
 
simply the vertical distance between the pump and the
 
discharge pipe outlet at the top of the storage tank.
 
If the discharge pipe enters at the bottom of the storage tank,
 
the discharge head should be measured up to the average water
 
level in the tank (e.g. half-way between top and bottom). Write
 
the results in metres (m).
 

Pressure Head
 
In most solar pump applications a storage tank functions as a
 
water tower to generate a pressure head as required for the end
 
use system. Then this pressure simply forms part of the 
discharge head from pump level to storage tank water level and 
must not be measured separately. If alternatively for example a 
solar pump directly feeds a system requiring a pressure at its 
intake, e.g. a sprinkler system (which is not common practice), 
the discharge pressure H should be measured at the sprinkler 
system intake by means oF a bourdon type manometer. Write the 
results in metres (m]. 

In Figure 5.3.1. some examples are given to illustrate the
 
measurement of the different types of head for a number of
 
situations:
 

Case a.
 
A shallow well is equipped with a surface pump and a storage
 
tank. The suction head H. is measured from the water level
in
to the centre of the pump, the discharge head Hdis from the
 
centre of the pump to the end of the pipe above the storage
 
tank. In this case there is no pressure head.
 

Case b.
 
A tube well is equipped with a deepwell pump and a storage tank.
 
Because the pump is below the water level, H. is negative. It
 
should be calculated by the difference betwe H the water level
 
(meters below ground level) and the position of the pump (meters
 
below ground level).
 

Case c.
 
A tube well feeds a storage tank at a long distance L. Note L
 
down in the heading of Data Sheet 5.4.1.. The suction head is
 
calculated as in case b.. Because the pump is situated above
 
the water level, Hin is now positive.
 

Case d.
 
The storage tank is fed through its bottom. Therefore Hdis is
 
measured between pump level and the average water level
 
in the tank.
 

Case e.
 
The pumping system feeds an end use system requiring a pressure.
 
The corresponding pressure head is measured by means of a
 
manometer at the system boundary.
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Figure 5.3.1. Examples of head measurements
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5.3.2.2 Additional data collection
 

The logbook should describe in sufficient detail all events
 
occurred e.g. the activities carried out with regard to
 
servicing, maintenance (i.e. preventive action), repair (i.e.

corrective action) and overhaul. It should specify the date of
 
the event, the amount of time spent and the costs (distinguish

between skilled and unskilled labour, parts, materials,
 
lubricants and transportation). It is recommended to make is
 
description by systematically treating the following issues:
 
-Maintenance
 

=Actions performed (by whom?). If standard, refer to users
 
manual.
 

=Replaced parts
 
=Lubricants used
 

-Break downs of the system

=Description of system failure
 
=When was it discovered?
 
=Who was warned, how?
 
=(Possible) causes
 
=When repair started?
 
=Actions performed (by whom, time spent?)
 
=Period during which the system was out of order
 

-Operation of the system
 
=Periods of water shortage, reasons
 

-Water source
 
=Occurrence of abnormal water levels in water source.
 
=Running dry of the well.
 

Data sheet 5.3.2. gives a lay-out and a hypothetical example as
 
how to complete this sheet. It can be used as a summary of all
 
events and simultaneously serve as a table of contents to refer
 
to logbook pages with detailed information. The first lines of
 
Data Sheet 5.3.2. give information on the people contributing to
 
the logbook. The subsequent columns of the data sheet contain
 
the date of the event, the initials of the reporter (it is very

important that any person putting down information in the
 
logbook is identified by his initials; he is an important source
 
of additional information when needed), a short description, the
 
time during which the system was out of order (down time), the
 
time spent to maintenance or other activities, the costs and the
 
page number of the logbook where detailed information, if any,

is recorded. The example shows how the different kinds of costs
 
can be.distinguished by using more lines for a single event.
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DATA SHEET 5.3.2. Chronological survey of all relevant events
 
(to be completed by various people)
 

InitiaLs Funmction Name
 

I ne I 
I Ie, h I _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

II II 
I II 

Date I nit Description Down Time Costs togbook

S I I time I spent I page 

I I I(hours] (.thours]I. . III I I I- I 

CA /7 .1c, ____ 

I _ I ... _ 

5.3.3. Data reduction Lonq Term Tests
 

Data analysis should Ye initiated as soon as possible after data
 
collection to quickly indicate possible problems with either the
 
pumping system or the data collection instruments.
 
Early detection of any anomalies in the data will not only lead
 
to more reliable data, but will also eliminate potential

problems resulting from incorrect installations of equipment or
 
oversights in the design. Also deterioration of performance in
 
time may be detected by doing so.
 

If during the Long Term Tests large deviations from expected
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values are found, it is recommended to perform (part of) a Short
 
Term Test in order to identify possible causes of these
 
deviations.
 

5.3.3.. Performance
 

The results of reduction of data on system perEormance are
 
recorded in Data Sheet 5.3.1. in the column indicated by
 
"CALCULATIONS".
 
Two steps of data reduction are performed, both using the same
 
type of calculations and formulas.
 

1. After every measurement cumulative and average values are
 
calculated over the period of time between that measurement
 
and the previous one. The length of the period of
 
observation T equals the time between two successive
 
measurements (about 1 day, half a week, 1 week). The
 
calculations are performed using pairs of two successive
 
measurements. The results are noted down in Data sheet
 
5.3.1. behind the corresponding measurements.
 

2. After a certain period of time (month, quarter, half a year,
 
a year), when a data sheet is fully completed, cumulative and
 
average values over that longer period are calculated. Now
 
the length of the period of observation T equals the time
 
between the two measurements at the beginning and at the end
 
of that period. For the calculations the iatter two
 
measurements are used. The results are noted down on the two
 
bottom lines of Data Sheet 5.3.1. and in Data Sheet 5.3.3.
 
under the heading "Performance".
 

Lencrth of period T
 

The length of the period of observation T simply equals length
 
of time between two measurements.
 

Example: The first measurement took place on 3 January 1987 at
 
11.00 A.M. (87/01/03;11), the second one on 10 January
 
at 08.00 A.M. (87/01/10;08). The length of the time
 
period T is 7 days minus 3 hours equalling 165 hours
 
(see lines 0 and 1 of Data Sheet 5.3.1.).
 

Solar irradiation
 

When the pyranometer readings E 1 are registered in [Wh/m2],
 

the solar irradiation received B9 the solar array over the
 
period T is:
 

Es = (E [Wh]s'vl,T sol,e -Esol,b) * Aarray [h 
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N 
where: Esol,b = the pyrano meter reading at the beginning of 

period T,
le = the pyrano meter reading at the end of period T,Ary = Arga of photo voltaic array (solar array) in 

array 
 (m J
 2m 2 
Example: If Esol,e = 379,242 Wh/m2 and Esol,b = 331,119 Wh/m
 

then Esol,T = 163,618 Wh, because the Array area equals
 
2
3.4 m (see lines 8 and 9 in Data Sheet 5.3.1)
 

Water volume pumped
 

3
When the flow meter readings Q, are registered in m , the water

volume pumped over a period T s:
 

=
QPT QP,e - QP,b [m3]
 

where: QP,b 
= the reading of the integrating flow meter at the
 
beginning of period T
 

QP,e = the reading of the integrating flow meter at the
 
end of period T
 

Example: On 21 March 1987 the flow meter at the pump outlet
 

indicated 806.7 m3 (QP,b). A week later the reading
 

3
was 866.7 m (Qp,e). Application of the formula leads
 

to QP,T = 60.0 m3 
 (Lines 11 and 12, Data Sheet 5.3.1.)
 

Water volume actually used
 

When the flow meter readings Q are registered in m3 , the water 
volume actually used over a peviod T is: 

QUT = QU,e -QU,b I
 

where: QU,b = the reading of the integrating flow meter at b
 
beginning of period T
 

QU,e = the reading of the integrating flow meter at the
end of period T
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Hydraulic system output
 

The hydraulic system output Eh,T over a period T can be
 
calculated from QPT by:
 

Hb +H e 

EhT = 2.73 * Q * b e [Wh]
2 

where: Hb = total effective head (see Annex 2.2) at the 
beginning of period T 

H = total effective head at the end of period T 
2.7 = conversion factor (9.81/3.6). 

Example: 	During the week from 9 to 16 May 1987 the hydraulic
 
system output was:
 

4 + 3.5 
Eh,T = 2.73*54.8*( +37) = 6096 [Wh]hT 	 2
 

See lines 18 and 19 of Data Sheet 5.4.1.. (The number
 
37 stands for the discharge head Hdis, see heading of
 
the Data Sheet).
 
The result is not recorded in the Data Sheet. It is
 
used in the next calculation:
 

Overall system efficiency
 

The overall system efficiency qtot is obtained from the
 
quantities above by:
 

EEhT
 
ntot Esol,T
 

Example: 	During the week from 9 to 16 May Esol,T was 160,633 Wh.
 

Using the value for Eh,T for the same period as
 

calculated in the previous example results in
 

(see lines 18 and 19 of Data Sheet 5.3.1).
Itot = 0.038 
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Solar pump exploitation factor
 

The solar pump exploitation factor fse over a period T is
 
calculated by :
 

f QUT
fse - U [-3
 

QPT
 

Example: During the week from 7 to 14 February 1987 the water
 

volume pumped was QPT = 353.4 m . The water volume
 

actually used was QUT = 65.8 m3 . As a result fse
 

equals 1.23. See line 6 of Data Sheet 5.3.1..
 

Avera,. and cumulative values over a lonQer period of time
 

The nottom lines of Data Sheet 5.3.1. are used for noting down
 
average anC cumulative values over a longer period of time. In
 
the example this period has a length of 26 weeks.
 

The Total lenQth of period T (being 4368 hours in the example)
 
can be obtained by summing all calculated T-values or
 
alternatively by the difference between the first an,- the last
 
"Date and Time" (lines 0 and 26).
 

For the Solar Irradiation, the Total water volume pumped and
 
the Total water volume used the formulas explained in the
 
beginning of this section are applied using the integrating
 
meter readings on line 0 and line 26. The result is:
 

Half-yearly solar irradiation = (1,208,443 - 1,302)*3.4
 
= 4,104,279 Wh
 

Half-yearly water volume pumped = 1658.9 - 236.4 = 1422.5 [m33 

Half-yearly water volume used = 2574.5 - 1345.4 = 1229.1 [m3 

The Half-yearly avera e solar Pump exploitation factor (in the
 
example being 0.86) results from the quotient of the half-yearly

water volume pumped and half-yearly water volume used.
 

For the Half-yearly overall system efficiency the half-yearly

hydraulic system output Eh,T=hy has to be determined:
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Eh,T= y = 2.73 * QP,T= y Haverage [Wh] 

Where: 3 
- half-yearly water volume pumped (1422.5 [m3]), 

H = half-yearly average total effective head. average
 

The last quantity is most accurately calculated when all 27
 
suction head measurements available in Data Sheet 5.4.1. are
 
used. The result is:
 

H.in, average = (2.0 + 2.5 + 1.75 +........ + 3.5)/27 = 3.34 m.
 

Because the discharge head is constant (37 m), the average
 
total effective head becomes:
 

Haverage = 37 + 3.34 = 40.34 m.
 

Using these results the half-yearly hydraulic solar pump output
 
is:
 

ET=y = 2.73 * 1422.5 * 40.34 = 156,657 Wh. 

Finally the Half-yearly overall system efficiency is calculated
 
using the formula presented earlier in this section:
 

Eh,T=y
 
'tot, y - sl
 

Esol,T
 

Inserting the average and cumulative values from above the
 
result is:
 

156,657
= = 0.038 
4,104,279
qtot,ky 


NOTES:
 

1. The overall system efficiency of the solar pump relates the
 
hydraulic output of the solar pump to the energy content of
 
the solar irradiance received by the solar array surface
 
area. According to "Water Pumping Devices" (Peter Fraenkel,
 
IT Publications 1986) its value normally is in the range from
 
0.02 to 0.03. The best systems available achieve overall
 
system efficiencies of 0.05.
 
Much lower values might be caused by:
 
-a worn pump
 
-a filthy solar array
 
-a malfunctioning power control system
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-a dry well.
 
-a sub-optimal matching of the system (too small or too large
 
a pump).
 

2. The solar pump exploitation factor f relates the water
volume pumpedlto the water volume acRally used. 
 its maximum
value is 1.00 , which means that all water pumped is
useful applied. 
A high value of f is important; when it is
halved, the costs of the water is 
agubled. Low values of fse
 
might be caused by:
 
-too large a solar pump
 
-too small a storage tank
 
-low water requirements during periods with high solar
 
irradiance
 

-a leak in the storage tank.
 

The average and cumulative data over the period of a year 
 (to
be calculated as described above) should be put in Data Sheet

5.3.3. 
 under the heading "Performance".
 

5.3.3.2 Reliability of the solar pump
 

As stated, Data Sheet 5.3.2. shows information on reliability
e.g. the number of system failures, their type and duration,
repair types and times, maintenance problems, climatological,

natural or other phenomena affecting delivery reliability, any

inherent design faults, etc.

In Data Sheet 5.3.3. this information will be summarized for a
period of a year under the heading "Operation". Some items are

already suggested in the sheet.
 

The various total times asked for might require some
explanation. Operating time is the time during which the system
was running during the length of period T. 
Total time needed

for maintenance and total time needed for repair equal the
number of man hours spent to maintenance and repair
respectively. Total down-time is the total time the system was
not in operating order due to system failures.
 

The reliability of the system can be expressed by three
different indicators, viz. the mean down time (MDT), the mean
time between failures (MTBF) and the availability. They are
 
calculated as follows:
 

Total down-time

MDT = 
 (hours per break-down]
 

number of break-downs
 

As shown in the example (line 6 of Data Sheet 5.3.1), 
the
 
value of f 
 might be higher than 1 over shorter periods of
time. 
The5 affect is caused by the storage tank that can
"produce" water even if there is no new water input at all.
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Length of period - Total down-time 
MTBF = [hours] 

number of break-downs 

Length of period - Total down-time
Availability = [-] 

Length of period
 

DATA SHEET 5.3.3. Summary of information of Solar Pump System
 

(to be completed by technician)
 

SUMMARY OVER 19
 

Location:
 
District:
 
Owner :
 

Performance
 
Yearly solar irradiation :Wq]
 
Yearly water volume actually used ( 3]
 
Yearly water volume pumped :[m I
 
Overall system efficiency : [-1
 
Solar pump exploitation factor : [-1
 

Operation
 
Operating time of the system (
[hours]
 
Total time needed for maintenance : [hours]
 
Total time needed for repairs [hours]
 
Total down-time :_ [hours]
 
Number of break-downs :_ [-]
 
Mean down time :_ [hours]
 
Mean time between failures : [hours]
 
Availability :I[-]
 

* 

Recurrent Costs [ ] 

operation maintenance repair total 

Skilled labour 
Unskilled labour
 
Materials
 
Parts
 
Transportation
 
Replacements pump
 
Replacements PV
 

Indicate currency; note replacement types & time in log
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These indicators all refer to different aspects of reliability.
 
E.g. if a short MTBF is caused by liany break-downs of short
 
duration (due to quick repair service), the MDT is low and the
 
availability of the system is high.
 

In addition other events could be summarized, for instance those
 
having occurred strikingly often (e.g. pumping dry of the well).
 
Careful consideration of Data Sheet 5.3.2. should result in
 
meaningful summaries of events.
 

5.3.3.3 Recurrent costs
 

The data on recurrent costs collected during the Long Term Test,
 
recorded in Data Sheet 5.3.2. will be summarized in Data Sheet
 
5.3.3. under the heading "Recurrent Costs".
 
Details on the various repairs, maintenance items, replacements
 
etc. will be noted down in the log.
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5.4. MECHANICAL WIND PUMPS
 

5.4.1. The "System" during Long Term Tests
 

During the Long Term Tests the system under observation includes
 
the following parts:
 
1. Windmill
 
2. Transmission Technical system as considered during
 
3. Pump 	 [Short Term Test.
 
4. Storage tank, if any
 
5. Back-up system, if any
 
6. 	Resources: =Manpower
 

=Water
 
=Wind
 
=Money
 

7. Output : =(Useful) water.
 

In most cases a back-up system, if any, consists of a diesel pump
 
purp. According to the considerations at the end of Section 2.1.
 
it might be subjected to a Long Term Test simultaneously. It is
 
recommended to use Section 5.2. for that purpose.
 

5.4.2. Measurements and data collection durinQ LonQ Term Tests
 

5.4.2.1 Measurements
 

Measurement equipment required and recommendations with respect
 
to its installation have been described in sections 2.5.1. and
 
2.5.2.4.
 

Within the framework of Long Term Testing measurements shall be
 
performed on a regular basis. The maximum period of time
 
allowed between two measurements depends on the capacity of the
 
storage tank that usually is part of a windpump system. The
 
time between two successive measurements should be about equal
 
to the time during which the end-use system can function without
 
major problems when it starts with a storage tank full of water,
 
while no further water is being pumped during that period.
 
Given the most common storage tank sizes for the various
 
applications for irrigation purposes usually a period of one
 
week between the measurements is sufficient. For drinking water
 
systems this period will vary between one day and half a week.
 
It is recommended to choose fixed times in the week to carry
 
out the measurements; by doing so their regular performance is
 
guaranteed and the chance of forgetting measurements is
 
minimized. Possible schemes could be for an irrigation system
 
every Monday morning, for a drinking water system every Tuesday
 
and Friday at noon, etc.
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Data Sheet 5.4.1. (column "MEASUREMENTS") gives a lay-out for
 
noting down the numerical information required and an example as
 
how to fill in the sheet. For every measurement one line on the
 
data sheet is available. At the start of the Long Term Test the
 
start reading of the various instruments is recorded on the
 
first line (marked by "0"). When during Long Term Tests a new
 
Data Sheet is opened, the first line is used for copying the
 
last measurement of the previous Data Sheet.
 

The two bottom lines of Data Sheet 5.4.1. are used for average

and cumulative values over a longer period of time. It is
 
recommended to choose the number of lines in Data Sheet 5.4.1.
 
in such a way that averages and cumulative values are calculated
 
over a proper period of time i.e. a month, a quarter or half a
 
year. Dependent on the chosen period of time between two
 
successive measurements (see above) the following lengths of
 
Data Sheet 5.4.1. could be applied:
 

Time between two 
successive 

Number of lines 
in Data Sheet 

Length of 
averaging 

measurements 5.4.1. period 

1 day 31 month 
half a week 

1 week 
26 
26 

quarter 
half a year 

Date and Time
 

Write Date and Time in the format YY/MM/DD;HH.
 
E.g. 87/01/03;11 is equivalent to 3 January 1987 at 11 a.m..
 
Recording the time in whole hours is sufficiently accurate for
 
the present purpose.
 

Wind speed (Wind run)
 

For Long Term Tests the integrating cup anemometer (wind run
 
meter) shall be used. Write the results in km (kilometers).
 

Water volume pumped and water volume actually used
 

During Short Term Tests for wind pump systems with a storage

tank the flow meter was installed at the pump outlet. During
 
Long Term Tests a second meter (same type) shall be placed at
 
the discharge of the storage tank.
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DATA SHEET 5.4.1. Measurements and Calculations Long Term Tests
 
(to be conpleted by owner (MEASUREMENTS) and technician (CALCULATIONS))
 

Location: Start Date 6fl/MM/DDI
 
District: End Date : [YY/IH/DD]
 
owner :
 

, I
 

Discharge head Hdis:. m]IPressure head H :_._m]Horizonta distance L: - (m IRotor Diameter: 2. (Lm]I 

MEASUREMENTS I CALCULATIONS 

(see section 5.4.2.1) j (see section 5.4.3.)
I I I I I I I I I I 

No Date and time Wind Volume Volume Suctic lLength of Average Votlume Volume Exploitation Quality
 

run pumped used read period Wind puiPed used factor factur
 
R P U in speed VT f e e
 

3 3 I3 3 
(YY/HM/DD;HH] (km] Im] m 3] m] (hours] (m/s] (m ] m ] C-] [-] 

I I I I I I I I 1 I I I 

3I-4:~29 I fi~a~ 546 -1BI4" -k 2 002,1 oo ~ 
1 LLI =~15 _Lt 14 ft _L I I . -3pA 21J 0.81 Q)a I 

3615J~ tilfta 161~ o4.fl toAL~.Q&52 %12,ll 149 .~32 .0. 1 15 11 .'0 

64 ll !.2., z8 MiL - 1 ; 1 .-LZ A 1 . I. 
A" .1114 15-W ~2.00 ~N8 4.3 ZO -2.-3 53 anI
 

I9 N0116161 4dL 551 .. S IT .4JI.. '4A ,51.. D...Q.
!3LI 5 31)44 1L _lap~. 6.. ..
110 1,: Z% iU3J 16 .LI 1 L1I-45 L_19LL (. 

112° 1,l.5o8ert/Ho r c vtues: I JL I 

113 o nOlujtj 5155-y rtyA a -4.5c ill 'A 1 4 -0 -0. I1 
11472 111-1 -= i i _ILn_ VfQ - -. L -- 0,1 I_M 141L _I15 I 2.3A -0 -6 0.48 0.-12J~l i U1-111 ,U 

115 448 LLLI 1 M11 A1 0B W.1 
116 *2ql MU 45 -9U AZ I M 1. 9-1 o~ 50 0i. 

I19 1I 
I I120 2&Ull J116W Sd15 3. 1 Thi 4-A iZIj IJU OL 0A 1
121 -1 6 ~ 4I, J0-= 0,5 nJ.k~i 
122 4 JJ ~ -CA Q3I A Ajo 1 111 -LL 31 1.81, -. I2 
123 13, 1 12 6B 5 0 510o L' .0 1 K4a ..... L .4.-. c91a.. 0,1 
124 z~oi 11-15 ski'JI Ij L0 o~ 66 8.111~ ILL 

125 '17no 3&1131 -A56 ±5i IA La 13 0 .2,-I k 141 
126 6110J,64 -.11 q~tn~ GLj 1145 _ N1Z 4.o O. . 

4h~-6I~2IMpkt(y/OuPWerty/Hatf-yearty cumulative vatues:I 81~ 

IMopt1S'ty/Qaple'y/Hatf-yearty average values: 1~~A...~L 
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In order to obtain information on the effect of the storage

tank, during Long Term Testing the owner should preferably not
 
switch off the pump when the tank is full. To avoid spillage

of water the system should be equipped with an overflow pipe to
 
a place where excess water can be utilized. Do not feed back
 
the excess water to the well; it might contaminate the water
 
source!
 
By doing so the flow meter between the pump and the tank
 
measures the potential water volume pumped at the given

circumstances. The second flow meter measures the water volume
 
actually consumed by the end-user or the end-use system.

Under certain conditions it might be difficult to require the
 
owner to operate his pumping system continuously, e.g. when the
 
water is scarce. A compromise might be tc operate the system

continuously during a shorter period of time. Also an
 
indemnification might be offered to the owner to compensate for
 
the extra running hours.
 

If for any reason only one flow meter is available, it shouJd be
 
installed at the storage tank outlet.
 

Check the flow meters regularly in order to detect
 
malfunctioning e.g. due to contamination as soon as possible

(see section 2.5.1.). Care should be taken to record whether
 
and when the flow meters passed their maximum number of digits

and started at the zero reading again, especially if for any
 
reason readings are taken over longer intervals than prescribed.
 

The water volume pumped is read from the flow meter between pump

and storage tank, the water volume actually used is read from
 
the flow meter at the storage tank outlet.
 
Note the results down in cubic metres [m ].
 

Head
 

Suction Head
 
If the level of the water source showed large variations during

the Short Term Tests, the accuracy of the tests may be improved

by taking an additional measurement of the suction head H. e.g.

half-way the measuring period T. Put all values in the lbook
 
and record the average value (in metres [m]) in Data Sheet
 
5.4.1..
 

Discharge Head
 
In many cases the discharge head H is constant. It is
 
simply the vertical distance betweg the pump and the discharge

pipe outlet at the top of the storage tank.
 
If the discharge pipe enters at the bottom of the storage tank,
 
the discharge head should be measured up to the average water
 
level in the tank (e.g. half-way between top and bottom). Write
 
the results in metres (m].
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Pressure Head
 
In most wind pump applications a storage tank functions as a
 
water tower to generate a pressure head as required for the end
 
use system. Then this pressure simply forms part of the
 
discharge head from pump level to storage tank water level and
 
must not be monured separately. If alternatively for example a
 
wind pump directly feeds a system requiring a pressure at its
 
intake, e.g. a sprinkler system (which is not common practice),
 
the discharge pressure H should be measured at the sprinkler
 
system intake by means of a bourdon type manometer. Write the
 
results in metres (m].
 

In Figure 5.4.1. some examples are given to illustrate the
 
measurement of the different types of head for a number of
 
situations:
 

Case a.
 
A shallow well is equipped with a surface pump and a storage
 
tank. The suction head Hin is measured from the water level
 
to the centre of the pump, the discharge head Hdis from the
 
centre of the pump to the end of the pipe above the storage
 
tank. In this case there is no pressure head.
 

Case b.
 
A tube well is equipped with a deepwell pump and a storage tank.
 
Because the pump is below the water level, H. is negative. It
 
should be calculated by the difference betweH the water level
 
(meters below ground level) and the position of the pump (meters
 
below ground level).
 

Case c.
 
A tube well feeds a storage tank at a long distance L. Note L
 
down in the heading of Data Sheet 5.4.1.. The suction head is
 
calculated as in case b.. Because the pump is situated above
 
the water level, Hin is now positive.
 

Case d.
 
The storage tank is fed through its bottom. Therefore Hdis is
 
measured between pump level and the average water level
 
in the tank.
 

Case e.
 
The pumping system feeds an end use system requiring a pressure.
 
The corresponding pressure head is measured by means of a
 
manometer at the system boundary.
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Figure 5.4.1. Examples of head measurements
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5.4.2.2. Additional data collection.
 

The logbook should describe in sufficient detail all events
 
occurred e.g. the activities carried out with regard to
 
servicing, maintenance (i.e. preventive action), repair (i.e.

corrective action) and overhaul. It should specify the date of
 
the event, the amount of time spent and the costs (distinguish

between skilled and unskilled labour, parts, materials,
 
lubricants and transportation). It is recommended to make this
 
description by systematically treating e.g. the following
 
issues:
 
-. cenance
'?a 


=Actions performed (by whom?). If standard, refer to users
 
manual.
 

=Replaced parts
 
=Lubricants used
 

-Break downs of the system

=Description of system failure
 
=When was it discovered?
 
=Who was warned, how?
 
=(Possible) causes
 
=When repair started?
 
=Actions performed (by whom, time spent?)
 
=When was the system ready for operation again?
 

-Operation of the system

=Periods of intentionally furling of the windpump, reasons
 
=Periods of water shortage, reasons
 

-Water source
 
=Occurrence of abnormal water levels in water source.
 
=Running dry of the well.
 

Data sheet 5.4.2. gives a lay-out and a hypothetical example as
 
how to complete this sheet. It can be used as a summary of all
 
events and simultaneously serve as a table of contents to refer
 
to logbook pages with detailed information. The first lines of
 
Data Sheet 5.4.2. give information on the people contributing to
 
t"e logbook. The subsequent columns of the data sheet contain
 
the date of the event, the initials of the reporter (it is very

important that any person putting down information in the
 
logbook is identified by his initials; he is an important source
 
of additional information when needed), a short description, the
 
time during which the system waz: out of order (down time), the
 
time spent to maintenance or other activities, the costs and the
 
page number of the logbook where detailed information, if any,

is recorded. The example shows how the different kind of costs
 
can be distinguished by using more lines for a single event.
 

- , A
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DATA SHEET 5.4.2. Chronological survey of all relevant events
 
(to be completed by various people)
 

Initiais Function Name iII , _ I 

TI m 

II 

II I I 
I I time Ispent I , I pageI ___ I I[hours] I[hours] 1 ._1 

I ___ __ I _ __ ._ I., 
I _ I I. I. o., _ _ Ilo 

I I 
I __ 01 , __ __ ]Z2'We./I__________________ ____ __ 

in. Om ri PlrP; 

I __ _ _________--________
 

I__1__~ -~~r.1rjJ~gI- __
 " 
DtI Is_ __ ___________--_______should be--nitiatedasoonaspossbleafterdat 

5... Dt euto f Lon TemTet 

collection to quickly indicate possible problems with either the
 
pumping system or the data collection instruments.
 
Early detection of any anomalies in the data will not only lead
 
to more reliable data, but will also eliminate potential
 
problems resulting from incorrect installations of equipment or
 
oversights in the design. Also deterioration of performance in
 
time may be detected by doing so.
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If during the Long Term Tests large deviations from expected

values are found, it is recommended to perform (part of) a Short
 
Term Test in order to identify possible causes of these
 
deviations.
 

5.4.3.1 Performance
 

The results of reduction of data on system performance are
 
recorded in Data Sheet 5.4.1. in the column indicated by
 
"CALCULATIONS".
 
Two steps of data reduction are performed both using essentially

the same types of calculations and formulas.
 

1. After each measurement cumulative and average values are
 
calculated over the period of time between that measurement
 
and the previous one. The length of the period of
 
observation T equals the time between two successive
 
measurements (e.g. 1 day, half a week, 1 week). The
 
calculations are performed using pairs of two successive
 
measurements. The results are noted down in Data sheet
 
5.4.1. behind the corresponding measuremets.
 

2. After a certain period of time e.g. a month, a quarter, half
 
a year, a year), when a data sheet is fully completed,

cumulative and average values over that longer period are
 
calculated. Now the length of the period of observation T
 
equals the time between the two measurements at the beginning

and the end of that period. For the calculations the latter
 
two measurements are used. The results are noted down on the
 
two bottom lines of Data Sheet 5.4.1. and in Data Sheet
 
5.4.3. under the heading "Performance".
 

Length of period T
 

The length of the period of observation T simply equals the
 
length of time between two measurements.
 

Example: The first measurement took place on 3 January 1987 at
 
11.00 A.M. (87/01/03;11), the second one on 10 January
 
at 08.00 A.M. (87/01/10;08). The length of the time
 
period T is 7 days minus 3 hours equalling 165 hours
 
(see lines 0 and 1 of Data Sheet 5.4.1.).
 

Average wind speed
 

When the wind run meter readings Rw are registered in km, the
 
average wind speed over a period T is:
 

V = Rwe Rw'b [m/s]
3.6*T
 

i 
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where: 	 Rw = wind run meter reading at the beginning ofw,b period T,
 
wind run meter reading at the end of period T,
 

w length of observation period in hours,
 
3.6 = conversion factor 3600/1000. 

Example: On 7 February 1987 the wind run meter indicated 35153 

km (Rw,b); a week later the reading was 37123 km
 

(Rw,e). Then the formula leads to VT = 3.2 [m/s] (see
 

example in lines 5 and 6 in Data Sheet 5.4.1.).
 

Water volume numped
 

When the flow meter readings Qp are registered in m , the water
 
volume pumped over a period T is:
 

QPT = QP,e - QP,b 3] 

where: Qb = the reading of the integrating flow meter at the 
P,b beginning of period T, 

Qe = the reading of the integrating flow meter at theP,e end of period T.
 

Example: 	On 21 March 1987 the flow meter at the pump outlet
 

indicated 4184 m3 (QP,b). A week later the reading
 

was 4249 m3 (Qp,e). Application of the foAIula leads to
 

QP,T = 65 m3 (see lines 11 and 12 in Data Sheet
 

5.4.1.).
 

Water volume actually used
 

When the flow meter readings Q are registered in m3 , the water
 
volume actually 

Q 
used over a period T is: 

Q - Qm 3] 
QUT = U,e U,b 

where: QUQU,b = the reading of the integrating flow meter at thebeginning of period T, 

QU
Qu,e 

= the reading of the integrating flow meter at the
end of period T. 
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Hydraulic windpump output 
 D 
The hydraulic system output Eh,T over a period T can be
 
calculated from QPT by:
 

Hb +H e
 
Eh,T = 2.73 * Q * b e [Wh]
 

2
 

where: Hb = total effective head (see Annex 2.2) at the 
beginning of period T, 

H = total effective head at the end of period T, 
2.75 = 	 conversion factor (9.81*1000/3600). 

Example: 	During the week from 9 to 16 May 1987 the hydraulic
 
system output was:
 

4 + 3.5
 
Eh,T = 2.73*242*( +3.7) = 26922 [Wh]
 

See lines 18 and 19 of Data Sheet 5.4.1.. (The number
 
37 stands for the discnarge head Hdis, see heading of
 
the Data Sheet).
 
The result is not recorded in the Data Sheet. It is
 
used in the next 	calculation:
 

Ouality factor
 

The quality factor e is obtained from the quantities above by:
 

EhT
=e A 	* VT3 *T

T 

where: A = 	 rotor area calculated from the rotor diameter D 
by: 2 2 

[m2 ]
 A = 0.785 * D 

P T =hydraulic windpump output
 
VT =average windspeed.
 

Example: 	During the week from 9 to 16 May 1987 the hydraulic

output was 26922 Wh. (see previous example). In this
 
period the quality factor equals:
 

26922
 
e = 	 =0.10.785*(5.18)2 *4.23 *169
 

See lines 18 and 	19 in Data Sheet 5.4.1.
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Windpump 	exploitation factor
 

The windpump exploitation factor fwe over a period T is
 
calculated by :
 

fUT 

QPT
 -J 

E ."	During the week from 7 to 14 February 1987 the water 

volume pumped was QPT = 134 m . The water volume 

actually used was QUT = 165 m .	 As a result fwe equals
 

1.23. 
 See line 6 of Data Sheet 5.4.1..
 

Average and cumulative values over a longer Period of time
 

The bottom lines of Data Sheet 5.4.1. are used for noting down
 average and cumulative values over a longer period of time. 
In

the example this period has a length of 26 weeks.
 

The Total length of period T (being 4368 hours in the example)

can be obtained by summing all calculated T-values or
alternatively by the difference between the first and the last
 
"Date and 	Time" (lines 0 and 26).
 

For the Long term average wind speed, the Total water volume
pumped and the Total water volume used the formulas explained in

the beginning of this section are applied using the integrating

meter readings on line 0 and line 26. 
 The result is:
 

76099 - 20836
Half-yearly average windspeed 
= 	 = 3.51 [m/s]
 

3.6 * 4368 

Half-yearly water volume pumped = 5982 - 1680 = 4302 [m3 

Half-yearly water volume used 
= 97495 - 93753 = 3742 [m3 

The Half-yearly average windpump exploitacion factor (in the

example being 0.87) results from the quotient of the half-yearly

water volume pumped and half-yearly water volume used.
 

For the Half-yearly average guality factor the half-yearly

hydraulic windpump output Eh,T=hy has to be determined:
 

Eh,T=y 	= 2.73 * QP,T= y * Haverage [Wh] 

'It
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Where: 
 i 
HPT= y half-yearly water volume pumped (4302 [m3]),
 
Haverage half-yearly average total effective head.
 

The last quantity is most accurately calculated when all 27
 
suction head measurements available in Data Sheet 5.4.1. are
 
used. The result is:
 

(2.0 + 2.5 + 1.75 +. +Hinnaverage = .... ...... 3.5)/27 = 3.34 m. 

Because the discharge head is constant (37 m), the average
 
total effective head becomes:
 

Haverage = 37 + 3.34 = 40.34 m.
 

Using these results the half-yearly hydraulic windpump output
 
is:
 

Eh,T=iy = 2.73 * 4302 * 40.34 = 473,772 Wh. 

Finally the Half-yearly average quality factor is calculated
 
using the formula presented earlier in this section:
 

e ~ Eh,T= Y 
ey = 3hi
 

A * VT * T
 

Inserting the average and cumulative values from above the
 
result is:
 

473,772 
e1 = 0.12 
ey 0.785 * (5.18)2 * 3.513 * 4368
 

NOTES:
 

1. The quality factor e of the windpump system relates the
 
hydraulic output of the windpump to the energy content of the
 
air flowing through the rotor area over a longer period of
 
time. For "classical design" windpumps the quality factor
 
varies between 0.08 and 0.11. For modern design windpumps
 
its value lies between 0.10 and 0.15. A measured quality
 
factor of a windpump system much lower than previously
 
measured or lower than expected based on information supplied
 
by the windpump builder or vendor might be caused by:
 
-a low volumetric efficiency of the pump
 

=a worn leather cup,
 
=worn valves,
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-a problem in the windmill 
 D
=deformation of blades,
 
=defect in control mechanism,
 

-a dry well.
 
-a sub-optimal matching of the system (too small or too large

a pump).
 

DATA SHEET 5.4.3. Summary of information of Windpump System
 

(to be completed by technician)
 

SUMMARY OVER 19
 

Location:
 
District:
 

Owner 
 :
 

Performance
 
Average wind speed 

Yearly water volume actually used 

Yearly water volume pumped 

Quality factor 

Wind pump exploitation factor 


Operation
 
Operating time of the system 

Total time needed for maintenance 

Total time needed for repairs 

Total down-time 

Total time "put out of the wind" 

Number of break-downs 

Mean down time 

Mean time between failures 

Availability 


Recurrent Costs [ 

Skilled labour
 
Unskilled labour
 
Materials
 
Parts
 
Transportation
 
Replacements
 

(m4s]
 
: in
3
 

_ _ 

_ [-] 
: __ ] 

(
[hours]
 
: (hours]
 
: [hours]
 
: _[hours)
 

[hours]
 
:_[-] 
:[hours)
 

[
[hours]
 
: [

]
 

operation maintenance repair total
 

Indicate currency; note replacement types & time in log
 



H5P4WIND 5 - 59 
 22/10/88
 

2. The windpump exploitation factor f relates the water volume 
pumped to the water volume actually used. Its maximum value 
is 1.00 , which means that all water pumped is useful 
applied. A high value of f is important; when it is 
halved, the cost of the wat9F is doubled. Low values of fwe 
might be caused by e.g.: 

-too large a windpump
 
-too small a storage tank
 
-low water requirements in a windy period
 
-a leak in the storage tank.
 

The average and cumulative data over the period of a year (to

be calculated as described above) should be put in Data Sheet
 
5.4.3. under the heading "Performance".
 

5.4.3.2 Reliability of the windpump system
 

As stated, Data Sheet 5.4.2. shows information on reliability
 
e.g. the number of system failures, their type and duration,
 
repair types and times, maintenance problems, climatological,
 
natural or other phenomena affecting delivery xeliability, any
 
inherent design faults, etc.
 
In Data Sheet 5.4.3. this information will be summarized for a
 
period of a year under the heading "Operation". Some items are
 
already suggested in the sheet.
 

The various total times asked for might require some
 
explanation. Operating time is the time during which the system
 
was running during the length of period T. Total time needed
 
for maintenance and total time needed for repair equal the
 
number of man hours spent to maintenance and repair
 
respectively. Total down-time is the total time the system was
 
not in operating order due to system failures. Total time "put
 
out of the wind" is the total time during which the windpump has
 
been intentionally put out of operation.
 

The reliability of the system can be expressed by three
 
different indicators, viz. the mean down time (MDT), the mean
 
time between failures (MTBF) and the availability. They are
 
calculated as follows:
 

Total down-time
 
MDT = [hours per break-down]
 

number of break-downs
 

As shown in the example (line 6 of Data Sheet 5.4.1., the
 

value of f might be higher than 1 over shorter periods of
 
time. Thew ffect is caused by the storage tank that can
 
"produce" water even if there is no new water input at all.
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Length of period - Total down-time
 
MTBF =hours)
 

number of break-downs
 

Length of period - Total down-time
 
Availability = 
 (_]
 

Length of period
 

These indicators all refer to different aspects of reliability.

E.g. if a short MTBF is caused by many break-downs of short
 
duration (due to quick repair service), the MDT is low and the
 
availability of the system is high.
 

In addition other events could be summarized, for instance those
 
having occurred strikingly often (e.g. pumping dry of the well).

Careful consideration of Data Sheet 5.4.2. should result in
 
meaningful summaries of events.
 

5.4.3.3 Recurrent costs
 

The data on recurrent costs collected during the Long Term Test,

recorded in Data Sheet 5.4.2., 
will be summarized in Data Sheet
 
5.4.3. under the heading "Recurrent Costs". Details on types

and times of repairs will be noted down in the log.
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5.5. HAND 	PUMPS
 

5.5.1. The "System" durinQ LonQ Term Tests
 

During the Long Term Tests the system under observation consists
 
of the following parts:
 

1. 	Hand pump - Technical system as considered during 
(Short Term Test. 

2. Storage tank, if any
 
3. 	Resources: =Manpower
 

=Water
 
=Money
 

4. Output : 	 =(Useful) water. 

5.5.2. Measurements and data collection durinQ Lonq Term Tests
 

5.5.2.1 Measurements
 

During Long Term Testin:, measurements should be performed every
 
8 days during a whole day. As a result successive measuring
 
days are 	different days in the week, e.g. Monday 22 February,
 
Tuesday 1 March, Wednesday 9 March, etc.
 

Data Sheet 5.5.1. gives a lay-out to be used for noting down the
 
numerical information required and an example as how to fill in
 
the sheet. During a measuring day the following information
 
about persons using the pump is to be recorded 	in Data Sheet
 
5.5.1:
 

Pumpini time, water volume pumped and characterization of users
 

For each 	user prcceed as follows:
 
1. By means of the stop-watch measure the time a person needs to
 

fill her/his tin or bucket.
 
2. By means of the calibrated container measure the volume of
 

the water pumped by each user.
 
3. Determine her/his sex and age. In many cases it is not
 

necessary to ask after the age; the class (7-11, 12-17, ))17)
 
can be determined by guessing.
 

Put the results in Data Sheet 5.5.1.; Sex and age are recorded
 
by noting down the pumping time and the water volume pumped in
 
the applicable column. Put the pumping time in seconds before
 
the semi-colon and the water volume pumped in liters behind it.
 

Example: 	On line 13 in Data Sheet 5.5.1. it can be seen that a
 
woman older than 17 years pumped 17 liters of water.
 
It costs her 80 seconds to fill her container.
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DATA SHEET 5.5.1. Measurements and Calculations Long Term TestE
 
(to be coapleted by technician)
 

Lccation: 
 Date : _[YY,MM,DD]I
 
District: 
 Begin time : _[_ H.IH)M
 

Owner : 
 End time • _IHH,MM] 

Discharge head H (or Total effective head " Cm]

I. dis
 

No Pumping time T Cs] ; Water volume purped per user 0 CIt] Suction Water votre
 
I I head Wnped
 

I female I mate HIn apT

I 7-11 I 12-17 I 17 7-11 12-17 .17 i
 
I rs];It] I tsJ;Ct] j Cs]; t] I s];C1] I ts];It] I ts t] I;rtim ]
I I fI 1 I I I 

I
3 ,
 

7 2 A I, T 

10 ", .L . .. 

11 ; ; _L : 
16 ;--------------------------- ... •
L5_2 ____ 

!~!~.;_'LL ;I ; .J; I ;n 

17 14mmU.. 
Is -; A I 

19 ,I 0;. •• 

IJ-;5I l-a M2 Ila q I .1; Ih;U 

I ! f 3 
-13CT 1445 .. ,,,, ; 293 ]) I1 m ] 

Specify units If others than Cs];CI] are used
 
Fill in Total effective head If appropriate (see Figure 5.5.1. , case c and explanation)
 

, 
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Water volume pumped (optionally)
 

Only if the hand pump is equipped with a storage tank, the
 
integrating flow meter (at the outlet of the storage tank, see
 
section 2.5.1.) should be read at the beginning and the end of
 
every measuring day. Use the first lines of Data Sheet 5.5.1.,

marked byB(egin) and E(nd), and write the results in cubic
 
meters [m' ] (last column).

Check the flow meter regularly in order to detect malfunctioning
 
e.g. due to contamination as soon as possible (see section
 
2.5.1.). Care should be taken to record whether and when the
 
flow meter passed its maximum number of digits and started at
 
the zero reading.
 

Head
 

In order to calculate the total effective head the suction head
 
(including the draw down) and the discharge head should be
 
measured. Generally it is not necessary to repeat the
 
measurement of the suction head for each person using the hand
 
pump. Measure the suction head so often, that differences
 
between successive measurements are not greater than 20 percent.

Write the results in [m] in the last but one column of Data
 
Sheet 5.5.1..
 
Generally the discharge head is constant.
 
Write the results in metres in the heading (fourth line) of Data
 
Sheet 5.5.1..
 

In Figure 5.5.1. some examples are given to illustrate the
 
measurement of the different types of head for a number of
 
situations:
 

Case a.
 
A shallow well is equipped with a surface pump. The suction
 
head Hin is measured from the water level to the centre of the
 
pump, the discharge head Hdis from the centre of the pump to
 the outlet of the pimp.
 

Case b.
 
A tube well is equipped with a deepwell handpump. Because the
 
pump is below the water level, H. is negative. It should be
 
calculated by the difference beteen the water level (meters

below ground level) and the position of the pump (meters below
 
ground level).
 

Case c.
 
A bucket pump lifts water between the water level in the well
 
and the point where the buckets are emptied. In cases like this
 
it is not meaningful to distinguish between different kind of
 
heads. The total effective head simply equals the difference in
 
the two levels.
 

(
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Figure 5.5.1i. Examples of head measurements
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Example: In Data Sheet 5.5.1. it can be seen that the suction
 
head is rather constant. It has only been measured a
 
few times during the day. The negative sign indicates
 
that the pump is below the water level in the well (see
 
case b. in Figure 5.5.1.).
 

5.5.2.2 Additional data collection
 

The logbook should describe in sufficient detail all events
 
occurred e.g. the activities carried out with regard to
 
servicing, maintenance (i.e. preventive action), repair (i.e.
 
corrective action) and overhaul. It should specify the date of
 
the event, the amount of time spent and the costs (distinguish
 
between skilled and unskilled labour, parts, materials,
 
lubricants and transportation). It is recommended to make this
 
description by systematically treating the following issues:
 
-Maintenance
 

=Actions performed (by whom?). If standard, refer to users
 
manual.
 
=Replaced parts
 
=Lubricants used
 

-Break downs of the system
 
=Description of system failure
 
=When was it discovered?
 
=Who was warned, how?
 
=(Possible) causes
 
=When repair started?
 
=Actions performed (by whom, time spent?)

=When was the system ready for operation again?
 

-Operation of the system
 
=Periods of water shortage, reasons
 

-Water source
 
=Occurrence of abnormal water levels in water source.
 
=Running dry of the well.
 

Data sheet 5.5.2. gives a lay-out and a hypothetical example as
 
how to complete this sheet. It can be used as a summary of all
 
events and simultaneously serve as a table of contents to refer
 
to logbook pages with detailed information. The first lines of
 
Data Sheet 5.5.2. give information on the people contributing to
 
the logbook. The subsequent columns of the data sheet contain
 
the date of the event, the initials of the reporter (it is very

important that any person putting down information in the
 
logbook is identified by his initials; he is an important source
 
of additional information when needed), a short description, the
 
time during which the system was out of order (down time), the
 
time spent to maintenance or other activities, the costs and the
 

V 
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page number of the logbook where detailed information, if any,

is recorded. The example shows how the different kinds of costs
 
can be distinguished by using more lines for a single event.
 

DATA SHEET 5.5.2. Chronological survey of all relevant events
 

(to 	be completed by various people)
 

initiats I Functio I Name 

Ij~ vj I 
I£ I- IIecA,.A4e4e, -

II II
 
II II
 
II I 
 I. 

Date 	 I nit Description I Down Time Costs togbook

I I I time spent I page

I I I hours (hours] [. ..I
I Il I 	 I-1 - -. - .- - I *II 

Ma m
I -- I _________, ____._______ __ _L 

I __ I __I,,, /", r 	 IN 5

-- -___, /_ -


I I~
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5.5.3. Data reduction Long Term Tests 
 tI 
Data analysis should be initiated as soon as possible after data
 
collection to quickly indicate possible problems with either the
 
pumping system or the data collection instruments.
 
Early detection of any anomalies in the data will not only lead
 
to more reliable data, but will also eliminate potential

problems 	resulting from incorrect installations of equipment or
 
oversights in the design. Also deterioration of performance in
 
time may 	be detected oy doing so.
 

If during the Long Term Tests large deviations from expected

values are found, it is recommended to perform (part of) a Short
 
Term Test in order to identify possible causes of these
 
deviations.
 

5.5.3.1 Performance
 

Pumping time and water volume pumped per class of users
 

Determine the pumping time and the water volume pumped per class
 
of users 	by totalizing the six columns in Data Sheet 5.5.1..
 
Write the results on the bottom line marked by "C" (again
 
pumping time (s) before the semi-colon and water volume pumped
 
(1] behind it).
 

Example: 	In the column "female, 7-11" of Data Sheet 5.5.1. this
 
summation gives 215 seconds pumping time and 30 liters
 
of water.
 

Pumping time and water volume pumped for females and males
 

Determine the pumping time and water volume pumped per sex by

totalizing the totals per class three by three. Write the
 
results on the bottom line of Data Sheet 5.5.1. marked by "S".
 
When the 	use of seconds and liters as units yields too large

numbers, 	switch over to minutes (hours) and cubic meters.
 

Example: 	The three classes of males pumped during 310, 65 and 75
 
seconds and water volumes of 56, 18 and 21 liters
 
respectively. The tutal values for "male" are 450
 
seconds and 95 liters.
 

Total water volume pumped
 

Determine the total pumping time and the water volume pumped
 
during the measuring day by totalizing all six columns. Write
 

'' 
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the result on the bottom line marked by "T". When the use of

seconds and liters as units yields too large numbers, switch
 
over to minutes (hours) and cubic meters.
 

Example: 	Further summing of the numbers of Data Sheet 5.5.1.
 
gives a total pumping time of 1525 seconds and a total
 
water volume pumped of 304 liters.
 

Water volume Pumped (optionally)
 

Only if the hand pump system is equipped with an integrating

flow meter, the water volume pumped can be calculated
 
altenatively. 
When the flow meter readings Qy are registered

in m , the water volume pumped during a measur ng day is:
 

QPT = QP,e - QP,b [m3]
 
where: QP,b = 
 the reading of the integrating flow meter at the 

beginning of the day. 
= the reading of the integrating flow meter at the 

,e end of that day. 

If all measurements and calculations have been performed

correctly (and if not too much water has been spilled) Q 
 will
 
not differ very much from the total water volume pumped

calculated above (bottom line "T" in Data Sheet 5.5.1.).

Write the value of QPT in Data Sheet 5.5.1., bottom right.
 

Example: 
In Data Sheet 5.5.1. ==Pb846.658 m and Qp,e 

846.951 m .
 3 As a 	result QPT 846.951 - 846.658
 

0.293 m. This result lies within 4 % of the water
 

volume as measured by summing the water volumes pumped
 

per person.
 

Water volume Pumped over a longer Period of time (optionally)
 

If the hand pump system is equipped with an integrating flow
 
meter, the procedure as described above yields periodical flow
 
meter readings, i.e. every 8 days two readings, see lines "B"

and "E" in Data Sheet 5.5.1.. The difference between two

readings delivers the water volume pumped during the concerning

period of time.
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Pumping rate per class of users
 

The pumping rate per class of users can be calculated by
 
dividing 	the total water volume pumped for any class by the
 
total time that class spent on pumping (i.e. divide the numbers
 
behind the semi-colon by the numbers before it in Data Sheet
 
5.5.1., bottom line "C"). Please mind the units! Put the
 
results in Data Sheet 5.5.3..
 

Example: 	In class "male, 7 -11" 56 liters of water has been
 
pumped in 310 seconds. The pumping rate thus equals
 
56 / 310 = 0.18 1/s.
 
The totals per sexe and the overall total can be
 
calculated similarly.
 

DATA SHEET 5.5.3. Pumping rate per class of users
 
(to be completed by technician)
 

Location : Date: [YY/MM/DD]
 
District :
 
Owner
 

Units: (l/s] Age [y] Total
 

sex 	 7-11 12-17 - 17
 

1 	 o.I-female O."0- .4Z 	 .
 

male 	 oIti o.2 o.2. _ ._( 

Total III4l1l IIIIIII 1111 

5.5.3.2 Reliability of the handpump system
 

As stated, Data Sheet 5.5.2. shows information on reliability
 
e.g. the number of system failures, their type and duration,
 
repair types and times, maintenance problems, climatological,

natural or other phenomena affecting delivery reliability, any
 
inherent design faults, etc.
 
In Data Sheet 5.5.4. this information will be summarized for a
 
period of a year under the heading "Operation". Some items are
 
already suggested in the sheet.
 

The various total times asked for might require some
 
explanation. operatinQ time is the time during which the system
 
was running during the length of period T. Total time needed
 
for maintenance and total time needed for repair equal the
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number of man hours spent to maintenance and repair
 
respectively. Total down-time is the total time the system was
 
not in operating order due to system failures.
 

The reliability of the system can be expressed by three
 
different indicators, viz. the mean down time (MDT), the mean
time between failures (MTBF) and the availability. They are
 
calculated as follows:
 

Total down-time
 
MDT = 
 (hours per break-down]
 

number of break-downs
 

DATA SHEET 5.5.4. 	Summary of information of Hand pump System

(to be completed by technician)
 

SUMMARY OVER 19
 

Location
 
District
 
Owner
 
Pumping head:
 

Performance 
Average number of users per day 
Average water volume pumped per day 
Yearly water volume pumped (opt.) 

: 
: 
: 

[-_ 
m] 
[m ] 

Operation 
Operating time of the system 
Total time needed for maintenance 
Total time needed for repairs 
Total down-time 
Number of break-downs 
Mean down time 

:_ 
: 
:(hours] 

:[hours] 

([hours] 
[hours] 
[hours] 

__-] 

Mean time between failures :_ [hours] 
Availability : _] 

Recurrent Costs [ ] 

operation maintenance repair total
 

Skilled labour
 
Unskilled labour
 
Materials
 
Parts
 

Transportation
 
Replacements pump
 

Indicate currency; note replacements type & time in log
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Length of period - Total down-time
 
MTBF = [hours]
 

number of break-downs
 

Length of period - Total down-time
 
Availability = 1-]
 

Length of period
 

These indicators all refer to different aspects of reliability.

E.g. if a short MTBF is caused by many break-downs of short
 
duration (due to quick repair service), the MDT is low and the
 
availability of the system is high.
 

In addition, other events could be summarized, for instance
 
those having occurred strikingly often (e.g. pumping dry of the
 
well). Careful consideration of Data Sheet 5.5.2. should result
 
in meaningful summaries of events.
 

5.5.3.3 Recurrent costs
 

The data on recurrent costs collected during the Long Term Test
 
are recorded in Data Sheet 5.5.2. and will be summarized in Data
 
Sheet 5.5.4. under the heading "Recurrent Costs". Details will
 
be noted down in the log.
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5.6 ANIMAL TRACTION PUMPS 

5.6.1. The "System" during Long Term Tests
 

During the Long Term Tests the system under observation consists
 
of the following parts:
 

1. Animal driven T- Technical system as considered during
 
pump 
 [Short Term Test.
 

2. Storage tank, if any
 
3. 	Resources: =Manpower
 

=Animal power
 
=Water
 
=Money


4. Output : =(Useful) water.
 

5.6.2. Measurements and data collection during Long Term Tests
 

5.6.2.1 Measurements
 

During Long Term Testing measurements should be performed every

8 days during a whole day. As a result successive measuring

days are different days in the week, e.g. Monday 22 February,

Tuesday 1 March, Wednesday 9 March, etc. During such a day

measurements are taken at the beginning and at the end of every

shift of anirals. It is assumed that animals work on one to

three hour shifts. After such a period they get a rest or they
 
are replaced by fresh animals.
 

Data Sheet 5.3.1. (column "MEASUREMENTS") gives a lay-out to be

used for noting down the numerical information required and an
 
example as how 	to fill in the sheet. 
 For each shift a pair of
 
lines, marked by "B"(begin) and "E"(end) is available.
 

Time 
By means of a watch determine the clock time at the beginning

and at the end 	of the shift. Write the results in hours and
 
minutes (HH,MM].
 

Water volume pumped
 

Read the flow meter at the begigning and at the end of the

shift. Write the results in [m ], with one or two digits behind
 
the decimal point.
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DATA SHEET 5.6.1. Measurements and Calculations Long Term Tests
 
(to be completed by technician)
 

Location: Date : _YY,WDD] 

District: Begin time : (HH,MV]
 
owner : End time : _HH,W4]
 

Discharge head Hdis : . [m]
 

MEASUREMENTS (see section 5.6.2.1) CALCULATIONS (see section 5.6.3.)
 

No Time Water Suction Kind, numberi Length of water volume Hydraulic Overall 

meter Head & condition the shift pumped energy system 

reading of animals T a output efficiency 

Hin
ip 
 Eh,T rtot
 

3 * 3 

[HH,MM] (m] (m] Exx,n,qq] [hours] tmI (WhI 1-1 

I I I I - II I I I 

Type of break: &*at / change of animals/ I 
I I
 

B .&Lifi ja2.I --. L 1ik&, . 1 
E o: 4 W LL ,,,_ --- R 419 o. -A_. 


Type of break: rzst/ change of animals/ I 

B 
E 

11a~ 
j1jA 

US 
i4o1 

1.4 
1.LL 

2~, 
I.J sL U2. -1 t)a I 

Type of break: rest / bawg .oWJawtl I I 

13I 

E fl-j 14 _ I & 2 2ILA, .s1 I 
Type of break: rest / char* o#aDowws/ I 

I 2B J L .atf. , , ---I 
E _t_45 _4__SI_ _ I L_6 

Type of break: ;aer / change of animals/ i 
I El I
 

Type of break: rest / change of animals/ I
 
C aI I
 
CAmuLative values for the measuring day
II 
Average vatues for the measuring day I I 

10) 

For kind of animals xx use the following codes: For condition qq use the following codes: 

hh: heavy horse bi: bullock +4 : excellent 

th: tight horse ox: ox + : good 

mu: mute ca: cae *I-: medium 

do: donkey bf: buffalo : poor 

co: cow _-_bad
 

Choose the relevant alternative
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Check the flow meter regularly in order to detect malfunctioning
 
e.g. due to contamination as soon as possible (see section
 
2.5.1.). Care should be taken to record whether and when the
 
flow meter passed its maximum number of digits and started at
 
the zero reading, especially if for any reason readings are
 
taken over longer intervals than piescribed.
 

Thpre is a large variety of animal traction pumps. For many of
 
them the simple method of measuring the water volume pumped as
 
described here can not be applied directly. See for
 
alternatives Section 2.5.1. sub wate-" volume pumped sub c. 

Head
 

In order to calculate the total effective head the suction head
 
(including the draw down) and the discharge head should be
 
measured.
 
Values of the suction head are recorded at the beginning and at
 
the end of the shift. Write the results in [m].

Generally the discharge head is constant.
 
Write the results in [m) in the heading of Data Sheet 5.6.1.
 
(fourth line).
 

In Figure 5.6.1. some examples are given to illustrate the
 
measurement of the different types of head for a number of
 
situations:
 

Case a.
 
A shallow well is equipped with a surface pump. The suction
 
head Hin is measured from the water level to the centre of the
 
pump, the discharge head Hdis from the centre of the pump to
 
the outlet of the pump.
 

Case b.
 
A tube well is equipped with a deepwell handpump. Because the
 
pump is below the water level, H. is negative. It should be
 
calculated by the difference betRen the water level (meters

below ground level) and the position of the pump (meters below
 
ground level).
 

Case c.
 
A bucket pump lifts water between the water level in the well
 
and the point where the buckets are emptied. In cases like this
 
it is not meaningful to distinguish between different kind of
 
heads. The total effective head simply equals the difference in
 
the two levels.
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Figure 5.6.1. Examples of head measurements
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Example: In Data Sheet 5.6.1. 
it can be seen that the suction
 
head is rather constant. The negative sign indicates
 
that the pump is below the water level in the well (see
 
case b. in Figure 5.6.1.).
 

Kind, number and condition of animals
 

In Data Sheet 5.6.1. the first line of each pair (the one marked
 
by "B") is used to indicate the kind, the number and the
 
condition of the animals. 
 For the kind of animals and their
 
condition use the codes as defined on the bottom lines of the
 
Sheet. If the kind of animals is not in the list, it is to be

added on the blanc line under "bf: buffalo". Only if the
 
condition of the animals has changed significantly during the
 
shift, e.g. when they have got extremely tired, use the second
 
line (the one marked by "E") to indicate the situation at the
 
end of the shift. After each shift a line is available in the
 
Sheet to indicate the type of break.
 

5.6.2.2 Additional data collection
 

The logbook should describe in sufficient detail all events

occurred e.g. the activities carried out with regard to
 
servicing, maintenance (i.e. preventive action), repair (i.e.

corrective action) and overhaul. 
It should specify the date of
 
the event, the amount of time spent and the costs (distinguish

between skilled and unskilled labour, parts, materials,

luoricants and transportation). It is recommended to make this
 
description by systematically treating the following issues:
 
-Maintenance
 

=Actions performed (by whom?). If standard, refer to users
 
manual.
 

=Replaced parts
 
=Lubricants used
 

-Break downs of the system

=Description of system failure
 
=When was it discovered?
 
=Who was warned, how?
 
=(Possible) causes
 
=When repair started?
 
=Actions performed (by whom?)

=When was the system ready for operation again?


-Operation of the system
 
=Periods of water shortage, reasons
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DATA SHEET 5.6.2. Chronological survey of all relevant events
 
(to be completed by various people)
 

Inlt I Funtion Nw* 

I I1 II 

T I 

Date Init Description Down Time Costs togbook 

I !time penII pages t 
I I m, IjhoursIC[ .. I I. P[hours 

I I I I I I. I 

-- 're Pe_I 1 
I _ U r ,;lled A_4r I...-- L I 

+-+IIYI_-_-

II I ILI I 

-Water source
 
=Occurrence of abnormal water levels in water source.
 
=Running dry of the well.
 

Data sheet 5.6.2. gives a lay-out and a hypothetical example as
 
how to complete this sheet. It can be used as a summary of all
 
events and simultaneously serve as a table of contents to refer
 
to logbook pages with detailed information. The first lines of
 
Data Sheet 5.6.2. give information on the people contributing to
 
the logbook. The subsequent columns of the data sheet contain
 
the date of the event, the initials of the reporter (it is very
 
important that any person putting down information in the
 
logbook is identified by his initials; he is an important source
 
of addit.onal information when needed), a short description, the
 
time during which the system was out of order (dowi time), the
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time spent to maintenance or other activities, the costs and the
 
page number of the logbook were detailed information, if any, is

recorded. 
The example shows how the different kinds of costs
 
can be distinguished by using more lines for a single event.
 

5.6.3. Data reduction LonQ Term Tests
 

Data analysis should be initiated as soon as possible after data

collection to quickly indicate possible problems with either the
 
pumping system or the data collection instruments.
 
Early detection of any anomalies in the data will not cnly lead
 
to more reliable data, but will also eliminate potential

problems resulting from incorrect installations of equipment or
oversit.hts in the design. Also deterioration of performance in

time may be detected by doing so.
 

If during the Long Term Tests large deviations from expected
vaikes are found, it is recommended to perform (part of) a Short
 
Term Test in order to identify possible causes of these
 
dev*ations.
 

5.6.3.1 Performance
 

The results of reduction of data on system performance are
 
recorded 	in Data Sheet 5.6.1. in the column indicated by
 
"CALCULATIONS"'.
 

Length of the shift T
 

The length of the shift T simply equals the time in hours
 
between the beginning and the end of the shift.
 

Example: 	In Data Sheet 5.6.1. the first shift works from 06:25
 
to 07:45. So the duration of this shift is 80 minutes,

equalling 1.33 hours.
 

Water volume pumped per shift
 

3
When the flow meter readings Qp are registered in m , the water
 
volume pumped during the shift is:
 

- [m3]

QPT = QP,E - QP,B [m 3 

where: 	 QPB = the reading of the integrating flow meter at the
 
beginning of the shift.
 

QP,E = the reading of the integrating flow meter at the

end of the shift.
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Example: 	Fcr the second shift in Data Sheet 5.6.1. QPB = 

1362.1 m3 and QP,E = 1375.9 m 3 . Then QPT = 1375.9 

1362.1 = 13.8 m3 

Hydraulic system output
 

The hydraulic system output Eh,T during the shift can be
 
calculated from QPT by: 

E= 2.73 * HinB HinE]+. Wh 
Eh,T 2.3* QPT 22 I Hndis [h 

where: 	 Hin,B = suction head at the beginning of the shift. 
H n,E suction head at the end of the shift.A =discharge head.
 

2 = 	 conversion factor (9.31/3.6). 

Example: 	For the •third shift QPT == 24.2 m . H.in,B andan Hin,E 

being -1.6 and -1.5 m respectively and with Hdis = 12.7 

m (see top lines of Data Sheet), Eh,T = 737 Watt. 

Animal energy input
 

The animal energy input E to the system during the shift can
 
be estimated roughly by:E an'T
 

Ean,T= T * nn * Pan [Wh]
 

where: T = length of shift in hours
 
nn = number of animals
 
Pan = power per animal in Watts (see Table on next
 

page)
 

Examgle: 	For the third shift the -inimal power input to the
 
system according to the formula above equals:
 

Ean,T = 	1.55 * 2 * 450 = 1395 Watt
 

(This number is not entered into the Data Sheet, it
 
should be put into the logbook)
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TABLE 5.6.1. Power of various animals1
 

Animal Power range Average
 
P
 

heavy horse 500-1000 750
 
light horse 400-800 600
 
mule 300-600 450
 
donkey 75-200 150
 
cow 200-400 300
 
bullock/ox 300-500 400
 
camel 400-700 550
 
buffalo 600-1000 800
 

Overall system efficiency
 

The overall system efficiency rtot is obtained from the
 
quantities above by:
 

- hT9tot 

Ean,T
 

Example: 	Using the result of the previous examples, for the
 
third shift the overall system efficiency becomes:
 

',tot = 	 737 / 1395 = 0.53 

5.6.3.2 Reliability of the animal pump system
 

As stateI, Data Sheet 5.6.2. shows information on reliability
 
e.g. the number of system failures, their type and duration,

repai: types and times, maintenance problems, climatological,

natural or other phenomena affecting delivery reliability, any

inherent design faults, etc.
 
In Data Sheet 5.6.3. this information will be summarized for a

period of a year under the heading "Operation". Some items are
 
already suggested in the sheet.
 

The various total times asked for might require some
 
explanation. Operating time is the time during which the system

was running during the length of period T. 
Total time needed
 
for maintenance and tota4l time needed for repair equal the
 
number of man hours spent to maintenance and repair
 

Derived from: Peter Fraenkel, Water-Pumping Devices,
 

FAO 1986.
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respectively. Total down-time is the total time the system was
 
not in operating order due to system failures.
 

The reliability of the system can be expressed by three
 
different indicators, viz. the mean duwn time (MDT), the mean
 

DATA SHEET 5.6.3. Summary of information on Animal driven Pump
 

(to be completed by technician)
 

SUMMARY OVER 19
 

Location
 
District
 
Owner
 
Pumping head:
 

Performance
 
Average water volume pumped per day : _[m3
 

Number of animals in shift :[-)

Average operational hours per day : [hours)

Average overall system efficiency : [-3
 

Operation
 
Operating time of the system : [hours]

Total time needed for maintenance (_[hours]
 
Total time needed for repairs

Total down-time 

Number of break-downs 

Mean down time 

Mean time between failures 

Availability 

Other uses of system/animals 

(pls.specify in log)
 

Recurrent Costs [ ]
 

[hours]
 
:[hours]
 
: [-3
 
:[hours]
 
:[hours]
 
:__[

[hours]
 

operation maintenance repair total
 

Skilled labour
 
Unskilled labour
 
Fodder
 
Materials
 
Parts
 
Transportation
 
Replacement pump

Replacement harness
 
Replacement animals
 

Indicate currency; note replacements types & time in log
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time between failures (MTBF) and the availability. They are
 
calculated as follows:
 

Total down-time
 
MDT = 
 (hours per break-down)
 

number of break-downs
 

Length of period - Total down-time
 
MTBF 
 [hours]
 

number of break-downs
 

Length of period - Total down-time
 
Availability = 
 [-


Length of period
 

These indicators all refer to different aspects of reliability.

E.g. if a short MTBF is caused by many break-downs of short

duration (due to quick repair service), the MDT is low and the
 
availability of the system is high.
 

In addition, other events could be summarized, for instance

those having occurred strikingly often (e.g. pumping dry of the
 
well). Careful consideration of Data Sheet 5.6.2. should result
 
in meaningful summaries of events.
 

5.6.3.3 Recurrent costs
 

The data on recurrent costs collected during the Long Term Test
 
are recorded in Data Sheet 5.6.2. and will be summarized in Data
 
Sheet 5.6.3. under the heading "Recurrent Costs". Details are
 
noted down in the log.
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6. ECONOMIC ANALYSIS OF WATER PUMPING
 

6.1. INTRODUCTION
 

The purpose of this chapter is to provide a guide for obtaining

and analyzing cost and performance data on a range of pumping
 
systems. To achieve this purpose, both the data needed and the
 
use of a conventional analytic technique are described. The
 
manipulation of the data to produce the analysis is described in
 
terms of numerical examples, formulae, and the use of
 
spreadsheet software for microcomputers.
 

6.1.1. Scope of the Chapter
 

The emphasis here is on the practical use of existing techniques
 
rather than developing new methods or adherence to all the finer
 
points of the theories involved. The literature on cost
 
effectiveness analysis and related techniques (e. g., cost
 
benefit analysis and project analysis) is quite large and no
 
attempt to review it will be made here. Those who wish to delve
 
into the subject are directed to the list of references for this

"chapter. 
The task is to estimate the cost of purchasing, installing, and
 
operating a given system over its useful life in such a way that
 
comparison between systems is facilitated. This chapter
 
addresses the relative feasibility or attractiveness of a,
 
variety of technologies and not their absolute feasibility. The
 
comparisons of pumping systems are between systems which are
 
assumed to produce the same level of direct benefits (i. e. a
 
given quantity of water); consaquently direct benefits will be
 
ignored. Other benefits which may result from the investments
 
are also ignored. The focus of this chapter is on comparing
 
costs of different systems. Common costs--those which are a
 
part of every system under consideration, such as conveyance
 
costs--are also omitted on the grounds that to do so (a)
 
simplifies the analysis and (b) does not change the relative
 
position of the systems if ranked on the basis of cost. The
 
emphasis is on how systems differ in terms of cost per cubic
 
meter of pumped water.
 

The costs which are analyzed are:
 
=,, the costs of the whole system, "total system costing." Total
 
system costs (with the single exception of common costs noted
 
above) are needed because systems differ with respect both to
 
on-site costs and outlays for off-site equipment, fuel, and
 
associated maintenance systems.
 

From various sides the editors received critical coments 
on the assumption of equal benefits in terus of water output
 
of the alternative systems, because this would be
 
unrealistic. Moreover, some reviewers have insisted -Lo
 
discount not only costs but also the water volume pumped,
 
in order to arrive at a price per cubic meter that can be
 
compared between systems different in project length and
 
water delivery pattern. However, changing these
 
methodological issues at this stage would have delayed this
 
publication too long. Their incorporation in the final
 
version of this Handbook will be considered.
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=- the costs of a system over its operating lifetime, "life
 
cycle costing." Life cycle costing is needed because systems
 
have service lives of different length and have different
 
proportions of capital and recurrent costs.
 

These costs will be examined from two related perspectives.
 
First, financial costs are those seen by the farmer or other
 
potential user of the system. Second, economic costs are those
 
seen by the government or society at-large. As will be
 
demonstrated, analysis from both perspectives is essential to a
 
full understanding of the problem.
 

6.1.2. Structure of the Chapter
 

In sections 6.1. and 6.2., the concepts and techniques used in
 
the analysis are examined. Conventional project analysis which
 
examines the project from the perspective of both the user and
 
the government is explained. The second part of the chapter
 
(6.3.) focuses on actually developing the two data sets which
 
are to be analyzed --the economic and financial data sets-- as
 
well as the questions which arise when forecasting recurrent
 
costs and other practical issues associated with the analysis.
 
The second part ends with the introduction of the analytic
 
technique to be usd, present value analysis. Step-by-step
 
examples which apply both a manual technique and a
 

TABLE 6.1: Steps in analysis
 

1. Create Financial Data Set
 
a. tabu-'ate total installed costs
 
b. list assumptions underlying analysis
 
c. tabliLate year 1 recurrent costs
 
d. project recurrent costs over span of analysis
 

2. Create Economic Data Set
 
a. determine adjustments for price distortions
 
b. transform financial data to create economic data
 

3. Apply Present Value Methods
 
a. Calculate Present Value of Recurrent Costs:
 

both financial and economic
 
b. Sum Total Installed Cost and Present Value of
 

Recurrent Costs
 
c. Calculate Water Output

d. Calculate Unit Costs of Water:
 

both financial and economic
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microcomputer-based approach are presented in 6.4. The third
 
part, as an example, examines sample spreadsheets for each of
 
the six technologies covered by the Handbook (section 6.5).
 

Table 6.1 is a simple flow chart that serves two closely related
 
ptirposes. First, it outlines the steps followed in the
 
analysis. Second, it indicates the structure of the chapter
 
itself.
 

6.2. BASIC CONCEPTS OF ECONOMIC/FINANCIAL ANALYSIS
 

The analytic problem is to develop both economic and financial
 
estimates of life-cycle costs of pumping systems so that these
 
cost data along with other information can be used to make
 
pumping system related choices. The costs to be evaluated can be
 
simplified into a generalized formula as follows:
 

LCC = TIC + R + U + L + E
 

where: 	LCC = Life Cycle Cost
 
TIC = Total Installed Cost
 
R = Repair and Replacement parts

U = Upkeep (normal maintenance materials)
 
L = Labor (to maintain and operate)
 
E = Energy
 

The method first distinguishes between two types of inputs,
 
"capital" and "recurrent costs." The Total Installed Costs
 
(TIC) including the pumping system components and their
 
installation --the prime mover, pump, well or intake structure
 
and, where necessary, storage-- are all capital costs. Note that
 
labor and transportation, associated with the installation of
 
the system are included in the TIC.
 

The remaining items in the equation are recurrent costs. These
 
inputs are consumed or must otherwise be continually re-supplied
 
--parts, the labor of the operator and the maintenance mechanic,

and energy. In addition, the periodic replacement of pumps,

engines, or other major system components are also a part of
 
recurrent costs --even though these usually do not arise on an
 
annual basis. Note that in this analysis there are items which
 
are normally thought of as recurrent costs which are included
 
along with normal capital items in total installed costs. For
 
example, there may be an initial stock of fuel, operating

capital to purchase fuel or electricity, or a deposit associated
 
with a power connection. In many situations it may be good

practice to include an item for an inventory of spare parts in
 

I, 



HB2CAP6 6 - 4 22/10/88
 

the capital costs, even though these will be used over time.
 
Where such inventory is needed for year-one operation, it should
 
be treated as capital.
 

Two Analytic Perspectives: Economic and Financial
 

As noted above, what is needed is a pair of cost estimates for
 
each system. Conventional analysis, as described by Gittinger

(1982, p. 18) for example, distinguishes between financial and
 
economic analyses. Where the financial analysis takes the point

of view of the individual farmer or other user, the economic
 
analysis takes the point of view of the society as a whole. The
 
two perspectives are complementary in that they deal with the
 
same components of costs, but evaluate them differently. Very

briefly, the two perspectives differ on four dimensions:
 

First, in financial analysis taxes and subsidies are seen by the
 
user as an integral part of costs and are, indeed, an outflow of
 
funds. In economic analysis, taxes and subsidies are seen as
 
transfer payments or flows of funds which are internal to the
 
nation i.e., they are not outflows. (The government is assumed
 
to represent the society at-large.)
 

,Second, market prices are used in the financial analysis since
 
these are the prices seen by the participants in the project.
 
These values are adjusted for the transfer payment component and
 
other distortions. After adjustment these values are used in
 
economic analyses.
 

Third, in financial analysis interest on borrowed funds is
 
simply anoth- cost. In the economic analysis, interest is a
 
part of the .4al return (to society at-large) and is not
 
netted-out.
 

Fourth, the economic perspective recognizes that market prices

(used in financial analysis) tend to under-value some costs to
 
society. That is, markets tend to fail to incorporate (or fully

account for) environmental and social dimensions of a project

(e.g., job creation).
 

The important contribution of this dualistic analysis is that it
 
permits analysts to identify projects which may be attractive at
 
one level of analysis (economic or financial) and unattractive
 
from the other. That is, through this method it is possible to
 
evaluate such commonly encountered elements as subsidies,
 
controlled prices, and unrealistic exchange rates in terms of
 
their effect on a particular project or the differential effect
 
these elements may have across a spectrum of technologies. The
 
dualistic analysis better informs decision makers where the
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investments being considered have quite comparable costs from
 
the individual's point of view but quite different costs from
 
the perspective of the nation, or vice versa.
 

For the analyst, the economic and financial perspectives amount
 
to two different data sets both of which must be analyzed using

the same technique. Actually these analyses can be performed in
 
parallel, a procedure considerably simplified by the use of
 
widely-available spreadsheet software for microcomputers. Part
 
Two, which follows immediately, discusses the development of the
 
data needed for the analysis.
 

6.3. PREPARING THE DATA SETS
 

Setting-up the data for the analysis is a three-step process:
 
(1) obtain the financial prices,
 
(2) estimate economic prices by adjusting financial prices
 

and
 
(3) project the recurrent costs (both financial and economic)
 

over the time span of the analysis.
 

6.3.1. The Financial Data Set
 

The starting point for preparation of the data sets is obtaining
 
the financial prices. Financial prices are simply the market
 
prices the user faces for any particular input. The data come
 
from several sources: the short and long term testing, pumping
 
system suppliers, and government planning agencies. At the
 
start of a pump testing project, there may be some information
 
that cannot be supplied from these sources. In these cases,

data from earlier studies or best available estimates will have
 
to be substituted. The long and short term testing results will
 
provide estimates of systems reliability as well as estimates of
 
the recurrent costs such as operating and maintenance costs,
 
including the necessary inputs of energy, materials,

transportation, and labor. Information on capital costs may be
 
obtained by surveying local suppliers or reviewing recent
 
government procurement documents, as appropriate.
 

It is important to recognize that precise data on costs are
 
seldom readily available. Indeed, an important objective of a
 
testing project is to obtain better estimates of costs and to
 
learn how costs may vary for particular pumping systems under
 
different operating conditions. Thus testing projects will
 
produce a range of cost estimates which are, in turn, likely to
 
be further refined as testing proceeds and experience is gained.
 

Capital costs will also vary both between suppliers and
 
over-time. Moreover, the installed costs of systems will vary
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because transportation and labor costs may differ within a
 
nation. It is important to anticipate these differences and
 
document them. Depending on the particular institutional
 
arrangements for pricing and distributing petroleum products,

fuel prices may vary within a country to account for transport

costs. Such data may be available from planning officers, motor
 
pool officials, or fuel distributors. Be prepared to collect
 
data which reflect (for example) the real regional differences
 
in the cost of installing and operating systems. It is
 
important to perform cost analysis using the high and low values
 
for these inputs in addition to the common practice of
 
performing the analysis using only the averages.
 

6.3.2. The Economic Data Set
 

The economic data set is created by making a series of
 
adjustments or transformations to the financial data set. The
 
two data sets are structurally parallel. Information needed to
 
create the economic data set, such as the shadow prices for
 
foreign exchange and labor and the appropriate interest or
 
discount rates, should be available from the government economic
 
planning office. Alternative estimates of these parameters may

also be available from economic officers of the various
 
bilateral or multilateral development assistance agencies

operating in the country. In the discussion below possible

information sources for other necessary cost and economic data
 
are suggested.
 

Analysts should be cautioned at the outset that while
 
spreadsheet software makes it a fairly simple task to create
 
alternative economic data sets, the creation of such data sets
 
is not the goal of the analysis. What is sought is improved

understanding of the costs of pumping and how they differ when
 
seen from the financial or economic perspective. Adjusting the
 
financial data set to account for truly minor differences can
 
create a situation characterized by spurious accuracy. Shadow
 
pricing is not, as a rule, applied unless there is a marked
 
difference in costs between the economic and financial
 
perspectives. One of the benefits of using spreadsheet software
 
for the analysis is the ability to experiment with shadow
 
pricing on a component of costs and determine what (if any)
 
difference it makes to use shadow prices.
 

The costs most likely to need adjustment are those for imported

items and those which contain a substantial amount of unskilled
 
local labor. That is, the cost differences are most likely to
 
result from (a) differences in the valuation of foreign

exchange, (b) differences arising out of taxes and duties, and
 
(c) alternative valuations of unskilled domestic labor.
 
Adjustments may be needed in the costs of the equipment,
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products, or services used in a pumping system if the item is
 
imported --including items which are locally tabricated from
 
largely imported components. The distinction can be taken
 
further in that locally available goods and services (such as a
 
locally fabricated windmill tower) can be analyzed according to
 
its imported and domestic content. The imported component may be
 
raw materials, such as steel, and the domestic component may be
 
the labor.
 

Each category of data which is likely to need adjustment and
 
which is likely to be encountered is included in the table
 
below. In addition, a more detailed discussion of the rationale
 
for these adjustments is presented in Annex 3.
 

TABLE 6.2. Summary of adjustments used to create the
 
economic data set
 

Data * 

Foreign Exchange 

Rate Premium 


Taxes and Duties 


Unskilled Labor 


Fixed and/or 

Regulated Prices 

e.g., Electricity 

and Petroleum 

Products
 

Use 


Adjust price of 

imported products 

to compensate for 

over or under-

valued local 

currency 


Net-out government 

receipts from 

financial prices 


Adjust local labor 

rate to reflect the 

economic opportunity 

cost 


Remove price dist-

ortions which arise 

from the regulatory 

or control system
 

Source
 

Economic
 
Planning
 
Agency,
 
Regional
 
Development
 
Banks, World
 
Bank, or IMF
 

Revenue
 
Agency or
 
Customs Bureau
 

Planning
 
Agency
 
Development
 
Bank Reports
 

Regulatory
 
Boards
 
or Commissions
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Practical Limits to Adjustments
 

It should be recalled that the results of the analysis, are
 
expressed as unit costs, i. e., per cubic meter of water pumped
 
over the twenty-year period of analysis. The practical effect
 
of this is that as the amount of water pumped increases many
 
costs actually become minimal. As a consequence, shadow pricing

adjustments become less and less of a practical issue as the
 
quantity of water increases. Where the .quantity of water is
 
small (e. g., small village water supply systems) the converse
 
is true. Where full-time pumpers are required by custom and
 
water demand is low, the difference between financial and
 
economic costs can be quite large. The shadow pricing of 
unskilled labor is an important aspect of the analysis in these 
c ises. 

It is unrealistic to imagine that as part of an evaluation of
 
pumping costs an original and independent estimate of foreign

exchange rates, energy prices, or shadow prices for unskilled
 
labor will be prepared. The development of such reports is a
 
much broader task requiring investigation of details that cannot
 
be probed here. It is simply the case that the best available
 
data should be sought from appropriate agencies, the sources
 
fully documented, and used. In the absence of available
 
estimates, it is desirable to use sensitivity analysis to show
 
the potential gains (in terms of making the analysis of water
 
pumping more accurate) from having better price estimates.
 

6.3.3. Forecasting
 

Once both the economic and financial data for ycar-one are
 
assembled, the recurrent costs must be projected over the life
 
of the project. Forecasting recurrent costs is an instance, like
 
that noted just above, in which the boundaries of water pumping

analysis are reached. The analysis requires, for example, a
 
twenty year forecast of petroleum prices. It is unrealistic to
 
expect that original work on petroleum forecasting will be done
 
as part of a waterpumping analysis. There are, however, some
 
practical steps which can be taken to cope with the forecasting
 
problem --for petroleum and other items as well.
 

For convenience, methods of making forecasts are shown An the
 
table below for each of the major categories of inp\:t data. In
 
addition a somewhat more detailed discussion of the issues
 
involved in making these forecasts is included in the Annex 4.
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TABLE 6.3. Summary of Approachls to Forecasting
 

Data Item Technique
 

General Inflation Assume that the costs of 
all inputs increases at 
the same rate 

Specific Rates of Inflation Include additional 
adjustment only if 
significantly different 
from general trend 

Petroleum Prices Use both high and low 
(or other major inputs) values from official 

estimates and/or 
use simple assumption 
such as: real prices will 
double in 20 years 

Imported Goods World Bank Manufacturing 
Unit Value Index 

6.3.4. Other Analytic Issues
 

As noted at the beginning of this section, the major analytic
 
tasks are developing the two data sets (economic and financial)
 
and projecting the recurrent costs over the span of the
 
analysis. In addition, there are a number of other issues which
 
arise in the course of conducting the analysis. These issues
 
have been summarized and included in the table below; a more
 
detailed discussion of the issues is included in the Annex 5.
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TABLE 6.4. Summary of Other Analytic Issues
 

Issue 


Sensitivity Analysis 


Specifying Water Requirements 


Treatment of Renewables 


Discounting Physical Quantities 


Storage 


Maintenance and Repairs 


Reliability 


Resolution
 

Confine to inputs which can
 
substantially affect unit
 
prices or those which differ
 
markedly when the economic or
 
financial c ca sets are
 
compared
 

Determine water requirements
 
prior to performing analysis.
 
It may be necessary to
 
consider growth in demand
 
especially that arising from
 
population growth
 

Water output which exceeds
 
specified amount (above)
 
should not be used in the
 
analysis
 

Physical Quantities (e.g.,
 
water output) should not be
 
discounted
 

Where clearly a part of all
 
systems being considered, it
 
may be ignored as are other
 
common costs
 

Maintenance costs are those
 
incurred to prevent
 
breakdown; repair costs are
 
those made to fix broken
 
equipment
 

Include costs which are
 
directed toward improving
 
the level of service, such
 
as training, repair
 
facilities, fuel delivery
 
trucks, etc.
 

Having examined the analytic and technical issues involved in
 
creating the needed data for the analysis, the next step is to
 
examine the technique for analyzing the two sets of data which
 
have been created.
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6.3.5. Analytic Techniques: Present Value Analysis
 

Numerous texts and handbooks exist which explain in some detail
 
the basis for the whole family of discounted cash-flow
 
techniques. These texts generally review the debates regarding
 
the finer points of the methods. Those who wish to learn more
 
about the methods, should review works listed in the References
 
section. To accomplish the purposes of this Handbook, however,
 
it is necessary to explain the application of the chosen
 
technique in such a way that potential users can use it for
 
practical analysis.
 

The choice of techniques grows out of the nature of the
 
decision maker's problem which is to choose systems that
 
minimize the cost of pumping a given amount of water. First
 
costs, or year-one costs, are an unreliable guide to the
 
life-cycle costs. A decision to choose a certain system carries
 
with it an uneven out-flow of funds (costs) over time. That is,
 
there will be an investment in year-one which is followed by
 
outlays for fuel and operating and maintenance costs over the
 
life of the system. Some systems have a greater proportion of
 
the total costs in the first year of the project than do
 
others--e. g., wind machines as compared to diesel pumpsets.
 
Thus the method chosen for the analysis must adjust these uneven
 
flows and permit comparisons across systems. The principle which
 
underlies such adjustments is called the time value of money:
 
costs which occur in different time periods are not of equal
 
weight. Costs are of less weight, value, or worth the further
 
into future they can be deferred. To reflect these preferences,
 
future costs are adjusted or "discounted" by a factor which is
 
called a discount rate.
 

Present value analysis is a means of adjusting the stream of
 
(uneven) yearly outlays so they may be expressed and compared as
 
though they were being in'urred in year-one. The formula used
 
to calculate the present value (PV) of a twenty year stream of
 
costs is
 

(equation 6-1): Present value (PV) = 

CFI CF2 CF8 CF20 
SUM + 2+..+ + . + 

(1 + r) (1 + r)
(1 + r) (1 + r) 


where: CF = stream of cash flows (annual)
 
r = the discount rate
 

(1 + r)n = the discount factor
 

To clarify the workings of this equation, it is helpful to
 
substitute numbers for the symbols in the above equation. These
 
numbers are those used in both the manually worked-out example
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and the sample spreadsheet (Table 6.6.) which follow and which
 
are shown for the full twenty years in Table 6.5. below.
 

130 130 1130 130
 
SUM: + 2 8 + ... + or 

(i.i0) 1 (1.10) (1.10)T (1.10)20 

130 130 1130 130 
SUM: + + .... + + - or 

1.10 1.21 2.14 6.73
 

SUM: 118.16 + 107.44 +....+ 527.15 + ... + 19.32 = 1791 

The equation shows that each year's cash flow (recurrent costs
 
in this analysis) is discounted by dividing the cash flow by a
 
term which is calculated by adding one to the discount rate and
 
raising that sum (1 + r) to a power which is equal to the number
 
of years into the future that the cash flow occurs. These
 
discounted cash flows are summed to yield the present value (PV)
 
of the recurrent costs. When the PV of recurr'nt costs and the
 
Total Installed Cost are summed, the result is the Life Cycle
 
Cost.
 

In practice, ths estimated recurrent costs will not be the same
 
for each year for a variety of reasons. The major reason for
 
this difference is the routine replacement or major overhaul of
 
the pump and/or power unit. In the numerical example above, and
 
as can be seen in Table 6.5. and sample spreadsheet Table 6.6.,
 
the pump has a life of eight years. Therefore, year 8 and year
 
16 show an undiscounted cash flow of 1130 (100+10+10+10+1000)
 
while the remaining years show 130 (100+10+10+10).
 

While it is unlikely that many analysts will use a manual
 
method, it is instructive to work through a problem. To make
 
the most of this exercise, the data used in the manual example
 
are exactly the same as that used a sample spreadsheet (Table
 
6.6) which follows. The data for the manual example are shown
 
in Table 6.5. To further clarify the linkage between the manual
 
example and the spreadsheet, the corresponding row and column
 
references for the spreadsheet are shown in brackets (for
 
example: [D9]).
 

Column two (CF in equation 6-1) is a series made up of the sum
 
of each year's recurrent costs which are also shown as row (f)
 
in the Financial Analysis section of the sample spreadshget,
 
Table 6.6. Column three is the discount factor, (1 + r) in
 
Equation 6-1 above. Column four is the present value of the
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TABLE 6.5.: An Exercise in Manual Methods: 
Calculating Present Value 

CFn 
Row (f) from (I + r)n PV for 

Year Financial Analysis (r = [MS] = 10%) Each Year 

1 130 1.10 118.18 
2 130 1.21 107.44 
3 130 1.33 97.67 
4 130 1.46 d8.79 
5 130 1.61 80.72 
6 130 1.77 73.38 
7 130 1.95 66.71 
8 1130 2.14 527.15 
9 130 2.36 55.13 

10 130 2.59 50.12 
11 130 2.85 45.56 
12 130 3.14 41.42 
13 130 3.45 37.66 
14 130 3.80 34.23 
15 130 4.18 31.12 
16 1130 4.59 245.92 
17 130 5.05 25.72 
18 130 5.56 23.38 
19 130 6.12 21.26 
20 130 6.73 19.32 

Present value of Recurrent Costs 1791.00 [D9]
 
Total Installed Costs 3610.00 [D7]
 
Life Cycle Costs 5401.00
 

figure in column two which is calculated (as shown in Equation
 
6-1) by dividing the nominal costs by the discount factor.
 
(Note: data in Table 6.5 have been rounded for purposes of
 
illustration and are no longer precisely correct.)
 

The present values for each year (column four) are summed (1791)
 
to total the present value of all recurrent costs, cell D9 in
 
Table 6.6. When this figure is added to the total installed
 
costs (cell D7), the result is commonly known as the life cyc.e
 
cost. In analysis of water pumping projects, it is standard
 
practice to express the i1fe cycle costs in terms of unit costs.
 

In this example the total water pumped over the span of the
 
analysis is the product of: 20 (years) x 365 (days per year) x 5
 
(cubic meters per day) = 36500. Dividing the LCC of 5401 by
 
36500 yields a quotient of .15. Therefore, for purposes of
 
comparisons the cost of pumping water with this system is
 
estimated to be .15 units of currency per cubic mater, in
 
financial analysis (cell D5). Please note, however, that this
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figure should not be interpreted as an estimate of the delivered
 
cost of water. Some costs, notably those common to all systems
 
being compared, have been omitted. Therefore, this estimate is
 
valid only when used for purposes of comparison with other
 
estimates which have been derived using the same system
 
boundaries, assumptions, etc.
 

At this point, it is important to examine two very important
 
assumptions that have been made but not yet discussed: the
 
discount rate and the term of the analysis.
 

Discount Rates
 

As can be seen in Equation 6-1, the value chosen for the
 
discount rate is a major determinant of the present value. The
 
effect of discounting can be understood by examining Table 6.5.
 
Since the undiscounted cash flows are identical at 130 (except
 
for years 8 and 16), the result of discounting can easily be
 
seen by examining the series in the right-most column. The
 
recurrent costs in year one are two percent of the Life Cycle
 
Cost (LCC) while the year twenty costs are less than one-half of
 
one percent of the LCC.
 

The rate used may well vary depending on whether financial or
 
economic analysis is being performed. For financial analysis,
 
the appropriate rate is the market interest rate for loans for
 
investment capital which represents either the cost of money to
 
the private investor or the opportunity cost to the investor if
 
his/her own funds are used in some other way rather than
 
invested in a pumpset. Within a country, the interest rate can
 
vary widely depending on differences in risk and the mobility of
 
capital or local availability of credit. The relevant rate will
 
depend on the specific situation. Information regarding the
 
choice of an appropriace rate is likely to be available from
 
economic planning officers in the appropriate agricultural or
 
water agency. For economic analysis the discount rate should be
 
based on the government's economic planning criteria for project
 
investments. The rate will primarily reflect the opportunity
 
cost or the marginal productivity of capital.
 

All else equal, the higher discount rates will make technologies
 
with higher year-one costs look less attractive than those with
 
lower year-one costs and higher recurrent costs. This ir true
 
simply because in such a case a smaller share of the total costs
 
is subject to deeper discounting (that is, divided by larger
 
discount factors) and the higher rate quickly reduces the value
 
of the recurrent costs in the out-years.
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Planning Period or Term of the Analysis
 

In principle, for present value calculations the life of the
 
longest lasting system component should be used for the term of
 
the analysis or the planning period. For the problem at hand,
 
comparing the costs of different pumping systems, this principle
 
provides no unambiguous answer. One of the qqestions being
 
explored, in fact, is the life of the various components.
 
Moreover, one goal of the analysis is to focus attention on the
 
cost reductions which can occur when improved maintenance
 
extends the life of the major components. An informal review of
 
the literature indicates that many analysts have simply chosen
 
to use a twenty-year time span for the analysis. With nearly
 
any discount rate, costs incurred beyond the twenty-year time
 
span will have little effect on the unit costs calculation.
 
Therefore, based on practical considerations rather than theory,
 
twenty years should be used.
 

6.3.6. Use of Microcomputer Software
 

It is anticipated that the analyst will be using one of the
 
standard spreadsheet software packages (e. g., Microsoft Excel,
 
Quattro, Multiplan, Lucid, SuperCalc4, ZenCalc, etc.) available
 
for microcomputers. These packages contain the needed financial
 
analysis function which calculates the present value (PV) of a
 
user-specified range of figures. In most software, the function
 
uised is called net present value (NPV). An examination of most
 
software documentation, usually somewhat lacking in explanation,
 
will reveal that there is no error in using a function called
 
NPV to calculate PV. The "netness" of NPV is that it can be
 
used to analyze a broad range of problems some of which may
 
include both costs and benefits (e.g., net returns on an
 
investment: the value of the returns minus the cost of the
 
investment).
 

Use of spreadsheet software makes it possible to quickly and
 
easily evaluate (for example) a range of cost estimates for key
 
variables and thereby produce a sensitivity analysis which shows
 
changes in unit costs associated with different assumptions or
 
cost estimates for crucial components of total cost such as
 
fuel. An added benefit of using spreadsheet software is that
 
most (but not all) of these packages have the ability to
 
produce graphics which can be helpful in illustrating and
 
understanding other matters of interest. For example, pie
 
charts can be used to illustrate and visually compare the
 
components of cost (capital, labor, fuel, etc.) for different
 
systems or for the same system under different sets of
 
assumptions.
 

In order to reduce the cost of computation and make the analysis
 
more efficient, it is important to give some prior thought to
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the actual design or layout of the spreadsheet, which both
 
organizes the analysis and serves as the calculating device.
 
Experienced spreadsheet users may have their own approach to
 
this problem, but for those not so experienced a simple example
 
is shown in Table 6.6. Placing different categories of
 
information in different regions of the spreadsheet serves to
 
make the logic of the analysis clear to others --or to yourself
 
should you be called away from the task for a few weeks or
 
months. For this example, the spreadsheet is divided into four
 
parts: (a) Results, (b) Assumptions, (c) Inputs, and (d)
 
Calculations. The rationale for the layout chosen here is that
 
by locating the Results in the upper left corner, it is possible
 
to quickly move to that block by pressing the "home" key. The
 
"navigation" commands of particular programs may lend themselves
 
to somewhat different layouts. The point is that if there is
 
very much analysis to be done, the ease and speed of work can
 
become an issue. In addition, this layout is designed to print
 
on a single sheet of ordinary paper (either A4 or 8.5 x 11) when
 
a smaller printer font is used. This is an advantage for
 
presentation purposes and when preparing reports. Where this is
 
not of concern, it iu simpler to let the recurrent costs
 
continue through column Y.
 

The extent to which the analyst takes advantage of the various
 
features of the available software will not be explored here
 
except in passing. The degree to which the actual analysis is
 
"automated" depends on both the familiarity of the user with the
 
software and the features of the software. The assumptions here
 
are (a) the spreadsheet being used is very basic and (b) the
 
analyst has little or no familiarity with spreadsheet software.
 
The best way to learn to use spreadsheet software is to have a
 
real problem to analyze. Therefore, it is expected that many
 
analysts, will begin with simple spreadsheets and will learn to
 
take advantage of various features of their software at a pace
 
which is comfortable to them.
 
(Note: Rather than using a manual technique to check results of
 
spreadsheet analysis, it is suggested that data from sample
 
spreadsheets in this chapter be used instead.)
 

The financial data included in the sample spreadsheet are all in
 
powers of ten to make visual comparison between the economic and
 
the financial data sets easier. To further explain the linkages
 
between the data sets, each section of the spreadsheet will be
 
discussed.
 

Results Box
 

The box in the upper left corner of the spreadsheet contains the
 
results of the analysis. As the analysis of the two data sets
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TABLE 6.6 Spreadsheet for explanation
 

A 8 C 0 E F G i I J K L M N 0
 
2 ANSWER SOX 
 ASSUMPTIONS
 
3 ...........................................
 ~~~ ...................................
 

4 
 Financial Economic 
5 PV per M3 0.15 0.16 Real Olcount Rate 0.1 
6 Shadow Price Unskilled Labou 0.5
 
7 Total Installed Costs 3610 3548 Shadow Foreign Exchange 1.25 
8 Taxes on Equlpment 0.1 
9 PV of Recurrent Costs 1791 2109 
1' Life of Pum Inyears 8
 
11Output:m3/day 5
 

12
 

13 FINANCIAL ANALTSIS
 

14 
 ...................................x....................................
 
V. RECURRENT COSTS yuarl year2 year3 year4 year5 year6 year7 yearb year9 yearlO 
16 Fuel 100 (a) 100 100 100 100 100 100 100 100 100 100
 
17 Parts/materIls 10 (b) 10 10 10 10 
 10 10 10 10 10 10 
18 Pulp replacement (c) 1000 
19 Skilled Labour 10 (d) 10 10 10 10 10 10 10 10 10 10 
20 Transportation 10 (a) 10 10 10 10 16 10 10 10 10 10 
21 Total (f) 130 130 130 130 130 130 130 1130 130 130 
22 

23 CAPITAL COSTS 

24 Pup 1000 

25 Engine 1000 

26 Other 100 
27 Site Preparation 100 
28 Pu phouse andWorks 100 year1lyearl2year13yearl4 yeaer5year16 yearl7yearl8 year19 ycsr20 
29 Storage Tank 1000 (a) 100 100 100 100 100 100 100 100 100 100 
30 Other 100 (b) 10 10 10 10 10 10 10 10 10 10 
31 Installation c) 1000 
32 Skilled Labour 100 (d) 10 10 10 10 10 10 10 10 10 10 
33 Unskilled Labour 100 (e) 10 10 10 10 10 10 10 10 10 10 
34 Transport 10 Cf) 130 130 130 130 130 1130 130 130 130 130 
35 Total Installed Cost 3610 

36 

37
 

38 

39
 

40 ECONOMIC ANALYSIS 

41 ........................................................................ 
42 RECURRENT COSTS yearl year2 year3 year4 yearS year6 year7 yearl year9 yearlO
 
'3 Fuel 125 (a) 125 125 125 125 125 125 125 125 125 125 
44 Parts/materials 11 (b) 11 11 11 11 11 11 11 11 11 11 
45 Pump replacement (c) 1136 
46 Skilled Labour 10 (d) 10 10 10 10 10 10 10 10 10 10 
47 Transportation 10 (e) 10 10 10 10 10 10 10 10 10 10 
48 Total Ct) 156 156 156 156 156 156 156 1293 136 156
 

'9
 
50 CAPITALCOSTS 
51 Pump 1136 

52 EngIne 1136 

53 Other 114 
54 Site Preparation 100 
55 Puephouse a" Works 100 yearl1yoira2 yearl3 year14year15 yearl6 year17 yearll year19 year20 
56 Storage Tank 1000 () 125 125 125 125 125 125 125125 125 12$ 
57 Other 100 (b) I II It 11 11 11 11 11 11 11 
58 Installation (c) 1136 
59 Skilled Labour 100 (d) 10 10 10 10 10 10 10 10 10 10 
60 Unskilled Labour so Ce) 10 10 10 10 10 10 10 10 10 10 
61 Transport 11 (f) 156 156 156 156 156 1293 156 156 156 156
 
62 Total Installed Cost 388 
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is wholly parallel, this explanation will be in terms of the
 
financial data set only.
 

(a) Total installed costs (cell D7) is simply a duplicate
 
of cell D35, whicn is the sum of the Capital Costs (D24 through
 
D34). This "duplicate" is located in the Results Box simply for
 
convenience.
 

(b) Cell D9 is the present value of the recurrent costs
 
which is the stream of recurrent costs over the twenty year

period of the analysis discounted by the Real Discount Rate.
 
That is, the series made up of the sums of each year's recurrent
 
costs (cells F21 through 021 and F34 through 034) which are
 
discounted at the rate shown in cell M5. These recurrent costs
 
include two replacements of the pump, one each in years 8 and
 
16, otherwise the yearly outlays are identical. Note that these
 
figures are the same as are reported in the second column of
 
Table 6.5, above.
 
When actually entering the formula for cell D9, it is useful to
 
enter the discount rate in terms of the location of the cell
 
containing the value that is to be used, rather than the value
 
itself. That is, if the cell reference (M5) is used instead of
 
0.10, it is quite simple to explore the cost implications of
 
different discount rates by merely substituting one number for
 
another in cell M5 and watching D5 and D9 take on new values.
 
This approach is simpler and less likely to introduce erroib
 
than the alternative of editing the actual formulae to change
 
the discount rate.
 

(c) The daily water output of the system is entered into
 
cell Cll and is multiplied by 7300 (the number of days in 20
 
years) t o obtain total output for the period of the analysis.
 

(d) Finally, cells D7 and D9 are summed (= 5401) and then
 
divided by the total water pumped (36,500 m3) to arrive at .15
 
unit3 of currency pc cubic meter, [D5].*
 

Assumptions Box
 

(a) The real discount rate is entered in cell M5; its only
 
use in the analysis is that discussed in note 2 above. Software
 
differs as to the form in which the discount rate should be
 
entered, but most accept the decimal fraction form shown here.
 
Care should be taken, as this is the most likely place in the
 
analysis to misplace a decimal. If there is a substantial
 
difference between the discount rate faced by the user and the
 
government, a separate Economic Discount Rate can be added here
 
and used for the economic analysis.
 

(b) The Shadow Price for unskilled labor is entered in
 
cell M6. As with the discount rate, it is recommended that when
 

Y-	 According to the footnote at page 6.1 it should be 
emphasized that the number in call. . cannot be considered 
as the real cost per cubic meter water pumped. Since common 
costs have been omitted and the water output has not been 
discounted, it should rather be considered as a relative 
cost indicator. 

'K
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the figure is needed in a formula it be included as a cell
 
reference --as discussed in note (b) above. In this example,

cell D60 is calculated by multiplying D33 by cell M6.
 

(c) The Shadow Foreign Exchange adjustment (cell M7)
 
indicates that the local currency is over-valued by 25 percent.

Cell M7 is used to adjust the financial prices of imported
 
items. A second adjustment (cell MB, an ad valorem 10 percent
 
tax) corrects these prices for taxation. For example, cell D17
 
(parts and material) is first adjusted for this tax component

(cell M8) by dividing it by 1.1. After that using cell M7, the
 
result is multiplied by 1.25 to correct the non-tax part of the
 
financial costs for exchange rate.
 
The full adjustment is: (10/1.1)*1.25 = 11.36. When rounded to
 
the nearest whole unit of currency, the value is 11; cell D44
 
contains this figure.
 

(d) The life of the pump is shown to be eight years; this
 
cost is included in the capital costs in year one and as a
 
recurrent cost in years eight and sixteen. While many
 
spreadsheets contain functions which would automate the
 
insertion of replacement of costs at year 8 and year 16, it is
 
most often better done manually by simply entering the cell
 
reference (e. g., D51) in the appropriate blank cell (e. g.,
 
M45). Those very familiar with their software may wish to make
 
this automatic, but those not so familiar could invest more time
 
getting it right than by simply doing it manually.
 

TransforminQ Financial Costs into Economic Costs
 

To review, the financial costs are adjusted based on the
 
information shown in the assumptions box to create the economic
 
data set. An example of this was shown in note (c) above
 
concerning the shadow foreign exchange adjustment.
 

(a) Cells D24, D25, D26, and D34 are adjusted for foreign

exchange and taxes to yield the counter-part cells of D51, D52,
 
D53, and D61. Note that the net adjustment is as calculated in
 
note (c) above. The other capital costs were found, in this
 
example, to be local products and were not adjusted. In the
 
case of skilled labor (D32 and D59), the wage rate was judged to
 
reflect the alternative-use costs to society and no adjustment
 
was needed.
 

(b) For this example, no adjustments were made to the fuel
 
costs. In practice, as will be shown later in the technology-by
technology examples, both liquid fuels and electricity often
 
contain tax and subsidy components which cause the economic
 
costs to differ from the financial. No real price escalation
 
was included.
 

!1
 

http:10/1.1)*1.25
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TABLE 6.7 Spreadsheet Diesel Pump
 

SAMPLE SPREADSHEET: DIESEL
 

Financial Economic 

PV per m3 0.31 O.2A Real Discount Rate 0.06 
Shadow Price Unskilled Labor 0.5 

Total InstaLled Costs 11150 11338 Shadow Foreign Exchange 1.25 

Taxes on EqJipment 0
 
PV of Recurrent Costs 56540 49035
 

Life of Pumpin years a 
output: m3/day 30 

FINANCIAL ANALYSIS 
RECURRENT COSTS yearl year2 year3 year4 yearS year6 year7 yearS yelr9yearlO 
Fuel and lubrication 1100 (a) 1100 1100 1100 1100 1100 1100 1100 1100 1100 1100 
Maintenance: parts /00 (b) 400 400 400 400 400 400 400 400 400 400 
Maintenance: iaor 120 (c) 120 120 120 120 120 120 120 120 120 120 

Enigine overhaul:parts 500 (d) 500 500 500 500 S00 500 
Engine overhaul:labor 100 (e) 100 100 100 . 100 100 100 
Pump replacement If) 600 

Labor (purper) 2400 (g) 2400 2400 2400 2400 2400 2400 2400 2400 2400 2400 
Irensportation 510 (h) 510 510 510 510 510 "10510 510 510 510
 
Total (f) 4530 5130 4530 5130 5130 4530 5130 5130 5130 5130
 

CAPITAL COSTS
 

Engine 2100 
Pump 600 yearll yearl2 yari1 yearl% yearl5 yearl6 yasrl7 yearl yearI9 year20 

Do.nhote piping 200 (a) 1100 1100 1100 1100 1100 1100 1100 1100 1100 1100 
Site Preparation 200 (b) 400 400 400 400 400 400 4UU .9 400 400 
Puihoue andWorks 1200 (c) 120 120 120 * 120 120 120 120 120 120 120 
Storage Tank 1000 (d) 500 S0 500 500 500 500 
Above ground piping 450 (e) 100 100 100 100 100 100 
Installation (M 600 

Skilled Labour 2000 (I) 2400 2400 2400 2400 2400 2400 2400 2400 2400 2400
 
Unskilled Labour 2000 (h) 510 510 510 510 510 510 510 510 510 510
 
Transport 1400 (I) 4530 5130 4530 5130 5130 5130 5130 4530 5130 5130
 

Total Installed Cost 11150
 

ECONOMIC ANALYSIS 
RECURRENT COST yearl year? year3 ytar4 year5 year6 year7 yearS yeer9 yearlO 

Fuel andlubrication 1375 (a) 1375 1375 1375 1375 1375 1375 1375 1375 1375 1375 
maintenance: parts 500 (b) 500 500 500 500 500 500 500 500 500 500 

Maintenance: labor 75 (c) 78 7a 78 78 78 75 7a 7 78 75 
Enigine overhaul:parts 625 (d) 625 625 625 625 625 625 
Engine overhaul: labor 100 () 100 100 100 100 100 100 
Pump replacement I 750 
Labor (pumper) 1200 (g) 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 
Transportation 638 (h) 638 635 638 635 638 638 635 635 635 638 
Total (I) 3791 4516 3791 4516 4516 3791 4516 4541 4516 4516 

CAPITALCOSTS
 

Engine 2625 
Pump 750 yearl year12 year13 yearl4 yearl5 year16 yearl7 year1lyear19 year2O 
Dorhole piping 250 (a) 1375 1375 1375 1375 1375 1375 1375 1375 1375 1375 
Site Preparation 200 (b) 500 500 500 500 500 500 500 500 500 500 
Pupmiouse and Works 1200 (c) 78 75 78 7 78 78 78 75 75 To 
Storage Tank 1000 (d) 625 625 625 625 625 625 
Above ground piping 563 (a) 100 100 100 100 100 100 
Installation (f) 750 

Skilled Labour 2000 (g) 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 
Unskilled Labour 1000 (h) 638 638 638 638 638 635 635 635 635 635 
Transport 1750 (I) 3791 4516 3791 4516 4516 4541 4516 3791 4516 4516 

Total Installed Cost 11338 
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6.4. DISCUSSION OF SAMPLE SPREADSHEETS
 

A sample spreadsheet has been prepared for each of the
 
technologies covered by the handbook. The financial data used
 
for these analyses should be considered as example only; general
 
conclusions can not be drawn from it. It is based on work done
 
for the Comparative Water Pumping Project, a project jointly
 
funded by the Government of Botswana and the U.S. Agency for
 
International Development. Associates in Rural Development
 
provided technical assistance for the project which was
 
implemented through the Ministry of Mineral Resources and Water
 
Affairs. The specific reports from that project are listed in
 
Chapter 7.
 

The data in these spreadsheets is somewhat different than that
 
found in the project reports. In Botswana, the difference
 
between economic and financial data sets is often quite small
 
--frequently well within the estimating error. The purpose of
 
this handbook is to explore differences. Therefore, some
 
adjustments are made to better illustrate the analytic approach.
 

The overall structure of these spreadsheets is the same as that
 
used in Table 6.6 (above). Therefore the general explanation
 
which was provided there will not be repeated here.
 

Diesel-powered Pumpset
 

The capital costs are shown individually for the major
 
components of the system (engine, pump, tank, etc.). There are
 
two considerations when establishing categories of costs.
 
First, where tax or subsidies differ by type of material
 
(assembled equipment vs parts, raw material vs manufactured
 
goods, etc.) the analysis is clearer when the categories reflect
 
the characteristics of the tax structure. In some cases it will
 
be sufficient to simply separate imports from domestic products.
 
Second, there may be different suppliers or different brands of
 
(e. g.) pumps being tested and major components should be
 
isolated so that cost and or performance differences can easily
 
be accounted for.
 

In the specific case at hand, the engine is subject to the
 
shadow exchange adjustment and no other taxes or adjustments are
 
made. All the capital costs are subject to this adjustment,

with the exception of items which are locally produced. Local
 
items are the site preparation, pumphouse and works, storage
 
tank, and the labor components. The remaining adjustment is
 
that unskilled labor is reduced from 2000 to 1000 by the shadow
 
price for unskilled labor. Note that after all adjustments, the
 
financial total installed costs are roughly equivalent to the
 
economic; the increases for currency valuation are nearly
 
balanced by the reduction in the value of the labor.
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Considering the recurrent costs, the sare general rules apply in
 
that shadow prices are applied to unskilled labor and to
 
imported items (foreign exchange adjustment). With the
 
exception of labor, all the recurrent costr are adjusted by the
 
foreign exchange shadow adjustment to reflect the fact that they
 
are imported. Within the labor categories, unskilled labor is
 
adjusted as above.
 
Particular attention is directed to maintenance labor which is
 
shown to be 120 in the financial analysis and 78 in the
 
economic. This item is included here as an example of how not
 
to do it. The maintenance labor is composed of both skilled and
 
unskilled labor - thirty and seventy percent, respectively. The
 
seventy percent is subject to the .5 shadow price while the
 
thirty percent is included at the full value. In numbers:
 
skilled labor is valued at 36 and unskilled at 84 in the
 
financial analysis; in the economic analysis, skilled labor
 
remains 36 and the unskilled is reduced to 42 for a total of 78.
 
While no arithmetic error has been made, the spreadsheet is not
 
clear on this point --it looks like an error. It is better to
 
keep the categories of labor separate as is done in the capital
 
costs with installation labor, for example. In this case, the
 
actual figure is too small to make any real difference in the
 
analysis. In the installation labor, however, that is not the
 
case.
 

Where there are records of sufficient length and accuracy, many
 
costs will be found to vary by actual running time of the
 
engine. Fuel consumption is an obvious example. In the
 
spreadsheet, there is an implicit assumption that the engine
 
will be operated the same number of hours each year. Frequently
 
that is not a bad assumption. If enough is known about a given
 
situation, there may be better assumptions however. For
 
example, if the population of a village is growing by three
 
percent per year or if for some other reason (such as the
 
addition of private taps) a trend can be documented, then some
 
explicit adjustment can be made.
 

A related problem is included in the spreadsheet. Small,
 
low-speed Diesel engines can last a very long time--if they are
 
maintained. The engine in the sample operates 3000 hours per
 
year; engine overhauls are shown separately in the spreadsheet
 
at intervals of 5000 hours. Therefore overhauls are fairly
 
frequent, but not really expensive. It is important to
 
distribute costs over time, especially significant ones, using
 
as much accuracy as possible. Where data permit better
 
characterization of the costs on something more accurate than an
 
annual average, the better estimate should be used and the basis
 
for the estimates should be noted.
 

Note that transportation (in both capital and recurrent costs)
 
is adjusted by the shadow foreign exchange adjustment. This
 
adjustment is made to reflect the fact that two major components
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of transport (equipment and fuel) are imported. Transportation
 
can be a significant; part of both recurrent and capital costs.
 
Therefore, soue analytic awareness must be taken of the
 
differences which exist between the two perspectives: economic
 
and financial.
 

Photovoltaic Pumps
 

The equipment used here is an array of twenty-one solar modules
 
driving a submersible pump. The balance of the capital costs is
 
self-explanatory. In terms of the differences between the
 
economic and financial data sets, unskilled labor is adjusted by

the .5 shadow price. Note that the adjustments for foreign

exchange and taxes are the same (.10). These adjustments off-set
 
one another on the imported items which are assembled or
 
manufactured items. Items which are imported, but which are
 
unfinished products, are only subject to the foreign exchange

adjustment, i. e., transportation and above ground piping. The
 
major difference between the two data sets is the adjustment to
 
the unskilled labor.
 

It is noteworthy that a major component of the recurrent costs
 
for the system is the replacement of the modules. The
 
replacement rate used here, one per year for a twenty-one module
 
system, is based on actual experience in Botswana. The other
 
major item is the pump and motor replacement, this too is based
 
on experience. The replacement rate for submersible pumps is
 
dependent on the quality of water, the quality of the pump,
 
among other things. It is intuiti,,aly appealing to add an
 
amount of labor and transportation to the year in which the pump

is replaced. If information on such costs exist, it can be
 
included. These costs --especially where submersible pumps are
 
concerned --are comparatively small and are unlikely to change
 
the analysis much.
 

After the spreadsheet is set up, it is an easy task to modify

the appropriate recurrent costs (substitut.ng guesses for
 
missing data) to determine if the costs of acquiring the data
 
are likely to be matched by improvements in the analysis.
 

http:substitut.ng
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TABLE 6.8 Spreadsheet Solar Pump
 

SAMPLE SPAEADSHEET: P OTOVOLTA IC 

Financlt Economic 

PV per m3 0.33 0.33 eal OiscountRate 0.06 
Shadow PriceUnskilled Labor 0.5 

Total Installed Costs 28295 27418 Shadow Foreign Exchange 1.1 

Taxes on Equipment 0.1 

PY of Recurrent Costs 20230 20207 

Life of Pump in years 5 

Output: 0]/day 20 

FINANCIAL ANALYSIS 

REL4RRENTCOSTS yearl year2 year3 year4 year5 year6 year7 year8 year9 yearl0 

Module replacement 670 (a) 670 670 670 670 670 670 670 670 670 670 

Partsand materials 100 (b) 100 100 100 100 100 100 100 100 100 100 

Pump replacement (C) 4700 4700 

Maintenance: skilled labor 12 (d) 12 12 12 12 12 12 12 12 1? 12 

unskilled labor 28 () 28 28 25 28 28 . 28 28 28 28 28 

Transportation 120 (f) 120 120 120 120 120 120 120 120 120 120 

Total (g) 930 930 930 930 5630 930 930 930 930 5630 

CAPITAL COSTS 

Pump9 motor 4700 

Solarmodules 14070 yearl yearl2 year13yearl4 yeari5year16 yearl7 yearl8year19 year20 

Related solarhardware 1250 Ia) 670 670 670 670 670 670 670 670 670 670 

Aboveground piping 450 (b) 100 100 100 100 100 100 100 100 100 100 

Punhouse and Uorks 1500 (c) 4700 4700 

Storage lank 1000 (d) 12 12 12 12 12 12 12 12 12 12 

Other 100 (e) 28 28 28 28 28 28 28 28 28 28 

Installation (f) 120 120 120 120 120 120 120 120 120 120
 

Skilled Labour 2000 (g) 930 930 930 930 5630 930 930 930 930 5630
 

Unskilled Labour 2000
 
Transport 1225
 

Total Installed Cost 28295
 

ECONOMIC ANALTSIS
 

RECURRENTCOSTS yearl )ear2 year3 year4 year5 year6 year? yearS year9 yearlO
 

Module replacement 670 Ia) 670 670 670 670 670 670 676 670 670 670
 

Partsandmaterials 100 (b) 100 100 100 100 100 100 100 100 100 t00
 

Pump replacement (c) 4700 4700
 

Maintenance: skilled labor 12 (d) 12 12 12 12 12 12 12 12 12 12
 

unskilled labor 14 (e) 14 14 14 1. 14 14 1 " 14 14 14
 

Transportation 132 (f) 132 132 132 132 132 132 132 132 132 132
 

Total (g) 928 928 928 928 5628 928 928 928 928 5628
 

CAPITAL COSTS 

Pump andmotor 4700 

Pump 14070 yearllyear12 year13 year14 yearl5year16 year17 yearl8 yesr19 year20 

Related solar hardware 1250 Ia) 670 670 670 670 670 670 670 670 670 670 

Above ground piping 450 (b) 100 100 100 100 100 100 100 100 100 100 

Puntphouse andWorks 1500 (c) 4700 4700 

Storage Tank 1000 (d) 12 12 12 12 12 12 12 12 12 12 

Other 100 () 14 14 14 14 14 1f 14 14 14 14 

Installation (f) 132 132 132 132 132 132 132 132 132 132
 

skilled Labour 2000 (g) 928 928 928 928 5628 928 928 928 928 5628 

Unskilled Labour 1000 

Transport 1348 

Total Installed Cost 27418
 

L'
 



HB2CAPb 
 6 - 25 22/10/88 

TABLE 6.9 Spreadsheet Grid Connected Electric Pump
 

SAMPLE SPREADSHEET: GRID ELECTRIC
 

Financial Economic
 
PV per w3 0.18 0.19 Real Discount Rate 0.06
 

Shadow Price Unskilled Labor 0.5
 
Total Installed Costs 
 12200 11680 Shadow Foreign Exchange 1.1
 

Taxeson Equipvnt 0.1
 
PV of Recurrent Coats 14687 15115
 

Life of Pump in years 8
 
Output:m3/day 20
 

FINANCIAL ANALYSIS
 
RECURRENT CtSTS 
 yearl yeer2 year3 year4 years year6 year7 yearB year9 yearlO 
Electricity 800 Ca) 00 800 800 800 800 800 t o 8o Boo Boo 
Parts 10 (b) 
 10 10 10 10 10 10 10 10 10 10
 
Pump replacement (c) 
 3600
 
Skilled labor 50 (d) 50 50 
 50 50 50 50 50 50 50 50 
Transportation 
 100 (e) 100 100 100 100 100 - 100 100 100 100 100
 
Total (f) 960 
 960 960 960 960 960 960 '560 960 960
 

CAPITALCOSTS 
Pump 3600 
Motor and starter 1800 yearl1year12 yearl3 year1 yearl3year16 year17 yearl8year19 year2O 
Piping andmeters 1300 (a) 800 800 800 8oo 8oo 8oo 8008oo 8OO 800 
Electric controls 500 (b) 10 10 10 10 10 10 1010 10 10
 
Pumphouse and Works 
 700 Ic) 3600
 
Storage Tank ;000 (d) 50 50 50 
 50 so 50 50 50 50 50
 
Other 
 100 (e) 100 100 100 Ito 100 100 100 100 100 100
 
Installation 
 If) 960 960 960 96& 960 4560 960 960 960 960
 

Skilled Labour 1200
 

Unskilled Labour 1200
 

Transport oo
 
Total Installed Cost 12200
 

ECONOMIC ANALYSIS 
RECURRENT COSTS yearl year2 year3 year& 
yearS year6 year7 year8 year9 year10 
Electricity 880 (a) 880 880 80 880 8 O 880 880 880 880 80 
Maintenance: parts II (b) 11 11 11 11 11 11 11 I1 11 11 
Pump replacement (c) 3600
 
Skilled labor 33 (d) 33 33 33 33 33 33 33 33
33 33
 
Transportation 
 100 () 100 100 100 100 100 100 100 100 100 100 
Total 
 (f) 1024 1024 1024 1024 1024 1024 1024 462 1024 1024 

CAPITAL COSTS
 

Pump 3600
 
Motor and starter 1800 yearilyearl2 year13 year1 yearl5year16 yeer17 yearl8year19 year20
 
Piping and meter 1300 (a) 880 880 880 880
880 880 88 880 580 880 
Electric controls 500 (b) 11 11 11 11 11 11 iI 11 11 11 
Pumphouse and Works 700 (c) 3600 
Storage Tank 1000 (d) 33 33 33 3333 33 33 33 33 33
 
Other 100 () 
 100 100 100 100 100 100 100 100 100 100 
Installation (f) 1024 1024 1024 1024 1024 1624 102 1024 102 1024 

Skilled Labour 1200 

Unskilled Labour 600 
Transport 8O 

Total Installed Cost 11680 
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Grid Connected Electric Pumps
 

This example includes no costs associated with the extension of
 
the grid to the site or any transformer costs. Capital equipment
 
includes a submersible pump, which is priced separately from the
 
motor and starter. This treatment allows pump replacement as a
 
separate transaction. The taxes and the foreign exchange
 
adjustments off-set each other. Therefore, economic and
 
financial total installed costs differ due to the installations
 
costs --transport and unskilled labor. In-the economic analysis,
 
electricity is shadow priced using (an example) foreign exchange
 
adjustment, to account for the fact that the equipment and fuel
 
used in the production of electricity are imported. Electricity
 
is actually the energy source which is most likely to exhibit
 
price distortions. It is very important to investigate
 
electricity pricing policies to ensure that proper adjustments
 
are made for subsidies.
 

Wind Pumps
 

The most noteworthy element in the analysis of wind machines is
 
the relatively low recurrent costs. The ratio of capital costs
 
to recurrent can be high, especially where a proven wind machine
 
is being analyzed. Unfortunately, some wind machines - and other
 
devices which provide power for pumping - on the market have not
 
(yet) proven to be reliable -- in these cases the above
 
generalization does not hold.
 

For the spreadsheet labelled Wind-l, adjustments to capital
 
costs follow the pattern established in the previous
 
spreadsheets. The two major analytic issues for wind machines
 
are the choice of level of output (low-wind month, etc.) and the
 
effect of different discount rates both of which are discussed
 
earlier.
 

The spreadsheet labelled Wind-2 is based on data developed in
 
the Cape Verde islands, again somewhat adapted here as
 
illustration. The wind machine is locally manufactured and
 
operates in sea winds which result in fairly high maintenance
 
costs to cover frequent painting due to the adverse operating
 
environment -salt air.-


In addition, the wind machine itself is replaced in year 15.
 
Note that this results in a 5775 charge (financial data set).
 
Although only the overall result is shown on the spreadsheet,
 
the discounting reduces this amount to a present value ot 1413
 
units of currency. The net effect of replacing the machine in
 
the fifteenth year of operation is one-hundredth of a unit of
 
currency (one cent) per cubic meter of water delivered.
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TABLE 6.10 Spreadsheet Wind Pump - 1
 

SAMPLE SPREADS E :T: V I NO
 

Finarvst EconcMic
 

0.31 	 0.33 Reat Discount Rate 0.1 

Shadow Price Unskilled Labor 0.5 
Pv per V3 


Shadow Foreign Exchange 1.25
 

Taxes on Equipment 0.1
 
Totml Installed Costs 22560 24493 


PV of Recurrent Costs 1974 2282
 

Life of Pump in years 7
 

Output: r3/day 11 

FI NANCIAL ANALYSIS 

yearl year2 yearS year4 years year6 year7 yearS year9 yearlO
RECURRENT COSTS 

so s0 s0 50 50 so s0Parts/materiats 50 (a) 50 so 50 

Cylinder replacement Cb) 350 

50 50 50 50 so 50 s0 50 50
Skilled tabor 50 (c) 50 


Transportation 100 (d) 100 100 100 100 100 100 100 100 100 100
 

Total (e) 200 200 200 200 
 200 , 200 550 200 200 	 200
 

CAPITAL COSTS 

Cylinder 350 

Windmill 9 tower 15000 yearll year12 yearl3yearl4 yearl3 year16 yearl7 yeir1lyear19 year2O 

50 so 50 50 50 50 50Piping/rising main 500 (a) 50 so 50 

Above ground piping 60 (b) 350 
50Pulrpouse andWorks 750 (c) 50 so 50 50 50 so 50 50 0 

100 100 100 100Storage Tank 1000 (d) 100 100 100 100 100 100 

100 (e) 200 200 200 550 200 200 200 200 200 200Other 


Instillation
 
Skilled Labour 3000
 

Unskilled Labour 1000
 

Transport 800
 

Total Installed Cost 22560
 

ECONOMIC ANALYSIS 

yearl year2 yeir3 year4 yearS year6 year? yearS year9 yearl0RECURRENT COSTS 

57 57Parts/material 5? (i) 57 57 5? 57 5? 5 57 S7 


395
Cylinder replacement (b) 

50 50 50 so 50
Skilled tabor 50 (c) 50 so 50 50 50 

Transportation 125 (d) 125 125 125 	 125 125 125 125 125 125 125 

232 232 232 630 232 232 232Total 	 C') 232 232 232 

CAPITAL COSTS
 

Cylinder 398 

yearllyearl2 yearll yiar14 yearlS yearl6 year7lyearillysar19 year2O
UindoilL & tower 17045 

5? 57 57 5?Piping/rising main 625 (a) 57 57 57 57 57 57 


Above ground piping 75 (b) 398
 

50 50 so so 50 50 50 50 50
Pumphouse andWorks 750 (c) 50 


Storage Tank 1000 
 (d) 125 125 125 125 	 125 125 125 125 125 125
 

Other 100 (e) 232 232 232 	 630 232 232 232 232 232 232 

Installation 

Skilled Labour 3000
 

Unskilled Labour 500
 

Transport 1000
 

Total Installed Cost 2".93
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TABLE 6.11 Spreadsheet Wind Pump - 2
 

SAMPLE SPREADSNEET: 
 UIMO-2
 

Financial Economic
 
PV per m3 0.11 
 0.10 RealDiscount note 
 0.1 

Shadow Price Unskilled Labor 0.5
Total Installed Costs 9950 9825 Shadow Foreign Exchange 1 

Taxes on Equipment 0.1 
PV of Recurrent Costs 9695 
 7848
 

Life of Puop in years S
 

Output: w3/day 25
 

FINANCIAL ANALYS I S
 
RECURRENTCOSTS 
 yearl year2 ieer3 years year5 year6 year? year8 year9 yearlO

Parts/materials 
 300 (a) 300 300 300 300 300 300 300 300 300 300
 
Pump and piping replacement 750 (b) 750 750 
Skilled tabor 
 100 (c) 100 100 100 100 0 
 100 100 100 100 100
 
Unskilled labor 
 350 (d) 350 350 
 350 350 350 350 350 350 350 350
 
Transportation 
 100 (e) 100 100 100 100 100 100 100 100 100 100
 
Replace windptnV In year 15 f)
 
Total 
 (g) 850 850 850 850 1600 850 550 850 850 1600 

CAPITAL COSTS
 

Cylinder 500
 
Windmill& tower 5500
 

materials 
 2500 
 yearSlyearl2year13 year14 yearl5 year16 year1?yeartlyear19 year20
 
workshop overhead 2500 (a) 300 300 300 3YO 300 300 
 300 300 300 300
 
skilled tabor 350 (b) 750 750 
unskilled labor 150 100 100
(c) 100 
 100 100 100 100 100 100 100
 

Belowgroun piping 
 250 (d) 350 350 350 350 
 350 350 350 350 350 350 
Pierhouse and works 300 (a) 100 100 100 100 100 100 100 100 100 100 
Storage tank 3000 If) 
 5900
 
Installation 400 
 (g) 850 850 850 85rl 7500 850 850 850 850 1600
 

Skilled labor 100
 
Unskilled tabour 100
 
Transport 200
 

Total Installed Cost 9950
 

ECONOMIC ANALYS 
1S
 
RECURRENT COSTS 
 yearl year2 year3 year4 years year6 year? yearb year9 yearl0
Parts/mterialt 273 (a) 273 273 273 273 273 273 273 273 273 273 
Pump and piping replacement 682 (b) 682682 
Skilled tabor 
 100 (c) 100 100 100 100 
 100 100 100 100 100 100
 
Unskilled tabor 175 (d) 175 175 175 175 175 175 175 175 175 175
Transportation 100 () 100 100 100 100 100 100 100 100 100 100 
Replace wirdpump I, year 15 (f) 
Total (g) 648 648 648 648 1330 641 648 648 6.8 1330 

CAPITALCOSTS
 

Cylinder 500 
indsilti& tower 5425 year1iyear12 year13 yearl4yeasrlSyear16 yearl7 yearl8yearl9 year20
 

mterals 2500 273 273(a) 2,3 273 273 273 273 273 273 273 
workshop overhead 2500 (b) 682 682 
Wrciled tabor 350 (c) 100 100 100 100 100 100 100 100 100 100 

unskilled tabor 75 (d) 175 175 175 173 175 175 175 175 175 175 
Below ground piping 250 (e) 100 100 100 100 100 100 100 100 100 100 
Puphouse and Vorka 300 If) 575 
Storage Tani 3000 (g) 648 648 648 648 710S 648 648 648 648 1330 
Instaltatlon 350 

skiLted labour 100 
unskilled tabour 50 
transport 200 

Total Installed Cost 9825 
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Although the machine is locally assembled, the only adjustment
 
needed is for the small amount of unskilled labor used in the
 
manufacturing process. if this machine were being compared to
 
one which was imported in a fully assembled condition, then the
 
tax would be applied to the total price of 5500. This would
 
result in the total installed cost in the financial data set to
 
diverge from that in the economic data set.
 

Animal Traction Pumps 
 D 
Animal-powered pumpsets can be analyzed In the same fashion as
 
any other investment in a pumping technology. In spite of the
 
lengthy history of use, thrre is not a lot of reasonably
 
reliable data on some of the more thorny analytic issues,
 
however.
 

The example system described by the sample spreadsheet is a
 
pumpset being developed by the Rural Industries Innovation
 
Center in Botswana. It consists of a system of chain-driven
 
r-duction gears and a belt driven Mono pump. What is of interest
 
in terms of the economic/ financial analysis is that the unit is
 
being manufactured in Botswana of imported parts and imported
 
steel using local labor. Most of the labor costs, however, are
 
for skilled labor which is not subject to the shadow pricing.
 

It must be noted that on costs for feed for the donkeys there
 
was simply too little experience and too little documentation of
 
long-term tests at this point to have reliable data. Donkeys
 
are widely used in Botswana for pulling carts. It is a matter
 
of some conjecture how the greater-than-normal effort required
 
for water pumping will affect feeding requirements and
 
veterinary costs. In the sample spreadsheet fodder cost should
 
be seen as example only. In addition, no labor charge is
 
included here for the animal driver/ pump operator.
 

In the present case, six donkeys work two shifts per day and
 
pump 7.5 cubic meters per shift. The donkeys do not do other
 
work, hence the question of how to allocate their costs among
 
various tasks does not arise. In cases where other work is
 
performed, an allocation of joint costs (i. e., feed, veterinary
 
expenses, etc.) based on time would seem the best practical
 
answer.
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TABLE 6.12 Spreadsheet Animal Traction Pump
 

SAMPLE SPREADSHEE T: AN I MAL D A N PUMP 

Financisl Economic 

PV per e3 0.18 0.19 RealOiscount Rate 0.1 

Shadow Price Unskilled Labor 0.5 
Total Installed Costs I09.0 12175 ShadowForeign Exchange 1.25 

Taxes on Equipment 0.1 

PV of Recurrent Costs 8682 8980 

Life of Pump in years 7 

Output: m3/day 15 

FINANCIAL ANALYSIS
 
RECJRRENIT yearl year2 yearS year4 yearS year6 year? year8 year9 yearl0
COSTS 

Parts/materials 50 (a) 50 50 50 50 50 0 50 50 50 50 

Pump replacement (b) 600 

Skilled labor 300 (c) 300 300 300 300 300 300 300 300 300 300 

Transportation 21.0 (d) 240 240 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 
PuVp repair (materials) 250 (e) 250 250 250 250 250 - 250 250 250 250 250 
Harness replaceaent (f) 180 180 180 180 180 

Donkey replacement (g) 21.0 21.0 

Total (h) 840 1020 840 1020 1080 1020 11.10 1020 840 1260 

CAPITAL COSTS 

Pump 600 
MateriLas 1.900 yearllyear12 year13 yearl14yvari5 yearl6 year!7 yearl8 year19 year20 

Skilled labor 1350 (a) 50 50 50 so 50 so so 50 50 so 

Unskilled labor 150 (b) 600 

Donkeys (per6 animals) 210 (c) 300 300 300 300 300 300 300 300 300 300 
Harness (per 6 anemala) 180 (d) 21.0 21.0 210 210 21.0 210 21.0 210 21.0 21.0 

Piping/rising main 720 te) 250 250 250 250 250 250 250 250 250 250 

Pu~mhouse & works 750 (f) 180 180 180 180 180 

Storage tank 1000 (g) 240 2.0 

Installation (h) 840 1020 810 1620 1080 1020 810 1020 840 1260 
Skilled Labour 250 

Unskilled Labour 150 

Transport 350 

Total Installed Cost 1090 

ECONOMI C ANALYSIS 
RECRRENT COSTS yerl1 year2 year3 year yearS year6 year? yearB year9 yearlO 

Parts/materias 57 (a) 57 57 57 57 57 57 57 57 57 5? 

Pump replacement (b) 682 
Skilled labor 300 (c) 300 300 300 300 300 300 300 300 300 300 

Transportation 273 (d) 273 273 273 273 273 273 273 273 273 273 

Pumprepair 284 (e) 284 284 28 284 284 284 28 281. 284 28 

Harness replacement (f) 180 180 180 180 180 
Donkey reptlcment (g) 21.0 21.0 

Total (h) 911 109 914 1094 1154. 1094 1595 109 911 1334 

CAPITAL COSTS
 

Pump 682 
Materials 6125 year1lyear12 year13 year1 yearlS year16 year17 year18 year19 year20 
Skilled labor 1350 (m) 57 57 S? 57 57 57 57 ST 5 57 

Unskilled labor 225 (b) 682 

Donkeys (per 6 animlal) 20 (c) 300 300 300 300 300 300 300 300 300 300 

earnes (per 6 anmel) 180 (d) 273 273 273 273 273 273 273 273 273 273 

Piping/rising min 900 (e) 284 284 284 284 284 284 284 24 284 284 

Pumphouse & works 750 CM) 180 180 180 180 180 
Storage tanu 1000 (g) 240 20 

Installation (h) 914 109 914 1775 115. 1094 91 1094 91. 133 

Skilled Labour 250 
Unskilled Labour 75 

Transport 398 
Total Installed Cost 12175 
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TABLE 6.13 Spreadsheet Hand Pump
 

SAMPLE SPREADSNIE T: MAN PUMP
 

FInarcial Economic 

PV per M3 0.23 0.25 RealDiscouit Rate 0.1 

Shadow Price Unskilled Labor 0.5 

Total Installed Costs 2260 2236 Shadow Foreign Exchamge 1.25 

Taxes on Equipment 0.1 
PV of Recurrent Costs 2792 3263 

Life of Pump in years S 

Output:m3/day 3 

FINANCIAL ANALYSIS
 

RECURRENT COSTS yearl year2 year3 year4 year5 year6 year7 year8 year9 yearlO
 

Parts/materials 25 (a) 25 25 25 25 25 25 25 25 25 25
 

Punp replacement 750 (b) 140 140
 

Skilled tabor 12 (c) 12 12 12 12 12 12 12 12 12 12
 

Unskilled tabor 28 (d) 28 28 28 28 28 28 28 28 28 28
 

Transportation 240 (e) 240 240 240 240 240 240 240 240 240 240
 

Total (if) 305 305 305 305 445 305 305 305 305 445
 

CAPITAL COSTS 

Pump 140 

Pump head 420 yearl yearI2 year13 yearl4 yearl5 year16 yearl7 yearityearl9 year20 

Piping/rising wain 400 (a) 25 25 25 25 25 25 25 25 25 25 

Foundation & fence 100 (bi 140 140 

Installation-skilled labor 500 (c) 12 12 12 12 12 12 12 12 12 12 

unskilled tabor 500 (d) 28 28 28 21 28 28 28 28 28 28 

Transport 200 (e) 240 240 240 240 240 240 240 240 240 240 

Total Installed Cost 2260 (f) 305 305 305 305 445 305 305 305 305 "5 

ECONOMIC ANALYSIS
 
RECURRENT COSTS yearl year2 year3 year4 years year6 year? year8 year9 yeerlO
 

Parts/materal 31 (a) 31 31 31 31 31 31 31 31 31 31
 

Pump replacement (b) 159 159
 

Skilled tabor 12 (c) 12 12 12 12 12 12 12 12 12 12
 

Unskilled labor 14 (d) 14 14 14 14 14 14 14 14 14 14
 

Transportation 300 (e) 300 300 300 300 300 300 300 300 300 300
 

Total (f) 357 357 357 357 516 357 357 357 357 516
 

CAPITAL COSTS 

PuM 159 

Pump head 477 yearl yearl2yearl3 yearI4 yearI5 year16 yearl7 yearil year19 year20 

Piping/rising mains 500 

Foundation & fence 100 (a) 31 31 1 31 31 31 31 31 31 31 

Instatation-skilled labor 500 (b) 159 159 

unskilled tabor 250 (c) 12 12 12 12 12 12 12 12 12 12 

Transport 250 (d) 14 14 14 14 14 14 14 14 14 14 

Total In-talted Cost 2236 (e) 300 300 300 300 300 300 300 300 300 300 

(f) 357 357 357 357 516 357 357 357 357 516
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Hand Pump
 

The example hand pump described by the spreadsheet is an India
 
Mark II pump which is used to pump three cubic meters per day.
 
The equipment is imported and the labor and foundation and
 
fencing are locally supplied items.
 

In this case, the reduction to total installed costs (economic)
 
brought about by the shadow pricing of unskilled labor is
 
sufficient to off-set the increases arising from the foreign
 
exchange adjustment. Note that no costs are included for the
 
labor of actually pumping the water.
 

/ q 



HB2CAP7 	 7 - 1 22/10/88
 

7. REFERENCES
 

7.1. REFERENCES CHAPTERS 1 TO 5
 

[1] 	 CIDA, DGIS, GTZ, USAID, FAO
 
Handbook for comparative evaluation of technical and
 
economic performance of water pumping systems (DRAFT),
 
L dited by CWD, March 1987 and presented at the Botswana
 
Conference on Water Pumping and Water Lifting, April 1987.
 

(2] 	 Smulders, P. T. and J. van Meel,
 
Wind Pumping Handbook,
 
Prepared within the framework of the Global Windpump
 
Evaluation Programme (GWEP) for World Bank/ UNDP.
 
To be published.
 

(3] 	 Veldkamp, D.
 
Recommended Practices for Testing of Water Pumping

Windmills,
 
Prepared within the framework of the Global Windpump
 
Evaluation Programme (GWEP) for World Bank/ UNDP.
 
To be published.
 

[4] 	 Frandsen, S. et al.
 
Recommended Practices for Wind Turbine Testing - Power
 
Performance Testing,
 
IEA, Riso National Laboratory, Roskilde, Denmark, 1982.
 

[5] 	 Fraenkel, Peter,
 
Water-Pumping Devices, A handbook for users and choosers.
 
IT-Publications/FAO, 1986.
 

(6) 	Biomass Technology Group,
 
UNDP/World Bank Guidelines for Field Monitoring of Small
 
Scale Biomass Gasifiers.
 
World Bank (Energy Department) and University of Twente
 
(Chemical Engineering Department), to be published.
 

(7] 	 Arlosoroff, Saul, et al.
 
Community Water Supply - The Handpump Option
 
World Bank / UNDP, May 1987.
 



HB2CAP7 
 7 - 2 	 22/10/88 

[8] 	 Jacobs, G.
 
Test of a solar powered progressive cavity pump for
 
boreholes.
 
Botswana Technology Centre, Report RD 21, March 1987.
 

[9) 	 -
Les Energies de Pompage
 
Institute Technologique Dello (ITD), Groupe de
 
Recherche et d'Echanges Technologiques (GRET),

Ministere de Relations Exterieures, Cooperation et
 
Developpement, Paris 1985
 

7.2. REFERENCES CHAPTER 6
 

[9] 	 Burkhead, Jesse and Jerry Miner, Public Expenditure
 
(Chicago: Aldine Atherton, 1971)
 

(10) 	Haveman, Robert H. and Julius Margolis (eds.), Public
 
Expenditures and Policy Analysis (Chicago: Markham
 
Publishing, 1970)
 

(11] 	Hodgkin, Jonathan, Richard McGowan and Ron D. White,
 
Small-Scale Water Pumping in Botswana, Vols. I-V
 
(Burlington, Vermont: Associates in Rural Development,
 
1987-88)
 

(12) 	Munasinghe. N., Rural Electrification for Development;

Policy Analysis and Applications (Boulder, CO: Westview
 
Press, 1987)
 

(13] 	OECD, Management of Water Projects (Paris, OECD, 1985)
 

(14] 	Price-Gittinger, J., Economic Analysis of Agricultural
 
Projects 2nd ed.(Baltimore: Johns Hopkins Press, 1982)
 

[15] 	Ray, Anandarup, Cost-Benefit Analysis; Issues and
 
Methodologies (Biltimore: John Hopkins Press, 1986)
 

[16) 	Squire, L. and H. G. van der Tak, Economic Analysis of
 
Projects (Baltimore: Johns Hopkins Press, 1975).
 

(17] 	UNDP/World Bank, (Botswana] Pump Electrification
 
Prefeasibility Study (Energy Sector Management Assistance
 
Program) No. 047/86.
 



HB2CAP7 	 7 - 3 22/10/88
 

(18] Van Horne, James C., Financial Management and Policy
 
(Englewood Cliffs, N. J.: Prentice Hall, Inc.,1974)
 

[19] 	Weston, J. Fred and Eugene F. Brigham, Managerial Finance
 
(New York: Holt, Rinehart and Winston, 1969)
 

V 



HB2ANN1 A 1 - 1 21/10/88 

ANNEX 1 LIST OF SYMBOLS
 

Symbol Units 

Aarray (m2 

B [kWh/i) 

Cfuel (cm3 

Cp.eta [-] 

D (m] 

e I 1I 

Ean,T (Wh) 

Eel [kWh] 
EeI,T [kWh] 

Efossil (kWh] 

Eh,T [kWh] or (Wh] 

Ei [kWh] or (Wh] 

ESol [Wh/m 2 

Esol,T (Wh] 

fse-

fwe-

g [m/s 2 

H (m] 

Hdis (m] 

Hhor (M] 

Description
 

Array area
 

Caloric value of fuel
 

Fuel measuring cylinder reading
 

Overall windpunp performance factor
 

Rotor diameter
 

Quality factor
 

Animal energy input
 

Electric energy meter reading
 
Electric energy consumption
 

Fossil energy consumption
 

Hydraulic energy output
 

Energy input to the system
 

Pyranometer reading
 

Solar irradiation
 

Solar pump exploitation factor
 

Windpump exploitation factor
 

Acceleration due to gravity
 

Total effective head
 

Discharge head
 

Equivalent head for horizontal
 
transport
 

Originating from a "rule of the thumb" the quality factor e is
 

neither dimensionles, nor has it a meaningful dimension:
 
5
 

(Ws3/m
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Symbol Units 

H[in 

Hp [ 

L [m] 

nS [rpm] 

nRT [rev/s] 

nST [strokes/s] 

NR (revs) 

Ns [strokes] 

Pan W) 

Pe1,T [kW] 

Pel,sol (W] 

Ph,T (W] or (kW] 

Pi,T [W] or [kW] 

Psoli (W] 

[solT(W/m2] 

PC (1/stroke] 

qPT [l/s] or [m /s] 

Qp (m3 ] 

Qpp [I] 

QPT [m3] 

QU [m3] 

QUT [m3] 

rhow [kg/m 3 

Rw [km] 

t [YY/MM/DD; 
HH:MM:SS] 

Description
 

Suction Head
 

Pressure head
 

Horizontal distance
 

Tacho meter reading
 

Average rotational rotor speed
 

Average stroke rate
 

Rotor rotation counter reading
 

Pump stroke counter reading
 

Animal power
 

Electric power input
 

Solar array electric power output
 

Hydraulic power output
 

Power input
 

Average solar power input
 

Average solar irradiance
 

Average effective plunger capacity
 

Averagu water flow rate
 

Water meter reading (pumped water)
 

Water volume pumped per person
 

Water volume pumped
 

Water meter reading (used water)
 

Water volume used
 

Density of water
 

Wind run meter reading
 

Date and time
 

p1'
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Symbol Units 

T [s] or (h) 

T [s] 

V [V] 

VCfuel [I] 

Vfuel (1] or [cm3 

VT [m/s] 

9tot [-] 

Note: 

Description
 

Length of period, length of the shift
 

Pumping time
 

Voltage
 

Cumulative fuel consumption
 

Filled up fuel
 

Average windspeed
 

Overall system efficiency
 

All symbols indicating instrument readings can have the
 

additional subscripts "b" and " " meaning "at the beginning"
,b ,e
 

and "at the end of measuring period" respectively.
 

i 
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Annex 2 ABBREVIATIONS AND DEFINITIONS
 

A.2.1. ABBREVIATIONS AND ACRONYMS
 

CIDA Canadian International Development Agency
 

CIF Cost, Insurance and Freight
 

CWD Consultancy Services Wind Energy Developing Countries
 

DGIS Directorate General for International Cooperation
 
(The Netherlands)
 

FAO Food and Agricultural Organization
 

GTZ Organization for Technical Cooperation (Federal
 

Republic of Germany)
 

GWEP Global Windpump Evaluation Programme
 

IEP International Energy Agency
 

IMF International Monetary Fund
 

IT Intermediate Technology
 

NGO Non Governmental Organization
 

NPV Net Present Value
 

MDT Mean Down Time
 

MTBF Mean Time Between Failures
 

OECD Organization for Economic Cooperation and Development
 

PV Present Value
 

UNDP United Nations Development Programme
 

USAID United States Agency for International Development
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A-2.2. TOTAL EFFECTIVE HEAD
 

For the Long Term Tests described in this Handbook the total
 
effective head 	H is an important notion. It stands for the
 
useful head over which the water volume pumped is transferred
 
by the pump. It is used to calculate the useful hydraulic
 
system output PhT Basically it consists of four components,
 
some of which may 'Tbe zero under certain conditions:
 

H HHin + Hdis + Hhor + Hp
 

where: Hin = suction head
 

Hdis - discharge head
 

Hhor = equivalent head for horizontal transport
 

H = pressure head required at the boundary of the
 
P pumping system.
 

The suction head is the vertical distance that the water must be
 
lifted in travelling from the water level of the water source to
 
the pump.
 

- 1 1 1013--- -- 11111 

o.o~- -	 - , --- ___ 

0.09 - - - - -- - -- - -__ 

0o1,-- - -	 - - . -
--


0.07- - - - - -- - - -- - __ 

0i6--AE v h h - t s 
L 	 m 

10 20 s o 0n0 200 500 1000 2000 500 1000 
L Iml 

Figure A2.1. 	 Equivalent head for horizontal transport as a
 
function of the distance L.
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The discharQe head is the vertical distance that the water
 
must be lifted in travelling from the pump to the end of the
 
discharge pipe.
 

The ecuivalent head for horizontal transport is a term to reward
 
the function of the system when water is transported over (long)
 
horizontal distances. It is recommended to use Figure A2.1. for
 
determining Hhorl starting from L being the distance along which
 
the water is transported horizontally. The curve in Figure
 
A2.1. has been derived as an average of properly designed water
 
pumping systems. It is based on the following assumptions:
 
- Average flow velocities in pipes between 1 and 2 m/s.
 
- For long horizontal distances optimal values of the average
 

flow velocity are lower than for short distances.
 
- The optimal average flow velocity increases with the pipe
 

diameter.
 

Example: 	If the horizontal distance L equals 100 m, the factor
 
Ho-/L = 0.1 (see Figure A2.1.).
 
A a result, the equivalent head for horizontal
 
transport Hh^ equals 100 * 0.1 = 10 m.
-

If the hori 8tal distance L is longer, e.g. 10,000 m, 
the factor Hhor/L = 0.02. Now Hhor = 10,000 * 0.02 = 

200 meters. 

The pressure head required at the boundary of the pumping system
 
is the head required for example to operate a sprinkler
 
installation.
 

The total effective head H is used to calculate the hydraulic
 
power output of the pumping system Ph,T:
 

Ph,T = QPT * rhow . g . H [Wattseconds] 

where: QPT = water volume pumped [m ] 

rhow = density of water [kg/m3,
 

m/s2].
g = acceleration due to gravity 


This hydraulic power output of the system is used to calculate
 
the overall system efficiency qtot:
 

[ -1
 = 

qtot 
 Pi,T
 

where: Pi = the measured power input to the pumping system.
 

This definition of discharge head holds for Long Term Testing
 

only. For Short Term Testing, where only the pumping system is
 
considered, the discharge head simply is defined as the head
 
"seen" by the pump.
 

(pr
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The function of a pumping system to be rewarded is transport of 
water to a higher head, to a higher pressure and/or over a 
certain horizontal distance. This function is quantified by the 
total effective head as defined above. It rewards a vertical 
lift (H. n and H . ), a horizontal transport in terms of a 
reasonabl frictighshead (HhS) and a pressure at the pumping 
system boundary (H ). If a stem is badly designed, e.g. by 
having high intern~l friction losses, the measured power input 
to the system P. T will be high. As a result the overall system 
efficiency %totl will be low for such a system.
 

If a storage tank functions as a water tower to generate the
 
discharge pressure required by the end-use system, this pressure
 
is included in the discharge head from pump level to storage
 
tank water level and must not be measured separately. If
 
alternatively for example a diesel engine pump directly feeds a
 
sprinkler system, the discharge pressure should be measured at
 
the sprinkler system intake by means of a simple manometer.
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ANNEX 3. ADJUSTMENTS TO CREATE THE ECONOMIC DATA SET
 

A3.1 FOREIGN EXCHANGE ADJUSTMENTS
 

For imported items, the major issue in economic analysis is
 
whether the official foreign exchange rate reflects the relative
 
value of the local and foreign currencies. Often the official
 
exchange rate undervalues the foreign exchange. That is, it sets
 
the value of a U.S. dollar (or other currency) at less than what
 
many people are willing to pay. Such undervaluing is often
 
evidenced by "black markets" where higher exchange rates exist.
 
Black market exchange rates cannot be said to reflect the
 
"correct" exchange rate either, since such usually illegal
 
activity carries with it a variety of risk premia which are
 
impossible to evaluate. The result of over-valued local
 
currency is market prices of imports which are lower than their
 
real or opportunity cost. Where there is a reason to believe
 
that the official exchange rates may not be realistic, shadow
 
foreign exchange adjustments should be made.
 

It is customary to express these shadow prices in terms of their
 
ratio to the financial price. Where there are exchange rate
 
problems it will usually be that the ratio of the economic or
 
shadow exchange rate of local currency to dollars (or other
 
currency) should be higher. Thus the ratio of the shadow rate to
 
the official rate will be greater than one. It would not be
 
unusual to find a ratio of 1.20 which is interpreted to mean
 
that the official rate underestimates the shadow rate by 20
 
percent. This is referred to as the shadow premium of foreign
 
exchange. Estimates of this premium should be available from
 
senior government planners or local offices of agencies such as
 
the World Bank.
 

A3.2 TAXES A FJ DUTIES
 

The economic price for a given item may require adjustments for
 
taxes and/or duties in addition to exchange rates. Import duties
 
or other taxes must be netted out from the financial cost to
 
estimate the economic cost. Information about the levels of
 
taxes and duties is usually available from agencies responsible
 
for collecting such revenues. At the same time, firms which
 
actually import the products in question can be a useful source
 
of information about how the taxes and duties are actually
 
applied. If for some reason detailed information is not readily
 
available, an approximation can be made using general
 
information about average duty and tax rates.
 



HB2ANN3 A3 - 2 21/10/88 

A3.3 UNSKILLED LABOR
 

Economic analysis may also require adjustments to market prices
 
of local inputs when their financial prices do not truly reflect
 
their economic opportunity cost to society. Perhaps the
 
assumption that economists most often leave unstated is that of
 
full employment. That is, that all resources --land, labor, and
 
capital-- are fully employed. As a result, a frequent
 
correction to market prices is for the all too prevalent
 
unemployment of certain categories of labor, in particular
 
unskilled labor. For this input, the economic price of labor is
 
often lower than the financial because the cost to the nation of
 
employing surplus unskilled labor is less than the financial
 
wage rate. Most simply, the economic cost is less because the
 
employment of labor on a water project does not result in
 
reducing any other economic activity. From the societal
 
perspective, using an economic cost which is below the
 
prevailing wage rate accounts for the societal benefits which
 
are derived from the emplo'ient of currently unemployed labor.
 

More formally, the market price for unskilled labor (the pump
 
operator not the pump mechanic) is often higher than the
 
estimated economic price. If such labor is an important part of
 
the pumping costs, some adjustment should be made. As in the
 
case of imported items, what is needed is an estimate of the
 
ratio of the economic (or shadow) price to the market price. In
 
this case the ratio will generally be less than one, figures of
 
0.5 to 0.8 are common. If shadow prices for such inputs are
 
available from government planners, they should be used.
 

A3.4 OTHER ADJUSTMENTS
 

Adjustments to prices are also often needed because of
 
government regulations which either fix prices or constrain
 
price changes. Examples of such regulations are utility rates
 
(tariffs) and some other energy prices which inay be set at
 
levels which do not reflect full costs. Differences between the
 
economic cost and the financial cost of petroleum are likely to
 
be greater if the country is an oil producer. There are two
 
approaches which can be used for fuels depending on how the
 
prices are actually set. The first is to determine the economic
 
price by netting out taxes and duties from the financial price
 
and adding in any subsidies. The second is to use a border or
 
C.I.F. price and add in-country costs (depots, transport, and
 
marketing margins). In practice one method will usually be
 
easier than the other, depending on how the price is regulated.
 
Needed information is usually available from private sector fuel
 
distributors, government planning or regulatory officials, or
 
mctor pool operators.
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Electric power should most often be treated as an imported item,
 
because its cost is frequently based on largely imported
 
components --especially if imported fuels are used for its
 
generation. The financial price can usually be obtained from
 
published tariffs, many of which feature different prices for
 
electricity for different classes of customers. That is, there
 
are frequently subsidized prices for water pumping --especially
 
irrigation. In some few cases, it may be that there are
 
time-of-day tariffs. That is, there may be tariffs which set
 
one price for daytime use and another for night use. Where such
 
tariffs exist, the analysis should be done using each price
 
separately to show the benefits that can be derived from the
 
tariff. It is very important tha- the economic price used for
 
the analysis be based on the long-run cost of new supplies. What
 
is needed here is what energy economists call the long run
 
marginal cost of electricity. Estimates of this price may be
 
available from the power sunply authorities or recent studies
 
sponsored by the World Bank or other lending agency. Where such
 
analysis is not available, an effort should be made to adjust
 
the financial price (or prices) for whatever mixture of duties
 
and subsidies exists.
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ANNEX 4. FORECASTING
 

The first component of the forecasting problem is the factoring
 
out of inflation. Both the relative and absolute costs of
 
inputs change over time due to differing rates of inflation.
 
General price inflation is actually composed of a range of
 
product specific inflation rates for all goods and services.
 
Rather than using each of these rates, it is useful to begin
 
from a simplifying assumption that all costs will change at the
 
same rate over the planning period. While this is a useful and
 
almost necessary initial assumption, it is unlikely to be
 
accurate. Nonetheless, the assumption is useful because it
 
shifts the focus to identifying those components of cost which
 
may rise or fall at rates which are substantially different from
 
the general trend. Whereas the majority of an economy's prices
 
are increasing at roughly similar rates, some prices may have a
 
history of changing at significantly different rates.
 

For this analysis a common level of inflation is assumed and,
 
therefore, is not explicitly accounted for. Adjustments for
 
inflation are made only for those inputs which are expected to
 
differ from the general trend. This style of analysis is,
 
.herefore, said to be in terms of "real" price increases --i.
 
e., net of inflation.
 

It may also be important to identify and make adjustments to
 
those inputs which are experiencing only slightly higher (or
 
lower) rates of inflation if they are major components of total
 
cost. The prices for which real inflation rates are most often
 
needed are energy commodities (petroleum products, electricity)
 
and other imported goods. The following discussion deals with
 
forecasting energy (petroleum) prices but the suggested approach
 
is generally applicable to estimating the real price increases
 
of other inputs as well.
 

Since the mid-1970's, it has been extremely hazardous to
 
forecast world energy prices. At present two things are true
 
about forecasting energy prices: (a) anyone can do it and (b)
 
no one has a good record of doing it. In spite of the apparent
 
importance of the issue, there is actually very little good data
 
on how financial (retail) pri :es have changed in various
 
countries since the run-up in prices began in the 1970's.
 
Forecasts of world prices are plentiful but, based on past
 
performance, are generally unreliable. Forecasts of retail
 
prices are generally done on a country-by-country basis due to
 
the differences in taxes and subsidies and other factors
 
affecting retail prices. Retrospective evaluations of these
 
forecasts are generally unavailable.
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For purposes of carrying out an analysis of waterpumping costs,
 
however, there are two general approaches that can be used.
 
First, review existing official or published forecasts to
 
determine their basis and --unless hindsight has proven them
 
quite wrong, use them as one estimate. In many cases, available
 
forecasts will show expected ranges rather than unique numbers.
 
Where a range is available, it is more informative to use the
 
separate values rather than an average. Second, where no
 
credible price forecasts exist, it is best to make simple
 
assumptions about the future. For instance, one simple
 
assumption could be that the real price of energy will double in
 
twenty years. There are two reasons for using such a simple
 
assumption. First, it is just as likely to be as accurate as a
 
more complex assumption or a more complex analysis. Second, the
 
users of the analysis will be much less likely confused and/or
 
distracted since the forecast can be explained without
 
equivocation.
 

With respect to forecasting the costs of other inputs, the short
 
and long-term testing will provide only very limited information
 
for making these projections. Long-term, as used in this
 
handbook, may mean a period of as little as one year.
 
Information about the life of engines, electric motors,
 
windmills, photovoltaic arrays, among other items will be very
 
limited. Where information is limited and the life of the item
 
can make a significant difference in the present value per unit
 
of water delivered, it is important to use sensitivity analysis
 
to explore the situation. One useful technique is to explore
 
the cost reductions which can be realized from improved
 
maintenance. That is, to estimate the cost reduction that could
 
arise if engine life were extended from (e. g.) three years to
 
seven years.
 

The World Bank does publish price indices (historical data as
 
well as forecasts) for various commodities, including petroleum.
 
In addition, they produce an index of manufactured items which
 
are imported by developing countries --known as the
 
Manufacturing Unit Value Index. These data can be helpful
 
guides in developing informal forecasts needed for the analysis.
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ANNEX 5. OTHER ANALYTIC ISSUES
 

A5.1 SENSITIVITY ANALYSIS
 

Once the spreadsheet is set up, it becomes quite easy to run
 
sensitivity analyses. Since it is easy, there is sometimes an
 
unfortunate tendency to give insufficient forethought to the
 
meaning or interpretation of the results. The main reason for
 
performing the analysis is to cope with the uncertainty which
 
surrounds the estimates of future costs. For example, it may be
 
of interest to know what would happen to overall costs if the
 
cost of fuel increases at a rate which is twice as fast as is
 
now projected. Fuel costs are likely to become significant and
 
their rise may look different from the economic perspective than
 
it does from the financial. On the other hand, increases in the
 
costs of unskilled installation labor are not likely to alter
 
the outcome of the analysis by very much if they double or even
 
triple. That is, they are a very small component of total costs
 
and even very large changes will not cause much of a change in
 
the unit costs of water pumped. For these reasons, it is much
 
better to confine sensitivity analyses to those variables which
 
could significantly affect the unit costs --either economic or
 
financial.
 

A5.2 SPECIFYING WATER REQUIREMENTS
 

If the larger task is one of estimating the costs of different
 
pumpsets so that they can eventually be compared with each
 
other, then it is important to estimate the water requirements
 
in advance. That is, it is important to estimate the quantity of
 
water that is going to be required (on a daily basis) and to
 
determine whether there are major seasonal patterns in demand
 
which have to be met. Failure to take this step first can
 
bring about two problems (a) it can result in needless work
 
--the development of cost estimates for a pumpset wnich is
 
incapable of providing the needed water and/or (b) comparisons
 
become meaningless if one pumpset can meet the demand while
 
another cannot. Where pumps are to be used for village water
 
supplies, the question of population growth and its effects on
 
demand must be considered as well. For example, if the
 
equipment sizing procedure is based on a pumpset supplying the
 
needed water in one shift of 8 hours in year-one, then an
 
adjustment should be made for increased running time (fuel
 
consumption, maintenance, etc.) in later years when the engine
 
is running 12 hours per day. There are limits to how many hours
 
an engine can run. While there are 8760 hours in a normal year,
 

1!
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there are practical limits. It is possible, but unlikely, that
 
more than 7000 operating hours per year can routinely be
 
obtained.
 

A5.3 TREATMENT OF RENEWABLES
 

A related problem arises most often when analyzing renewable
powered pumps. It is the question of "excess water." Especially
 
in analyses involving photovoltaic or wind powered pumps, the
 
unit may for short periods of time actually produce ,::ater beyond
 
that demanded. Where wind speed or insolation peaks are not
 
coincident with peaks in demand, then excess water may be
 
pumped. (See the discussion of effective water output in
 
Chapter Five.) There is no justification for crediting this
 
excess volume to the total quantity pumped and, thereby,
 
reducing the unit cost of water. If the pump were diesel or grid
 
electric powered, it would simply be shut off. As a practical
 
matter, there may arise cases where excess water is put to use.
 
In effect, this is simply an example of the demand not being
 
completely evaluated prior to the analysis.
 

A5.4 DISCOUNTING PHYSICAL QUANTITIES
 

When i.sing the method described in Chapter 6 for calculating
 
present values, the results are expressed per unit of output.
 
That is, unit costs are the total installed costs plus the
 
out-year recurrent costs discounted back to year-one and
 
expressed per cubic meter of water pumped during the twenty-year
 
span. Note that a portion of the numerator (future recurrent
 
costs) is discounted, the denominator (the quantity of water) is
 
not. Although some of the literature in this field does not
 
adhere to this standard practice, in this handbook the quantity
 
of water is not discounted because of the following reasons:
 
1. 	The focus of the analysis is on comparing costs of different
 

systems. By discounting the water output it is suggested
 
that also benefits are considered. However, as put
 
forward in section 6.1.1, the analysis addresses only the
 
relative feasibility or attractiveness of a variety of
 
technologies. To really include the issue of benefits into
 
the analysis would require quite a lot more trouble.
 

2. 	It is assumed that the alternative systems produce the same
 
level of direct benefits, i.e. the same pattern of water
 
deliveries during a fixed project period of 20 years
 
length. Discounting the quantity of water would cause an
 
increase of the "cost" of water by the same factor for all
 
systems (at a given discount rate); it would not influence
 
the relative attractiveness of the various technologies.
 

.1J 
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A5.5 STORAGE
 

Water storage is one of the more vexing analytic problems to be
 
encountered. In many cases involving village water supplies,
 
storage will be an integral part of the system regardless of the
 
pumpset selected_--wind, diesel, photovoltaic, etc. Moreover,
 
as a practical matter one frequently finds that there are only a
 
few different sizes of storage tanks and as a result storage
 
costs do not vary much. Where storage is clearly a part of all
 
systems to be considered, then it can be safely ignored as a
 
common cost. That is, like other common costs it does no harm
 
to any comparison to ignore the cost of storage. As with other
 
ignored common costs (e. g., the costs of selecting a site, of
 
drilling and casing the well) it does lead to an understatement
 
of the unit cost of pumping water. But the goal of the Handbook
 
is not cost-benefit analysis. Where storage is not a common
 
cost --that is, where it is required for some but not all tlh
 
technologies being evaluated --then its costs should be
 
included. If it is a distinguishing characteristic (i. e., if in
 
a certain application a given technology requires storage and
 
others do not) then it is appropriate to include the cost.
 

A5.6 MAINTENANCE AND REPAIR COSTS
 

For purposes of this analysis it is important to distinguish
 
between maintenance and repairs. Maintenance refers to those
 
expenditures which are intended to prevent breakdowns--e. g.,
 
lubricants, engine tuning, etc. Repairs, on the other hand, are
 
expenditures made to correct a problem or to fix broken
 
equipment, engine parts, pump rotors, as well as labor charges
 
needed to install them.
 

A5.7 RELIABILITY
 

Reliability is an important characteristic on which to compare
 
pumping systems. Ideally what is needed is the ability to
 
estimate the costs associated with achieving different levels of
 
reliability (however measured). In practice, such data do not
 
exist nor is there any near-term prospect for the development of
 
such information. The practical problem is in recognizing and
 
accounting for the existing costs which ar: being borne to
 
achieve whatever level of reliability exists. Where back-up
 
systems are present, it is appropriate to perform the same tests
 
and apply the same analysis as for the primary system.
 

A simple example can make this point. A government water
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department which has been using diesel-powered pumpsets, may
 
have trained maintenance personnel, repair facilities, and fuel
 
delivery trucks all of which is dedicated to keeping the pumping
 
equipment running. These costs must be accounted for. A common
 
analytic failure is to omit these costs for the existing systems
 
and include such costs for new equipment being considered. For
 
example, if photovoltaic powered equipment is being introduced
 
there is a tendency to include the training and support facility
 
costs but to ignore similar costs for conventional equipment.
 
This would be an error.
 

There are a variety of costs associated with failure of pumping
 
systems, with preventing their failure, or with minimizing the
 
damage from failure, for example:
 

(a) 	the spare parts inventory and support infrastructure
 
costs including skilled repair technicians, etc.
 

(b) 	the inventory costs of storing fuel, where fuel
 
availability is an important source of system failure.
 

(c) 	the value of lost inputs and other costs if crop yields
 
are routinely diminished due to failure of the pumping
 
system.
 

(d) 	the costs of stand-by capacity where users invest in
 
backup equipment in a effort to reduce their costs
 
associated with unreliability.
 

(e) 	the costs of any service contract that provides prepaid
 
maintenance, repair, or replacement of pumping equipment.
 
(Note: such contracts are evolving in parts of South Asia
 
where there are areas of intensive pumping, but are not
 
widely available in the developing world.)
 


