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List of acronyms and terminology 
 
ATA Agricultural Transformation Agency 
CES Compulsory Ethiopian Standard 
ECAE Ethiopian Conformity Assessment Enterprise 
ES Ethiopian Standard 
ESA Ethiopian Standards Agency 
EWTEC Ethiopian Water Technology Centre  
FOB Free On Board; overland delivery of goods to a specified sea port for further shipment 
hp Horse Power (1hp = 0,735W) 
JICA Japanese International Cooperation Agency 
kW Kilo Watt 
MI Micro Irrigation 
MoA Ministry of Agriculture 
MoWIE Ministry of Water, Irrigation and Engery 
MUS Multiple Use Water Systems 
NPSH Net Positive Suction Head 
PMI Positive Material Identification 
Pumpset  combination of pump and prime mover in any configuration 
RPM Revolutions per Minute 
SFC Specific Fuel Consumption (given in g/h/m/l/s) 
SSI Small Scale Irrigation 
TC48 Technical Committee 48  for fluid systems and heat transfer engineering. The 

committee was in charge of evaluation of challenges with pumpsets in the field and 
selection of compulsory and voluntary standards 
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Summary 
 
The growing market for manual and motorized pumps in Ethiopia has caused a mushrooming of 
different types, sizes and origins of imported and locally manufactured motorized and manual pumps 
without consideration of quality and performance. The current excessive failure rate of both engine 
and manual irrigation pumpsets is a major concern. 
Recent development of pump standards by the Technical Committee 48 is noteworthy, however 
implementation and institutionalization of standards across the range of pumping devices and 
manufacturers/retailers still requires major effort. 
This report covers the review of the pump standards with focus on the 13 compulsory pump 
standards and recommendations for conformity testing of the standards by ECAE, including the 
required hardware. 
 
The review of the pumps standards has shown that that challenges with irrigation pumpsets in the 
field are too diverse and too complex to be solved by the current compulsory standards alone. The 13 
compulsory standard can function as a first start in conformity testing and certification, after which 
the set of compulsory standards may need to be developed further to address all challenges in the 
field and to allow for providing better information to the buyers of the pumpsets. Especially problems 
with the engines of the pumpset are considered to be the major cause of pumpset failure in the field, 
which could give the direction of further development of standards. 
 
Testing of conformity with the standards will be done by the Ethiopian Conformity Assessment 
Enterprise. ECAE is partly equipped to test the conformity of pumpsets and accessories to all 13 
compulsory standards. Additional hardware is required next to training especially for the pump 
performance testing. Estimated investments in hardware are in the range of €100.000 – €250.000 
excluding shipment and construction works needed on-site. Major part of the investments is for the 
pump test skid (€50.000 – €200.000), depending on the types and sizes of pumps to be tested. Due to 
the investments in hardware, testing should be done at central level. 

Currently there are no standards in place for manual irrigation pumps in Ethiopia. Given the 
significant quality problems with locally produced manual irrigation pumps like the treadle pump and 
rope and washer pump, this sector could benefit from the introduction of manual irrigation pump 
standards. As these pumps are being produced by a large number of small scale producers, testing of 
products and certification of the production process should be done in the regions. 

Next to the problems with irrigation pumpsets due to sub-standard quality, problems in the service 
chain and supply chain of spareparts are a major cause of pumpsets are not being repaired and 
remain dysfunctional. By giving the (local) private sector a more dominant role in the chain and by 
stimulating entrepreneurial activities related to irrigation pumpsets starting at the (A)TVET’s, the 
service chain can be improved, bringing down costs and risks for the farmers. 

 

  



 

P 5 / 55 
 

1. Introduction and outline of the report 
 
The growing demand for manual and motorized pumps has greatly expanded the numbers of 
different types, sizes and origins of imported and locally manufactured motorized and manual pumps 
without consideration of quality and performance. The excessive failure rate both due to poor quality 
and lack of spare parts and service facilities has been a major cause of frustration among farmers 
using irrigation. 
Recent development of pump standards by the Technical Committee for fluid system and heat 
transfer engineering (TC48) is noteworthy, however implementation and institutionalization of 
standards across the range of pumping devices and manufacturers/retailers still requires major effort. 
 

Scope of work 

The Government of Ethiopia plans to develop a test facility such that all standards can be certified 
within the country. ECAE requires immediate assistance and advice on developing an efficient and 
cost effective facility for implementation of all pump standards in Ethiopia. 
Out of the total of 75 standards that were selected by the TC48, The focus has been first of all on the 
13 compulsory standards. Next to that, the voluntary standards related to pumps or pumpsets have 
been reviewed on relevance. The voluntary standards for hoses and strainers have been left out of 
the evaluation.  
 
This has resulted in the following components to be covered by this report: 

1. Review of the pump standards adopted by ECAE for motorized and hand pumps, including 
validation and identification of gaps and the adequacy of standards; 

2. Review and advise on procedures and guidelines for implementation of standards; 
3. Assessment of existing facilities within ECAE on the suitability/adequacy of equipment and/or 

gaps in the facilities/equipment; 
4. Capacity needs assessment in ECAE and other relevant institutions related to implementation 

of pump standard testing; 
5. An outline for upgrading of equipment/facilities and/or procurement and installation of 

new/additional equipment including estimated cost of equipment with focus on the pump 
testing facility. 

6. A roadmap for improving the quality of locally produced manual irrigation pumps by 
establishing and implementing manual pump standards; 

7. The engine pumpset and service- and spareparts supply chain including suggestions to reduce 
engine pumpset downtime by improving repair and spareparts services. 
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2. Review of (engine) pumpset standards 
With the review of the standards, focus has been on all compulsory standards and on the voluntary 
standards that are related to pump or pumpset testing. Criteria for the review of the standard were: 

- Relevance of the standard to solve the problems with engine pumpsets in the field, i.e. to 
reduce the failure rate of pumpsets and to improve warranty; 

- Testing method required for testing conformity and feasibility of implementation of the 
testing at short or medium term. 

 

Rational behind selection of pump standards 

The background to which the standards will be evaluated are the current problems in the field with 
high failure rates of the pumpsets, which was the direct reason for establishing these standards by 
the TC48. The problems that are mentioned include1: 

- High failure rate of pumps (up to 20% at end of year 1)thus far >96.000 pumps failed  
- No warranty 
- Very low availability of spare parts 
- Low quality of spare parts 
- No ad-hoc training provided at local level 
- Lack of after-sales service  

 
In addition, the TC48 report mentions the following other issues2: 

- Failure of mechanical seals 
- Bearing wear 
- Breakage of pump housing 
- Problems with operation and maintenance 
- Lack of clear labeling of pumps 
- Performance of pumps is not according to the specifications 
- Engine capacity does not match with the pump 
- Needs of the users in terms of flow and head is not well defined 

 
The rationale behind the selection of the pump standards is the following1: 

- The standard makes it possible to master the technical characteristics of pump, to satisfy the 
customers, to validate the manufacturing methods, to increase the productivity and gives 
operators and installation technicians a feeling of security; 

- Standardization facilitates and accelerates the transfer of efficient pump technologies which 
are essential for local companies, users. It also provides starting point for research and 
development for further improvement of the product. 

 
The type and number of standards is given below in the following figure: 

                                                             
1 ATA; Powerpoint presentation; Ethiopian Mandatory Engine Pump Standards Stakeholders Re- sensitization 
Workshop, 7 May 2014 
2 Based on an explanation of the TC48 report by Mr. Amsalu Enyew, ECAE during an interview. A translation of the TC48 
report was not available at time of writing. 
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Figure 1; types and numbers of different standards 

The ATA suggest a phased approach towards the introduction and enforcement of the standards: 
 
Short term enforcement: Enforcement of the standards without the establishment of pump 

testing facilities at ECAE.  
Medium term enforcement: Enforcement of the standards with the establishment of few testing 

facilities at ECAE. 
Long term enforcement: Enforcement of the standards with the establishment of complete 

testing facilities at ECAE. 
 
It is considered that we are now at the medium term enforcement, working towards establishing the 
necessary testing facilities for irrigation pumps and pumpsets at ECAE. To be able to support ECAE 
with establishing the required testing facilities, the standards that need to be enforced by the testing 
are reviewed: 
 

Review of compulsory standards 

The standards that were selected consist all of unaltered ISO standards that have been converted to 
Ethiopian Standards (ES) or Compulsory Ethiopian Standards (CES)  

 

 
 
 
 
 
 
 
 
 
 

Within the compulsory standards, the actual compulsory clauses are indicated in the introduction of 
each standard. For each of the compulsory standards, the standard as a whole has been reviewed and 
the compulsory clauses have been reviewed separately. Reference to testing the compulsory 
standards focuses on the compulsory clauses unless testing of other clauses of the standard is 
required for the relevance of the compulsory clauses. A detailed review of the standards including the 
compulsory clauses is given in Annex 2. 

5

3
1

3 1

13

0

50

100
Mandatory standards per items

Sum of
mandatory
stds

Sum of
total Stds

9
0

5
1 1

16

7
3

7 7
1

25
18

2

11

2 1

34

0

10

20

30

40
Type of standards per items

Sum of
Fundamental
Standards
Sum of
Product
standards
Sum of Test
methods

Text box 1; Limitations of ISO standards 

The ISO standards mainly apply on the separate components of the pumpsets and the 
procedures for testing conformity to the standards of those components. The standards 
have limited applicability to assess the performance of the pumpset as a whole, i.e. to 
assess the system performance in terms of the relation between the energy input and 
hydraulic performance. 
ISO standards form a good base for standardization of products and processes, however, 
these standards are often adapted to the specific context in a country (national 
standards) or even to the needs of an enterprise (internal standards) to make optimal 
use of the standards. 
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The table below presents an evaluation of the standard regarding relevance and consequences for 
testing. 
 
Table 1; Evaluation of compulsory pump standards (CES) 

Standard Description Category Evaluation of the standard 
CES 124 Rubber and plastic 

hose assemblies-
determination of 
suction resistance 

Hoses Relevant standard for determining the deformation of 
suction hoses; can prevent sub-standard suction hoses 
that deform or collapse due to the vacuum to enter the 
market. The specified test pressure is not mentioned in 
the standard, which may need to be determined 
separately by the ESA. 

CES 125 Marking of electrical 
equipment with 
ratings related to 
electrical supply - 
safety requirements 

Motor Relevant for electrical close-coupled irrigation pumpsets 
or electrical drive for frame mounted pumps; the standard 
will help to determine power input and performance of 
the motor. Note that verification of the electrical motor 
performance by means of testing is not part of the 
standard. For close-coupled pumpsets, performance 
testing can be done under CES 131. 

CES 126 Internal combustion 
engines-piston rings - 
part 1; rectangular 
rings made of cast iron 

Engine The standard specifies the dimensions and tolerances of 
piston rings. Enforcing this standard will contribute to 
reduction of pumpset failure when under- or oversized 
piston rings are causing problems in the field, which needs 
to be confirmed by data from the TC48. Material 
properties of the rings are not specified in this standard. 

CES 127 End-suction 
centrifugal pumps 
(rating 16 bar) - 
designation, nominal 
duty point and 
dimensions 

Pump The standard is applicable for frame-mounted end-suction 
horizontal centrifugal pumps, prescribing the designation 
and dimensions of the pump as well as the nominal duty 
point. 
Designation and duty point can probably also be used for 
close-coupled end-suction horizontal centrifugal pumps, 
although this is not stated in the ISO standard, but this 
could be added to the Ethiopian Standard. 
It is not clear to what extend the standard can also be 
applied for self-suction pumps. 

CES 128 Rubber hoses and 
hose assemblies for 
water suction and 
discharge - 
specifications 

Hoses Specifies requirements for and physical properties of 
rubber hoses for suction and discharge, including 
hydrostatic testing. Standard is relevant to prevent sub-
standard rubber hoses entering the market. 

CES 129 Rubber and plastic 
hoses and hose 
assemblies - 
hydrostatic testing 

Hoses Hydrostatic testing of hoses is relevant to avoid sub-
standard products entering the market. ECAE is already 
doing hydrostatic testing of hoses. 

CES 130 reciprocating internal 
combustion engines-
fire protection 

Engine Conformity with the Engine Standard Class is relevant for 
safe operation of the engine. This requires visual 
inspection of engine parts. Engine special requirements in 
relation to fire protection require more specialized testing, 
however, these special requirements concerning fire 
protection are not expected to apply to engines for 
irrigation purpose. 

CES 131 Rotodynamic pumps - 
hydraulic performance 
acceptance tests - 
grade 1, 2 and 3 

Pump Acceptance testing for centrifugal pumps specified for at 
least flow and head at a guaranteed specific duty point 
and rated speed is relevant to check if pump performance 
is according to specification. This will prevent problems in 
the field with under-performance of pumpsets. 
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Specifying and testing pump efficiency (frame mounted 
pumps) or combined efficiency (close coupled pumps) is 
very relevant to promote energy efficient pumpsets. 

CES 132 Technical 
specifications for 
centrifugal pumps -- 
Class III 

Pump Relevant standard for general characteristics of the pump. 
Class III is suitable for irrigation pumpsets. Most of the 
conformity assessment of the standard can be done by 
visual inspection. The standard is more applicable to 
frame-mounted centrifugal pumps than to close coupled 
pumpsets. The standard will help to reach a level of 
uniformity in 7.4; identification and 7.5; documentation of 
pumps (although these clauses are not compulsory). 

CES 133 Agricultural irrigation 
equipment-Filters-part 
2: strainer-type-filters 

Strainer The standard concerns filters and strainers that are being 
used in drip irrigation (and possibly sprinkler irrigation). 
The relevance in relation with problems in the field of this 
standard could not be confirmed by information available 
from TC48. The compulsory clause covers marking of the 
filters, which will help in identifying the suitable filters in 
the field. 

CES 134 Reciprocating internal 
combustion engines - 
handle starting 
equipment - part1: 
safety requirement 
and tests 

Engine Relevant for diesel engines that are equipped with handle 
starting (petrol engines and smaller size diesel engines are 
normally equipped with recoil starter or starter cord). 
Adaptation of the standard reduces the risk of injuries for 
the users and verification of conformity with the standard 
is feasible at minimal cost. Actual data on occurrence of 
injuries due to handle starting equipment is not available.  

CES 135 Rubber and plastic 
hoses for fuels for 
internal combustion 
engines - method of 
test for flammability 

Engine The standard specifies the testing protocol for 
flammability of fuel hoses, in this context meant to 
improve overall safety of operation of pumpsets. The 
standard specifies the test procedure but the actual values 
that the hoses must comply with (minimum time to catch 
fire in seconds) is not stated in the standard and should be 
determined by the ESA. 

CES 136 Rubber hoses and 
tubing for air and 
vacuum system for 
internal combustion 
engines-specification 

Engine Only relevant for larger (multi-cylinder) engines, as smaller 
engines do not have air and vacuum tubing. If sub-
standard air and vacuum tubing is one of the reasons for 
engine failure on large irrigation pumpsets, testing of 
those tubes and hoses according to the standard is 
relevant.  
With current focus on smaller irrigation pumpsets, testing 
of rubber hoses and tubing for air and vacuum systems 
can be enforced at a later stage when pumpset testing 
facilities for larger pumpsets are being installed. 

 
The overall conclusions from evaluation the standards are: 

- The challenges with irrigation pumpsets in the field are too diverse and too complex to be 
solved by these standards alone; some of the field problems mentioned are not addressed by 
the standards and for some of the standards the relation to the field problems as found in the 
various reports is not evident. The 13 compulsory standard can function as a first start in 
conformity testing and certification, after which the set of compulsory standards may need to 
be developed further to address all the challenges in the field.  

- Performance indicators, i.e the specific values that need to come out of the testing for some 
of the standards as well as for the pumpset as a whole are lacking. This will require additional 
effort of ATA, ESA and ECAE or TC48 to agree on the performance indicators. 
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Review of other standards 

For reviewing other standards, focus has been on the standards related to pumps. Selection of the 
relevant standards has been based on the list provided by the ESA of standards related to pumps in 
general, of which standards applicable to horizontal single-stage centrifugal pumps have been 
reviewed only: 
 
Table 2; Evaluation of other pump standards (ES) 

Standard Description Category Evaluation of the standard 
ES ISO 
3069:201
2 

End-suction 
centrifugal pumps – 
Dimensions of 
cavities for 
mechanical seals 
and for soft packing 

Pump Although the standard itself will not help to reduce 
problems with sub-standard mechanical seals, 
standardization may help to improve interchangeability of 
seals between types and brands (although this needs to be 
confirmed by an inventory of types and sizes of mechanical 
seals in use in the different types and brands of pumps). 

ES ISO 
3661:201
2 

End-suction 
centrifugal pumps – 
baseplate and 
installation 
dimensions 

Pump Standard is relevant, however only of practical use for 
pumps with electrical drivers for irrigation purpose that 
need to be delivered with a frame and installed on a 
foundation. Maintaining the standard may overcome 
installation problems with pumpsets with electrical drive. 

 
The list of other voluntary standards may need to be expanded based on the other standards that are 
referred to in the compulsory standards. See also Annex 2 for these standards. 
 

Identified gap between standards and irrigation pumpset challenges in the field 

With the main objective of introduction of standards being reduction of pump failure in the field, the 
problems with pumpsets in the field were reviewed more closely. Based on the TC48 report3 
combined with information from the ATA4, the major problems with pumpsets in the field were 
outlined. The list however is focusing on the pump part rather than on the engine / motor – pump 
combination. Detailed technical assessments about the exact nature of the problems was not found. 
For that reason, the problems as mentioned are grouped under three categories that represent 
possible causes, based on experiences with pumpsets in other programs and countries:  
 
Table 3; reported pump problems 

Reported problem Possible cause 
 
1. Problems related to the use of the pump 
Mechanical seals - Mechanical seals cannot handle dry running or the pump; the pump 

need to be filled with water at all times; 
- Mechanical seals can break due to thermo-shock, which happens 

due to poor priming or blocked flow of the pump and water inside 
the pump heating up; 

- Mechanical seal surfaces wear fast when sand is present in the 
water (intake of the pump is not protected to suction of sand). 
 

                                                             
3 Based on an explanation of the TC48 report by Mr. Amsalu Enyew, ECAE during an interview. A translation of the TC48 
report was not available at time of writing. 
4 ATA; Powerpoint presentation; Ethiopian Mandatory Engine Pump Standards Stakeholders Re- sensitization 
Workshop, 7 May 2014 
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Bending of shafts This can happen when the impellor is impacted by for example stones 
that enter the pump through the suction pipe. 
 

Bearing wear - For pump bearings, this can be caused by poor protection of the 
bearings (in a dusty or corrosive environment) or due to lack of or 
poor quality lubrication; 

- For engine bearings, lack of engine oil or oil circulation, poor quality 
engine oil or lack of oil changes can causes excessive bearing wear. 
 

Breakage of pump housing This can happen when the impellor is impacted by for example stones 
that enter the pump through the suction pipe. 
 

Problems with operation and 
maintenance 

Problems have not been specified. 
 

Lack of training of users This may explain the problems with misuse including problems with 
sand and stones as well as dry running of the mechanical seals. 

  
 
2. Problems related to sub-standard materials / quality 
Poor quality of materials and spare 
parts 

Problems have not been specified. 
 

Lack of clear labeling of pumps This hampers the selection of the right pump(set) for the given 
conditions, resulting in sub-optimal performance. Sub-standard 
quality pumps often lack detailed documents on performance and 
energy / fuel consumption. 
 

Performance of pumps is not 
according to the specs 

Common problem with sub-standard pumpsets is that the 
performance as specified is not being met. Problems include lower 
actual flow, lower head and higher energy / fuel consumption. 
 

Engine capacity does not match 
with the pump 

Under-performance of the engine will result in the pump not meeting 
the expected flow and head. 
 

Needs of the users in terms of flow 
and head is not well defined 

Without clear performance labeling, selection of the right pump for 
the right application is not possible. 
 

 
3. Problems related to the pump supply chain 
Supply chain problems (engines and 
parts) 

Challenges with the supply chain are many with the most obvious 
problem is lack of outlets for pumps and spare parts at the region / 
zone / woreda level. 

Lack of support of installation of 
pumps 

Farmers lack the knowledge of installation and use of engine 
pumpsets, resulting in a range of user-created problems. 

Lack of after-sales services and 
warranty on the pumps 

These are related to the supply chain. Especially the warranty part can 
be something that needs to be organized by laws and regulations at a 
central level. 

 
In relation with compliance with the compulsory standards, 2. Problems related to sub-standard 
materials / quality is the relevant section. The following compulsory standards for pumps are 
supportive in solving the problems mentioned: 

CES 125 Marking of electrical equipment with ratings related to electrical supply - safety requirements 
CES 127 End-suction centrifugal pumps (rating 16 bar) - designation, nominal duty point and dimensions 
CES 131 Rotodynamic pumps - hydraulic performance acceptance tests - grade 1, 2 and 3 
CES 132 (ES ISO 9908:2012); Technical specifications for centrifugal pumps -- Class III 

 



 

P 12 / 55 
 

Complying with those standards (and testing compliance) will help to solve problems with 
performance specification and matching of engine and pump. However, the compulsory standards do 
not provide guidance on material specifications for critical pump parts. 

 
Engine problems 
Although detailed figures are not available, engine failure was mentioned as the major cause of 
pumpset failure, referring to major problems with the internal combustion diesel or petrol engines. 
Out of the 13 compulsory standards, five are related to internal combustion engines, of which three 
(CES 130; reciprocating internal combustion engines-fire protection, 134; Reciprocating internal combustion 
engines - handle starting equipment - part1: safety requirement and tests and CES 135; Rubber and plastic 
hoses for fuels for internal combustion engines - method of test for flammability) are related to health, safety 
& environment and two (CES 126; rectangular rings made of cast iron and CES 136; Rubber hoses and 
tubing for air and vacuum system for internal combustion engines-specification) to material 
specifications of specific parts of the engine.  

In the 29 voluntary standards for internal combustion engines, focus is, next to health, safety & 
environment, on vocabulary, engine performance testing and full-flow lubricating oil filters. 

With the health, safety & environment being a clear criteria for selection of compulsory standards, 
the current compulsory standards cover only a small part of the spectrum here (handle starting 
(personal injuries) and fire protection) and other critical areas are not covered (e.g. noise, vibration, 
emissions, exhaust gasses). 

Next to additional standards with the direct link to health, safety & environment, there is clear scope 
to select additional compulsory and voluntary standards that will contribute to reduced engine failure 
during use of the pumpset. With reduction of pumpset failure being the primary objective, it is 
recommended to: 

- Conduct an assessment covering the engine failure of pumpsets in detail (which part fails and 
why). If field assessments have been carried out before, this can be a meta-study based on 
available data. 

- Review the current engine standards based on the detailed assessment and add (or remove) 
compulsory and voluntary standards to be able to test on the specific parts that are most 
prone to failure during use.  

 

An alternative approach; introducing pumpset standards 

With the ISO standard focusing on parts of the pumpset only, no standards are given for the pumpset 
as a unit. As a result, it is not possible to verify the performance of the total unit. Introducing a new 
set of standards that function as an umbrella standard specifically for the pumpset can help to 
overcome some of the shortcomings and can help to better specify, test and verify the performance 
of the total unit. As the ISO standards do not foresee in this, the standards will need to be specifically 
developed for the Ethiopian context. 

As these umbrella standards should be more specific on the layout and performance of the pumpset, 
a division in different types of pumpsets is required. The division of pumps as presented in chapter 4 
can be of use: 

- Close coupled pumpsets (monosets) for irrigation (mainly micro irrigation) 
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- Frame-mounted pumpsets up to hydraulic power of 7kW (small farmer-owned and operated 
engine pumpsets with similar single cylinder engine configurations like close-coupled 
pumpsets) 

- Frame mounted pumpsets of more than 7kW hydraulic power (often larger engine pumpsets 
with multi-cylinder engines) 

Within the three categories, a sub-divide can be made between the different forms of prime mover: 

- Electrical motors 
- Petrol engines 
- Diesel engines 

The Indian standards use a similar approach and can function as an example (using the term monoset 
instead of close-coupled pumpset): 

As for agricultural purposes engine monoset are generally used, the Committee felt the need of 
preparing separate standard engine monoset pumps. Engine monoset pumps are centrifugal pumps of 
single suction with driving combustion engine designed and built as complete unit on one shaft (that is 
the crank shaft and the pump shaft are one and same). This eliminates pump shaft, pumps bearing 
and make the combined unit simple and compact. The requirement of monoset centrifugal pumps 
fixed with electric motors are covered in IS : 9079-1979 'Specification for monoset pumps for clear, 
cold, fresh water for agricultural purposes’.5 

See also Annex 4 for an example on specific fuel consumption 

 

Proposed way forward / implementation of the standards 

Whit the challenges be present at different levels and different topics, a phased approach is 
suggested: 
 

Direct actions: 
1. Establish pumpset testing facilities and capacity based on the compulsory standards. The 

standards should give clear information about the parameters to be tested and the ranges of 
pumps and pumpsets to be tested, which may require some additional work on agreeing on 
performance indicators. The pump and pumpset testing especially when combined with 
endurance tests of the pumpset, can function as a gatekeeper for quality, even without full 
testing facilities for other standards in place. Simultaneously, black market imports and 
bypassing the standards needs to be avoided. An awareness campaign among farmers can 
contribute to purchase of tested pumpsets.  
 

2. Establish testing facilities for the remaining compulsory standards related to hoses and 
strainers to be able to test the full package of compulsory standards in-country.  
 

3. Review impact of enforcing the standards on engine pumpset failure and complement the set 
of compulsory standards based on the outcomes: The current set of compulsory standards 
may not be sufficient to reduce the problems with pumpset non-functionality in the field to a 
satisfactory level. Developing additional umbrella standards for pumpsets can be a good start 

                                                             
5 IS : 11501 – 1986 (Reaffirmed 2011) 
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and can lead to selection of additional compulsory standards on specific issues covered by the 
umbrella standards. The TC48 should be in the lead of this process. 
 

Potential future actions 
4. Detailed inventory of engine problems should lead to a complete and relevant set of engine 

standards that will lead to rejection of sub-standard engines and pumpsets. An additional 
Technical Committee (TC) or additional members of the TC48 may be needed to supplement 
the Fluid Systems and Heat Transfer Engineering expertise with combustion engine expertise. 

 
5. An upgrade of the ECAE laboratory to test engines and engine pumpset conformity with the 

engine standards will further improve the pumpset quality, reducing field problems due to 
sub-standard products. 
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3. Testing facilities available at ECAE 
Developing the testing facility in relation to the set of compulsory and voluntary standards for 
irrigation pumps and pumpsets that were developed by ECAE and ESA is identified as a priority by the 
SMIS project. A first inventory of other available test facilities at for example technical universities 
indicates that this capacity is currently not available in the country. ECAE in Addis is the preferred 
partner to implement the testing facilities and to conduct the conformity testing. For that reason, a 
quick scan has been carried out for current level of equipment of ECAE and the capacity of its staff 
working at the mechanical engineering section. 
 

Available equipment and facilities 

 A quick evaluation of the Mechanical Engineering testing facilities at the ECAE laboratories in Addis 
Ababa showed the following: 

- Machinery is in place to do material test 
on a series of parameters, including 
tensile strength (Universal Testing 
Machine), impact testing (pendulum 
impact tester), material hardness (used 
for plastics) and hydrostatic testing 
(current machine is not functional and a 
new machine has been ordered). Other 
equipment in the Electrical laboratory 
that can be of use include an 
environmental chamber (for e.g. aging of materials and low-temperature tests) and a profile 
(optical measuring) projector for taking overall dimensions of small parts. The equipment 
could allow for hydrostatic testing as required for CES 124 (although vacuum testing is 
needed as well), rubber hose material testing as per CES 128, hydrostatic testing as per CES 
129 and CES 133, and materials testing as per part of CES 136. 

- For pump performance testing, all the required testing equipment need to be purchased; 
- Current Mechanical Engineering laboratory layout could allow for installation of a test bench 

for pump testing for smaller size pumps and engines with close-loop water circulation. For a 
full size test bench, additional space (building) may be required.  

- Especially for testing higher capacity pumps and pumpsets, large volumes of water are 
needed, which can be stored at underground tanks. These need to be constructed separately. 

 
 

Testing of the compulsory standards 

Testing of the conformity of items with the 13 compulsory standards can be done within the space 
available at ECAE. Additional equipment is needed though. A list of equipment needed with estimated 
cost per item is given in Annex 3. Next to the investment in equipment for pump and pumpset 
performance testing (separately covered in chapter 4), the total investment in hardware for testing is 
estimated at €51.000 excluding transportation and installation. 
Given the limited complexity of the tests that need to be carried out on the accessories (al tests not 
related to the pump testing), it is expected that no additional training is required for the ECAE staff. 

Figure 2; Universal Testing Machine at ECAE 
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Capacity of the ECAE mechanical engineering staff 

A capacity assessment quick scan was done based on discussions with Mr. Amsalu Enyew (see Annex 
1.4 for contact details). Next to Mr. Enyew (MSc. Mechanical Engineering), there are two Mechanical 
Engineers with 1st degree level (between Diploma and MSc. level) who are able to conduct 
performance testing and have experience with other tests including hydrostatic testing.  
For performance testing of pumps and pumpsets, an extensive training program will be required to 
understand the theory of the tests and to be able to work with the equipment.  
Two staff members with vocational training level (one civil works, one mechanical works) will be 
available to support the testing. 
 

Location of testing facilities; central testing with hubs in the regions 

The ECAE has a central testing laboratory at the head office in Addis Ababa and 9 satellite offices 
around the country, which serve as hubs for inspection. These satellite offices do not have equipped 
testing facilities. 

Centralized testing of engine and electrical pumpsets 
For testing of engine powered and electrical pumpsets, as well as the other compulsory standards, 
advanced equipment and knowledge & skills are requires. Currently, the majority of pumpset and 
accessory imports are done in or from Addis. Local production of engine pumpsets is limited to 
assembly at METEC in Adama. For these reasons, it is recommended to centralize the testing of 
pumpsets at the head office of the ECAE in Addis Ababa. 
When local production or assembly of pumpsets in Ethiopia is maturing, it is expected that testing will 
also take place at the production / assembly facility, as is being planned by METEC in Adama as well as 
soon as the assembly line for small pumpsets is operational. In those cases, it is recommended to seek 
cooperation with the producers and to accredit these testing facilities.  
 

Manual irrigation pumps; testing close to production hubs 
Local production of manual irrigation pumpsets is already taking place at large scale in different parts 
of the country. As standards are lacking, quality of the manual irrigation pumps varies, causing a high 
failure rate of these pumps in the field. If standards for manual irrigation pumps are to be put in 
place, it is recommended to establish facilities for testing conformity with the standards at least at the 
major production hubs of manual irrigation pumps. Next to testing the final product, it is 
recommended to support in-production quality control as well (see also chapter 5). 
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4. Testing horizontal centrifugal pumps 

Introduction; specifying the scope of testing 

The pump standards and pumpset testing are the specific focus of the SMIS project. Pumpset testing 
requires specific testing equipment (pump test bench or test skid) which needs to be custom-build for 
the specific requirements of the pumps or pumpsets that need to be tested: With the expected 
outcome of establishing a pump(set) testing facility being elimination of problems with non-
functionality of pumpsets used for irrigation, the scope of testing will be limited to those pumpsets 
that are most commonly used for irrigation practice in Ethiopia. The following section guides the 
process of narrowing the scope for testing, which will result in the design parameters for the test skid. 

Pump types 
Pump types that are commonly used for irrigation with maximum suction head of 7m are single stage 
end suction horizontal centrifugal pumps, which can either be: 

- Non-self-priming (non-self-suction) pumps, which require pump housing and suction hose to 
be full of water at all times of operation; 

- Self-priming (self-suction) pumps, which is able to remove air from the suction hose. Although 
operation is easier than the non-self-priming pumps, the efficiency is generally lower. 

Pumpset (pump with driver / prime mover) 
The configuration of the combination of pump and driver can either be: 

- Close-coupled (moonset), where the impellor is directly connected to the drive shaft of the 
driver and the bearings of the driver handle the radial and axial forces generated in the pump. 
The mechanical seal is positioned on the driver shaft. Typically in the configuration, the pump 
cannot be disconnected from the driver and tests need to be performed on the pumpset as a 
whole. This configuration is mainly used for drivers with power outputs (approximately) up to 
9kW / 12hp. 

- Frame mounted pumps, where pump and driver are connected through an in-line coupling or 
through a transmission (V-belt, flat belt, chain, gearbox, etc). A frame-mounted pump has its 
own set of bearings and (mechanical) seal arrangements. A frame-mounted pump can be 
tested independently from its driver. This configuration can be used in any power range. 

Figure 3; Non-self-suction pump   Self-suction pump 

Figure 4; Frame mounted pumpsets   Close-coupled pumpset (moonset) 
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Drivers (prime movers) 
For irrigation purpose, the power source to drive the horizontal centrifugal pump (both close-coupled 
and frame-mounted) can either be: 

- Electrical motor (AC using grid power / generator set or AC/DC with solar panels) 
- Petrol engine, mainly used up to 8hp / 5,9kW  
- Diesel engine, mainly used for higher power output requirements, starting from 5 hp / 3,7 kW 

 

Power rating / inlet & outlet sizes 
To limit the testing of pumps and pumpsets concerning the sizes of the pumps, the focus will be on 
pumps and pumpsets used for micro and small scale irrigation. Based on plot sizes, water 
requirements and field experiences, the following limits are proposed: 

Table 4; design criteria pumpset testing 

 

 

Micro irrigation up to 20 ha. Technologies that can be used for this include: 
- Manual irrigation of treadle pumps and rope pumps is approximately up to 0,5ha.  
- Motorized (electrical / engine driven) irrigation pumps for plots up to 5ha; single-cylinder 

portable petrol or diesel pumpsets with discharge of up to 8l/s at 30m dynamic head. 
- Larger size pumps that are used for plots of 5 – 10 ha with dynamic heads up to 30m, 3 – 4 

inch connections and discharge of 1.000 l/min / 17 l/s). For larger areas of land, farmers 
normally buy 2 or 3 pumps and rotate. 

 
Small scale irrigation 20 – 200 ha: 

- For large irrigation schemes (10 – 30 ha), large trailer mounted pumpsets are used. Output of 
50 – 60 l/s at a total dynamic head of 25 – 30m with 8 – 12 inch connections. 

- Larger pumps are not common for small scale irrigation in Ethiopia and are only used in 
special cases. 6 

Requirements from ATA include to test pumpsets up to 4 inch inlet and outlet, a capacity of 30 to 40m 
total head and 15 to 20 l/s flow rate, which is translated by ATA to engine power ratings of 7 to 12 kW 
engine power. 

                                                             
6 Information from discussions with Yohannes Feyissa, Agriteam Canada 

design criteria

pump discharge 1,0 l/s/ha
evapotranspiration 5 mm/day  = 5 l/m2/day  = 50 m3/ha/day
pumping time per day 8 hrs
irrigation rotation once every 10 day
total dynamic head 30 m
pump efficiency (up to 4 kW hydr. 60% % (rough estimate)
pump eff (more than 4 kW hydr. 80% % (rough estimate)

larger pumpsets outside the scope
water requirements area (ha) 1 2 3 5 10 19 20 30 50

Micro irrigation Small-scale irrigation
based on evapotranspiration
water requirements (m3/day) 50 100 150 250 500 950 1000 1500 2500
pump discharge needed (l/min) 104 208 313 521 1042 1979 2083 3125 5208
pump discharge needed  (l/s) 1,7 3,5 5,2 8,7 17,4 33,0 34,7 52,1 86,8
hydraulic power (kW) 0,5 1,0 1,5 2,6 5,1 9,7 10,2 15,3 25,5
prime mover power (kW) 0,9 1,7 2,6 4,3 6,4 12,1 12,8 19,1 31,9
prime mover power (hp) 1,2 2,3 3,5 5,8 8,7 16,5 17,4 26,0 43,4
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Classification of pumps and pumpsets 
Based on the information as presented, it is suggested to classify pumps and pumpsets into three 
categories. Testing of the pumps and pumpsets can be based on these categories: 

1. Close coupled pumpsets (monosets) for irrigation (mainly micro irrigation) 

- Pumpset is to be considered as one unit; the performance of this category should be specified 
as the performance of the pump and driver together. The power rating of the engines of close 
couples pumpsets is approximately up to 7kW (10hp). 

2. Frame-mounted pumpsets up to hydraulic power of 7 kW  

- Smaller size frame-mounted pumpsets are often sold as complete sets and have the same 
characteristics and application as the close-coupled pumpsets. In this case, the driver output 
delivery and pump power requirement should be well matched for the set to perform well. 

- The performance of the set as a whole is for the end user more important than the 
performance of the separate components. For that reason, the pumpset can be considered as 
one unit for performance testing of hydraulic performance in relation with power input or 
fuel consumption. The centrifugal pump can be tested separately in those cases where 
additional information about the performance of driver and pump as separate units is 
required. 

3. Frame mounted pumpsets of more than 7kW hydraulic power 

- For larger pumpsets, pump and prime mover are usually procured separately and 
performance data of both the prime mover and pump available separately. Matching of prime 
mover and pump in terms of power requirements and output and RPM. Measuring the 
performance of set is relevant to evaluate for example fuel efficiency. The components of the 
set can evaluated separately as well. 

Within the three categories, it can be helpful to distinguish between the different types of prime 
movers: 

- Electrical motors 
- Petrol engines 
- Diesel engines 

Where petrol and diesel engines can be grouped under the term ‘combustion engines’. Main reason 
for distinguishing between the three power sources is the variation in maximum efficiency; especially 
when including standards on minimum required efficiency for the total pumpset, figures need to be 
specific for the selected prime mover. 

 

Pump testing using the Compulsory Ethiopian Standards / review of the CES for the 
purpose of pump and pumpset testing 

From the compulsory standards, three standards apply to testing of pumps:  

- CES 127 (ES ISO 2858:2012) End-suction centrifugal pumps (rating 16 bar) - designation, 
nominal duty point and dimensions 
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- CES 131 (ES ISO 9906: 2012) Rotodynamic pumps - hydraulic performance acceptance tests - 
grade 1, 2 and 3 

- CES 132 (ES ISO 9908:2012) Technical specifications for centrifugal pumps -- Class III 

From the voluntary pump standards, two standards can be added7: 

- ES ISO 3069:2012; End-suction centrifugal pumps – Dimensions of cavities for mechanical 
seals and for soft packing 

- ES ISO 3661:2012; End-suction centrifugal pumps – baseplate and installation dimensions 

See annex 2 for testing requirements for the standards as a whole or the specific compulsory clauses 
more specifically. 

 

Test setup 

Based on these requirements and design criteria and focusing on the compulsory clauses of the 
compulsory standards, the following specifications for testing equipment are suggested: 

Pump and pumpset performance test bench (CES 127, CES 131) 
Basic requirements for the performance test bench are: 

- Suitable for self-suction and non-self-suction single stage end suction horizontal centrifugal 
pumps 

- Suitable for close-coupled and frame mounted pumpsets as well as pumps only 
- Hydraulic power range of 0,5 – 10 kW  
- Maximum available suction head 9m 
- Maximum pressure head 50m 
- Flow rate range 0 – 40 l/s 
- Possibility to test performance of close-coupled pumpsets including fuel consumption and 

electrical power consumption 
- Possibility to determine Net Positive Suction Head (NPSH) 
- Measuring accuracy according to CES131 (ISO 9906: 2012) minimum class III but preferable 

class I to be able to test other pumps as well 

General equipment for measuring dimensions (CES 127, ES ISO 3069:2012, ES ISO 3661:2012) 
This equipment may include (but not limited to) calipers and micrometers of different sizes, 
measuring tape, feeler gauges. See also Annex 3 for a list of equipment 

 

Potential supplier 

As a reference, two potential suppliers for pump testing equipment have been contacted. Both 
quotes only concern the equipment and do not include any construction work on site like new 
buildings, concrete works and storage tanks for water. This has not been included in the calculations 
as specifications for this need to come from ECAE. 

 

                                                             
7 List of all available voluntary pump standards was provided by ESA. The list has been evaluated on relevance 
for irrigation pumps and pumpsets and more specifically for class III end suction horizontal centrifugal pumps. 
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PowerFlow 
A quote for a full test setup has been provided by 
PowerFlow, a China based company. This full 
quote is presented in Annex 5. Indicative price of 
the test bench FOB in China is €39.000, excluding 
on-site constructions and commissioning. This 
design is based on an above-surface storage tank, 
which is included in the design and price.  
Note that this is a first quote. Based on the latest 
information on requirements for testing, the test 
setup may need to be modified, especially to allow 
for measuring the performance including fuel 
consumption of close-coupled pumpsets, which is 
not included in the current design of PowerFlow. 
 

Flowserve 
A visit has been paid to pump producer Flowserve 
Hengelo, Netherlands (see Annex 1.3 for contact 
details) to discuss the possibility to design and 
construct a test bench according to the 
specifications as given. The pump test facilities at 
Flowserve Hengelo have been visited as well. No 
quotation for a test bench has been provided by 
Flowserve, but indicative amounts off-factory are 
€150.000 – 200.000 FOB excluding installation and 
training. This estimation is based on stainless steel 
piping and fittings and the use of European made 
measuring equipment. It is recommended by Flowserve to build a modular testing facility; the initial 
test bench can be manual (both testing and readings). This will allow for building experience with the 
testing and test interpretations. The test bench can be upgraded to fully automated at a later stage 
when required. 

Additional recommendations by Flowserve for assessing pump quality include: 

- Positive Material Identification (PMI) testing for pump materials can be useful (however only 
useful in combination with material specifications in place); 

- Analyses of vibrations on bearings and shaft, which will give information on bearing quality, 
shaft deflections and impellor imbalance; 

- Bearing wear on pumps and close-coupled pumpsets can be determined by observing bearing 
temperature using for example a thermo-graphic camera. This can be carried out in 
combination with endurance testing of one or a few days. 

 

Recommendations for the procurement of a pump test skid 
As the requirements for testing (types and sizes of pumps and pumpsets) are specific to the situation 
in Ethiopia and the requirements of ATA, ESA and ECAE, it is recommended to jointly develop the test 
skid with the supplier. This may include splitting the contract in such a way that the technical design is 

Figure 5; PowerFlow test skid design 

Figure 6; Flowserve test skid (Hengelo NL) 
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separated from the construction and installation to allow for frequent communication and 
adjustments in the design in the process while keeping track of the costs.  

 

Staff training requirements 

When focusing on pump(set) performance testing, it is assumed that the supplier of the testing 
equipment can provide at least the practical training on pumpset testing (which has been confirmed 
by the two potential supplier that were contacted). Theoretical training can either be done by the 
supplier or by an external party. Initial training should include: 
 
Table 5; tentative training program ECAE 

Staff Training Time required 
MSc. Mech. Eng.  Pump theory course 1 week 
(1 person) Pump testing according to ISO requirements 1 week 
 Use of test equipment for pump(set) testing 1 week 
   
1st degree Mech. Eng. Pump theory course 1 week 
(2 persons) Pump testing according to ISO requirements 1 week 
 Use of test equipment for pump(set) testing 2 weeks 
 Pump(set) testing reports 1 week 
   
Vocational level Mech. Eng. Pump testing according to ISO requirements 1 week 
(1 person) Use of test equipment for pump(set) testing 1 week 

 
Training details will depend on the testing that will be done, the equipment that will be procured and 
the reporting that needs to be done on the testing. 
 

Next steps for pump testing 

Establishing pump testing is a logical first step in building the test facilities for full testing of pumps, 
engines and accessories. However, the practical use for improving pumpset performance in the field 
will only be evident when combined with performance testing of the pumpset as a whole. Within this 
process, the following steps need to be taken: 

1. Developing clear specifications for the test facility 

This document describes the requirements of the pump testing facility based on inputs from ATA, ESA 
and ECAE and based on the compulsory Ethiopian standards for pumpsets. The first step in the 
process of establishing the testing facility is to get confirmation from the agencies involved about the 
specifications for the pump testing, which can be the basis for a tender procedure or discussions with 
a preferred supplier. 

2. Decision on including standards on pumpset efficiency testing 

If additional standards will be developed and performance indicators on pumpset efficiency will be 
added, the design of the testing facility need to allow for testing pumpset performance as well. 
Although the process of developing additional pumpset standards can in parallel with developing the 
testing facility, future additional requirements for the testing facility need to be clear so this can be 
taken into account in the design phase.  
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3. Test facility tendering (design, construction, installation and training) 

Rather than tendering as a turn-key design and construct project, it is recommended to split the 
contract in such a way that the technical design involves frequent communication and that the final 
design (including detailed cost calculation) will be used for a go-no go decision on construction of the 
test skid. Cost estimates and works related to construction of buildings, power supply, water supply 
and water storage need to come from ECAE. Time frame for construction, installation, commissioning 
and training is expected to be around 6 months after contract signature. 

Roles and responsibilities 
At this stage, it is expected that ECAE will be the lead partner in the process. The SMIS project can 
have a supporting role based on requests from ECAE. 

 

Additional considerations for establishing the testing facility 

Although outside the scope of the project, two other issues could be considered when establishing 
pumpset testing facilities, as integration from the design phase will be more efficient than adaptations 
of the facilities at a later stage: 

1. Promoting fuel efficient pumpsets; efficiency rating scheme for pumpsets 
Next to assessing the quality of the pumpsets and the conformity to the selected standards, an 
additional service to the buyers of pumpsets can include providing information on the fuel efficiency 
of pumpsets: Next to setting a standard for the minimum required fuel efficiency (Specific Fuel 
Consumption – SFC8), pumpset can be rated to what extend the fuel efficiency is better than the 
minimum required or average fuel efficiency. By clear labeling of the pumpsets in combination with 
awareness raising campaigns, farmers can be triggered to opt for a more fuel efficient pumpset, 
resulting in lower operational costs and reducing the environmental impact9. 
Two example energy labeling schemes are given below10,11: 
 

 
See also Annex 7 for an example of the star rating scheme for Diesel Engine Driven Monoset Pumps 
for Agricultural purposes of the India Bureau of Energy Efficiency. 
 
 
                                                             
8 given in g/h/m/l/s or alternatively the  comparative values of ml/m4 can be used; the amount of fuel (ml) that is needed to 
lift the volume of 1m3 to the height of 1m. 
9 Fuel efficient pumpset reduce the CO2 emissions per volume of water pumped. Subsidies to farmers can be given on fuel-
efficient pumpsets based on funding through an international Carbon Credits scheme. 
10 See for more information  http://www.beeindia.in/; India Bureau of Energy Efficiency 
11 See http://en.wikipedia.org/wiki/European_Union_energy_label  

Figure 7; examples of visual representation of fuel efficiency of equipment and appliances; left side based 
on the label of the Indian Bureau of Energy Efficiency; right side European Energy Label 
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2. Solar irrigation pumps / renewable energy options 
Although solar options are not excluded, the current set of standards focus on electrical and engine 
powered pumpsets as currently on the market. As renewable energy options in general and 
specifically photovoltaic solar powered pumpsets are becoming technically and financially 
competitive, these technologies have to be considered as irrigation pumpsets as well. Investments in 
hardware and capacity for testing of irrigation pumpsets should include the emerging renewable 
energy technologies as much as possible. Emerging technologies for solar irrigation show the use of 
electrically powered positive replacement pumps rather than centrifugal pumps due to the higher 
efficiency rates. 
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5. Standards for manual irrigation pumps 
Manual irrigation pumps are specifically mentioned as micro irrigation option in the SMIS project 
documents. Also, ATA documents clearly indicate problems with manual irrigation pumps in the field 
resulting in high failure rates of these pumps. The current compulsory and voluntary standards do not 
cover the manual irrigation pumps. 

Why the standards are needed; a problem analyses 

Information from ATA shows the following challenges: 
 
NGOs are supporting work on manually-operated pumps, but both scale and quality remain low: 
Manual pump manufacturing is mostly undertaken by domestic workshops with poor quality control. 
Several NGOs like iDE and JICA are currently engaged in promoting their own models with cost- 
effective scalability and accreditation mechanisms lacking required for sustainable provision, for 
several reasons: 

- Manual pumps are not price-competitive. The competitiveness of manual pumps is limited, 
given that they are expensive to produce and market at their current prices. NGOs fronting 
development, marketing, and administrative overhead costs essentially subsidize farmers’ 
price significantly.  

- Manual pumps are suitable only for specific market segment. While they benefit farmers with 
very small plots, their high labor requirements make them less scalable for farmers planting 
larger areas. Further, multiple pump types (treadle, rope/washer) are suitable for different 
land and water source conditions.12 

 
Although challenges with production price and limited market segment are very relevant, manual 
irrigation pumps have proven to be instrumental in for example Bangladesh in enabling smallholder 
farmers to make the first steps into irrigated agriculture. Improving quality of the manual pumpsets is 
an essential step in making manual irrigation pumps a reliable alternative to rain-fed irrigation. 
Putting in place standards for manual pumpsets is a precondition for being able to check both 
production quality as well as the quality of the end products. 
 

Status of standards Rope and Washer pumps 

Rope and washer pumps (rope pumps) are considered as a low-cost household self-supply option 
suitable to be used as a Multiple Use Water System (MUS), which includes the use for kitchen 
gardening and micro irrigation. Production can be done by small metal workshops with basic tools. 

In Ethiopia, the first rope pumps were introduced in 2004 by the Japan International Cooperation 
Agency (JICA) in close cooperation with the Ethiopian Water Technology Centre (EWTEC) and 
PRACTICA foundation, after which the pump was adopted by other organizations as well. According to 
the results of an inventory done in 2012, there were than 5,639 Rope pumps with hand dug wells 
systems for drinking water supply in Ethiopia (out of a total of 92,588 drinking water systems).  The 

                                                             
12 ATA; Transforming the supply of irrigation pumps in Ethiopia; A study of the public and private supply chain for irrigation 
pumps in AGP woredas, and proposed Recommendations 
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majority of these Rope pumps are in Amhara (3,699),and Oromia (1,036). Currently, the overall 
estimate is that over 10,000 Rope pumps are installed, including pumps primarily used for irrigation. 13 

Current studies including information from the ATA indicates high failure rates of rope pumps due to 
sub-standard material use, poor construction and lack of maintenance and repair services. 

In 2013 Japan International Cooperation Agency (JICA) and Federal Democratic Republic of Ethiopia 
launched the technical cooperation project entitled, ‘The Project for Rural Water Supply, Sanitation 
and Livelihood Improvement through Dissemination of Rope pumps for Drinking Water and Self-
supply’. The Project is aiming to increase water supply coverage by disseminating rope pumps for Self-
supply. One of the output in the project is the development of specifications for rope pumps, which 
can lead to standardization at the national level.13  For contact details of JICA project staff, see Annex 
1.1. 
 

Status of Treadle pumps 

Treadle pumps are foot-powered pumps that are developed specifically for smallholder irrigation in 
areas with high water tables (not deeper than 6 meters). The treadle pumps come in two groups of 
models; a suction-only model with free flow outlet and a pressure version that can lift water a few 
meters.  
 
Although information on the use of treadle pumps has been requested during meetings with ATA and 
MoA, no information was made available. ATA reports on problems with manual irrigation pumps in 
the field, including problems with the treadle pump. However, no actual data was found on the type 
of field problems that the users are encountering and the severity of the problems.  
Based on internal discussions and past experiences with local production of treadle pumps, the 
following problems have been observed in the field or can be expected: 

- Breaking of the peddles of the pump; 
- Poor quality of the piston seals causing leakage, high resistance and lack of suction and 

delivery pressure; 
- Poor quality of materials and construction, resulting in e.g. excessive corrosion due to sub-

standard materials and lack of corrosion protection, poor fit of pistons and piston seals in the 
cylinder causing leakage and poor overall construction due to poor welding. 

 
These issues need to be solved at the level of the producer, where the ECAE can be instrumental in 
providing standards and guidelines. 
 

Proposed way forward 

Rope pumps 
The rope pump is a high-potential technology for micro irrigation especially when considered as a 
Multiple-Use (combined household water and productive water) technology and as self-supply 
technology14. However, high failure rates due to poor construction quality and lack of after-sales 

                                                             
13 MetaMeta Research (May 2014); H. Holtslag, T.Tefera; Rope pump improvement Ethiopia; final report 
14 http://www.rural-water-supply.net/en/self-supply; Self-supply is defined as improvements to household or community 
water supplies that are fully financed by the owners themselves. Neither governments nor NGOs provide subsidies for  
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services hamper the large scale uptake. To improve the overall quality of the rope pumps that are 
being sold and installed, the following steps need to be taken: 

1. Development of rope pump standards for both production and installation; Rather than 
standardizing on one design, standardization for production should be on material and 
dimensions of critical parts (bushing, bearing, handle, base plate, etc.) and on general 
properties like strength, corrosion resistance, user safety etc.  
Standards for installation should include material specification and dimensions of pipes, rope 
and pistons. Attention should be paid to water safety issues for the pumps that double act as 
drinking water pumps. 

2. Implement curricula at the (A)TVET centers; This should include production training for 
workshops as well as installation, maintenance and repair training for field level technicians. 
Note that the materials for this are already being developed under the Project for Rural 
Water Supply, Sanitation and Livelihood Improvement through Dissemination of Rope pumps 
for Drinking Water and Self-supply and are currently being piloted in the Southern Region. 
These materials can be adopted to start similar training in other regions. Linkages should be 
made with this project to avoid duplication of work. 

3. Establish testing facilities at the regional level to assess the quality of the rope pumps and to 
certify the procurers according to the established standards. 

 

Treadle pumps 
The treadle pump is different from the rope pump in a way that it cannot be used as a multiple-use 
pump and installation is not permanent. Focus should be on production quality rather than on 
installation quality. Next steps are similar to those for the rope pump: 

1. Development of treadle pump standards for production; standardization for production should 
be on material and dimensions of critical parts (peddles, seals, cylinders, etc.) and on general 
properties like strength (also of the welds), corrosion resistance, user safety etc.  

2. Implement curricula at the (A)TVET centers; This should include production training for 
workshops as well as maintenance and repair training for field level technicians.  

3. Establish testing facilities at the regional level to assess the quality of the treadle pumps and to 
certify the procurers according to the established standards. 

With iDE Ethiopia being one of the major implementers of treadle pumps with experience on training 
of local producers, it is recommended to contact this organization for potential cooperation on the 
treadle pump standardization (see Annex 1.2 for contact details) 
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6. The pump and pumpset supply- and service chain 
 
Based on the evaluation of the challenges in the field as indicated by the ATA and the TC48, only part 
of the challenges can be solved by improving the quality and warranty through introduction of the 
standards. Other challenges include: 

- Very low availability of spare parts; 
- Low quality of spare parts; 
- No ad-hoc training provided at local level; 
- Lack of after sales services. 

 
To optimize the effects and reduce pumpset failure in the field, these issues need to be addressed 
simultaneously with the testing at central level. 
 

Supply chains for engine pumpsets and spare parts 

To understand the supply chain of irrigation pumpsets and the way compulsory standards are applied, 
pump importers in Addis have been visited as well as the pump assembler METEC in Adama.  

Review of pump importers in Addis 
A total of 5 pump importers were visited, of which 3 shops around the Piazza area in Addis. Some 
findings: 

- Only the Davis & Shirtliff company has the pumps tested according the Compulsory Ethiopian 
Standards prior to shipment from Kenya, making use of the SGS testing laboratory in Kenya 

- Other importers are not aware of the 
standards and cannot produce the required 
documents. It is not clear how these 
pumpsets have passed the customs controls 
upon import to Ethiopia. 

- Creating positive quality associations with 
specific (tested) pump brands will be 
challenging, as the same engine pumpset 
models are being produced and sold in China 
under a wide variety of brand names, all with 
their own quality standards and price levels. 
Also counterfeits of respected brand names as 
Subaru/Robin are sold at lower rates than the original pumpsets and differentiating between 
genuine and counterfeit is difficult. 

- Although all of the suppliers had at least a minimal level of spareparts on stock, none of the 
importers / suppliers offered spare part services outside of Addis. 

- Inquiry about prices of spare parts revealed excessive prices15 . 

                                                             
15 Given price for a piston – connecting rod assembly for a Chinese pumpset is 2.500 Birr / €100, which is excessive (see 
Annex 6 for indicative spare part prices for small 3hp engine pumpsets from China FOB). With the whole pumpset costing 
anywhere between 5.000 and 10.000 Birr, the given prices do not stimulate quick repair of non-functional sets. 
 

Figure 8; counterfeit Robin engine pumpset 
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Review of pump producer Adama Agricultural Machinery Industry / METEC 
Current production of pumpsets focuses on large 
sizes (75 – 100l/s) frame-mounted pumpsets. In the 
near future, the production will be expanded by 
assembly of smaller size (<16 l/s) Chinese close-
coupled pumpsets, which will be done in cooperation 
with a Chines producer. The assembly line that will be 
built for this includes a testing facility for the finished 
products. Additional information on the types of 
pumps and the specifications of the testing facilities 
was requested and committed, however not provided 
up to date. Production of smaller pumpsets is expected to start not before one year.  
If METEC manages to assemble good quality pumpsets, spare parts will be available in the country. 
Although it does not automatically imply availability of parts in the regions, it can be a good start to 
work on a better spare part supply chain. For further contact details, see Annex 1.5. 
 

Spareparts supply 

Improved spareparts supply at the woreda level is a priority for the SMIS project as well as for the 
ATA. ATA recommendations on spare part supply include:16 

Recommendation 1. Ensure procurement of spareparts in standard government packages, including 
bundling inexpensive parts that are likely to wear out/fast moving, and stocking others that can break, 
is a cost-effective means to ensure access at the local level as part of the procurement guidelines 
(One year of spareparts should be bundled in with all pumps sold and additional key components 
should be stocked by woredas for the models purchased). 

Recommendation 2. Incentivize private-sector bundling of spareparts through import rules or 
incentives, focusing on greater participation by the private sector, simplifying import rules and 
reducing tariffs as a lever. It may also include forcing importers to include a minimum on spareparts 
with pumpset imports. 

Although a clear role is given to the private sector, the ATA approach is focusing on forced import of 
spare parts with orders for a confined time (one year), which postpones the problem rather than 
solving it. Instead, the shift should be made to spare part sales at woreda level as a profitable 
business, which is possible if numbers of pumpset and the pumpset density increases. Instead of 
importing large amounts of spareparts with the pumpsets, it is more sustainable to work on linkages 
of importers of spares with the (Chinese) suppliers and local retailers in such a way that spares find 
their way from producer to retailer and demand (orders) can be processed in a timely manner.  

 

Maintenance and repair capacity for irrigation pumpsets  

Based on the document review and discussions with MoU, ATA and pump suppliers, maintenance and 
repair capacity is virtually non-existing at the local level. Building this capacity should go hand in hand 

                                                             
16 ATA; Transforming the supply of irrigation pumps in Ethiopia; A study of the public and private supply chain for irrigation 
pumps in AGP woredas, and proposed Recommendations 

Figure 9; assembly of pumpsets 
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with developing the spare part supply chain, as availability of spares is a precondition for conducting 
repairs. ATA recommendations on building maintenance and repair capacity include:17 

Recommendation 3. Provide trainings on installation, operation, maintenance and repair of engine 
pumps and manual pumps, which should include training on installations / set up of pump, operation 
basics and maintenance and repair. Target audience for the training can be small-scale private 
enterprises, farmer cooperatives or water scheme caretakers. The involvement of government 
institutions such as TVETs and Polytechnic colleges will be crucial in making sure that such models are 
scalable. 

Experiences in countries as India and Nepal shows that the best results can be expected when 
working with dedicated, skilled full-time mechanics rather than part-time mechanics as maintenance 
and repairs of engine pumpsets requires next to a decent set of tools also a solid experience-based 
set of skills in trouble-shooting and repairs. These experienced mechanics often double-act as 
advisory persons and source of information for the farmers concerning pumpsets. 

 

A different approach: standardization of pumpset 

When a wide range of different brands and models of pumpsets enter the market, providing after-
sales services will become more challenging; stacking spare parts will be economically not interesting 
for retailers and specific knowledge and experience on maintenance and repairs will not be available. 
From that perspective, it will be beneficial to minimize the number of different brands and models. 
Ideally the market mechanisms will take care of this with farmers buying pumpsets of which they 
know the quality is up to standard and spareparts and knowledge are available locally. However, in a 
relatively young market like Ethiopia, knowledge and experience is still lacking. Although practically 
difficult to achieve, standardization on a limited number of brands or models may help to build local 
expertise as well as viable businesses. In case of government tenders, it can be recommended to 
procure only those brands and models that are already common in the specific area. 

  

                                                             
17 ATA; Transforming the supply of irrigation pumps in Ethiopia; A study of the public and private supply chain for irrigation 
pumps in AGP woredas, and proposed Recommendations 
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7. Summary of recommendations on the way forward 

Pump and pumpset standards 

Review of compulsory standards was done with reference to the problems with pumpsets in the field. 
Based on the review of the compulsory pump standards, it can be concluded that the challenges with 
irrigation pumpsets in the field are too diverse and too complex to be solved by the current 
compulsory and voluntary standards alone and the set of compulsory standards may need to be 
developed further to cover all the challenges in the field.  Next to that, performance indicators to test 
the compulsory standards still need to be developed. 

In developing the standards further, focus should be on: 

- Development of an ‘umbrella standard’ that considers the pumpset as a whole, allowing to 
assess the quality of the total machine rather than only its components; 

- Standards for improving engine quality, as problems with the engine is the major cause of 
pumpset problems in the field. 

Recommended next steps are: 

1. Establish pumpset testing facilities and capacity  
2. Establish testing facilities for the other compulsory standards  
3. Review impact of enforcing the standards on pumpset and engine failure and complement 

the set of compulsory standards based on the outcomes, including standards for the engine. 
 

Pump(set) and accessories testing 

Due to investments needed and complexity of test methods, testing of pumpsets and pumpset 
accessories need to take place at central level at ECAE. The ECAE laboratory is equipped to conduct 
conformity assessment for some of the compulsory standards, however, investments in additional 
hardware for testing the compulsory standards are needed. Especially for the test skid for centrifugal 
pumps and pumpsets, investments depend on the sizes and types of pumps and pumpsets that need 
to be tested. Specifications for the test skid are given in Chapter 4, however, these specifications need 
to be confirmed by the agencies involved. Next steps to establish the pump testing facility should 
include: 

1. Agreeing on the specifications for the test facility; 
2. Decision on including standards on pumpset efficiency testing, which is not a necessity under 

the compulsory standards but will contribute to the practical use of the test results; 
3. Decision on including the option to test solar irrigation pumps in the design of the test skid; 
4. Test facility tendering (design, construction, installation and training). 

It is expected that ECAE will be the lead partner in the process. The SMIS project can have a 
supporting role based on requests from ECAE. 

 

Manual irrigation pumps 

Introduction and enforcement of standards for manual irrigation pumpsets is essential to overcome 
the problems with dysfunctional pumpsets in the field due to sub-standard materials or production.  
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For the rope and washer pumps, a first start has been made to establish those standards. For treadle 
pumps such initiatives have not been found. 

Recommended next steps to establish and implement standards for manual irrigation pumps are: 

1. Development of standards for production and possibly for installation focusing on the critical 
parts of the pumps rather than on the full design; 

2. Implement curricula at the (A)TVET centers in those places where manual irrigation pumps 
are common or where there is good potential to develop local businesses around manual 
irrigation pumps;  

3. Establish testing facilities at the regional level to assess the quality of the pumps and to certify 
the procurers according to the established standards. The ECAE satellite offices could take 
this role. 

 

The pumpset service chain 

The significant problems in the field with maintenance and repairs of pumpsets including the lack of 
availability of the spare parts is the major cause for dysfunctional pumpsets to remain out of 
operation. The pump standards will help to improve pump(set) quality and reduce initial breakdown. 
A functional service chain is required to keep pumpsets operational and tor reduce downtime.  

To improve the service chain, the ATA recommendations18 will be instrumental, however it is 
recommended to put more focus on the role of the private sector: Involving local enterprises in the 
procurement and import of pumpsets and spareparts will establish the required linkages between 
producers (often in China or India) and the market in Ethiopia. The private sector should take the role 
of making products (both pumpsets and spareparts) available based on the needs of the farmers. 
Increasing uptake of pumpsets will help to generate the critical mass that is needed to make services 
available at the local level. 

  

                                                             
18 ATA; Transforming the supply of irrigation pumps in Ethiopia; A study of the public and private supply chain for irrigation 
pumps in AGP woredas, and proposed Recommendations 
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8. Annexes 
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Annex 1; Resources and contact details 

 
name organization position phone email 
     
1. The Project for Rural Water Supply, Sanitation and Livelihood Improvement through Dissemination of Rope 
pumps for Drinking Water and Self-supply 
Akino Kitazume JICA Chief Advisor 0935353212 - 
Takeshi Ono JICA Deputy Chief Advisor 0935353214 - 
Girma Senbeta MetaMeta Technical Coordinator 0921875414 Girma319@gmail.com 
2. iDE Ethiopia 
Kebede Ayele iDE Ethiopia Director 0114672906 

0911510668 
 

3. Flowserve the Netherlands 
Anne van Mourik Flowserve 

 
 

Technical Advisor Test 
Department; Senior 
Engineer Standards & 
Codes 

+31742404011 amourik@flowserve.com 

Tom Wienk Flowserve 
 

Supervisor Product 
Engineering 

+31742404066 twienk@flowserve.com 

4. Ethiopian Conformity Assessment Enterprise 
Amsalu Enyes ECAE Head Mechanical 

Engineering 
0911388740 Amsalu.enyew@eca-e.com 

     
5. METEC Adama 
Getu Taye (Capt.) METEC Head Operations 0221114629 

0911957305 
Getutaye52@yahoo.com 
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Annex 2; Evaluation of compulsory standards and voluntary standards related to pump testing 

Compulsory standards 

Standard Description Compulsory  Description Evaluation of standard Additional 
Requirements 

Equipment needed 

 (replaces standards) Clause Sub 
clause 

    

CES124  (ES ISO 7233:2005) 
Rubber and plastic 
hose assemblies-
determination of 
suction resistance 

Full 
standar
d 

  Relevant for determining 
deformation of suction 
hoses 

Test pressure needs 
to be specified. 

- Vacuum pump 
- Vacuum gauge 
- Airtight seals 
- Set of smooth solid balls 

in size steps of 1mm; 
range of sizes depends 
of inner diameter of 
hoses to be tested 

  3 
 
 

 Test pieces; 
dimensions  

Relevant - No specific equipment 
needed 

  4  Conditioning of test 
pieces before 
testing 
 

Relevant - No specific equipment 
needed 

CES125  (ES IEC 61293)  
Marking of 
electrical 
equipment with 
ratings related to 
electrical supply - 
safety requirements 

Full 
standar
d 

  Relevant for electrical 
close-coupled irrigation 
pumpsets or electrical 
drive for frame mounted 
pumps 

- Visual inspection only; No 
specific equipment needed 

  3  Marking 
requirements on 
the equipment 

 - Visual inspection only; No 
specific equipment needed 
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CES126 (ES ISO 6622-1)  
Internal combustion 
engines-piston rings 
- part 1; rectangular 
rings made of cast 
iron 

Full 
standar
d 

  Only applicable for 
rectangular piston rings; 
possibly not applicable for 
oil control rings if present. 
Additional standards may 
need to be added to cover 
the full range of piston 
rings present in the 
different types of engines. 

Engines shall be 
supplied with data 
on the piston rings 
complying with the 
standard, clause 
4.1.2; Designation 

 

  6  Force factors; 
correction factors 
for other than grey 
cast iron rings 
 

Conversion of forces for 
materials other than grey 
cast iron; materials need 
to be specified by the 
manufacturer. 

-  

  7  Dimensions  Table with dimensions to 
be used to check 
conformity of piston rings. 
Tests should be non-
destructive.  

- Equipment to be decided 
based on ISO 6621-1 and 
ISO 6621-2. It should 
include: 
- Tools to apply and 

measure forces on ring 
(diametral and 
tangential force) 

- Feeler gauges to 
measure ring gap 

- Profile projector (optical 
measuring projector) to 
determine piston ring 
sizes (available at ECAE) 

- Calipers to measure 
radial wall thickness of 
the rings  
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CES127 (ES ISO 2858:2012)  
End-suction 
centrifugal pumps 
(rating 16 bar) - 
designation, 
nominal duty point 
and dimensions 

Full 
standar
d 

  Specific relevance only for 
frame-mounted pumps 
and not for close-coupled 
pumpsets 

  

  3  Designation which 
comprises three 
numbers(inlet 
diameter, outlet 
diameter, nominal 
impeller diameter) 

Relevant to identify the 
pump. 

Only for end-
suction centrifugal 
pumps 

Visual inspection only 

  4  Nominal duty point 
and dimensions 
according to the 
table 

Dimensions apply to the 
frame-mounted pumps 
only. 
Nominal duty point might 
also be relevant for close-
coupled pumpsets. 

 - Nominal duty point can 
be determined using 
test equipment 
mentioned under 
CES131 

- Dimensions can be 
determined with 
standard measuring 
equipment 

 
 



 

P 38 / 55 
 

CES128 (ES ISO 4641)  
Rubber hoses and 
hose assemblies for 
water suction and 
discharge - 
specifications 

Full 
standar
d 

 Applicable for 
textile-reinforced, 
smooth bore 
rubber water 
suction- and 
discharge hoses 

Relevant for testing rubber 
hoses; additional 
indispensable standards 
apply which may need to 
be part of the set of 
voluntary standards. 

- ISO 37 
- ISO 1402 / 

CES129 
- ISO 4671 
- ISO 4672 
- ISO 88 
- ISO 10619-1 
- ISO 10619-2 
- ISO 7233:2006 
- ISO 1764 
- ISO 8033 
- ISO 7326:2006 
 

- General measuring 
equipment for 
dimensions of hoses 
 

  6  Materials and 
construction 

Inspection of lining, 
reinforcement and cover 

 Visual inspection only  

  8  Physical properties Relevant to determine the 
properties of the hoses. 
8.2.5; low temperature 
flexibility may not be 
relevant for Ethiopian 
conditions 

 - Environmental chamber 
for aging of materials 

- Universal Testing 
Machine (UTM) for 
testing tensile strength 
(available at ECAE) 

- Hydrostatic pressure 
testing equipment 
(pressure and suction) 
(on order at ECAE) 

- Optional; tools for 
bending radii 

CES129 (ES ISO 1402:2012) 
Rubber and plastic 
hoses and hose 
assemblies - 
hydrostatic testing 

Full 
standar
d 

  Relevant for testing 
hydrostatic testing of 
hoses and hose assemblies 

Testing to be done 
at standard 
temperature (ISO 
23529); climate 
control in test 
laboratory may be 
needed. 

- General measuring 
equipment 
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  8  Hydrostatic 
pressure tests 

Hydrostatic testing is 
already being carried out 
by ECAE and relevant for 
irrigation products. 

ISO 7715 - Hydrostatic testing 
equipment (pressure 
only) 

- Simple equipment to 
close hose ends and to 
fix hoses 

 
  9  Test report Providing a test report 

with tested products; 
already practiced at ECAE. 

 None 

CES130 (ES ISO 6826:2012) 
reciprocating 
internal combustion 
engines-fire 
protection 

Full 
standar
d 

  Relevant. Can be tested 
visually for Engine basic 
class. It is not expected 
that manufacturers of 
engine pumpsets comply 
with any of the special 
requirements. This is to be 
confirmed by ECAE. 

  

  6  Engine basic class Relevant. Inspection is 
feasible. 

 Visual inspection only; no 
equipment required. 

  7  Engine special 
requirements 

Only relevant if specified 
by the manufacturer 

  

   1 (A ,B) Fire requirements Fire resistance flame 
testing (A) is possible when 
required 
 
 
Fire resistance (B) similar 
to CES 135) 

 
 
 
 
 
ISO 7840 
ISO 10088 

- High-temperature 
thermometer (up to 
900°C) 

- Burner (up to 900°C) 
 

- Test equipment similar 
to CES 135 

 
   2 (C) Protection of 

electrical 
components 

Protection to ignite 
surrounding flammable 
gases 

ISO 8846 See ISO 8846 

   3 (D, E) Piping for 
flammable liquids 

By visual inspection only  Visual inspection only 



 

P 40 / 55 
 

   4 (F) Protection of high-
pressure fuel 
systems 

By visual inspection only  Visual inspection only 
 

   5 (G) Hydraulic pipes By visual inspection only  Visual inspection only 
   6 (H) Drain valves By visual inspection only  Visual inspection only 
   7 (J, K) Filters for 

flammable liquids 
By visual inspection only  Visual inspection only 

 
   8 (L) High-temperature 

surfaces 
Surface temperature can 
be checked with IR 
thermometer 

 - IR thermometer 
 

   9 (M) Protection from 
engine exhaust gas 

By visual inspection only  Visual inspection only 
 

   10 (N, 
P, Q) 

Air inlet flame 
control 

Not relevant for small 
engines as used with 
pumpsets 

  

   11 (R, 
S) 

Crankcase flame 
control 

Not relevant for small 
engines as used with 
pumpsets 

  

   12 (T) Indicator cock 
flame control 

Not relevant for small 
engines as used with 
pumpsets 

  

   13 (U) Air starting Not relevant for small 
engines as used with 
pumpsets 
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CES131 (ES ISO 9906: 2012)  
Rotodynamic 
pumps - hydraulic 
performance 
acceptance tests - 
grade 1, 2 and 3 

Full 
standar
d 

 Type of acceptance 
testing specified for 
at least flow and 
head at a 
guaranteed specific 
duty point and 
rated speed 

Relevant for horizontal 
centrifugal pumps as well 
as for close-coupled 
engine pumpsets. Testing 
of flow and head at 
guaranteed duty point at 
rated speed. For close-
coupled pumps, pump 
efficiency cannot be 
determined separately but 
should be according to 4.2 
a) 2) minimum combined 
efficiency ηgrG. 

 Pump test bench / test 
skid. 
Fully automated versions 
for centrifugal pumps are 
on the market. However, 
for testing close-coupled 
engine pumpsets the test 
bench need to be custom 
built. A basic model 
include manual readings of 
flow, pressure and RPM. 
Performance curves can be 
plotted in Excel. For 
automated models, 
software needs to be 
developed.  

  4.2  Pump 
measurement and 
acceptance criteria; 
Guarantees 

Standardizing the 
guarantee on flow and 
head; relevant for 
pumpset testing to fit 
manufacturers 
specifications. 

 None 

  4.3  Pump 
measurement and 
acceptance criteria; 
Measurement 
uncertainty 

Relevant criteria for 
pumpset testing using a 
pump test bench. 

 None 
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CES132 (ES ISO 9908:2012) 
Technical 
specifications for 
centrifugal pumps -- 
Class III 
 

Full 
standar
d 

 General technical 
specifications 

Relevant for general 
characteristics of the 
pump. All to be tested 
visually except for 6; 
Hydrostatic testing and 
4.11.2; Rolling bearing life; 
only relevant for frame 
mounted pumpsets. Close-
coupled pumps use the 
engine crankshaft 
bearings. 

Rolling bearing life 
should be at least 
10.000h; endurance 
testing is needed. 

- Hydrostatic testing 
equipment to test 
pressure-containing 
parts 

- Testing equipment for 
rolling bearing life 
(testing method to be 
verified as for the 
minimum life of 
10.000h; thermo-graphic 
cameras and vibration 
equipment can be useful 
to determine excessive 
wear in bearings) 

  4.1  Design; General Standard about general 
design; can be tested 
visually 

 Visual testing only 
 

  4.3  Design; critical 
speed, balance and 
vibration 

Specific standard is only 
applicable for frame-
mounted pumps.  
Balance and vibration can 
be measured for both 
frame-mounted and close-
coupled pumpsets. When 
analyzed correctly, it will 
give additional information 
on the straightness of the 
shaft and balance of the 
impellor. 

 - (handheld) vibration 
instrument 

- (handheld) tachometer 
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CES133 (ES  ISO 9912-
2:2012)  
Agricultural 
irrigation 
equipment-Filters-
part 2: strainer-
type-filters 

Full 
standar
d 

 Marking, design and 
construction and 
mechanical and 
hydraulic tests 

Relevant for filters which 
are being used for drip 
irrigation and potentially 
for sprinkler irrigation. 

Tools described are 
for the mechanical 
and hydraulic tests 
(clause 6). Other 
clauses require 
visual and general 
dimensions 
inspection only. 

- Torque Wrench for 
applicable torque for 
closing the filter housing 

- Hydrostatic testing 
equipment with 
automated cycling ( 
20.000 cycles) – cyclic 
pressure test bench 

 
  4.1  Marking; general Relevant for filter marking; 

visual check. 
 None 

 
CES134 (ES ISO 11102-

1:2012)  
Reciprocating 
internal combustion 
engines - handle 
starting equipment 
- part1: safety 
requirement and 
tests 

Full 
standar
d 

 Safety 
requirements for 
handle starting 
equipment 

Relevant for diesel engines 
that are equipped with 
handle starting (petrol 
engines are normally 
equipped with recoil 
starter or starter cord) 

See also ES ISO 
11102-2:2012 
Reciprocating 
internal combustion 
engines -- Handle 
starting equipment 
-- Part 2: Method of 
testing the angle of 
disengagement 

Basic equipment needed 
to measure the angle of 
the starter handle in a 
range of positions.  

  5.2  Technical safety 
requirements; 
General 
requirements 

Relevant. Visual inspection 
only. 

 Visual inspection only 

  5.3  Technical safety 
requirements; 
requirements in the 
event of kick-back 

Relevant for overall 
operational safety. 

 Equipment according to 
list under ‘full standard’.   

CES135 (ES ISO 
13774:2012) 
Rubber and plastic 
hoses for fuels for 
internal combustion 
engines - method of 
test for 
flammability 

Full 
standar
d 

 Methods for testing 
flammability of fuel 
hoses 

Compulsory as it relates to 
health, safety and 
environment. The impact 
for solving existing 
problems in the field needs 
to be confirmed by TC48. 

 Test equipment can be 
constructed locally, 
however the test shall be 
conducted in a fire-
resistant test environment, 
which may need to be 
sourced outside Ethiopia. 
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  5  Test pieces Relevant for testing As it is destructive 
testing, test pieces 
need to be supplied 
separately by the 
importer of the 
pump. 

none 

  6  Conditioning of test 
pieces 

Relevant for testing See ISO 471 Equipment for 
conditioning of test pieces 
is available at ECAE 

  7  Procedure Relevant for testing  See full standard 
CES 136 (ES ISO 11424: 

2012) 
Rubber hoses and 
tubing for air and 
vacuum system for 
internal combustion 
engines-
specification 

Full 
standar
d 

  Only relevant for larger 
engines (estimated >10 hp, 
multi-cylinder engines)  
In relation to the current 
focus on smaller engine 
pumpset sizes, it is not 
likely these are equipped 
with air or vacuum 
systems. Enforcement of 
standards can be 
postponed until larger 
irrigation pumpsets will be 
tested as well. 

7.10; Low 
temperature 
flexibility after heat 
aging may not be 
relevant for 
Ethiopian context 
(potentially only for 
export) 

- Heat aging oven 
- IRHD hardness tester 

(ISO 48) 
- Universal Testing 

Machine (UTM) for 
testing tensile strength 

- Mandrel diameters for 
kinking test (ISO 1746) 

- Hydrostatic test (ISO 
1402) for suction 
resistance 

- Chemical testing for 
extractable products 
(7.11) 

  5.1  Dimensions and 
tolerances; hoses 

General dimensions  General measuring 
equipment 

  5.2  Dimensions and 
tolerances; tubing 

General dimensions  General measuring 
equipment 

  7 (7.1 – 
7.14) 

Requirements for 
physical properties 

Relevant   See testing equipment full 
standard 

  8  Marking Relevant   none 
General measuring equipment include tools like calipers and micrometers of different sizes, measuring tape, feeler gauges etc.  
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Voluntary standards (related to pumps; selection of relevant standards done by ESA) 

Standard Description Compulsory  Description Evaluation of standard Additional 
Requirements 

Equipment needed 

 (replaces 
standards) 

Clause Sub 
clause 

    

ES ISO 
3069:2012 

End-suction 
centrifugal pumps 
– Dimensions of 
cavities for 
mechanical seals 
and for soft 
packing 

No - Standardization of 
cavities for 
mechanical seals or 
soft packing. 

Standardization allows for 
the use of either gland 
packing or mechanical 
seal. Standard can be 
maintained as voluntary 
standard. 

-  - General measuring 
equipment 

- Surface roughness / 
Contour Measuring 
Instrument 

ES ISO 
3661:2012 

End-suction 
centrifugal pumps 
– baseplate and 
installation 
dimensions 

No - Gives dimension of 
baseplate for 
centrifugal end-
suction pumps 
when coupled with 
foot-mounted 
electric motors for 
installation on a 
foundation 

Standard is relevant, 
however only of practical 
use for pumps with 
electrical drivers for 
irrigation purpose that 
need to be delivered with 
a frame and installed on a 
foundation. 

Relates to CES 127 
(ISO 2858:2012)  
End-suction 
centrifugal pumps 
(rating 16 bar) - 
designation, 
nominal duty point 
and dimensions 

General measuring 
equipment only 
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Annex 3; Cost estimate of tentative equipment needed for testing the compulsory 
standards 

Standard Description 
(replaces standards) 

Equipment needed Estimated 
costs (€) 

CES124  (ES ISO 7233:2005) Rubber and 
plastic hose assemblies-
determination of suction resistance 
 

 

- Vacuum pump 1.000 
- Vacuum gauge  
- piping 
- Airtight seals 
- Set of smooth solid balls in size steps of 1mm; 

range of sizes depends of inner diameter of 
hoses to be tested 

2.500 

total 3.500 
    
CES125  (ES IEC 61293)  

Marking of electrical equipment with 
ratings related to electrical supply - 
safety requirements 

Visual inspection only; No specific equipment 
needed 

none 

total - 
    
CES126 (ES ISO 6622-1)  

Internal combustion engines-piston 
rings - part 1; rectangular rings made 
of cast iron 

Equipment to be decided based on ISO 6621-1 
and ISO 6621-2. It should include: 
- Tools to apply and measure forces on ring 

(diametral and tangential force) 

 
 

5.000 

- Profile projector (optical measuring 
projector) to determine piston ring sizes 
(available at ECAE) 

- 
 

- Feeler gauges to measure ring gap  
- Calipers to measure radial wall thickness of 

the rings  

500 

total 5.500 
    
CES127 (ES ISO 2858:2012)  

End-suction centrifugal pumps (rating 
16 bar) - designation, nominal duty 
point and dimensions 

- Nominal duty point can be determined using 
test equipment mentioned under CES131 

- Dimensions can be determined with standard 
measuring equipment 

- 
 

- 

total - 
    
CES128 (ES ISO 4641)  

Rubber hoses and hose assemblies 
for water suction and discharge - 
specifications 

- General measuring equipment for dimensions 
of hoses 

- 

- Environmental chamber for aging of materials 
(available at ECAE 

- 

- Universal Testing Machine (UTM) for testing 
tensile strength (available at ECAE) 

- 

- Hydrostatic pressure testing equipment 
(pressure and suction) (on order at ECAE) 

- 

- Optional; tools for bending radii 1.000 

total 1.000 
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CES129 (ES ISO 1402:2012) 

Rubber and plastic hoses and hose 
assemblies - hydrostatic testing 

- General measuring equipment -  
- Hydrostatic testing equipment (pressure only) 

(on order at ECAE) 
-  

- Simple equipment to close hose ends and to 
fix hoses 

- piping 

2.000 

total 2.000 

    
CES130 (ES ISO 6826:2012) reciprocating 

internal combustion engines-fire 
protection 

- High-temperature thermometer (up to 
900°C) 

500 

- Burner (up to 900°C) 200 
- Test equipment similar to CES 135 - 

- IR thermometer 500 

total 1.200 
    
CES131 (ES ISO 9906: 2012)  

Rotodynamic pumps - hydraulic 
performance acceptance tests - 
grade 1, 2 and 3 

Pump test bench / test skid. 
 

50.000 – 
200.000 

total 50.000 – 
200.000 

    
CES132 (ES ISO 9908:2012) 

Technical specifications for 
centrifugal pumps -- Class III 
 

- Hydrostatic testing equipment to test 
pressure-containing parts (on order by ECAE) 

-  

- Testing equipment for rolling bearing life (to 
be confirmed by ECAE). Alternatively: 

-  thermo-graphic camera can be useful to 
determine excessive wear in bearings 

- 
 
 

4.000 

- (handheld) vibration instrument, (handheld) 
tachometer (combined) 

-  

9.000 

total 13.000 
    
CES133 (ES  ISO 9912-2:2012)  

Agricultural irrigation equipment-
Filters-part 2: strainer-type-filters 

- Torque Wrench for applicable torque for 
closing the filter housing 

500 

- Hydrostatic testing equipment with 
automated cycling ( 20.000 cycles) – cyclic 
pressure test bench (on order by ECAE; cyclic 
testing to be confirmed) 

-  

total 500 
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CES134 (ES ISO 11102-1:2012)  
Reciprocating internal combustion 
engines - handle starting equipment - 
part1: safety requirement and tests 

Basic equipment needed to measure the angle 
of the starter handle in a range of positions.  

500 

total 500 
    
CES135 (ES ISO 13774:2012) Rubber and 

plastic hoses for fuels for internal 
combustion engines - method of test 
for flammability 

- Test equipment can be constructed locally 
- Test shall be conducted in a fire-resistant test 

environment, which may need to be sourced 
outside Ethiopia.  

- Equipment for conditioning of test pieces 
(environmental chamber (available at ECAE) 

1.000 
 

5.000 
 

- 

total 6.000 
    
CES 136 (ES ISO 11424: 2012) 

Rubber hoses and tubing for air and 
vacuum system for internal 
combustion engines-specification 

- General measuring equipment  - 
- Heat aging oven 5.000 
- IRHD hardness tester (ISO 48) 3.000 
- Universal Testing Machine (UTM) for testing 

tensile strength (available at ECAE) 
- 

- Mandrel diameters for kinking test (ISO 1746) 2.000 

- Hydrostatic test (ISO 1402) for suction 
resistance (see CES124) 

- 

- Chemical testing for extractable products 
(7.11) (potentially possible at the chemical 
lab) 

- 

total 10.000 
    
 General measuring equipment 

(most of the tools are already 
available at ECAE) 

- Range of (digital) calipers  3.000 
- Range of micrometers  4.000 
- Measuring tape 200 
- Set of feeler gauges  500 

total 7.700 
 

All cost estimates excluding transportation and installation. 
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Annex 4; Example of the Indian Standard IS : 11501 – 1986 – maximum specific fuel consumption 
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Annex 5; Quote 1 for pump testing equipment by PowerFlow 

Design criteria 
Design follow ISO9906 (Rotodynamic pumps-Hydraulic performance acceptance tests) 
 
Test Items: 
Inlet pressure, Differential pressure between inlet and outlet,Actual Pump Flow rate(Q),Power input(P),Actual Speed of rotation(n),Vibration, Noise, 
Temperature 
 
Output Items: 
Actual Pump head(H), H,Q,P converted under speed of rotation, Pump efficiency(ƞ), Overall efficiency(with motor),NPSH3, H-Q Curve, P-Q Curve, ƞ-
Q Curve, NPSH3-Q Curve. 
Customized formatted test report contain above items. 
 
System Capacity: 
(1) FLow rate range : 0 to 150 m³/h (0 – 42 l/s) 
(2) Pump head range: 0 to 40 m 
(3) Power rate range : 0 to 10 KW 
(4) Votage : 380V 50HZ 
Test Medium: Clean Cold water 
 

Contact details 
Address:Unit E,NO.11 XiYuan Eight Road , XiHu District,HangZhou City,China 
Phone: +086-571-88969132 
Mobile:+086-15868184998 
Fax: +086-571-88969136 
Skype: Jackiecn0 
Mail:Jackiewu0@vip.163.com 
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Annex 6; example of spare part cost for small engine pumpset as a reference 

Spare parts list jul-05        
1E40F parts       价 格   

序 号    英 语 名 称   数 量  Price/unit 

Part number 中 文 名 称  Description Unit FOB,  in $ 

1 曲 轴 箱 A CRANKCASE set 2,91 

2 曲 轴 箱 B CRANKCASE set 2,18 

3 化 油 器  CARBURETOR ASSY. piece 4,36 

4 磁 电 机  ELECTRIC MOTOR piece 4,36 

5 冷 却 风 扇  FAN piece 0,87 

6 启 动 轮  STARTER ROLLS piece 1,02 

7 熄 火 开 关  ENGINE SWITCH ASSY. piece 0,44 

8 点 火 器  CDI piece 1,02 

9 高 压 包  IGNITION COIL ASSY. piece 1,45 

10 油 箱 托 架  SUPPORT,FUEL TANK piece 1,02 

11 油 箱 托 架 盖  TOP SUPPORTING PLATE, FUEL TANK piece 0,29 

12 曲 柄 连 杆 总 成  TIE-ROD ASSY. piece 5,08 

13 缸 体  CYLINDER  piece 4,36 

14 缸 体 纸 垫  GASKET,CRANKCASE piece 0,22 

15 火 花 塞  SPARK PLUG piece 0,58 

16 缸 盖  CYLINDER HEAD piece 1,74 

17 缸 盖 铜 垫  GASKET,CYLINDER HEAD piece 0,22 

18 曲 轴 箱 A 垫  GASKET A,CRANKCASE piece 0,06 

19 曲 轴 箱 B 垫  GASKET B,CRANKCASE piece 0,06 

20 化 油 器 O 型 圈  O-RING,CARBURETOR piece 0,07 

21 进 气 管  INTAKE PIPE piece 0,51 

22 进 气 阀  INTAKE VALVE piece 0,73 

23 油 封  OIL SEAL piece 0,29 

24 定 位 销 10*20 SET PIN piece 0,15 

25 凸 轮  CAMSHAFT piece 0,58 

26 半 圆 键  WOODRUFF KEY piece 0,15 

27 双 头 螺 栓 M6*30 STUD M6*30 piece 0,29 

28 双 头 螺 栓 M6*130 STUD M6*130 piece 0,29 

29 缸 装 置 螺 帽  BOLT, piece 0,15 

30 导 风 罩  FLOW GUIDE piece 4,36 

31 提 手  PULLING HANDLE piece 0,58 

32 消 声 器  MUFFLER piece 3,63 

33 消 声 器 垫  GASKET,MUFFLER piece 0,15 

34 油 箱 总 成  FUEL TANK ASSY. piece 2,18 

35 汽 油 机 底 板 （ 含 附 件 ）  SUPPORTING PLATE piece 2,18 

36 皮 带 轮  PULLEY piece 0,87 

37 拉 绳  ROPE piece 0,22 

38 火 花 塞 套 筒  SPARK PLUG WRENCH piece 0,29 

39 拉 板  PULLING PLATE piece 0,29 

40 水 封  WATERSEAL set 0,73 

41 管 箍  HOOP piece 0,22 

42 密 封 圈  O-VING piece 0,22 
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Annex 7; Star labeling of pumpsets 

Energy Efficiency Criteria19 
Star Rating Plan 

The Star Rating levels for Diesel Engine Driven Monoset Pumps for Agricultural purposes will be as given 
below : 

Star Rating Specific Fuel Consumption (SFC) in g/h/m/l/s of 
pump at duty point w.r.t. SFCmax**  

* 1 Star > 0.90 SFCmax to ≤ 1.00 SFCmax 
** 2 Star  > 0.80 SFCmax to ≤ 0.90 SFCmax 
*** 3 Star  > 0.70 SFCmax to ≤ 0.80 SFCmax 
**** 4 Star  > 0.60 SFCmax to ≤ 0.70 SFCmax 
***** 5 Star  ≤ 0.60 SFCmax 

**SFCmax(Maximum Specific fuel consumption) of Diesel Engine Driven Monoset pump at duty point is 
derived from chart given IS 11501:latest 

Permissible Fuel Consumption (cc/hour) is calculated as follows : 

Permissible Fuel Consumption (cc / hour ) 

 

= {SFC ( g/h/m/l/s) x Head(m)x Discharge(l/s)}  /  
(Density of Fuel) in g/cc 

Note:- This Fuel Consumption and SFC of pump (at 
duty point) 

 

FUEL CONSUMPTION STAR LABEL – DIESEL ENGINE DRIVEN MONOSET PUMPS FOR AGRICULTURAL 
PURPOSES 

 

 

 

 

 

                                                             
19 See for more information  http://www.beeindia.in/; India Bureau of Energy Efficiency 
 


