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Course Summary 

1.1. Overview 

The Sustainable Development Goals are driving global efforts to increase water service levels and food security, 
expand rural electrification, and ensure that all services are affordable and no vulnerable population is left behind. 
It is widely believed that solar-powered solutions will play a critical role in achieving these global goals. At the 
national level, rural water supply strategies are driving the use of solar powered water systems (SPWS) for 
developing new water infrastructure, replacing diesel generator systems, upgrading from unreliable grid power, 
responding to droughts, and building resiliency for climate change. However, despite increasing awareness of the 
opportunities associated with SPWS, misconceptions and capacity gaps persist. National trade and water supply 
policies are often unsupportive and fail to create a healthy enabling environment for the technology. Existing 
international standards and reference materials are underutilised, leading to inadequate dimensioning, 
installation, and operation and maintenance of SPWS. Unless SPWS are implemented and supported effectively, 
the benefits of the technology will not be realized and existing rural water supply challenges will only be amplified. 
 
This online course offers an overview of the principles and practice of SPWS to rural water professionals of all 
backgrounds and levels of expertise, facilitating participants to explore opportunities and risks associated with the 
technology in their professional contexts. The course aims to address common misconceptions regarding SPWS as 
well as raise awareness and increase utilisation of existing standards and reference materials in the short-term, 
and ultimately to improve sustainability and impact of SPWS. 

1.2. Learning Objectives 

By the end of the course, participants will be able to: 

• Understand opportunities, risks, and common barriers to sustainability associated with SPWS 

• Appraise the existing capacity gaps for effective SPWS programming in their own professional context 

• Apply existing standards, guidelines and best practices for SPWS in their own professional context 

• Interact with professionals from around the world who are implementing SPWS in various capacities 

1.3. Content and Structure 

The course is facilitated by a team of seasoned experts from UNICEF, Water Mission, IOM, IWMI, and the Cap-Net 
virtual campus. Drawing from existing best-in-class reference documents, manuals, and publications, the course 
covers the design, installation, operation, and maintenance of SPWS as well as considerations for supportive and 
inclusive policy development. All communication and content are delivered in English. Learning is facilitated via the 
online Cap-Net platform through brief videos, readings, discussion forums, written assignments and quizzes. 
 
The course is offered over a seven-week period, with content organized into six modules that are accessible via the 
online platform for a limited amount of time throughout the course: 

• Module 1: Introduction to SPWS (content available for two weeks) 

• Module 2: Design and installation of SPWS 

• Module 3: Costing and procurement of SPWS 

• Module 4: Enabling environment for SPWS 

• Module 5: Operation and maintenance of SPWS 

• Module 6: Leaving no one behind in SPWS programmes 
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1.4. Facilitators 

Module Dates  Discussion forum facilitators 

1. Intro to SPWS 16 Sep – 29 Sep Fiona Ward (UNICEF HQ) 
Andrew Armstrong (Water Mission) 

2. Design & 
Installation 

30 Sep – 6 Oct Franklin Golay (UNICEF SD) 
Francis Okello (EWB USA) 
Jeff Zapor (Water Mission) 
Andrew Armstrong (Water Mission) 

3. Costing & 
Procurement 

7 Oct – 13 Oct Alberto Llario (IOM) 
Franklin Golay (UNICEF SD) 
Andrew Armstrong (Water Mission) 

4. Enabling 
Environment 

14 Oct – 20 Oct Petra Schmitter (IWMI) 
Lara Lambert (Water Mission) 
Andrew Armstrong (Water Mission) 

5. O&M 21 Oct – 27 Oct Alberto Llario (IOM) 
David Gerlach (Water Mission) 
Francis Okello (EWB USA) 
Andrew Armstrong (Water Mission) 

6. Leaving No One 
Behind 

28 Oct – 3 Nov Lara Lambert (Water Mission) 
Petra Schmitter (IWMI) 
Jake Ward (UNICEF Vanuatu) 
Andrew Armstrong (Water Mission) 

 
Discussion forum facilitators agree to log into the online campus at least once a day during the assigned week to 
review postings in the discussion forum and respond to keep the discussion active, providing focus, explanation, or 
answering additional questions if needed. The main ideas to promote in the discussion forum are listed in the 
module content in this manual. It is anticipated that these activities will require ~16 hours of total time split 
between the discussion forum facilitators over the duration of the module. 
 

Andrew Armstrong – Senior Program Advisor, Water Mission 
City: Oxford, UK 
Bio: I am a licensed professional environmental engineer in the United States and 
have been a sustainability advisor for Water Mission programs since 2011. I also 
have the privilege of serving as the solar pumping topic lead for the Rural Water 
Supply Network. In this capacity and based on Water Mission’s experience 
designing, installing, and supporting more than 1,200 solar powered water systems 
in rural communities, institutions, and refugee settings over the past decade, I work 
to promote best practice and build capacity of the rural water supply sector to 
support solar pumping solutions. 
 

 
 

Fiona Ward – WASH Specialist, UNICEF HQ, WASH Programme Division 
City: New York, NY, USA 
Bio: My background is in hydrogeology, the understanding of which is critical to 
designing solar powered water systems. I have worked in Nigeria, Ghana, Sudan, 
Kenya, Haiti, Bangladesh and Jordan, as well as in UNICEF’s Supply Division. As 
UNICEF’s focal point in the partnership with Water Mission, I had the honour to 
participate in a series of conference calls with UNICEF colleagues from around the 
world. These calls helped us gauge the challenges faced by UNICEF programmes at 
all stages of SPWS and understand what support is required to make SPWS 
successful, both of which have influenced the design of this course. 
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Jeff Zapor – Director of Engineering and Innovation, Water Mission 
City: Charleston, SC, USA 
Bio: I lead the global engineering department at Water Mission and am a registered 
professional engineer in the United States. Water Mission has used solar powered 
water systems in development and disaster projects for over 10 years in multiple 
countries worldwide. My task is to ensure that technical standards are followed 
within the design and installation of these systems, as well as to be a resource to 
other organisations that want to hold to the same standards of quality. 
  

 
Franklin Golay – Technical Officer (WASH), UNICEF 
City: Copenhagen, Denmark 
Bio: I work in UNICEF’s Supply Division in the WASH Technical Unit, where a large 
part of the programs’ SPWS are procured. Prior to that, I worked for 3 years in 
UNHCR Geneva HQ’s WASH team, supporting SPWS implementation in the field 
through technical support and data analysis/knowledge management. 

 
 

Francis Okello – Senior Program Engineer, Engineers Without Borders – USA 
City: Kampala, Uganda 
Bio: I am a licensed professional engineer with the Engineers Registration Board of 
Uganda. I have over 15 years’ experience in the water and sanitation sector in 
Uganda, Liberia, Sudan, Somalia and Ethiopia. I currently lead the design and 
installation of solar water pumping systems in refugee settlements and host 
communities in Uganda. Relatedly, I am extremely honoured to be leading the 
Uganda Solar Technical Working Group which has been tasked to prepare an 
annexe to the Water Supply Design Manual of the Ministry of Water and 
Environment, focusing on Solar Water Pumping Systems. 
 

 

Sean McSwain – Director of Partnership Support, Water Mission 
City: Charleston, SC, USA 
Bio: I develop and maintains partnerships, facilitate the success of field 
implementers through design, training, and equipment sales, and provide oversight 
for the field staff located in Indonesia. I also oversee the logistics department that 
supplies solar pumping equipment to Water Mission country programs and 
supported partners. I hold a BS in Civil Engineering from Auburn University, an MBA 
from Liberty University, and am a licensed professional engineer in Virginia.    
 

 
Alberto Llario – Solar Energy and Wash specialist, IOM 
City: Nairobi, Kenya 
Bio: I am an electronic physicist with postgraduate degrees in Water engineering, 
Hydrogeology, Climate Change Management and Solar PV Technologies. I have 
over 15 years of emergency and post-crisis with different NGOs and UN agencies. 
Since 2015 my work is focused on the Water-Energy-Climate Change link, 
coordinating the Global Solar and Water Initiative. 
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Lara Lambert – Director of Community Development, Water Mission 
City: Charleston, SC, USA 
Bio: Based in the United States, I serve as the Director of Community Development 
for Water Mission as a global advisor on service delivery models, behaviour change 
communication, and monitoring and evaluation. With almost 10 years of 
professional experience within the WASH sector, I have provided both technical 
and program support in Sub-Saharan Africa, Latin America, and the Caribbean. I 
hold a master's degree in community-based conflict resolution and reconciliation. 

 
 

Aditi Mukherji – Principal Researcher, IWMI 
City: New Delhi, India 
Bio: I am a Principal Researcher at the International Water Management Institute. I 
lead a multi-country project on solar irrigation pumps in South Asia, where we 
work closely with the government agencies to promote solar irrigation pumps as 
clean and equitable, gender-sensitive climate solution. My research interests 
revolve around the water-energy and food nexus issues. I am also a contributing 
lead author for the IPCCs Sixth Assessment Report.  
  

 
Petra Schmitter – Research Group Leader Agricultural Water Management, IWMI 
City: Yangon, Myanmar 
Bio: I am a Senior Researcher at the International Water Management Institute and 
currently lead the Research Group on Agricultural Water Management. My 
research group focusses on developing suitable solutions such as solar-based 
irrigation for smallholder farmers to improve their agricultural resilience and assess 
the impacts and trade-offs of scaling those solutions on water resource availability 
and quality. 

 
 

David Gerlach – Project Manager – Tanzania, Water Mission 
City: Charleston, SC, USA 
Bio: As an engineer and the project manager for Water Mission in Tanzania, I have 
experience with full life-cycle management of solar projects in a variety of contexts 
including hospitals, schools, rural communities, and large refugee camps. I also 
have a master’s degree in Integrated Water Resource Management, which 
incorporates integrated approaches to technical solutions.    

 
 

Jake Ward – WASH Specialist, UNICEF 
City: Port Vila, Vanuatu 
Bio: With a Master’s degree in Renewable Energy and a pre-“development” career 
in career oil and gas exploration, I have since been tackling water-energy nexus 
challenges in Indonesia and the Pacific.  Now working as a WASH Specialist in 
Vanuatu, I am also the Sustainable Energy Focal Point for UNICEF Pacific. 
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1.5. Participants 

Each round of the course is open to a maximum of 100 participants. The late 2019 round of the course will 
comprise of at least 50% participants from UNICEF country offices. Participants should be involved or considering 
involvement in planning, managing or monitoring water supply projects or programs that utilise SPWS. The course 
applies to all global regions. Participants can be: 

• government ministry and agency employees 

• NGOs and civil society organisation management and staff 

• donor organisation management and staff 

• academics and trainers from relevant institutions 

• private or state-run enterprise employees 

• independent consultants 

The seven-week course is designed for individuals with non-technical backgrounds, and participants are not 
expected to have advanced understanding of electromechanical pumping systems. Participants should have a 
diploma or bachelor’s degree qualifications and preferably at least three years of work experience in rural water 
service delivery, civil engineering, rural development or water resource management. 
 
It is anticipated that participants in the course will have a generally positive perception of SPWS and strong 
motivation for exploring the applicability of the technology within their respective professional contexts. However, 
they may perceive SPWS as expensive compared to other water supply technologies and to have limited 
knowledge of various SPWS products and configurations. Furthermore, it is unlikely that course participants will 
have awareness of existing standards and resources for SPWS. They may also be sceptical of the simplicity of 
operation and maintenance of SPWS and of the technology’s implications on equitable services and sustainability 
of groundwater resources. 
 
To minimise dropout from the course and to obtain a baseline of knowledge, attitudes and practice, all participants 
will complete a mandatory pre-course survey as outlined in Appendix 1. Individuals who fail to complete the 
survey within two weeks will not be eligible to participate in the course. In addition, the first module will be made 
available over a two-week period. Participants who do not undertake any activity or inform the course 
administrators of extenuating circumstances within the first four weeks of the course will not be allowed to 
continue. Any vacant spaces will be offered to individuals on a waiting list. 

1.6. Time Requirements 

Participants will be expected to dedicate a minimum of four hours per week over a seven-week period to the 
course plus an additional four hours for the final assignment, totalling 30 to 50 hours. This time should be enough 
to review the required readings and participate in all module activities. Participants who wish to read suggested 
readings and related videos will require more time, as will those with no previous knowledge of SPWS. 

1.7. Promotion and Selection 

Details for the course which can be used for promotion are summarised in the Quick Fact Box displayed in Figure 1. 
The course will be announced and promoted according to the milestone dates included in Table 1. The course will 
be announced to UNICEF global WASH staff members via email requesting interested individuals to submit an 
application to UNICEF WASH headquarters programme division as outlined in Appendix 2. Simultaneously, Cap-Net 
will announce and promote the course through its normal channels. The course will also be promoted through 
RWSN DGroup listservs, instructing interested individuals to register through Cap-Net. 
 
Water Mission and UNICEF will select 55 participants for the course, and Cap-Net will select 45 additional 
participants considering the following: 

• Gender balance 

• Global representation while accommodating regions that have higher percentages of applicants 

• Professional responsibilities directly related to the course topic 
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• Preference given to applicants who present a letter of institutional support 

• Engagement of young professional (target at least 30% aged below 36 in January 2019) 

• Preference given to members of Cap-Net affiliated networks or partners, such as RWSN 
 

 
Figure 1: Quick Fact Box 

1.8. Scoring, Completion Criteria, and Participant Feedback 

To pass the course and receive a certificate, participants are expected to score a minimum of 50 points according 
to the following criteria while completing required activities including participating in discussion forums, 
completing quizzes, and submitting assignments: 

• Participation in discussion forums – Five points per module (30 total points for participation in all six 
modules, minimum participation in three forums required) 

• Quizzes – Five points per module (30 total points for completion of all six modules, minimum completion 
of three quizzes required) 

• Assignments – 20 points per assignment (40 total points for completion of both assignments, both 
assignments should be submitted) 

 
The Cap-Net course coordinator will be available by email throughout the duration of the course to answer 
questions from participants. A post-course quiz will be sent to all participants to obtain feedback and suggestions 
for improvements. 
 
 
 
 
 
 
 
 
 

• Course Title: Solar Powered Water Systems – An Overview of Principles and Practice  

• Participants: Individuals with non-technical backgrounds who are involved or considering involvement in 
planning, managing, or monitoring water supply programs that utilize solar powered pumps. Advanced 
understanding of electromechanical pumping systems not required. 

• Learning Objectives: By the end of the course participants will be able to (1) understand opportunities, 
risks, and common barriers to sustainability associated with SPWS; (2) appraise the existing capacity gaps 
for effective SPWS programming in their own professional context; and (3) apply existing standards, 
guidelines, and best practices for SPWS in their own professional context. 

• Dates and Duration: 16 September 2019 to 3 November 2019 (7 weeks) 

• Format: Six online modules available on-demand for one to two weeks at a time 

• Content: Reading materials, recorded lectures, videos, quizzes, culmination written assignment 

• Interactive Features: Discussion forum with direct access to facilitators and other participants 

• Time Commitment: 40-60 hours total (min. 4 hours per week; 10% video, 50% reading, 40% coursework) 

• Registration Cost: Free 

• Language: English 

• Credit: Certificate awarded upon successful completion 

• Sponsors and facilitators: Cap-Net, UNICEF, Water Mission with contributions from Engineers Without 
Borders, IOM, IWMI, Oxfam, Practica Foundation, Remote Energy, RWSN, The University of Texas at 
Austin, and the World Bank Group Water Team 
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Content Preparation 

Table 1: SPWS Online Course Development Milestones 

Activity Responsible Date Note 

1 Technical Reference Group invitations sent Water Mission 14 Jun  

2 Technical Reference Group membership finalised Water Mission 12 Jul 1 month after 
invitations 

3 Module facilitation assignments finalised Water Mission 12 Jul  

4 Draft course manual sent to Cap-Net & Technical 
Reference Group 

Water Mission 12 Jul 1 month to 
review 

5 Course announced via select channels Water Mission, Cap-Net 19 Jul 
 

2 months prior 
to course 

6 Course design & content finalized 

 

Water Mission, Tech. Ref. 
Group 

9 Aug 
 

1 month after 
draft shared 

7 Application deadline Cap-Net 16 Aug 1 month prior 
to course 

8 Participants selected UNICEF, Cap-Net, Water 
Mission 

20 Aug  

9 Pre-course survey Water Mission, Cap-Net 2-6 Sep 2 weeks prior 
to course 

10 Presentations recorded Water Mission 8 Sep  

11 Materials uploaded to Cap-Net Cap-Net 8 Sep 
 

1 week prior to 
course 

12 Course start Water Mission, Cap-Net 16 Sep 
 

 

13 Final call for assignments sent to participants Cap-Net 30 Oct 
 

 

14 Facilitator reflections documented Water Mission 30 Oct  

15 Course end Water Mission, Cap-Net 3 Nov 
 

 

16 Final assignment grades & certificates sent to 
participants 

Water Mission, Cap-Net 2 Dec  

17 Final report submitted to UNICEF Water Mission 31 Dec  

18 Post-course survey Cap-Net Jan/May 
2020 

1 & 6 months 
after course 

 

Activity Week Commencing 

September October November 
2 9 16 23 30 7 14 21 28 4 11 

Survey            
Module 1            
Module 2     *       
Module 3      ‡      
Module 4       *^     
Module 5        ‡    
Module 6         ^   
Extension            

* = Written assignment posted with module content on Monday; ‡ = Written assignment due from participants on Sunday; 

^ = Grades due from facilitators on Sunday 

Figure 2: SPWS Online Course Schedule 
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Module 1: Introduction to Solar Powered Water Systems 

Presentation and Contents 

Item Description 

Title Introduction to Solar Powered Water Systems 
 

Dates & 
Durations 

Module available: 16 September – 29 September (2 weeks) 
 

Introduction (150 words) The Sustainable Development Goals have increased interest in the potential of 
solar powered water systems (SPWS) to improve quantity, quality, reliability, and proximity 
of water services in rural communities, schools, and healthcare facilities. The technology is 
being used worldwide to develop new water infrastructure, replace diesel generator systems, 
upgrade from unreliable and costly grid power, respond to droughts and build resiliency for 
and mitigate against climate change. However, despite increasing awareness of the 
opportunities associated with SPWS, misconceptions and capacity gaps persist. National 
trade and water supply policies are often unsupportive and fail to create a healthy enabling 
environment for the technology. Existing international standards and reference materials are 
underutilised, leading to inadequate dimensioning, installation, and operation and 
maintenance of SPWS. Unless SPWS are implemented and supported effectively, the benefits 
of the technology will not be realised and existing rural water supply challenges will only be 
amplified.  
 

Module Goal (100 words) This module aims to introduce participants to the benefits of SPWS compared to 
other water supply technologies, common applications and configurations, and market 
trends. Participants will also become acquainted with the financial, technical, social, and 
environmental risks associated with SPWS and will learn about how these risks can be 
mitigated. This module will lay the foundation for the rest of the course.  
 

Learning 
Objectives 

By the end of this module, participants will be able to: 
1. Describe the opportunities and common applications associated with SPWS 
2. Summarise risks and common risk mitigation strategies associated with SPWS 

 

Orientation 
Media 

Video: https://vimeo.com/375436746/087f496551  

Master script: 
https://watermission.sharepoint.com/:w:/s/Intranet/Projects/Engineering%20and%20innova
tion/EQDbTewmn0NBjQtUHK_L3W0B647JYoBdJ1nJBDwhA3lGwg?e=tgY2yt  

Master slide deck: 
https://watermission.sharepoint.com/:p:/s/Intranet/Projects/Engineering%20and%20innova
tion/EZ6c6lhRhyNPpDgyfmcrBOoBqCVK1JdLk39mzgda3dFxOQ?e=MbiZ0c  

 

Compulsory 
Readings & 
Videos 

1. World Bank. (2016). “Solar Pumping: A Cheaper and Cleaner Way to Access 
Groundwater.” World Bank, Washington, DC. Video file. Available online at 
https://youtu.be/5yQOD1lBbjg. 

2. World Bank. (2018). “Solar Pumping: The Basics.” World Bank, Washington, DC. Available 
online at http://documents.worldbank.org/curated/en/880931517231654485/Solar-
pumping-the-basics.  

3. World Bank. (2017). “A Solar-Powered Solution to the Water Problem in Tanzania.” 
World Bank, Washington, DC. Video file. Available online at 
https://www.youtube.com/watch?v=bc4sNSsmNtQ. 

https://vimeo.com/375436746/087f496551
https://watermission.sharepoint.com/:w:/s/Intranet/Projects/Engineering%20and%20innovation/EQDbTewmn0NBjQtUHK_L3W0B647JYoBdJ1nJBDwhA3lGwg?e=tgY2yt
https://watermission.sharepoint.com/:w:/s/Intranet/Projects/Engineering%20and%20innovation/EQDbTewmn0NBjQtUHK_L3W0B647JYoBdJ1nJBDwhA3lGwg?e=tgY2yt
https://watermission.sharepoint.com/:p:/s/Intranet/Projects/Engineering%20and%20innovation/EZ6c6lhRhyNPpDgyfmcrBOoBqCVK1JdLk39mzgda3dFxOQ?e=MbiZ0c
https://watermission.sharepoint.com/:p:/s/Intranet/Projects/Engineering%20and%20innovation/EZ6c6lhRhyNPpDgyfmcrBOoBqCVK1JdLk39mzgda3dFxOQ?e=MbiZ0c
https://youtu.be/5yQOD1lBbjg
http://documents.worldbank.org/curated/en/880931517231654485/Solar-pumping-the-basics
http://documents.worldbank.org/curated/en/880931517231654485/Solar-pumping-the-basics
https://www.youtube.com/watch?v=bc4sNSsmNtQ
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4. IOM. (2018). “Solar Water Pumping Miniguide.” Global Solar and Water Initiative. 
Available online at https://www.rural-water-supply.net/en/resources/details/810. 

5. World Bank. (2016). Solar Water Pumping Knowledge Base. World Bank, Washington, 
DC. Available online at link. 

Additional 
Recommended 
Resources 

Videos and webinars 
Grundfos. (2017). “Basic Introduction to Solar Water Supply.” Recorded webinar. Grundfos 

Technical Institute. Bjerringbro, Denmark. Available online at 
https://go.bluevolt.com/Grundfos/CourseOutline/Basic-Introduction-to-Solar-Water-
Supply/99188?EnrollmentID=7310853#. 

Oxfam. (2018). “Global Solar and Water Initiative.” Global Solar and Water Initiative. Video 
file. Available online at https://www.youtube.com/watch?v=3H-8qfC68EI.  

World Bank. (2015). “Using Solar Energy to Power Water Supply in Tanzania.” World Bank, 
Washington, DC. Video file. Available online at 
https://www.youtube.com/watch?v=bc4sNSsmNtQ. 

Blog posts  
Armstrong, A. (2018). “Three common myths about solar-powered water pumping.” Web 

blog post. Rural Water Supply Network Blog. RWSN. St. Gallen, Switzerland. Available 
online at https://rwsn.blog/2018/05/22/three-common-myths-about-solar-powered-
water-pumping/. 

Colback, R. (2015). “The case for solar water pumps.” Web blog post. World Bank Blogs. 
World Bank, Washington, DC. Available online at 
https://blogs.worldbank.org/water/world-water-week-case-solar-water-pumps. 

Furey, S. (2018). “Water Has a Bright Future in Solar Pumps.” Web blog post. Engineering For 
Change. Available online at https://www.engineeringforchange.org/news/water-bright-
future-solar-pumps/. 

General guidance documents 
World Bank. (2010). “Photovoltaics for Community Service Facilities: Guidance for 

Sustainability.” World Bank, Washington, DC. Available online at 
http://documents.worldbank.org/curated/en/837791468332067596/Photovoltaics-for-
community-service-facilities-guidance-for-sustainability. 

Academic literature reviews (paywall access) 
Aliyu, M., et al. (2018). A review of solar-powered water pumping systems. Renewable and 

Sustainable Energy Reviews. 87:61-76. Available online at 
https://doi.org/10.1016/j.rser.2018.02.010.  

Chandel, S.S., Naik, M., and Chandel, K. (2015). Review of solar photovoltaic water pumping 
system technology for irrigation and community drinking water supplies. Renewable and 
Sustainable Energy Reviews. 49:1084-1099. Available online at 
https://doi.org/10.1016/j.rser.2015.04.083. 

Sontake, V.C. and Kalamkar, V.R. (2016). Solar photovoltaic water pumping system – A 
comprehensive review. Renewable and Sustainable Energy Reviews. 59:1038-1067. 
Available online at https://doi.org/10.1016/j.rser.2016.01.021.    

RWSN E-discussion summary 
Rural Water Supply Network. (2018). “E-Discussion on Solar Powered Water Pumping – Notes 

from Weeks 1, 2, and 3.” RWSN. St. Gallen, Switzerland. Available online at 
https://dgroups.org/?f8sa30j0.  

 

https://www.rural-water-supply.net/en/resources/details/810
https://dataviz.worldbank.org/views/SolarWaterPumpingKnowledgeBase/PVPLiterature?:embed=y&:showShareOptions=true&:display_count=no&:showVizHome=no
https://go.bluevolt.com/Grundfos/CourseOutline/Basic-Introduction-to-Solar-Water-Supply/99188?EnrollmentID=7310853
https://go.bluevolt.com/Grundfos/CourseOutline/Basic-Introduction-to-Solar-Water-Supply/99188?EnrollmentID=7310853
https://www.youtube.com/watch?v=3H-8qfC68EI
https://www.youtube.com/watch?v=bc4sNSsmNtQ
https://rwsn.blog/2018/05/22/three-common-myths-about-solar-powered-water-pumping/
https://rwsn.blog/2018/05/22/three-common-myths-about-solar-powered-water-pumping/
https://blogs.worldbank.org/water/world-water-week-case-solar-water-pumps
https://www.engineeringforchange.org/news/water-bright-future-solar-pumps/
https://www.engineeringforchange.org/news/water-bright-future-solar-pumps/
http://documents.worldbank.org/curated/en/837791468332067596/Photovoltaics-for-community-service-facilities-guidance-for-sustainability
http://documents.worldbank.org/curated/en/837791468332067596/Photovoltaics-for-community-service-facilities-guidance-for-sustainability
https://doi.org/10.1016/j.rser.2018.02.010
https://doi.org/10.1016/j.rser.2015.04.083
https://doi.org/10.1016/j.rser.2016.01.021
https://dgroups.org/?f8sa30j0
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Large-scale feasibility study 
EMCON. (2006). “Feasibility Assessment for the Replacement of Diesel Water Pumps with 

Solar Water Pumps.” Final Report. Ministry of Mines and Energy. Windhoek, Namibia. 
Available online at http://pubdocs.worldbank.org/en/511871475091277205/1-
Replacement-diesel-GEF-UNDP-Namibia-2006.pdf.  

Discussion Forum 

Item Description 

Type Set of Questions 

Content (150 words) Welcome to our first discussion forum! Please answer one or more of the 
following questions in your own words. You may also respond to comments made by other 
participants. Keep your answers and responses to less than 10 lines. The purpose of this 
first forum is not to exhaust the topic, but to learn from each other and facilitate future 
discussion. 

1. Who are you and where do you work? Please introduce yourself to the class. 
2. What experience do you have with SPWS? 
3. What opportunities or applications for SPWS interest you the most and why? 
4. What risks or challenges associated with SPWS most concerned you? 
5. What was one new thing you learned from the readings from this module? 

 

Facilitator(s) • Andrew Armstrong, Water Mission 

• Fiona Ward, UNICEF HQ 
 

Facilitator Notes 1. Read all responses and ensure at least one facilitator has responded to each. 
2. Provoke responses from participants with questions and recommendations. 
3. Keep discussions at a high-level and point to topics covered in future weeks when 

necessary. Try to generate demand for future module content. Not all threads need to 
come to a conclusion. 

• Module 2: Design and installation 

• Module 3: Costing and procurement 

• Module 4: Enabling environment 

• Module 5: Operation and maintenance 

• Module 6: Leaving no one behind 
 

Key Idea(s) to 
Promote in 
Forum 

• Common motivations for utilising SPWS 

• Trends (cost of PV panels, innovations in pumps and controls, etc.) 

• Common applications for SPWS 

• General technical comparison with other technologies (handpumps, diesel generators) 

• Equipment elements and configurations 

• Small vs. large systems 

• Common issues 

• Risks and mitigation strategies 
 

 

 
  

http://pubdocs.worldbank.org/en/511871475091277205/1-Replacement-diesel-GEF-UNDP-Namibia-2006.pdf
http://pubdocs.worldbank.org/en/511871475091277205/1-Replacement-diesel-GEF-UNDP-Namibia-2006.pdf
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Quiz 

Question Choices 

1 Which of the following is a 
trend or opportunity that is 
typically associated with 
SPWS? 
 

a. Increasing complexity of solar water pumping solutions 
b. Decreasing price of solar panels 
c. Increasing groundwater availability 
d. Decreasing competition among manufacturers 

2 SPWS are currently 
applicable in which of the 
following use cases?  
 

a. Potable water supply for schools and healthcare facilities 
b. Potable water supply for rural communities and in refugee settings 
c. Multiple use systems for livestock and irrigation 
d. All of the listed answers 
 

3 Which of the following is 
NOT a benefit of SPWS 
compared to manual 
pumping? 
 

a. Longer equipment lifespan and less frequent maintenance requirements 
b. Less specialised technical knowledge requirements 
c. Higher pumping capacity 
d. Feasibility of treating water 

4 Which of the following is 
NOT a benefit of SPWS 
compared to other forms of 
motorised pumping, such as 
with diesel generators? 
 

a. No harmful emissions 
b. Lower power costs 
c. No need for power backup or energy storage 
d. Longer equipment lifespan and less frequent maintenance 
requirements 

5 What is the current 
maximum capacity of 
pumping solutions that can 
be run on solar power in 
terms of head (height that 
can be pumped) and water 
production? 
 

a. 50 meters or 1 m3/hour 
b. 100 meters or 5 m3/hour 
c. 500 meters or 150 m3/hour  
d. 1000 meters or 500 m3/hour 

6 Which of the following SPWS 
configurations is currently 
most appropriate for the 
majority of community-scale 
water supplies with typical 
water demand and pumping 
requirements? 

a. Pump with a DC motor directly coupled to a solar array, with a diesel 
generator for backup power during periods of low sunlight 
b. Pump with an AC motor coupled to a solar array through a DC/AC 
inverter, with water stored in an elevated tank 
c. Pump with a DC motor directly coupled to a solar array, with water 
stored in an elevated tank and battery system for backup power during 
periods of low sunlight 
d. Pump with a DC motor directly coupled to a solar array, with water 
stored in an elevated tank 
 

7 Which of the following SPWS 
components is NOT used to 
provide backup power or 
store energy during periods 
of low sunlight? 
 

a. Battery system 
b. Elevated water tank 
c. Diesel generator 
d. Variable speed drive 

8 Seasonal fluctuations in 
which of the following 
variables affects the 
performance of SPWS over 
the course of a year? 

a. Solar irradiation 
b. Source water quality 
c. Latitude of the solar array 
d. Distance of solar array to the pump 
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9 Manufacturers warranties 
and maintenance contracts 
are common solutions for 
addressing which of the 
following risks associated 
with SPWS? 
 

a. Unsustainable aquifer drawdown 
b. Premature failures and limited specialised technical knowledge 
c. Vandalism and theft 
d. Exclusion of marginalised populations 

10 Which SPWS component has 
the longest functional 
lifespan? 
 

a. Solar array 
b. Pump 
c. Battery system 
d. Power inverter and electrical controls 
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Module 2: Design and Installation of Solar Powered Water Systems 

Presentation and Contents 

Item Description 

Title Design and Installation of Solar Powered Water Systems 
 

Dates & 
Durations 

Module available: 30 September – 6 October (1 week) 
Written assignment due: 13 October (2 weeks after posting) 
Grade due: 20 October (1 week after due date) 
 

Introduction (150 words) The most common malfunctions experienced by SPWS are failure of wiring and 
electrical components and complications arising as a result of insufficient borehole yield, 
particularly during dry months. These issues are closely linked with inadequate groundwater 
assessment, borehole siting, system dimensioning, and installation and can be addressed by 
following internationally recognised design and installation specifications. The International 
Electrotechnical Commission hosts the international standard that outlines a comprehensive 
methodology for designing small to medium-sized SPWS. Several additional manuals and 
tools exist to enhance technical design and support proper dimensioning of SPWS. As with all 
civil works, adequate supervision and regulation of construction and installation are critical, 
especially when the local private sector is strong. Current best practices include prequalifying 
contractors, verifying construction and installation activities prior to payment for services, 
and requiring at least one-year of post-installation guarantee in addition to manufacturer 
warranties. 
 

Module Goal (100 words) This module will illustrate how most technology-specific performance issues 
experienced in SPWS programming can be addressed by following internationally recognised 
design and installation specifications. The module aims to make participants aware of the 
standards, reference materials, and resources that are available to inform the design and 
installation of SPWS.  
 

Learning 
Objectives 

By the end of this module, participants will be able to: 
1. Describe the failure modes that are most common to SPWS and explain the linkages 

with inadequacies in technical design and/or installation 
2. Summarise technical information and skillsets that are required as well as resources 

that are available to inform design and installation of SPWS 
3. Give examples of best practices for supervision and verification of SPWS and identify 

gaps in their own professional context 
 

Orientation 
Media 

Video: https://vimeo.com/375440552/23ea2697a8  

Master script: 
https://watermission.sharepoint.com/:w:/s/Intranet/Projects/Engineering%20and%20innova
tion/EQDbTewmn0NBjQtUHK_L3W0B647JYoBdJ1nJBDwhA3lGwg?e=tgY2yt  

Master slide deck: 
https://watermission.sharepoint.com/:p:/s/Intranet/Projects/Engineering%20and%20innova
tion/EZ6c6lhRhyNPpDgyfmcrBOoBqCVK1JdLk39mzgda3dFxOQ?e=MbiZ0c  

Compulsory 
Readings & 
Videos 

1. Bamford, E. and Zadi, D. (2016). “Scaling up solar powered water supply systems: a 
review of experiences.” UNICEF, New York, NY. Available online at 
https://www.unicef.org/wash/files/UNICEF_Solar_Powered_Water_System_Assessment
.pdf. 

https://vimeo.com/375440552/23ea2697a8
https://watermission.sharepoint.com/:w:/s/Intranet/Projects/Engineering%20and%20innovation/EQDbTewmn0NBjQtUHK_L3W0B647JYoBdJ1nJBDwhA3lGwg?e=tgY2yt
https://watermission.sharepoint.com/:w:/s/Intranet/Projects/Engineering%20and%20innovation/EQDbTewmn0NBjQtUHK_L3W0B647JYoBdJ1nJBDwhA3lGwg?e=tgY2yt
https://watermission.sharepoint.com/:p:/s/Intranet/Projects/Engineering%20and%20innovation/EZ6c6lhRhyNPpDgyfmcrBOoBqCVK1JdLk39mzgda3dFxOQ?e=MbiZ0c
https://watermission.sharepoint.com/:p:/s/Intranet/Projects/Engineering%20and%20innovation/EZ6c6lhRhyNPpDgyfmcrBOoBqCVK1JdLk39mzgda3dFxOQ?e=MbiZ0c
https://www.unicef.org/wash/files/UNICEF_Solar_Powered_Water_System_Assessment.pdf
https://www.unicef.org/wash/files/UNICEF_Solar_Powered_Water_System_Assessment.pdf
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2. Practica Foundation. (2018). “Solar Pumping for Village Water Supply Systems.” Practica 
Foundation. The Netherlands. Available online at https://www.practica.org/wp-
content/uploads/2017/05/Solar-Pumping-design-manual-eng-1.pdf. 

3. Healy, R. and Scanlon, B. (2019). “Sustainable Use of Groundwater Resources.” 
Slideshow presentation. Available online at https://watermission.org/wp-
content/uploads/2019/10/Sustainable-Use-of-Groundwater-Resources.pdf.    

4. Water Mission. (2019). “Solar powered water systems: A step-by-step design example.” 
Water Mission. Charleston, SC, USA. Available online at https://watermission.org/wp-
content/uploads/2019/10/A-step-by-step-design-example.pdf.   

Additional 
Recommended 
Resources 

International technical specifications for design and installation of SPWS 
IEC. (2011). “Photovoltaic pumping systems – Design qualification and performance 

measurements.” International Standard. 62253:2011. International Electrotechnical 
Commission. Geneva, Switzerland. Available online at 
https://webstore.iec.ch/publication/6636. 

Sample technical specifications for SPWS adapted for bidding documents 
TIB Development Bank, LTD. (2018). “3. Scope of Work and Technical Specifications.” Bidding 

documents for Supply, Installation and Maintenance of Solar PV Pumping System for 
Community Facilities. Section VII, pp 7-68. Accelerating Solar Water Pumping via 
Innovative Financing. TZ-TIB-75199-GO-RFB. Available at https://watermission.org/wp-
content/uploads/2019/10/Volume-II-%E2%80%93-Part-2.-Section-VII.pdf.    

Guidance documents, manuals, and toolkits 
AEPC. (2014). Training Manual on Solar PV Pumping System. Alternative Energy Promotion 

Center, Lalitpur Sub Metropolitan City, Nepal. Available at link. 

Allouhi, A., et al. (2019). PV water pumping systems for domestic uses in remote areas: Sizing 
process, simulation and economic evaluation. Renewable Energy. 132:798-812. Available 
online at https://doi.org/10.1016/j.renene.2018.08.019.  

GIZ GmbH. (2018). Toolbox on Solar Powered Irrigation Systems (SPIS). Version 1.0. GIZ and 
FAO. Available online at https://energypedia.info/wiki/Toolbox_on_SPIS.  

Global Sustainable Energy Solutions. (2019). “Solar Water Pumping Systems: System Design, 
Selection and Installation Guidelines.” Pacific Power Association and Sustainable Energy 
Industry Association of the Pacific Islands. Available at link. 

UNICEF and Skat Foundation. (2016). “Professional Water Well Drilling: A UNICEF Guidance 
Note.” Cost-Effective Boreholes Partnership of the Rural Water Supply Network by 
UNICEF and Skat Foundation. Available online at 
https://www.unicef.org/wash/files/Guidance_Note_001.pdf. 

USDA and NRCS. (2010). “Design of Small Photovoltaic (PV) Solar-Powered Water Pump 
Systems.” Technical Note No. 28. United States Department of Agriculture. Washington, 
DC. Available online at 
https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs142p2_046471.pdf. 

World Bank. (2010). Photovoltaics for Community Service Facilities: Guidance for 
Sustainability. World Bank, Washington, DC. Available online at 
http://documents.worldbank.org/curated/en/837791468332067596/Photovoltaics-for-
community-service-facilities-guidance-for-sustainability. 

Proprietary design tools 
USEPA EPANET. Available online at https://www.epa.gov/water-research/epanet.  

https://www.practica.org/wp-content/uploads/2017/05/Solar-Pumping-design-manual-eng-1.pdf
https://www.practica.org/wp-content/uploads/2017/05/Solar-Pumping-design-manual-eng-1.pdf
https://watermission.org/wp-content/uploads/2019/10/Sustainable-Use-of-Groundwater-Resources.pdf
https://watermission.org/wp-content/uploads/2019/10/Sustainable-Use-of-Groundwater-Resources.pdf
https://watermission.org/wp-content/uploads/2019/10/A-step-by-step-design-example.pdf
https://watermission.org/wp-content/uploads/2019/10/A-step-by-step-design-example.pdf
https://webstore.iec.ch/publication/6636
https://watermission.org/wp-content/uploads/2019/10/Volume-II-%E2%80%93-Part-2.-Section-VII.pdf
https://watermission.org/wp-content/uploads/2019/10/Volume-II-%E2%80%93-Part-2.-Section-VII.pdf
https://watermission.sharepoint.com/:b:/s/Intranet/Projects/Engineering%20and%20innovation/EUJClwKaz7JPrLvr4GoLGUoBBRiTTWYZyMji1Tpcik98yg?e=ul1cua
https://doi.org/10.1016/j.renene.2018.08.019
https://energypedia.info/wiki/Toolbox_on_SPIS
https://watermission.sharepoint.com/:b:/s/Intranet/Projects/Engineering%20and%20innovation/EQPqOOrd4TBMiiIAM2jreyMBFCkfeREGzq6pTd0Lz3kfbA?e=Bhvyvj
https://www.unicef.org/wash/files/Guidance_Note_001.pdf
https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs142p2_046471.pdf
http://documents.worldbank.org/curated/en/837791468332067596/Photovoltaics-for-community-service-facilities-guidance-for-sustainability
http://documents.worldbank.org/curated/en/837791468332067596/Photovoltaics-for-community-service-facilities-guidance-for-sustainability
https://www.epa.gov/water-research/epanet
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Grundfos Product Center. Available online at https://product-selection.grundfos.com/front-
page.html?custid=GMA&qcid=465273722. 

Lorentz COMPASS. Instructions for accessing software available at 
https://energypedia.info/images/9/90/Lorentz_Sizing_-_Step_by_Step.pdf.   

Lorentz COMPASS. Software use case example available at 
https://energypedia.info/wiki/File:Example_of_Using_solar_pumping_design_software_
COMPASS.pdf.  

Hydrogeologic assessment 
MacDonald, A. and Davies, J. (2000). A brief review of groundwater for rural water supply in 

sub-Saharan Africa. British Geological Survey Technical Report WC/00/33. Available 
online at https://www.bgs.ac.uk/downloads/start.cfm?id=339.  

MacDonald, A., Davies, J., and Dochartaigh, B. (2001). Simple methods for assessing 
groundwater resources in low permeability areas of Africa. British Geological Survey 
Commissioned Report CR/01/168N. Available online at 
https://www.researchgate.net/publication/318722186_Simple_methods_for_assessing_
groundwater_resources_in_low_permeability_areas_of_Africa_Groundwater_systems_a
nd_water_quality_Commissioned_Report_CR01168N/link/59799bfd0f7e9b27772f1cf8/d
ownload.  

Walker, D., Parkin, G., Gowing, J., and Haile, A. (2019). Development of a Hydrogeological 
Conceptual Model for Shallow Aquifers in the Data Scarce Upper Blue Nile Basin. 
Hydrology. 6:43. Available online at https://www.mdpi.com/2306-5338/6/2/43/pdf.  

Videos and webinars 
Grundfos. (2017). “#108: Pump Selection Basics.” Online interactive training module. 

Grundfos Technical Institute. Bjerringbro, Denmark. Available online at 
https://go.bluevolt.com/Grundfos/CourseOutline/108-Pump-Selection-
Basics/64112?EnrollmentID=8487575#. 

Grundfos. (2017). “Basic Drive Theory and Components – How a VFD Works.” Recorded 
webinar. Grundfos Technical Institute. Bjerringbro, Denmark. Available online at 
https://go.bluevolt.com/Grundfos/CourseOutline/Basic-Drive-Theory-and-Components-
%E2%80%93-How-a-VFD-Works/95067?EnrollmentID=6707409#.  

Grundfos. (2017). “Solar pumping products overview.” Recorded webinar. Grundfos Technical 
Institute. Bjerringbro, Denmark. Available online at 
https://go.bluevolt.com/Grundfos/CourseOutline/Solar-pumping-products-
overview/99189?ActiveTab=Outline#. 

Grundfos. (2017). “Solar pumping selection and sizing.” Recorded webinar. Grundfos 
Technical Institute. Bjerringbro, Denmark. Available online at 
https://go.bluevolt.com/Grundfos/CourseOutline/Solar-Pumping-selection-and-
sizing/99190?ActiveTab=Outline#. 

Grundfos. (2012). “SQ Flex Solar Installation.” Recorded webinar. Grundfos Technical 
Institute. Bjerringbro, Denmark. Available online at 
https://www.youtube.com/embed/CSftALsDrRY. 

Evaluations 
EED Advisory, Ltd. (2018). “Evaluation of the sustainability of solar powered water supply 

systems in Kenya.” EED Advisory Ltd. Nairobi, KE. Available online at https://www.rural-
water-supply.net/en/resources/details/820. 

Global Solar and Water Initiative. (2016). “Visit Report to Assess Feasibility for Solarisation of 
Existing Water Points in Asosa and Shire Refugee Camps in Ethiopia, 14th to 21st 

https://product-selection.grundfos.com/front-page.html?custid=GMA&qcid=465273722
https://product-selection.grundfos.com/front-page.html?custid=GMA&qcid=465273722
https://energypedia.info/images/9/90/Lorentz_Sizing_-_Step_by_Step.pdf
https://energypedia.info/wiki/File:Example_of_Using_solar_pumping_design_software_COMPASS.pdf
https://energypedia.info/wiki/File:Example_of_Using_solar_pumping_design_software_COMPASS.pdf
https://www.bgs.ac.uk/downloads/start.cfm?id=339
https://www.researchgate.net/publication/318722186_Simple_methods_for_assessing_groundwater_resources_in_low_permeability_areas_of_Africa_Groundwater_systems_and_water_quality_Commissioned_Report_CR01168N/link/59799bfd0f7e9b27772f1cf8/download
https://www.researchgate.net/publication/318722186_Simple_methods_for_assessing_groundwater_resources_in_low_permeability_areas_of_Africa_Groundwater_systems_and_water_quality_Commissioned_Report_CR01168N/link/59799bfd0f7e9b27772f1cf8/download
https://www.researchgate.net/publication/318722186_Simple_methods_for_assessing_groundwater_resources_in_low_permeability_areas_of_Africa_Groundwater_systems_and_water_quality_Commissioned_Report_CR01168N/link/59799bfd0f7e9b27772f1cf8/download
https://www.researchgate.net/publication/318722186_Simple_methods_for_assessing_groundwater_resources_in_low_permeability_areas_of_Africa_Groundwater_systems_and_water_quality_Commissioned_Report_CR01168N/link/59799bfd0f7e9b27772f1cf8/download
https://www.mdpi.com/2306-5338/6/2/43/pdf
https://go.bluevolt.com/Grundfos/CourseOutline/108-Pump-Selection-Basics/64112?EnrollmentID=8487575
https://go.bluevolt.com/Grundfos/CourseOutline/108-Pump-Selection-Basics/64112?EnrollmentID=8487575
https://go.bluevolt.com/Grundfos/CourseOutline/Basic-Drive-Theory-and-Components-%E2%80%93-How-a-VFD-Works/95067?EnrollmentID=6707409
https://go.bluevolt.com/Grundfos/CourseOutline/Basic-Drive-Theory-and-Components-%E2%80%93-How-a-VFD-Works/95067?EnrollmentID=6707409
https://go.bluevolt.com/Grundfos/CourseOutline/Solar-pumping-products-overview/99189?ActiveTab=Outline
https://go.bluevolt.com/Grundfos/CourseOutline/Solar-pumping-products-overview/99189?ActiveTab=Outline
https://go.bluevolt.com/Grundfos/CourseOutline/Solar-Pumping-selection-and-sizing/99190?ActiveTab=Outline
https://go.bluevolt.com/Grundfos/CourseOutline/Solar-Pumping-selection-and-sizing/99190?ActiveTab=Outline
https://www.youtube.com/embed/CSftALsDrRY
https://www.rural-water-supply.net/en/resources/details/820
https://www.rural-water-supply.net/en/resources/details/820
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December 2016.” International Organization for Migration. Geneva, Switzerland. 
Available at https://energypedia.info/wiki/Solar_Pumping_Toolkit_-
_Monitoring_and_Evaluation. 

Global Solar and Water Initiative. (2017a). “Visit Report – Refugee and IDP Camps in Maban, 
Yida and Bentiu – South Sudan, 3rd to 20th July 2017.” International Organization for 
Migration. Geneva, Switzerland. Available at 
https://energypedia.info/wiki/Solar_Pumping_Toolkit_-_Monitoring_and_Evaluation. 

Global Solar and Water Initiative. (2017b). “Visit Report – Solar and Water Initiative IDP 
settlements in Darfur, Sudan – 20th February to 18th March 2017.” International 
Organization for Migration. Geneva, Switzerland. Available at 
https://energypedia.info/wiki/Solar_Pumping_Toolkit_-_Monitoring_and_Evaluation. 

Global Solar and Water Initiative. (2017c). “Visit Report – Solar and Water Initiative. Refugee 
settlements in Northern Uganda. 10th January to 6th February 2017.” International 
Organization for Migration. Geneva, Switzerland. Available at 
https://energypedia.info/wiki/Solar_Pumping_Toolkit_-_Monitoring_and_Evaluation. 

Global Solar and Water Initiative. (2017d). “Visit Report to Borno State Nigeria, 12th – 19th 
June 2017.” International Organization for Migration. Geneva, Switzerland. Available at 
https://energypedia.info/wiki/Solar_Pumping_Toolkit_-_Monitoring_and_Evaluation. 

Discussion Forum 

Item Description 

Type Comment on a Situation 

Content (150 words) A few common issues experienced by SPWS are listed in the threads below. Pick 
two that interest you the most and respond directly to the thread, commenting on what the 
causes might have been. What standards or procedures should be followed during design 
and installation to safeguard against such issues in the future? Please share your questions 
and keep your comments to less than 10 lines. 
 
<Create separate threads for each of the following within the same forum> 
a. The solar array does not provide enough power to pump water during the rainy season 
b. The pump motor seizes and no longer operates 
c. There is no water in the borehole during certain periods of the year 
d. The cables connecting the pump controller to the solar array overheat and start a fire 
e. The daily volume of water produced fails to meet the needs of the service population 
f. One of the solar panels is stolen 
g. Counterfeit solar panels were installed and begin to degrade after five years 

 

Facilitator(s) • Jeff Zapor (Water Mission) 

• Franklin Golay (UNICEF SD) 

• Francis Okello (EWB – USA) 

• Andrew Armstrong (Water Mission) 
 

Facilitator Notes 1. Read all responses and ensure at least one facilitator has responded to each. 
2. Provoke responses from participants with questions and recommendations. 
3. Point to topics covered in future weeks when necessary. Try to generate demand for 

future module content. Not all threads need to come to a conclusion. 

• Module 3: Costing and procurement 

• Module 4: Enabling environment 

• Module 5: Operation and maintenance 

https://energypedia.info/wiki/Solar_Pumping_Toolkit_-_Monitoring_and_Evaluation
https://energypedia.info/wiki/Solar_Pumping_Toolkit_-_Monitoring_and_Evaluation
https://energypedia.info/wiki/Solar_Pumping_Toolkit_-_Monitoring_and_Evaluation
https://energypedia.info/wiki/Solar_Pumping_Toolkit_-_Monitoring_and_Evaluation
https://energypedia.info/wiki/Solar_Pumping_Toolkit_-_Monitoring_and_Evaluation
https://energypedia.info/wiki/Solar_Pumping_Toolkit_-_Monitoring_and_Evaluation
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• Module 6: Leaving no one behind 
 

Key Idea(s) to 
Promote in 
Forum 

• Most technology-specific sustainability issues experienced in SPWS programming can 
be addressed by following internationally recognised design and installation 
specifications (citing UNICEF global and GLOSWI Kenya evaluations) 

• IEC maintains standards for design and installation of SPWS and many other PV 
elements 

• Numerous high-quality manuals and guidelines are available for reference when 
designing, installing, and supporting SPWS (highlight Practica manual) 

• Proprietary pump sizing tools are available (highlight Grundfos and Lorentz) 

• Besides inadequate dimensioning (product selection and specification), a common gap 
in the SPWS design and procurement process is that it is difficult to link dimensioning 
and procurement of equipment to sustainable yields of individual boreholes, 
particularly in larger programs where higher quantities of systems are being considered. 
Conservative estimates of average borehole yields are often used to develop tenders 
which then lead to inaccurate bids and challenges when final equipment selections 
need to be made within limited budgets. Individual pumps and solar arrays eventually 
need to be sized to specific borehole yields. The cost of verifying sustainable borehole 
yields prior to final equipment selection and installation should be considered in the 
SPWS tendering process, and reasonable contingencies should be placed on equipment 
bids to allow for proper dimensioning of individual SPWS. 

• Examples of best practices for installation supervision and verification (from 
Afghanistan, Nigeria, Mauritania, and Tanzania bidding documents) 
 

Written Assignment 

Item Description 

Prompt Scenario –  You have been requested to prepare and submit a brief technical desk report in 
order to inform the conceptualisation of a SPWS program that is being considered for your 
country or geopolitical region. Prepare a concise response of 750 to 1,000 words 
addressing the bullet points in the three sections outlined below. You are NOT required to 
develop a schedule or budget for the program. In addition, you are NOT required to discuss 
service delivery models or operation and maintenance arrangements as these topics will be 
addressed later in the course. You will find the step-by-step design examples included in 
the required readings to be a particularly useful reference as you develop your response. 
Please write in your own words.  
 
Section 1: Scope 

• Choose a specific geopolitical region and describe the geography, service 
populations, water uses and demand, available water resources and safe yield, 
and estimated solar insolation by month over an entire year.  

• Describe the SPWS component(s) and configuration(s) you recommend for the 
program. A general explanation of the type of equipment you recommend will 
suffice. Although you are not required to specify the exact make and model of 
equipment, you may choose to do so. 
 

Section 2: Information Sources 

• Describe the information that needs to be collected in order to determine if SPWS 
are technically feasible for the program. In addition, describe the information 
necessary to dimension and stipulate SPWS equipment for the program. Comment 
on where the information might be found and how will it be used.  
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Section 3: References 

• Recommend references (standards, manuals, tools, etc.) to be utilised in the 
program and explain why you recommend the resource. 

 

Grader(s) • Andrew Armstrong (Water Mission) 
 

Grader Notes • Check assumptions made regarding: 
o Daily water demand 
o Safe yield of boreholes 
o TDH of the water system 
o Pump and motor 
o PV array 

• Potential information sources: 
o Census data 
o Survey of user population 
o Latitude and longitude ranges 
o Groundwater databases 
o Borehole drilling and yield test logs 
o Elevation data 
o NASA solar insolation data 

• Likely references: 
o IEC 62253 
o Practica Manual 
o Pump sizing software 

 

Quiz

Question Choices 

1 What was found to be the primary cause of SPWS 
malfunction in UNICEF’s global evaluation from 
2016? 

a. Vandalism and theft 
b. Boreholes running dry 
c. Issues with wiring and electrical controls 
d. Motor issues 
 

2 Inadequacies in which of the following contribute 
to the most severe SPWS malfunctions? 

a. Estimation of daily water demand 
b. Borehole development and system dimensioning 
c. Installation of electrical components 
d. Operation and maintenance 
 

3 Which agency hosts the international standards 
for design and installation of SPWS? 

a. American Society for Testing and Materials (ASTM) 
b. Global Photovoltaic Society (GPS) 
c. African Organization for Standardization (ARSO) 
d. International Electrotechnical Commission (IEC) 
 

4 Which of the following is recommended for 
preventing over-dimensioning of SPWS in order to 
optimise associated up-front and recurring costs? 
 

a. Use a realistic water consumption estimate, which 
is often less than 20 liters per person per day 
b. Use a project design horizon of 20 years or more 
c. Apply a high peak use factor 
d. Multiply the estimated number of solar panels 
needed to power the pump by a safety factor of 0.3 
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5 The power available from sunlight, which is called 
irradiance or insolation and is measured in watts 
per m2, is strongest: 
 

a. At lower elevations 
b. In the middle of the day 
c. At higher latitudes 
d. At the end of the day 
 

6 To ensure adequate power is available to pump 
water throughout the year with a SPWS, it is 
recommended that the number of solar panels be 
selected based on the average daily irradiance 
profile of the installation site for a “critical 
month” condition corresponding to which of the 
following? 

a. Total anticipated solar irradiation and water 
demand over the year 
b. Most unfavorable combination of available solar 
irradiation and water demand 
c. Highest frequency of “sunny” days (middle of the 
dry season) and highest anticipated water demand 
d. Typical duration of peak sunshine hours and 
lowest anticipated water demand 
 

7 All the following measures are typically 
recommended for preventing theft of solar panels 
except which one? 

a. Using sturdy theft-proof racking secured with 
concrete footings 
b. Installing a strong security fence and lighting 
c. Applying an anti-grip lubricant to the solar panel 
frames 
d. Hiring a night watchman 
 

8 Signing 1 to 2-year post-installation repair 
agreements with contractors can help to 
safeguard against which of the following issues 
typically encountered by SPWS? 

a. Failures due to poor borehole construction 
b. Installation of counterfeit products or failure to 
fulfill product warranties 
c. Inadequate installation of electrical components 
d. All of the listed answers 
 

9 If the rate of groundwater being pumped from an 
aquifer is increased using SPWS, what 
hydrogeological changes must occur to prevent 
the volume of water stored in the aquifer from 
decreasing? 

a. A combination of increased aquifer recharge, 
decreased groundwater discharge to streams or 
springs, and decreased evapotranspiration 
b. A combination of increased precipitation and 
decreased aquifer drawdown 
c. A combination of decreased aquifer porosity and 
increased hydraulic conductivity 
d. There is no way to prevent aquifer storage from 
decreasing 
 

10 Which of the following types of information is 
NOT directly useful for monitoring sustainable use 
of groundwater? 

a. Groundwater levels 
b. Pumping rates 
c. Number of new pump installations 
d. Precipitation rates 
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Module 3: Costing and Procurement of Solar Powered Water Systems 

Presentation and Contents

Item Description 

Title Costing and Procurement of Solar Powered Water Systems 

Dates & 
Durations 

Module available: 7 October – 13 October (1 week) 
 

Introduction (150 words) A common barrier to the adoption of SPWS is that decision makers are unaware of 
how to draw comparisons across the range of products and materials that are available in global 
and local markets. Products are often selected based on cost or brand-name recognition instead 
of characteristics that ensure quality and reliability. All equipment and materials utilised in SPWS 
should adhere to internationally recognised certifications and testing standards as defined by the 
International Electrotechnical Commission and should be covered by manufacturer warranties 
over the initial period during which failures due to defects are likely to occur. Furthermore, the 
lifetime sum of all costs and benefits associated with various products, or the “life-cycle costs”, 
should be considered when evaluating alternative options. Guidance and examples are available 
to inform development of bidding documents that incorporate these principles. 
 

Module Goal (100 words) This module aims to provide participants with the knowledge and skills to approach 
acquisition and installation of SPWS materials and equipment in an informed manner. 
Participants will be provided with resources and sample bidding documents that can be used to 
inform SPWS procurement practices in their own professional context. 
 

Learning 
Objectives 

By the end of this module, participants will be able to: 
1. Appraise the market and supply chains for quality SPWS products within their 

professional operating context 
2. Compare the life-cycle costs and payback rates associated with SPWS to that of other 

water supply technologies 
3. Summarise reference documents that are available to inform bidding and contracting of 

SPWS 
 

Orientation 
Media 

Video: https://vimeo.com/375442316/632d99300b  

Master script: 
https://watermission.sharepoint.com/:w:/s/Intranet/Projects/Engineering%20and%20innovation 
/EQDbTewmn0NBjQtUHK_L3W0B647JYoBdJ1nJBDwhA3lGwg?e=tgY2yt  

Master slide deck: 
https://watermission.sharepoint.com/:p:/s/Intranet/Projects/Engineering%20and%20innovation 
/EZ6c6lhRhyNPpDgyfmcrBOoBqCVK1JdLk39mzgda3dFxOQ?e=MbiZ0c  

Compulsory 
Readings & 
Videos 

1. World Bank. (2018). “3. Major System Components” Solar Pumping: The Basics. pp 12-15. 
World Bank, Washington, DC. Available online at 
http://documents.worldbank.org/curated/en/880931517231654485/Solar-pumping-the-
basics. 

2. Global Solar and Water Initiative. (2018a). “Criteria for Selection of Quality Solar Pumping 
Products & Services.” Global Solar and Water Initiative. Available at 
https://energypedia.info/wiki/File:Quality_Selection_of_Products.pdf.  

3. World Bank. (2018). “2. Economic Benefits.” Solar Pumping: The Basics. pp 10-12. World 
Bank, Washington, DC. Available online at 
http://documents.worldbank.org/curated/en/880931517231654485/Solar-pumping-the-
basics. 

https://vimeo.com/375442316/632d99300b
https://watermission.sharepoint.com/:w:/s/Intranet/Projects/Engineering%20and%20innovation%20/EQDbTewmn0NBjQtUHK_L3W0B647JYoBdJ1nJBDwhA3lGwg?e=tgY2yt
https://watermission.sharepoint.com/:w:/s/Intranet/Projects/Engineering%20and%20innovation%20/EQDbTewmn0NBjQtUHK_L3W0B647JYoBdJ1nJBDwhA3lGwg?e=tgY2yt
https://watermission.sharepoint.com/:p:/s/Intranet/Projects/Engineering%20and%20innovation%20/EZ6c6lhRhyNPpDgyfmcrBOoBqCVK1JdLk39mzgda3dFxOQ?e=MbiZ0c
https://watermission.sharepoint.com/:p:/s/Intranet/Projects/Engineering%20and%20innovation%20/EZ6c6lhRhyNPpDgyfmcrBOoBqCVK1JdLk39mzgda3dFxOQ?e=MbiZ0c
http://documents.worldbank.org/curated/en/880931517231654485/Solar-pumping-the-basics
http://documents.worldbank.org/curated/en/880931517231654485/Solar-pumping-the-basics
https://energypedia.info/wiki/File:Quality_Selection_of_Products.pdf
http://documents.worldbank.org/curated/en/880931517231654485/Solar-pumping-the-basics
http://documents.worldbank.org/curated/en/880931517231654485/Solar-pumping-the-basics


                  

                                                                                                                                                                            Page 24 of 50 
2019 Course Manual: Solar Powered Water Systems – An Overview of Principles and Practice           

 

4. Global Solar and Water Initiative. (2018b). “Technical Briefing – Cost analysis.” Global Solar 
and Water Initiative. Available at https://energypedia.info/wiki/File:Technical_Briefing_-
_Cost_anaysis.pdf.  

5. World Bank. (2010). “Procurements and Contract Management.” Photovoltaics for 
Community Service Facilities: Guidance for Sustainability. Part 4, pp 31-45. World Bank, 
Washington, DC. Available online at 
http://documents.worldbank.org/curated/en/837791468332067596/Photovoltaics-for-
community-service-facilities-guidance-for-sustainability. 

Additional 
Recommended 
Resources 

SPWS product specifications 
IEC. (2011). “Photovoltaic pumping systems – Design qualification and performance 

measurements.” International Standard. 62253:2011. International Electrotechnical 
Commission. Geneva, Switzerland. Available online at 
https://webstore.iec.ch/publication/6636.  

Sample bidding documents 
TIB Development Bank, LTD. (2018). “Volume I - Part 1. Section I to Section VI.” Bidding 

documents for Supply, Installation and Maintenance of Solar PV Pumping System for 
Community Facilities. Volume II. Accelerating Solar Water Pumping via Innovative Financing. 
TZ-TIB-75199-GO-RFB. Available at https://watermission.org/wp-
content/uploads/2019/10/Volume-I-%E2%80%93-Part-1.-Section-I-to-Section-VI.pdf.  

TIB Development Bank, LTD. (2018). “Part 2, Section VII, Schedule of Requirements.” Bidding 
documents for Supply, Installation and Maintenance of Solar PV Pumping System for 
Community Facilities. Volume II. Accelerating Solar Water Pumping via Innovative Financing. 
TZ-TIB-75199-GO-RFB. Available at https://watermission.org/wp-
content/uploads/2019/10/Volume-II-%E2%80%93-Part-2.-Section-VII.pdf.  

Guidance for estimating life-cycle costs 
AEPC. (2014). “Financial Analysis.” Training Manual on Solar PV Pumping System. Module 15, pp 

118-121. Alternative Energy Promotion Center, Lalitpur Sub Metropolitan City, Nepal. 
Available at https://watermission.org/wp-content/uploads/2019/10/Training-Manual-on-
Solar-PV-Pumping-System.pdf.  

Fonseca, C., et al. (2011). WASHCost Briefing Note 1a: Life-cycle costs approach. IRC International 
Water and Sanitation Centre. The Hague, Netherlands. Available online at 
https://www.ircwash.org/resources/briefing-note-1a-life-cycle-costs-approach-costing-
sustainable-service.  

WASHCOST. (2012). WASHCost Infosheet 1: Providing a basic level of water and sanitation 
services that last - Cost Benchmarks. IRC International Water and Sanitation Centre. The 
Hague, Netherlands. Available online at https://www.ircwash.org/resources/washcost-
global-infosheets.  

Case studies and analyses of payback rates and life-cycle costs 
Armstrong, A., Mahan, J., and Zapor, J. (2017). Solar pumping for rural water supply: Life-cycle 

costs from 8 countries. Proceedings of the 40th WEDC International Conference. 
Loughborough, UK. Available online at https://www.rural-water-
supply.net/en/resources/details/822. 

Bannister, M. (2000). Solar power for community water supply. Proceedings of the 26th WEDC 
International Conference: Water, Sanitation and Hygiene - Challenges of the Millennium, 
Dhaka, Bangladesh. Available online at https://wedc-
knowledge.lboro.ac.uk/resources/conference/26/Bannister.pdf.  

EMCON. (2006). “Feasibility Assessment for the Replacement of Diesel Water Pumps with Solar 
Water Pumps.” Final Report. Ministry of Mines and Energy. Windhoek, Namibia. Available 

https://energypedia.info/wiki/File:Technical_Briefing_-_Cost_anaysis.pdf
https://energypedia.info/wiki/File:Technical_Briefing_-_Cost_anaysis.pdf
http://documents.worldbank.org/curated/en/837791468332067596/Photovoltaics-for-community-service-facilities-guidance-for-sustainability
http://documents.worldbank.org/curated/en/837791468332067596/Photovoltaics-for-community-service-facilities-guidance-for-sustainability
https://webstore.iec.ch/publication/6636
https://watermission.org/wp-content/uploads/2019/10/Volume-I-%E2%80%93-Part-1.-Section-I-to-Section-VI.pdf
https://watermission.org/wp-content/uploads/2019/10/Volume-I-%E2%80%93-Part-1.-Section-I-to-Section-VI.pdf
https://watermission.org/wp-content/uploads/2019/10/Volume-II-%E2%80%93-Part-2.-Section-VII.pdf
https://watermission.org/wp-content/uploads/2019/10/Volume-II-%E2%80%93-Part-2.-Section-VII.pdf
https://watermission.org/wp-content/uploads/2019/10/Training-Manual-on-Solar-PV-Pumping-System.pdf
https://watermission.org/wp-content/uploads/2019/10/Training-Manual-on-Solar-PV-Pumping-System.pdf
https://www.ircwash.org/resources/briefing-note-1a-life-cycle-costs-approach-costing-sustainable-service
https://www.ircwash.org/resources/briefing-note-1a-life-cycle-costs-approach-costing-sustainable-service
https://www.ircwash.org/resources/washcost-global-infosheets
https://www.ircwash.org/resources/washcost-global-infosheets
https://www.rural-water-supply.net/en/resources/details/822
https://www.rural-water-supply.net/en/resources/details/822
https://wedc-knowledge.lboro.ac.uk/resources/conference/26/Bannister.pdf
https://wedc-knowledge.lboro.ac.uk/resources/conference/26/Bannister.pdf
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online at http://pubdocs.worldbank.org/en/511871475091277205/1-Replacement-diesel-
GEF-UNDP-Namibia-2006.pdf.  

Global Solar and Water Initiative. (2018). Scale Up of Off Grid Solar PV Water Pumping: Cast 
study of Bidi Bidi Refugee Settlement, Uganda. International Organization for Migration. 
Geneva, Switzerland. Available at https://energypedia.info/wiki/Solar_Pumping_Toolkit_-
_Guidance_and_Assessment. 

Kazem, H.A., Al-Waeli, A.H.A., Chaichan, M.T., Al-Mamari, A.S., Al-Kabi, A.H. (2017). Design, 
measurement and evaluation of photovoltaic pumping system for rural areas in Oman. 
Environ. Dev. Sustain. 19:1041–1053. Available online at https://doi.org/10.1007/s10668-
016-9773-z.  

Kazem, H.A., Al-Waeli, A.H.A., Al-Kabi, A.H.K., Al-Mamari, A.S. (2015). Technoeconomical 
assessment of optimum design for photovoltaic water pumping system for rural area in 
Oman. Int. J. Photoenergy. 2015:1–8. Available online at 
http://dx.doi.org/10.1155/2015/514624.   

LORENTZ. (2014). Solar Drinking Water Supply—Am Nabak, Chad; LORENTZ: Ulzburg, Germany. 
Available online at 
https://partnernet.lorentz.de/files/lorentz_casestudy_drinking_water_chad_en.pdf.  

Meah, K., Ula, S., and Barrett, S. (2008). Solar photovoltaic water pumping-opportunities and 
challenges. Renewable & Sustainable Energy Reviews. 12:1162-1175. Available online at 
https://doi.org/10.1016/j.rser.2006.10.020.  

Odeh, I., Yolanis, Y.G., and Norton, B. (2006). Economic viability of photovoltaic water pumping 
systems. Solar Energy. 80:850-860. Available online at 
https://doi.org/10.1016/j.solener.2005.05.008.  

Oxfam. (2018). “1. Situation Analysis: The Current Ecosystem of Water Provision.” Funding 
Mechanisms to Incentivize Sustainable and Inclusive Water Provision in Kenya’s Arid Lands. 
pp 8-16. Oxfam. UK. Available online at https://oxf.am/2HuaXpu.  

Rehman, S.; Sahin, A.Z. (2014). Performance Comparison of Diesel and Solar Photovoltaic Power 
Systems for Water Pumping in Saudi Arabia. Int. J. Green Energy 12:702–713. Available 
online at https://doi.org/10.1080/15435075.2014.884498.  

Solar powered water system supply kits 
Global Solar and Water Initiative. (2018a). Emergency Solar Pumping Kits. Global Solar and Water 

Initiative. Available at https://energypedia.info/wiki/Solar_Pumping_Toolkit_-
_Technical_Design. 

Discussion Forum 

Item Description 

Type Set of questions 

Content (150 words) Respond to at least two of the threads below and to comments made by other 
participants. Keep your comments to less than 10 lines. 
 
<Create separate threads for each of the following within the same forum> 
1. What steps and stakeholders are typically involved in procuring SPWS services such as 

design, product supply, installation and maintenance in the context where you operate? 
What positive or negative outcomes result from this process? What can be done to 
ensure technical and financial compliance to original specifications? 

http://pubdocs.worldbank.org/en/511871475091277205/1-Replacement-diesel-GEF-UNDP-Namibia-2006.pdf
http://pubdocs.worldbank.org/en/511871475091277205/1-Replacement-diesel-GEF-UNDP-Namibia-2006.pdf
https://energypedia.info/wiki/Solar_Pumping_Toolkit_-_Guidance_and_Assessment
https://energypedia.info/wiki/Solar_Pumping_Toolkit_-_Guidance_and_Assessment
https://doi.org/10.1007/s10668-016-9773-z
https://doi.org/10.1007/s10668-016-9773-z
http://dx.doi.org/10.1155/2015/514624
https://partnernet.lorentz.de/files/lorentz_casestudy_drinking_water_chad_en.pdf
https://doi.org/10.1016/j.rser.2006.10.020
https://doi.org/10.1016/j.solener.2005.05.008
https://oxf.am/2HuaXpu
https://doi.org/10.1080/15435075.2014.884498
https://energypedia.info/wiki/Solar_Pumping_Toolkit_-_Technical_Design
https://energypedia.info/wiki/Solar_Pumping_Toolkit_-_Technical_Design
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2. What brands of SPWS equipment, particularly pumps and solar panels, are available 
where you work? Are they widely available in decentralised markets or only in a few 
centralised locations? 

3. How can the cost and quality of SPWS equipment such as pumps and solar panels be 
compared between different manufacturers? How can cost and quality of SPWS be 
compared to alternative water supply technologies such as handpumps and pumps 
powered by diesel generators? 
 

Facilitator(s) • Franklin Golay (UNICEF SD) 

• Alberto Llario (IOM) 

• Sean McSwain (Water Mission) 

• Andrew Armstrong (Water Mission) 
 

Facilitator 
Notes 

1. Read all responses and ensure at least one facilitator has responded to each. 
2. Provoke responses from participants with questions and recommendations. 
3. Point to topics covered in future weeks when necessary. Try to generate demand for 

future module content. Not all threads need to come to a conclusion. 

• Module 4: Enabling environment for solar powered water systems 

• Module 5: Operation and maintenance of solar powered water systems 

• Module 6: Leaving no one behind in solar powered water supply programs 
4. In the pre-course survey, participants indicated the following availability of quality 

equipment and reliable services: 

• Available in local/decentralised markets – 15% 

• Available in national/central markets – 53% 

• Not available in national/central markets – 23% 

• Don’t know – 9% 
 

Key Idea(s) to 
Promote in 
Forum 

• Supply considerations (quality characteristics and specifications, market dynamics and 
supply chains, offshore vs. local procurement) 

• Costing considerations (life-cycle costs and payback rates) 

• Best practices for bidding, contracting, and project management (point to the WB 
procurements and contract management required reading and the TIB sample bidding 
documents from TZ) 

• Importance of separating contracts for feasibility study/design and product 
supply/installation 
 

Quiz 

Question Choices 

1 Procurement involves all the 
following except which one? 

a. Acquiring goods and services 
b. Developing tendering documents 
c. Establishing international standards 
d. Evaluating and contracting bidding entities 
 

2 Which of the following steps is 
NOT recommended in order to 
avoid poor quality pumps, solar 
panels, or related equipment 
from being installed? 

a. Clearly and consistently specify detailed international standards for 
equipment such as those published by IEC 
b. Trust the equipment is authentic if there is clear labelling with a 
manufacturer’s logo and barcode 
c. Set stringent requirements for documenting that equipment 
conforms to specifications 
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d. Establish a clear process for accepting certifications and 
installations with a standard commissioning checklist 
 

3 Which of the following is 
recommended in order to avoid 
poor performance by SPWS 
equipment supply and 
installation contractors? 

a. Select the company with the highest annual turnover and largest 
geographic footprint 
b. Bundle all installations into a single lot, especially if the tender is 
large 
c. Disburse full payment for all services up-front to allow for sufficient 
working capital 
d. Provide strong, timely, and independent supervision for installers 
 

4 In order to ensure conformity to 
international standards and 
detailed specifications, 
equipment should undergo 
testing conducted by: 

a. Any facility capable of performing power and electroluminescence 
inspections 
b. A certified laboratory with ISO 17025 accreditation 
c. The manufacturer prior to shipping 
d. The distributor after arrival in-country 
 

5 Quality pumps in a SPWS can be 
expected to have a functional 
lifespan of: 

a. 2-3 years 
b. 7-10 years 
c. 12-15 years 
d. 15-20 years 
 

6 What is the typical range of 
performance warranty for solar 
panels? 

a. 5-10 years to 60 per cent of original specified output 
b. 10-15 years to 70 per cent of original specified output 
c. 20-25 years to 80 per cent of original specified output 
d. 30-35 years to 90 per cent of original specified output 
 

7 For adequate cost comparisons 
to be made between products 
and technologies, it is necessary 
to compare the 

a. Lifetime sum of all costs and associated benefits in present worth 
b. Up-front costs without considering additional benefits 
c. Traditional assumptions regarding applicability 
d. Undiscounted future cost of replacing equipment 
 

8 SPWS configured without a 
backup energy source or energy 
storage incur recurring costs 
associated with all the following 
except which one? 
 

a. Labour for routine operational activities and repairs 
b. Labour and supplies for security and management 
c. Energy for pumping 
d. Purchasing spare parts and other supplies 
 

9 In order to make accurate cost 
comparisons between products 
and technologies, it is important 
to normalise the life-cycle costs 
accounting for which of the 
following? 

a. Number of people served within a specific proximity to a 
distribution point 
b. Rate of water production 
c. Amount of labour and materials necessary to maintain the same 
level of service year-after-year for the intended lifespan 
d. All of the listed answers 
 

10 Which of the following is 
associated with durable 
technologies? 

a. Longer lifespan and lower life-cycle cost 
b. Better initial performance and lower capital cost 
c. Higher recurring cost and longer payback rate 
d. Better present worth and lower replacement cost 
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Module 4: Enabling Environment for Solar Powered Water Systems 

Presentation and Contents 

Item Description 

Title Enabling Environment for Solar Powered Water Systems 
 

Dates & 
Durations 

Module available: 14 October – 20 October (1 week) 
Written assignment due: 27 October (2 weeks after posting) 
Grade due: 3 November (1 week after due date) 
 

Introduction (150 words) The feasibility, scalability, and long-term viability of SPWS in any context is 
dependent on the interrelated functions that enable governments and public and private 
partners to engage in effective water service delivery. For instance, national monetary and 
trade policies can either support or hinder development of local markets for SPWS products 
and thus influence availability of quality equipment and spare parts. The effectiveness of 
groundwater governance also has broad environmental, technical, and social implications 
which can be amplified by SPWS. Appropriate and functional service delivery models, direct 
support arrangements to community-based service providers, and coordination mechanisms 
among public and private sector actors must be in-place for SPWS to provide lasting benefits. 
Furthermore, it is critical that adequate systems for training and capacity development which 
are specifically tailored to the technical skills required to support SPWS be established. Of 
course, these functions all rely on budgeting and financing processes. 
 

Module Goal (100 words) This module explores the factors beyond technical design and installation that 
influence sustainable service delivery with SPWS. Participants will be introduced to conceptual 
frameworks and practical recommendations which can be utilised to inform programming that 
utilises SPWS in their professional context. 
 

Learning 
Objectives 

By the end of this module, participants will be able to: 
1. Explain how specific elements of the enabling environment for rural water supply, 

particularly policies and institutional arrangements, influence sustainability and impact 
of SPWS 

2. Evaluate gaps in the enabling environment for SPWS within their professional context 
 

Orientation 
Media 

Video: https://vimeo.com/375443661/2137084b5a  

Master script: 
https://watermission.sharepoint.com/:w:/s/Intranet/Projects/Engineering%20and%20innovati
on/EQDbTewmn0NBjQtUHK_L3W0B647JYoBdJ1nJBDwhA3lGwg?e=tgY2yt  

Master slide deck: 
https://watermission.sharepoint.com/:p:/s/Intranet/Projects/Engineering%20and%20innovatio
n/EZ6c6lhRhyNPpDgyfmcrBOoBqCVK1JdLk39mzgda3dFxOQ?e=MbiZ0c  

Compulsory 
Readings & 
Videos 

1. RWSN. (2015). “Technology Applicability Framework – Supporting the Vision of Sustainable 
WASH Services.” Video File. Rural Water Supply Network. Available online at 
https://vimeo.com/128571961.  

2. UNICEF. (2016). Strengthening Enabling Environment for Water, Sanitation, and Hygiene 
(WASH). Chapters 3-4, pp 11-20. Guidance Note. United Nations Children’s Fund. New 
York, NY. Available online at 
https://www.unicef.org/wash/files/WASH_guidance_note_draft_10_3_hr.pdf. 

https://vimeo.com/375443661/2137084b5a
https://watermission.sharepoint.com/:w:/s/Intranet/Projects/Engineering%20and%20innovation/EQDbTewmn0NBjQtUHK_L3W0B647JYoBdJ1nJBDwhA3lGwg?e=tgY2yt
https://watermission.sharepoint.com/:w:/s/Intranet/Projects/Engineering%20and%20innovation/EQDbTewmn0NBjQtUHK_L3W0B647JYoBdJ1nJBDwhA3lGwg?e=tgY2yt
https://watermission.sharepoint.com/:p:/s/Intranet/Projects/Engineering%20and%20innovation/EZ6c6lhRhyNPpDgyfmcrBOoBqCVK1JdLk39mzgda3dFxOQ?e=MbiZ0c
https://watermission.sharepoint.com/:p:/s/Intranet/Projects/Engineering%20and%20innovation/EZ6c6lhRhyNPpDgyfmcrBOoBqCVK1JdLk39mzgda3dFxOQ?e=MbiZ0c
https://vimeo.com/128571961
https://www.unicef.org/wash/files/WASH_guidance_note_draft_10_3_hr.pdf
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3. Bamford, E. and Zadi, D. (2016). “vi) The Enabling Environment.” Scaling up solar powered 
water supply systems: a review of experiences. pp 21-22. UNICEF, New York, NY. Available 
online at 
https://www.unicef.org/wash/files/UNICEF_Solar_Powered_Water_System_Assessment.p
df. 

4. Meier, T. (2012). Policy Recommendations to Improve the Sustainability of Rural Water 
Supply Systems Based on the Experience with Conventional and Photovoltaic Pumping 
Systems. International Energy Agency Photovoltaic Power Systems Programme. 
Switzerland. Available online at http://www.iea-
pvps.org/fileadmin/dam/intranet/ExCo/rep9_11.pdf.  

5. Lockwood, H., Casey, V., and Tillet, W. (2018). Management models for piped water supply 
services, A decision-making resource for rural and small-town contexts. Aguaconsult and 
WaterAid. Available online at 
https://washmatters.wateraid.org/sites/g/files/jkxoof256/files/Management%20models%
20for%20piped%20water%20supply%20services_0.pdf.  

6. Helvetas Madagascar. (2017). “Drinking water managed by a private service provider.” 
Video file. Helvetas Madagascar. Available online at 
https://www.youtube.com/watch?v=zUKGUGZzPj0. 

7. AGW-Net. (2015). “Groundwater regulation, licensing, allocation and institutions.” AGW-
Net Training Manual: The Integration of Groundwater Management into Transboundary 
Basin Organizations in Africa. Module 6. Available online at https://www.agw-
net.org/resources/docs/Literature/GW_RBO_Training_Manual/English_version/06_Trainin
g_Manual_en.pdf. 

Additional 
Recommend
ed Resources 

Reports on feasibility and applicability of SPWS in various contexts 
EMCON. (2006). “Feasibility Assessment for the Replacement of Diesel Water Pumps with Solar 

Water Pumps.” Final Report. Ministry of Mines and Energy. Windhoek, Namibia. Available 
online at http://pubdocs.worldbank.org/en/511871475091277205/1-Replacement-diesel-
GEF-UNDP-Namibia-2006.pdf.  

NETWAS and WaterAid Uganda. (2013). Recommendations for the sustainability and scalability 
of solar powered water pumping for domestic supply in Adjumani and Kanungu districts of 
Uganda. WASHTech TAF Pilot Assessment. St. Gallen, Switzerland. Available online at 
http://www.rural-water-supply.net/_ressources/documents/default/6-21-2-
1383642915.pdf.   

TREND, KNUST, and WaterAid Ghana. (2013). Recommendations for the sustainability and 
scalability of the Solar Powered Pump in Akuapem North Municipality and Kwahu North 
District, Ghana. WASHTech TAF Pilot Assessment. St. Gallen, Switzerland. Available online 
at http://www.rural-water-supply.net/_ressources/documents/default/6-27-2-
1388673188.pdf.   

VNG and IRC. (2014). Technology Recommendation, Solar Powered Pump, Kapoeta North 
County – Eastern Equatoria, South Sudan. WASHTech TAF Report. St. Gallen, Switzerland. 
Available online at 
https://technologyapplicability.files.wordpress.com/2014/10/technology_recommendatio
n_solar_pump_kapoeta_north_county_south_sudan_oct_2014.pdf.   

Groundwater governance, permitting, licensing, and regulation  
Tuinhof, A., Foster, S., van Steenbergen, F., Talbi, A., and Wishart, M. (2011). Appropriate 

Groundwater Management Policy for Sub-Saharan Africa: In Face of Demographic Pressure 
and Climatic Variability. World Bank, Washington, DC. Available online at 
https://openknowledge.worldbank.org/handle/10986/27363.   

https://www.unicef.org/wash/files/UNICEF_Solar_Powered_Water_System_Assessment.pdf
https://www.unicef.org/wash/files/UNICEF_Solar_Powered_Water_System_Assessment.pdf
http://www.iea-pvps.org/fileadmin/dam/intranet/ExCo/rep9_11.pdf
http://www.iea-pvps.org/fileadmin/dam/intranet/ExCo/rep9_11.pdf
https://washmatters.wateraid.org/sites/g/files/jkxoof256/files/Management%20models%20for%20piped%20water%20supply%20services_0.pdf
https://washmatters.wateraid.org/sites/g/files/jkxoof256/files/Management%20models%20for%20piped%20water%20supply%20services_0.pdf
https://www.youtube.com/watch?v=zUKGUGZzPj0
https://www.agw-net.org/resources/docs/Literature/GW_RBO_Training_Manual/English_version/06_Training_Manual_en.pdf
https://www.agw-net.org/resources/docs/Literature/GW_RBO_Training_Manual/English_version/06_Training_Manual_en.pdf
https://www.agw-net.org/resources/docs/Literature/GW_RBO_Training_Manual/English_version/06_Training_Manual_en.pdf
http://pubdocs.worldbank.org/en/511871475091277205/1-Replacement-diesel-GEF-UNDP-Namibia-2006.pdf
http://pubdocs.worldbank.org/en/511871475091277205/1-Replacement-diesel-GEF-UNDP-Namibia-2006.pdf
http://www.rural-water-supply.net/_ressources/documents/default/6-21-2-1383642915.pdf
http://www.rural-water-supply.net/_ressources/documents/default/6-21-2-1383642915.pdf
http://www.rural-water-supply.net/_ressources/documents/default/6-27-2-1388673188.pdf
http://www.rural-water-supply.net/_ressources/documents/default/6-27-2-1388673188.pdf
https://technologyapplicability.files.wordpress.com/2014/10/technology_recommendation_solar_pump_kapoeta_north_county_south_sudan_oct_2014.pdf
https://technologyapplicability.files.wordpress.com/2014/10/technology_recommendation_solar_pump_kapoeta_north_county_south_sudan_oct_2014.pdf
https://openknowledge.worldbank.org/handle/10986/27363
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UNESCO-IHP, GEF, IAH, FAO, World Bank Group. (2015). Groundwater Governance A Global 
Framework for Action. UNESCO International Hydrogeological Programme, Global 
Environmental Facility, International Association of Hydrogeologists, Food and Agriculture 
Organisation and the World Bank Group. Available online at 
http://www.groundwatergovernance.org.  

Suitability mapping for photovoltaic pumps 
IWMI. (2018). Mapping the suitability of solar energy-based irrigation pumps in Ethiopia. 

Technical Brief. International Water Management Institute. Battaramulla, Sri Lanka. 
Available online at https://hdl.handle.net/10568/97571.  

Frameworks and tools 
Lockwood, H. and Smits, S. (2011). Supporting rural water supply: Moving towards a service 

delivery approach. Practical Action, IRC, and Aguaconsult. Rubgy, UK. Available online at 
https://www.ircwash.org/resources/supporting-rural-water-supply-moving-towards-
service-delivery-approach. 

WASH Bottleneck Analysis Tool (BAT). Available online at https://www.washbat.org/. 

WASH Technology Applicability Framework (TAF). Available online at 
https://technologyapplicability.wordpress.com/. 

Discussion Forum 

Item Description 

Type Challenging Argument 

Content (150 words each) <Create separate forums for each of the following> 

• Please use this forum to discuss how the policies (such as monetary and trade policies) 
and strategies (such as rural water supply strategies) of governments and 
development partners can either positively or negatively influence the enabling 
environment for SPWS. When possible, give supporting examples from your 
professional experience. Please don´t extend each comment more than 10 lines. You 
should also submit questions you have about any of the reading material or comments 
made by others in the forum. 

• Please use this forum to discuss how institutional arrangements (such as service 
delivery models, coordination, and regulations) within a country can either positively 
or negatively influence the enabling environment for SPWS. When possible, give 
supporting examples from your professional experience. Please don´t extend each 
comment more than 10 lines. You should also submit questions you have about any of 
the reading material or comments made by others in the forum. 

• Please use this forum to discuss how budgeting and financing practices, particularly of 
government entities, can either positively or negatively influence the enabling 
environment for SPWS. When possible, give supporting examples from your 
professional experience. Please don´t extend each comment more than 10 lines. You 
should also submit questions you have about any of the reading material or comments 
made by others in the forum. 

• Please use this forum to discuss how processes for planning, monitoring, and review 
can either positively or negatively influence the enabling environment for SPWS. When 
possible, give supporting examples from your professional experience. Please don´t 
extend each comment more than 10 lines. You should also submit questions you have 
about any of the reading material or comments made by others in the forum. 

• Please use this forum to discuss how capacity development and training can either 
positively or negatively influence the enabling environment for SPWS. When possible, 
give supporting examples from your professional experience. Please don´t extend each 

http://www.groundwatergovernance.org/
https://hdl.handle.net/10568/97571
https://www.ircwash.org/resources/supporting-rural-water-supply-moving-towards-service-delivery-approach
https://www.ircwash.org/resources/supporting-rural-water-supply-moving-towards-service-delivery-approach
https://www.washbat.org/
https://technologyapplicability.wordpress.com/
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comment more than 10 lines. You should also submit questions you have about any of 
the reading material or comments made by others in the forum. 
 

Facilitator(s) • Petra Schmitter (IWMI) 

• Lara Lambert (Water Mission) 

• Andrew Armstrong (Water Mission) 

Facilitator Notes 1. Read all responses and ensure at least one facilitator has responded to each. 
2. Provoke responses from participants with questions and recommendations. 
3. Point to topics covered in future weeks when necessary. Try to generate demand for 

future module content. Not all threads need to come to a conclusion. 

• Module 5: Operation and maintenance of solar powered water systems 

• Module 6: Leaving no one behind in solar powered water supply programs 
4. In the pre-course survey, participants responded to the following relevant questions: 

•  Are the service delivery or rural water management models currently established 
in your professional context adequate to support SPWS in the long-term? 

i. Yes (41%) 
ii. No (45%) 

iii. Don’t know (14%) 

•  Are the groundwater resources in the areas where you work adequate to sustain 
SPWS in the long-term? 

i. Yes (77%) 
ii. No (10%) 

iii. Don’t know (13%) 
 

Key Idea(s) to 
Promote in 
Forum 

• Describe positive examples (perhaps from Mauritania, Nigeria, and Afghanistan): 
o Monetary/trade policies that support quality SPWS supply chains (Mauritania 

example) 
o Good groundwater governance (mention IWMI suitability study) 
o Strong service delivery models (professionalised and delegated management, 

direct support arrangements for SPWS operators/service providers) 
(Mauritania example) 

o Training and capacity building for SPWS at all levels (Afghanistan example) 

• Quote from IWMI PV pumping suitability study: “Some people argue that solar pumps, 
while lowering emissions, could lead to over-extraction of groundwater resources. 
Data and analysis are needed to incorporate such environmental implications and 
additional monitoring is required, for example, on climate variability, groundwater 
recharge rates and impacts from up-scaling at landscape scale. Combining the solar 
pump suitability maps with soil and water quality information would enable an 
assessment of the overall environmental sustainability of solar pump-based irrigation. 
The environmental impact of solar pump use is likely to be influenced by institutions, 
regulations and policies, and these aspects also need to be understood.” 
 

Written Assignment 

Item Description 

Prompt Prepare a response of 750 to 1,000 words to one of the following questions. Please write in 
your own words. 
 
4a) Gap Assessment – What gaps exist in the enabling environment for SPWS in your 
professional context? What issues have or might result? How can these gaps be addressed 
and what resources might be useful? If you do not have prior experience with SPWS, you 
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may speak hypothetically within your professional context. Please be as specific as 
possible. 
 
4b) Scenario – You have been requested to prepare a policy brief for the Minister of Water 
in your country to advise on a national rural water supply strategy that involves 
discontinuing installation of new handpumps and installing SPWS. What are the 
implications of such a policy in your country, considering technical, financial, 
environmental, social, and institutional aspects?  
 
4c) Tender Review – Read the two sets of bidding documents for recent SPWS 
programmes in Kiribati (available at https://watermission.org/wp-
content/uploads/2019/10/The-improved-Decca-London-Water-Supply-System-Project-
Kiritimati-Island-Water-Project-Kiribati-%E2%80%93-Supply-and-installation-of-twelve-
solar-pumping-systems.pdf) and Mozambique (available at https://watermission.org/wp-
content/uploads/2019/10/Design-Construction-of-39-Piped-Water-Supply-System-in-Tete-
Inhambane-and-Sofala.pdf). Compare and contrast the two examples by commenting on 
what elements in the documents are adequate and what elements are missing or could be 
improved in terms of measures to: 

• ensure cost-effectiveness of the program 

• ensure bidders are competent and capable 

• avoid poor quality equipment and materials 

• avoid inadequate installation and long-term functionality issues 
 

Grader(s) Andrew Armstrong 
 

Grader Notes 4a) Utilize language from UNICEF EE framework, particularly governance functions in the 
WASH sector, and orient comments towards activities that can be undertaken to address 
gaps as suggested in chapter 4 of the UNICEF EE strengthening publication. 
 
4b) Responses should be well-thought-out and should reference concepts from the first 
four modules of the course. 
 
4c) Look for respondents to comment on: 

• Cost-effectiveness 
o Multiple price checks 

• Bidder competency and capacity 
o Clear evaluation criteria 
o Responsiveness to questions 

• Equipment quality 
o Clear specifications 
o Documentation and verification steps 
o Equipment sampling and testing 

• Installation and functionality 
o Borehole yield and groundwater assessment 
o Clear project schedule 
o Phased payment schedule and retention after warranty period 
o Supervision 
o Validation of design assumptions (e.g. borehole yields) 
o Supply of spare parts 
o Post-construction warranty period 

 

 

https://watermission.org/wp-content/uploads/2019/10/The-improved-Decca-London-Water-Supply-System-Project-Kiritimati-Island-Water-Project-Kiribati-%E2%80%93-Supply-and-installation-of-twelve-solar-pumping-systems.pdf
https://watermission.org/wp-content/uploads/2019/10/The-improved-Decca-London-Water-Supply-System-Project-Kiritimati-Island-Water-Project-Kiribati-%E2%80%93-Supply-and-installation-of-twelve-solar-pumping-systems.pdf
https://watermission.org/wp-content/uploads/2019/10/The-improved-Decca-London-Water-Supply-System-Project-Kiritimati-Island-Water-Project-Kiribati-%E2%80%93-Supply-and-installation-of-twelve-solar-pumping-systems.pdf
https://watermission.org/wp-content/uploads/2019/10/The-improved-Decca-London-Water-Supply-System-Project-Kiritimati-Island-Water-Project-Kiribati-%E2%80%93-Supply-and-installation-of-twelve-solar-pumping-systems.pdf
https://watermission.org/wp-content/uploads/2019/10/Design-Construction-of-39-Piped-Water-Supply-System-in-Tete-Inhambane-and-Sofala.pdf
https://watermission.org/wp-content/uploads/2019/10/Design-Construction-of-39-Piped-Water-Supply-System-in-Tete-Inhambane-and-Sofala.pdf
https://watermission.org/wp-content/uploads/2019/10/Design-Construction-of-39-Piped-Water-Supply-System-in-Tete-Inhambane-and-Sofala.pdf
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Quiz 

Question Choices 

1 What must be in place beyond 
adequate design and installation to 
ensure technologies such as SPWS 
continue working? 

a. Willingness and ability to pay for the service 
b. Clear responsibilities and adequate skills for operation, 
maintenance, and support 
c. Stable supply chain of spare parts 
d. All of the listed answers 
 

2 Which of the following factors in the 
enabling environment for SPWS can 
be influenced by WASH sector 
stakeholders in the short to medium 
term? 

a. Demography, culture, and economy 
b. Public finance management, anti-corruption means, and social 
norms 
c. Rural water supply policies, service delivery models, and 
budgeting processes 
d. None of the listed factors can be influenced by the WASH 
sector 
 

3 Which of the following measures have 
been taken by the government of 
Uganda to strengthen the national 
market for SPWS equipment? 

a. Provide cash grants to rural communities for construction of 
new SPWS 
b. Issue a tax waiver on renewable energy imports and make a 
formal commitment to invest a minimum of USD $1 million/year 
c. Sign formal agreements with individual SPWS product 
manufacturers granting exclusive procurement preference 
d. Stockpile spare parts in decentralised locations throughout the 
country 
 

4 In 1998, the Tien Giang Provincial 
Government in Vietnam successfully 
took the following measures to 
encourage and govern involvement of 
the private sector in rural piped water 
service delivery EXCEPT which one? 
 

a. Stipulation of clear investment and operating mechanisms 
b. Regulation of water pricing, borehole drilling, and water quality 
c. Provision of standard designs tailored to varying populations 
and water source conditions 
d. Termination of all government subsidies on capital investments 

5 Which of the following policy aims or 
approaches would contribute to a 
stronger enabling environment for 
SPWS? 
 

a. Decrease market distortions and incentivise private 
investments in SPWS products and services 
b. Prioritise interventions that have low initial costs and enable 
rapid achievement of numerical targets 
c. Allow water service providers to self-select and operate in 
service areas where full cost recovery from tariffs is most likely 
d. Disperse SPWS installations widely across geographic areas 
rather than concentrate in strategic regions 
 

6 Which water service delivery actor is 
typically responsible for strategic 
decision-making and overseeing day-
to-day functions? 
 

a. Service provider 
b. Management entity 
c. External support provider 
d. Service authority 

7 In which of WaterAid’s management 
typologies is regular O&M of 
community-owned water supply 
assets carried out by delegated 
technicians and technical support 
provided by an external entity, which 

a. CBM 3. Community-based management with delegation to 
private operators 
b. LG 3. Local government delegation to private operators 
c. PV 2. Privately owned and operated schemes 
d. PB 1. Public utility operators 
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is usually either local government or a 
centralised technical agency? 
 

8 Which of the following management 
typologies is INAPPROPRIATE for 
water supply systems that are 
technically complex to maintain but 
relatively easy to operate such as 
basic SPWS that do not contain 
advanced electrical controls or 
backup power sources? 
 

a. Community management with minimal or no external support 
b. Community management with external support and some level 
of professionalism 
c. Local government delegation to private operators or 
maintenance companies through management or lease contracts 
d. Privately owned and operated schemes 

9 Regulatory authorities issue permits 
to abstract and use groundwater, a 
process called “groundwater 
licensing”, primarily to do which of 
the following? 
 

a. Reduce interference and resolve disputes between neighboring 
abstractors 
b. Guarantee long-term supply of a given quantity and quality of 
water 
c. Grant ownership of water resources to individuals, public 
entities, or private corporations 
d. Encourage private sector involvement in water service delivery 

10 Which of the following is outside the 
scope of traditional ground water 
allocation and licensing activities?  
 

a. Minimising and compensating for the impacts of new water 
allocation on traditional groundwater users 
b. Ensuring sufficient reserves of extractable groundwater of 
acceptable quality remain in aquifers 
c. Identifying and costing probable “exit strategies” for when 
aquifers become depleted 
d. Requiring regulatory institutions to conduct all groundwater 
quantity, quality, and use monitoring activities 
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Module 5: Operation and Maintenance of Solar Powered Water Systems 

Presentation and Contents 

Item Description 

Title Operation and Maintenance of Solar Powered Water Systems 
 

Dates & 
Durations 

Module available: 21 October – 27 October (1 week) 

Introduction (150 words) When designed and installed correctly, SPWS can be very durable. Lifespans of 
individual components can range from 7 to over 20 years with minimal routine maintenance. In 
some contexts, SPWS experience greater than 90% spot functionality with repairs made in less 
than 72 hours. Furthermore, steps can be taken to ensure procurement of adequately designed 
and good quality equipment and to minimise risks associated with vandalism, theft, and 
premature electromechanical failure. However, clear and professional mechanisms for 
operation, maintenance, and accountable tariff administration must be in place to achieve such 
performance and longevity. 
 

Module Goal (100 words) This module provides an overview of the roles and responsibilities that are 
necessary to operate and maintain SPWS on a sustainable basis from a technical and financial 
perspective. Participants will be introduced to best practices for preventing vandalism and theft, 
troubleshooting electrical failures, maintaining efficient water production, setting tariffs, 
handling money, and reducing nonrevenue water. The module also explores various 
arrangements for sharing these responsibilities between public and private sector actors.  
 

Learning 
Objectives 

By the end of this module, participants will be able to: 
1. Describe the scope and frequency of activities associated with operating and 

maintaining SPWS 
2. Apply practical technical, social, and institutional solutions to troubleshoot and prevent 

failures most commonly associated with SPWS 
 

Orientation 
Media 

Video: https://vimeo.com/375454895/50363ea959   

Master script: 
https://watermission.sharepoint.com/:w:/s/Intranet/Projects/Engineering%20and%20innovation 
/EQDbTewmn0NBjQtUHK_L3W0B647JYoBdJ1nJBDwhA3lGwg?e=tgY2yt  

Master slide deck: 
https://watermission.sharepoint.com/:p:/s/Intranet/Projects/Engineering%20and%20innovation 
/EZ6c6lhRhyNPpDgyfmcrBOoBqCVK1JdLk39mzgda3dFxOQ?e=MbiZ0c  

Compulsory 
Readings & 
Videos 

1. World Bank. (2010). “Long-term Operation.” Photovoltaics for Community Service Facilities: 
Guidance for Sustainability. Part 5, pp 47-52. World Bank, Washington, DC. Available online 
at http://documents.worldbank.org/curated/en/837791468332067596/Photovoltaics-for-
community-service-facilities-guidance-for-sustainability. 

2. AEPC. (2014). “Repair and Maintenance.” Training Manual on Solar PV Pumping System. 
Module 14, pp 109-117. Alternative Energy Promotion Center, Lalitpur Sub Metropolitan 
City, Nepal. Available at https://watermission.org/wp-content/uploads/2019/10/Training-
Manual-on-Solar-PV-Pumping-System.pdf.  

3. Global Solar and Water Initiative. (2018). “O&M Toolkit for Communities: Solar Powered 
Water Supply Systems.” Global Solar and Water Initiative. Available at 
https://energypedia.info/images/1/1c/O_M_Toolkit_for_Communities.pdf.  

https://vimeo.com/375454895/50363ea959
https://watermission.sharepoint.com/:w:/s/Intranet/Projects/Engineering%20and%20innovation%20/EQDbTewmn0NBjQtUHK_L3W0B647JYoBdJ1nJBDwhA3lGwg?e=tgY2yt
https://watermission.sharepoint.com/:w:/s/Intranet/Projects/Engineering%20and%20innovation%20/EQDbTewmn0NBjQtUHK_L3W0B647JYoBdJ1nJBDwhA3lGwg?e=tgY2yt
https://watermission.sharepoint.com/:p:/s/Intranet/Projects/Engineering%20and%20innovation%20/EZ6c6lhRhyNPpDgyfmcrBOoBqCVK1JdLk39mzgda3dFxOQ?e=MbiZ0c
https://watermission.sharepoint.com/:p:/s/Intranet/Projects/Engineering%20and%20innovation%20/EZ6c6lhRhyNPpDgyfmcrBOoBqCVK1JdLk39mzgda3dFxOQ?e=MbiZ0c
http://documents.worldbank.org/curated/en/837791468332067596/Photovoltaics-for-community-service-facilities-guidance-for-sustainability
http://documents.worldbank.org/curated/en/837791468332067596/Photovoltaics-for-community-service-facilities-guidance-for-sustainability
https://watermission.org/wp-content/uploads/2019/10/Training-Manual-on-Solar-PV-Pumping-System.pdf
https://watermission.org/wp-content/uploads/2019/10/Training-Manual-on-Solar-PV-Pumping-System.pdf
https://energypedia.info/images/1/1c/O_M_Toolkit_for_Communities.pdf
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4. World Bank. (2017). “Solar Water Pumping 101 – How to protect solar panels from theft.” 
World Bank, Washington, DC. Video file. Available online at 
https://www.youtube.com/watch?time_continue=97&v=-F9lysjnXLE. 

5. Lockwood, H., Casey, V., and Tillet, W. (2018). “Financing.” Management models for piped 
water supply services, A decision-making resource for rural and small-town contexts, pp 12-
13. Aguaconsult and WaterAid. Available online at 
https://washmatters.wateraid.org/sites/g/files/jkxoof256/files/Management%20models% 
20for%20piped%20water%20supply%20services_0.pdf. 

Additional 
Recommended 
Resources 

Videos and webinars 
Grundfos. (2017). “Water distribution for off-grid communities.” Webinar. Grundfos Technical 

Institute. Bjerringbro, Denmark. Available online at 
https://go.bluevolt.com/Grundfos/CourseOutline/Water-distribution-for-off-grid-
communities/99492?EnrollmentID=7312775#. 

Lorentz. (2019). “smartTAP Water Dispenser: Introduction.” Video file. Bernt Lorentz GmbH. 
Germany. Available online at https://lorentz.vids.io/videos/7c9dddb41c10efc0f4/smarttap-
water-dispenser-introduction-english-mp4. 

Lorentz. (2019). “Solar Water Pumping – Inbuilt applications and sensors.” Video file. Bernt 
Lorentz GmbH. Germany. Available online at 
https://www.youtube.com/watch?v=NAXwIgPmyGo.  

Lorentz. (2019). “Water smartTAP.” Video file. Bernt Lorentz GmbH. Germany. Available online at 
https://lorentz.vids.io/videos/a49dddb41c18e6c72c/water-smart-tap-subtitled-mov.  

Evaluations 
Bamford, E. and Zadi, D. (2016). “Scaling up solar powered water supply systems: a review of 

experiences.” UNICEF, New York, NY. 

EED Advisory, Ltd. (2018). “Evaluation of the sustainability of solar powered water supply 
systems in Kenya.” EED Advisory Ltd. Nairobi, KE. Available online at https://www.rural-
water-supply.net/en/resources/details/820. 

Global Solar and Water Initiative. (2016). “Visit Report to Assess Feasibility for Solarisation of 
Existing Water Points in Asosa and Shire Refugee Camps in Ethiopia, 14th to 21st December 
2016.” International Organization for Migration. Geneva, Switzerland. Available at 
https://energypedia.info/wiki/Solar_Pumping_Toolkit_-_Monitoring_and_Evaluation.  

Global Solar and Water Initiative. (2017a). “Visit Report – Refugee and IDP Camps in Maban, Yida 
and Bentiu – South Sudan, 3rd to 20th July 2017.” International Organization for Migration. 
Geneva, Switzerland. Available at https://energypedia.info/wiki/Solar_Pumping_Toolkit_-
_Monitoring_and_Evaluation. 

Global Solar and Water Initiative. (2017b). “Visit Report – Solar and Water Initiative IDP 
settlements in Darfur, Sudan – 20th February to 18th March 2017.” International Organization 
for Migration. Geneva, Switzerland. Available at 
https://energypedia.info/wiki/Solar_Pumping_Toolkit_-_Monitoring_and_Evaluation. 

Global Solar and Water Initiative. (2017c). “Visit Report – Solar and Water Initiative. Refugee 
settlements in Northern Uganda. 10th January to 6th February 2017.” International 
Organization for Migration. Geneva, Switzerland. Available at 
https://energypedia.info/wiki/Solar_Pumping_Toolkit_-_Monitoring_and_Evaluation. 

Global Solar and Water Initiative. (2017d). “Visit Report to Borno State Nigeria, 12th – 19th June 
2017.” International Organization for Migration. Geneva, Switzerland. Available at 
https://energypedia.info/wiki/Solar_Pumping_Toolkit_-_Monitoring_and_Evaluation. 

https://www.youtube.com/watch?time_continue=97&v=-F9lysjnXLE
https://washmatters.wateraid.org/sites/g/files/jkxoof256/files/Management%20models%20for%20piped%20water%20supply%20services_0.pdf
https://washmatters.wateraid.org/sites/g/files/jkxoof256/files/Management%20models%20for%20piped%20water%20supply%20services_0.pdf
https://go.bluevolt.com/Grundfos/CourseOutline/Water-distribution-for-off-grid-communities/99492?EnrollmentID=7312775
https://go.bluevolt.com/Grundfos/CourseOutline/Water-distribution-for-off-grid-communities/99492?EnrollmentID=7312775
https://lorentz.vids.io/videos/7c9dddb41c10efc0f4/smarttap-water-dispenser-introduction-english-mp4
https://lorentz.vids.io/videos/7c9dddb41c10efc0f4/smarttap-water-dispenser-introduction-english-mp4
https://www.youtube.com/watch?v=NAXwIgPmyGo
https://lorentz.vids.io/videos/a49dddb41c18e6c72c/water-smart-tap-subtitled-mov
https://www.rural-water-supply.net/en/resources/details/820
https://www.rural-water-supply.net/en/resources/details/820
https://energypedia.info/wiki/Solar_Pumping_Toolkit_-_Monitoring_and_Evaluation
https://energypedia.info/wiki/Solar_Pumping_Toolkit_-_Monitoring_and_Evaluation
https://energypedia.info/wiki/Solar_Pumping_Toolkit_-_Monitoring_and_Evaluation
https://energypedia.info/wiki/Solar_Pumping_Toolkit_-_Monitoring_and_Evaluation
https://energypedia.info/wiki/Solar_Pumping_Toolkit_-_Monitoring_and_Evaluation
https://energypedia.info/wiki/Solar_Pumping_Toolkit_-_Monitoring_and_Evaluation
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Discussion Forum 

Item Description 

Type Set of Questions 

Content (150 words) <Create separate forums for each of the following> 
1. What routine maintenance steps are most critical for SPWS? What level of technical 

skill is required to carry out these steps? Please don´t extend each comment more 
than 10 lines. You should also submit questions you have about any of the reading 
material or comments made by others in the forum. 

2. How can tariff collection efficiency be increased in service areas supplied by SPWS? 
Please don´t extend each comment more than 10 lines. You should also submit 
questions you have about any of the reading material or comments made by others in 
the forum. 

3. In what ways have you seen private sector actors engage in aspects of operation and 
maintenance of SPWS? What benefits resulted and what risks need to be addressed 
when private sector actors engage in operation and maintenance? Please don´t extend 
each comment more than 10 lines. You should also submit questions you have about 
any of the reading material or comments made by others in the forum. 

4. Is it better to focus efforts on strengthening the capacity of service providers (which 
are often community-based committees) to perform operation and maintenance, or 
on enforcing installer liability? Why? Please don´t extend each comment more than 
10 lines. You should also submit questions you have about any of the reading material 
or comments made by others in the forum. 

 

Facilitator(s) • Alberto Llario (IOM) 

• David Gerlach (Water Mission) 

• Francis Okello (EWB – USA) 

• Andrew Armstrong (Water Mission) 
 

Facilitator Notes 1. Read all responses and ensure at least one facilitator has responded to each. 
2. Provoke responses from participants with questions and recommendations. 
3. Point to topics covered in future weeks when necessary. Try to generate demand for 

future module content. Not all threads need to come to a conclusion. 

• Module 6: Leaving no one behind in solar powered water supply programs 
 

Key Idea(s) to 
Promote in 
Forum 

• Roles and responsibilities 

• Technical and social solutions to prevent vandalism and theft 

• Simple troubleshooting techniques for electrical issues 

• Tariff setting, money handling, nonrevenue water 

• Electrical controls and remote monitoring 

• Professionalisation and private sector engagement 
 

Quiz 

Question Choices 

1 Which of the following creates a 
foundation for adequate operation and 
maintenance of SPWS? 
 

a. Clear post-installation handover timelines and responsibilities 
b. Clear asset ownership 
c. Adequate technical and administrative skills 
d. All of the listed answers 
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2 SPWS maintenance plans should define 
procedures and performance 
indicators for all the following EXCEPT 
which one? 

a. Conducting routine inspection, maintenance, component 
replacement, and sourcing spare parts 
b. Troubleshooting issues and requesting expert support 
c. Obtaining ongoing training 
d. Identifying funding sources for capital installation 
 

3 What first step should be taken if it is 
discovered that a SPWS that was once 
functional throughout the day is now 
only able to run for a brief period 
during the middle of the day? 
 

a. Replace the pump with a model produced by a more reliable 
manufacturer 
b. Install additional solar panels connected in series with the 
existing array in order to increase the amount of power provided 
to the pump 
c. Inspect the solar array for shading and damaged or dirty 
panels and take corrective action to remove the source of 
shading, replace the damaged panels, or clean the array 
d. Wait to see if the issue rectifies itself with time 
 

4 How frequently should solar arrays be 
cleaned in order to remove 
accumulated dust? 
 

a. Daily or weekly 
b. Quarterly or twice a year 
c. Annually 
d. Once or twice over the lifetime of the system 
 

5 What happens if an individual solar 
panel connected in series to other 
panels in an array becomes partially 
shaded? 
 

a. The array continues to provide the same amount of power as 
if the panel was not shaded 
b. The array provides a reduced amount of power corresponding 
to the reduced power output of the shaded panel 
c. The array provides a significantly reduced amount of power 
d. The array ceases to provide power 
 

6 When replacing or adding solar panels 
to an existing array, it is most 
important to compare which of the 
following characteristics of the new 
and existing panels?  
 

a. Nominal power rating 
b. Physical size 
c. Nominal voltage and current rating 
d. Manufacturer 
 

7 Good records of maintenance 
activities, revenue collection, and 
water production are useful for 
alerting authorities to problems before 
they cause a shutdown, facilitating 
accurate and speedy troubleshooting, 
monitoring groundwater sustainability, 
and which of the following? 
 

a. Dealing with warranty issues 
b. Generating alternative revenue streams 
c. Enforcing regulatory requirements 
d. Creating a healthy enabling environment 
 

8 Which of the following is NOT typically 
recommended in order to prevent 
theft of solar panels? 
 

a. Install the solar array away from areas of high traffic 
b. Install sturdy fencing and secure racking either purchased off-
the-shelf or constructed with welded angle iron that does not 
overlap the solar modules 
c. Elevate the solar array on towers or tops of buildings, ensuring 
the structure has been adequately designed and constructed to 
withstand wind and seismic loads 
d. Build security measures into formal warranty agreements 
with service providers 
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9 Which of the following is 
recommended for storing money 
collected from tariffs? 
 

a. Keep it in the home of a trusted individual 
b. Keep it in a padlocked box 
c. Deposit it in a joint bank account that requires multiple 
signatures for withdrawal 
d. Liquidate it and use it to stockpile spare solar panels 
 

10 All the following undermine the 
financial viability of SPWS EXCEPT 
which one? 
 

a. Low tariff collection efficiency and mismanagement of funds 
b. High proximity of water distribution points to end-user 
residences 
c. Competition from alternative water sources, especially during 
the rainy season 
d. Tariffs set below the true cost of operation and maintenance 
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Module 6: Leaving No One Behind in Solar Powered Water Supply Programmes 

Presentation and Contents 

Item Description 

Title Leaving No One Behind in Solar Powered Water Supply Programmes 
 

Dates & 
Durations 

Module available: 28 October – 3 November (1 week) 

Introduction (150 words) SPWS make it possible to reach those who have traditionally been left behind in 
water development. Remote, rural populations can enjoy the highest level of service at an 
affordable price. Water access points can be placed near residences and can even be piped 
onto household plots, reducing the labour burden for traditional water gatherers such as 
women and children. However, the risk of inadvertent exclusion or amplification of 
preexisting barriers to inclusion also exists in programmes that utilise SPWS. For instance, a 
2016 evaluation of UNICEF’s SPWS programming found that in nearly half of the study sites, 
the poorest of populations served by SPWS chose to use alternative unimproved water 
sources because they considered the tariff unaffordable. As a first step in any SPWS 
programme, marginalised populations and barriers to inclusion need to be identified. Then 
the influence of SPWS on service levels should be carefully evaluated considering these 
barriers. 
 

Module Goal (100 words) This module aims to provide participants with a framework and background for 
evaluating equality, non-discrimination and inclusion in programs that utilise SPWS. 
 

Learning 
Objectives 

By the end of this module, participants will be able to: 
1. Identify marginalised populations and barriers to inclusion in their professional 

context. 
2. Apply principles of equality, non-discrimination and inclusion to programs that 

utilise SPWS in order to evaluate the influence of the technology on quantity, 
quality, accessibility, reliability and affordability of water services for marginalised 
populations. 
 

Orientation 
Media 

Video: https://vimeo.com/375472480/0a2082b672  

Master script: 
https://watermission.sharepoint.com/:w:/s/Intranet/Projects/Engineering%20and%20innova
tion/EQDbTewmn0NBjQtUHK_L3W0B647JYoBdJ1nJBDwhA3lGwg?e=tgY2yt  

Master slide deck: 
https://watermission.sharepoint.com/:p:/s/Intranet/Projects/Engineering%20and%20innova
tion/EZ6c6lhRhyNPpDgyfmcrBOoBqCVK1JdLk39mzgda3dFxOQ?e=MbiZ0c  

Compulsory 
Readings & 
Videos 

1. Gosling, L. (2019). “Leave no-one behind: a framework for implementation.” Video file. 
RWSN. St. Gallen, Switzerland. Available online at 
https://www.youtube.com/watch?v=jwiMg14B-
cM&list=PL2ECKtJt6JB1zIjWFbBVcY7CKESNIvt0l&index=14&t=0s.  

2. WaterAid. (2018). “Defining who we work with.” Understanding and addressing equality, 
non-discrimination and inclusion in water, sanitation and hygiene (WASH) work: a 
toolkit. pp 29-41. WaterAid. UK. Available online at 
https://washmatters.wateraid.org/publications/equality-non-discrimination-and-
inclusion-toolkit. 

https://vimeo.com/375472480/0a2082b672
https://watermission.sharepoint.com/:w:/s/Intranet/Projects/Engineering%20and%20innovation/EQDbTewmn0NBjQtUHK_L3W0B647JYoBdJ1nJBDwhA3lGwg?e=tgY2yt
https://watermission.sharepoint.com/:w:/s/Intranet/Projects/Engineering%20and%20innovation/EQDbTewmn0NBjQtUHK_L3W0B647JYoBdJ1nJBDwhA3lGwg?e=tgY2yt
https://watermission.sharepoint.com/:p:/s/Intranet/Projects/Engineering%20and%20innovation/EZ6c6lhRhyNPpDgyfmcrBOoBqCVK1JdLk39mzgda3dFxOQ?e=MbiZ0c
https://watermission.sharepoint.com/:p:/s/Intranet/Projects/Engineering%20and%20innovation/EZ6c6lhRhyNPpDgyfmcrBOoBqCVK1JdLk39mzgda3dFxOQ?e=MbiZ0c
https://www.youtube.com/watch?v=jwiMg14B-cM&list=PL2ECKtJt6JB1zIjWFbBVcY7CKESNIvt0l&index=14&t=0s
https://www.youtube.com/watch?v=jwiMg14B-cM&list=PL2ECKtJt6JB1zIjWFbBVcY7CKESNIvt0l&index=14&t=0s
https://washmatters.wateraid.org/publications/equality-non-discrimination-and-inclusion-toolkit
https://washmatters.wateraid.org/publications/equality-non-discrimination-and-inclusion-toolkit
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3. Bamford, E. and Zadi, D. (2016). “iv) Operation and Maintenance, e. System 
Management.” Scaling up solar powered water supply systems: a review of experiences. 
pp 19-21. UNICEF, New York, NY. Available online at 
https://www.unicef.org/wash/files/UNICEF_Solar_Powered_Water_System_Assessment
.pdf. 

4. UNICEF and WHO. (2019). “Affordability of WASH Services.” Progress on household 
drinking water, sanitation and hygiene 2000-2017: Special focus on inequalities. pp 80-
81. United Nations Children’s Fund and World Health Organization. New York. Available 
online at https://washdata.org/sites/default/files/documents/reports/2019-07/jmp-
2019-wash-households.pdf. 

Additional 
Recommended 
Resources 

Hutton, G., et al. (2019). Cost effective ways to leave no-one behind in rural water and 
sanitation. Summary of RWSN E-discussion. RWSN. Skat Foundation. St. Galen, 
Switzerland. Available online at https://www.rural-water-
supply.net/en/resources/details/856.  

Theis, S., et al. (2018). Considering gender when promoting small-scale irrigation 
technologies. Guidance for inclusive irrigation interventions. IFPRI-REACH Project Note. 
International Food Policy Research Institute. Available online at 
https://reachwater.org.uk/wp-content/uploads/2018/12/Gender-Toolkit-IFPRI.pdf. 

UNICEF and WHO. (2019). “5. Reducing inequalities in safely managed services: Safely 
managed drinking water.” Progress on household drinking water, sanitation and hygiene 
2000-2017: Special focus on inequalities. pp 46-59. United Nations Children’s Fund and 
World Health Organization. New York. Available online at 
https://washdata.org/sites/default/files/documents/reports/2019-07/jmp-2019-wash-
households.pdf. 

WaterAid. (2018). Understanding and addressing equality, non-discrimination and inclusion 
in water, sanitation and hygiene (WASH) work: a toolkit. WaterAid. UK. Available online 
at https://washmatters.wateraid.org/publications/equality-non-discrimination-and-
inclusion-toolkit. 

Discussion Forum 

Item Description 

Type Set of Questions 

Content (150 words) <Create separate forums for each of the following> 
1. Who are the marginalised in your professional context and what specific barriers to 

inclusion do they face? How might SPWS overcome or reinforce these barriers in terms 
of quantity, quality, accessibility and reliability of water services? Marginalised people 
groups might include: 

a. People living in remote and rural areas 
b. People with disabilities 
c. Women 
d. Children and youth 
e. Refugees 
f. Migrants 
g. Non-landowners 
h. Minority ethnic groups 
i. Economically disadvantaged 
j. Etc. 

Please don´t extend each comment more than 10 lines. You should also submit questions 
you have about any of the reading material or comments made by others in the forum. 

https://www.unicef.org/wash/files/UNICEF_Solar_Powered_Water_System_Assessment.pdf
https://www.unicef.org/wash/files/UNICEF_Solar_Powered_Water_System_Assessment.pdf
https://washdata.org/sites/default/files/documents/reports/2019-07/jmp-2019-wash-households.pdf
https://washdata.org/sites/default/files/documents/reports/2019-07/jmp-2019-wash-households.pdf
https://www.rural-water-supply.net/en/resources/details/856
https://www.rural-water-supply.net/en/resources/details/856
https://reachwater.org.uk/wp-content/uploads/2018/12/Gender-Toolkit-IFPRI.pdf
https://washdata.org/sites/default/files/documents/reports/2019-07/jmp-2019-wash-households.pdf
https://washdata.org/sites/default/files/documents/reports/2019-07/jmp-2019-wash-households.pdf
https://washmatters.wateraid.org/publications/equality-non-discrimination-and-inclusion-toolkit
https://washmatters.wateraid.org/publications/equality-non-discrimination-and-inclusion-toolkit
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2. How does SPWS affect affordability of water services in the following ways? 
a. At the macro-level – Will investment in SPWS result in the most remote being 

left behind in low resource contexts? Is full coverage with SPWS cost-effective 
and feasible?  

b. At the micro-level – How will the poorest (who are accustomed to collecting 
water for free or at a much lower rate from boreholes) be able to afford the 
service? How does affordability with SPWS compare to alternative sources 
(considering tariffs, time, and self-supply investments)?  

Please don´t extend each comment more than 10 lines. You should also submit questions 
you have about any of the reading material or comments made by others in the forum. 
 

Facilitator(s) • Lara Lambert (Water Mission) 

• Petra Schmitter (IWMI) 

• Jake Ward (UNICEF Vanuatu) 

• Andrew Armstrong (Water Mission) 
 

Facilitator 
Notes 

1. Read all responses and ensure at least one facilitator has responded to each. 
2. Provoke responses from participants with questions and recommendations. 

 

Key Idea(s) to 
Promote in 
Forum 

• Some for all vs. all for some debate 

• Do not neglect the economic cost of time when comparing alternative technologies 

Quiz 

Question Choices 

1 The UN General Assembly’s recognition 
of water and sanitation as a universal 
human right provides a legal framework 
for ensuring all people have equitable 
access to services as well as which of the 
following? 
 

a. The basic level of services can be accessed for free 
b. People are empowered to take part in decision-making 
c. A sufficient quantity of water can be accessed for 
productive use, such as rearing livestock and irrigating crops 
d. People are allowed to use water in whatever manner they 
choose 
 

2 The concept of intersectionality as it 
relates to inequality refers to which of 
the following? 
 

a. The power imbalance between different groups of people 
b. How different aspects of identity overlap to increase or 
decrease disadvantage 
c. The complex relationship between cultural norms and the 
political and regulatory environment 
d. How variations in perceptions of different people groups 
influence participatory processes 
 

3 Within WaterAid’s marginalisation 
framework, inability to pay a water 
collection fee would be an example of 
what type of barrier to inclusion in WASH 
services? 
 

a. Environmental 
b. Institutional 
c. Attitudinal 
d. Philosophical 
 

4 The word disability refers to which of the 
following? 
 

a. A physical, sensory, intellectual and/or mental health issue 
that a person has been born with or has acquired through 
injury, accident or another cause 
b. The restriction of a person’s ability to carry out daily 
activities by another person or group of people 
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c. A concept that is universally defined and well-understood 
d. The effect an impairment has on someone’s ability to carry 
out daily activities 
 

5 Which of the following barriers to 
inclusion are traditionally faced by 
women and should be considered when 
designing and implementing 
programmes that utilise SPWS? 
 

a. Physical accessibility of water points 
b. Decision-making arrangements and public participation 
c. Access to resources 
d. All of the listed answers 
 

6 In UNICEF’s 2016 global evaluation of 
SPWS, most households perceived the 
price of accessing water from the 
systems to be which of the following? 
 

a. Affordable 
b. Unaffordable 
c. Inadequate 
d. Misleading 
 

7 In UNICEF’s 2016 global evaluation of 
SPWS, which safety net mechanism was 
found to be most common for ensuring 
the poorest households were able to 
access water? 
 

a. Poor households were given free water 
b. Poor households were given discounted water 
c. Other households donated water 
d. Community-based organisations donated water 
 

8 Measuring and monitoring affordability 
of water services requires an 
understanding of the interaction 
between which of the following 
dimensions? 
 

a. What the user pays for the water services 
b. The spending power of the user 
c. What other essential goods and services the user pays for 
d. All of the listed answers 
 

9 When the value of time spent collecting 
water from distant or crowded 
waterpoints is considered, how is the 
total cost of accessing WASH services for 
lower-income households affected? 
 

a. The total cost to the household increases 
b. The total cost to the household decreases 
c. The total cost to the household remains the same 
d. The effect is dependent on the water price 
 

10 Which of the following describes the 
most appropriate affordability protection 
measure for sustainable water services? 

a. Eliminate all tariffs and distribute water for free 
b. Set generally affordable tariffs and establish safety net 
mechanisms that provide subsidised or free water to those 
who cannot afford them 
c. Set tariffs based on full cost recovery even though some 
users might not be able to afford them 
d. None of the listed answers is appropriate 
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Appendix 1: Pre-course Survey 

Please respond honestly to the questions in this survey. There are no incorrect answers; the questions are 
designed to help the course facilitators better understand baseline knowledge, attitudes, and experiences as well 
as expectations regarding the course.  
 
You must complete this survey in order to be accepted into the course. Candidates who do not complete the 
survey will be dropped from the course, and their place will be offered to one of the hundreds of people who are 
on the course waiting list. 
 

Part 1: Your participation and expectations of the course 

Q1 Which device will you primarily use to participate in 
the online course? 

a. Private computer 
b. Work or shared computer 
c. Tablet 
d. Mobile phone 

Q2 Which of the following best describes the environment 
in which you will be working over the seven-week 
duration of the course? 

a. Primarily desk-based work in an office 
b. Combination of desk-based and field-based work 
c. Primarily field-based work with limited office time 

Q3 Which of the following best describes your current 
professional capacity? 

a. Private company 
b. NGO or development partner 
c. Government 
d. UN agency 
e. Funding or finance 
f. Academic 

Q4 Course participants are expected to spend a minimum 
of four hours per week completing module readings 
and activities. Which of the following best describes 
how you expect to spend that time over the duration 
of the course? 

a. Routinely each week 
b. With some variation from week to week 
c. With considerable variation from week to week 

Q5 How relevant do you expect this course to be for your 
work in your current professional capacity? 

a. Extremely relevant 
b. Relevant 
c. Slightly relevant 
d. Not relevant 

Part 2: Your knowledge and perception of solar powered water systems 

Q6 Which of the following best describes your prior 
experience with programs that utilise SPWS? 

a. Extensive prior experience 
b. Some prior experience 
c. Little or no prior experience 

Q7 Has the government in the country/countries where 
you work published national guidelines or standards 
for SPWS? 

a. Yes 
b. No 
c. Don’t Know 

Q8 Which of the following best describes the availability of 
quality SPWS equipment from dealers or suppliers in 
the country/countries where you work? 

a. Generally available in local/decentralised markets 
b. Generally available in national/central markets  
c. Not available or limited availability in 

national/central markets 
d. Don’t Know 

Q9 SPWS is the most cost-effective solution to rural water 
service delivery. 

a. Strongly agree 
b. Somewhat agree 
c. Disagree 
d. Don’t know 

Q10 Most equipment failures experienced by SPWS are 
preventable. 

a. Strongly agree 
b. Somewhat agree 
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c. Disagree 
d. Don’t know 

Q11 Are the service delivery or rural water management 
models currently established in your professional 
context adequate to support SPWS in the long-term? 

a. Yes, in general 
b. No, in general 
c. Don’t Know 

Q12 Are the groundwater resources in the areas where you 
work adequate to sustain SPWS in the long-term? 

a. Yes, in general 
b. No, in general 
c. Don’t Know 

Q13 Most people in rural areas can afford to pay the tariff 
required to sustain solar powered water systems.  

a. Strongly agree 
b. Somewhat agree 
c. Disagree 
d. Don’t know  

Q14 What question do you have for the course instructor? <Free text with limited character space> 
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Appendix 2: Post-course Survey 

Please respond honestly to the questions in this survey. Your feedback is valuable for improving the quality of the 
course. There are no incorrect answers and responses will not be analysed individually. The questions are designed 
to help the course facilitators better understand how the course influenced knowledge and attitude of participants 
as a group as well as how well the course met your expectations.  
 

Part 1: Your participation in the course 

Q1 Which of the following best describes the course registration 
process in the Cap-Net platform? 

a. Clear and user-friendly 
b. Adequate 
c. Somewhat complicated 
d. Confusing 

Q2 How satisfied were you with the amount of information provided 
to you before the course, either via the course information flyer, 
the course website, or through email communication with the 
Cap-Net course managers? 
 

a. Completely satisfied 
b. Somewhat satisfied 
c. Not satisfied 

Q3 Which of the following best describes the functionality of the 
Cap-Net virtual campus? 

a. Clear and user-friendly 
b. Adequate 
c. Somewhat complicated 
d. Limited and confusing 

Q4 How satisfied were you with the level of technical support you 
received from the Cap-Net team throughout the course? 

a. Completely satisfied 
b. Somewhat satisfied 
c. Not satisfied 

Q5 How satisfied were you with the level of communication between 
the course facilitators and participants via the module orientation 
videos, discussion forums, and emails throughout the course? 

a. Completely satisfied 
b. Somewhat satisfied 
c. Not satisfied 

Q6 Did you experience any of the following challenges during the 
course? (check all that apply) 

a. Limited access to a computer 
b. Limited internet connectivity 
c. Difficulty understanding the language of 

the course content 
d. Difficulty accessing relevant information 
e. No, I did not experience any of these 

challenges 

Q7 On average, how much time did you spend each week reading, 
participating in the discussion forums, taking quizzes, and 
completing the written assignments? 

a. Less than one hour per week 
b. Between one and four hours per week 
c. Between four and eight hours per week 
a. More than eight hours per week 

Q8 Which of the following best describes the duration of the course 
modules? 

a. Excessive 
b. Appropriate 
c. Insufficient 

Q9 Which of the following best describes the overall duration of the 
course? 

a. Excessive 
b. Appropriate 
c. Insufficient 

Q10 How beneficial were the following elements included in each 
module to the overall learning objectives of the course? 

<Enable ratings for each of the following> 
1. Module orientation videos 
2. Compulsory readings and resources 
3. Suggested readings and resources 
4. Discussion forums 
5. Quizzes 

a. Not beneficial 
b. Slightly beneficial or sometimes beneficial 
c. Very beneficial 
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6. Assignments 

Q11 How well did the course meet your expectations? a. Exceeded expectations 
b. Fully met expectations  
c. Partially met expectations  
d. Did not meet expectations 

Q12 How would you rate the course? a. Excellent 
b. Good 
c. Fair 
d. Poor 

Q13 How likely would you be to recommend this course to others in 
the future? 

a. Unlikely 
b. Somewhat likely 
c. Very likely 

Part 2: Your knowledge and perception of solar powered water systems 

Q14 SPWS is the most cost-effective solution to rural water service 
delivery. 

a. Strongly agree 
b. Somewhat agree 
c. Disagree 
d. Don’t know 

Q15 Most equipment failures experienced by SPWS are preventable. a. Strongly agree 
b. Somewhat agree 
c. Disagree 
d. Don’t know 

Q16 Are the service delivery or rural water management models 
currently established in the areas where you work adequate to 
support SPWS in the long-term? 

a. Yes, in general 
b. No, in general 
c. Don’t Know 

Q17 Are the groundwater resources in the areas where you work 
adequate to sustain SPWS in the long-term? 

a. Yes, in general 
b. No, in general 
c. Don’t Know 

Q18 Most people in rural areas can afford to pay the tariff required to 
sustain solar powered water systems.  

a. Strongly agree 
b. Somewhat agree 
c. Disagree 
d. Don’t know  

Q19 How relevant was the material in this course to your work in your 
current professional capacity? 

a. Extremely relevant 
b. Relevant 
c. Slightly relevant 
d. Not relevant 

Q20 How would you rate the content of each of the course modules? 

<Enable ratings for each of the following> 
1. Module 1: Introduction to SPWS 
2. Module 2: Design and Installation of SPWS 
3. Module 3: Costing and Procurement of SPWS 
4. Module 4: The Enabling Environment for SPWS 
5. Module 5: Operation and Maintenance of SPWS 
6. Module 6: Leaving No One Behind in SPWS Programmes 

a. Excellent 
b. Good 
c. Fair 
d. Poor 

Q21 What topic, if any, do you wish the course would have covered at 
greater depth? 

<Free text with limited character space> 

Q22 What was the most significant or valuable concept or resource 
you were introduced to in the course? 

<Free text with limited character space> 

Q23 Please provide any additional feedback or recommendation you 
feel is relevant for the course instructors 

<Free text with limited character space> 
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Appendix 3: Course Application for Prospective UNICEF Staff Members 

Quick Course Facts: 

• Course Title: Solar Powered Water Systems – An Overview of Principles and Practice  

• Participants: Individuals with technical and non-technical backgrounds who are involved or considering 
involvement in planning, managing, or monitoring water supply programs that utilise solar powered pumps. 
Advanced understanding of electromechanical pumping systems not required. 

• Learning Objectives: By the end of the course participants will be able to (1) understand opportunities, risks, 
and common barriers to sustainability associated with SPWS; (2) appraise the existing capacity gaps for 
effective SPWS programming in their own professional context; and (3) apply existing standards, guidelines, 
and best practices for SPWS in their own professional context. 

• Dates and Duration: 16 September 2019 to 3 November 2019 (7 weeks) 

• Format: Six online modules available on-demand for one to two weeks at a time 

• Content: Reading materials, recorded lectures, videos, quizzes, culmination written assignment 

• Interactive Features: Discussion forum with direct access to facilitators and other participants 

• Time Commitment: 40-60 hours total (minimum 4 hours per week; 10% video, 50% reading, 40% coursework) 

• Registration Cost: Free 

• Language: English 

• Credit: Certificate awarded upon successful completion 

• Sponsors and facilitators: Cap-Net, UNICEF, and Water Mission with contributions from Engineers Without 
Borders, IOM, IWMI, Oxfam, Practica Foundation, Remote Energy, RWSN, The University of Texas at Austin, 
and the World Bank Group Water Team 

Name:  

UNICEF Country Office:  

Position/Title:  

Gender:      ☐  Male      ☐  Female 

Email address:  

UNICEF employment status: 
   ☐  Staff member    ☐  Consultant    ☐  UNV/JPO     

   ☐  Other (please state):  

How many years have you worked for UNICEF?  

What plans does your country 
office have to implement solar 
powered water systems over 
the next 2 years? 

 

This course will require 40-60 hours of work (minimum of four hours per week) over a 
seven-week period. Are you able to dedicate this amount of time? 

     ☐  Yes      ☐  No 

What is your motivation for 
taking this course? 

 

Supervisor’s email address:  

Please attach a signed letter or email from your supervisor approving your application for the course and 
confirming that you will be given the necessary time to complete the course. 

Please email this form to Inid Spahiu (ispahiu@unicef.org) by 16 August, 11:55 p.m. New York time 

mailto:ispahiu@unicef.org
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Appendix 4: Course Promotional Materials 
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