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1 BACKGROUND
Namibia lies on the descending branch of the Hadley Cell in the Southern Hemisphere subtropical belt. It is therefore a semi-arid country that suffers from water scarcity problems, thus rendering the country extremely prone and vulnerable to climate change impacts as both the temperatures and rainfall variability are both increasing as a result. Through the Ministry of Environment and Tourism, its National Designated Entity (NDE), the Namibian government requested technical assistance from the CTCN that will assist with accelerating the transfer and implementation of technologies of water scarcity technologies into the country. This technical assistance has two main components to it, namely (a) the identification and prioritization of water scarcity technologies and (b) the development of project concepts from some of these that will be used to solicit climate finance for projects. 

As a consortium partner of the CTCN, the CSIR was afforded the honour of developing the response plan and to lead aspects of its implementation in collaboration with the UDP (another consortium partner of the CTCN) and the Carbon Trust. The latter is a member of the growing global network of the CTCN. The technical assistance was envisaged to have four activities namely

· Activity 1: Contextualization of the technology transfer;
· Activity 2: Stakeholder identification and consultation;

· Activity 3: Technology prioritization;

· Activity 4: Investment aspects: Provide support to identify and create opportunities for financial investment to deploy and scale up ranked technology solutions.

This report outlines activities that have been undertaken thus far (Activities 1 to 3).
2 CONTEXTUALISATION
2.1 Policy review

As required by the CTCN and as outlined in the NDE operational manual, every technical assistance request and the response thereto should align with national development priorities. In the context of this technical assistance request, a policy review was conducted to develop the context within which the required technology prioritization was conducted. As identified by the Namibian National Development Plan (NDP), the country’s development plans are 

· Poverty reduction;

· Employment creation;

· Promotion of employment creation;

· Stimulation of economic growth and the sustainability thereof;

· Narrowing the disparity in income;

· Reduction of regional development inequalities;

· Promotion of gender equality and equity;

· Environmental and ecological sustainability enhance; and 

· Combat the spread of HIV/AIDS

These development priorities played an important role in informing the technology prioritization that will be discussed further below, so as to align the technology transfer to address water scarcity in Namibia with other issues of national significance and importance.
In addition to the NDP, a number of policies were reviewed. The focus of this review was on water and climate change policies, strategies and plans in Namibia. As noted in local studies, even without the impacts of climate change taken into consideration, the country is likely to face water scarcity in the short to medium term. Climate change exacerbates the problem. The Integrated Water Resources Management (IWRM) Plan, which is the main water related plan in Namibia, stresses the need for the use of unconventional water resources to alleviate water supply deficiencies. The Namibian Water Resources Management Act of 2013 and Water National Water Policy White Paper are both in harmony with the IWRM plan and provide the required broader framework within which the former is implemented. Among other issues addressed in the act and the white paper, the importance of using diverse technologies to address water scarcity is highlighted. This in complete agreement with the national development goals as highlighted above.

In addition to the more general policy framework, climate change related policies and strategies were also considered. The National Policy on Climate Change for Namibia recognizes that climate change impacts are expected to adversely impact water availability as climate change studies in the region have shown that there will be increased variability in rainfall, increases temperatures, more severe and prolonged droughts, declining soil moisture and as well as increased evapo-transpiration. In line with the general water act and policy and integrated water resource management practices, the climate change policy puts further emphasis on diversifying the water supply in the country as a measure to address water scarcity that will be exacerbated by the changing climate. It goes further to deal with trans-boundary issues that are a common feature in water resources. 
As a direct response to the National Policy on Climate Change for Namibia, a National Climate Change Strategy and Action Plan was developed in 2013. Therein, various technology options were highlighted. This informed the technology options that were proposed for prioritization in this technical assistance plan. Briefly, the technology options that were identified from the climate change strategy were 
· Desalination;

· Efficient irrigation practices;

· Tubewell/Borehole as a drought interventions for domestic water supply;

· Water harvesting; and
· Water reclamation and reuse. 

Many of the proposals in the Namibian Climate Change Policy and strategy contributed to the country’s Intended Nationally Determined Contribution (INDC). As INDCs will involve reporting to the UNFCCC on progress made towards achieving adaptation goals every five years, this is an important consideration because the impact of this CTCN technical assistance will be measurable. 
In summary, the policy review outlined above demonstrated that there is consistency in national development planning and climate change endeavors in Namibia. In particular, adaptation measures outlined in the latter, which are technology focused, suggest that the transfer of the relevant technologies can be directly linked to development goals of the country. As such, whilst the criteria for prioritizing technologies were adjusted during the workshop (see below) by the stakeholders, a direct link to the envisaged water scarcity technology transfer to these development goals was established because the technology prioritization criteria were initially informed by these.
The complete policy review is provided in Annex I, for ease of reference.

2.2 Development of a list of technology options
Following the policy analysis, which provided the context within which the technology transfer is going to take place in the technical assistance, and from which options of water scarce technologies were gleaned, technology factsheets were developed. Attempts to factor in the most up to date information in the factsheets were made. These factsheets are provided in Annex II below. 
The topics covered in the factsheets are as follows:

· Technology description;

· Contribution to climate change;

· Contributions to development and potential benefits;

· Knowledge/capacity building requirements;

· Institutional arrangements;

· Cost of implication;

· Current status of diffusion of the technology in Namibia and potential private sector involvement; and 

· Opportunities and barriers.

The main purpose of these technology factsheets was to serve as input into the technology prioritization workshop. The factsheets were shared with the workshop participants about a week before the workshop took place in order to give the participants enough time to familiarize themselves with their contents.
3 FACE TO FACE STAKEHOLDER CONSULTATION
3.1 Stakeholder identification

Experience with the Technology Needs Assessment (TNA) process has shown that technology prioritization requires substantial stakeholder input from sector experts. As such, the Namibian NDE led the identification of all relevant stakeholders who were then invited to come and participate in the technology prioritization workshop. In order to render this stakeholder identification process as systematic as possible, the UDP stakeholder identification toolkit was employed. In excess of sixty stakeholders (see Annex III) were identified and invited to the workshop.

3.2 Workshop preparations 
A workshop concept and programme were developed. The workshop objectives were two fold, namely (1) to prioritize water scarcity technologies and (2) to collect information that will contribute to the development of project concepts. The workshop programme is on Annex IV. In preparation for the workshop, the NDE together with the CSIR and the UDP had a meeting to discuss the Multi-Criteria Analysis (MCA) as well as a strategy of how to group the workshop participants. This grouping was done on the basis of a categorization of the technologies themselves for the prioritization process, that is, four main categories/groups:

· Group 1: Desalination
· Group 2: Agricultural water supply and efficiency

· Group 3: Ground water resource management

· Group 4: Water reuse and reclamation

3.3 Technology prioritization workshop
3.3.1 Day One
a. Opening 
The workshop was facilitated by Dr. Thando Ndarana from the CSIR, as a consortium partner of the CTCN leading the implementation of the response plan up to Activity 3. The facilitator welcomed the workshop participants who introduced themselves and then invited the Honourable Minister of Environment and Tourism, Mr. Pohamba Shifeta, to officially open the proceedings.
Mr. Shifeta highlighted the impacts of climate change on water resources in Namibia and how the CTCN technical assistance will contribute to alleviate the problem of water scarcity in this context. He further highlighted the importance of assimilating the IWRM plan into the discussions with the view of developing bankable project that can be submitted to climate finance instruments. Mr. Shifeta acknowledged the importance of this plan in contributing to achieving sustainable water resource management regime that contributes to social equity, economic efficiency and environmental sustainability. He concluded by thanking the CTCN, the UDP and the CSIR for the implementation of the technical assistance and organising the workshop and the participants for their attendance.
b. The decision context for the technology prioritization
Mr. Jason Spensley, Climate Technology Manager at CTCN headquarters, Copenhagen, presented an overview of the history of the technical assistance and how it would benefit Namibia. He described the components of technical assistance and, in particular, what the outcomes of the workshop would mean for the rest of the technical assistance. This included the development of project concepts by an experienced member of the Climate Technology Network, the Carbon Trust and outlined the proposed approach through which the process of concepts will be presented to funders. He suggested that this will include roundtable discussions and travel of high level Namibian officials to support the NDE in presenting these ideas abroad. Mr Spensley then thanked the participants for their attendance and enthusiasm for participating in the workshop.
Dr. Thando Ndarana, CSIR, presented an overview of the CTCN to provide its history in the context of climate change negotiations in various Conferences of the Parties (CoPs) to the UNFCCC. A brief background of processes involved in the CTCN, with the three core services highlighted. These services are 

· The provision of technical assistance to developing countries;

· Increase knowledge sharing and training; and

· Fostering collaboration on climate technologies, including linking associated projects with financing opportunities.

Even though the management of the CTCN is lean (a director, two technology managers and their supporters, a capacity building manager and two knowledge mangers and their supporters), it has a growing global presence, which it exercises in three ways. The first of these is through its 11 consortium partners, which are technical organisations that are spread evenly across the globe (three of these, including the CSIR, are on African soil). Secondly each country needs to nominate its NDE, which, in the case of Namibia, is the Ministry of Environment and Tourism. The third way with which the CTCN exercises its global footprint is through its growing network. The Carbon Trust is a member of this network.
Dr. Jonathan Kamwi, the Namibian NDE focal point presented on the overview of climate change in Namibia, NDE processes, and the proposed activities of the response plan as well as the associated work plan. In his presentation, he highlighted that Namibia is vulnerable to climate change largely because its economy is dependent on natural resources such as diverse rangelands, agriculture, mineral deposits, ecosystems, fisheries and biodiversity. Dr. Kamwi also noted that as a developing country, Namibia has low adaptive capacity, due to the lack of resources, skills and technology. 

In his presentation, the operational institutional arrangements of the NDE were also discussed. The NDE is located in the Climate Change Subdivision within the Multilateral Environmental Agreements Division of the Ministry’s Department. The NDE has strong links with the National Climate Change Committee.
Dr. Kamwi outlined the history of the development of the technical assistance request, which started off by considering only one technology option, namely rain water harvesting. Discussions between the Adaptation Technology Manager at CTCN and the NDE led to the broadening of the technical assistance request, to include other water scarcity technologies. The CSIR was then nominated by the CTCN to develop and help implement the response plan. The activities of the plan were briefly outlined in the presentation, the total of which is four, with the current workshop being the third of these.
The policy context was presented by Ms. Maria Amakali, Director: Water Resource Management, Ministry of Agriculture, Water and Forestry. In her presentation, Ms. Amakali considered the following documents as the most important and most relevant for the topic of this technical assistance response plan:
· Water and climate change policy in Namibia

· IWRM Plan, 2010;

· National Water Policy White Paper, 2000;

· Water Resources Management Act, 2013; and

· Water Supply and Sanitation Policy, 2008

· National Policy on Climate Change for Namibia, 2011; and

· National Climate Change Strategy and Action Plan, 2010 – 2020.

Most of Ms Amakali’s points have already been presented briefly in Subsection 2.1 and more comprehensively in Annex I, and so they will not be repeated here. Ms. Amakali concluded that, among others points, that the monitoring of the implementation of policies and strategies is an important consideration to reduce vulnerability to climate change.
The technology options to be prioritized by the workshop participants were then presented by Mr. John Sirunda, from the Namibia Water Corporation (NAMWATER). As noted in 3.2 above, the technologies were divided into four groups, to help facilitate the prioritization process. In his presentation, Mr. Sirunda employed this framework but included the details of the technology options in each category or grouping (see Table 1 below) and also included information gleaned from the factsheets such as the contribution to climate change of the technology options, their contributions development, their capacity requirements as well as their associated cost of implementation (see Annex II for more details on these).
Table 1: Water scarcity groups and technology options in each group as defined by the project team
	Group 1: Desalination


	Group 2: Agricultural water supply and efficiency


	Group 3: Ground water resource management


	Group 4: Water reuse and reclamation



	1. Multi-State Flash (MSF) distillation; 

2. Multiple-Effect Distillation (MED);

3. Vapour Compression Distillation (VCD);

4. Reverse Osmosis (RO);

5. Solar distillation.
	1. Sprinkler irrigation systems with scheduling;
2. Drip irrigation including scheduling;

3. Collection of water from rooftops (Rain water harvesting);

4. Collection of water from fog.
	1. Drilling new boreholes / deepening existing boreholes;

2. Repairing damaged boreholes;

3. Relief boreholes with use restricted to drought periods

4. Collection of water from ground surfaces – small reservoirs ;

5. Collection of water from ground surfaces – micro-catchments.
	1. Aquifer Storage and Recovery (ASTR)
2. Aquifer Storage Transfer and Recovery (ASTR);

3. Dune Filtration

4. Infiltration Basins;

5. Percolation Tanks.




Mr. Sirunda’s presentation laid a foundation for UDP’s Dr. Sara Traerup’s presentation on MCA. This is a structured framework for comparing a number of adaptation technology options against multiple criteria. Dr. Traerup demonstrated the process flow of the MCA, which begins with establishing the decision context (which is outlined in preceding sections), the identification of technology options (Mr. Sirunda’s presentation) and the identification of criteria (see below), the scoring and weighting of the criteria as well as combining these to produce final total scores of each technology options (which was done by the workshop participants during breakaway group discussions). 
Dr. Traerup suggested that a maximum of seven to ten criteria are suitable for this purpose and the proposed ones, which workshop participants could select among (and add to), for this work were:

· Costs: Cost of implementation

· Economic: Stimulation of economic empowerment; Narrowing of disparity in income; Reduction of regional developmental inequalities;

· Social: Poverty reduction; Employment creation; Combat the spread of HIV/AIDS; Promotion of economic empowerment; Promotion of gender equality and equity;

· Environmental: Environmental and ecological sustainability enhancement; Contribution to climate change adaption for the water sector in Namibia

To help the workshop with envisioning the end result of applying MCA to adaptation technologies, Dr. Traerup presented examples that were drawn from conducting Technology Needs Assessment in Lebanon and Mauritius.

c. Group work

As noted above, the participants were then divided into four breakaway groups, according to Table 1 above, where tasks were outlined as suggestions to be followed by the workshop participants. The breakaway groups were requested to refine information on the technologies that were identified by the project team as outlines above. This was also an opportunity for the stakeholder participants to add more technologies in their group that can be included in the technology prioritization, provided the information that will feed into the process was available.

During the second breakaway session the workshop participants were requested to discuss the proposed criteria (see above) that were developed by the project team and tailor make them for the technology group that they were going to prioritize. 

The criteria for prioritization that resulted from the group discussions are outlined in Table 2 below.

Table 2: Technology prioritization criteria resulting from the group discussions

	Technology group
	Technology prioritization criteria

	Group 1: Desalination
	All the technologies except two, namely MSF and RO, were considered unfeasible for Namibia at this stage and therefore there was no need for technology prioritization to be undertaken in this case.

	Group 2: Agricultural water supply and efficiency
	· Cost of implementation
· Stimulation of economic empowerment

· Improve living standards

· Reduction of regional developmental inequalities

· Poverty reduction

· Education

· Employment creation

· Combat the spread of waterborne diseases

· Promotion of gender equality and equity

· Promotion of economic empowerment

· Environmental and ecological sustainability enhancement

· Contribution to climate change adaption for the water sector in Namibia

	Group 3: Ground water resource management


	· Cost of implementation
· Stimulation of economic empowerment

· Narrowing of disparity in income

· Reduction of regional developmental inequalities

· Infrastructure development

· Poverty reduction

· Employment creation

· Combat the spread of HIV/AIDS

· Promotion of gender equality and equity

· Cultural acceptance

· Environmental and ecological sustainability enhancement

· Contribution to climate change adaption for the water sector in Namibia

	Group 4: Water reuse and reclamation


	· Operation
· Capital

· Maintenance 

· Stimulation of economic empowerment

· Narrowing of economic empowerment

· Narrowing of disparity of income

· How many people will benefit

· Social acceptance of the technology

· Employment creation

· Combat of the spread of diseases 

· Promotion of gender equality and equity

· Promotion of economic empowerment

· Environmental and ecological sustainability enhancement

· Contribution to climate change adaptation for the water sector in Namibia

· How widely it can be applied

· Policy issues

· Institutional barrier 


As desired by the CTCN, these criteria tie the technology prioritization process with the national developmental priorities as outlined in Subsection 2.1 and the policy context discussed in that section. 

3.3.2 Day two
a. Presentations on technology prioritization results
Ms. Birga Ndombo facilitated the presentation of the MCA results and these are outlined in the Table 3a, 3b, and 3c below:
Table 3a: MCA results, Agricultural water supply and efficiency
	Agricultural water supply and efficiency

	Rank 
	Technology
	Final weighted score

	1
	Sprinkler irrigation systems, incl. irrigation scheduling
	273

	2
	Roof top rainwater  harvesting
	272

	3
	Bucket irrigation
	265

	4
	In-field water harvesting
	259

	5
	Flood water harvesting
	258

	6
	Drip irrigation, incl. irrigation scheduling
	253

	7
	Hydroponics
	185

	8
	Rock /Mountain rainwater harvesting
	169


Table 3b: MCA results, Ground Water Resource Management
	Ground Water Resource Management

	Rank
	Technology
	Total weighted score

	1
	Repairing damaged boreholes
	270

	2
	Maintenance of existing earth dams
	252.5

	3
	Construction of pipelines and canals
	250

	4
	Relief boreholes with use restricted to drought relief
	245

	5
	Bush Thinning/ debushing
	232.5

	6
	Ground surface water collection- reservoir
	232.5

	7
	Drilling new boreholes/ deepening existing boreholes
	230

	8
	Ground surface water collection- micro catchment
	212.5


Table 3c: MCA results, Water reuse and reclamation
	Water reuse and reclamation

	Rank 
	Technology
	Final total weighted score

	1
	Aquifer Storage and Recovery (ASR)
	368

	2
	Reclamation  of treated domestic waste water for potable water and re-use of waste water for other purposes 
	355

	3
	Aquifer Storage Transfer & Recovery (ASTR)
	314

	4
	Dune Filtration
	280

	5
	  Percolation Tank
	264

	6
	Reclamation of grey at household level 
	244


After the presentation of the results of the MCA scoring, the participants went back into their groups to discuss the results of the scoring process, and to consider if they wanted to change weights or scores of any of the technologies, or take additional aspects into consideration, especially in cases where total final scores of technologies came very close, such as for ‘Maintenance of existing earth dams’ and ‘Construction of pipelines and canals’ for the technologies in the group of Ground Water Resource Management technologies. After revisiting the results of MCA, the final result of the stakeholder prioritization process is reflected in Table 4 below.
Table 4: Final MCA results
	
	Group 1: Desalination technologies
	Group 2: Agricultural water supply and efficiency
	Group 3: Ground Water Resource Management
	Group 4: Water reuse and reclamation

	Technology Priority 1
	Multi-Stage Flash (MSF) Distillation

	Efficient irrigation systems (sprinkler and drip), incl. irrigation scheduling

	Drilling and rehabilitation of boreholes

	Aquifer Storage and Recovery (ASR)


	Technology
Priority 2
	Reverse Osmosis (RO)
	Flood water harvesting
	Construction of pipelines
	Aquifer Storage Transfer & Recovery (ASTR)


The results, as reflected in Table 4, would create the basis for development of project concepts in the next stages of this project. Some information that was solicited from the workshop participants that will serve as input into these project concepts is attached as Annex V and was arrived at by during group work using the following points to guide the discussion

· Description of the project concept, keeping the technology, service, product and client description clear;

· Description of the setting;

· Description of the team;

· Description of the plan;

· Description of the benefits and impacts; and 

· Description of the consideration of the implementation factors.
4 Closing

The closing statement was given by Hon. Dr. Samuel Mbambo, Governor of the Kavango East Region. He reiterated that climate change is a serious challenge and also an opportunity to developing nations but the challenge is on how to adapt and cope with the changing and unpredictable climate and maintain the economy which ensures sustainable livelihood through development of social, human, physical and natural assets. Dr. Mbambo indicated that the participants were leaving the workshop with a revived acknowledgement of the shared and collective responsibility. In his view, the workshop was very successful and productive. He also indicated that he was inspired by the active participation of the participants in the workshop which was well organised. 

ANNEXES
Annex I: Policy Review

Introduction

Namibia has a long history of water scarcity due to the arid climate and high evaporation rates (Dirkx et al., 2008). Furthermore, the lack of readily available water in the interior of the country is highlighted as an important limiting factor for development (GRN, 2004a). The challenges with respect to water management are compounded as many of the perennial rivers are shared with several other countries (GRN, 2004a). The surface water scarcity has historically resulted in a reliance on groundwater, though this source of water is also limited due to low recharge rates and periodic ephermal floods. Water resources are further vulnerable to pollution through the use of pesticides and fertilisers in agricultural activities (GRN, 2004a).

In Namibia there are still portions of the population that are without access to adequate water supply and sanitation. As such, part of the aim of the Vision 2030 for the country is to have the majority of its citizens have access to safe drinking water (GRN, 2004a).  Specifically by 2030, the goal is to have various water access technologies in place, to achieve water supply improvements and ensure freshwater resources are free of pollution. The Vision 2030 further seeks to ensure that these water resources are used to ensure social well-being, support economic development, and to maintain natural inhabitants (GRN, 2004a).    

It is recognised that the strategies for integrated water resource management and water demand management are essential if the country is to realise its goals for social well-being and economic development, whilst ensuring environmental health (GRN, 2004b). The Vision 2030 for the country is operationalised through successive five-year National Development Plans (NDPs). The latest of these is the fourth NDP for the period of 2013 – 2017 which aims at ensuring water security for human consumption and industrial development, through recharging strategic aquifers, recycling and reusing water, as well as addressing water demand through water-saving technologies (GRN, 2012).
However, the planning for addressing the water supply and demand needs of the country has to take cognisance of climate change. In the long-term climate change is likely to exacerbate the water supply and management problems facing the country. As such, the country’s ‘Intended Nationally Determined Contributions (INDC) emphasizes that climate change adaptation is of prime importance to the country. Specifically the INDC recognises that long lasting floods and droughts will have impacts on human well-being and developmental growth that could result in decreases to the country’s Gross Domestic Profit (GDP) (GRN, 2015).
In order to achieve equitable access to potable water and freshwater by all Namibian citizens there is a need for strategies and the formulation and implementation of new water policies and the development of appropriate technologies (GRN, 2004a). The Namibian Climate Change Policy stresses that the need to develop new technologies and the transfer of existing appropriate technologies cannot be ignored. Specific to the water sector is the need for the development of new technologies to address climate change issues related to water shortages for agricultural production (GRN, 2011). However, as noted in the INDC, critical to promoting adaptation is the need to overcome recurrent gaps faced by the country related to restricted access to the latest technologies and funding (GRN, 2015). 

This report provides a review of Namibia’s policies and strategies that have a water and climate change/climate technology component with a focus on the key sectors for climate change adaptation within the country. 

Water related policies

Broucke et al. (2005) state that even without the impacts of climate change taken into consideration, the country could face absolute water scarcity in the short to medium term. As such the country has implemented numerous measures to reduce freshwater depletion and to enhance the value of water. These efforts include a stricter approach to water pricing, water conservation, trans-boundary water agreements and the development of water re-use and reclamation strategies (GRN, 2004a). The country has therefore been proactive in implementing technologies to ensure potable water supply in some areas. In Windhoek for example, the first potable water treatment plant, the Goreangab Water Reclamation Plant, was constructed in 1969 which treated blended water (Chen et al., 2015). The country has seen significant policy reform for the water sector that has enabled this type progress to be made.

At the core of the policy reform in recent decades is the Integrated Water Resources Management (IWRM) Plan. The IWRM Plan states that due to the dry climate and unpredictable rainfall, water resources challenges in Namibia can only be addressed through a high degree of efficient water resources management. The long term objective of the IWRM Plan for Namibia is to enable the country to achieve a sustainable water resource management regime contributing to social equity, economic efficiency and environmental sustainability in the country (GRN, 2010a).

The Plan also stresses the need for the use of unconventional water resources to alleviate water supply deficiencies that include (GRN, 2010a):

· Desalination of sea water

· Re-use of water to water parks, grounds

· Recycling of water used in industrial and mining processes

· Reclamation of water from waste water effluent

· Artificial recharge enhancement of aquifers

· Mixing of potable water and brackish water to improve quality

· Water demand management through conversation of water by reducing unit consumption and wastage

The IWRM Plan further provides actions and recommendations that are needed in the country. These include ensuring that water resources are managed with full consideration of climate variability and climate change.

The National Water Policy White Paper (GRN, 2000) is in harmony with the IWRM principles and provides a policy framework for equitable access to water resources and sustainable water resources management and water services to support integrated management of Namibia’s water resources. The important need for new approaches for the assessment of water resources is emphasized such that current inadequacies in data management can be corrected. The Policy White Paper also highlights the need for a new strategic agenda for the future management of Namibia’s resource base and states that this effort will require focused scientific research for proper management. Such efforts will require commitment to ensuring that the relevant information is accessible by the technical and scientific community as well as the general public. The Policy White Paper also highlights the goal of developing systems of water resource management that can effectively deal with the extreme hydrological risk and natural vulnerability faced by Namibia. This Policy White Paper (GRN, 2000) further recommends that Namibia adopt a systematic approach to water resources management, using an integrated, multi-sectoral framework that considers issues of decentralization, social equity, ecological protection, and economic growth.
The Water Resources Management Act, (WRMA) No. 24 of 2004 (GRN, 2004b) replaced the Water Act, No. 54 of 1956 taking cognisance of the legal requirements to implement the IWRM plan such that Namibia’s water resources are managed, developed, protected, conserved and used in ways which facilitate equitable access to water resources by every citizen, in support of a healthy and productive life.  The WRMA (2004) further states that integrated planning and management of surface and underground water resources, in ways which incorporate the planning process, economic, environmental and social dimensions is needed. In prescribing procedures as to how to develop and adopt efficient water management practices the WRMA (2004) highlights efficiency in improved water technology, particularly improvements in irrigation technology (GRN, 2004b). 

The WRMA (2004) was viewed as being deficient with respect to clarifying the responsibilities for implementation of these goals. The Water Resources Management Act of 2013 was therefore promulgated by the Namibian government in December 2013 and the WRMA (2004) was repealed. The overarching aim of the WRMA (2013) is to provide for the management, protection, development, use and conservation of water resources, to provide for the regulation and monitoring of water services and to provide for incidental matters (GRN, 2013). A fundamental principle of the WRMA (2013) is the promotion of the sustainable development of water resources based on an integrated water resources management plan which incorporates social, technical, economic, and environmental issues. The responsibilities for ensuring the sustainable development and use of water resources are delegated to the regional/basin level to involve people at local level in watershed management and planning. The WRMA (2013) further calls for the establishment of a ‘Water Advisory Council’ that to advise the minister on matters such as water policy development and review and water resources management (GRN, 2013). 

In terms of water supply and sanitation, the first policy, the Water Supply and Sanitation Policy (WASP) was adopted in 1993. However this policy was replaced by the Water Supply and Sanitation Policy (2008) with the pledge to ensure availability of essential water supply and sanitation services to all Namibians at affordable costs. The WASP (2008) provides a priority ranking that should be applied in the case of water shortages, with the first priority being for the provision of water for domestic use and the second priority is the provision of water for economic activities.  However, the policy does state that the priorities for the allocation of water for economic activities will have to be determined on an individual basis using the respective economic value as part of the consideration process (GRN, 2008a). The National Sanitation Strategy for the 2010/11 – 2014/15 period provides a framework that outlines the approaches and activities that the Sanitation Sector intends to take in order to achieve sustainable success in the medium term (GRN, 2009).
Climate change related policies

Climate Change Strategy

With climate change it is expected that by 2065 changes to rainfall patterns over the catchments of the Zambezi, Kavango, Cuvelai and Kuence rivers are likely to lead to a 25% reduction of runoff and draining in these river systems. Rainfall is however, expected to increase over the southern regions of the country which could result in increased dam yields, though further research is needed. Overall though, it is estimated that the country will incur a reduction of groundwater recharge (Dirkx et al., 2008).  As groundwater abstract is greater than the recharge rate in many places the groundwater resources in the country are already vulnerable (Dirkx et al., 2008).

There is now general agreement that there is great value in managing water resources within natural hydrological units such as river and lake basins, by conserving and protecting watersheds/catchment areas. The Namibian Climate Change Strategy and Action Plan recognises (Mfune et al., 2009) that the promotion and support of the development and transfer of technologies for mitigation and adaptation, for the water sector the need to consider the following:
· The development and management of watershed management plans;

· The promotion of soil and land conservation in watersheds;

· The restriction of access to and use of resources in watershed areas; 

· The afforestation of degraded watershed area; and

· The decentralization of management of water resources to catchment management zones.
The strategy further recognises that in the face of increased predicted water demand linked to a growing population, compounded by climate change, requires the promotion of integrated water resources management to ensure sustainable conservation and use of water resources (Mfune et al., 2009).  As such the strategy highlights key actions that need to be taken within the short-medium and long-term to achieve these aims that include:

· Conserve and manage watershed / catchment areas

· Promote integrated development and management of water resources

· Promote conservation and sustainable utilisation of water resources

· Improve trans-boundary cooperation regarding water resources

· Support institutional and human capacity building in water resources management and use

These actions include developing and investing in additional methods of water supply such as innovative storage of rain water and the construction of dams (Mfune et al., 2009). In support of these actions it is recognised that there is a need to enhance the capability of monitoring changes in water (quality and quantity) and in modelling projected changes. The strategy further speaks to the need to reduce the impacts of poor drinking and potential disease outbreaks due to inadequate sanitation. Specifically there is a need to establish where services are lacking, and to provide sanitary services in those areas. Furthermore developing an understanding the potential impacts of floods and other climate change related disasters is key to the country being able to adequately respond (Mfune et al., 2009).  The technical and research capacity to inform such monitoring and monitoring of water resources and understanding the potential impacts of climate change in the country is therefore needed. 

Furthermore the need for the country to be able to respond to water shortages or floods is highlighted in the strategy (Mfune et al., 2009). The strategy also recognises that water infrastructure needs to be protected during floods and droughts and the need to ensure adequate water supply to vulnerable urban and rural areas. As such actions that promote reducing pollution of water, water conservation (water recycling and reuse and reduction of water wastage) and the adoption of water efficient technologies are suggested as key actions that the country needs to take (Mfune et al., 2009).

Given the fact that Namibia has shared water resources with Angola, Zambia and South Africa there is a need for transboundary co-operation with these countries that should include sharing of information, joint research and investments in enhancing water security to alleviate poverty (Mfune et al., 2009).  

National Policy on Climate Change

To ensure sustainable long-term access to water, and effectively manage and conserve the country’s water resources with the uncertainty of climate change, the government aims through its The National Policy on Climate Change for Namibia (GRN, 2011) to develop and implement appropriate adaptation strategies and actions that will lower the vulnerability of Namibians and various sectors to the impact of climate change (GRN, 2011). This policy recognises that climate change impacts are expected to affect water availability through increased variability of rainfall, temperature increases, prolonged and more severe droughts, declining soil moisture and increased evapo-transpiration. The policy further seeks to ensure that the manner in which climate change impacts are managed take cognisance of the national developmental goals such that the benefits for the country are maximised and negative impacts are reduced. Specifically the government will aim to:

· Formulate and implement a strategy for harvesting and capturing water during the rainy season and provide guidelines for more efficient water use by sectors, households and individuals

· Be flexible in water use allocations and increase coverage of water supply and water treatment facilities across sectors, households and individuals targeting both rural and urban communities at local, regional and national level

· Promote and encourage integrated water resources management, including contingency planning for extreme events such as floods and droughts

·  Promote and encourage artificial recharge of groundwater in arid and semi-arid environment

· Construct new water facilities, infrastructure and promote alternative water access e.g. desalinization and fog harvesting as well as optimizing the existing facilities

·  Prevention of water pollution

The policy makes provision for regional cooperation in order to deal properly with trans-boundary issues related to climate change (GRN, 2011). Furthermore as the irrigation sector accounts for a relatively large percentage (41%) of the water used in Namibia it is identified as having significant potential for water savings through the implementation of water demand management initiatives (GRN, 2010). The government also has identified the need to make the provision and installation of water treatment plants an integral component of all irrigation water supply schemes (GRN, 2011). The policy further highlights the need for technological development to address climate change issues related to water shortages for agricultural and that the technological development should be sustainable, affordable and ensure skills transfer (GRN, 2011).

Intended Nationally Determined Contributions

Namibia does not have binding commitments to the international community to take climate change action as it is a Non-Annex 1 Party to the United Nations Framework Convention on Climate Change (UNFCCC). However the country has demonstrated its commitment to tackling climate change through the development of the climate change strategy and policy mentioned above. Recently the government has developed its INDC that presents the country’s goals for both mitigation and adaptation. These goals are primarily based on existing policies and plans and prioritise actions based on the potential for successful adoption at a national level (GRN, 2015). 

The INDC further stresses that even though the country is still to develop its National Adaptation Plan (NAP), experiences of disastrous climate change impacts in the country has necessitated the country to incorporate climate change adaptation into the development agenda. The INDC also highlights that many of the responses that the country has taken to deal with developmental challenges can be seen as adaptation actions as these serve to increase the resilience of communities. For the water sector in particular, actions such as wastewater recycling, rural water supply and artificial recharge of aquifers are highlighted (GRN, 2015) as examples of actions currently being undertaken. The INDC also emphasizes that inadequate human capacity and restricted access to the latest technologies are some of the barriers to enabling the country to embark on adaptation in sectors already strained by climate change (GRN, 2015). 

Sectoral end-users

Agriculture and food production

The National Agricultural Policy (2005) seeks to provide an enabling environment for smallholder producers to increase food production such that food security and nutritional levels of all people in the country can be improved (GRN, 2005). There is however, recognition that there is a lack of policy actions that promote the implementation of this policy.

The agricultural sector consumes about 75% of water in the country, with the commercial agricultural being the largest sub-sector and communal farmers being the least consumptive (Dirkx et al., 2008). The majority of the water demand within commercial agriculture is for irrigation (up to 80%) with the remainder used for livestock rearing. It is estimated that during the period between 1995/96 and 2002/03 the area under irrigation rose by 48% with the need for water for irrigation growing by similar percentage (44%) (Dirkx et al., 2008). Despite being a significant user of water, its contribution to country’s GDP is around 10%. The value added to the water used for agricultural activities highlights a need to ensure that the proportion of water used for high value agricultural products should be prioritized (GRN, 2004a).

The Vision 2030 for the country emphasizes the need to increased agricultural productivity in order to achieve food security. The Green Scheme Policy was devised in support of this national objective, with the goal of promoting increased investment and food production through the use of irrigation. Specifically, it is stated that improving the productivity of agricultural production of poor people, provides options for reducing poverty and enhancing their food security (GRN, 2008b). The policy aims to specifically target irrigation opportunities along the maize triangle and to promote agro-projects in the south. Through the mobilization of private and public capital it is envisaged that local people will capacitated to improve productivity and that appropriate technology transfer will occur (GRN, 2008b).

For the current period of the NDP the goal is to achieve an average real growth rate of 4% (GRN, 2012). It is envisaged that the continued promotion of the Green Scheme by expansion of existing and establishment of new irrigation projects and initiatives such as assisting livestock producers in communal areas to access markets is needed to achieve this goal.

Some planned irrigation projects are already underway, which means that a future increase of the irrigated crop production sector should be expected. However, while this might expand, it is stated that it would probably not be profitable to invest in irrigation to expand cereal production. Specifically, with the predicted impacts of climate change, it is expected that commercial cereal production sector is likely to suffer losses even in a best-case climate change scenario, as the viability of irrigation expansion is questionable for these crops (Dirkx et al., 2008). 

Concerning the livestock production sector, the National Small Stock Development Plan (2004) is a co-ordinated approach to the development of the small stock sector to increase its contribution to the national agricultural output, to ensure agricultural value adding and improved balance of trade. However there is general agreement that carrying capacity will be reduced because of climate change (Dirkx et al., 2008).  

The country further has policy in place to deal with drought, the Drought Policy (2010) which has implications for this sector. The policy aims to develop an efficient, equitable and sustainable approach to drought management.  Specifically, the policy seeks to take away responsibility of managing drought risk from the government to the farmer, to encourage on-farm management of risk and water supply and demand management. 

Mining and industries

The mining industry in the country has been described as being fairly diligent when it comes to the management of water with most mines recycling water and thus reducing water demand (GRN, 2010a). However, the development of water management plans for each mine and the prevention of ground and surface water pollution remain challenges (GRN, 2010a).

The Minerals (Prospecting and Mining) Act, No 33 of 1992 is focused on mineral extraction but also provides some provisions for groundwater abstraction. The Environmental Management Act (EMA), No. 7 of 2007 requires that all ecosystems be provided with sufficient water to meet their ecological requirements or that adequate environmental flow are available to sustain water dependent ecosystems. To obtain groundwater abstraction permits that comply with the purposes and mandates of the EMA, a mining company will also have to comply with water policies such as the WRMA.

The country seeks to stimulate industrial development (GRN, 2004a), which would mean that water consumption from this sector could be expected to grow in the future. As such there is a need to ensure that industries are equipped with water-efficient technologies for improved water management (GRN, 2005). It is important that such technological innovation occurs within the context of building local capacity so that  industries do not have to rely on international experts when there is a need for maintenance or expansion on the technology used (GRN, 2005).

The fourth NDP aims to ensure that by 2017 there will be sufficient water reserves for industrialization (GRN, 2012). It is reported that the mining and industrial sector are actively involved in water supply development projects and water scheme operations.  In Windhoek for example, the local beer brewery installed a dual pipe system so that backwash water from the carbon filters could be re-used for purposes such as irrigation (GRN, 2010b). In the mining sector as well, recycling (reuse of water without further treatment) of water from slimes dams occurs (GRN, 2010b). 

Urban and rural settlements

Domestic users are an important group of water users, with urban populations being responsible for most of the domestic water consumption (Dirkx et al., 2008).  However it is estimated that 11.9% of rural households rely on flowing or stagnant water sources, while 77.4% use buckets or the bush for sanitation, with most urban households having access to piped water (GRN, 2012). As such the country faces challenges with respect to the provision of safe water and sanitation facilities. It is expected that over the next 30 years water demand will increase rapidly in certain areas and that there are likely to be challenges in distributing the available water to where it is most needed (GRN, 2004a).

The fourth NDP (GRN, 2012) aims to reduce the proportion of severely poor individuals from 15.8 % in 2009/10 to below 10% by 2017.The provision of clean water to all households is key to helping reduce poverty.  The desired outcome in the fourth NDP with respect to water is increased access to water for human consumption from 85.5 to 100% of the Namibian population (GRN, 2012). 

Many of the communities within the remote and rural areas of the country are impoverished thus making households particularly vulnerable to food insecurity (Woltersdorf et al., 2014). In efforts to supplement food supplies, subsistence farming is a key aspect to the livelihoods of these communities. As such the Poverty Sectoral Plan (2013-2017) includes a component on increasing household food security. It is reported that whilst many (especially women) would like to increase the amount of food they grow at home, it is not possible to do so due to the lack of water for irrigation (Woltersdorf et al., 2014).  

Rural domestic water consumption further faces challenges or improvements related to (GRN, 2010a):

· Due to pipe bursts in branch lines, water is lost and is not billed, as such there is a need to devise a mechanism on how to bill water 

· There is a need to replace or upgrade existing infrastructure to improve the reliability of water supply schemes with fewer interruptions and proper maintenance of water 

· More frequent monitoring of water quality in schemes not supplied by NamWater is required
In some areas progress has been made in reducing water consumption e.g. the Walvis Bay Municipality reported 38% reduction in water consumption in 2007. This was achieved by appropriate pricing of water services, the sale of recycled semi-purified water for use in gardens and the use of seawater as opposed to drinking water in some of the fishing industry processes (GRN, 2010c). 

Further to there are many excavation/earth dams found in the country, which are primarily used by communities for livestock water supply. These dams are seen having the advantage of the water being free to use for people and livestock to use, though much of the water is lost through evaporation. Water in earth dams are also normally dirty, and has to be filtered and boiled before it is safe for people to drink (GRN, 2010d).

In some areas such as the Tsondab-Koichab River Basin there are concerns over the sustainable recharge of the Koichab aquifer, which prompted development plans to include exploring options of seawater desalination to supply the area (GRN, 2010e). In the Ugab-Huab River Basin most of the groundwater is provided through and pipeline schemes. Some settlements also receive water from springs and hand-dug wells along the rivers are also quite common in the basin. A challenge to transporting water from rivers to the people and also to maintain water supply infrastructure to abstract, treat and distribute the water to the consumers, as well as to prevent pollution (GRN, 2010f).

As part of the technology needs assessment for the country, water security in rural areas with subsistence farming was identified as areas that are likely to be severely affected by drought and reduction in rainfall due to climate change. As many of the rural areas have brackish or saline groundwater, and as such desalination would provide a means to provide these communities with water, especially during periods of drought. The advancement of desalination technologies in recent years and subsequent lowering of treatment costs therefore makes desalination a potential option for small to medium size communities (GRN, 2005). However at the time of publication, it was felt that gaps still existed in understanding the number of communities located above brackish and that susceptibility of these rural communities to prolonged drought has not yet been quantified (GRN, 2005).

Under conditions of climate change, communities are likely to be at risk from floods and or droughts. The Disaster Risk Management Policy (2009) aims at improving disaster risk identification and improving disaster risk mitigation and management and strengthening disaster preparedness for effective emergency response. Further to this the Drought Policy (2010) aims to ensure that in the event of droughts that the household food security would not be compromised and to ensure the continuous supply of potable water to communities, and particularly to their livestock, schools and clinics. The Drought Policy (2010) further aims to enable rural inhabitants and the agricultural sector to recover quickly following drought and that the health status of all Namibians is not threatened by the effects of drought.

The government also has identified the need to make the provision of safe water and sanitation facilities mandatory for the public in affected areas and other public facilities such as hospitals and schools (GRN, 2011). Furthermore in order to effectively ensure sustainable management of infrastructure and developmental challenges related to climate change, the government will need to establish and enforce standards for infrastructure development such as roads, housing, and water infrastructure through monitoring and report systems (GRN, 2011).

Tourism

The Tourism Sector was identified as one of the major growth sectors in the country, with the environment-based tourism in particular being a fast growing and significant industry (Mfune et al., 2009) with the potential for the number of lodges established in the country to increase. These tourist lodges are likely to increase the water requirements in the sector and as such there is a need to prevent over abstraction of water. Furthermore, there is a need to ensure that wastewater and refuse do not contaminate the groundwater (GRN, 2010a). It is however expected that if water demand measures are implemented at such lodges significant savings of water could be achieved. For example, some resorts report on savings from 30 to 50% through improved maintenance (GRN, 2010a). The Tourism Policy (2008) does however state that all tourism developments must conform to the provisions of the Environmental Management Act, 2007 and other relevant legislation (including water related policies) (GRN, 2008d).

Annex II: Technology Factsheets

Desalination

Technology description

Desalination is the removal of sodium chloride and other dissolved constituents from seawater, brackish waters, wastewater, or contaminated freshwater. Approximately 75 million people worldwide rely on desalination and that number is expected to grow as freshwater resources are stressed by population growth and millions more move to coastal cities with inadequate freshwater resources. Desalination is most widely used in arid regions; more than half of the world’s desalination capacity (volume) is located in the Middle East and North Africa. Seawater accounts for over 50% of desalination source water worldwide. However, as of 2005 in the United States, only 7% of desalination plants used seawater. Brackish waters made up the majority of source waters for desalination, with most of the remainder consisting of river waters and wastewaters.

Two streams of water result from desalination: (1) a pure product water and (2) a high-concentration waste stream or brine. The principal desalination methods fall into two categories: thermal processes and membrane processes.

Table 1: Technology options

	Technology options
	Option description

	Multi-Stage Flash (MSF) Distillation
	MSF was reported to account for 36% of desalination worldwide in 2005. MSF improves on the energy efficiency of simple distillation by utilizing a series of low-pressure chambers, recycling waste heat and, in some cases, can be operated at even greater efficiency by utilising the waste heat from an adjacent power plant.  

	Multiple-effect Distillation (MED)
	MEE utilizes low-pressure chambers; it is possible to achieve much greater efficiency in MEE than in MSF. However, MEE is not as popular because early designs were plagued by mineral scaling. Newer designs have reduced mineral scaling and MED is gaining in popularity. Global Desalination capacity in 2005 was 3%..

	Vapour Compression Distillation (VCD)
	VCD is a technically simple, reliable and efficient process that is popular for resorts, industries and work sites where adequate freshwater is unavailable. Global capacity as at 2005 was reported to be at 5%.

	Reverse Osmosis (RO)
	RO utilize high pressure to force water molecules through very small pores (holes) while retaining salts and other larger molecules. is the most widely used membrane desalination technology, and represented 46% of global desalination capacity in 2005.

	Solar distillation (SD)
	SD has been used for many years, usually for comparatively small plant outputs. In common with all distillation processes, SD utilises the evaporation and condensation modes, but unlike other processes energy consumption is not a recurrent cost but is incorporated in the capital cost of the solar collector.


Contributions to climate change adaptation

Desalination can greatly aid climate change adaptation, primarily through diversification of water supply and resilience to water quality degradation. Diversification of water supply can provide alternative or supplementary sources of water when current water resources are inadequate in quantity or quality. Desalination technologies also provide resilience to water quality degradation because they can usually produce very pure product water, even from highly contaminated source waters. 

Increasing resilience to reduce per capita freshwater availability is one of the key challenges of climate change adaptation. Both short-term drought and longer-term climatic trends of decreased precipitation can lead to decreased water availability per capita. These climatic trends are occurring in parallel with population growth, land use change, and groundwater depletion; therefore, rapid decreases in per capita freshwater availability are likely. 

However, the large energy demands of current desalination processes will contribute to greenhouse gas emissions and could set back climate-change mitigation efforts.

Contribution to development and potential beneficiaries

Access to an adequate supply of freshwater for drinking, household, commercial and industrial use is essential for health, well-being, and economic development. Desalination processes can provide access to abundant saline waters that have been previously unusable.

Knowledge/capacity building requirements

The major needs identified include the inadequacy of:

· information and data resource assessment specifically on desalination

· technical capabilities

· financial resources dedicated to research

· national policies in long-term planning and establishment of institutional infrastructures for

· management and operation of desalination

Capacity building needs for desalination includes the following components

· current and future training and education requirements need to be established by identifying appropriate education which should include higher level research degrees (MSc and PhD) in relevant science and technology areas. This is formal education.

· Research and development

· Knowledge and information exchange through training and informal education in the public and private sectors. 

· Desalination training facility could be established.

Institutional arrangements

Desalination should be into energy policies and energy co-production, the role of private enterprise, and how to distribute and charge for desalinated water.

Many of the recommendations for development of desalination relate to remedying broader problems in the water sector. Desalination requires substantial economic investment; therefore inefficiencies, waste, and low-level equilibria in the water sector can be compounded when desalination is implemented. 

Key recommendations for governments exploring development of desalination include: 

· Develop a clear water policy using an integrated water resources management (IWRM) approach to determine accurately renewable freshwater resource potential, demand and consumption. Only when the adequacy of conventional water resources is understood should development of nonconventional (e.g. saline) water resources be pursued.

· Implement conservation and water demand management in all sectors. Key methods include reduction of non-revenue water in piped systems, use of only limited targeted subsidies, and prevention of groundwater pollution. 

· Consider desalination in combination with other non-conventional water sources including reuse of treated wastewater, importation of water across boundaries, rainwater harvesting and micro-catchments.

Cost of implementation

A recently published review of desalination cost literature has shown that the costs are very much site-specific and the cost per volume treated can vary widely. The factors reported to have the greatest influence on the cost per m3 include: the cost of energy, the scale of the plant, and the salt/total dissolved solids (TDS) content of the source water. Capital costs of construction are clearly a major consideration as well, but are almost entirely site specific.

The capital and operating costs of seawater desalination plants have decreased significantly in real terms. This is due to several factors, such as; -

Capital costs
· Process design improvements,

· Membrane performance development and lower cost per m2 (RO),

· Manufacturing methods and increased volume,

· Increased competition.

Operating costs

· Process performance,

· Membrane life (RO),

· Energy efficiency improvements,

· Inter-stage boost pumping (RO),

· Improved chemicals,

· Reduced corrosion,

· Privatisation

The cost of membrane desalination decreases sharply as the salt concentration decreases. Seawater, on average, contains about 35,000 mg/L TDS; brackish waters, at 1000-10,000 mg/L, can be treated much less expensively. The costs per volume to desalinate brackish water using RO have generally been reported to range from $0.26-0.54/m3 for large plants producing 5000-60,000 m3/day and are much higher ($0.78-1.33/m3) for plants producing less than 1000 m3/day. Cost per volume for seawater RO are reported to be $0.44-1.62/m3 for plants producing more than 12,000 m3/day. Note also that RO is more expensive for sea water than for blackish/waste water standing at 1.0 $/m and 0.6 $/m3, respectively.

Thermal methods (generally used to desalinate seawater) are subject to the same economies of scale. Costs for thermal desalination plants were reported to be $2-2.60/m3 for 1000-1200 m3/day and $0.52- 1.95/m3 for plants producing more than 12,000 m3/day

More specifically, costs extracted from two studies

Table 1: Cost associated with desalination technologies

	Technology options
	Specific Investment costs ($/m3/year) 
	Capital Production costs ($/m3)
	Global capacity (m3/day)

	Multi-Stage Flash (MSF) Distillation
	0.75
	1.34
	13.4

	Multiple-effect Distillation (MED)
	0.91
	1.45
	0.9

	Vapour Compression Distillation (VCD)
	0.65
	1.15
	1.6

	Reverse Osmosis (RO)
	0.93
	1.81
	14


Points to note: 

· Existing MSF and RO plants are powered mainly by conventional sources of energy

· Coupling of renewable energy sources (RES) and desalination systems is holding great promise.

· Current higher cost of RES is counterbalanced by their environmental benefits

An alternate view for comparing MSF, MED, CDV and RO is shown in the following table: Cost with relative to RO.
	Cost component 
	MSF
	MED
	VCD
	RO

	Capital investment
	120
	114
	118
	100

	Energy related costs
	215
	175
	140
	100

	Membrane replacement
	-----
	-----
	-----
	100

	Other remaining costs
	103
	89
	100
	100

	Overall production cost
	114
	109
	107
	100


Table below compares various solar desalination options and their current state of development.

	Technology options
	Technical Capacity  
	Energy demand (kWh/m3)
	Water Cost

($/m3)
	Innovation Stage

	Solar stills
	< 0.1m3/day
	Solar passive
	1.3 – 6.5
	Application

	Solar-Multiple Effect

Humidification
	1–100 m3/day
	thermal: 100

electrical: 1.5
	2.6 – 6.5
	R&D

Application

	Solar-Membrane

Distillation
	0.15–10 m3/day
	thermal: 150–200
	10.4–19.5
	R&D

	Solar/CSP-Multiple

Effect Distillation
	> 5,000 m3/day
	thermal: 60–70

electrical: 1.5–2
	2.3–2.9

(possible cost)
	R&D

	Photovoltaic-

Reverse Osmosis
	< 100 m3/day
	electrical: 

BW: 0.5–1.5

SW: 4-5
	BW: 6.5–9.1

SW: 11.7–15.6
	R&D

Application

	Photovoltaic-

Electrodialysis

Reversed
	< 100 m3/day
	electrical: only

BW:3–4
	BW:10.4–11.7
	R&D


BW: Blackish water

SW: Salt water

Current status of diffusion of the technology in Namibia and potential private sector involvement 

In 2007, NAMIBIA'S water utility, NamWater, and the UraMin mining company signed an agreement to prepare for the construction of two water desalination plants north of Wlotzkasbaken. UraMin intends to mine uranium near Trekkopje and will have substantial water requirements. The first stage is a N$250 million seawater intake and a pipeline to bring the water of the Atlantic Ocean to the shore three kilometres north of Wlotzkasbaken. 
The next stage is a US$110 million (about N$710 million) seawater desalination plant for UraMin and a second one for NamWater costing approximately the same amount. The plants, together with the intake and pipeline, amount to a total investment of roughly N$1,67 billion.

AREVA Resources Namibia has also built the first seawater desalination plant in southern Africa.

Opportunities and barriers

Desalination enables utilities in many water poor areas to access a nearly unlimited water resource. However, implementing desalination can sometimes exacerbate the problems of a poorly functioning water sector. Therefore, the best opportunities for implementation are in water sectors that are functioning well, with well-defined water policy, well-characterized water resource availability and demand, technical expertise, and relatively little waste and inefficiency.

Opportunities for desalination are greatest when:

· Freshwater resources are inadequate to meet demand (water stress or water scarcity)

· For membrane systems, an abundant source of brackish water with low salt/TDS concentration is available; or, for thermal systems, the population is located on a coastline with an adjacent facility (e.g., a power plant) that yields abundant waste heat

Consumers are opposed to the reuse of treated wastewater (see the chapter entitled Wastewater Reuse)

Barriers to desalination include environmental impacts. These include: effects of the concentrated waste stream on ecosystems; the impact of seawater intakes on aquatic life; and greenhouse gas emissions.

However, the environmental impacts of desalination must be weighed against those of expanding use of freshwater sources (e.g. groundwater depletion, diverting surface water flows). Although RO product water is almost totally pure, it is possible that some compounds of possible concern could get into product water; pre-treatment or post-treatment processes can be used to address the few compounds that are not removed well by RO (e.g., boron). 

Efficient irrigation practices
Technology description

Irrigation is the artificial application of water to the land or soil. It is used to assist in the growing of agricultural crops, maintenance of landscapes, and revegetation of disturbed soils in dry areas and during periods of inadequate rainfall. Additionally, irrigation also has a few other uses in crop production, which include protecting plants against frost, suppressing weed growth in grain fields and preventing soil consolidation. In contrast, agriculture that relies only on direct rainfall is referred to as rain-fed or dryland farming. 

Irrigation is often studied together with drainage, which is the natural or artificial removal of surface and sub-surface water from a given area. Irrigation has been a central feature of agriculture for over 5,000 years and is the product of many cultures. Historically, it was the basis for economies and societies across the globe, from Asia to the Southwestern United States.

	Technology options
	Option description

	Sprinkler irrigation systems
	Sprinkler irrigation is a type of pressurised irrigation that consists of applying water to the soil surface using mechanical and hydraulic devices that simulate natural rainfall.



	Drip irrigation


	Drip irrigation is based on the constant application of a specific and calculated quantity of water to soil crops. The system uses pipes, valves and small drippers or emitters transporting water from the sources (i.e. wells, tanks and or reservoirs) to the root area and applying it under particular quantity and pressure specifications.

	Irrigation scheduling


	Irrigation scheduling is the use of water management strategies to prevent over application of water while minimizing yield loss due to water shortage or drought stress. It is a decision making process for determining when to irrigate the crops and how much water to apply.

The most common irrigation scheduling methods are: Direct measurement of soil moisture content, soil water potential, or crop stress including soil sampling, tensiometers, gypsum blocks, infrared photography of crop canopy, time domain reflectometry, plant leaf water potential, and other methods.  

Irrigation methods based on soil water balance equations. These equations range from very simple “checkbook” accounting methods to complex computer models that require input of climatic measurements such as temperature, humidity, solar radiation, and wind speed. 

In this context, this technology will not be prioritised as a standalone technology, but will be used to complement the two above mentioned irrigation systems.


Contribution to climate change adaptation

Sprinkler irrigation 

Sprinkler irrigation technology can support farmers to adapt to climate change by making more efficient use of their water supply. This is particularly appropriate where there is (or is expected to be) limited or irregular water supply for agricultural use. The sprinkler technology uses less water than irrigation by gravity, and provides a more even application of water to the cultivated plot. Additionally, sprinkler irrigation can reduce the risk of crops freezing due to colder than usual temperatures. More frequent and intense frosts are already impacting on crops as a result of climate change. During the night, the motion of the sprinklers and the application of rain-like water droplets can reduce the stress on crops caused by a sharp decrease in temperature.

Drip irrigation

Drip irrigation technology can support farmers to adapt to climate change by providing efficient use of water supply. Particularly in areas subject to climate change impacts such as seasonal droughts, drip irrigation reduces demand for water and reduces water evaporation losses (as evaporation increases at higher temperatures). Scheduled water application will provide the necessary water resources direct to the plant when required. Furthermore, fertiliser application is more efficient since it can be applied directly through the pipes. As is the case with a sprinkler system, drip irrigation is more appropriate where there is (or is expected to be) limited or irregular water supply for agricultural use. However, the drip technology uses even less water than sprinkler irrigation, since water can applied directly to the crops according to plant requirements. Furthermore, the drip system is not affected by wind or rain (as is the sprinkler technology).

Appropriate irrigation scheduling should lead to improvements in irrigation management performance. However the amount of water saved by implementing advanced irrigation scheduling is difficult to quantify, likely varies from year to year, and is strongly influenced by weather variation, cropping practices, irrigation water quality, and total amount of water used to irrigate. Some studies have suggested that the public utility district estimated savings of 0.3 to 0.5 acre-feet per acre. The farmer should be able to control the timing and the depth or volume of irrigation.

Advantages

Sprinkler irrigation

One of the main advantages of the sprinkler irrigation technology is more efficient use of water for irrigation in agriculture. Sprinkler systems eliminate water conveyance channels, thereby reducing water loss. Water is also distributed more evenly across crops helping to avoid wastage. The sprinkler irrigation system has also been shown to increased crop yields and is suited for most row, field and tree crops that are grown closely together, such as cereals, pulses, wheat, sugarcane, groundnut, cotton, vegetables, fruits, flowers, spices and condiments and for cultivating paddy crop.

Sprinkler irrigation technology is well adapted to a range of topographies and is suitable in all types of soil, except heavy clay. Sprinkler systems can be installed in either permanent or mobile modes. Sprinklers provide a more even application of water to agricultural land, promoting steady crop growth. Likewise, soluble fertilisers can be channelled through the system for easy and even application. The risk of soil erosion can be reduced because the sprinkler system limits soil disturbance, which can occur when using irrigation by gravity. In addition, sprinkler irrigation can provide additional protection for plants against freezing at low temperatures. Secondary benefits from improved crop productivity include income generation, employment opportunities and food security.

Drip irrigation

Drip irrigation can help use water efficiently. A well-designed drip irrigation system reduces water run-off through deep percolation or evaporation to almost zero. If water consumption is reduced, production costs are lowered. Also, conditions may be less favourable for the onset of diseases including fungus. Irrigation scheduling can be managed precisely to meet crop demands, holding the promise of increased yield and quality. Agricultural chemicals can be applied more efficiently and precisely with drip irrigation. Since only the crop root zone is irrigated, nitrogen that is already in the soil is less subject to leaching losses. In the case of insecticides, fewer products might be needed. Fertiliser costs and nitrate losses can be reduced. Nutrient applications can be better timed to meet plants’ needs.

The drip system technology is adaptable to terrains where other systems cannot work well due to climatic or soil conditions. Drip irrigation technology can be adapted to lands with different topographies and crops growing in a wide range of soil characteristics (including salty soils). It has been particularly efficient in sandy areas with permanent crops such as citric, olives, apples and vegetables.

A drip irrigation system can be automated to reduce the requirement for labour.

Disadvantages 

Sprinkler irrigation

The main disadvantages associated with sprinkler systems are related to climatic conditions, water resources and cost. Even moderate winds can seriously reduce the effectiveness of sprinkler systems by altering the distribution pattern of the water droplets. Likewise, when operating under high temperatures, water can evaporate at a fast rate reducing the effectiveness of the irrigation. Although sprinkler irrigation can help farmers to use water resources more efficiently, this technology relies on a clean source of water and therefore may not be suited to areas where rainfall is becoming less predictable. Implementation costs are higher than that of gravity-fed irrigation systems and large labour force is needed to move pipes and sprinklers in a non-permanent system. In some places such labour may not be available and may also be costly. Mechanised sprinkler irrigation systems have a relatively high energy demand.

Drip irrigation

The initial cost of drip irrigation systems can be higher than other systems. Final costs will depend on terrain characteristics, soil structure, crops and water source. Higher costs are generally associated with the costs of pumps, pipes, tubes, emitters and installation. Unexpected rainfall can affect drip systems either by flooding emitters, moving pipes, or affecting the flow of soil salt-content. Drip systems are also exposed to damage by rodents or other animals. It can be difficult to combine drip irrigation with mechanised production as tractors and other farm machinery can damage pipes, tubes or emitters.

Knowledge/capacity building requirements

Sprinkler irrigation

When planning to install a sprinkler irrigation system, information should be obtained regarding the following key factors:

· The crop or crops to be cultivated and their water requirements throughout the growing season.

· The shape and size of the field. This will determine the range of suitable technologies, investment and labour requirements

· Topography, in particular the location and elevation of the water source relative to the field, land slopes and uniformity.

· The water source. The source of irrigation water can be surface water, groundwater or nonconventional water (such as desalinated water and treated wastewater).

· Water must be available in sufficient quantity from a locally accessible source. A clean supply of water free of sediment is required to avoid blockage in sprinkler nozzles and crop spoilage.

· Available labour force. Where skilled labourers are not available on location, local farmers will require training to install, maintain and repair the various components of the sprinkler system.

· The soil profile. Sprinkler irrigation technology is best suited to soils with high infiltration rates so that ponding and surface runoff can be avoided. The application rate of the sprinkler system must therefore be matched to the infiltration rate of the most restrictive soil in the field.

· Energy requirements of different systems, including the manufacturing, transportation and installation of the various systems. The location of the water source will also affect the need for energy for pumping.

· Social aspects such as local preferences, capacity to maintain the system, implications for labour requirements and how these may affect different members of the community.

· An understanding of existing health risks is crucial to avoid schemes that may promote water borne diseases.

· An environmental impact assessment should be conducted to fully understand potential impacts of drainage and diverting water resources, amongst others.

Maintenance of the system mainly relates to regular cleaning of the component parts. Seals on pipes and sprinkler nozzles should be checked to avoid water seepage. During periods when the equipment is not being used, it is recommended to store component parts in a cool, dark place.
Drip irrigation

Investment will also be required to build workers capacities in order to accurately manage maintenance and water flow control. For example, drip tape or tubing must be carefully maintained in order to avoid leaking or plugging and emitters must be regularly cleaned to avoid blockage from chemical deposits. In certain cases, it would be necessary to redesign the farm weed control programme.

Institutional arrangements

Sprinkler irrigation

A whole range of institutional conditions must be understood before sprinkler irrigation technology selection can be made. These include land tenure issues, water rights, and financial incentives by government and taxation. Large-scale irrigation schemes will usually form part of national policy and could be harnessed to support national employment initiatives. Where the sprinkler irrigation type is not available nationally, foreign imports or government-supported stimulation of national manufacture will be required alongside investment in training for design, installation and maintenance. Coordination with public or private authorities in charge of water management will be crucial and could be facilitated through the establishment of a committee of irrigation users. 

At a local level, social organisation for the participatory monitoring of water resources and quality could provide a key monitoring tool. Whichever method is selected, developing regulations for the distribution and allocation of water would provide an important mechanism for conflict resolution. Whether as a large or small-scale intervention, farmer involvement in the development stages of a sprinkler irrigation project is recommended to help ensure social acceptance and technical success.

Cost of implementation

Sprinkler irrigation

The cost of installing a sprinkler system suitable for a family production unit ranges from US$ 600 to US$ 2500 per hectare, depending on the type of materials used and the amount of labour contributed by rural producers. Affordable Micro Irrigation Technologies (AMITs) are low cost and low pressure systems with the same technical advantages as conventional micro-irrigation system, however the technology is packaged and marketed as kits suitable for small fields (25 m2 to 4000 m2). The AMIT has the specific advantage of being affordable, and easy to understand; they also have rapid pay back, divisibility and expandability.

Drip irrigation

The technology is widely variable, however the cost of a drip irrigation system ranges from US$ 800 to US$ 2,500 per hectare depending on the specific type of technology, automatic devices, and materials used as well as the amount of labour required. Financing for equipment may be available from financial institutions via leasing operations or direct credit. Farmers usually cover installation, design and training costs that represent about 30 to 40 per cent of final costs depending on the size of the land, characteristics and shape, crops, and particular technology applied.

Current status of the diffusion of the technology in Namibia

Both irrigation systems have been used extensively in Namibia. The value add here is the design of irrigation systems taking irrigation technology as standard practice so that this technology is up-scaled and used for all irrigation efforts in the country in order to improve water use efficiency.  

For instance, recently, 35 smallholder farmers participated in the drip irrigation project. Farmers saw an absolute increase of 25 percent in their agricultural yields over the life of the project. While they started out making USD $25,140 every planting season for the cultivation of one hectare of farmland, they ended with an annual income of USD $31,425 per hectare (with farmers each having an average of 2 hectares of farmland). With traditional drip irrigation it would take a whole day to irrigate a 1.5 hectare plot—but with drip irrigation it now takes 1.5 hours.

There is great potential for private sector involvement, in particular, irrigation scheduling consultants. 
Opportunities and barriers

Sprinkler irrigation

Sprinkler irrigation is a versatile technology suitable for application in a wide range of contexts, can be implemented at small or large scale and with either low-cost or more sophisticated components. This technology can be employed in conjunction with other adaptation measures such as the establishment of water user boards, multi-cropping and fertiliser management.

Possible barriers to implementation include lack of access to finance for the purchase of equipment, lack of local skills for design, installation and maintenance of the system and lack of nationally/locally available component parts. A low level of public awareness of or concern for the importance of sustainable water management and use could also be a barrier to the exploration of sprinkler irrigation technology as a climate change adaptation option. 

Sprinkler irrigation requires a suitable source of fresh water to be identified in close enough proximity to the farmland. This ensures that costs are kept at a reasonable level. Water availability will be highly dependent not only on current resources but also on future climate conditions. Where knowledge of potential climate change impacts on water resources does not exist, installing a sprinkler irrigation system could lead to conflicts over local water use.

Drip irrigation

As with the sprinkler irrigation system, drip technology faces some possible barriers to implementation including lack of access to finance for the purchase of equipment, a higher amount of initial investment involved than other systems, and limited market for repurchased equipment. Even though several suppliers with wide experience may exist, these firms are usually focused on large land extension projects and do not cater for small and medium-sized farmer markets. Technical conditions such as soil clay presence, irregular rainfall or steep slopes can increase implementation and maintenance costs or affect drip system efficiency. Also, the yield of existing crops irrigated by gravity or another open system can be affected by changing to drip system.

Drip irrigation is particularly suitable for use with ground water from wells. It requires institutional arrangements and capacity building of water users to avoid an overuse of aquifer resources and potential conflicts. Drip irrigation technologies can be implemented via a water user association to improve economic benefits and reduce initial investment costs. Drip irrigation is a versatile technology suitable for application in a wide range of contexts. It can be implemented at small or large scales and with low-cost or more sophisticated components. This technology can be employed in conjunction with other adaptation measures such as the establishment of water user boards, multi-cropping and fertiliser management. Promoting drip irrigation contributes to efficient water use, reduces requirements for fertilisers and increases soil productivity. It is particularly suitable in areas with permanent or seasonal water scarcity, since crop varieties to plant can also be adaptable to these conditions.

Tubewells and boreholes
Technology description

Increasing access to ground water is a key coping strategy for households during dry periods/droughts. Tube wells can be defined as narrowly screened tubes or casings driven into a water bearing strata on the subsurface. The name tube well is often used alternatively with borehole even though there is some difference. The main aim of this technology is to increase resilience to drought conditions under climate change which are projected to be prolonged and more frequent.  This option can increase access to potable water more especially to rural communities, however, it can also be used to supplement urban water supply.

	Technology options
	Option description

	Drilling new boreholes/deepening existing boreholes
	These strategies form the basis of conventional approaches to improving groundwater access in rural areas during drought

	Repairing damaged boreholes
	In many droughts, regional groundwater depletion is not the main factor affecting domestic access to water. When individual boreholes fail during drought, the cause is often local drawdown or mechanical failure.

	Relief boreholes with use restricted to drought periods
	Many authors have proposed developing deep “relief boreholes” that remain capped when water supplies are adequate and are uncapped for use during drought.


Contribution to climate change adaptation

A warmer climate is highly likely to result in more frequent drought. Deep tubewells, usually defined by engineers as those that penetrate at least one impermeable layer, generally have much greater resilience to drought than traditional water supplies including springs, hand dug wells and surface water sources. In many regions, groundwater is the only perennial source of water supply. However, a more nuanced understanding of drought is needed to formulate a proper response. Drought is defined as “a temporary aberration” in a climate pattern and is driven by variability in precipitation and evapotranspiration. This is in contrast to aridity, which is the “ordinary” climatic condition for a given area, and water stress/scarcity, which reflects renewable water resources per capita.

Drought is further divided into three categories: meteorological drought, agricultural drought, and hydrological drought. The former two are experienced earliest, but hydrological drought is the drought-type associated with shortfalls in surface water and groundwater supply. Groundwater drought is sometimes used to further distinguish cases in which the water table declines and some wells dry up. Many situations commonly described as drought can strongly impact rain-fed agriculture and other activities without having a direct impact on the availability of safe drinking water. 

Contributions to development and potential beneficiaries

Discontinuity of water supply due to drought does affect the economy, human health and well-being and the agricultural sector. This technology provides resilience for communities to rely on poor water quality alternatives. 

Knowledge/capacity building requirements

Determining the best strategy for improving groundwater access during drought requires knowledge of population distribution, groundwater resources, and water point locations/status. Sometimes expensive geophysical techniques are necessary, but the success of a method will vary widely depending on the geological environment. 

Institutional arrangements

A central groundwater database is essential to making informed decisions for groundwater access during drought. These data can be gathered through a central governmental initiative at great expense.

Alternatively, governments can help to ensure that data from all major well-drilling entities (e.g. contractors, donors, NGOs, state enterprises) contribute to the database. Borehole logs, completion reports, test pumping data, and other useful information should be collected in a central repository for mutual benefit. In addition to data on groundwater resources, having a map of existing water points and population can greatly increase drought-alleviation program efficiency. 

Cost of implementation

The costs of drilling new boreholes vary widely depending many factors, so quoting ‘typical’ costs can be misleading. However, the average cost in much of Africa is $10,000-15,000; in contrast, the average cost in India is less than one-tenth as much. A detailed methodology for costing borehole drilling operations 

· The basic costs to the driller comprise costs of

· Mobilisation – all costs involved in transporting equipment to site and back to base.

· Drilling – allows for the per-hour (converted to per-meter) costs of equipment depreciation, labour consumption of fuel, lubricants and drill fluids and replacement of drilling tools. Affected by depth; diameter; drilling and standby time.

· Casing – includes the supply and installation of plain casing and screen, gravel pack, sanitary seal and well-head construction

· Well development refers to the cleaning of the borehole after construction and test pumping is the post-construction assessment of borehole and aquifer performance The time taken to undertake these activities affects the basic drilling costs. 

· Additional costs to the driller include VAT, tax and overheads 

· Pump costs vary considerably and are in some cases included in quoted borehole prices.

· Siting costs can be borne by the Government /programme, driller or consultant. Where consultants undertake this, the costs are clear and visible. In cases where supervision is undertaken by programme or Government staff, the costs are often concealed within programme expenditure. This may also be the case for costs of supervision and social infrastructure.

· Supervision costs are generally borne by the Government or programme, or consultants.

· Costs of Social Infrastructure, i.e. mobilising and training communities and forming management groups. These costs are also sometimes hidden within programme expenditure.

· Construction quality refers to the degree to which the borehole is straight; the quality of well development and gravel packing; the casing/screen quality including its installation; the permeable backfill material and placement; the quality of the sanitary seal and headworks. From the user perspective, turbid later, low flow rates, seasonal functionality all represent compromises on quality of service.

Current status of the diffusion of the technology in Namibia

It was reported in 2013 that at least four boreholes out of the 44 drilled that year for drought relief purposes in the Kunene Region have been fully installed, and have started supplying water to local communities and their livestock. The four villages where the boreholes were installed are Otjandawe in the Sesfontein area, the villages of Okahororua and Orutjandja-ruandao in the Epupa Constituency, and Ovimbandwangoma in the Sesfontein Constituency.

This indicates that the technology is at the deployment stage in Namibia but might require scaling up.
Opportunities and barriers

Proper pre-drought management can greatly increase the efficiency of these interventions and prevent costly and inefficient emergency activities. Broadly, these have been suggested to include groundwater resource assessment, groundwater drought vulnerability analysis, and building drought resistance into water supply programs. However, many of the critical functions that can improve their efficiency are not valued by key stakeholders. For example, attracting donor and government support for development of databases for mapping groundwater and water point access/status is generally difficult. 

Barriers for ‘relief boreholes’ include reported difficulties stopping access following the drought. UN FAO reports that informal settlements tend to spring up around relief boreholes and there are reports of threats of violence when the time comes to cap the borehole
Water harvesting technologies

Technology description

Most precipitation that falls on human settlements is lost to the atmosphere through evapotranspiration (evaporation plus transpiration of water taken up by plants), or runs into rivers away from settlements before it can be used. 

Collection and storage infrastructure can be natural or constructed and can take many forms. These include below ground tanks (i.e. cisterns) and excavations (either lined for waterproofing or unlined) into which rainwater is directed from the ground surface; small reservoirs with earthen bunds or embankments to contain runoff or river flow; groundwater aquifers can be recharged by directing water down an unlined well and  As soil moisture for agriculture.

	Technology options
	Option description

	Collection of water from ground surfaces – small reservoirs 


	Collecting flows from a river, stream or other natural watercourse (sometimes called floodwater harvesting). This technique often includes an earthen or other structure to dam the watercourse and form “small reservoirs.”

	Collection of water from ground surfaces - micro-catchments
	Collecting rainfall from ground surfaces utilizing “micro-catchments” to divert or slow runoff so that it can be stored before it can evaporate or enter watercourses.



	Collection of water from rooftops (Rain water harvesting – RWH)
	Water from rainfall is collected in vessels at the edge of the roof or channelled to a storage system via gutters and pipes. Roofs can be constructed with a range of materials including galvanised corrugated iron, aluminium cement sheets, and tiles and slates. 



	Collection of water from fog
	Fog harvesting technology consists of a single or double layer mesh net supported by two posts rising from the ground. Mesh panels can vary in size.


Contributions to climate change adaptation

Ground surfaces - Small reservoirs and Microcatchments 

Climate change is projected to increase the variability and intensity of rainfall. Variability is of particular concern close to the equator, where most developing countries are located. Groundwater depletion due to excessive abstraction, land use change and population growth is likely to be exacerbated by these changing precipitation patterns. Collection and storage of rainwater can provide a convenient and reliable water supply during seasonal dry periods and droughts. Additionally, widespread rainwater storage capacity can greatly reduce land erosion and flood inflow to major rivers. Rainwater collection can also contribute greatly to the stabilization of declining groundwater tables

Rooftops
RWH contributes to climate change adaptation at the household level primarily through two mechanisms: (1) diversification of household water supply; and (2) increased resilience to water quality degradation. It can also reduce the pressure on surface and groundwater resources (e.g. the reservoir or aquifer used for piped water supply) by decreasing household demand and has been used as a means to recharge groundwater aquifers. Another possible benefit of rooftop RWH is mitigation of flooding by capturing rooftop runoff during rainstorms.

Climate change is projected to increase intensity and variability in precipitation. These are of particular concern close to the equator, where developing countries are concentrated. Storage of rainwater can provide short-term security against periods of low rainfall and the failure or degradation of other water supplies.

RWH is widely practiced in many countries worldwide. Over 60 million people were using RWH as their main source of drinking water in 2006 and that number is projected to increase to more than 75 million by 2020. It is likely that hundreds of millions more collect rainwater as a supplementary source of water for potable and non-potable uses. RWH can aid climate change adaptation even in the most developed countries. Economic growth in low-income countries leads to increases in piped water coverage and per capita water use. If safe, reliable piped supplies are available, RWH for non-potable uses can partially offset the increase in household use. In some parts of the United States, half of all residential and institutional water use goes to landscape irrigation; simple rain barrels are commonly used to water landscapes without taxing the piped water supply. One-third of residential water in Europe is used for toilet flushing and 15% in washing machines and dishwashers. In Germany and elsewhere, the use of rainwater for these non-potable uses is becoming increasingly common.

Fog 

Drought caused by climate change is leading to reductions in the availability of fresh water supplies in some regions. This is having an impact on agricultural production by limiting opportunities for planting and irrigation. Fog harvesting provides a way of capturing vital water supplies to support farming in these areas. Furthermore, when used for irrigation to increase forested areas or vegetation coverage, water supplies from fog harvesting can help to counteract the desertification process. If the higher hills in the area are planted with trees, they too will collect fog water and contribute to the aquifers. The forests can then sustain themselves and contribute water to the ecosystem helping to build resilience against drier conditions.

Contribution to development and potential beneficiaries

Ground surfaces

Lack of adequate water supply during drought and seasonal dry periods can halt economic development and hinder human health and well-being. Access to a convenient supply of stored rainwater can decrease travel time to remote water sources, increase agricultural productivity and reduce depletion of groundwater resources. Increasing the availability of irrigation water during the dry season and even during short dry spells has been shown to yield large increases in agricultural production.

Rooftops 

Incorporation of RWH into household water practices in developing countries can contribute significantly to development by saving money and time. Stored rainwater is a convenient, inexpensive water supply close to the home. This can greatly decrease the time spent fetching water or queuing at water points. It can also provide significant savings for households that are sometimes forced to purchase vended or bottled water. In many settings, RWH can reduce exposure to waterborne pathogens by providing improved potable water quality and high quality water for other household purposes including hygiene, bathing and washing.

Water scarcity can hinder economic development, human health and well-being. Therefore, in arid and semi-arid countries, even in places with a safe and reliable piped drinking water supply, RWH can contribute to development. By reducing demand for high quality water supplies and capturing water that would otherwise evaporate, RWH effectively increases per capita water availability. This can increase the sustainability of water resources and reduce public and private expenditures associated with water infrastructure.

Fog 

The issues for fog harvesting are the same as for collecting water from ground surfaces.

Knowledge/capacity building requirements

Ground surfaces

Rainwater collection projects can have adverse hydrological impacts on communities downstream if too much water is stored or diverted. Local governments must have the technical ability to assess these impacts if they are to prevent major externalities and resolve conflicts. Knowledge of geographic information systems (GIS) and remote sensing/satellite imagery software and other tools are necessary to determine small reservoir storage capacity. 

Rooftops 

RWH from rooftops into storage containers has been continuously practiced in parts of Africa and Asia for thousands of years. In societies where RWH is a common part of water practices, simple household RWH can be practiced effectively with little training or capacity building; local supply chains for storage containers and other system components should be in place. Operation and maintenance consists primarily of simple cleaning and basic repairs. However, some training for households, especially related to protecting water quality (e.g. first flush methods, filtration) and budgeting rainwater are likely to lead to improved outcomes. 

When establishing RWH in an area where it is not commonly practiced, significant capacity building is likely to be necessary. The most challenging aspects are likely to be generating sufficient demand for a self-sustaining industry and establishing supply-chains. However, most RWH hardware is not very specialized. Acceptable materials for storage and conveyance systems can be found in practically any city worldwide. Some guidance on implementing new RWH programs is available in the references. In contrast to simple systems, RWH for household dual piped systems requires professional plumbers who are trained to install such systems.

Fog
A range of meteorological and geographic information is required for choosing a site to implement fog harvesting technology, including predominant wind direction and the potential for extracting water from fogs (such as frequency of fog occurrence and fog water content). A feasibility study and pilot-scale assessment should also be carried out to assess the magnitude and reliability of the fog water source. Some of this information can usually be gathered from government meteorological agencies but may require local meteorological stations and the use of a neblinometer for collection of localised data. Aside from hard data, expertise in the construction and maintenance of the fog harvesting technology is required and training should be provided to local communities to undertake regular quality control and equipment inspections.

Institutional arrangements

Ground surfaces

Policies, legislation and institutional capacity are needed to address conflicts and externalities that can result from to rainwater collection. Conflicts between small-scale farmers competing for limited runoff have been reported in Kenya. Additionally, as storage infrastructure grows larger it has the potential to reduce flows and negatively impact communities downstream. One state government irrigation department in India destroyed a communal reservoir for fear of negative hydrological consequences for communities downstream. Small reservoir projects are likely to fail if communities do not identify the need for rainwater storage and have a choice in the technology. Management strategies of communally owned storage and irrigation infrastructure are likely to be subject to the same determinants that govern the success of small drinking water systems. The “demand-driven, community-managed” model that has worked for small drinking water supplies is likely to work for these systems as well.

Rooftops

Basic RWH involves collection, management and use by individual households and there are few if any institutional requirements. However, storage containers usually show strong economies of scale. Therefore, groups of households can often benefit by directing rainfall to one or more large, shared storage containers. In developed regions, RWH for landscape irrigation is likewise driven by individual households. Guidance for establishing and designing these systems is available online. If RWH for piped dual systems is to be promoted, plumbing standards and building codes must often be modified. Many national and provincial governments have established codes and standards. Some of these are publically available.

Fog 

It is generally recommended that the local population is involved in the construction of the project. Community participation helps to remove labour costs and also helps to ensure a sense of ownership by the community and a commitment to maintenance. A community management committee could be set up and consist of trained individuals responsible for repair and maintenance tasks, helping to ensure the long-term sustainability of the technology. In the initial stages, government subsidies may be required to buy raw materials and fund technical expertise.

Cost of implementation

Ground surfaces

Implementation of large-scale rainwater collection programs should include a survey of current reservoir capacity and location. Satellite-based methods for tracking surface water, including radar and other methods that are not hindered by cloud cover, can reduce the costs of the survey. It is difficult to find specific data on the construction and implementation costs of rainwater collection projects. Many factors, including the scale of the project, location, etc. will strongly affect costs. The program costs of foreign-funded rehabilitation and development of small reservoirs (locally known as “village tanks”) in Tamil Nadu, India have been reported. The village tanks in that program were relatively large (40 ha or greater) and the average cost for each project was about $50,000.

Rooftops

In low-density rural areas, RWH can often provide household water at lower expense than other available options. If a household already has a suitable hard roof for use as a catchment surface, storage containers are the major expense. The cost of storage containers typically depends on construction quality, tank size, and other factors. A large, high quality storage container can be a major investment for poor households. In the context of climate change, increased precipitation extremes could necessitate greater storage volume, thus enabling the capture of maximum volume during intense periods and providing for household water needs during extended dry periods.

Fog 

The costs vary depending on the size of the fog catchers, quality of and access to the materials, labour, and location of the site. Small fog collectors cost between $ 75 and $ 200 each to build. Large 40-m² fog collectors cost between $1,000 and $1,500 and can last for up to ten years. A village project producing about 2,000 litres of water per day will cost about $ 15,000. Multiple-unit systems have the advantage of a lower cost per unit of water produced, and the number of panels in use can be changed as climatic conditions and demand for water vary. Community participation will help to reduce the labour cost of building the fog harvesting system.

Current status of diffusion of the technology in Namibia and potential private sector involvement 

Ground surfaces

There is very scientific understanding of ground water resources in Namibia. This has positive implications for collecting rainfall water from small reservoirs and microcatchments and the effectiveness of the diffusion of associated technologies.

Rooftops

A recent study showed that 

· Rooftop harvesting systems with the ferrocement and the block tank have proven to be the most efficient options among the chosen alternatives. Both tank types are economically almost not distinguishable and furthermore affordable for private users, especially if options of microfinance (e.g. microcredits, self-help groups) are considered. 

· These roof harvesting technologies are even competitive with the public water supply in monetary terms. The corresponding prime costs fall below the chosen benchmark of the private water taps considerably within the life-span of those systems. Therefore it is reasonable to introduce RWH as a complementary water source even in areas where grid supply is provided. 

· In terms of the ground catchment system, the case is a little bit different. The same benchmark of the private water taps is only obtained if moderate subsidies are provided. Grants of about one third of the total investment costs of a single facility would be necessary which is still acceptable regarding the achievable yields and presented potentials. For this reason, the matter of RWH using ground catchments should be followed up, especially to gain technical and institutional experiences. 

Fog

Studies to model the impact of climate change on the occurrence of fog events along the coast of Namibia, specifically events where the fog penetrate far inland. These events are responsible for most of the water available needed to sustain the rich biodiversity of the Namib Desert. The implementation of fog harvesting technology has largely been a research and development activity at this stage.
Opportunities and barriers

Ground surfaces

Increased agricultural productivity, the potential for year-round water supply, and decreased time spent collecting water all provide strong incentives to landowners or communities considering rainwater collection. Increased opportunities for ground-level rainwater collection should arise when rainfall is highly variable or seasonal, agricultural productivity is clearly hindered by dry periods, and alternative water supplies are distant. 

Barriers include the potential for adverse hydrological impacts downstream and the need for adequate capacity to assess these impacts. However, the environmental and hydrological impacts of small reservoirs have been reported to be minor.

Opportunities for small reservoir capacity development may arise where water availability is inadequate but environmental, social or legal concerns preclude the development of large reservoirs. Additionally, surface storage can lead to parasite/vector breeding, algal blooms and poor water quality, particularly in small reservoirs fed by agricultural runoff. Despite the poor aesthetic and microbial quality of such waters, they are often used for drinking when other water points are distant or expensive. Implementation of household water treatment technologies may be able to address this problem.

Rooftops 

Opportunities for investment in RWH are greatest when it can lead to time and cost savings, in addition to improved water quality and health gains. Conditions are most favorable for household RWH when other water sources are: far from the home, of degraded quality, unreliable, or expensive. When “hard” (e.g. metal or tile, in contrast to vegetative) roofing is already in use, capital costs are lower, and efficiency and water quality are superior. 

Barriers to implementation include inadequate or unsuitable (e.g. vegetative) roofing, lack of space for appropriate storage containers, and extreme air pollution. 

Fog 

Still largely in a state of development, there is opportunity for research and development into fog harvesting technology and its potential to support agricultural production. Given the lack of mesh suppliers, using locally available materials for component parts presents an opportunity for local business development. This technology also provides an opportunity to restore natural vegetation and support agricultural practices through the sourcing of clear water for crops and livestock.

Several challenges and issues have emerged from fog harvesting projects implemented to date:

· Where fog is a seasonal source, water has to be stored in large quantities for dry season use.

· If not properly maintained, water quality becomes an issue during low-flow periods

· Fog water collection requires specific environmental and topographical conditions, limiting its application to specific regions

· Procurement and transportation of materials is hindered by remote locations and steep terrain

· Strong winds and snow fall can result in structural failure during the winter season

· Water yield is difficult to predict, requiring feasibility studies prior to large scale implementation

· For harvesting to be effective, frequent fogs are needed and sufficient water collected for the investment to be cost-effective. This limits the technologies to areas with specific conditions

· There are few commercial producers of mesh currently in operation, with main suppliers located in the Chile. There is none in Africa, North America or Asia. Therefore implementation and maintenance can be costly [due to import or transportation].

Water Reclamation and Reuse: Ground water recharge (Water Banking)

Technology description

A groundwater aquifer is important for freshwater storage and water transmission. It provides water resources that can be withdrawn for various purposes. The use of a recharge basin requires a wide area with permeable soil, an unconfined aquifer with transmissivity, and an unsaturated (or vadose) zone without restricting layers. With this system, the vadose zone and aquifer work as natural filters and remove suspended solids, organic substances, bacteria, viruses and other microorganisms.

	Technology options
	Option description

	Aquifer Storage and Recovery (ASR)


	The re-injection of potable water back into an aquifer for later recovery and use. ASR has been done for municipal, industry and agriculture use.

	Aquifer Storage Transfer & Recovery (ASTR)


	Process for converting stormwater into water of drinkable quality. The technique involves injecting stormwater, which was treated by being passed through a reed bed or wetland, into an aquifer. The water, stored in darkened conditions for a prolonged period, becomes potable by natural processes.

	Dune Filtration


	The infiltration of water through a sand dune and extraction

from boreholes, wells or ponds at a lower elevation for water quality improvement and to balance supply and demand.

	Infiltration Basins


	Basins constructed in sand or gravel aquifers. Surface water is diverted to the basins and allowed to infiltrate through an unsaturated zone to the underlying unconfined aquifer.

	Percolation Tank
	Normally built in ephemeral streams, the percolation tank stores surface water allowing it to infiltrate into the underlying unconfined aquifers. The recharged water is then extracted down-gradient via wells or boreholes.


Contribution to climate change adaptation

Groundwater recharge has been used to prevent the decline in groundwater level and to preserve the groundwater resource for future use. Compared to conventional surface water storage, aquifer recharge has many advantages, such as negligible evaporation, little secondary contamination by animals, and no algal blooming. This technology help store water resources in a sustainable manner for future use.

Contributions to development and potential beneficiaries

Discontinuity of water supply due to drought does affect the economy, human health and well-being and the agricultural sector. This technology provides resilience for communities to rely on poor water quality alternatives. 

Knowledge/capacity building requirements

General knowledge and capacity requirements are: 

Human resources: Implementation of water reclamation and reuse approaches requires the strengthening of local water and wastewater personnel’s technical and managerial ability to evaluate limitations of current practice, potential benefits and requirements of wastewater reuse as well as the fostering of their capability to implement new programs.

Policy and regulatory framework: It will be necessary for policies and legal frameworks that facilitate safe and appropriate reclamation and reuse programs to either be created or aligned in order to ensure the protection of human health and the environment.

Institutions: National, regional, and local institutions will likely need to be supported in their efforts to identify ways in which they can improve effectiveness in regulating and managing water reclamation and reuse programs.

Financing: Financing opportunities and services for water reclamation and reuse initiatives will need to be expanded in order to facilitate such initiatives. It is also likely that the capability of utilities and potential users to understand and access these services will need to be improved.

Participation: Since public perception often determines the success or failure of water reclamation and reuse initiatives, civil society will need to be educated about the benefits of water reclamation and reuse as well as encouraged to participate in the decision-making process and implementation of such programs.

Institutional arrangements

The institutions that are most likely to be involved in water reclamation and reuse projects are those responsible for water supply, wastewater management, water resources management, environmental protection, public health and agriculture.

Cost of implementation

Aquifer Storage and Recovery (ASR): Low to Moderate (can be retrofitted to existing boreholes)

Aquifer Storage Transfer & Recovery (ASTR): Moderate to High (recharge up-gradient of existing

boreholes)

Dune Filtration: Low (only shallow wells / excavations required)

Infiltration Basins: Moderate (can recharge up-gradient of existing

boreholes)

 Percolation Tank: Low to Moderate, depending on size of dam

Current status of the diffusion of the technology in Namibia

Combined ASR and ASTR technologies have been implemented in Windhoek.

The Namibian capital Windhoek has a current water use 3 of ~21 Mm / annum, most of which comes from three dams. The remainder is sourced from a groundwater and reclaimed water. To improve water assurance, the city opted for artificial recharge over other options because it represented a significant cost saving with the same assurance of supply.

The purpose was to improve water security by 'banking' surface water underground, where evaporation and aquifer losses are negligible. To be able to supply virtually the entire city's current use when the aquifer is full, and then for it to be able to be rapidly and fully recharged afterwards. 

Aquifer's sustainable yield: 1.7 Mm /annum (without artificial recharge)

3 Current artificial recharge capacity: 2.8 Mm /annum (5 injection boreholes)

3 Target artificial recharge capacity: 8 Mm /annum (8 new injection boreholes have been drilled)

3 Current maximum yield: 11Mm /annum (with artificial recharge)

3 Target yield: 19 Mm /annum (with artificial recharge)

The following were recorded as challenges and lessons learned

· Artificial Recharge can be the most cost-effective option for enhancing a city's water security and supply system. Complex, fractured aquifers can be used for artificial recharge provided detailed hydrogeological assessments are undertaken to understand the groundwater flow system. 

· Finalising agreements between the source water supplier (NamWater) and the scheme operator (City of Windhoek) delayed the initial operation of the scheme. Institutional agreements are commonly the greatest impediment to implementing artificial recharge schemes.

Opportunities and barriers

Groundwater recharge has been used to prevent the decline in groundwater level and to preserve the groundwater resource for future use. Compared to conventional surface water storage, aquifer recharge has many advantages, such as negligible evaporation, little secondary contamination by animals, and no algal blooming.

It is also less costly because no pipeline construction is required.

Groundwater recharge with reclaimed water presents various health concerns when water is extracted from a collection well and used for irrigation or other purposes.
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Annex IV: Workshop Programme
	Day One – Technology Prioritization

21 January 2016

	Time
	Task
	Resource

	09:00 – 09:05 
	Introduction and welcome
	Facilitator

	09:05 – 09:25
	Official opening speech
	Honourable Minister of Environemnt and Tourism: 

Mr Pohomba Shifeta

	09:25 – 09:45 
	Introduction to the Climate Technology Centre and Network (CTCN)


	CTCN Climate Technology Manager:

Jason Spensley

	
	Introduction to the Climate Technology Centre and Network (CTCN)
	Thando Ndarana (CSIR)

	09:45 – 09:55 
	National Designated Entity (NDE) processes and the water scarcity technology response plan
	Jonathan Kamwi (NDE)

	09:55 – 10:00 
	Questions and discussion
	Facilitator / All

	10:00 – 10:20 
	Tea break

	10:20 – 10:40
	The policy context
	Maria Amakali (MAWF)

	10:40 – 11:00 
	Technology options
	John Sirunda (NAMWATER)

	11:00 – 11:20 
	Presentation on technology prioritization methodology
	Sara Traerup (UNEP DTU Partnership)

	11:20 – 11:35
	Questions and discussion
	Facilitator / All

	11:35 – 11:45
	Division of participants into groups and definition of group functions, nomination of group leaders
	Facilitator

	11:45 – 12:30
	Technology prioritization: Refine information of the technology options that were identified by the project team (presentation above)
	Break away groups

	12:30 – 13:00
	Discussion and refinement of proposed criteria
	Breakaway groups

	13:00 – 14:00 
	Lunch break

	14:00 – 14:30 
	Groups report back to the participants
	Group leaders

	14:30 – 15:45
	Technology prioritization: Application of the MCA method to the technology options
	Breakaway groups

	15:45 – 16:00
	Tea break

	16:00 – 16:30 
	Group report back
	Group leaders

	16:30 – 17:00
	Wrap up of day one
	National coordinator: 

Birga Ndombo


	Day Two – Technology Prioritization

22 January 2016

	Time
	Task
	Resource

	09:00 – 09:10 
	Recap of day one: Presentation of prioritised technologies
	Birga Ndombo (National Coordinator)

	09:10 – 09:20
	Presentation of the development of project concepts
	Benjamin Curnier (Carbon Trust)

	09:20 – 10:00 
	Task 1: Describe the concept 
	Breakaway groups

	10:00 – 10:20 
	Tea break

	10:20 – 10:40
	Task 2: Describe the setting
	Breakaway groups

	10:40 – 11:00 
	Task 3: Describe the team
	Breakaway groups

	11:00 – 11:45 
	Task 4: Explain the plan
	Breakaway groups

	11:45 – 12:15
	Task 5: Describe the benefits and impacts
	Breakaway groups

	12:15 – 12:35
	Task 6: Describe the considerations for implementation factors
	Breakaway groups

	12:35 – 12:55 
	Presentation of project concepts 
	Group leaders

	12:55 – 13:00
	CLOSURE
	

	13:00 – 14:00 
	Lunch break


Annex IV: Excel Worksheets for MCA

Group 2: Agriculture water supply and efficiency
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Group 3: Ground water resource management
Scoring Matrix
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Decision Matrix: Weighted Scores
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Bush Thinning/ debushing 60 0 0 30 15 15 7.5 10 5 2.5 5 0 7.5 75 0 0 75 232.5
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Group 4: Water Reuse and Reclamation
Scoring Matrix
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Annex V: Project Concepts
	COMPONENTS OF PROJECT CONCEPTS:   GROUP 2: AGRICULTURAL WATER SUPPLY AND EFFICIENT


	Task 1: Describe the concept – Keeping the technology, service, product and client description factual and clear

· Describe the product/service 

· Describe the technology

· Describe the client group or customers

	Sprinkler/drip irrigation systems including irrigation scheduling

The sprinkler is high pressure system and drip is a low pressure system

Large scale and small scale farmers (both commercial farmers and communal farmers)

	Task 2: Describe the setting

· Describe the appropriate location of where the technology will be implemented in Namibia taking into consideration factors such as resources, local skills and needs, etc.

· Describe the target beneficiaries and up-takers of the technology

· Describe the regulatory considerations that govern operation and the approvals 

	2.1 Zambezi, Kavango east, Kavango west, Omusati, hardap, Otjozojupa, Oshikato, Kunene and other exisiting community projects.

2.2 We are looking at resettled farmers and community projects located in communal areas.

2.3 Agricultural commercial land reform act No 1995, amended 2002,  Water act no54 1956, Water resources management act no 11 2013 . 

	Task 3: Describe the 

· Stakeholders that could be involved in the projects.
· Describe the potential skills set required by the project implementation

	3.1 MAWF, MET, MURD, MLR, NAMWATER, NAMPOWER, FARMERS UNINIONS, COOPERATIVES, REGIONAL COUNCIL AND REGIONAL GOVERNERS.

3.2 Irrigation skills, project management, financial management, crop productions.

	Task 4: Explaining the plan

· Organise and present the steps to implementation to demonstrate how the core idea will be turned into an operating reality.

Here as much detail as possible is requested. The participants are requested to be a granular as possible.

	· Consult all relevant stakeholders

· Identify and register the beneficiaries and their location

· Select appropriate technology for each region

· Procure the materials to be used 

· Delivery and installation

· Training of beneficiaries

· Production should start

· Monitoring and evaluation

· Incentives to motivate the farmers

	Task 5: Describe the benefits and impacts 

· Estimate and describe all the benefits, establish the impacts and conditions to monitor

· The commercial viability of the project
· Identify and describe all environmental and social impacts and measures to mitigate negative impacts

	· Increased food security, Increased household income, Import substitution, poverty reduction, employment creation, increase GDP, Increase in crop production.

· Commercially viability will depend on the positive results of the technology adopted.

· Land degradation = crop rotation, legumes to fix nitrogen back into the soil.   Relocation of some communities for agricultural expansion: Learn how to produce on small pieces of land.  Pollution water sources: Introduce Good agricultural practices (GAP).

	Task 6: Describe the considerations for implementation factors

· Examples of implemented projects

· Difficulties associated with that technology learnt from those projects

· Failed projects

· Examples of finance sources

	· Olushandaja farmers, Sikondo, Ndonga Linena, Shitemo, Musese, Vunguvungu


	COMPONENTS OF PROJECT CONCEPTS:  GROUP 3- GROUND WATER RESOURCE MANAGEMENT
Project 1: Drilling of new and rehabilitating of borehole

Project 2: Construction of pipeline

	Task 1: Describe the concept – Keeping the technology, service, product and client description factual and clear

· Describe the product/service 

· Describe the technology

· Describe the client group or customers

	Product : borehole/provision of water as a service

Technology: Contractors with specialised drilling equipment

Client: rural communities and towns/cities

	Task 2: Describe the setting

· Describe the appropriate location of where the technology will be implemented in Namibia taking into consideration factors such as resources, local skills and needs, etc.

· Describe the target beneficiaries and up-takers of the technology

Describe the regulatory considerations that govern operation and the approvals 

	Location: Countrywide

Target beneficiaries; Clinics, schools, local authorities and constituencies, farmers  and industries

Up-takers:  Government

Regulatory; covered by the water act (MWAF)

	Task 3: Describe the 

· Stakeholders that could be involved in the projects.
· Describe the potential skills set required by the project implementation

	Stakeholders. Government, traditional authority, NGOs, communities, contractors

Skills. Hydrogeologist/ geoscientist, drilling contractors, Environmentalist, project Managers

	Task 4: Explaining the plan

· Organise and present the steps to implementation to demonstrate how the core idea will be turned into an operating reality.

Here as much detail as possible is requested. The participants are requested to be a granular as possible.

	Research and borehole citing (MWAF, NAMWATER)

Planning and budgeting (priorities, tendering)

Implementation (Drilling, rehabilitating existing borehole)

Monitoring and evaluation

Reporting

	Task 5: Describe the benefits and impacts 

· Estimate and describe all the benefits, establish the impacts and conditions to monitor

· The commercial viability of the project

· Identify and describe all environmental and social impacts and measures to mitigate negative impacts

	Benefits:

Availability of water and qualities

Improved agriculture activities

Improved sanitation ( e.g flushing toilets)

Reduced diseases

Social economic activities (e.g schools, clinics)

Impacts:

Land degradation ( overgrazing, overpopulation)

Conflicts (e.g borehole ownership)

Resource depletion (over abstraction)

Mitigate:

Rotation grazing making use of relief boreholes

Water committee

Monitor and manage the resource  (MWAF)

Commercial Viability:

General taxation (government)



	Task 6: Describe the considerations for implementation factors

· Examples of implemented projects

· Difficulties associated with that technology learnt from those projects

· Failed projects

Examples of finance sources

	Drilling project

Countrywide;  Enhanha town (Namwater station)

Difficulties:  Collapsed borehole, poor drilling techniques.

Vasdraai (Omaheke) - Poor planning taking ownership

Omaheke drilling for relief but more borehole were dry 

Pipelines Projects

Ruacana to Etunda

Katima to Kongola

Bergkuas to Okakarara

Planned pipelines from Desalination Plant

Von bach to Windhoek
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	COMPONENTS OF PROJECT CONCEPTS: GROUP 4 – WATER REUSE AND RECLAMATION
1. Reclamation of treatment domestic Waste water for potable water and reuse of waste water for other purposes

2. Aquifer storage and recovery (managed aquifer recharge)

3. Percolation dam

Reason for the selected technology

· It has high scalability

· It is being implemented in Namibia

· High potential to contributed to water demand management 



	Task 1: Describe the concept – Keeping the technology, service, product and client description factual and clear

· Describe the product/service 

· Describe the technology

· Describe the client group or customers

	· Treating of domestic waste water to meet potable standards/guidelines as well for the uses e,g. irrigation, industrials purposes etc. 

· This will benefits the industries, municipalities, local authorities and irrigation farming activities.

	Task 2: Describe the setting

· Describe the appropriate location of where the technology will be implemented in Namibia taking into consideration factors such as resources, local skills and needs, etc.

· Describe the target beneficiaries and up-takers of the technology

· Describe the regulatory considerations that govern operation and the approvals 

	· The technology is currently being implemented in Windhoek at Gammams water works since 1965 for potable consumption and in Swakopmund, Walvis bay and Okahandja for irrigation purpose. 

· This technology can be replicated to other municipalities and local authorities such as Oshakati/Ongwediva/Ondangwa, Mariental, Keetmanshop, Gobabis, Okakarara, Otjiwarongo, Grootfontein, Opuwo, Industries and Mines.

· Namibia Water Resources management Act 2013

· National Water Policy 2000

· Integrated Water Resources Management Plan 2010 

· Environmental Management Act 2007

	Task 3: Describe the 

· Stakeholders that could be involved in the projects.
· Describe the potential skills set required by the project implementation

	· Engineers, Scientist, Hydrologist, Technicians

	Task 4: Explaining the plan

· Organise and present the steps to implementation to demonstrate how the core idea will be turned into an operating reality.

Here as much detail as possible is requested. The participants are requested to be a granular as possible.

	1. Stakeholder consultations at different levels

2. Site identification 

3. Project conceptualization 

4. EIA

5. Design the plant 

6. Implementation

7. Evaluate

8. Close off the project

	Task 5: Describe the benefits and impacts 

· Estimate and describe all the benefits, establish the impacts and conditions to monitor

· The commercial viability of the project

Identify and describe all environmental and social impacts and measures to mitigate negative impacts

	Benefits and Impacts

· Reduce water demand in targeted area

· Creates job opportunities 

· Reduces pollution

· Reduces the spread of diseases

· Enhance ecological and environmental sustainability

· Climate change adaptation

Conditions to monitor

· Reduction in water demand

· Water quality

· Technology/plant efficiency

· Level of pollution 

Negative impacts                                                                        Mitigation

· Odour from the plant                                             - Introduce technology to neutralizing 

· Psychological mind effect                                     - Create awereness 

	Task 6: Describe the considerations for implementation factors

· Examples of implemented projects

· Difficulties associated with that technology learnt from those projects

· Failed projects

· Examples of finance sources

	Implemented projects

· Windhoek Gammams (For potable)

· Swakopmund/Walvis Bay and Okahandja (For irrigation)

· Rossing Uranium (Dust suppression)

Difficulties

· Costs 

· Skills shortage

· Social acceptance 

· Buy in from stakeholders 

Failed projects

· Reuse of waste water at Mariental project failed due to time constraint allocated to the project

· Failure of project location taking into consideration the population growth in the urban area (Gammams) 

Example of finance sources

· World Bank

· African Development Bank

· Adaptation Fund 

· Green Climate Fund

· Southern Africa Development Bank

· Local Commercial Banks 

· Co-financing Government (Central, local)

· GIZ-KFW

· EU

· GEF
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