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1 Introduction 
Water services are facing increasing pressure due to impact of climate change. This is especially challenging in many developing countries, which are simultaneously facing the increasing needs of growing population. Similar to many other developing countries, the existing infrastructure in Kenya is already struggling to satisfy the needs of the current population as only 59% of Kenyans in 2017 had access minimal basic water service. Thus, approximately 20 million Kenyans still rely on unsafe sources of water or need to spend more than 30 minutes collecting improved water. (UNICEF, WHO, 2019) 
The United Nations Sustainable Development Goal 6 seeks to provide safe and affordable drinking water and sanitation for all (UN, n.d.). For decades, increasing water service coverage has been among the core targets of foreign aid. Typically, traditional development aid programmes have focused on affordable low-tech solutions for increasing coverage, especially in the poorest areas. These low-tech solutions have enabled a rapid increase in coverage, though the service level still remains low. Low-tech solutions have also been expected to be more sustainable because of their lower costs for management as well as operation and maintenance (O&M). However, problems still arise with these solutions due to inefficient revenue collection systems, a lack of ownership and insufficient technical capacity or support in case of system failure. 
The effectiveness of traditional development aid has been widely discussed, with conflicting outcomes (Doucouliagos, Paldam, 2009, Askarov, Doucouliagos, 2015, Arndt, Jones & Tarp, 2015). In 2006, the World Trade Organisation (WTO) and the Organisation for Economic Co-operation and Development (OECD) joined forces in the Aid for Trade initiative that aims to reduce the dependency of the least developed and developing countries on aid and to empower the economy of these countries by strengthening their capacity to trade (OECD, World Trade Organization, 2019). One globally popular tool to promote trade in developing countries has been concessional loans, a tool also used by the Finnish Ministry of Foreign affairs (MFA). The MFA has recently updated one of its financing instruments, the Public Sector investment Facility (PIF). The PIF provides concessional loans for public sectors of developing countries to invest in Finnish technologies.  
Concessional loans engage the private sector through the trade projects. This has an impact on the level of technology transferred to recipient countries. Traded solutions can be expected to be higher level technology than the low-tech solutions traditionally implemented in aid projects. This change in the level of technology has potential to promote public sector efforts towards national targets and Sustainable Development Goals (SDGs). The Internet of Things (IoT) and other smart technology solutions can be more sustainable than traditional technologies in developing countries and can also improve the sustainability of existing systems through methods such as remote monitoring (Ingram, Memon, 2019). However, as the complexity of technologies increases, so does the capacity required to operate and properly manage these systems. In order to overcome the challenges of water sectors in developing countries, even more attention than before needs to be directed towards ensuring the long-term sustainability and functionality of the implemented systems. 
There has been a lot of research on technology transfer on general level as well as environmental, social and economic sustainability of both water resources management and rural community-managed water schemes. However, the technological sustainability and 
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how it should be achieved in terms of localising imported technology has been studied less. As the shift from traditional aid to concessional loans and trade will lead to more private companies engaging on technology projects in developing countries, the responsibility over making the required adjustments and ensuring sustainability also moves to the project implementors and technology providers. Sustainability is and should be in the interest of technology providers as sustainable solutions provide good references for future sales, but the lack of research may hinder proper planning of sustainability measures and risk the implementation of inadequate systems in developing countries, resulting in unsuccessful outcomes. Thus, to promote sustainability of transferred technology, research on localisation is required. 
The aim of this thesis is to develop a localisation framework for Finnish technology companies to help them in planning the localisation of their solution in developing countries. The term localisation refers to the customisation of a technology solution to ensure its sustainability by addressing the local challenges and characteristics. Sustainability refers to the continued performance and function of the solution over time, providing long-term results through improved service in the area implementing the solution. Comprehensiveness and logical visualisation are sought in the framework. In addition, a way to assess the localisation needs is considered. In addition to the primary aim, the thesis compares the thoughts of different stakeholders on localisation and discusses the compatibility of the developed framework with the PIF guidelines. 
The localisation framework is developed using information through semi-structured interviews with various stakeholders. The interviews aim to cover both the common challenges that technology projects encounter in developing countries and potential methods to overcome these challenges. Categorising and organising this information is one of the key aspects of building the framework. To test the framework, the thesis uses a case from the Kenyan water sector. 
The scope of this thesis is defined through the TCOS framework by Hall and Martin (2005). The framework was initially developed for the innovation sector, though it has also been shown to be applicable to the water sector (Hyvärinen, Keskinen & Levänen, 2020). The framework proposes four types of uncertainties: technological, commercial, organisational, and social uncertainties. In this thesis, these four categories are referred to as dimensions. All four dimensions are crucial for a functional system, but this thesis focuses on the technical dimension.  
In this thesis, the technical dimension is considered to cover aspects directly related to a technology as a solution. This means that some social and economic aspects, including operative training, are considered as long as they can be embedded into the project. This framing enables focusing on issues and aspects that can affect sustainability through the localisation of the technology solution either by the technology provider or the project director.  
This thesis is structured as follows. Chapter 2 reviews the literature on sustainability of water projects in developing countries and technology transfer. Chapter 3 introduces the case and describes the materials and methods used in the thesis. Chapter 4 presents the results of the interviews and the localisation framework. Chapter 5 discusses the results and Chapter 6 concludes the thesis by summarising the main findings and providing suggestions for the future.  
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2 Literature review 
Although this thesis approaches the sustainability of water systems mainly through issues that can be effected by the case project, often technologies are implemented as a part of an existing system. Even if a specific technology would provide a standalone solution, it is important to consider how water provision is arranged and understand the issues that utilities in Kenya may encounter, as these external challenges are likely to affect future implementations. Thus, although the analysis in this thesis is more strictly framed to the technological dimension, the literature aims to cover the operative environment more broadly.  
As the case project targets Kenya, the context for the water sector in a developing country is also provided through Kenya in Section 2.1. Sustainability of water service solutions is explored through various angles in Section 2.2, including ownership and capacity, potential of smart technologies, social acceptability, service delivery approach and service ladder. Understanding how the transfer of technology proceeds and the frame where it happens is important for building a relevant and functional tool for localisation. Thus, Section 2.3 describes technology transfer to developing countries. 
2.1 Water sector in Kenya 
In 2010, Kenyan government set a new Constitution, in which the governance was divided to national and county levels. The aim was to improve quality and delivery of services and increase community participation through taking the decision making regarding local needs closer to the people. This has also impacted the water sector, as the responsibility of securing water services to the citizens was transferred from the national level to the 46 counties. At first there was confusion over responsibilities and mandates, but liabilities and obligations were further clarified in the new Water Act 2016 (White, 2018). 
Although the reforms are expected to take the Kenyan water sector forward, the sector still struggles with low water service provision standards and low water supply coverage (Chepyegon, Kamiya, 2018). The inequality between urban and rural populations is also evident: while 85% of the urban population had access to minimum basic water service in 2017, among the rural population the share was only 50 %. (UNICEF, WHO, 2019). 
Some important factors behind the low coverage and provision standards include low technical capacity, inadequate maintenance, high operation and management (O&M) costs, lack of funding and high share of non-revenue water (NRW) (Chepyegon, Kamiya, 2018). The O&M costs are not necessarily exceptionally high, but combined with insufficient revenue collection and technical capacity, this too often leads to projects and solutions falling into disrepair. This is observed in both rural community projects and in water utilities (WUs) (Carter, Tyrrel & Howsam, 1999, Mugabi, 2009). Thus, to improve water quality and secure availability of safe water for more people, new solutions and practices are required and the lifespan of the implemented technology solutions needs to be prolonged.  
Development cooperation between Finland and Kenya 
The beginning of development cooperation between Finland and Kenya dates to 1960s. The cooperation first proceeded through a Nordic programme and bilateral cooperation started in 1980 (MFA, n.d.). From the early days one focal point has been water and water services, 
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especially in rural areas. Finland’s support to Kenya’s water sector during the last 10 years has been directed through Kenyan governmental organisation Water Sector Trust Fund (WSTF) but the funding programme will end in 2021 as water is cut out of the country programme. Nevertheless, support to water sector will continue through involvement of Finnish private sector with funding instruments provided by the MFA. 
Variety of water providers 
There are different types of water service providers (WPSs) in Kenya: licenced utilities, both publicly and privately owned, and community managed water projects. Capacity o operators in these utilities and water projects vary greatly: in the rural community managed projects especially, technical capacity remains low despite training. The variation within the different provider categories should also be noted: many small, remote, licenced utilities may often struggle with similar challenges than community managed schemes (WASREB, 2020).  
In Kenya, most of the licenced WUs are publicly owned: in 2019 there were 95 WUs in total out of which only 3 were privately owned. Every year Water Services Regulatory Board (WASREB), the Kenyan regulatory state corporation, conducts a performance review in which all licensed utilities are ranked based on nine performance indicators. The scores of all private utilities were comparable to the top-10 public utilities. However, unlike with public utilities, customer base of private utilities is narrower, and they mainly have middle- and higher-income customers, which naturally improves their revenue collection prospects. (WASREB, 2020). 
Potential of privatising public services has long been debated. Privatisation has also been speculated to improve water services in developing countries (Galiani, Gertler & Schargrodsky, 2005). Privately operating WUs have been observed to have higher labour productivity and to use chemicals and fuel more cost-efficiently, but the tariffs have often been higher than those of the state-owned utilities. Location specificity and high fixed costs of water technology restrict competition prospects, which in turn increases the risk that cost of service rises to levels unreachable by the poor section of population. Overall, no statistically significant difference in performance between private and public utilities has been observed. (Kirkpatrick, Parker & Zhang, 2006).  
Unfortunately, WUs are often unable to reach everyone on the area under their jurisdiction. Especially the urban low-income areas, such as slums, are difficult in terms of securing coverage. Although household connections may be available for purchase and price of water would thus decrease, poor households often lack the initial capital for the investment and prefer to buy their water from informal vendors who accept daily payment based on usage (Sarkar, 2020). Informal water vending has many forms, but it always involves a risk for the customers as there is no guarantee for quality and the prices may be unjust. Sometimes informal vendors are the only source of water available for the poor, which makes their position vulnerable. The price of informally bought water may be a much as 10 times higher than the price from WUs. (Briscoe, Garn, 1995). 
2.2 Sustainability of water services 
After its first introduction in 1987, the concept of sustainability has been described and considered through many different contexts. For water resources systems, Loucks (1997) proposed an approach where different categories, including economic, environmental, 
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ecological and social criteria, are assessed based on their reliability, resilience and 
vulnerability. In this approach, resilience refers to a system’s ability to retain its normal function after inacceptable event or performance values occur. Reliability refers to the general probability that the system is within acceptable performance limits at any given time. Vulnerability refers to extent of failure or duration of the unacceptable performance after the event first occurred. Another definition of a sustainable water service system was proposed by Harvey and Reed (2003): [in a sustainable system] “the water sources are not over exploited but naturally replenished, facilities are maintained in a condition which ensures a reliable and adequate water supply, the benefits of the supply continue to be realized by all users over a prolonged period of time, and the service delivery process demonstrates a cost-effective use of resources that can be replicated”. These approaches can reasonably be 
extended to water service technologies’ context within the scope of this thesis.  
In sustainability analysis it is important to consider the cases in which the system has not been sustainable. Water system non-functionality has been associated with system age, the absence of user fee collection and the lack of access to external technical support. Klug, Cronk et al. (2018) identified hardware problems as the most common reason for breakdown in Sub-Saharan Africa, but environmental problems, vandalism and poor quality of implementation have also been observed. In an earlier study, Klug, Shields et al. (2017) suggested that management and financing issues should rather be considered as barriers to successful rehabilitation instead of categorising them together with initial hardware breakdowns, as has been previously done. Poor management and financing do not directly cause breakdowns, although they may lead to neglecting maintenance activities, thus eventually leading to breakdown. However, in these cases the primary reason for breakdown is still considered to be hardware problems.  
In the beginning of this section, resilience was defined as one aspect of sustainability. Luh, Royster et al. (2017) studied the resilience of water service solutions to climate change induced extreme weather. They observed that resilience varies depending on the type of technology and the implementing location. As floods and droughts become more common, the selection of proper technology to a specific location becomes increasingly important in ensuring the sustainability of the solution. The common and easy to implement solutions, including shallow wells, protected springs and other surface water solutions were observed to be especially vulnerable, as shallow groundwater and surface water are quickly impacted by drought.  
In terms of sustainability, the wider context and environment in the target country should be considered in addition to the solution-specific aspects. Often, various development projects are implemented on a specific region that may impact each other. This should be taken into consideration when planning a new project, both in terms of projects already existing in the area and adaptation measures when new projects are planned later on. (Spaling, Brouwer & Njoka, 2014). 
Ownership and capacity 
Local ownership and capacity are generally held as important sustainability factors for especially the rural community managed service schemes, including water services. Without the feeling of ownership, the systems may be left disused, or its maintenance may be neglected. Without management and maintenance capacity the system will eventually collapse.  
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For decades, community management has been the dominant approach to small-scale water projects in rural areas. However, Bagamuhunda and Kimanzi (1998) found that villagers engaged in community managed projects, especially if the management structure relies on voluntarism, have been observed to lose their enthusiasm and commitment within 2-3 years from implementation. In the study, committee members in Uganda had no legal mandate to collect revenues which prevented them from properly financing the O&M costs of the system. Similar challenges have likely occurred in Kenya, as the small rural community water projects are usually not licenced utilities and thus do not have the legal mandate of a licensed WSP. 
The lack of feeling ownership, introduced water fees when there previously were none, promises not reached and fading interest or motivation towards maintenance are among the reasons, why so many community-level and community-managed projects fail (Carter, Tyrrel & Howsam, 1999). One approach to building ownership among the community has been to increase autonomy of the beneficiaries over the solution. Esposto (2009) claimed that autonomy over maintenance and operation can serve in building the feeling of ownership among the community and that dependency on external support reduces the sustainability of a solution. However, most other papers (Harvey, Peter A., Reed, 2007, Lockwood et al., 2010, Schweitzer, Mihelcic, 2012) suggest contrary results, stating that without proper external support, especially when it comes to technological issues, sustainability of projects is compromised. Schweitzer and Michelcic (2012) found that external support visits encourage higher community participation and lead to improved financial durability. 
Typically, projects implemented through development cooperation target the poorest, underserved parts of the population, and they are usually planned to be managed by the communities. Due to the education level in the target location, these projects usually opt for low-tech solutions that are durable and easy to repair. The management and revenue 
collection schemes are planned with the community also to enhance the community’s capacity to manage the investment. This approach seems to aim for autonomic operation and management, where the long-term interference of the initial donor would not be needed. 
Although challenges have been observed with community management, community participation remains a crucial factor for sustainability. Harvey and Reed (2007) highlighted the importance of distinction between the two concepts. If the responsibility over operation and management is left for the community alone, this can cause the system to fail in a few years from implementation due to insufficient economic or social capital to maintain the system or lost interest among the community members, especially if the management is based on voluntarism.  
In its latest report WASREB (2020) noted that voluntary community management of rural small-scale water systems might not be the most appropriate approach to arranging rural water supply. Instead, service delivery approach with more institutional support and better O&M structure could have better and longer lasting impacts (Lockwood et al., 2010). The service delivery approach is discussed in more detail in a later sub-section. 
Potential of smart technologies 
Mac Mahon & Gill (2018) stated that it is very important to have sufficient monitoring and evaluation capacity when implementing a modern technology solution in a developing 
economy’s context. To achieve this, local implementation resources need to be utilised. 
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When the local implementing parties and operators monitor and evaluate the state of the equipment themselves, necessary maintenance activities and repairs can be done in time and the solution does not fall into disuse for extended periods of time. In addition, many practitioners see the potential of IoT and information technology (IT) solutions as well as the service delivery-based approach: this combination could create a more sustainable alternative to the traditional community managed approach (Ingram, Memon, 2019). 
The potential of modern solutions was demonstrated by Hope, Thompson et al. (2014) in their study of smart handpumps. In the study, remote monitoring equipment was attached to the handpumps to inform the maintenance team about non-functionality of a pump. Over a one-year observation period, the tested maintenance model was observed to decrease the response time to breakdowns and thus reduce the non-functional days of handpumps significantly. 
Integration of smart technology with local smart systems has also provided promising examples. Grundfos LIFELINK has implemented solar-powered water ATMs that are integrated with the local Kenyan mobile payment system, Mpesa (Hellström, 2010). Consequently, the company has reported increased service times, reduced NRW and many improvements to people’s lives due to easily obtainable, safe water (Grundfos, 2018). 
Social acceptability 
Social and cultural aspects play an important role in the sustainability of a certain technology or solution. Especially in rural areas and among conservative communities the traditions related to the water pay an important role. Martín-Domínguez et al (2005) investigated the potential of simple solar disinfection system and considered it more likely to be accepted by conservative communities as the taste of the water is not altered and nothing, that could be deemed unacceptable by the communities (such as chemicals), was added to the water. Communities may also have strong opinions on material or structural choices. Sometimes a more expensive iron pipe system might be preferred due to its strength, which might prevent or at least reduce illegal connections to the water supply system (Esposto, 2009). Esposto 
also stated, that “when introducing a new technology, preference should be given not to the most economical and/or efficient solution, but to the one that merges as having the best 
relationship with the local social and cultural framework”. 
Social elements impact sustainability also on a general level. People, who have previously not paid for their water, are sometimes unwilling to pay even small fees for their water when they acquire the possibility to buy safe water (Kremer et al., 2008). It may be, that safe water is only bought for drinking and water for other uses is obtained from traditional sources. Consequently, the water providers who introduced the new, safe water system might receive only small revenues through water fees, which might in turn prevent proper maintenance of the system. 
Service delivery 
Considering the sustainability merely through the technology and infrastructure has been a widespread approach, but it is not enough. To ensure long-term results, the sustainability of the service should also be considered after implementation. Moriarty, Smits et al. (2013) stated that the service delivery approach is built on projections and plans from the beginning of the project. According to their study, a water project should define the targeted level of 



  
 

8  

service early on and tie this to the management and financing plans of the solution to ensure sufficient asset management. Service delivery also requires proper institutional support (Lockwood et al., 2010). This type of approach requires changes in policies and widening the pool of options for water service provision models, especially in rural areas. 
Service delivery approach has its advantages also in urbanisation. When rural centres gradually grow to small urban towns, the wanted level of service can be expected to increase. Simultaneously, as the population density grows, central systems become more feasible, thereby facilitating more reliable service delivery. Thus, expansibility is a desired aspect of systems in rural centres. Planning for later updates and extensions in services of rural centres will ease the transition as the centre grows (Moriarty et al., 2013).  
As long as the overall coverage remains low, it is understandable the local authorities and donors have focused on providing first-time access through hardware delivery and put less effort in service development. However, coverage alone is a poor estimate of water availability: the numbers of non-functional days in a year and people using the same source as well as service hours should also be considered. The study noted misleading findings about increased coverage, where, after closer scrutiny, it became evident that in many areas the level of service was below national standards, and the increased coverage was thus in reality not reached on the acceptable level of service (Moriarty et al., 2013). 
Service ladder 
Since 1990, WHO and UNICEF have monitored the progress of drinking water, sanitation and hygiene (WASH) together in the Joint Monitoring Programme for Water Supply, Sanitation and Hygiene (JMP) (WHO, UNICEF, n.d.a). Under this programme, a service ladder for drinking water has been specified. In the ladder, drinking water sources are categorised as improved or unimproved based on whether the source by its construction and design is able to provide safe water. The service ladder for drinking water has 5 levels: 1) safely managed, 2) basic, and 3) limited, which all provide improved water, and 4) unimproved and 5) surface water, which are both unimproved water sources. Safe water is accessible on premises, available when needed and free of contamination. If improved water 
may be obtained within 30 minutes’ round trip, the service is considered basic, if the roundtrip takes longer, the service is considered limited. The unimproved water sources are further divided into unimproved and surface water, as unprotected springs and wells may be expected to be safer sources of water than rivers, lakes, dams or irrigation canals. (WHO, UNICEF, n.d.b). The JMP service ladder is used to track the progress of SDG6. The two highest steps of the ladder, safe and basic water service, are generally considered as acceptable levels of service. The service ladder can and should also be used for planning in the service delivery approach to providing water services. 
2.3 Technology transfer 
Technology transfer (TT) can be defined as moving a technology or technological information from producers to users or from researchers and developers to producers (Kingsley, Bozeman & Coker, 1996). It is also discussed in the context of industrialised countries moving technologies to developing countries. Madu (1989) identified eight critical factors for successful technology transfer to developing countries. These included the appropriateness of the technology to the target location, human capital, proper and suitable education and training, cultural values, effectiveness of management and governmental 



  
 

9  

stability. The importance of clearly defining the needs and objectives for the transfer and further research and development were also considered. These factors are presented in Figure 1. 

 
Figure 1 Factors of successful technology transfer (Madu 1989). 
Similar factors have been identified also in later studies but Larsson, Wall et al. (May, 2006) also highlighted the importance of continuous communication between transferer and receiver throughout the transfer process. Although the study focused on transfers between companies, research centres and universities, it is reasonable to project similar success factors to transfer between countries based on the sustainability literature on development cooperation. In case of the water schemes, it is important that someone on the receiver’s side understands the technology well, the solution is appropriate and properly implemented, and the receivers feel the transfer to be a common project instead of a one-sided one where the transferer merely delivers the technology without engaging the receiver in planning, training or decision making. 
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The identified factors cover technical, institutional, and social aspects that relate to various stakeholders. However, when considering how to ensure a successful transfer, it is also important to consider which stakeholders can impact the different factors. Governmental and political aspects are national, internal matters and cultural values may be deep-rooted. Transferer has direct influence only on planning the solution and preparing the user training. Cooperation with the receiver enables discussions about developing managerial issues and 
objectives but still the power of making the decisions remains outside the transferer’s grasp. 
TT is also discussed in developing economies’ context as one of the ways through which countries acquire new technologies. Danquah (2018) noted that countries in Sub-Saharan Africa often acquire sophisticated technologies through trade. As long as the country has relevant technological expertise and sufficient human capital, machinery imports can improve national efficiency and productivity, leading to economic growth. Thus, the study argued that openness to trade and efforts in education can promote absorption of the technology transferred, which increases the benefits acquired through the transfer. 
The meaning of efficiency is not always clear. Mbuvi, De Witte et al. (2012) discussed the distinction between efficiency and effectiveness. In the study, efficiency was defined as using the resources optimally and thus improving service as much as possible, in terms of technical functionality and performance. Effectiveness, on the other hand, was defined as serving the local population as well as possible and reaching the sector objectives for the area under their licenced jurisdiction. In short, efficiency has to do with technological aspects, effectiveness with impact of service. In Eastern Africa, urban WUs technical efficiency is generally lower than their effectiveness: the study suggests, that if the technical efficiency (including better use of resources and staff capacity) is improved, effectiveness of the WUs could be significantly improved. Most utilities could even reach 100% effectiveness with less inputs if the efficiency were clearly higher. TT could serve as one potential solution to the efficiency challenge as imported modern solutions could potentially increase the technical efficiency of WU significantly.  
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3 Materials and methods 
This thesis approaches the topic through a case, which is briefly introduced in Section 3.1. Section 3.2 describes the different evaluation reports examined to gain better understanding of challenges facing technology projects in Kenya and to infer relevant localisation measures. Section 3.3 briefly describes the semi-structured context interviews used to collect experience-based data about challenges related to technology projects and localisation of technologies in Kenya as well as in other developing countries’ context. To provide the technology providers a tool that helps them in planning the localisation of their solution, the interview results are compiled into a localisation framework. The development of this framework is explained in Section 3.4. The framework is tested and validated through interviews with the technology providers. These technology interviews are also used to map the current localisation preparedness of the technology providers in the case project, as described in Section 3.5. 
3.1 Case 
This Thesis uses a single case study to study the localisation of water sector technology. As described by Yin (2009), case studies investigate complex real-life situations through combining and analysing data from various sources related to the case in question. Case studies enable learning from the interactions and phenomena that the case presents.  
The case study consists of a project with a large consortium of Finnish technology companies that provide modern Finnish water technology solutions to Kenya. The customer and project partner in Kenya is a governmental organisation, Water Sector Trust Fund (WSTF), with whom the project planning and implementation is done. The project is funded through the Public Sector Investment Facility (PIF), which is a relatively new financing instrument provided by the Finnish Ministry of Foreign affairs (MFA). The PIF enables actors on the private sector to initiate trade in developing economies by providing concessional loans to the target country government. The case project provides a continuation of Finnish support to Kenyan water sector while the traditional bilateral cooperation is expected to shift away from water in 2021.  
PIF is a relatively new instrument but it was built on a previous concessional loan instrument that had a similar target of enabling trade with emerging economies and providing a more trade-based instrument alongside the traditional bilateral cooperation. The PIF differs from traditional bilateral cooperation as there is a specific customer who is buying the project and included solutions. Thus, the management structure will be different than in traditional aid 
projects and the buyer has an interest to ensure the solutions’ feasibility. Although the PIF is a financing instrument for foreign public sectors and planning and implementation of the projects is done independently between the local recipient and Finnish companies, the PIF requires compliance with both the local national targets and the Finnish development targets. 
3.2 Reports and assessments 
This thesis examines and utilises data and observations of various reports and assessments that are not academic publications. These reports provide the context and background when preparing for the context interviews. The main reports are the two latest Annual Rural Harmonized Reports by WSTF, the latest Joint Annual Operations and Monitoring Report 
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by WSTF and the two latest Annual Impact Reports by WASREB. These reports are described in more detail in the following sub-sections. 
Annual Rural Harmonized Reports by WSTF 
The Rural Investment Programme by WSTF aims to improve water and sanitation services in the poorest, underserved areas of Kenya. There are many individual projects under the Programme, as each donor has slightly different emphasis on focus regarding e.g., location, activities, or beneficiaries.  
The Programme’s achievements are evaluated yearly, and the evaluation period lasts from July to June. The report is compiled from individual project reports and other input from 
various stakeholders and the progress is evaluated with respect to the fund’s Strategic plan for 2018-2022. Success stories and key milestones are highlighted in the report, but challenges and lessons learnt are also considered. 
Joint Annual Operations and Monitoring report by WSTF 
In 2017, the Joint Annual Operations and Monitoring Exercise (JAOME) was initiated to collect data and evaluate sustainability of implemented investments through four categories: 1) operational status, 2) revenue collection, 3) age and success rate (after two years) and 4) condition of facility. The report is on a more detailed level than the Annual Rural Harmonized Reports and covers WSTF’s other Programmes, Results Based Financing, Urban Investment Programme and Water Resources Investments. The exercise is conducted yearly with an evaluation period of last five years. The aim of the exercise is, that all investments are monitored in their first and fifth year of operation and once in between. 
Annual Impact Report by WASREB 
The regulatory state corporation Water Services Regulatory Board (WASREB) publishes an impact report annually, reviewing the latest sector developments and assessing all licenced water utilities in the country. In the latest report of 2020 (financial year 2018/2019), 87 utilities were assessed using 11 performance indicators divided into three categories: 1) quality of service, 2) economic efficiency and 3) operational sustainability. Each indicator has limits for sector benchmarks of good, acceptable, or not acceptable performance. Utility rankings are presented both overall and for categories distinguished by size: very large, large, medium, and small. The 84 publicly owned and 3 privately owned utilities are ranked separately.  
3.3 Semi-structured context interviews 
This thesis utilises semi-structured interviews to collect data. Thus, the general interview structure and guiding questions are prepared in advance but during the interviews the discussion may flow in in a different order of topics as long as it stays within the pre-determined topical boundaries. This allows relevant observations and insights to emerge outside of the pre-prepared questions.  
This phase of the thesis process collects information about challenges and specialities of Kenyan water sector through interviews with experienced experts of the field. Two Finnish consultants with more than a decade and multiple decades of experience from the development sector were interviewed as well as three sector representatives from Kenya, of 
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whom two were Kenyans and one Finnish. Two of the sector representatives worked for WSTF, one represented the Water Services Providers Association. None of the experts interviewed were themselves technology providers. These interviews aim to identify the main factors affecting sustainability of technology solutions in different stages of the 
solutions’ life cycle. This information, together with literature, is used to compile a localisation framework covering the relevant areas of localisation during the solution’s lifetime. 
3.4 Compiling the localisation framework 
The challenges and adaptation measures arising in the context interviews are collected and arranged into a matrix to provide technology companies a comprehensive, easily readable framework for planning the localisation of their solution. The matrix is built on an assumption that the solution has already been declared useful and needed in the target location. The identified need and expected benefits are essential requirements before taking preparations further and engaging in planning the localisation. Potential benefits could be e.g. development of systems, improved access or quality of water, or cost savings. 
The framework uses a process-based approach to analyse the sustainability of the solutions and aims to cover factors that affect the sustainability of the solution throughout the 
solution’s operative lifecycle, excluding end-of-life. The end-of-life is excluded, as lengthening the lifespan of the solutions is one of the core aspects of sustainability in this Thesis. 
Development of the localisation framework is started from five pre-chosen life cycle phases of a solution:  

1. Planning 2. Implementation 3. Management 4. Operation 5. Maintenance 
The first phase, planning, covers issues that need to be considered before the implementation of the solution is started, including potential modification of functions or structures. Implementation covers the installation and potential civil works that are associated with the solution as well as the initial user training. The management phase does not refer to the utility management but aims to stay within the scope of this thesis and consider potential activities or measures included in the solution that might make its management easier and smoother. Operation refers to the day-to-day activities and use of the solution. Finally, maintenance covers both the upkeep activities that are expected to be done regularly as well as repairs in case of a disruption.  
These phases guide the discussion in the context interviews. This approach is called process-based, as it aims to cover the path of a solution from planning phase to implementation and use. These process phases provide the first axis of the matrix, and the second is generated through categorisation of the challenges arising in the context interviews. The process is expected to be iterative, and changes will be made based on interview results during both context interviews and technology interviews. Adjusting the framework between interviews provides more opportunities for feedback and thus more fuel for further development.  
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Conclusively, the framework is expected to itemise the various challenges technology providers can expect to face their solutions when delivering the solutions to partners in developing countries. These challenges will be paired with adjustment and / or mitigation measure suggestions to overcome the identified issues.   
3.5 Technology interviews 
When the first version of the localisation framework has been formed, it is tested through so-called technology interviews. In this phase, representatives of technology providers (i.e. companies) that are part of the case project consortium are interviewed about their solutions and their localisation potential. Altogether four interviews were done, with two interviewees focusing on software and two interviewees on hardware solutions.  
The interview guide is prepared based on the compiled localisation framework. For all challenges in the framework, the relevance of each challenge from the solution’s perspective is considered, as well as what it could mean for the solution. The localisation ideas of the companies are considered, after which the suggested adaptation measure is revealed and evaluated.  
In addition to the relevance assessment and composing potential adaptation measures, the preparedness of companies and their technological solutions for localisation is evaluated. A scale of adjustability (presented in Table 1) is provided to assess how much work is required to address the identified challenge. All interviewed company representatives do the evaluation themselves. If the identified challenge is not relevant to the solution (e.g. spare 
parts availability for an IT solution), “Not applicable” is chosen. The aim of this exercise is to provide the technology providers a tool with which they can independently assess the localisation need for their solution. 
Table 1 Evaluation scale of adjustability. 

4 Built-in / Not needing adjustments 
3 Requires only small adjustments 
2 Requires large adjustments 
1 Requires major changes, additional fee 
0 Impossible to adjust 

N/A Not applicable 
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4 Results 
The results from the context interviews are reviewed in Section 4.1. Section 4.2 presents the localisation framework through exploring the categories into which the framework was divided. Finally, Section 4.3 describes the feedback from the interviewed technology providers. Although some elements of the localisation framework have arisen from the technology interviews, the two are presented in this order as the technology interviews were entirely based on the concurrent version of the framework and thus it is necessary to understand the framework before exploring the results of the technology interviews. 
4.1 Context interviews 
Context 
The context interviews were initiated with a brief introduction to the context of the work, including the approach through the technology solutions, followed by questions related to the general context. All interviews raised the various institutional aspects as the most important factor impacting sustainability. Especially the importance of revenue collection schemes and capacity of staff at the utilities were highlighted. In addition, the capacity of the utility management was mentioned: in some extreme cases the incapacity and resultant inefficiency has led to changing the whole utility management.  
Importance of ownership was discussed in all interviews. It was a shared experience that if locals do not feel ownership over the implemented solution, also responsibility over upkeep and maintenance is not felt and risk of failures due to negligence increases. Similarly, it is more likely that repairs are only conducted once something breaks down if at all instead of proactive upkeep maintenance, which could prevent or postpone failures. The solution must fit local needs and the local owners, operators and users must want the technology to be implemented for the solution to be sustainable in a given environment.  
Impacts of local ownership stretch wide, and the most important measure in building ownership was thought to be involvement of local stakeholders in as early a phase of the process as possible. It was considered important to involve not only the owners but also those who will be operating and benefitting from the solution. Involvement can have many forms from collaborative planning to study tours. Many of the experts stated that transparent distribution of information should be a central activity in the involvement of locals. To enhance ownership, it was considered crucial that the local stakeholders understand what the technology is about and what benefits it can provide. It was noted in the interviews that the feeling of ownership was stronger or easier to build when there was a great need and acceptance for the technology already before the project, that is to say, when the benefits of the technology were clearly understood.  
On the institutional dimension, impact of donors on the market was also mentioned. The presence of donors on the market was explained to have various impacts ranging from reduced feelings of ownership due to tagged products, to reduced motivation to maintain a solution as it might be easier or otherwise more tempting to replace a solution with a new one from another donor instead of repairing the old system. Some interviews also confirmed the notion that arose from literature, that systems based on voluntarism are risky as new 
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investments made in the community or area provide a new, fresh object of interest, possibly resulting in reduced enthusiasm to carefully manage and maintain older investments.  
Brand and related idea of quality play an important role on Kenyan markets. Some interviewees explained the problems related to large number of poor-quality items and solutions from e.g. China. The Kenyan investors appreciate if a solution is known or trusted to be of good quality and expected to last longer than alternatives. Often a higher price is also accepted for the solution if better quality can be thus ensured. 
In the interviews it was noted that maintenance, especially upkeep maintenance, is not usually on the level it should be. In larger units the situation is usually better but especially in small villages and towns the importance of upkeep maintenance is not often understood nor enough respected. In case of failure, licenced WUs, to which all large utilities belong to, were told to be more likely to repair broken equipment as they must fulfil their mandate as WSPs. 
One interviewee pointed out that many water projects in Kenya are still too infra-oriented. Focus of the projects is to finish the physical implementation and not enough attention is given to the educational side. Basic training is reportedly arranged but it is not necessarily practical enough or it is too short. More practically oriented training and improved support during operation was considered to have the potential of improving performance. A recent experiment of WSTF supports this, as was explained by both WSTF representatives. In the experiment students from Kenyan Water Institute (KEWI) were employed as trainees on remote rural utilities for half a year. The apprenticeship proved to improve the practices on those utilities which can be observed through the increased performance as capacity is increased. The students do not only themselves operate professionally, but also encourage the local operators to learn and improve their performance and ways of working. 
The interviewees found that digitalisation has provided chances for improvement. Especially the use of local mobile payment system Mpesa has helped many utilities in collecting water fees and improved accounting. Similarly, digital systems, including water metering, has provided the utilities a way to reduce NRW through usage-based tariffs compared to flat rates. However, it was also noted that the more modern the technology systems become, the more capacity is needed to operate and manage them.  
Process phases and related challenges 
In general, the process-based approach was found suitable for sustainability assessment. However, the separation of operation and maintenance was discussed in some interviews, as ideally maintenance would not only be a separate, irregular occurrence but rather continuous, regular upkeep to prevent major failures. Then again, sometimes it might be reasonable to arrange maintenance as a separate service, as is the case with one technology in the project. 
Regarding the phases of the process, most interviewees found the selected phases suitable. From the initial five process phases the first one, planning, was determined the most important as essentially all challenges that raise up in the other phases need to be addressed in the planning phase when preparing for localisation. One reason behind this is that usually the responsibility of the technology providers ends after implementation of the solution: thus, if the later phases are tried to be impacted, measures should be planned or built into the solution beforehand to have an impact.  
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Inclusion of research & innovation was raised up to enhance continuous customisation. This would ensure appropriateness of technology and keeping up with developing needs and population growth. However, although this may be important to consider, it is left out here as it ties closer to the strategy of specific technology companies or the customer’s internal processes and practices that are outside the scope of this thesis. 
Next, each included phase (except the planning / adaptation measures) is discussed separately through the related challenges that were brought up in the interviews. The descriptions of the adaptation measures are integrated to the phases with corresponding challenges.  
Implementation  The most essential challenges that related to implementation, according to the interviews, are quality of works and compliance to standards. It was noted important to ensure hands-on capacity of the implementors: if construction works or installation does not follow instructions and poor practices are followed, this can have wide-ranging negative impacts to the whole life cycle of the solution. Standards were considered to provide a guide for acceptable practices and quality of materials, but the mere existence of standards is not enough. To ensure good quality implementation, it is necessary to conduct the procurement with care and monitor the works. 
Delays were found common in Kenya, especially in physical works of project implementation. The availability of electricity was identified as one critical element in timeliness of implementation. Thus, it was considered important to understand situation in target location and make necessary preparations in advance.  
Appropriateness of designs were also discussed in the interviews, especially in relation to compatibility with local regulations and standards. It is important to confirm the planned designs can be implemented in the target. Aspects such as permit issues, legislation, local needs and social acceptability should be considered in advance, according to the interviews. 
It became evident in the interviews, both directly from the Kenyan interviewees as well as through observations of Finnish interviewees, that local stakeholders appreciate customisation and consider it to be the key to building ownership. Customisation here refers to careful case-specific preparation and even modification of solution to ensure that local needs can be met.  
Management It was pointed out in some interviews that management is not under the responsibility of the technology provider. As a response it was clarified that in the scope of this thesis the management phase tries to address issues that could potentially be impacted through pre-preparations, including management plans directly related to the technology solution. However, it was further pointed out that business plans are already made at the utilities when new solutions are implemented, but it is up to the utility whether they choose to follow these plans or not. 
Other management related issues could be the different systems for managing the investments. It is considered important for a utility to understand the state of its technology. Thus, a modern solution independently communicating about maintenance needs could improve the management of said investment. Similarly, clear communication and well-
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articulated maintenance schedules and plans serve the utility management in planning their operations and activities. 
Some interviewees highlighted competence of staff on financial issues. Although this can be considered an institutional aspect relating to the management of the utility, it has major impact on the sustainability of a solution, as insufficient savings are a commonly reported problem when broken systems should be repaired. In many cases, it is difficult for the utilities to keep a buffer on their bank account for failures: usually, what comes also goes, and the collected revenues do not accumulate on the account. One interviewee requested a shared, insurance-like fund for maintenance or replacement costs, where all utilities would make a regular payment and from where funding for repairs could be requested. 
Operation Operation was described to usually be independent and done locally by local operators. Here, capacity and feelings of ownership were considered crucial for success. If capacity is not at a required level, it was considered likely that the level of desired benefits will not be reached and the risk of failures due to neglect increases. Capacity-related issues may partly be addressed with supportive systems, including carefully prepared management plans that direct operation and maintenance activities. Service design approach was mentioned by one of the interviewees, where the design of the solution encourages certain ways of working or operating through colours, symbols or shape. 
Some interviewers mentioned the possibility of streamlining a solution to simplify operation to reduce the risks from low capacity of staff. Still, capacity building remains the key measure in addressing capacity-related issues. Regarding this, many interviewees highlighted the importance of practical user training. The training needs to be more practical and supportive than in Finland, and while providing manual on a local language is absolutely necessary, it is not enough. Ideally, the trainer should spend some time, at least multiple days, in the target, training and guiding the local operators and making sure the operation starts smoothly and operators understand what they are doing. 
On the more technical side, operation usually requires resources from fuel and chemicals to internet connection and electricity. In case of network sourced resources, it was considered important to remember that the networks in developing countries are often not as wide-ranging nor as reliable as in Finland. Thus, if necessary, preparations for connections as well as plans for service outages should be done in advance. 
Maintenance The interviewees described different ways of arranging maintenance. Either it is done independently by the local staff, or sometimes it may be reasonable to be sold as a service if the solution has special maintenance needs. Especially on small, remote WUs it might be difficult to maintain high enough capacity to conduct more complex maintenance. However, local maintenance was reminded to enhance feelings of ownership, which is why it should be preferred if possible. In case of local maintenance, building capacity through training technicians was considered crucial for success.  
The mindset at the WUs was also discussed in the interviews. In many WUs, maintenance activities are not considered as regular tasks preventing or postponing major failures, but rather it is only seen as repairing broken equipment when something actually breaks down. Furthermore, when failures occur, repairs often cannot be conducted as the WUs have not 
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saved money to prepare for such events. Thus, the interviewees agreed that changing the attitudes towards upkeep maintenance and preparedness is important for improving sustainability. 
Availability of information and transparency were proposed as one measure to improve both capacity and ownership. In terms of maintenance, this could mean online availability of the manual. One idea that was presented in the interviews was to compile video instructions, where local operators would show how to use the equipment. This was considered likely to not only boost ownership but also help transferring knowledge to new employees in the future.  
Another important aspect of information availability was mentioned that relates to contacts. If external support is likely to be needed either during operation or maintenance, it should be clearly communicated whom to contact when needed. The contact may be a local partner who is trained to do the maintenance or can provide spare parts, a local contact who communicates with technology provider or even a direct contact from the technology 
provider’s side. In any case, as some interviewees stated, it should be made clear where help can be found to ensure incidents are addressed and potential issues fixed properly. 
4.2 The localisation framework 
The localisation framework was compiled by first putting together the information collected in the context interviews and later updating it according to comments from the technology providers. The framework was compiled independently, but with feedback and support from the thesis advisors.  
The initial phases, into which the lifecycle of the solution was divided, included planning, implementation, operation, management, and maintenance. However, based on the results of the context interviews, planning was excluded from the framework. In practice, almost all localisation measures, independent of which phase they aim to impact, should be planned and prepared in the planning phase. This has to do with the scope of the Thesis: the 
localisation is approached through the technology providers’ point of view, and their responsibility over the technologies generally ends when the technology has been implemented and given over to the local WU. Since the characteristics of planning phase differ from the later phases, it is reasonable to separate it from the other phases and transform it from challenge-oriented phase into a solution-oriented adaptation phase, later referred to as adaptation measures.  
The framework is compiled in the form of a matrix. One defining dimension entails the process phases, the other includes localisation categories identified in the first round of interviews. Initially the matrix was filled with issues that should be considered. After the first iteration these were re-formed and presented through challenges to provide reader with a clearer problem – solution setting. This, together with the reformation of the planning phase to adaptation measures, created a more logical story that aims to make the framework easier to comprehend. 
Challenges were first grouped by themes and as a result the following categories were identified: technical suitability to the target location, local capacity, and local ownership. Under these main categories the challenges were further grouped (later referred to as 
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challenge groups) based on their connections and the suitable localisation measures in order to reduce repetition and streamline the framework.  
To provide the reader a more logical first impression of the whole framework, an overview version is presented in Figure 2. This overview includes the main categories and identified challenge groups but excludes details of the challenges and adaptation measures. The main categories and challenge groups are described in more detail in the following sub-sections. 

 
Figure 2 An overview of the localisation framework, including the main localisation categories and challenge groups. 
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Technological suitability 
The technological suitability was set to cover issues related to the technical aspects of implementing, operating, managing, and maintaining the solution. This category contains four challenge groups: 1) incompatibility, 2) complexity, 3) resource availability, and 4) spare parts availability. Figure 3 presents the details of each of these groups as well as the corresponding adaptation measures. The challenge groups are described in more detail below. 

 
Figure 3 Details of challenges and adaptation measures under technological localisation. 
Incompatibility The incompatibility challenge mainly manifests in the implementation phase but may also impact management of the solution. Incompatibility may mean different things for different technologies, depending on whether the solution is hardware or software and whether it is a standalone solution, supportive new element in an existing system or perhaps replacing an old system or creating a system where there previously was none. The following aspects were raised in the interviews to be considered to ensure compatibility in the target location: 

• Legal requirements for various types of technologies 
• Legal requirements for produced outputs 
• Connectability to existing systems (in case solution is to be integrated to existing system) 
• Local customs, practices, and views 

Legal considerations are likely to be the most important issues in this category.  
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Connectability to existing systems has very different forms depending on whether the solution is hardware or software. In case of hardware, issues such as pressure strength of the old system or type of valves might impact the implementation. In case of software the format of data fed to the system might be different than expected. These issues are rather small and likely easy to fix but nonetheless considering them in advance may prevent delays in implementation. 
Local customs, practices and views might have a surprisingly important effect on usability of the system. Thus, ensuring that symbols and colours used in the solution reflect those intuitive to locals can both ease operation and maintenance as well as enhance feeling of ownership. 
Local Resident engineers (REs) could be utilised in planning the compatibility of the solution. WSTF employs REs in programme counties to support the implementation of their projects in these counties. Thus, the REs are familiar with issues related to the identified incompatibility challenges and also know local ways of working. Involving county representatives in planning was also considered crucial by some technology providers in improving the feelings of ownership.  
Complexity Complexity reflects the ergonomics, or human-technology interface, of the solution in various phases of the system lifecycle. Simple installation, clear user interface and easy-to-follow maintenance practices all reduce risk of errors and misuse due to complexity of the solution. It is especially important to make maintenance as easy and simple to do as possible as the general attitude towards upkeep maintenance was described negligent in the context interviews. If the maintenance steps are easy and simple to implement, it is at least somewhat more likely that they will be followed. 
To avoid issues arising from complexity of the solution, streamlining of procedures should be considered. Simplification of functions and mechanics can also help with complexity issues. However, simplification cannot always be justified, in which case supportive measures should be planned to mitigate potential impacts of complexity. These supportive measures could be capacity related, such as stronger emphasis on user training, or technology related, such as automation or remote monitoring. 
Resource availability Many solutions require resources in some form or another. IT solutions typically require electricity and internet, hardware solutions may also require fuel or chemicals. Internet and electricity networks might not reach all remote rural areas. Many interviewees had experienced that even the areas with networks often face electricity blackouts and slow internet connections, which might impact the functionality of a solution. Cost of these resources should also be considered. Is the operation cost-efficient, especially considering the revenue base of the target utility? 
Knowing the operational environment of the target in advance was stated important for timely implementation and smooth transition to operation. If energy source is deemed too unreliable or internet connection too slow for efficient operation of the system, potential improvements to the network infrastructure should be proposed to the customer well in advance or, if reasonably possible, a more suitable location should be chosen. If for example 
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continuous power supply is critical for the functionality of the system, plans should be made for service breaks and power outages (i.e. acquiring generators or solar panels).  
Spare parts availability To ensure prompt repairs and return to operation, spare part availability should be planned carefully. This challenge is naturally only relevant for hardware solutions. One way to ensure that spare parts can be acquired quickly when needed is to choose globally available parts to those parts of the solution that are likely to wear out. Ordering spare parts from Finland will increase both costs and time to complete the repairs.  
Local capacity 
This category covers various human aspects which might impact the sustainability of a solution. Functionality of a solution is not yet a guarantee of success, it also needs to be operated properly. The identified challenge groups are 1) implementation quality, 2) competence of staff, 3) trained staff leaving, 4) poor practices and negligence and 5) communication. Details of the challenges and adaptation measures are presented in Figure 4. Many of the challenges are related to each other, and especially the competence of local staff can impact other issues in this and other main categories. However, the derivative challenges are presented separately as there are different ways to address them. It is still important to understand that competence of the staff remains a root cause for many other challenges and thus the adaptive measures to build the local capacity are especially important. The different challenge groups are described in detail below.  
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Figure 4 Details of challenges and adaptation measures under local capacity. 
Implementation quality The quality of implementation means very different things for hardware and software. The hardware providers considered it important to have proper monitoring of works. Some of the experts in the context interviews also thought it important to consider the standards already in the procurement phase if civil works are to be conducted. Construction works often experience delays in developing countries and thus contracts should be prepared carefully to ensure timeliness and quality of works. To ensure adherence to contracts, a sanction system may also be included, as had been done by one technology provider. The software providers considered the quality of data used to initialise the system to determine the quality of implementation. Not all software solutions use local data but those that do, need to consider its validity. 
Competence of staff Insufficient competence of staff may have wide-ranging impacts from incorrect operation to negligence and abandoning the solution entirely. If utility staff does not have experience with technology resembling the planned solution, measures should be taken to ensure they 
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can operate it in the future. Especially in smaller, more remote utilities the basic education level of operators was estimated in the context interviews to be low, and more attention needs to be paid to training there. 
There are many potential measures to improve the competence of utility staff. Firstly, the availability of instructions in local language was emphasised in the context interviews. Instructions include manual but need not end there. Video tutorials have the potential of being more informative and help with training new staff later. Furthermore, tutorial videos where locals perform could also increase feelings of ownership. Secondly, operative training should be more practical oriented than in Finland. Spending some time on the field with the local operators provides better chance of learning and the trainers can ensure the staff know what they are doing, how to continue and what to do when something unexpected happens.  
Further potential adaptation measures include external support and cooperation arrangements. These could be arranged after implementation to provide support during operation. External support refers to possibility of contacting the technology provider or their local partner if support is needed in operation or maintenance activities. Similarly, the twinning or cooperation arrangements between utilities would provide the utility staff with another channel of support in day-to-day operation. Sometimes, for example if the solution requires special maintenance regularly, it might be reasonable to sell the maintenance as a separate service through a local authorised partner. 
Trained staff leaving The context interviews pointed a common problem in developing countries, especially in rural areas, that once people get some sort of education, they may migrate to larger towns or cities looking for better paid jobs. This causes problems if all employees, who had previously been trained to use the technology, leave the utility. Sometimes it may be possible to arrange a new training session by the technology provider, but this is not a sustainable solution. It would be better if there were multiple people in the utility familiar with the solution and new employees were trained by senior staff members when they start working in the utility. This would ensure the skills and knowledge are forwarded and thus remain in the utility even though someone would decide to leave or for example retire. Another solution could be emphasising commitment to work when selecting staff to be trained. In some development projects local women have been trained in rural areas, as they are less likely to migrate due to responsibility over family.  
Poor practices and negligence The context interviews noted that poor practices and negligence can lead to failure of the technology, either through incorrect operation or insufficient routine maintenance. Moreover, when failure occurs, same issues may slow the response time to the failure, resulting in long service breaks or even further failures. To avoid these, careful operation and maintenance plans should be prepared. However, it is up to the utility staff whether they choose to follow the instructions or not. Capacity building discussed in relation to competence of staff is important in encouraging the staff to follow the prepared plans. Other measures to ensure adherence to plans include monitoring and auditions.  
Communication For long term sustainability, it was considered important in the interviews to make sure the local staff knows whom to contact if solving an incident exceeds their competence. The software providers associated the problems with use, including difficulties logging in or 
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problems with the database. In case of hardware a previously unseen failure might occur. For these situations, the technology provider should provide a contact, either locally or in Finland, who can provide support in identifying how the problem might be solved. Hardware providers should also consider partnering with a local company to provide spare parts if they are not globally available. 
Local ownership 
This is probably the most difficult of the three categories, as the definition of ownership is abstract, and it is difficult to measure. Still, its impacts to the sustainability of the solution are significant. Dividing the different challenges related to ownership was also complicated, as there are many interrelations and adaptation measures are not as targeted to specific challenges. Finally, two challenge groups were identified: attitudes and vandalism. These are described below. The details of the challenges and adaptation measures are presented in Figure 5 below. 

 
Figure 5 Details of challenges and adaptation measures under local ownership. 
Attitudes The attitude of local people towards the technology is one of the core aspects that determine the sustainability of a solution. If locals do not feel the project is theirs, a multitude of problems is likely to arise, suggested by both context interviews and literature. Even before a project has started, locals might oppose its implementation if they do not understand its benefits but can see a potential nuisance to them. An example raised in the context interviews is the installation of water meters, which will improve the financial capacity of a utility and help it to continue providing quality water. However, this is accomplished by forcing people to pay for their water according to use instead of flat rates, which mean increased bills for many.  
Understanding both the benefits and responsibilities that come with the technology are necessary for a successful implementation of a project, especially so in case of hardware. If locals do not understand the benefits of the technology, it is unlikely that they will be motivated to properly maintain the solution (in case of hardware) or keep the data up to date (in case of software). Moreover, when the solution breaks down due to neglected 
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maintenance, there might be no motivation to repair it. Similarly, it is important that the local staff understands that the responsibility over maintenance is theirs and that the technology will likely fail prematurely if they do not take proper care of it.  
Vandalism Vandalism has many forms, again depending on type of technology. The hardware providers considered vandalism to include breaking infrastructure and theft, whereas the main concern of the software providers was hacking. Locks, fences and reducing the number of easily stolable removable parts are one way to reduce risk of vandalism to hardware, but this only addresses the symptom, not the cause: vandalism likely results from discontent with some aspect of the solution or the party managing it. Thus, to prevent vandalism, the main activity is to strengthen ownership among the community. 
4.3 Technology interviews 
Four technology providers were interviewed with two software and two hardware solutions. All had at least some experience from working in developing countries, and two of the four had previous experience in Kenya specifically.  
Feedback to the framework 
All interviewees found the framework generally comprehensive but somewhat hardware oriented. Some small additions and clarifications were suggested. In addition, some larger themes were raised up that were purposefully left out of the framework. The following changes and clarifications were made to the framework based on feedback: 

• Incompatibility: the challenges were rephrased to better convey their meaning and integration based on customs was included as an adaptation measure for software purposes. 
• Complexity: simplification and streamlining were separated to two different adaptation measures. It was clarified that simplification is not always reasonable, in which case implementing supportive measures should be considered. 
• Implementation quality: audits were included to the adaptation measures mainly for software purposes. 
• Trained staff leaving: video tutorials and training session recordings were included in the adaptation measures. They suit both challenges, competence of staff and trained staff leaving, but were placed in the latter as benefits of this adaptation measure may be expected to be more significant in a situation where utility has lost the staff who knew how to operate the solution and need to train more staff. 
• Poor practices / negligence: information security related issues were added to the challenges of this group. In addition, automation and remote monitoring were included in the adaptation measures. 
• Attitudes: Opposition towards new solutions and especially information technology was included in the potential challenges of this group. 

The themes and issues that were raised by the technology providers but were excluded from the framework were considered outside the scope of this thesis, although they are important for the overall sustainability of a solution or making the trade in the first place. The topics included 1) transportability and keeping transportation costs low to reduce price, and 2) focusing only in one, non-customisable product and doing it well so that it would work for 
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as many customers as possible the way it is. The latter, target-specific customisation, was thought to complicate documentation, maintenance, and spare parts availability as well as to increase costs. 
Some interviewees highlighted the importance of thinking and planning well in advance what needs to be done, how and when. This background research should be done together with a local partner who knows the way things work locally and whom to contact. The planning phase was removed in the initial re-structuring of the framework as such, but the purpose of the framework itself is to support planning. 
Many interviewees were relatively sceptical towards twinning and cooperation arrangements between utilities. Their experiences from Finland and abroad suggest that WUs are not always very enthusiastic about collaboration and sharing information, especially if any kind of competition is to be expected. However, twinning was not removed from the list due to promising results in Kenyan WUs discussed in the context interviews. In the discussed example, some larger, better functioning utilities in a central location of their county provided some technical and consultative support to smaller surrounding utilities. Thus, if the utilities operate under the same authority, in this case the same county, reluctance due to competition might not be as large of an issue. Still, the technology providers thought that preparing such arrangements would be the responsibility of the county (or the consortium), not theirs. 
Although all technology providers had considered localisation and the themes and categories identified in the framework before, they thought the framework would be useful in planning localisation, especially if they had not gone through the process yet. Some also said that discussing about the issues had helped them to organise their ideas and thoughts related to localisation. 
Self-assessed adjustability scores 
In the technology interviews an adjustability score was requested for each of the challenge groups. The adjustability scale was developed to measure whether a solution currently addresses a certain challenge or how much work would be required to implement adaptations. The scale ranged from built in / no adjustments needed to impossible to adjust, and also included the option for not applicable. The aim of the assessment was to help technology providers independently estimate the localisation need for their solution through what challenges they have already addressed and what has not yet been taken into consideration in their solution. For the framework to work independently as a supportive planning tool, it should provide the user a way to assess their current situation. The scale was presented in Section 3.5. The scores estimated by the technology providers are presented in Table 2 below. 
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Table 2 Self-assessed adjustability scores of software and hardware providers. 
Challenge Softw. 1 Softw. 2 Hardw. 1 Hardw. 2 Average 
Technological sustainability      
Incompatibility 2 3 4 4 3.25 
Complexity 3 4 4 4 3.75 
Resource availability 4 4 / 0 4 4 4 / 3 
Spare parts availability N/A N/A 4 4 4 
Local capacity      
Poor implementation quality 4 1-3 4 4 3.25 - 3.75 
Competence of staff 2 4 4 4 3.5 
Trained staff leaving 4 4 4 / 1 4 3.25 
Poor practices & negligence 4 4 4 4 4 
Communication 4 4 4 4 4 
Local ownership      
Attitudes 2 4 4 4 3.5 
Vandalism 4 4 3 3 3.5 

Software providers considered spare parts availability not relevant for their solution, but otherwise all challenge groups were found relevant. Most scores were high due to previous experience in developing countries. In all cases the technology providers had an idea and a plan on how localisation would be done in the identified challenges, but not all the plans had yet been put to action. 
Hardware providers had clear and ready plans due to either successful pilots or previous trades. They had not had any problems with vandalism in Kenya, but should protective measures be wanted, they would be fast and easy to implement. One hardware provider scored 4 / 1 in the challenge of trained staff leaving, as they aimed to avoid the problem by training multiple people, as suggested in the framework, but were prepared to also provide paid training if such an event were to occur. The other solution includes maintenance as a separate service and regularly engages in training the staff of their partner.  
For software providers it was clear what needed to be done, but data acquisition needs to be done before the work can be started: this lowered their scores in some challenge groups. One of the software providers scored 4 / 0 in resource availability, as their solution currently provides read-only offline data for situations or areas where the internet connection is poor, but then some of the benefits of the software in field work will be lost. No further offline functions are to be implemented. 
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5 Discussion 
This chapter is divided into two sections. The first section 7.1 discusses compiled localisation framework and its suitability for the intended task of helping technology providers in planning the localisation of their solution. Section 7.2 discusses localisation in a PIF-funded project and the compatibility of the framework with PIF-funding.  
5.1 Localisation framework and its suitability 
The localisation framework was generally found comprehensive and its components relevant by the four technology providers, with whom it was tested. They also did not have major additions to point out. As the framework was first compiled based on the experience of experts on the field, who were not themselves technology providers, this suggests that the different stakeholders interviewed have similar views on the challenges related to technology projects in developing countries. In addition, it seems that the localisation framework has managed to compile the main issues that are currently thought important for sustainability. 
Despite the general agreement on the relevant challenges in technology projects, different views could be seen in the approaches to localisation. The interviewed Kenyan experts emphasised target-specific customisation, whereas the interviewed technology providers would prefer a more general, even a kind of one-solution-fits-all, approach. The Kenyans thought that customisation to the special needs of the target would maximise benefits. In addition, they saw customisation as a measure to build ownership, as the solution would be custom made to a community and see to the needs of this specific community. This seems a valid motivation, as the non-Kenyan experts also emphasised the critical nature of ownership on water (and other) technology projects. However, the interviewed technology providers were not that keen on target-specific customisation and would prefer one solution or a modular solution that could be implemented in all targets as such. They considered this approach to reduce manufacturing costs and costs related to planning as well as to simplify maintenance and support after implementation. Especially the updating and maintaining of a software solution with numerous significantly different versions might not be reasonable and would increase operational costs. The interviewed technology providers agreed that if solutions are customised to each location separately, documentation becomes complicated and issues with updates, maintenance or spare parts might arise. In addition, customisation was considered to complicate production and scalability, which would increase manufacturing costs. 
From the two observed approaches, target-specific customisation and the more general approach, this thesis is in some ways closer to the former, as the identified adaptation measures include some technical considerations such as preferring spare parts already available on the market and streamlining or simplifying the solution. Although most technology providers were not keen on implementing such changes only for the sake of this one market, many had considered the identified issues in the development phase of their solution and included adaptive measures in the original designs.  
Although Kenyans themselves would prefer target-specific customisation, it does not seem the most feasible solution due to the financial challenges at many WUs. The latest Impact Report (WASREB, 2020) characterised revenue collection insufficient in many, especially the smaller utilities. Consequently, the share of personnel costs from total operational costs 
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were reported unacceptable on most utilities. However, instead of indicating superfluous personnel costs, the high share of personnel costs could indicate neglected maintenance activities, as this reduces the total operative costs in short term. To avoid maintenance backlog, the expected revenue should be compared to O&M costs of the solution and a balance should be found: if O&M costs exceed the amount of money that can reasonably be expected to be collected to the purpose by the utilities, the solution will not be sustainable. Balancing revenues and O&M costs is challenging globally, and maintenance backlog is a problem in Finland too. At any rate, as so many Kenyan WUs struggle with O&M costs, the customised solutions might make it even more difficult for them to cover their expenses due to the increased costs suspected by the technology providers. 
As the Kenyan experts and Finnish technology providers have relatively different views on how localisation should be approached, some level of compromise is required. One solution could be to include localisation consideration in the development phase of the technology solution, even before entering any markets, as many of the technology providers had already done. Developing the one solution while considering the identified challenges in developing countries promotes the generation of such a solution that even without customisation the benefits would be reached with relative ease in any country, developing or industrial. 
This framework is directed to adaptation of existing solutions and has not been discussed with technology companies making the first versions, but maybe it could still provide insight on what to consider: after all, the interviewed technology providers felt that the discussed issues and themes were familiar, but some also thought that it would have been useful for them to have a framework like this in the early development phase of their solution. 
Another compromise, to be implemented individually or together with the integration of localisation to development phase, is to emphasise location selection in such a way as to ensure the solution fits the chosen target, if the nature of the project allows it. However, emphasising suitability in location selection might cause inequality between utilities if a solution is only sold to selected utilities and others are excluded from the market. If the excluded utilities are already doing worse than those accepted to be traded with, they will also be deprived of the potential benefits of the solution. On the other hand, if it seems very likely that the solution will be left unmaintained due to incapacity of the utility to collect enough revenues to cover the O&M costs, it might be argued that they would not reach the benefits anyway. In addition, technology providers can be expected to have an interest to create positive, strong references for future trades and thus they likely want the solution to be successfully implemented and remain operational. This will in turn result in continued benefits to the communities the solutions are located in. Traditional aid, although surely also aiming for long-term functionality, might not have a similar financial pressure to succeed than the trading companies have in creating new references.  
The different localisation categories have different approaches and direct impacts. The technology category is naturally more technology oriented and includes modifications directly to the technology. Thus, although the issues should be considered, the adaptation measures of this category might be less tempting to the technology providers to implement. The capacity and ownership categories, on the other hand, include measures around the solutions that are perhaps easier to customise specifically to the target, with less of the negative impacts raised by the technology providers. A more thorough user training, for 
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example, is likely to be more expensive, but should not interfere with maintenance or update schemes.  
It seems evident, that some localisation is necessary. Thus, if the adaptation measures in technological category are not undertaken, it seems reasonable to recommend that this is compensated by higher emphasis on the two other categories: as one of the adaptation measures in technological category already suggests, “if simplification cannot be justified, 

other supportive measures need to be undertaken”.  
Based on the technology interviews it seems that software and hardware differ on how easy the solution is to modify. Due to the nature of software technology, more customisation and content-wise adaptation was planned for the solutions. This did not necessarily mean customising functions, but the solutions utilise local data and aim to present it in a way intuitive to the local users, which could be called “surface-level customisation”.  
The current framework could be developed further, especially when it comes to indicators connected to the identified challenges. In the current version, it is up to the technology providers to estimate, how well their solution answers to the identified challenges. However, especially if the company has no previous experience in developing countries, it might be difficult to understand the extent and impact of a certain challenge. Thus, if the framework provided an objective set of indicators to estimate the localisation need, the framework would likely be more useful for the technology providers. 
Challenges and uncertainties 
Every work encounters challenges and uncertainties. The main challenges in this work relate to number of interviews and human impact in processing the information. Only nine interviews were made in total, and thus the weight of individual opinions and ideas were emphasised. A generalised and reliable set of information was aimed for through interviewing both Kenyans and Finnish experts with different kind of experience from the field. Similarly, the framework was tested with both hardware and software providers, but again the number of interviews remained low. Thus, personal preferences, experiences, and hopes, or even the attitude or presumptions about the thesis, might have impacted the discussions. In addition, the processing and organising of the information was subject to the views and thoughts of the writer. Those aspects and details, that commonly arose first in literature and later in the interviews, were aimed to be emphasised most in the work, but subjective interest to some aspects may have shown in the discussions and thus had some effect on the results.  
It was difficult to make the framework universally fit many different types of technologies, as the technologies in the case project ranged from hardware to software and from large-scale implementation to standalone solutions. The thesis aimed to approach the topic through the technology provider and what could be done by them but drawing the line between roles and responsibilities of different stakeholders was not always clear. Sometimes the technology providers themselves stated, that some measures had been taken to overcome certain challenge, but due to some aspects of the environment or customers performance it might not be enough. For example, if a solution is dependent on internet connection, the functionality may be significantly reduced if the connection is poor. In this case the technology provider had implemented a read-only offline data functionality, but its benefits fall short from the initial online functions. 
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Estimating the adjustability scores proved sometimes difficult, as some adaptive measures, although already built-in, have only a mitigative impact instead of removing the risk completely. Thus, comparison between the scores might not give a comprehensive picture of the state of localisation. Some adaptive measures may have higher impact than others, and an impactful but somewhat arduous measure (such as comprehensive user training over a period of two weeks) might be highly preferable to an easy measure with low impact (such as a superficial three-hour training). Some weight should also be put on which scale and extent a certain measure is undertaken. 
As described earlier, all interviewed technology providers already had experience from developing countries. Thus, they already had a clear idea of localisation for their situation: either changes had already been implemented or plans were clear. Therefore, it would likely have been more informative to phrase the adjustability score differently and include the amount of past work that was needed to make a certain change instead of limiting the score only to what still needs to be done. However, this approach would have complicated comparisons as work done in the development phase with an unfinished solution and work done with a previously finished solution are not exactly comparable. Still, a quick pre-survey or the current state of the solutions would have guided the work before planning the actual interviews.  
5.2 Localisation in PIF-funded projects 
As the case is a PIF funded project, the suitability of the proposed approach for localisation should be evaluated in terms of PIF funding. The PIF guidance notes (MFA, 2020) specify, that minimum 10% of the project budget should be allocated to capacity building, including development of operating systems, training, spare parts services etc.. This way, the PIF as an instrument encourages the technology providers to put effort on the localisation measures, thus potentially increasing the solutions’ sustainability. This fits well with the capacity and ownership categories in the framework, which were identified the most important of the three and may well be implemented with an existing solution. Nevertheless, sustainability of the projects is and should be in the interest of companies regardless of the instrument or other external pressure, as this way the projects are better references for future business. 
In addition to the demanded budget for capacity building, the guidance notes also specify that the financing may not be used for project planning and preparation nor to pilot technologies. Thus, the costs of technological localisation of existing solutions cannot be covered with PIF funding as these costs would likely be considered as a part of project planning or preparations. This largely rules technological localisation out of consideration in case of PIF funding or limits it to the extent where the costs may be covered with sales margin of the project. It can be argued that the capacity building should be enough and technological localisation would not be needed at all, but in many cases the impact of a technological change might streamline a process and thus improve sustainability much more than addressing the challenge through capacity building. Speculatively, changing spare parts so that they can be found from the local market by the operative staff is likely a smoother and more sustainable long-term solution than training the staff to source the required parts from Finland, thus creating dependency on the technology provider.    
The PIF belongs to Team Finland funding instruments (MFA, 2021), which aim to provide funding for Finnish companies, who wish to enter international markets or otherwise grow 
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(Team Finland, n.d.). However, based on the guidance notes, it seems that the instrument favours large, well-established companies that have considered the technological localisation aspects already in the development phase of their solution. This is suggested by two factors: 1) the lack of support for technological localisation of solutions planned to Finnish (or other “western”) markets and 2) relatively high minimum project size (5M€). To ensure technical sustainability without financial support requires that the localisation has been done earlier or the company must have the resources to invest to the localisation independently. However, these requirements might not be met by many small or middle-sized companies that have no previous experience from developing countries, although these seem to be the companies who would most need and best benefit from a financial instrument aiming to support internationalisation and growth. One way to overcome this challenge is to gather a consortium, as has been done in the case project.  
The developed localisation framework is a supportive tool for Finnish technology companies when they are planning the localisation of their solution. Based on the interviews done in this thesis, careful planning of localisation is crucial for a sustainable outcome. Thus, to improve sustainability of solutions, this thesis recommends that PIF as an instrument would take a more holistic approach to localisation and include some planning or evaluation to the funding, as well as allow some costs for technological modifications. As the instrument is meant to also target companies that do not have previous international experience, it is important for these companies to evaluate the localisation need of their solution based on known implementation challenges in the field. If the solution currently cannot handle a certain challenge, localisation is needed.  
To ensure the long-term sustainability of technologies transferred through the PIF and their consequent development impacts, planning of the localisation of these technologies should be supported. Accepting costs for localisation was suggested as one measure, but alternatively MFA could provide financing for localisation through another one of their financing instruments when applicable. Parallel use of MFA´s own instruments (such as Finnpartnership or Higher Education Institutions Institutional Cooperation Instrument, HEI ICI) could enable the allocation of more resources to planning localisation and thus ensure that the planned measures are justified and relevant. This would likely increase the sustainability of the solutions, consequently promoting the development impacts and making the PIF more attractive as a financing instrument for both the partners in developing countries and the companies in Finland. 
Concessional loans promote trade opportunities. Since trade has been identified as a common mean for developing countries to acquire sophisticated technology (Danquah, 2018), the PIF indirectly promotes the enhancing of national efficiency in developing countries, compared to traditional aid. PIF is an instrument for public sectors of receiving countries: this may enable deeper consideration of institutional aspects than would be possible through smaller-scale trade with private customers. Thus, the framework could be re-considered on a wider scale by allowing more institutional aspects to be considered. For example, the communal bank account for maintenance costs, which was proposed by one of the interviewees, would likely be easier to suggest by a consortium through PIF than by an individual technology provider.   
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6 Conclusion 
This thesis looks at localisation of water sector technology through a case study focusing on the water project planned by a consortium of Finnish technology providers for Kenyan water sector. The thesis identified various challenges to be considered when implementing technology solutions in a developing country context, and also suggested ways to address these challenges. Although many of these measures have already been used earlier in the country of the case, Kenya, and found to be useful, the thesis also suggests some novel solutions for localisation. The identified challenges and adaptation measures were used to compile a localisation framework, which consists of three identified categories of localisation: 1) technology, 2) local capacity and 3) local ownership. Under each category, the core challenges are identified and corresponding adaptation measures are presented.  
While the three different localisation categories are all important, they are also closely related and dependent on each other: if capacity and ownership categories are ignored, it is very unlikely that the measures implemented under technology category would be alone sufficient to ensure overall sustainability. Moreover, not engaging in technological localisation may to some extent be compensated for by placing greater emphasis on capacity building. Consequently, capacity and ownership were determined to be the most critical aspects in terms of the sustainability of technology solutions in developing countries and were also identified the interviews with experts from the field. 
In general, the stakeholders interviewed in the thesis agreed on the challenges and potential mitigation measures. However, the interviews revealed differing preferences for the actual approach to localisation: while the interviewed Kenyan experts emphasised the benefits of target-specific customisation, the Finnish technology providers preferred a more general approach where the localisation was considered in the development phase of the solution. This thesis interpreted localisation as the implementation of an existing solution that has been previously used in Finland that would only need to be modified to address the specific needs of the target country. This approach seemed to be closer to what the recipient would prefer, though a compromise was sought in the framework to satisfy both parties.  
If sustainability is sought in a setting where the customer wants target-specific customisation, but the technology providers do not want to make technological changes to individual sales cases, a compromise for providing target-specific customisation of non-technological details could offer one solution. These non-technological details refer especially to the adaptation measures within the capacity and ownership categories of the localisation framework, which were nevertheless identified as the most important of the three categories. These measures include practical, extended user training and video tutorials as well as involvement of locals and awareness raising campaigns. These measures would not require technological modifications, which the technology providers felt would lead to complications in maintenance (hardware) or updating (software) of the solution, as well as increased costs due to issues concerning production (hardware) or configuration (software). Furthermore, when implemented after careful planning and in collaboration with the locals, these non-technical measures could have great potential in improving the local capacity and building ownership among the locals, thus increasing the ultimate sustainability of the solution. 
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Considering the approach preferred by the interviewed technology providers, the technical adaptation measures outlined in the framework would likely be most useful in the development phase of a solution. Similarly, if the solution already exists, the emphasis moves to the capacity and ownership categories of the framework. If a company decides not to engage in technological localisation, such a decision should be compensated for by emphasising on capacity building measures to ensure sustainability. 
The localisation framework included a self-assessment scale of adaptability to help the technology providers in estimating the current localisation need of their solution by evaluating, whether addressing an identified challenge is built-in in the solution or how much work would be required to implement it. However, the assessment scale currently has no indicators to assist technology providers in evaluating the localisation needs of their solution. Therefore, future work should focus on defining a set indicators to both help in conducting the assessment and improving the objectivity of the assessment. 
As the case project will be implemented with PIF funding, the thesis also evaluated the compatibility of the framework with PIF guidelines. The framework was determined to be in line with PIF guidelines in its aim to promote sustainability. However, the financing instrument currently allows only costs directly related to project implementation. Consequently, although the PIF accepts the costs of implementing most adaptation measures outlined in the capacity and ownership categories of the framework, carefully planning these measures, or implementing technological localisation does not seem to be supported by the instrument. Thus, it is recommended that the MFA should take a more holistic approach to localisation in order to ensure that the transferred solutions are sustainable and that the implemented localisation measures are well prepared and effective. 
As localisation of technology to developing countries had not been studied from the perspective of technology providers, this thesis provides an important addition to the existing literature in the field. Previous literature has focused on technology transfer at a general level and the sustainability of existing local systems, with far less attention being given to assisting in the localisation of novel, imported technologies. The framework developed in this thesis should address this problem by providing a tool for supporting technology providers in ensuring the sustainability of their technologies in developing countries. In the future, improved planning of localisation will improve the sustainability of international cooperation in reaching the Sustainable Development Goals. 
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