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Abstract 

Technology transfer has been identified as a means for poverty alleviation for 
decades. Nevertheless, technology transfer projects from industrialized to 
developing countries have failed repeatedly. Technology transfer projects within 
the development cooperation area comprise various challenges under economic, 
environmental, social, institutional and technical dimensions. Inappropriate 
technology, operation and maintenance issues and lack of socio-cultural 
entrenchment of the transferred technologies are the most often cited reasons for 
project failure. Scholars argue that transfer methodologies are more important than 
the technology itself and it should incorporate aspects and methods from various 
disciplines such as project management, production, marketing and business 
innovation in order to ensure sustainable technology transfer and poverty 
alleviation. In this sense, the aim of this paper is to develop a conceptual 
framework which outlines the main challenges and transdisciplinary solution 
approaches for the sustainability of technology transfer projects for poverty 
alleviation in developing countries from practical and theoretical perspectives. The 
methodological design consists of literature review combined with experts’ 
interviews with specialists in technology transfer projects around the world from 
a specialized NGO. The findings reveal best practices and problems from a highly 
advanced technology transfer organization in terms of localized technical 
solutions and agile integrated planning approaches. Yet, the social and institutional 
aspects remain largely complex and difficult to solve. The recommended 
transdisciplinary approaches include sustainable business model development, 
frugal re-engineering methods and agile project management. 
Keywords: technology transfer, developing countries, sustainable development, 
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1 Introduction 

Technology transfer (TT) from industrialized to developing countries has the 
potential to bridge the gap between standard of living in different areas worldwide 
[1–3]. Various stakeholders such as NGOs, governments and corporations have 
been undertaking initiatives to alleviate poverty through TT and diffusion among 
communities through the past decades. Nevertheless, there are still more than one 
billion people still living on less than $1.25 per day as of 2011 [4]. Numerous 
amounts of aid from developed countries attempt to transfer technology to offer 
basic poverty alleviation services such as sanitation, wastewater treatment, solid 
waste management, faecal sludge, water and energy supply. Nonetheless, many of 
these development initiatives still fail in the long-run mainly because their 
implementation fails to establish favourable conditions for the technology and the 
service provided to prosper in the long-run [5]. In fact, Reymond [6] claims that 
failure is the rule rather than the exception. Repeated failures in development 
projects have been caused by inappropriate technologies, lack of user centricity, 
lack of endogenous capabilities in regard to Operation and Maintenance (O&M) 
and lack of adequate financing models. 
     With reference to the abovementioned, this paper has the following objectives. 
Firstly, it attempts to collect and analyse various empirical studies from the 
literature which systematically investigate the causes of lack of sustainability in 
TT projects. Secondly, it employs a Principal-Agent (P-A) theory perspective  
in order to understand the problem and the underlined theoretical solutions. 
Thirdly, it employs an experts interviews approach to explore in-depth the 
dynamics of TT projects in the development cooperation field, best practices, 
frequent causes of failure and requirements for solution approaches. Fourthly, it 
aims to provide recommendations for transdisciplinary solution approaches and 
combine the findings in a framework. From a practical perspective, the insights 
are of relevance to all stakeholders involved directly or indirectly in TT projects 
in development cooperation area. 
     This paper is organized as follows: Section two provides a brief theoretical 
background reviewing empirical studies on TT in development cooperation field, 
existing solutions and their limitations, and theoretical foundations of the P-A 
theory, Section three describes the employed methodology, while Section four 
presents and discusses the findings. Section five covers conclusions and further 
research recommendations. 

2 Literature review 

2.1 Technology transfer definition and enabling factors 

Traditionally, TT has been understood as the physical transfer of technologies 
from industrialized to developing countries [7]. However, TT involves more than 
just the transfer of hardware components, it includes elements of how to adapt, 
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Therefore, for the scope of this research, we adopt a broad definition of TT in order 
to encompass for different sizes, scopes and complexity of development 
cooperation projects. Thus, TT is defined as ‘the broad set of processes covering 
the flows of knowledge, experience and equipment amongst different stakeholders 
such as governments, private sector entities, financial institutions, NGO’s and 
research/educational institutions’ [8]. Although TT projects vary largely in size, 
complexity and scope and thus the enabling factors would be different, scholars 
did find several common elements of successful TT projects. Liu and Liang [9] 
argue that successful TT includes besides physical transfer of technologies, local 
capacity building, financing mechanisms and monitoring systems. As such, the 
primary objective of TT is to develop local capabilities, enhancing poverty 
alleviation through development and innovation [9]. 
     In this paper, we define sustainable TT in terms of projects’ ability to 
financially sustain themselves, fulfill users’ needs, promote environmental 
protection and provide appropriate technical solutions. The aspects are elaborated 
as follows: 1) Economic – low initial investments, low O&M costs, appropriate 
financing models for before and after implementation stages; 2) Social & 
Institutional – acceptance and ownership by locals, user centricity, incorporation 
of cultural/religious practices, development of the user’s skills and capabilities 
through training and education, increasing awareness, local support of 
governments and institutions, supporting public policies; 3) Environmental – risk 
of infection, low usage of resources, low ecological harm; 4) Technical – low 
complexity, high flexibility, compatibility with other local systems, locally 
available components. 

2.2 Lack of sustainability in TT development cooperation projects 

TT projects from industrialized to developing countries, also known as horizontal 
TT have been reportedly failing for various reasons which include inadequate 
understanding of local needs, high transaction costs or lack of local acceptance. 
An extensive literature review has been performed in order to identify empirical 
studies which investigate the reasons for the failure of TT projects in the area of 
international development cooperation. The findings are in Table 1. 
     As development cooperation aims to alleviate poverty and improve the 
standard of living in developing countries, most TT projects are related to 
provision of basic services such as water, sanitation, wastewater treatment, faecal 
sludge management (FSM) and energy supply. Although the studies in Table 1 are 
from various geographical locations and refer to different types of project in terms 
of size and complexity, they revealed very consistent patterns across different 
cases of TT. The main problems and causes of TT projects failure in the area of 
development cooperation are discussed on the four dimensions of sustainability. 
From an economic perspective, investment costs are posing challenges for the 
initial stages project planning and implementation, however, O&M, re-
investment, energy costs are posing severe barriers for the long-term project 
survival. Often, users find it difficult to pay for the services and there is a lack of  
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Table 1:  Empirical studies on TT development cooperation projects. 

Study Type of Projects Location(s) Failure Causes 

Klintenberg  
et al. [10] 

Renewable energy 
Botswana & 

Namibia 

O&M issues, users’ difficulty to pay 
for services, strong focus on 

technology. 

Terrapon-Pfaff  
et al. [5] 

Renewable energy Worldwide 

Unsuitable technology, external 
negative influences, lack of users’ 

motivation, lack of local capacity to 
manufacture and maintain 

technology. 

Sianipar et al. [2] 
Basic poverty 

alleviation projects 
Indonesia 

Inappropriate technologies, top-
down approach to local needs, low 

technological diffusion, weak 
acceptance from users. 

Strande et al. [11] 
Faecal sludge 

management, waste 
water treatment 

Worldwide 

Lack of integrated system approach, 
lack of capacity building and 

empowerment, no involvement in 
the planning process of the key 

stakeholders, weak O&M, 
inappropriate financial schemes, 

lack of cost-recovery mechanisms. 

Nikiema et al. 
[12] 

Wastewater treatment
Seven African 

Countries 

Poor O&M, high energy costs, lack 
of re-investments, limited local 

acceptance and willingness to pay 
for the services, environmental 
risks, and low performance of 

technology. 

Starkl et al. [13] Water and sanitation 
India, Mexico, 
South Africa 

Hygienic risks, O&M problems, 
technical and social risks, 

inappropriate technologies, lack of 
local support. 

Schillebeeckx  
et al. [14] 

Energy supply Worldwide 

Focus on technology and 
institutions, viability of technology 

and user involvement not 
considered. 

EU Commission 
[15] 

Water and sanitation 
Six Sub-Saharan 

Countries 

Institutional weaknesses, ineffective 
use of sustainability project 

management tools, lack of non-tariff 
revenue to support O&M. 

Murphy et al. [3] Water and sanitation 
Bangladesh, 

Guatemala, Nepal

End-users are not involved in the 
development process, the 

engineering approach does not 
consider social, cultural and gender 
aspects, focus on technology rather 

than transfer mechanisms. 

 
non-tariff revenue to ensure O&M. Similarly, from an environmental perspective, 
ecological risks are high especially because the transferred technologies often 
behave unexpectedly in new environmental conditions. From a technical 
perspective, the technologies transferred are still found to be too complex and 
unable to fulfil users’ needs in the long-run. The most encountered problem by far 
is related to the social dimension. There is a strong focus on technology and a lack 
of user involvement in the early development and planning stages. This has been 
usually known as ‘the traditional engineering approach’ which fails to incorporate 
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social and cultural aspects [3]. This results in inappropriate technologies, low 
acceptance and support by locals and insufficient endogenous capacity building. 
The most often employed top-down approach cannot account for the very different 
local realities and settings of developing countries where most frequently the 
barriers lie [2, 6]. 

2.3 Existing approaches and their limitations  

With the rise of Information and Communication Technologies (ICT), which 
provide a platform for information exchange between people across the world, 
several solutions for sustainable TT projects have been proposed [1]. For instance, 
the Open Source Movement enables technologies to be designed as free and open 
source, developed and licensed in such a way as to allow their designs to be used, 
modified and distributed freely [1]. Central resources and forum for collaboration 
such as Appropedia [16] have been providing access to design specifications of 
technologies for water, energy, health and many other basic services for poverty 
alleviation. In the specialized area of water and sanitation solutions, Akvopedia 
[17] is a portal for online knowledge on smart, low-cost, sustainable water and 
sanitation technology approaches. On the same line, the available design 
specifications of various technologies and the emergence of open source 3D 
printing could enable the self-sustained progress of developing countries by 
producing cheap, simple technologies with locally available materials and which 
meets the user’s needs. Nevertheless, the success of the Open Source Movement 
is limited in the immediate future mainly because internet access and awareness 
in developing countries is very low. In the 2nd quarter of 2014, an  
Internet penetration of 42.3% worldwide was registered, while the average Internet 
penetration in Africa was 26.5% [18]. Moreover, the Open Source Movement 
alone cannot effectively solve the poverty issue as it needs an effective enabling 
environment where social, institutional and economic factors play critical roles. 

2.4 A principal agent theory model of TT projects 

The P-A relationship denotes a structure of a principal and an agent who are 
engaged in a cooperative behaviour, but have diverging interests, significant 
information asymmetries and differing attitudes towards risk [19]. The theory 
suggests models the relationship between the principal giving the task and the 
agents hired to perform it while revealing the issues which may arise in the case 
of information asymmetries and self-interested agents. The P-A theoretical 
framework has been already used by development economist to examine the 
nature and relationships under the foreign aid chain and involved actors [20]. 
Development economists have recognized the complex network of stakeholders 
involving governments, private sector, NGOs and local users where every group 
has its own interest, motivation and constraints [21]. Therefore, the P-A theory is 
also very suitable for the study of TT in development cooperation settings where 
similarly numerous groups of stakeholders involved at different project stages and 
with diverse motivations have to perform a task delegated by the principal. The  
P-A theory is especially useful for the suggested theoretical solutions which can 
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be selected according to different scenarios of assumptions. Overall, the P-A 
theory proposes different forms of solutions all based on incentives alignment:  
1) monitor agent’s behaviour through the means of information systems,  
2) behaviour- or outcome-based reward depending on the task programmability or 
outcome uncertainty [19]. 

3 Methodology 

This study aims to explore the reasons of TT failure in the field of international 
development cooperation and what are potential transdisciplinary solutions for this 
problem. Therefore, the emphasis is on ‘why’ and ‘how’ type of questions. 
Therefore, a case study approach is suitable for this research [22]. The case 
adopted is Bremen Overseas Research and Development Association (BORDA) – 
a specialist organization based in Bremen, with more than 35 years of experience 
in TT projects in developing countries [23]. BORDA focuses its activities in the 
areas of decentralized sanitation, water and regenerative energy supply as well as 
wastewater and solid waste management solutions. BORDA is a suitable candidate 
for the aforementioned research question and its experiences are generalizable 
because it has an extensive experience in the field, its network spans worldwide 
projects of different sizes, complexities and themes and it operates both as an 
external knowledge provider and implementation guide. The data is collected 
through eight semi-structured interviews with experts from all around the world 
within the BORDA network and the findings are aggregated in a conceptual 
framework related to ‘why’ development projects fail and ‘how’ could this be 
prevented in the future. The semi-structured interview contained three main 
sections: 1) TT projects in operations – initial problems, sustainability indicators 
and critical success factors, 2) failed TT projects – systematic investigation results 
and experiences, 3) solution approaches needed. Interviews lasted around one hour 
and followed the initial guiding questions, then continued with in-depth questions 
in specific directions of interest. Experts interviews is a preferred approach for this 
study because TT projects often fail due to aspects difficult to quantify and 
experts’ experiences can describe in-depth the TT processes and difficulties 
encountered. 

4 Findings and discussion 

4.1 Problems and best practice solutions at BORDA 

As a technology-transfer expert, BORDA has realized a while ago that the local 
settings of developing countries are totally different than the industrial ones and 
there is a need for localized solutions. Subsequently, BORDA managed to employ 
global knowledge in local context, provide customized decentralized solutions. 
The interview experts found that finding sustainable solutions for TT is especially 
complex due to the interconnected nature of existing problems where an integrated 
system approach is needed. 
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     From a technical perspective, BORDA offers decentralized solutions for 
wastewater, solid waste, regenerative energy and water supply which are 
characterised by low investment and maintenance costs, use of only locally 
available materials, modular and long-lasting design. Yet, technological problems 
still appear mainly due to social aspects such as misuse of systems or opportunistic 
behaviour from the system operators. In this scenario, strong enforcement of 
regulations by the local authorities is needed to ensure long-term survival and 
effective operation. 
     From an economic perspective, BORDA’s experiences show large differences 
in financing models across countries. Firstly, the source of initial investments 
determines the dynamics of the TT projects overall because the governments are 
easier engaged once there is public money involved, while they do not have any 
incentive to participate in O&M of projects once the funds come from external 
foreign aid agencies. This means that in countries where no public money is 
available, involvement of the local authorities in the planning and implementation 
phases is very difficult. Secondly, while the literature suggests that in many cases 
the users cannot afford to pay the fees needed for O&M, BORDA’s experiences 
show that this is not a serious issue in the case of highly engaged communities. 
For instance, in many cases users can pay in products or by providing services. In 
worst cases when some users cannot really afford to pay, the other community 
members fill in the gaps by providing additional funds. Moreover, experience has 
shown that when people are convinced of the need and importance of the service, 
most users are willing to contribute. However, this is not the regular case and 
consequently, it all comes down to the social aspects and the involvement, the 
commitment of local communities. The engagement of communities is often 
determined by the community leaders, especially where communities are 
structured in social hierarchies or tribal structures. People take note on what the 
community chief/leader say and act accordingly, therefore, the reliability of  
the leader often determines the survivability of the project. Regular 
communication with the operator and with the community which is critical 
especially after implementation can only be done locally, by community leaders 
or governments. The multifaceted problem of ownership is highlighted, especially 
in the case of community based solutions. Whoever owns and is responsible for 
the system determines the long-term survivability of the project. In order to 
account for this problem, BORDA came up with a new, integrated planning 
approach OWN IT. OWN IT is based on iterative joint development of local 
technical solutions according to demands of local stakeholders with the focus of 
local ownership. 
     Communities can also be incentivised by providing them with valuable 
resources which result from the sanitation or wastewater treatment plants such as 
water for irrigation, biogas for cooking or fertilizers for agriculture. This strategy 
has been largely employed by BORDA especially in the case of FSM projects.  
     Community and government involvement is especially difficult in the case of 
decentralized wastewater treatment projects because it is conceived as a rather 
sensitive topic. Therefore responsibilities are left undefined which often results in 
high project uncertainty. As previously said, institutional support is paramount  
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in these scenarios as communities cannot work alone in the long-run. For instance, 
one of BORDA’s FSM projects, which was completely planned, was interrupted 
during the start of construction because of elections. The opposition party 
boycotted the project, because it was supported by the ruling party. Cases like this 
are difficult to forecast in terms of sustainable TT. 
     An example of great community involvement coupled with institutional 
support is the unique after implementation service provider model of AKSANSI 
association in Indonesia. AKSANSI [24] is an association of over 600 
communities who pay membership fee and in return receive support in operating 
and maintaining their decentralized wastewater treatment facilities through 
continuous monitoring, call-centres, specialized task force, lobbying with the 
government and any other emerging social issues. The AKSANSI model is unique 
within the BORDA network and it exemplifies best practise on how sustainability 
of TT projects can be achieved.  
     Altogether, BORDA’s experiences underline the highly complex and 
interrelated social, institutional, economic and environmental realities in 
developing countries. This defines the need for a system-level solution approach 
which should encompass multitude levels of involvement, collaboration and 
empowerment. 

4.2 Recommended transdisciplinary solution approaches 

The interview and literature review findings for the main challenges are 
aggregated in the framework from Figure 1. Furthermore, based on the challenges, 
the main requirement for the solution approach has been defined as the need for 
integrated approach with aligned incentives of main stakeholders. The integrated 
system-level approach is required due to the interrelated nature of various 
technical, environmental, economic, social and institutional factors. The incentive 
alignment solution is suggested by the P-A theoretical solutions and it aims to 
encourage all stakeholders to work for the entire project aims. 
     In order to ensure a system-level integrated approach, the agile project 
management concept adopted from the software industry is recommended. Agile 
project management comprises a set of methods and techniques which is based on 
iterative and incremental development and in which requirements and solutions 
evolve through collaboration. Agile project management emerged from the 
software development industry mainly because of problems of high uncertainty 
and unpredictability of software development projects. However, later on it started 
to be employed in various other industries especially in environments in which the 
requirements are unknown or change quickly. Agile project management enables 
participatory approach and the incorporation of customer’s requirements at an 
early stage in the product development. The four principles of agile project 
management are: 1) individual and interactions over processes and tools, 2) 
functioning technology over extensive documentation, 3) user collaboration over 
contract negotiations, 4) quick adjustment to change over rigid plans [25]. These 
principles make agile project management very suitable for the TT development 
cooperation projects. Agile project management is especially suitable for TT  
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Figure 1: Framework of challenges and solution approaches. 

development cooperation projects because the user’s requirements will not be 
completely known only after the users have used the system. The agile project 
management should incorporate guidelines for innovation, implementation, 
education, promotion, sustainability, acceptance and governance of technology 
within development projects.  The agile project management should integrate also 
frugal re-engineering methods and techniques to ensure that the transferred 
technologies are customized according to the local requirements. Frugal re-
engineering is a structured, sustainable process of continuously redesigning 
products to cut costs [26]. Usually this refers to removing nonessential features 
from a durable good such as car or phone, in order to sell it to developing countries. 
Cost effective continual re-engineering of a product is the essence of frugal re-
engineering. Frugal re-engineering encompasses four main elements: 1) the 
essential features valued by the target customers, 2) the optimized design in terms 
of size, weight and characteristics, 3) the simplification of manufacturing 
processes through the use of new technologies and 4) the substitution of expensive 
materials. 
     In order to ensure alignment of key stakeholders for the sustainability of TT 
projects, business model development method is recommended. It is largely 
accepted by growth economists that economic growth is a significantly more 
effective instrument for poverty alleviation in the long-run than foreign aid [27]. 
Also, it is acknowledged that at the core of economic growth is technological 
advancements and business development which are driven by entrepreneurial 
initiatives [27]. Consequently, one proposed way of enabling local ownership, 
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endogenous capacity and empowerment while strengthening the local economy 
and improving user’s possibility of paying for the provided services is business 
model development and local entrepreneurship. Initial preliminary findings 
suggest that this could be a viable option. For example, renewable energy projects 
in Botswana have managed to implement several local businesses related to 
procurement, production, distribution and service provision by locals [10]. The 
sustainable business model development field has already research in regard to 
how can companies develop and innovate their business models. Scholars have 
found empirical patterns and archetypes of sustainable business models which are 
applicable regardless of geographical or cultural elements [28]. Therefore, 
development cooperation field could enhance its knowledge base with methods 
and tools on how to develop new sustainable business models for different stages 
of the value chains. 

4.3 Discussion 

The literature review combined with the findings from the experts’ interviews has 
highlighted the main challenges TT projects in developing countries face. The 
problems often cited in the literature include inappropriate technology, lack of 
investments, O&M issues and local social acceptance. Our experts’ interviews 
presents an advanced association encompassing localized technical solutions and 
agile TT approaches. Yet, the interconnected and highly complex in nature social 
and institutional aspects entail serious challenges for TT poverty alleviation 
projects. One has to understand the different socio-cultural-institutional settings 
of each community in order to adjust the planning approach to the local context. 
A system-level planning approach combined with an incentive based model as 
suggested by the P-A theory is needed. Traditionally, P-A structures refer to 
dyadic relationships. Yet, the complex setting of international development 
cooperation involves multiple principals and multiple agents each with differing 
interests, goals and demands. From the principal’s perspective, donor 
organizations and local public agencies should behave as a collective principal 
with the same goals and interests. But, empirical findings suggest that donor 
organizations often entail hidden agendas while the corruption, multiple layers of 
influence and decision-making marks local agencies with diverging objectives 
within [20]. In the case of externally funded TT projects, the local authorities are 
very difficult to engage and thus the principal becomes the external agency. This 
is problematic especially because the principal is supposed to remain involved and 
monitor the project O&M. Post-implementation monitoring and support is very 
difficult to be done by external agents and without the support of national or local 
laws and regulations. From an agent perspective, one distinguishes between short-
term contractors and long-term operators and service providers. Often the 
contractors hired for short-term tasks regard the donor organization as their 
principal and thus they are discouraged to act in the beneficiaries’ interest, hiding 
critical information [21]. Also, there is a lack of sustainable models for operators 
and service providers in the case of complex TT projects such as sanitation, waste 
water treatment of FSM. Especially in this case the business model development 
has potential to provide financial incentives to key actors in the O&M activities. 
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     The integrated approach combined with incentives alignment should be further 
investigated, developed into scalable and systematic steps and tested on the field. 

5 Conclusion 

This research aims to provide an overview of recurrent causes in TT projects’ lack 
of sustainability. As shown by the literature review and the example  of BORDA, 
development cooperation TT has made significant progress in the past years and 
they are learning more and more about how to approach communities, how to plan 
and to integrate relevant stakeholders. There are many successful stories which 
can serve as motivator and enabler for further successes. Nevertheless, the 
investigation found that social and institutional challenges remain largely 
problematic and need further context-based examination. The findings and the P-
A insights suggested the need for a systematic, integrated, incentive-based solution 
approach using the transdisciplinary concepts of agile project management, frugal 
re-engineering and business model development. Further research should develop 
the systematic approach with specific project stages, work plans, objectives and 
methods. The established concept should then be evaluated and improved on the 
field using action research methodology. 
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