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ABSTRACT 

The term technology transfer has been viewed different by different writers and researchers. One wider 

encompassing view is where Technology Transfer (TT) begins during the development of an innovation, 

continues through its dissemination, and extends into its early implementation. A distinction is also made 

between horizontal and vertical transfer. This paper is developed based on technology transfer from vertical 

integration and from a wider perspective that includes; technology development, dissemination, and adoption. 

Technology transfer is one of the ingredients for development of technological capabilities of enterprises. Most 

Small and Medium Enterprises (SMEs) including those using renewable energy and agro-processing 

technologies lack technological capabilities and require effective technology transfer.  

Some of potential renewable energy based agro-processing technologies for use by SMEs in Kenya are solar 

drying and evaporative cooling. The two technologies have not been effectively introduced or adopted due to 

various technical and socio-economic reasons, and adoption and usage still remain low in Africa. One major 

challenge to their use is poor transfer efforts. Review of various models show they are diverse in their 

visualisation of technology transfer, and one need to consider characteristic variation of involved institutions 

and technologies at each of the stages of development and commercialization. 

This study has attempted to develop a model for technology transfer that could be used to transfer renewable 

energy based agro-processing technologies. The study identifies the elements of some models used by selected 

players in technology transfer of renewable and agro-processing technologies in Kenya. The best elements are 

incorporated into a consolidated model that also factors other elements from literature review. The formulated 

technology transfer model has three components; planning component; the technology development; and the 

dissemination and adoption component.  Such a model can be used by diverse organisations that are engaged 

in technology transfer and is ideal for most renewable energy based agro-processing technologies. 
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1.0 INTRODUCTION 

1.1 Background 

Technology development institutions have multiple tasks in which research organisations such as universities 

carry out training and research; with commercial opportunities as one of the by-product of their activities. 

These institutions have many innovation and invention products which can be commercialised to maximize 

value. This calls for optimal methods to achieve commercialisation without compromising on the quality of the 

institutions main products. One way to enhance commercialisation is through effective Technology Transfer 

(TT). This study analysis existing models of TT and attempts to develop a practical TT model of renewable 

energy based agro-processing technologies.  

Innovation, Diffusion, Dissemination and Technology Transfer 

Technology transfer has been viewed differently by different authors and researchers. [21], defines Technology 

transfer as the process by which commercial technology is disseminated. [6], considers technology transfer as 

the handing-off of intellectual property rights from the university to the commercial sector for purposes of 

commercialization. According to [7] TT, also referred to as knowledge transfer or knowledge sharing, is the 

process of converting scientific findings from research organisations into useful products by the commercial 

sector. The author notes that TT can take three main forms namely:  The creation of new companies or spin-

outs, collaboration between universities, research organisations and industry notably via research contracts; 

and licensing of Intellectual Properties (IP).  

Technology transfer can also be viewed as multidimensional process that intentionally promotes the use of an 

innovation [15].  Technology transfer begins during the development of an innovation, continues through its 

dissemination, and extends into its early implementation. According to [15] this process requires multiple 

stakeholders and resources, and involves activities related to the translation and adoption of an innovation. 

Technology transfer is designed to accelerate the diffusion of an innovation. 

[22], takes a similar wider view of technology transfer, but makes a distinction between vertical and horizontal 

transfer; where vertical transfer refers to technology being transferred from research to development and then 

production and follows the progressive stages of invention, innovation and development, with the technology 

becoming more commercialised as it proceeds through each stage. On the hand, horizontal transfer refers to 

an established technology being transferred from one operational environment to another, in which the 

technology is already commercialised and the purpose is to disseminate the technology and extend its 

application into other contexts.  

This research adopts the wider view of technology transfer taken by [15] and [22]. The paper attempts to 

develop an appropriate TT model that could be used for transfer of renewable energy based agro-processing 

technologies in Kenya. When properly implemented, such a framework would support technology 

development, skills improvement, dissemination and adoption of targeted technologies.  

1.2 Statement of the Problem 

Most Governments today regard renewable and agro-processing technology integration in agricultural and 

related sectors as key to enhancing high growths of these sectors.  In addition, diffusion and adoption of such 

technologies is an important route to increased competitiveness, especially for the SMEs. However, SMEs have 

disadvantages related to the lack of technological and financial capability which can lead not only to problems 

in their ability to source technology but also in their ability to absorb it into their organization and diffuse it into 

their industrial sector [15]. 

Some of the renewable energy based agro-processing technologies that have major potential use in SMEs 

includes solar dryers and evaporative coolers. Solar drying is an important process in the agricultural sector 

that has been used in value addition of most agricultural produce [9], [1], [4], [25]. It uses renewable energy 

that can help to protect the environment. In addition, it has the advantage of saving cost through reduced 

energy consumption. However, solar dryers have not yet been effectively introduced or adopted due to various 

technical and socio- economic reasons, and their adoption and usage still remain low in Africa [2]. Major 
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challenges contributing to this includes; technical inadequacies including limitations in capacities and low 

efficiencies, poor promotion efforts, and financial limitations [16]. One potential solar drying technology is the 

greenhouse dryer which if optimally designed can help overcome a number of challenges with most drying 

systems. Another potential renewable agro-processing system is the charcoal cooler, an evaporative based 

system that can be used to help preserve vegetables and fruits [12], [23], [17]. Despites their potential in 

reducing post-harvest losses, these systems have not well been adopted.  

 
Figure 1:  Framework for Enhancing Technological Capability 

Renewable energy and food processing technologies like other technologies require effective transfer. Both 

technological and non-technological barriers hinder adoption of these technologies. The technological factors 

include; inappropriate technological push, appropriate technologies which are either too big, expensive, or 

laboratory level. Other technological factors include lack of adequate training to recipient of technology and 

lack of maintenance. Non-technological factors include lack appropriate policies, limited access to credit among 

others. There is therefore need to utilize appropriate models to develop and transfer technologies. 

Technology transfer is one of the ingredients for the development of technological capabilities of SMEs and 

other enterprises, but it cannot by itself develop them. Other complementary requirements are:  conducive 

government policies; effective learning strategies and ability to learn at the level of enterprises.   In addition, 

favourable learning and innovation context such as local clusters of competitors, suppliers and customers, 

active trade associations, supporting institutions for training, development and application of technology and 

financing limits technological capabilities [22]. 

1.3 Review of Existing Models from Literature 

Several models have been developed for conceptualizing technology transfer; normally referred to as 

Technology transfer (TT) models. The traditional models earlier developed included; the Appropriability Model; 

The Dissemination Model; The Knowledge Utilization Model and the Communication Model [20]. Modern 

models have later been conceptualized; one such model being the Sung and Gibson’s Model [20]. This model 

indicates that Technology Transfer (TT) consists of three levels of involvement: which are Technology 

Development at the first level, Technology Acceptance at the second level, and Technology Application which is 

the third level. Technology Development is considered as the most important level where the transfer process 

is viewed as passive through transfer means such as research reports, journal articles, and computer tapes. This 

level relates to the appropriability model, where the emphasis is on the importance of quality of research and 
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competitive market pressure in achieving technology transfer. In the Technology Acceptance level, the 

technology developer is responsible for availability of the technology to receptors who can understand and 

potentially use the technology. This level of involvement relates to the dissemination model, where the 

concentration is on disseminating innovations to individual users. Technology Application level is the most 

involved level of TT and includes commercializing the use of technology in the marketplace and other 

applications such as intra-firm processes. This level compares with knowledge utilization model: where 

emphases is on the critical element of interpersonal communication between technology developers and users, 

and the organizational barriers and facilitators of TT. 

According to [5], the technology transfer can be visualized from three perspective; Technology development, 

technology dissemination and technology adoption. On the other hand, [8] proposes a model for technology 

transfer, and thus industry-relevant research, in which transfer involves more than research, publications and 

reports preparation. Their models propose identifying potential improvement areas based on industry needs, 

and formulating a research agenda using several assessments methods to find research topics.  This is followed 

by formulating problem statements while studying the field and the domain; formulating a candidate solution 

in cooperation with industry and conducting lab validation through lab experiments. The final stage of the 

model involves performing static validation through interviews and seminars; performing dynamic validation 

through pilot projects and controlled small tests; and releasing the solution step by step while remaining open 

to smaller changes and addition. 

A review on various models by [19] isolates the various elements of popular technology transfer models. The 

elements include models that; integrates organisation arrangement and technology components; use of 

process approach and planning; an approach that recognises a provider who possesses a certain technology 

and the will to transfer it; a mechanism to affect the transfer; and a user who is willing to receive the 

technology. The review also recognises the presence of organisation with strategic thrust that works with other 

organisation to deliver technology transfer. Other elements include; need for selection phase, detailed 

engineering study through development and refinement of technology, use of local skills and adoption of 

technology to local condition, and in the adoption of common practice. It further identifies an evaluation stage 

as the starting point in technology transfer, mainly through pre-investment and feasibility assessment, and 

where needs and solutions are prioritised. In addition, it recognises two types of technology source which are 

research and development, and existing technologies; but doesn’t emphasize the reverse engineering aspects 

of technology transfer. It further emphasises on the need for a feedback mechanism to the organisation and 

the research team on developed technology and its usage to help adjust on the technology. The review also 

notes the need for market planning, transfer environment scanning and supplier selection, packaging of 

product and services, and for a promotion development mechanism. Capacity building of all stakeholders 

involved in the technology transfer process is also emphasised. The review does not highlight role of financial 

linkages, the inputs in the technology development, the need for a technology transfer office, the options to 

enhance capacity of users such as incubation and the need to factor in the IP component aspects that are 

critical in technology transfer. 

[3], proposes an appropriate organizational structure for TT that include a specialized and decentralized 

Technology Transfer Office (TTO) with sufficient autonomy to develop relationships with industry. It also 

emphasis the Intellectual Property (IP) process in technology transfer; protection and licencing of technology. 

The model only concentrates on technology invention part of technology transfer. 

[7], stated that technology transfer often involves a formal transfer of rights to use and commercialise new 

discoveries and innovations resulting from scientific research to another party. The study shows that TT process 

also covers funded research, innovation disclosure, patents, licensing and sometimes new start-up. The model 

recognises the need for funding requirements and the TTO. 

The review of these models shows diversity in their visualisation of technology transfer. Secondly, according to 

[24] there is a need to acknowledge characteristic variation among the institutions at each of the stages of 

development and commercialization when attempting to identify mechanisms and strategies for technology 

transfer. Further [18] notes that Transfer of technologies (TT) takes place among various kinds of players, takes 
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on various kinds of modalities and is done for various motivations. [3], noted that a generalizable model of 

technology transfer is difficult to find, and one that accurately depicts the subtleties of how knowledge and 

technology are transferred in practice is arguably non-existent. This study seeks to develop a consolidated 

model that takes note of these deficiencies by combing the various elements identified in this review. 

 

2. MODEL DEVELOPMENT 

2.1. Analysis of Some Selected Models in Kenya. 

Activities of stakeholders who participated in stakeholders’ consultative forum for Renewable Energy for Food 

(RE4FOOD) project on March 20, 2014. held at Jomo Kenyatta University of Agriculture and Technology JKUAT, 

and which are involved in renewable energy technology development and transfer were analysed.  This was 

carried out with the aim of isolating the unique elements that could be factored into a consolidated TT model 

for renewable energy-based technology transfer. The analysis first identified two broad model of technology 

transfer; the public and the private sector models.  The two models identified were as described below. 

General Public Sector Model is a model in which the trigger of the intervention is need based and emanating 

from an emerging problem or government policy and through needs assessment study. The technology 

development builds on new knowledge, existing knowledge and socio-economic information to develop 

designs. The process of technology transfer is basic and includes; design, prototype type production, user trials, 

modification of tested technology, final trials, and dissemination to users and fabricators. It also includes cost 

benefit analysis. The technology is released through training of artisans for mass production or through sale by 

either the innovators and developers or trained fabricators. This model has been partly applied in public 

organisations such as Kenya Industrial Research Development Institute (KIRDI), Universities like JKUAT, the 

Rural Technology Development Centres of the Ministry of Agriculture [13], and Kenya Agricultural and Livestock 

Research Organization (KALRO). 

The general Private Sector Model involves a number of elements as in public sector model.  However, it has 

variation in the trigger mechanism that is based on potential assessed demand by the organisation or request 

by users. The solution to the problem is through technology development or importation. In this model, the 

imported technologies could be modified for local use, but are normally sold directly. In addition, the 

technology could be availed to users by distributors. This model is common with private sector organisations 

such as DK Engineering, Muharata Enterprise, Kijito (Wind) Company, Asami Ltd (plastic bags biogas) sales 

company and dealers such as Brazafric, Hubei Ltd, and Marina Machineries. 

Other analysed models and their elements included: Sustainable Community Development Services (SCODE) 

Model. The models have unique aspects that include; participatory approach to technology transfer to 

overcome social barriers, working with local suppliers and producer for capacity building and marketing of 

products; use of social marketing campaigns and networking activities to create demand; working with 

research institutions and the private sector in test-marketing new products and improving marketing 

strategies; technology standardization; benefits focused promotion; and gender mainstreaming. The TT 

incorporates capacity building and technical assistance.  

The Songa Mbele Community Development Initiative (SoMCoDI) organisation has a model that involves 

modifying existing technologies, and mobilization and utilization of locally available resources. The model has a 

component of incubation of budding enterprises [17]. 

The financing models that were analyzed include the Business Initiatives and Management Assistance Services 

(BIMAS) model [10] and the Kenya Women Finance Trust (KWFT) model [11]. The BIMAS model focuses on low 

income earners, use of diverse multiple packages, gender mainstreaming, piloting interventions in specific 

micro-region and later use of stepwise expansions for wider regional coverage among other aspects. In the 

KWFT model the focus is on working with women, intensive coaching, training and use of experts, and 

diversified range of product offerings in renewable energy including solar, stoves, electricity connections, 

greenhouse and biogas. The KWFT model of financing these technologies involves working with stockists, 
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established organisations such as Kenya National Federation of Agricultural Producers (KENFAP) and Improved 

Stoves Association of Kenya (ISAK) to transfer technologies. The user of the technology is financed directly or 

through direct payment of the supplier. 

2.2 Consolidated Model of Technology Transfer 

The model developed as shown in Figure 2 borrows elements from the models discussed in in 2.1 and also 

incorporates input from models reviewed in literature.  It illustrates a possible TT model for renewable energy 

based agro-processing technology. 

.  
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Figure 2:   Proposed consolidated model 

 

 
Technolog

y Transfer 

/Team 

R& D 

Team/un

it 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Indirect Customer 

Feed back, input  

Assessment RE 

 

 

 TTO 

 

 Direct customer 

 Feed back, input  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

  

ORGANISATI
ON  

E.g JKUAT 

(with its 
strategic plan) 

Evaluation framework 
(Problem identification, 
needs user requirement 

assessment, 
prioritization  

 

RESOURCE 
MOBILIZATION 

Proposal development, 
donor identification 

 

Research stakeholders identification & 
Networks development 

Research Organisations, laboratories, 

quality bodies eg KEBS,, academic 

organisations   

Implementing Stakeholders identification 
and networks development 

NGOs-e.g. KENFAP, government ministries, 
financiers 

IP & Technology  
Licensing 

 

New Knowledge 

Traditional Knowledge 

Market Planning & 
Resource Allocation 

 

Private 

Organis

ation  

Fabricatio

n 

Unit/Team 

PACKAGING PRODUCT 
& SERVICES 

 

Distributors & Stockist 

Promotion TT Delivery 
mechanism 

 

Dissemination/promoti
on & advertising 

 

Customer/end 
user/entrepreneur 

Targeted Mkt segment 

 

Field 

Staff 

Implementation 

 

Adoption 

 

Training e.g. 
artisan 

 

Financing 

organisat

ion 

User Trials 

 

Prototype 
Production 

 

Program/Project for 
TT  

 

Trigger 
Eg call for projects, effects, 

demand, organization’s 
focus/mandate, issues/challenge 

in society 

Customer advisory 
committee 

E.g. panel or focus group 

Socio economic  

Economic 
evaluation 

 

Technologies 

Agro-processing-drying 
cooling etc 
Renewable Energy: 
solar, biomass, wind etc 
  

Incubation 

fixture 

GSJ: Volume 7, Issue 5, May 2019 
ISSN 2320-9186 

255

GSJ© 2019 
www.globalscientificjournal.com 



  

 

2.3 Framework of the Proposed Model  

The framework of the proposed model considered that there is an organization under which the TT 

implementation will be undertaken. This organization has its thrust in relation to what it intends to transfer; 

this could build out of the organization’s mandate or internal policies like technology development and 

revenue generation. The following are the phases of the model.  

1. Planning: Most organisations will have established networks and collaboration with other stakeholders or 

organisations in the area of focus; for this study the focus being renewable and agro processing. For this model, 

such stakeholders would include government institutions engaged in research such as KIRDI, Rural Technology 

Development Centres of Ministry of agriculture, Universities, KALRO and Energy centres of Ministry of energy. 

Other stakeholders would include NGOs as SoMCODI and KENFAP and private companies such as Muharata, 

and banks. It is ideal that all such organisations and the TT organization continue to enhance and broaden 

collaboration through participation in TT. The implementing organization has its strategic plan well spelt out in 

relation to TT. An advisory committee need be in place to assist in the planning and liaising with stakeholders. 

2. Technology evaluation: There must be a trigger to initiate the thinking of aspect to be handled through TT; 

the trigger could be the organisations mandate, or demand for solution-based interventions. The problems and 

needs should be identified and prioritized. The solutions to these needs should also be prioritized. 

3. Resource mobilization: Once the idea has been prioritized the organization will mobilize the resources within 

itself or through external finding; one way being to develop a fund seeking proposals. This will lead into a 

project or program. The focus for such need to be brought out to relate with the donors mandate or 

organization areas of focus. The developed interventions should also have an embedded approach such as 

participatory engagement, energy mix with multiple packages, technology standardization, incubation, reverse 

engineering and gender mainstreaming. 

4. Technology development: Ideally the activities related to technology development in the model are handled 

by the technology transfer office (TTO). Every stage in the technology identification and development should 

involve the users. Technology for TT will be available through R&D or through existing technologies. Once the 

technology has been developed the initial prototype will be tested at laboratory level and after confirming 

performance, final prototypes will be tested through users’ trial with potential users in different regions. There 

is need for economic evaluation of the technology after such trials. The technology needs to be modified after 

users’ trial and then go through the IP process. The patenting and licensing could also be immediately after 

R&D and laboratory testing. Technology development could also entail reverse engineering where existing 

technologies are modified. The existing technologies such as those imported could either be tested with users 

before modification or immediately be modified to suit local conditions. 

5. Technology dissemination and adoption: Market planning and resource allocation for technology 

dissemination starts with visualizing who will spread the technology and who will undertake the activities that 

follow. Such responsibility would be through the parent organisation’s fabrication unit or through private 

organisations who will be trained. Market planning is also meant to have the product in actual market place 

and also identifying who the user will be. The products should be well packaged in a way suitable to be 

received by users and audience through user manuals, videos or pre-fabricated kits. Back up services such as 

distribution, and appropriate delivery should be in place. Promotion of the product could be through 

exhibitions, demonstrations or training forums that target the users or the entrepreneur. Promotion could also 

be through field teams led by parent organization. Such teams should draw people from parent organization 

and other key players such as extension staff, and researchers.  

Facilitating technology transfer also requires linking the users with financial organization where borrowers or 

buyers of technologies seek quotation from technology suppliers or the organization itself. They can then get 

financing directly or the supplier is paid directly by the financier.  Alternatively, the financier can request 

specification from users, which are used to procure and the financier pays the supplier directly. Technology 

suppliers need to work with stockists and distributors to ensure right specification get to the users.  
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6. Implementation: There is need to have continuous dialogue between users and providers, like to have 

continuous supportive services being provided to users. One key area of implementation is to assist groups to 

familiarize with technology; this could be undertaken through incubation or practical training of end users. 

7. Adoption: This occur when measurable change takes place when practice is affected or when wide spread 

use of technology has been achieved. The user feedback is crucial at this stage and the organization needs to 

be aware of such feedback. Feedback could be directly or indirectly; through users or field staff respectively. 

The field staff gives feedback to R&D team or to the parent organization. The feedback helps on continuous 

improvement of the technologies and enhancing adoption. 

3. CONCLUSION 

A general model has been developed that can be used for transferring renewable energy based agro-processing 

technologies. The formulated technology transfer model has three components; planning component that 

emphasise the need to have stakeholders involved and the need to have and follow organisational strategic 

direction; the technology development part that highlights an ideal process of technology development and 

which calls for the need of a technology transfer office, the need for user trials and need for economic 

evaluation; and the dissemination and adoption part that emphasises the need to identifying responsible 

players, the packaging of the product, the need for incubation and linkages with suppliers and financing 

organisations. 
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