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ABSTRACT 

Cloud computing technology is not currently used extensively in the agriculture sector, 

specifically in the case of Ethiopia for various reasons and factors. In recent years in Ethiopia, 

new ICT technologies are being implemented in every sector of the county. Agriculture sector is 

the main source of income for Ethiopia. In order to achieve a better development in the 

agriculture sector we must adopting and implementing information communication technologies.  

Traditional IT systems have become more complex and costly to maintain and are no longer able 

to meet business demands since they lack flexibility and scalability. Cloud computing is the 

answer to the problems that are currently being experienced by organizations. Cloud computing 

saves costs by eliminating the need for high infrastructure and software expenses and also 

provides an easy to use, cost efficient, flexible, dynamic and secure environment for the 

Ethiopian agriculture sectors.  

Cloud computing delivery and service models, benefit of Cloud computing for the Ethiopian 

Agriculture sectors, the limitations of current ICT usages in Ethiopian Agriculture Sectors were 

briefly discussed in this research paper. The study proposed Hybrid Cloud Computing 

framework. The result shows that the proposed cloud computing service framework can have a 

capability for reducing IT investment cost and management complexity, efficient IT utilization 

for delivering agricultural services and improve collaboration among partners. The research 

finding shows that Cloud Computing is a potential alternative for the better utilization of ICT in 

the Ethiopian Agriculture Sectors.  

Ethiopia will benefit significantly if the proposed Hybrid Cloud Computing framework is 

implemented properly as an ICT tool in the Agriculture Sector of Ethiopia. An effective 

implementation of this framework will encourage other sectors of the country.  

 

 

Keywords: Cloud Computing, Ethiopian Agriculture Sector, ICT.  
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CHAPTER ONE 

INTRODUCTION 

 

1.1. Background of the Study 

Ethiopia is the largest country in the Horn of Africa and the second-most-populous nation in 

Sub-Saharan Africa. Ethiopia's economy is chiefly agricultural, with more than 80% of the 

country's population employed in this sector. Agriculture in Ethiopia is the foundation of the 

country's economy, accounting for half of the gross domestic product (GDP) and 83.9% 

of exports.  

Ethiopian agriculture accounted for 46.3% of GDP, 83.9% of exports, and 80% of the labor force 

in 2006/2007, compared to 44.9%, 76.9% and 80% in 2002/2003, and agriculture remains the 

Ethiopian economy's most important sector [1]. Ethiopia has great agricultural potential because 

of its vast areas of fertile land, diverse climate, generally adequate rainfall, and a large labor 

pool. Ethiopian agriculture has remained underdeveloped.  

Agriculture is the main economic sector in Ethiopia and the majority of the rural population 

depends on it. The major constraints that affect agricultural extension indirectly are the high cost 

of inputs, lack of inputs, late delivery of inputs, weak seed systems, and transportation problems 

with the input system, monopolies in input markets, and lack of communication and information 

sharing between research and extension and within the extension line ministries from the federal 

to the Kebele levels. The subject matter specialists have very limited or no linkages with research 

and educational institutions or with other sources of essential technical and marketing 

information, due to inadequate ICT capacity. ICTs can play an important role as enabling tools 

when addressing these challenges or constraints [2].  

The development of the Ethiopian economy heavily depends upon the speed with which 

agricultural growth is achieved. The rate of agricultural growth of Ethiopia in turn depends on 

the speed with which the current subsistence oriented production system is transformed into a 

market orientated production system. Among the many institutional support services that need to 

catalyze/support the transformation process, the agricultural extension service plays a critical 
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Cloud computing is a style of computing in which dynamically scalable and often virtualized 

resources are provided as a service over the Internet. Cloud computing has become a significant 

technology trend, and many experts expect that cloud computing will reshape information 

technology (IT) processes and the IT marketplace [7].  

Cloud computing provides a proven means to efficiently deliver lower IT capital costs and 

increased operating efficiencies. Yet concerns about information security, service availability, 

performance, and the complexity of integration have dissuaded many CIOs. Advantages of the 

cloud computing technology include cost savings, high availability, and easy scalability [8].  

This research aimed at helping agricultural research institutions in Ethiopia makes an informed 

decision when adopting Cloud technology.  

1.2. Motivation of the Study 

Ethiopian economy almost all depends on agriculture like other developing countries. The 

government of Ethiopia has a policy and programs for getting to middle-income status by 2025. 

The Ethiopian government is working hard to make the plan real. The government is focusing 

attention on the agriculture sectors. In Ethiopia; the agriculture sectors are using modern ICT 

technologies and also so many employed man powers are there in the sector. ICT is in infant 

stage in our country, but now growth is shown.  

Cloud computing has been used and promoted in the field of medicine and medical, 

manufacturing, financial services, energy, communication and other key areas, which will play 

an important role in improving the efficient use of resources, information sharing and integration 

[9].  

Currently, different developed countries are adopted and utilized cloud computing technology in 

their agriculture sectors and gain its benefit. The farmers are able to access the agricultural cloud 

services and they can easily share agricultural knowledge and information with each other 

through the cloud. But in Ethiopia; Cloud computing technology is not used in the agriculture 

sector. The Ethiopia farmers lack the benefits of cloud in the agriculture sectors.   

There are different Cloud service providers are available in the world. They provide different 

cloud services to their customers/users. The existing cloud service providers have their own 

cloud framework for the purpose implementation and delivering of their cloud services to their 
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users. Cloud computing technology is utilized by different companies, organizations and sector, 

individuals, etc. Our motivation for focusing in the cloud computing and developing a Cloud 

based framework for the Ethiopia agriculture sector lack of local language integrated framework 

for Ethiopian agriculture sector and lack of the benefits of Cloud computing technology in the 

agriculture sector.  

Using Cloud technology in the agriculture sectors will play an important role in improving the 

efficient use of resources, knowledge and information sharing and also knowledge and 

information integration. ICT Cloud computing technology will give varies benefits to the 

Ethiopia and also be able to achieve a fast growth and development for the agriculture sectors.  

Developed countries are adopting and utilizing cloud computing in their agriculture sectors for 

supporting and modernizing their sector, knowledge and information sharing among their 

farmers, cost minimization and increase availability services, providing an efficient, flexible, and 

secured services to the farmers, researchers, students, and other agricultural  stakeholders. But in 

the Ethiopian agriculture sector these cloud benefits are not addressed to the Ethiopian farmers 

and other agricultural stakeholders. So, these problems are our motivation to do this research 

work.  

1.3. Statement of Research Problem 

Agriculture is an important sector with the majority of the rural population of developing 

countries depending on it. Currently, the Ethiopia's economy is chiefly agricultural, with more 

than 80% of the country's population employed in this sector. The Ethiopian economy is 

dominated by the agriculture and services sectors. Agriculture is a most promising resource for 

Ethiopia [10].  

Agriculture accounts for 46.3 percent of the nation's Gross Domestic Product (GDP), 83.9 

percent of exports, and 80% of the labor force [11]. Many other economic activities depend on 

agriculture, including marketing, processing, and export of agricultural products. Currently in 

Ethiopia, agriculture is the leading sector in terms of contribution to the overall economic growth 

and development. The Ethiopian government is working hard to become our country into a 

middle income country by 2025. This shows that the country is working hard in agricultural 

sectors more than other sectors. They have given more attention to Agriculture sectors.  
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1.8.3. The Government  

The Ministry of Agriculture (MoA) of Ethiopia will benefit by adopting and using cloud in the 

agriculture sector. By using cloud the MoA can reduces the hardware and software costs, system 

administration costs, lower IT staff costs, can achieve far greater computing power, better 

availability, resilience of data,  and can easier software and hardware access to the sector.   

Cloud computing technology can directly connect Ethiopian farmers to the operation through 

cloud and share their knowledge and experience by communication and information sharing. So; 

it increases the efficiency in agriculture and succeed the agricultural technology.  

1.9. Organization of the Thesis 

In this thesis work the first chapter is introduction. The rest of this thesis report is organized as 

follows: Chapter Two discusses the different issues relating to agriculture in Ethiopia, ICT in 

Ethiopia, Cloud Computing, and the related subject areas as literature review. Chapter Three 

discusses about the Ethiopia Agriculture Cloud Framework developments. Chapter Four 

discusses about the proposed Ethiopia Agriculture Hybrid Cloud Framework Evaluations. 

Chapter Five covers Conclusion and Future recommendations.  
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CHAPTER TWO 

LITERATURE REVIEW 
 

2.1. Cloud Computing 

2.1.1. Survey of Definitions of Cloud Computing 

There have been many definitions and interpretations of Cloud Computing by different 

researchers. There is no single definition of cloud computing. Experts and industry players have 

attempted to define cloud computing in various ways. Below is a survey of cloud computing 

definitions:  

Cloud computing has been defined by NIST (National Institute of Standards and Technology) as 

a model for enabling convenient, on demand network access to a shared pool of configurable 

computing resources (e.g., networks, servers, storage, applications, and services) that can be 

rapidly provisioned & released with a minimal management effort or service provider interaction  

[6].  

Cloud is a parallel and distributed computing system consisting of a collection of inter-connected 

and virtualized computers that are dynamically provisioned and presented as one or more unified 

computing resources based on service-level agreements (SLA) established through negotiation 

between the service provider and consumers [21].   

Cloud Computing refers to both the applications delivered as services over the Internet and the 

hardware and systems software in the datacenters that provide those services. The services 

themselves have long been referred to as Software as a Service (SaaS). The datacenter hardware 

and software is what we will call a Cloud. When a Cloud is made available in a pay-as-you-go 

manner to the general public, we call it a Public Cloud; the service being sold is Utility 

Computing. We use the term Private Cloud to refer to internal datacenters of a business or other 

organization, not made available to the general public. Thus, Cloud Computing is the sum of 

SaaS and Utility Computing, but does not include Private Clouds. People can be users or 

providers of SaaS, or users or providers of Utility Computing [22].  
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2.2. Cloud Components  

In a simple, topological sense, a cloud computing solution is made up of several elements: 

clients, the data center, and distributed servers. These components make up the three parts of a 

cloud computing solution. Each element has a purpose and plays a specific role in delivering a 

functional cloud based application [26]. The first one is clients; the clients are the devices that 

the end users interact with to manage their information in the cloud. Clients generally fall into 

three categories [26]: Mobile, Thin and Thick. Now-a-days thin clients are more popular as 

compared to other clients because of their low price, security, low consumption of power, less 

noise, easily replaceable and repairable. The second one is datacenter; datacenter is the collection 

of servers where the application to which you subscribe is housed. It could be a large room in the 

basement of your building or a room full of servers on the other side of the world that you access 

via the Internet. Now-a-days a concept called virtualization is used to install a software that 

allow multiple instances of virtual server to be used. In this way, you can have half a dozen 

virtual servers running on one physical server. The last one is distributed Servers; distributed 

servers are the parts of a cloud which are present throughout the Internet hosting different 

applications. But while using the application from the cloud, the user will feel that he is using 

this application from its own machine. 

2.3. Cloud Computing Architecture  

NIST (National Institute of Standards &Technology) is a well-accepted institution, all over the 

world for their work in the field of Information Technology. We shall present the working 

definition provided by NIST of Cloud Computing. NIST defines the Cloud Computing 

architecture by describing five essential characteristics, three cloud service models and four 

cloud deployment models [25].  
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2.5. Cloud Deployment Models  

It is very important for businesses to understand their requirements before opting for various 

deployment models available on the cloud. There are primarily four cloud deployment models. 

These models have been recommended by the National Institute of Standards and Technology 

(NIST) [6].  

2.5.1. Private Cloud  

Private Cloud is a cloud infrastructure operated for single organizations [28]. This enables an 

organization to use existing hardware as a cloud computing resource. It may be managed 

internally or by third party and hosted internally or externally. This can be very useful if the 

organization owns its own hardware which it wants to enable for cloud usage. In private cloud 

the resources and applications are managed by the organization itself. The base can be either on 

premises or off premises. The main advantage is that it is easier to manage security, maintenance 

and upgrades and also provides more control over the deployment and use. Compared to public 

cloud where all the resources and applications are managed by the service provider, in private 

cloud these services are pooled together and made available for the users at the organizational 

level.  

2.5.2. Community Cloud  

Several organizations jointly construct and share the same cloud infrastructure as-well as 

policies, requirements, values, and concerns. A community cloud is shared among two or more 

organizations that have similar cloud requirements. It may be managed by the organizations or a 

third party and may exist on premise or off premise [6].  

2.5.3. Public Cloud  

Public cloud makes use of standard cloud computing model and makes resources available to the 

general public or large industry group over an Internet. Public cloud services may be offered on 

pay-per-usage basis or may be free [6]. They are less secure compared to other cloud models 

since all the applications and data are more open to malicious attacks. Public clouds are usually 

owned by a single organization that sells the service [29]. The public cloud model is widely 

accepted and adopted by many enterprises because the leading public cloud vendors as Amazon, 

Microsoft and Google, have equipped their infrastructure with a vast amount of data centers, 
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enabling users to freely scale and shrink their rented resources with low cost and little 

management burden [30]. 

2.5.4. Hybrid Cloud  

According to NIST, the hybrid cloud can be defined as the cloud infrastructure that is a 

composition of two or more distinct cloud infrastructures (private, community, or public) that 

remain unique entities, but are bound together by standardized or proprietary technology that 

enables data and application portability [6]. The hybrid cloud usually is a combination of both 

public and private clouds. This is aimed at combining the advantages of private and public 

clouds. The usual method of using the hybrid cloud is to have a private cloud initially, and then 

for additional resources, the public cloud is used. Hybrid cloud is a more secure way to control 

data and applications and allows the party to access information over the internet [6]. A hybrid 

cloud is a cloud computing environment in which an organization provides and manages some 

resources in-house and has others provided externally. The hybrid cloud can be regarded as a 

private cloud extended to the public cloud. This aims at utilizing the power of the public cloud 

by retaining the properties of the private cloud. One of the popular examples of the hybrid cloud 

is Eucalyptus. Eucalyptus was initially designed for the private cloud and is basically a private 

cloud, but now it also supports hybrid cloud. 

 

 

 

 

 

 

 

Figure 2.3 Cloud Deployment Model (Adopted from [27])  

2.6. Enabling Technologies   

Before going into the idea of cloud computing, the two technologies will be introduced that made 

the way of distributed computing and therefore cloud computing realizable. These technologies 







21 
 

own a software, but rents it, e.g. for a monthly fee. SaaS is usually hosted on PaaS or IaaS. 

Examples of SaaS services are Google Apps, Chargify and SalesForce.  

2.7.2. Platform as a Service (PaaS)  

PaaS is the layer where applications are developed using a set of programming languages, 

libraries, services and tools that are supported and provided by the PaaS provider. PaaS provides 

developers with a high level of abstraction that allows them to focus on developing their 

applications [35]. Developers can provide their customers with a custom developed application 

without the hassle of defining and maintaining the infrastructure. PaaS is a provisioning model 

that allows the creation of web applications without the need to buying and maintaining 

expensive infrastructure like hardware and software. PaaS allows users to create software 

applications using tools given by the provider [36]. PaaS can be viewed as programming 

language environment as a service, e.g. Java Virtual Machine as a service. Examples of PaaS 

service models are Google App Engine, which supports the Java and Python programming 

languages; Microsoft Azure, which supports the .Net programming framework and Heroku, 

which supports the Ruby programming language and the Rails framework [29].  

PaaS delivers a computing platform and/or solution stack as a service and it is above IaaS. The 

consumer does not manage or control the underlying cloud infrastructure. Just like the SaaS 

model, consumers are not managing, control or access to the underlying infrastructure being used 

to host their applications at the PaaS level. 

 

Figure 2.5 PaaS (Adopted from [26]) 
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The Amazon IaaS will be described in more detail as it is the service we ended up using and it is 

one of the leading cloud computing service providers on the market, therefore it is the model 

many cloud providers follow.  

 

 

 

Figure 2.7 Cloud Computing Stack [38] 
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2.18. Identifying the type of services the Cloud provides  

In the Cloud Computing different services are delivered to the customers through the Internet. 

Different Cloud Service Providers provides different services to the users in different ways. So; 

the first thing to adopt or migrate to the Cloud; we must know and identify the different services 

provided by the Cloud Service Providers.  

2.19. Selection of Cloud Service Provider  

There are differently well known Cloud Service Providers (CSPs) that are available in the world. 

In this research the government of Ethiopia will select the appropriate Cloud service provider. 

Cloud Service Provider selection is based on the quality of services they provides, the services 

cost, security mechanism they used and other metrics. Some of the existing agricultural service 

providers in the world are:   

2.19.1. Microsoft Azure  
Windows Azure, which was later renamed as Microsoft Azure in 2014, is a cloud computing 

platform, designed by Microsoft to successfully build, deploy, and manage applications and 

services through a global network of datacenters. The services provided by Microsoft Azure are 

PaaS and IaaS. It supports many different programming languages, tools and frameworks, 

including both Microsoft-specific and third-party software and systems. Windows Azure is 

provided by Microsoft [48].  

2.19.1.1. Azure as PaaS (Platform as a Service)  

As the name suggests, a platform is provided to clients to develop and deploy software. The 

clients can focus on the application development rather than having to worry about hardware and 

infrastructure. It also takes care of most of the operating systems, servers and networking issues.  

2.19.1.2. Azure as IaaS (Infrastructure as a Service)  

It is a managed compute service that gives complete control of the operating systems and the 

application platform stacks to the application developers. It lets the user to access, manage and 

monitor the data centers by themselves.  

Microsoft Azure provides a platform service which includes operating systems, a set of 

developer tools, and different levels of network controls to develop, host, scale, and manage 

developed applications on web and non-web environments [49]. Microsoft Windows Azure is a 
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PaaS provides the images to users where they can simply select these images and use them on a 

machine provided in a cloud. The Hybrid Cloud provides the following services for PaaS users: 

Solution Stacks (PHP, Java and .NET) and Storages (Database and File Storage). The application 

developers can integrate other services provided by the PaaS system in their application, such as 

authentication services, e-mail services, and user interface components. All that is provided 

through a set of APIs is supplied by the platform [34].  

Generally, PaaS services are provided by the service provider on an on-premise or dedicated or 

hosted Cloud infrastructure. The developers can access the development platform over the 

Internet through web command line interface (CLI), web user interface (UI), and integrated 

development environments (IDEs) [31]. 

3.4.3. Infrastructure as a Service (IaaS)  

IaaS provides virtualized resources (computation, storage and communication) on demand in a 

flexible manner which allows cloud users to host/run their data/applications on the provider 

computing infrastructure. Infrastructure as a service are considered to be the bottom layer of 

cloud computing stack [38]. IaaS gives the infrastructure architects to deploy or run any software 

on the computing resources provided by the service provider.  

The proposed Hybrid Cloud delivers these infrastructures using virtualization or multi-tenancy 

architecture in one place to all distributed agriculture sectors. The underlying infrastructures such 

as compute, network and storage are managed by the service provider. Generally, the IaaS 

services are provided for the service provider cloud data center. The end users can access the 

services from their devices through web command line interface (CLI) or application 

programming interfaces (APIs) provided by the service providers [31].  

3.5. Building the Framework  

Based on the identified cloud services and selected cloud deployment model, the researcher 

proposed a Cloud Computing framework for the Ethiopian agriculture sector. The following 

figure shows the proposed hybrid Cloud Framework for the Ethiopian Agriculture Sectors.  

 





http://searchsecurity.techtarget.com/definition/authentication-server
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OpenNebula is an opensource Cloud Management Tool that embraces this vision. Its open, 

architecture, interfaces and components provide the flexibility and extensibility that many 

enterprise IT shops need for internal cloud adoption. These features also facilitate its integration 

with any product and service in the cloud and virtualization ecosystem, and management tool in 

the data center. OpenNebula provides an abstraction layer independently from underlying 

services for security, virtualization, networking and storage, avoiding vendor lock-in and 

enabling interoperability. OpenNebula is not only built on standards, but has also provided 

reference implementation of open community specifications, such as the OGF Open Cloud 

Computing Interface. This open and flexible approach for cloud management ensures widest 

possible market and user acceptability, and simplifies adaptation to different environments [68].  

 

Figure 3.3 OpenNebula Architecture [68].  

The proposed framework uses OpenNebula as a base of the hybrid Cloud to orchestrate 

hardware, it uses Aneka on top of OpenNebula and create a platform for application 

development and database system storage. We use Aneka to deliver platform as a service using 

our internal resources. Aneka provides software infrastructure for scaling applications using a 

broad collection of APIs for the developers to design and implement applications. Aneka gives 

developers the ability to run their application on a local or remote distributed infrastructure 

which supports the hybrid Cloud deployment model. Transferring the current system or platform 

to be managed and accessible within Cloud technology is a very hard task [66].  







54 
 

 

Figure 3.4: The Implementation Architecture of the proposed Hybrid Cloud Framework  
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making. So, this section provides information on the nature and quality of soil in different 

parts of the country. It can also provide the trend of soil in past and will help in forecasting 

the future trend of soil.  

o Fertilizer Related Information: It stores different types of fertilizers in details. It gives a detail 

information about how, when and which fertilizer is useful for each type and quality of the 

soil.  

o Weather Related Information: It stores the region specific weather information and also the 

weather forecast for a specific duration. It will benefit the farmers in decision making related 

to selection of crops.  

o Irrigations Related Information: It stores different types of irrigation in details. It gives detail 

information about irrigation usage to the users.  

o Growth Progress Monitoring: It monitors and captures data on crop growth in different 

regions on a regular interval. This will be specifically useful in comparing the crop growth 

region wise and also comparing it with past data will bring a clearer picture. It will help the 

policy makers in designing Ethiopian agricultural policies. This will also help in identifying 

the core Ethiopian agricultural areas, so that he policy makers can take decision on 

encouraging and promoting agriculture. This may help in overcoming problems such as 

unemployment and rural-urban migration.  

o Agricultural Tools Related Information: It stores different agriculture tools and its usage. 

It gives a detail explanation about the tools and the usage technique, materials, where 

to make, and related information.  

o Farming Techniques Related Information: It stores different agricultural farming techniques 

and related information to the users.   

o Production Related Information: It stores current and past agriculture production related 

information to users.  

o Marketing Related Information: It stores current and past market related information to users.  

o Pests and Diseases Related Information: It stores different types of agricultural pests and 

disease information in details. It gives a detail information which diseases are cured by which 

pests.  

o Expert Consultation: It provides solutions to common problems that farmers frequently 

experience. It can also have a provision to post unattended problems seeking for solutions 






























