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Executive Summary

Internet connectivity in tertiary education institutions in Africa is in general too expensive, poorly managed and inadequate to meet even basic requirements.  As a recent ATICS (Africa Tertiary Institutions Connectivity Survey) survey showed, the average African university has bandwidth capacity equivalent to a broadband residential connection available in Europe, pays 50 times more for their bandwidth than their educational counterparts in the rest of the world, and fails to monitor, let alone manage, the existing bandwidth (ATICS 2005). As a result, what little bandwidth that is available becomes even less useful for research and education purposes. 

Average Bandwidth Costs/Kbps by Region 
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However, initiatives within the continent point the way to a different future. North Africa is the most advanced of all regions in Africa because universities in these countries have just recently become members of the EU MED Connect project, which links them to high-speed undersea fibre networks.  The potential for these types of arrangements hold out the possibility to dramatically alter the bandwidth landscape in tertiary institutions in the near future. 

These experiences and those around the world argue strongly that there is an imperative to examine the potential to create initiatives to improve bandwidth access for African universities. A range of options is available. At one end relatively simple buying consortia can be created for even small groups of universities. On the other end the potential exists to create a continental not-for-profit telecommunications service provider or organization, which would provide a much broader range of services and ensure that effective network and bandwidth management practices are in place. The need clearly exists for such initiatives to provide cost-effective and well-managed bandwidth services to the research and higher education sectors across Africa. 

The International Development Research Centre (IDRC) commissioned this study because it became aware of many parallel initiatives that would benefit greatly from working together both in terms of sharing information and in developing a common vision. The economies of scale for bandwidth purchasing are straightforward – the more bandwidth gets purchased the less expensive it becomes. Only through united action can these economies of scale be taken advantage of.

This is not by any means a new concept. Most of the organizations in this report understand this principle and several excellent reports have already addressed this issue (Bandits, ATICS). In addition many donor organizations have taken the issue of improved connectivity very seriously and many of their efforts are reflected in the success of the described networks.  It is hoped that this effort will build upon these other initiatives and assist the community to address the many constraints to improved connectivity. These include political and regulatory barriers, the challenges of working cross regionally, the challenges of providing equal opportunities to Francophone and Anglophone and Lusophone institutions, to name but a few.

The vision that motivates all of us in overcoming these obstacles is that of a fully connected African research and education system. Imagine the impact of providing all students and researchers’ access to broadband level connectivity at their individual desktop! Today, African universities and researchers are often working in a silo model, insulated from regional actors and drivers of funding and requirements.  Through establishing low cost high quality networks a platform for generative discourse can be created leading to improved policy advice, more effective cross pollination of best practices and lessons learned as well as encouraging an affinity towards cost sharing and partnership engagement models. Other benefits would include:

· An increase in African research material on the Internet - content that is directly relevant to the socio-economic development of African environments.

· Improved educational standards of African universities. By accessing the same research materials, students will be able to make meaningful contribution to their areas of research.

· Literature searches truly at the fingertips of the researchers. Today, in many cases they have to submit searches via fax or postal mail to a literature search service incurring both a cost and a significant delay in days.  This is analogous to the research environment in the developed world 20-25 years ago. 

· Enhanced peer review processes (both participation in reviewing and submissions) that need to be facilitated through electronic communications networks

· Increased collaboration and partnerships among individuals and research institutions and enabling regional comparative studies with localized partners. 

· Real time collaboration with other international researchers using video conferencing. This aspect is very crucial especially in Medical research centres where critical theatre procedures can be conducted with the participation of other international experts

· Enhanced institutional effectiveness, 

· The creation of knowledge networks - crucial in co-coordinating world and Africa wide efforts in combating social ills such as HIV/AIDS and food insecurity

· Enabling regional centres of competences for local issues, 

The proposal to create bandwidth consortia comes at a time when changes in the connectivity landscape in Africa are creating dramatic opportunities for increasing online access. Not only is there increased content that is directly relevant to Africa, but also there is the fact that bandwidth volumes have increased at the same time that significant policy reforms are enabling access to this bandwidth.

This survey was conducted over a period of four months and developed several key observations for improving connectivity to institutions in Africa.  The study profiles several planned and existing regional and interregional groupings as well as intercontinental groupings. These are profiled separately from the national consortiums. 

The study also looks at the following aspects:

· Type of services being provided by the academic networks, 

· The state of Internet infrastructure in Africa, 

· Bandwidth cost models based on bandwidth source (terrestrial vs. satellite) and

· Governance and staffing in the academic networks 

The study concludes with recommendations for the formation of bandwidth consortia.

Key observations from the study

Network Profiles

The following organizations were profiled:

· National Research and Education Networks (NRENs): These are national organizations in Africa representing groups of tertiary education institutions whose mandate includes improving connectivity for its members. In several cases these organizations are also involved with other priorities but all of them are actively involved with Internet connectivity

· Regional and Continental Networks:  These are often project specific networks in Africa that have a variety of mandates. However in all cases, bandwidth provision is a critical to the success of the project or organization and thus in most cases they have created a type of bandwidth consortia because they are purchasing bandwidth for multiple institutions.

· Proposed Regional Continental Networks/Organizations: These are still in the proposal or concept note stage and they intend to develop bandwidth consortia to serve a variety of purposes.

· Organizations committed to increasing connectivity for tertiary institutions: These are the wide variety of organizations that have recognized increased connectivity as an important issue and have expended resources and supported initiatives to do so. These organizations do not have physical networks but are involved in one way or another in addressing connectivity.

· International Research and Education Networks: These are networks around the world that are also addressing the issue of connectivity for universities.

The following table presents the list of the organizations profiled.

List of Organizations Profiled

	Organization
	Target Country/Region

	Africa NRENs

	Algeria National Research Network/CERIST
	Algeria

	Egyptian Universities Network
	Egypt

	Egyptian National Scientific and Technical Information Network-ENSTINET 
	Egypt

	Kenya Education Network-KENET
	Kenya

	Morocco Research Wide Area Network-MARWAN 
	Morocco

	National Research and Technology Network-RNRT Tunisia
	Tunisia

	Nigerian Universities Network- NUNet 
	Nigeria

	Tertiary Education Network- TENET South Africa
	South Africa

	Tertiary Education Network-TENET Tanzania
	Tanzania

	

	Africa Regional and Continental Networks

	AVU
	Sub-Saharan Africa

	Multilateria Initiative on Malaria-MIMCom
	Sub-Saharan Africa

	WiderNet
	Nigeria

	EUMEDCONNECT-GEANT-North Africa
	North Africa, Mediterranean

	GEANT-TENET SA
	South Africa and Europe

	Internet Education Equal Access Foundation-IEEAF
	Worldwide

	
	

	Proposed and Lapsed Regional and Continental Networks

	African Education Research Network
	Africa

	African Mathematical Institutes Network-AMI Net
	Africa

	Increasing Bandwidth for African University Develoment-IBAUD
	Africa

	ITU/UNU African University Network
	Africa

	Southern African Regional Universities Association/Research and Education Network- SAREN
	Southern Africa

	USAID-Leland Initiative
	Africa

	World Association of Industry and Technology Research Organizations-WAITRO African Chapter
	Africa

	
	

	Other Organizations working to improve connectivity for African Tertiary Institutions

	 The Partnership for Higher Education-PHE
	Africa

	Agence Universitaire de la Francophone (AUF)-Campus Numerique
	Francophone Africa

	Eifl.net-Rede Nacional de Ensino e Pesquisa
	Transitional and Developing Countries

	International Network for the Availability of Scientific Publication-INASP
	Transitional and Developing Countries

	RESAFAD, COMETES Cameroon
	Mali, Burkina Faso, Togo, Benin, Guinea and Cameroon

	Swedish Program for Information and Communication Technology in Developing Regions- SPIDER
	Developing countries including Africa

	The International Center for Theoretical Physics-ICTP
	Worldwide

	The Millenium Science Initiative-MSI
	Africa

	SIDA/SAREC
	Developing countries including Africa

	International Research and Education Networks on Connectivity

	Central and Eastern European Networking Association-CEENet
	Central and Eastern Europe

	Trans European Research and Education Networking Association-GEANT/TERENA
	Western Europe

	South East European Research and Education Networking-SEEREN
	South East Europe

	Virtual Silk Highway
	Southern Caucasus 

	Cooperacion Latino-Americana de redes Avanzadas-CLARA
	Latin America

	Americana Latina Interconectadcon Europa-ALICE
	Latin America

	Corporation Universitaria para el Desarrollo de Internet Mexico-CUDI
	Mexico

	Red TeleInfomatic Academica Argentina-RETINA
	Argentina

	REUNA2-Chile
	Chile

	Rede Nacional de Ensino e Pesquisa, Brazil-RNP
	Brazil

	Asia Pacific Advanced Network-APAN
	Asia and Pacific Islands

	Trans Eurasia Information Network-TIEN2
	Europe and Asia


Profiles of these organizations focussed on:

· The motivation behind the formation of the grouping. This includes the objectives that the group wants to achieve. In most instances, these include the provision of bandwidth to tertiary institutions at relatively lower prices than those in the industrial market. 

· The dates when the establishment was set up

· Membership of the organization and the requirements for becoming a member.

· The quantity and quality of bandwidth being made available to member institutions.

· Existing Network topology.

· Description of the nature of the organization, paying attention to organization and staffing structures.

· How the organisations are financing their operations. Given the exorbitant costs of bandwidth in Africa and the existing Internet infrastructure, financing these organisations is a major challenge.

· Services that are being provided to members by the consortiums and,

· The challenges that are being faced by these networks in the carrying out of their duties, even in their actual establishment.

The profiles indicate a wide range of network structures, management, membership and services provided to members. The majority of the African NRENs amongst other reasons, aim to improve connectivity of their member institutions. Of the eight operational academic networks in Africa, the Nigerian network, NUNet is VSAT based and the Egyptian networks, EUN and ENSTINET are the oldest having been established in 1986 and 1987 respectively. The majority of the member institutions pay subscriptions the networks. Some networks are currently oversubscribed with more member institutions than the network was intended to support e.g. KENET Kenya. 

As expected, networks from Europe, including Asia and Latin America seem to be more advanced than their African counterparts in terms of network infrastructure, bandwidth capacity and membership numbers. However, it is encouraging to note that several regional initiatives and networks are in the making and some national academic networks in North Africa have already fostered beneficial partnerships with European networks e.g. NRENs in Tunisia, Egypt, Morocco and Algeria now have high speed networks as they are linked to EUMEDConnect while GEANT and TENET South Africa have recently established a link at the Telkom UK hub that will enable peering between the two networks.

Network services

Most of the networks in Africa focus on the provision of basic Internet services, billing and network management.  However, more effort is needed to address issues such as bandwidth monitoring and management, negotiating for the deregulation of policies, which affect bandwidth provision, and bargaining for better pricing

The following chart indicates the frequency of services provided by the current academic networks in Africa.
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State of Internet Infrastructure in Africa
The state of Internet infrastructure can be briefly explained as follows:

· Existing terrestrial links reflect a historic layering, which started with the Panaftel analogue network of the 1970s and 80s. In many cases, the Panaftel network within a given country comprises the national transmission backbone today. Many of the links have deteriorated due to lack of funding and maintenance, and have fallen into disrepair, and some sections have been damaged or destroyed during wars. In some countries, the analogue network has been upgraded and extended as the incumbent operator has built out its national backbone. The full extent, operational status, or capacity, of national backbone links across all African countries is not at this stage fully known. 

· All of Africa is currently covered by satellite bandwidth. By December 2003, thirteen satellite operators had 51 satellites deployed with coverage over Africa. These satellites have pointed 39 Ku-band frequency beams and 30 C-band beams throughout the continent. 

· There are a number of planned regional connectivity projects that include; the East Africa Digital Transmission project, COMTEL, Intelcom II, COM 7 and the submarine cable systems SEAMEWE II, SEAMEWE III, Sat-3/WASC and EASSy which surround the northern, western and eastern parts of Africa. The following map shows the SAT-3 cable and its landings as well as existing inland fibre Networks.

SAT-3 Undersea Fibre Submarine Cable and Inland Networks overlaid with distribution of African tertiary education institutions
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Source: IDRC 2005

This map demonstrates that, in the near future, it will be possible for all African countries to have external-level connections to the general Internet via a high capacity link. There is, however, a lot of ground that has to be covered before this becomes a reality. 

· The overall supply pattern of bandwidth leaves a considerable gap in the market that can be filled by satellite-based suppliers in the short to medium term, particularly in areas (the interior, Eastern and central Africa) not yet reached by regional fibre projects, and in those countries which do not have national transmission backbones which reach hinterland locations (like Nigeria, Angola and DRC).

Bandwidth Cost Models
The costing structure of any African network will be influenced by the choices of networking made, since terrestrial-based and VSAT-based networks have very different cost structures. Given the bandwidth situation already existing in Africa, it appears that both VSAT and terrestrial networks will have to be used to cover all institutions. This situation complicates the generation of a uniform pricing model for the network. For a distributed network, costs would need to be allocated on a per-site on a regional academic network; costs need to be allocated on a per site basis. However on a terrestrially delivered multiple site network this may be difficult to calculate without the correct tools in place. The simplest way to do this is to group sites that are connected back to the point of delivery, divide their bandwidth allocation by their costs and charge accordingly. It is easier if all the sites have the same bandwidth allocation

A satellite-delivered network is actually easier to cost out. The service is directly delivered and can therefore be costed directly according to the service provided. Once a determination is made for the bandwidth required, the vendor would calculate the price of services supplied and charge accordingly.  The bandwidth volume has a dramatic effect on bandwidth pricing and savings of over 50% are possible if institutions band together to purchase their bandwidth in larger volumes. Statistical models have proven that marginal costs of bandwidth decline as the volume of bandwidth purchased in increased (CLARA 2004, ATICS 2005).

Governance
All information technology networks have some form of an oversight body- usually represented by the board, an advisory body- usually represented by an advisory committee or board of trustees, and executive management- usually represented by secretariat managers and operations- usually represented by technical staff. Models of governance and management found in the profiled networks included the:

· Reciprocity Model: The majority of existing networks are set up as reciprocity networks, with members expecting mutual and equal benefits after making equal investments e.g. KENET (Kenya), CEENET (Central and Eastern Europe)

· Donor Centred Model:  Some networks are funded by a single organization that takes the dominant role in management and governance e.g. DANTE for TIEN (Asia), ALICE (Latin America) and EUMEDCONNECT (Mediterranean and North Africa)

· Special-Member Model: Finally, there are networks where two or three parties make a greater investment in the project than the rest of the members. Those members with ‘extra’ amounts of investment then form a special group of members with certain privileges, as defined in their AUP e.g. CUDI in Mexico

Staffing patterns observed from the study include:

· Full Operational Staffing: The organization sets up a complete operations structure, with both administrative and technical support offices e.g. APAN (Asia Pacific).
· Decision Focused Staffing: This pattern consists of a single decision-making group that has the responsibility of outsourcing the requisite specialist services. Under this model, members are often tasked with maintaining their own link to the network. The group has responsibility over the usage of both the facilities and bandwidth e.g. TIEN, TENET.

Recommendations for Bandwidth Consortia

1. Establishing a Pan African VSAT Consortium
Due to the limited availability of international fibre gateways and national backbones, the establishment of regional or continental consortia for bandwidth purchasing is likely to focus on the purchase of satellite bandwidth but may also need to consider emerging international or national backbones in the near future. Given the fact that terrestrial infrastructure is still disjointed and sparse across much of Africa, the only immediate way to deploy a world-class educational network within an initial 12-month period is to implement a satellite-based network. The hardware for these types of networks is available at relatively low cost.  It is also of higher quality and is more easily available.  Because of the dramatic cost savings, which result from volume purchasing, a number of separate VSAT consortia could be created, if following that strategy proves to be more politically expedient.

There are essentially three ways in which a VSAT consortium could evolve:

I. Creation of several regional and/or research-focused networks: For example, East, Southern and West African tertiary institutions could each create their own VSAT consortium.  This way, each network would be able to deliver significant value because critical volumes would be obtained. Additionally, other specialty networks (i.e., for medical research, such as MIMCom, or language-focused networks [French West African]) could also be established.

II. Organic growth of existing established network: The obvious example of this is the initiative being taken by the AVU in sourcing bandwidth for the five universities participating in the Partnership for Higher Education. Over time, other institutions could join the consortium, and it could become the dominant bandwidth provider.
III. Establishment of an independent entity focused on bandwidth provision:  African educational institutions and committed donors could decide to follow the example of most other networks in the world and create an independent organization that is focused on providing the lowest cost bandwidth to its members.

2. Governance structure of Pan Africa VSAT Consortium
The study recommends that any Pan African VSAT consortium adopt the following governance structures:

Independent Board of Directors:  This body would serve the primary oversight functions of a board: strategic direction and fiscal responsibility. Ideally, its members would represent a broad range of stakeholders, including representatives from governments, education institutions and the private sector, but it must be seen as being independent and acting in the best interests of the membership. The selection of the board would be the responsibility of the Membership Advisory Group and the funding agencies. 

Membership Advisory Group: This would comprise a group of not more than nine elected representatives of the educational institutions making up the membership of the consortium. The primary responsibility of this advisory group would be to work with the donors in selecting an appropriate board of directors and providing feedback as needed from the membership.

Donor Advisory Group:  This is envisioned as a group of donor representatives who would ensure that the strategic interests of the project are being met. The primary role of this group would be to select the board of directors and to ensure that funding is channelled to the consortium as needed.

3. Staffing structure for a Pan African VSAT Consortium

The staffing of the consortium organization should be minimized in order to ensure efficiency. Ideally, the technical management of the network (i.e., the management of the Network Operations Centre [NOC]) would be handled by the VSAT company supplying the bandwidth. 
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4. Network Configuration for a Pan African VSAT Consortium

The recommended network configuration would be a meshed network with a central hub in either the US or Europe.  The network should not be over-complicated. Whilst the geographical spread is wide, if similar terminals – with only a few permutations on the hardware – were deployed from a central African store, it should not be too difficult to achieve a large number of deployed sites per month. 

5. Funding and Sustainability Strategy

In order to achieve sustainability, the consortia will have to pursue a strategy of a gradual reduction of bandwidth subsidy over the course of 5 to 10 years. The example of TENET SA is instructive:  the organization provided subsidies on increasing quantities of bandwidth over three years. At the end of this period, member institutions were covering all of their own bandwidth costs. The consortium will need to be a legal body that will sign the bandwidth contracts with the VSAT supplier in order to obtain the volume discounts desired. 

However the consortium must then enter into binding contracts with each of the educational institutions for the provision of their bandwidth. It is expected that some member institutions will default on their payment obligations, and strategies must be in place to handle this eventuality. There are four primary mitigation strategies:

· Member institutions must prepay their bandwidth fees. If payment is not received on time, services will be immediately cut off. Usually, this creates a crisis within the institution, and funds are immediately prioritised for bandwidth.

· If member institutions create a history of non-payment, the amount of bandwidth they could purchase would be reduced.

· Estimates of expected default rates could be made and a “self insurance” fund created to cover the expected shortfall.  Such a fund would be built into consortium charges

· Insurance companies are invited to provide insurance against default.

6. Regulatory Strategy

An important role of the consortium will be to negotiate with governments to allow the use of satellite and/or to eliminate license fees and monopoly pricing for educational bandwidth. A well-conceived diplomatic strategy would have to be pursued in order to accomplish this. Precedents, both within and outside of Africa, indicate that this is possible. EUMEDCONNECT, for example, was able to assist universities in North Africa in lobbying their governments for educational waiver on fees and pricing. Also, the Partnership for Higher Education has not had much difficulty in doing the same for the sub-Saharan countries in which they operate

7. Location of Consortium

From a technical standpoint, it would be best for the consortia headquarters to be located near the central hub – i.e., in the US or Europe. However, politically, it would best if the headquarters were located within Africa in a country with; good relations with rest of Africa, technical infrastructure advanced enough to meet the needs of an international office, facilities for easy travel to and from headquarters, politically stable and where highly qualified staff are willing to be locate there. South Africa is clearly highly advanced and is well serviced in terms of travel. However, politically, it may not be suitable. Other countries that may meet the above criteria include Botswana, Kenya, Uganda, and Senegal.

8. Partnerships with Private Sectors

Strong partnerships will need to be forged with the various private-sector service providers. They will include:

· The satellite operator

· The satellite equipment suppliers

· The networking equipment suppliers

Any bandwidth consortium would have high visibility, a large number of sites, significant bandwidth and important political value.  Given these characteristics, and the fact that most private-sector players have some sort of social responsibility program, favourable terms could be negotiated for their services.

9. Partnership with Regional Academic Networks in Other Continents

International networks such as Geant and Internet2 have already indicated their interest in assisting with linking their networks to similar emerging African networks. These could provide relatively low-cost upstream connectivity for African institutions. Also, it would be important to foster south-south knowledge exchange by ensuring that African networks are linked to their counterparts in Asia and Latin America

10.  Recognition of Evolution of Bandwidth Sourcing

The consortium will have to actively monitor the bandwidth landscape in Africa and, as terrestrial options become more attractive, be able to quickly shift connections for certain institutions to the most competitive option. This will mean that, over time, the consortium will evolve from providing bandwidth via VSAT only to providing bandwidth via terrestrial sources as well.

Next Steps

This report shows in detail how a potential consortium can be formed. It is now up to the African academic institutions in consultation with the donor community to determine how best to turn this idea into reality.
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Glossary of Technical Terms 

	Term
	Meaning

	AGORA
	Access to Global Online Research in Agriculture. The AGORA site provides access to over 500 journals from major scientific publishers in the fields of food, agriculture, environmental science and related social sciences. 

	ATICS
	African Tertiary Institutions and Connectivity Survey

	Backbone
	Internet connection infrastructure for a network. Consists of cables or radio links, nods and hubs

	Bandwidth
	Rate of data transfer, i.e., the capacity of the Internet connection being used.

	C-band and Ku- Band
	C band and Ku-band are two common satellite frequency bands. C-band uses between 4 and 6 Ghz for transmission. Ku-band earth stations use the 14 Ghz frequency band to transmit and the 12 Ghz frequency band to receive.

	CIR
	Committed Information Rate. It essentially indicates the capacity of bandwidth that the Internet Service Provider will guarantee to deliver. Without a CIR the customer will be grouped with a pool of clients and there is no guarantee that they will receive anything even close to the bandwidth they think they have purchased

	E-Learning
	This is the use of new multimedia technologies and the Internet in learning so as to improve the quality of learning and complement conventional learning methods.

	Fibre Link
	Internet connection between two nodes using fibre optic cables.

	ICT
	Information and Communication Technologies

	IDRC
	International Development Research Centre

	IP
	Internet Protocol

	Ipv4
	Internet Protocol Version 4 – Current standard in most of the world

	Ipv6
	Internet Protocol Version 6 – Next standard which most academic networks are moving to

	ISP
	Internet Service Provider

	IT
	Information Technology

	Kbps
	Kilobits per second. A bit is the smallest unit of computerized data. Bandwidth is usually measured in bits, kilobits, megabits, or gigabits per second. It is important to remember that bits and bytes are not the same. One byte equals approximately eight bits.

	Mbps
	Megabits per second

	Network Hub
	Central routing system/station for internet traffic, both uplink and downlink.

	NOC
	Network Operations Centre

	POP
	Point of Presence. Usually the landing point of an external Internet connection.

	PTN
	Private Telecommunications Network

	QoS
	Quality of Service

	VOIP
	Voice Over Internet Provider

	VSAT
	Very Small Aperture Terminal. Refers to receive/transmit terminals installed at dispersed sites connecting to a central hub via satellite using small diameter antenna dishes (0.6 to 3.8 meter). These systems operate in the Ku-band and C-band frequencies

	URL
	Universal Resource Locator: A URL, short for universal resource locator, includes the protocol (ex. HTTP, FTP), the domain name (or IP address), and additional path information (folder/file). On the Web, a URL may address a Web page file, image file, or any other file supported by the HTTP protocol.

	DNS
	Domain Name Server

	FTP
	File Transfer Protocol 

	DVB
	Digital Video Broadcast
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Acronyms

	ACRONYMS

	
	

	AERN
	African Education Research Network

	ALICE
	Americana Latina Interconectadcon Europa

	AMI Net
	African Mathematical Institutes Network

	ANR
	Algeria National Research Network

	APAN
	Asia Pacific Advanced Network

	AUF-Campus Numerique
	Agence Universitaire de la Francophone 

	AVU
	African Virtual University

	CEENet
	Central and Eastern European Networking Association

	CERIST
	Centre de Recherche sur l’information Ascientifique et Technique

	CLARA
	Cooperacion Latino-Americana de redes Avanzadas

	CUDI
	Corporation Universitaria para el Desarrollo de Internet Mexico

	Eifl.net
	Rede Nacional de Ensino e Pesquisa

	ENSTINET 
	Egyptian National Scientific and Technical Information Network

	EUMEDCONNECT
	European Union Mediterranean Connection Project

	EUN
	Egyptian Universities Network

	GEANT/TERENA
	Trans European Research and Education Networking Association-

	GEANT-TENET
	GEANT-TENET SA

	IBAUD
	Increasing Bandwidth for African University Development

	ICTP
	The International Centre for Theoretical Physics

	IEEAF
	Internet Education Equal Access Foundation

	INASP
	International Network for the Availability of Scientific Publication

	KENET
	Kenya Education Network

	LELAND
	USAID-Leland Initiative

	MARWAN
	Morocco Research Wide Area Network

	MIMCom
	Multilateral Initiative on Malaria

	MSI
	The Millennium Science Initiative

	NUNet
	Nigerian Universities Network

	PHE
	 The Partnership for Higher Education

	RESAFAD, COMETES
	Cameroon

	RETINA
	Red TeleInfomatic Academica Argentina

	REUNA2-Chile
	

	RNP
	Rede Nacional de Ensino e Pesquisa, Brazil

	RNRT
	National Research and Technology Network Tunisia

	SAREN
	Southern African Regional Universities Association/Research and Education Network

	SEEREN
	South East European Research and Education Networking

	SAREC
	

	SILK
	Virtual Silk Highway

	SPIDER
	Swedish Program for Information and Communication Technology in Developing Regions

	TENET SA
	Tertiary Education Network South Africa

	TENET TZ
	Tertiary Education Network Tanzania

	TIEN2
	Trans Eurasia Information Network

	WAITRO African Chapter
	World Association of Industry and Technology Research Organizations

	WiderNet
	

	Other Organisations

	
	

	ACBF
	African Capacity Building Foundation

	ADB
	African Development Bank

	AMCOST
	African Ministerial Committee on Science and Technology

	APEC
	Asia Pacific Economic Cooperation

	CIDA
	Canadian International Development Agency

	CNRST
	National Centre for Scientific and Technical Research, which is a government agency/part of the Ministry of Higher Education (Morocco)

	DANIDA
	Danish International Aid Agency

	DFID
	Department for International Development UK

	EDDI
	Education for Development and Democracy, a USA government program

	EU
	European Union

	IAEA
	International Atomic Energy Agency

	IDRC
	

	IRSIT
	Institute of Scientific Research in Informatics and Telecommunications (Tunisia)

	NEPAD
	The New Partnership for Africa's Development

	NORAD
	Norwegian Aid 

	SERST
	Secretariat of the State for Scientific Research and Technology (Tunisia)

	SIDA
	Swedish International Development Agency

	UN
	United Nations

	UNDP
	United Nations Development Program

	UNESCO
	United Nations Education, Scientific and Cultural Organisation

	USAID
	United States of America International Aid


Introduction

Internet connectivity in tertiary education institutions in Africa is in general too expensive, poorly managed and inadequate to meet even basic requirements.  As a recent ATICS (Africa Tertiary Institutions Connectivity Survey) survey showed, the average African university has bandwidth capacity equivalent to a broadband residential connection available in Europe, pays 50 times more for their bandwidth than their educational counterparts in the rest of the world, and fails to monitor, let alone manage, the existing bandwidth (ATICS 2005). As a result, what little bandwidth that is available becomes even less useful for research and education purposes. 

Chart 1

Average Bandwidth Costs/Kbps by Region (ATICS 2005)
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However, initiatives within the continent point the way to a different future. North Africa is the most advanced of all regions in Africa because universities in these countries have just recently become members of the EU MED Connect project, which links them to high-speed undersea fibre networks.  The potential for these types of arrangements hold out the possibility to dramatically alter the bandwidth landscape in tertiary institutions in the near future. 

These experiences and those around the world argue strongly that there is an imperative to examine the potential to create initiatives to improve bandwidth access for African universities. A range of options is available. At one end relatively simple buying consortia can be created for even small groups of universities. On the other end the potential exists to create a continental not-for-profit telecommunications service provider or organization, which would provide a much broader range of services and ensure that effective network and bandwidth management practices are in place. The need clearly exists for such initiatives to provide cost-effective and well-managed bandwidth services to the research and higher education sectors across Africa. 

The International Development Research Centre (IDRC) commissioned this work because it became aware of many parallel initiatives that would benefit greatly from working together both in terms of sharing information and in developing a common vision. The economies of scale for bandwidth purchasing are straightforward – the more bandwidth gets purchased the less expensive it becomes. Only through united action can these economies of scale be taken advantage of.

This is not by any means a new concept. Most of the organizations in this report understand this principle and several excellent reports have already addressed this issue (Bandits, ATICS). In addition many donor organizations have taken the issue of improved connectivity very seriously and many of their efforts are reflected in the success of the described networks.  It is hoped that this effort will build upon these other initiatives and assist the community to address the many constraints to improved connectivity. These include political and regulatory barriers, the challenges of working cross regionally, the challenges of providing equal opportunities to Francophone and Anglophone and Lusophone institutions, to name but a few.

The vision that motivates all of us in overcoming these obstacles is that of a fully connected African research and education system. Imagine the impact of providing all students and researchers’ access to broadband level connectivity at their individual desktop! Today, African universities and researchers are often working in a silo model, insulated from regional actors and drivers of funding and requirements.  Through establishing low cost high quality networks a platform for generative discourse can be created leading to improved policy advice, more effective cross pollination of best practices and lessons learned as well as encouraging an affinity towards cost sharing and partnership engagement models. Other benefits would include:

· An increase in African research material on the Internet - content that is directly relevant to the socio-economic development of African environments.

· Improved educational standards of African universities. By accessing the same research materials, students will be able to make meaningful contribution to their areas of research.

· Literature searches truly at the fingertips of the researchers. Today, in many cases they have to submit searches via fax or postal mail to a literature search service incurring both a cost and a significant delay in days.  This is analogous to the research environment in the developed world 20-25 years ago. 

· Enhanced peer review processes (both participation in reviewing and submissions) that need to be facilitated through electronic communications networks

· Increased collaboration and partnerships among individuals and research institutions and enabling regional comparative studies with localized partners. 

· Real time collaboration with other international researchers using video conferencing. This aspect is very crucial especially in Medical research centres where critical theatre procedures can be conducted with the participation of other international experts
· Enhanced institutional effectiveness, 

· The creation of knowledge networks - crucial in co-coordinating world and Africa wide efforts in combating social ills such as HIV/AIDS and food insecurity

· Enabling regional centres of competences for local issues, 

The proposal to create bandwidth consortia comes at a time when changes in the connectivity landscape in Africa are creating dramatic opportunities for increasing online access. Not only is there increased content that is directly relevant to Africa, but also there is the fact that bandwidth volumes have increased at the same time that significant policy reforms are enabling access to this bandwidth.

This report shows in detail how a potential consortium can be formed. It is now up to the donor community, in consultation with the African academic institutions themselves, to determine how best to turn this idea into reality.

Report Structure

The report is divided into seven chapters.  

· Chapter 1 and 2 provide an overview of some of the various networks and organizations involved in improving connectivity for tertiary institutions in Africa. Specifically these include

a) National Research and Education Networks: These are national organizations representing groups of tertiary education institutions whose mandate includes improving connectivity for its members. In several cases these organizations are also involved with other priorities but all of them are actively involved with Internet connectivity

b) Regional and Continental Networks:  These are often project specific networks that have a variety of mandates. However in all cases, bandwidth provision is a critical to the success of the project or organization and thus in most cases they have created a type of bandwidth consortia because they are purchasing bandwidth for multiple institutions.

c) Proposed Regional Continental Networks/Organizations: This section reviews the many proposals to develop bandwidth consortia to serve a variety of purposes.

d) Organizations committed to increasing connectivity for tertiary institutions: These are the wide variety of organizations that have recognized increased connectivity as an important issue and have expended resources and supported initiatives to do so. These organizations do not have physical networks but are involved in one way or another in addressing connectivity. 

e) International regional and education networks that have been providing connectivity as their primary mandate and concludes with an overview of the services and locations represented by these networks.

Chapter 3 provides an overview of the services provided by the various networks and initiatives. Services include; network management, video conferencing, basic IP, Ipv4 and Ipv6, billing and invoicing to name a few.

Chapter 4
provides an overview of the current bandwidth infrastructure in African and network expansion projects that are being considered or planned.

Chapter 5 reviews the various cost factors associated with providing bandwidth to multiple institutions. To come up with a more informative cost structure, the report discusses connectivity in three main categories. These are; terrestrial based connections, VSAT based connections and Network hubs. 

Chapter 6 first reviews the various organizational forms the range of networks use in management and then highlights some of the staffing structures of the networks and initiatives profiled.

Chapter 7 details recommendations for the formation of bandwidth consortia in Africa. The chapter explains types of potential VSAT consortia that could be formed and proposes; the location of a potential VSAT consortium, a governance structure to such a consortium including the funding, sustainability and regulatory strategies of the consortium and the strategic partnerships with the private sector and regional academic networks in other continents. 

N.B Maps shown in the report from chapter 1-3 were generated for the study unless indicated otherwise. Other maps found from chapter 4 onwards are from another IDRC project.

1
Profiles of Networks and Organizations in Africa Involved with Connectivity Improvement

The chapter provides an overview of some of the various networks and organizations involved in improving connectivity for tertiary institutions in Africa as well as internationally. Specifically these include

· National Research and Education Networks: These are national organizations representing groups of tertiary education institutions whose mandate includes improving connectivity for its members. In several cases these organizations are also involved with other priorities but all of them are actively involved with Internet connectivity

· Regional and Continental Networks:  These are often project specific networks that have a variety of mandates. However in all cases, bandwidth provision is a critical to the success of the project or organization and thus in most cases they have created a type of bandwidth consortia because they are purchasing bandwidth for multiple institutions.

· Proposed Regional Continental Networks/Organizations: This section reviews the many proposals to develop bandwidth consortia to serve a variety of purposes.

· Organizations committed to increasing connectivity for tertiary institutions: These are the wide variety of organizations that have recognized increased connectivity as an important issue and have expended resources and supported initiatives to do so. These organizations do not have physical networks but are involved in one way or another in addressing connectivity.

· International research and education networks: The chapter closes with an overview of some of the many examples of networks around the world that are also addressing the issue of connectivity for universities.

These profiles focused on the following characteristics:  

· The motivation behind the formation of the network or organizations. This includes the objectives that the group wants to achieve. In most instances, these include the provision of bandwidth to tertiary institutions at relatively lower prices than those in the industrial market. 

· The dates when the network or organization was set up

· Membership of the organisation and the requirements for becoming a member.

· The quantity and quality of bandwidth being made available to member institutions.

· Existing network topology.

· Description of the nature of the organization, paying attention to organization and staffing structures.

· How the organisations are financing their operations. Given the exorbitant costs of bandwidth in Africa and the existing Internet infrastructure, financing these organisations is a major challenge.

· Services that are being provided to members by the consortiums and,

· The challenges that are being faced by these networks in the carrying out of their duties or in their actual establishment.

1.1
National Research and Education Networks (NRENs)

National research and education networks (NRENs) are common throughout the world. In general they are formed by either a government mandate or at the initiative of committed group of tertiary institutions that recognize the need to work together to address their common interests and promote research and collaboration within the country. In many cases, bandwidth is a critical issue and NRENs often help create physical networks between their respective members. This is in fact how the original Internet was created once it moved beyond its military beginnings. The networks that are created can either be open virtual networks or closed PTN type networks. In either case, these organizations usually negotiate bandwidth for the entire membership and thus are a type of bandwidth consortium.

There are several national closed PTN networks and bandwidth consortia that have been established in Africa. The EUMED Connect network, which has Algeria, Morocco, Egypt and Tunisia as its members, is the one with the largest amount of bandwidth at the moment due to its undersea fibre link to GEANT. However, in terms of servicing a larger number of members, TENET South Africa, a bandwidth consortium, and KENET of Kenya (closed PTN), are the largest networks in Africa. This section will profile all the existing and planned national networks for which information was readily available

1.1.1 Algeria National Research Network/CERIST
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Le Centre d’étude et de Recherche sur l’Information Scientifique et Technique (CERIST) is the government agency responsible for promoting the use of scientific and technical information, as well as for supporting the use of ICTs and networking at the national level. It is currently the only provider of Internet service in Algeria. 

CERIST has facilitated the presence of various research organizations on the Internet and currently manages the Algerian Research Network, a closed PTN, founded in 2002. The majority of network users are universities, research institutes and other institutes of higher education.  These are connected to a Point-of-Presence on the network. There are 4 PoPs on the network, with a core usable backbone capacity in Mbit/s (excluding backup links) of 155 Mbps. External connections include:

· Connection to Teleglobe of 34Mbps

· Connection to GEANT of 45 Mbps

· Expected connection to CANARIE of 10 Mbps during 2004

· Expected connection to Abilene of 10 Mbps during 2004

Services provided include:

· Basic IP provision

· User support


· NOC

· Security incident response

· Videoconferencing

· Support for multimedia applications

Technical management of the network involves:

· Traffic Monitoring

· Charging/billing systems

· Web server content management

· Web server usage analysis

· Information content indexing

The Algerian Research Network is mainly funded by Government. 
1.1.2
Egyptian National Scientific and Technical Information Network – ENSTINET

Map 2

ENSTINET Egypt
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Established in 1986, ENSTINET is now a constituent of the Egyptian Universities Network aimed at ensuring availability and utilization of global recorded knowledge for the socio-economic development of Egypt. It is an open-ended, geographically distributed network of 11 institutions. 

The network is currently playing a significant role in the formulation of a national data communication network that has opened access to these resources via the Internet. Georgia Institute of Technology was the designer and implementer of the network. The Cairo Mission of the American Agency for International Development has been the major funder of the initiative. There are also other donors as listed below:

· U.SAID, through the Science and Technology Cooperation Project of the Academy of Scientific Research and Technology. 

· L'Institutute National d'Information Scientific et Technique (INIST) 

· The British Council and

· IDRC Canada

With the support of these organizations, the network is providing the following services to member institutions:

· Internet services (dial up, e-mail, leased lines, web hosting, cyber cafe)

· Information services (database search, document delivery, library services)

· Database development

· Videoconferencing

· Training (Microsoft Windows, macromedia applications, Microsoft applications)

ENSTINET consists of 11 sectoral nodes, located in Cairo, which service 7 major sectors of the scientific and technical community, plus another 6 regional nodes, which are located all over the country. The network is designed to form a star, with an organizing body called the Focal Point (FP), which manages the network. ENSTINET is connected to the UUCP network through EUNet for e-mails. It is also connected to EUN (Egyptian Universities Network) through a leased fibre line. 

1.1.3
Egyptian Universities Network – EUN
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Map 3
EUN Egypt

The Egyptian Universities Network was established in 1987 and intended to connect Egyptian universities to the Internet. This was part of an effort to facilitate communication and the exchange of information amongst the universities. The network is servicing 20 Universities, in addition to various other government and research institutes. EUN has served as the Internet Top Level Domain provider in Egypt since October 1993. The initial bandwidth afforded to members was 64Kbps. However, EUN is now in a position to upgrade this according to the requirements of members.

For progressive functionality purposes, EUN is under the authority of the Supreme Council of Universities (SCU). This is a council comprising the Minister of Higher Education, as its head, the SCU Secretary General (during the absence of the higher education minister, the senior president presides over the SCU on behalf the presidents of universities, and, in the case of the absence of the president, his senior vice-president represents him), a member selected from each university (by its council), and five members (at most) who are experienced in the field of higher education and public affairs.  The latter are assigned for two renewable years according a decree by the Minister of Higher Education and the recommendations of the SCU. 

SCU has a number of scientific committees, which oversee the fulfilment of its tasks. The committees are as follows:

· Permanent Scientific Committees

· Planning Sectors of University Education

· Academic Degrees Equivalence 

· Cultural Relations

· Central Fund for the Social Solidarity of Students

· Social & Medical Care Fund for Faculty Staff Members (above 70 years and their families)

· Other Committees

The governance structure of the Egyptian Universities Network is illustrated in the following diagram:
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The Supreme Council of Universities is supported in its work by a team of 19 staff who run the network on a daily basis. This includes a Director and Heads of Department (Operations, Technical Support, MIS, Training and E-learning, Administration and Marketing). EUN has plans to connect to GEANT through the EUMED Connect project. 

The network has expanded its services. It is now offering its members some of the following services:

· DNS Registration

· Information Services

· Electronic Learning
· Training

· Consultation

· Internet Connectivity

· Electronic Mail 

· Technical Support

· Web Design& Hosting

1.1.4
KENET – Kenya Education Network – Kenya

Map 4

KENET Kenya
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KENET was set up in 1999. The main goal of KENET is to establish sustainable communication and networking among educational institutions in Kenya. This will reduce the educational community’s access costs. It has evolved out of the PTN network. Bandwidth varies greatly, with some sites having 64Kbps for 100 workstations, and the best having 2.5Mbps per close to 350 workstations. With the opening up of the market, the network has entered into a working relationship/ arrangement with the new PTN entrants.  

KENET has a free education network operator license from the communications regulator.  It has a current budget of approximately 10 M Kshs equivalent to 123 600USD, (which includes operational and capital expenses).  Content and training projects require another US$ 1m, as KENET aims to cover over 200 institutions in the next year. The network had its initial set-up covered by USAID, EDDI (Education for Development and Democracy, a USA government program), which provided equipment for connectivity, and the Communication Commission of Kenya. The network has formed various partnerships to assist it establish itself as a reliable bandwidth provider, including some with private companies like Adnet Communications Limited. 

KENET’s supreme decision-making body is the board of directors, which is chosen by its members. The current board comprises Vice Chancellors and industry CEOs, with not more than 9 members and not fewer than 5. The board selects a Management Committee.  This is made up of experts from private and public universities, as well as some who represent research institutions.  The committee comprises not less than 5 and not more than 7 members. The following diagram depicts the governance structure of KENET:
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There is a secretariat, which is equipped with technical and administration staff, for the day-to-day operations of KENET. The following diagram shows the staffing structure of KENET
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 At the moment, KENET is able to offer the following services to its members:

1. Network Services (network management, e.g., filtering, caching, access and security)

2. General Internet services (domain registration, web solutions, internet infrastructure, content integration)

3. Training

4. E-mail

These services are offered to the 42 institutions connected to the network through leased lines and the recently established aggregate node at University of Nairobi. At present, each member institution is connected to the Internet at the nearest point of presence of the national IP network, Jambonet. JamboNet is the IP backbone managed by the monopoly Internet backbone operator, Telkom Kenya

Given the success that KENET has had in linking Kenyan Institutions, there are plans to set up a high-speed IP private network that would provide cost-effective Internet bandwidth to member institutions. This is in line with its main objective of providing high-speed connectivity. The current costs are somewhat higher than those being paid in North Africa, where the EUMED Connect project has improved connectivity immensely.

Membership is available to universities, national research institutions, major public libraries or archival institutions, post-secondary training schools, middle level colleges, institutes of technology, polytechnics, primary and secondary schools, and special stakeholders (e.g., Kenya Inst of Education/Teachers Services Commission). The following are the membership fees:

· Post-tertiary Institution members: annual subscription fee of 20000Kshs (247USD), plus a one-time payment of 100000Kshs (1236 USD) for network sustainability

· Tertiary Institutions: 20000Kshs (247USD) subscription and 20000Kshs (247USD) for network sustainability

· Pre-tertiary Institutions: 5000Kshs subscription and 5000Kshs for network sustainability (5000Kshs is 62usd)

KENET is facing the challenge of scaling up, due to increased awareness and demand by institutions.  The resources currently in place cannot properly serve the current 42 member institutions, in addition to new members, since they were intended for only 22 institutions. KENET has the following plans:

1. Seeking funds for expansion and for catering for more institutions in partnership with the existing operators.

2. Networking with AVU and leveraging on the larger Pan African approach as a means of addressing the access issues (numbers are vital here).

3. Working more on traffic management issues, network management and technical support areas through training and people-networking; also, expanding to include other services, such as VoIP and videoconferencing

4. Hosting and delivering content, mirroring, and setting up a national helpdesk to support the network in particular, and the nation in general

1.1.5
Morocco Research Wide Area Network – Marwan/CNRST

Map 5
 
CNRST- Morocco
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This network came into existence in 2000 as a way of reducing Internet access costs and of setting up specific networking applications, such as videoconferencing for universities and research institutions.

The network is a consortium arrangement, with Maroc (the national telecom) being the infrastructure provider.  The government directly funded this initiative.  A key point for this network is that it has a local bandwidth of 48 kbps per workstation, while the International bandwidth is 8 kbps per workstation. The backbone was dimensioned to connect all the universities by 34 Mbps. Some universities chose to start with 2 Mbps, so they have less bandwidth. In line with developments in the region and supported especially by the EUMED connect initiative, this network aims to provide high bandwidth access to universities, as well as to implement new IP services (Ipv6, Multicast…) At the moment, the core usable backbone capacity is 155 Mbps (excluding back-up links). There are 2 PoPs on the backbone (Rabat & Casablanca). Marwan 2 (The current connectivity project for the network) is connected to GEANT (45 Mbps) and to Internet (34 Mbps) via Rabat PoP. All 14 universities in Morocco will be connected to Marwan 2 at the beginning of 2005. Clients have choice between 2 links: 2 or 34 Mbps.

The current budget of the project is 10 million Euros.  Clients pay for their links with PoPs, at a price, which is lower than public prices, something that has been negotiated with Morocco Telecom.  The international link with GEANT is financed conjointly by the government (20%) and the European Commission (80%) through the EUMEDConnect Project.

A team of the CNRST (National Centre for Scientific and Technical Research, which is a government agency/part of the Ministry of Higher Education) manages the Marwan network, together with a board of representatives of the universities. Decision-making is handled by a working group, which comprises the Director of CNRST and the board of representatives, while the CNRST staff manages day-to-day operations.

Because of other bandwidth activities in the region, the project has received a lot of support, and, at the moment, the network is able to offer the following services to its members:

· Network services

· Helpdesk 

· Multicast

· IPv6

· Training 

· VOIP

· Videoconferencing 

· Contract negotiation

In order to participate in the network, an organisation must be an institution of teaching, training or research. There are no membership fees. The client pays only for the link to Marwan’s PoP, and pays this directly to Maroc Telecom. There is an Acceptable Use Policy, which is enforced by CNRST staff and the board of university representatives.

The network has faced the challenges of giving high bandwidth access to universities and of implementing new IP services such as Ipv6, Multicast. The consortium is planning to start its new network, Marwan 2, before December 31, 2004.

1.1.6
National Research and Technology Network Tunisia – RNRT
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Map 6

RNRT Tunisia

Reseau National pour la Recherché et la Technologie (RNRT), or the National Research and Technology Network, Tunisia, was established in 1993 by the Secretariat of the State for Scientific Research and Technology (SERST), with technical assistance from the Institute of Scientific Research in Informatics and Telecommunications (IRSIT).  

RNRT links 22 centres, among them research centres, universities and academic institutes. The network aims to facilitate communication and the exchange of scientific and technical research in Tunisia, as well as to contribute to better planning and co-ordination of research activities. The Secretariat of the State for Scientific Research and Technology (SERST) plays the central role in this initiative. All interconnected centres have Internet access. RNRT, as a national research and education network, is involved in the EUMEDConnect initiative, which links up North African and Mediterranean research and education networks to GEANT. RNRT is receiving up to 45Mbps in bandwidth capacity to EUMEDConnect from the connection. 

1.1.7
NUNet – Nigerian Universities Network – Nigeria

Map 7

NUNET-Nigeria
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NUNet is a consortium arrangement that was set up in 1995 with the main objective of purchasing VSAT bandwidth in order to improve the quality and quantity of bandwidth received by its member institutions. Apart from bandwidth provision, the network also offers advisory and technical support, as well some infrastructure (PCs) to the network. The network has also benefited from advisory support from USA IT academics.

Most stations have a satellite (VSAT) connection, with 4 dial-ups at each University. This is so that, if there is equipment failure at one university, that university is able to use their telephone line to dial into one of the other satellite-connected universities. All member ground stations share IMB, so, if eight ground stations receive data simultaneously, they will experience throughput of 128K or better.   But, if only one institution is receiving data, it can receive it at 1mb.  At the very least, each institution will experience a 64K uplink and a 128K downlink. Potential capacity at each satellite centre is up to two megabits on either the C or KU bands.

NUNet employs 3 system administrators who work under the National Universities Commission (NUC), and there are 2 system administrators in each of the Universities who are appointed to work in collaboration with the three principal system administrators.

Currently, the network provides the following services:

1. Training through use of vendor technicians, who are accompanied by NUC and outside partners.

2. Providing, through the NUC, personnel for technology maintenance and facilities scheduling for the network (proxy server, remote access server, pop e-mail server maintenance).  

3. Sponsoring (by NUC, through NUNet) telephone lines for dial-ups at the universities.

4. Negotiating and managing contracts for the university network.

NUNet aims to eventually link federal, state and private universities, research and training centres and other subscribers, and provide them with Internet connectivity. Funding is a major challenge to NUNet. The network is trying to promote self-reliance amongst its 12 members. To achieve this, there is an arrangement for the universities to fund their networking activities and then to create links to the NUC main hub. 

Because the network is relying on infrastructure set up by IP companies, there are plans to implement a Private Virtual Network for Nigeria’s university system, with NUC serving as the main hub. Nigerian Polytechnics and Colleges of Education are likely to be linked to the NUC in the near future. 

In 2000, when the NUC acquired its own VSAT, the Email-gateways at the NUC and ICTP were reconfigured to relay outgoing and incoming NUNet mails between themselves via the VSAT link. The sum of USD 16.2 million (out of the total grant of $100 m) was approved for the NUNet component of NUSIP, and an initial grant- in the form of a Project Preparation Facility (PPF) was actually released to embark on NUNet planning exercise in NUC and the Federal universities. Intranet Consultants and an International Internet Consultant were appointed, and the first Planning Workshop was held in March 2002. Unfortunately, disagreements arose between the World Bank and the NUC/Federal Ministry Education (which sought to change project components and modalities), and the entire project intervention was cancelled. Since then, a majority of the federally-owned universities have also deployed their own VSAT earth stations but not many of them locally host their DNS, web and SMTP web

Mail servers. 

The institutional user-base of NUNet has dwindled with increasing deployments of VSATs. At the same time, the availability of free web-based mail services and lack of intranet services in the universities has hindered the building of true network communities even within the institutions, so that most campus networks are really not more than cyber cafes.

1.1.8
TENET – Tertiary Education Network – South Africa

Map 8

TENET South Africa

TENET was set up with the main objective of securing Internet and information technology services for South African universities and technikons, thereby reducing access costs. It was registered as a non-profit company in 2000 and is exempt from South African company taxes.

47 public universities and research institutions, including one in each in Lesotho and Swaziland, have appointed TENET as their agent for the procurement of Internet access services, which are provided to 91 campuses.
The Atlantic Philanthropies funded its 2-year gestation period activities through the then Adamastor Trust. The Andrew W Mellon Foundation and The Atlantic Philanthropies both made grants, to be applied by TENET, for the purpose of developing networking capacity in South African higher education institutions. TENET is currently looking at various ways to improve intercampus connectivity.

The following are the services that TENET offers at the moment:

1. Procurement of Internet access 

2. Contract management and negotiation

3. Billing services

4. General Internet services 

5. Technical support of service delivery

6. Managing Telkom (ISP) performance during installation

For TENET South Africa, all connectivity services are provided via permanent virtual circuits configured within public broadband networks and/or dedicated leased lines. Telkom SA Limited provides all IP services and the backbone on which the virtual circuit is configured. As part of its services to members, TENET has negotiated with the Telkom for:

1. Transparent caching of web requests to reduce costs

2. Spam reduction through Realtime Blackhole Lists

3. Exploring ways of promoting a high speed download of files using unused bandwidth in the early morning, or connecting a “staging ftp server” directly to the International gateway router, or permitting sites to transfer files from the staging ftp server via their national and/or internetworking circuits rather than through the international ones.

Members are required to pay agency fees that are used to TENET’s own operations costs.  They also have to meet the direct costs of the bandwidth that they use. TENET SA has recently been successful in creating a link with GEANT UK.







1.1.9
TENET – Tertiary Education Network – Tanzania

Map 9
 
TENET-Tanzania

                                                        

TENET Tanzania is a proposed network, which aims to address ICT issues in Tanzanian universities, including training and problems of connectivity. It is intended to be a consortium that will purchase bandwidth in bulk. Some of the services to be provided include Internet connectivity and training. This is an initiative being driven by the University of Dar es Salaam.

1.2
Regional and Continental Networks

Regional networks attempt to go beyond national boundaries to link up and provide services for a large number of institutions, allowing for further reduction in prices. There are at the moment only a handful of such organisations already operational, with most of them special donor sponsored project.

1.2.1
African Virtual University – AVU

Map 10
African Virtual University 
AVU is a consortium arrangement working in both content and connectivity initiatives. The AVU was founded to address the critical needs for increased access to quality tertiary education in Sub-Saharan Africa. The AVU initiative implements strategies of tapping into the potential offered by the development of Information Communication and Technology (ICT) to bring educational content from across the globe to African universities and students. Like other networks, AVU is also aimed at reducing access costs and improving connectivity through a consortium arrangement. The network provides infrastructure support to partner institutions. A network of 38 African institutions in 20 countries has been established. This was initially a World Bank project, which is now self-sustaining. Some of the current funding partners are CIDA, DfID, the Australian Government, the Kingdom of Morocco, and USAID. Project partners are European Union (EU), The United Nations, (UN), member institutions, The World Bank, The ADB, national and local governments, and technology solution partners, such as Microsoft, Hewlett Packard and Netsat. There are also some overseas partner universities such as Massachusetts Institute of Technology, USA, Carleton University, Canada, Université Laval, Canada, New Jersey Institute of Technology, USA, Indiana Institute of Technology, USA, Royal Melbourne Institute of Technology, Australia, and Curtin University, Australia.

.

The Network offers the following services:

· Video over Satellite services – videoconferencing 

· Training

· Technical support

· General Internet services

The organization is run by the:

· Board of Trustees (5 members) and,

· Board of Directors (12 members) 

For daily operations, there is the AVU Secretariat/Management Team (Nairobi). The governance structure of AVU is presented in the following diagram.






AVU has a staff of over 20 people. The following diagram presents the staff structure.








The AVU network was designed t be a broadcast network integrated with an online Learning Management System (LMS). Satellite up-link is located at the Netsat express hub, New York, USA, and multiple receive-only sites (AVU learning centres) are spread across Sub-Saharan Africa. AVU has redesigned the satellite network to complement the Learning Centres’ Internet connection. All AVU traffic (video and data) is now based on Internet Protocol (IP) with a Digital Video Broadcast over satellite (DVB-S) satellite carrier.

1.2.2
Multilateral Initiative on Malaria, Malaria Research Network – MIMCom 

Map 11
MIMCom – Malaria Research Network

This is a US government initiative designed to support African scientists and malaria researchers in their ability to connect with one another. Once the project was conceptualised, the organization contracted Redwing Satellite Solutions to provide VSAT-based IP services. Due to the success the project has met with so far, there are plans to provide further stations across Africa. The following are countries with stations that are connected at 768 Kbps:  Kenya, Uganda, Cameroon, Malawi, Mozambique, Ghana, Ethiopia, Burkina Faso, Gabon and Tanzania. The network technical hub is located at Redwing Satellite Solutions in UK. An earth station is linked to the high-speed Internet backbone. Those sites without telecommunications infrastructure are then liked through VSAT.

NLM designs and operates the network, covering all the costs. Individual sites, however, need to pay for the shared bandwidth cost as well as their equipment. The funding organization manages most of the bandwidth allocation, while some sites work with their local ISPs. Each station has a technical person who handles connectivity issues.

The following diagram demonstrates the MiMCom network:

Chart 1

Mimcom Vsat Installation

Source: http://www.nlm.nih.gov/mimcom/mimcomhome.html
1.2.3

WIDERNET

WIDERNET was set up by the University of Iowa, in cooperation with the Nigerian Universities Council (NUC) and NUNet.  It has the long-term objective of working to improve digital communication in third world countries.

The University of Iowa runs the network and is supported by USAID, the MACARTHUR Foundation, US Dept of State, Learn Key, the React Centre, Red Hat, Network Support Resource Centre, IOWA CLINIC P.C, SKILLSOFT, Microsoft, EZ-REF COURSEWARE and 3COM.  These partners help in financing the project, but the main sponsor is Cliff Missen, who co-directs the project with Michael McNulty. They work together with the Nigerian Universities Council and NUNet’s management team.

Initially, the project will have 6 – 12 centres of excellence being established. These will act as hubs for the rest of Nigerian universities

Bandwidth will be shared with a maximum of 64kbps uplink and a minimum of 128kbps downlink per institution. All in all, a total of 1mg will be shared among the centres. If only one centre is using Internet, they will get all the bandwidth. All Nigerian universities are free to participate.

1.2.4
EUMEDCONNECT- GEANT-North Africa 

Map 12
 EUMEDCONNECT

The EUMEDConnect project targets the expansion and qualitative improvement of the Euro-Mediterranean Information Society. This objective is in pursuit of economic development and the improvement of quality of life. The Mediterranean region had established its own networks and then linked with the European Network GEANT. The overall objectives are to see the acceleration of the overall economic development through the modernization of the most strategic sectors and the most active layers in the non-EU countries covered by the MEDA programme. This project is funded until June 2006 with 10 M Euros from the European Commission’s EUMEDIS programme

DANTE is responsible for setting up the link. The following are the European partners to EUMEDIS: GRNET, GARR, RedIRIS and RENATER, the NRENs in Greece, Italy, Spain and France respectively. These organizations have helped the network to be able to offer the following services:

· Ipv6 services

· IP Services

· Multicast services

Members access these services on a network that has its hub located at the University of Catania in Sicily. This place is a central position geographically, but the organization will create more hubs across the region as the network grows. Members connect to this hub through direct connections as well as through virtual pathways made possible by GEANT’s network. There are plans to see this network linked to Latin America’s ALICE, also through the GEANT network. Currently, the administration of the project involves a board and special technical committees, like the one that is in the process of evaluating bandwidth usage. There is also a Project director appointed by DANTE.

1.2.5
GEANT-TENET SA (Europe)

GEANT and TENET South Africa have recently established a link at the Telkom UK hub that will enable peering between the two networks. It is hoped that the link will enable South Africa to act as a gateway to the Southern African research community. GEANT already has a link to Africa through the EUMED Connect. 

1.2.6
 Internet Education Equal Access Foundation – IEEAF

IEEAF aims to contribute to achieving improved Internet access by tertiary institutions through providing connectivity assets. It also aims to promote partnerships among governments, private sectors and research institutions. Another of its major objectives is to provide and operate low-cost, but reliable and efficient, network resources. The organization believes that this can be achieved if they develop frameworks for sound asset management that can be used by member institutions. The network also works at designing better network utilization strategies and practices.

The organization depends on negotiations with other IT organizations, which are asked to donate bandwidth and connectivity infrastructure that they are not using. Both international and regional networks donate excess bandwidth. These include, for example, networks like the TYCO Global Network, with a donated capacity of 622Mbps (by December 2003) and with 10 Gbps put into service. The network currently offers services related to bandwidth and connectivity assets. There are plans to create the Global Quilt, a vision that will see all Internet networks joined together at low cost.

The current affiliates of the organization are:

· AARNet - Australia's Academic and Research Network 

· California Polytechnic State University, San Luis Obispo 

· Florida International University 

· Internet2

· SURA - Southeastern Universities Research Association
1.3
 Proposed and Lapsed Regional and Continental Networks 

There are many international organisations working in the area of improving the use of ICTs across the world. Several of these organisations have developed project concepts and proposals that seek to improve connectivity to some of the institutions in Africa. This section will profile the proposed networking projects that were willing to share their information.  There are also a few projects that have ceased to function.  It is hoped that this profiling will also help in making it easy to identify areas or regions that have been overlooked by these international efforts and where there has been a duplication of efforts.

1.3.1
African Education Research Network – AERN

The consortium was set up to help promote research capacity building through collaborative actions. These are actions aimed at increasing research professors’ access to essential databases, journals and research reports through the utilization of emerging information technologies. This would, in turn, strengthen the community of scholars concerned with African development studies, bridging the gap between scholars in different regions. 

The following diagram depicts the governance structure of AERN






This consortium enjoys the support of US and British universities. Northern universities have provided some of the reference needs of African university professors at the six African partner universities. This exercise was originally sponsored by USAID and the Rockefeller Foundation, and the group has worked with AVU and the USAID-Leland initiative in efforts towards improving connectivity. The network provides e-learning materials, initially for Mathematics and Sciences. It has long-term plans for establishing an Internet backbone for its members.

1.3.2
African Mathematical Institutes Network – AMI-Net

This network is still in the proposal stage. AMI-Net will be a consortium arrangement acting as an ISP and based in South Africa.  This way, AMI-Net would have the ability to deal directly with satellite bandwidth suppliers, further reducing costs and improving bandwidth. There are various organizations and private companies that are involved in the project. These include both government departments and private companies (e.g., Advanced Institute of Mathematics and Science (AIMS), Department of Science and Technology SA, CSIR, SUN Microsystems, Stellenbosch Institute for Advanced Study (STIAS) and Vodacom Foundation).

The Network looks forward to providing:

1. Internet services

2. Training in open source software use

3. Videoconferencing

4. Network management (caching and bandwidth management)

5. Technical Support

6. Infrastructure – Client workstations at 50% discount; servers

7. Funding and maintenance

8. Research.

The organization proposes a star, or meshed, network of satellite connections. It aims to establish five well-connected high-quality centres within two years. Each of these will initially have a minimum of 256Kbps bandwidth and 40+ computers, but this is expected to improve rapidly. AIMS expects to add 20 more centres within the next five years of the program. The Ami-Net hub will play a major role in monitoring each node via the Internet, thus enabling efficient bandwidth management. For its management, the network proposes the following governance structure:

An Executive Team, consisting of representatives of AIMS, CSIR and the DST, is charged with overseeing the running of AMI-Net, including the appointment of staff and management of the budget.

1. A Governing Body consisting of international scientists, representatives of several African countries who have been selected with the assistance of the NEPAD Science and Technology Initiative, senior African academic participants, and representatives of AIMS, CSIR and the DST. The Governing Body would set policy for AMI-Net and, in particular, be responsible for deciding which institutes would be invited to join AMI-Net each year. 

2. An international Advisory Board of independent, expert advisors would be established to receive and assess the annual report of AMI-Net on its performance over the eight years of the project.

The governance structure is illustrated in the following diagram:





AMI-Net plans to take advantage of the changes in the regulation landscape, whereby regulators have, in many instances, relaxed the import duties on equipment and the licensing of satellite installations that are destined for public sector and educational use. Funding would be on a year-by-year basis, with continuing funding being conditional upon performance targets being met.  This funding is expected to last for five years after which the network is expected to be self-sustaining. At that point, it should also be able to offer support services to its members.

Ami Net is looking forward to work towards and with the following:

· The New Partnership for Africa's Development (NEPAD) and the African Ministerial Committee on Science and Technology (AMCOST) are coordinating science priorities and policy on the continent.

· The Internet is bringing cheap access to vast resources and scientific data, allowing rapid, continuous communication via email and videoconferencing.

· Open source/free software is rapidly facilitating independence from expensive proprietary software, allowing for innovative, indigenous development.

· Satellite technology is inter-connecting Africa with cheap, cost-effective bandwidth

1.3.3
Increasing Bandwidth for African University Development – IBAUD

The project, in its proposal stage, is aimed at enabling low-cost, high-speed Internet access (especially to medical and agricultural scientific journals) to every African academic and research institution. This will enhance inter-university collaboration. The project is already registered as a non-profit organization in the USA

The Network will provide a range of services:

· Bandwidth management 

· License negotiation

· ICT training

IBAUD anticipates the following challenges:

· Refusal by governments to grant special licenses 

· Duplication of efforts and resulting confusion

· Bureaucracy slowing everything down 

· Lack of donor support

· Technical Challenges: Inevitably there will be many technical problems on the ground. 

· Initial 2MB of bandwidth quickly becomes inadequate 

· Political Fear: Universities are increasingly the platform for civil society actors staging anti-regime protests and certain regulatory bodies might fear that the bandwidth might be used for these purposes. 

Financial institutions and UN agencies in support of the AUN are expected to fund the operations of the network until it becomes self-sustaining. 

1.3.4
ITU/UNU African University Network

It is still in the proposal/concept note stage. The project will work towards:

· Upgrading connectivity

· Introducing access where previously not available

· Enhancing inter-university collaboration

· Enhancing the web presence of African institutions

It is proposed to operate as a consortium arrangement with an infrastructure provider. It is largely driven by two multilateral organizations, the United Nations University and the International Telecommunications Union. These will be working in collaboration with other donor organizations. 

1.3.5
The Southern African Regional Universities Association/ Research and Education Network – SAREN
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SAREN Southern Africa Research Network


This is a proposed Southern Africa network. Its objectives are to spread the functions of TENET South Africa into the rest of Southern Africa. In respect of this, the proposed project will cover South Africa, Botswana, Namibia, Mozambique and Zimbabwe. This initiative will help provide an international broadband link for Africa. GEANT and NSF are already interested in the developments such a Network would bring. Initially however, this organisation was set up to facilitate collaboration between universities in Southern Africa in all issues relating to tertiary education.

1.3.6
USAID-Leland Initiative

The project, which expired in 2001, was set up with the objectives of creating an enabling policy environment in Africa. The project wanted to promote policy reform in order to reduce the barriers to open connectivity, which have been affecting many countries. It was hoped that, in the end, bandwidth would be made available at affordable prices. It was expected that such an initiative would bring efficient delivery of Internet services. The main challenge was creating a sustainable supply of Internet services. This meant that the network would need not only to provide bandwidth links but also to act as ISP to advocacy and support organizations.

The network acted as an infrastructure provider – providing infrastructure for national Internet gateways, and, as a result, it had a closed PTN type of network. The project was initiated and sponsored by the American Government through the USAID program. During its tenure, it offered the following services to the participating members.

Network services

· IP address allocation

· DNS operation

· Online network management information

· Caching and mirroring services 

· Traffic monitoring

· Fault management service

· Management and provision of access router, satellite terminal equipment, etc.

· CERT, firewalls, anti spam/virus 

General Internet services

· FTP service and access to FTP archives 

· News/Usenet

· Helpdesk 

· Multicast

Other services

· Training 

· Technical support

· Support for multimedia application

· VOIP

· Videoconferencing services

The initiative could not operate in countries with barriers to Internet access – i.e., first-level barriers, such as national telecommunications policies (i.e., costs of telecommunications services, particularly local metered telephone charges), or second level barriers, which included a lack of awareness, or real understanding, of the Internet and its potential uses. All in all, 21 countries participated in the initiative. Basically, the nature of connections was like this. There was a national Internet gateway in the form of a VSAT established in each country with 128KB point-to-point satellite access or 128KB shared satellite access.  Private ISPs were given leased lines to connect to the VSAT.

1.3.7
World Association of Industry and Technology Research Organizations – WAITRO, African Chapter’s African ICT Project.
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WAITRO Connectivity Project
WAITRO is an international body with 54 members in Africa representing 25 countries. The African hub, located at the CSIR in South Africa, conducted a study that identified Internet connectivity as a critical priority. As a result, CSIR proposed the creation of a network whose aim would be to upgrade African research and technological organizations’ (RTOs) information technology infrastructure with equipment (hardware, software, and telephone connections) for Internet access as well as training in the use of the Internet.

The WAITRO African ICT project would provide infrastructure support to its member research and technological organizations (RTOs). Support is expected from donors like NORAD, DANIDA, IDRC, ACBF and WAITRO’s world body.

Specific services will include:

1. Developing capacity in member RTOs for the dissemination and use of information and communications technologies in industry and society, with the view to bridging the "digital divide".

2. Identifying the resource requirements of African RTOs for optimising their use of ICT.

3. Developing projects designed to enhance the use of ICT among the RFP members.

4. Promoting the development of technology applications for accessibility, e.g., tele-education.

5. Establishing cooperative relationships with regional and international forums, including industry- and community-based initiatives.

The proposed project will initially cover six African countries (Ghana, Kenya, Uganda, Zimbabwe, Tanzania, and South Africa).

1.3.8
NectarNet

NectarNet is a concept developed at the Georgia Institute of Technology to build a link between the US and Africa. This link will allow African research centres to access international networks through links to established American networks. The NectarNet is looking at the various connectivity programs that exist in Africa so that they will be able to choose the best entry points. 

Potentially, NectarNet will collaborate with TENET South Africa, NUNet in Nigeria and the Senegalese Research Network that is being established by the French government through Renator. Due to the difficulties anticipated in creating African networks, this Network is planning on employing various methods like data caching to improve the services that will be provided. Another of the main concerns of the proposed network is to find solutions to the last-mile connectivity problems associated with broadband provision.  Once the end-to-end connection is established, efforts will be made that will ensure that all of Africa is linked.

It is also expected that reliable network monitoring systems will be established. By setting up a monitoring system at each site, the network will be able to monitor bandwidth usage. Another issue that has been taken into account is the IT infrastructure needed by African institutions.  The network will work together with IT research specialists in USA and other countries to distribute technology, such as Ipv6 and multicasts. At the moment, it has not been established as yet how much bandwidth the link will carry or how much it will cost. The project is expected to be a long-term initiative.

1.4
Organisations interested in improved connectivity for African Tertiary Institutions
1.4.1
The Partnership for Higher Education in Africa – PHE
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PHE- Partnership for Higher Education in Africa
The Partnership for Higher Education in Africa is an initiative of the Carnegie Corporation of New York, the Ford Foundation, the John D. and Catherine T. MacArthur Foundation, and the Rockefeller Foundation. Launched in May 2000, the Partnership represents both a belief in the importance and viability of higher education in Africa and a mechanism to provide meaningful assistance to its renaissance. As part of this mandate, the partnership has been investigating ways of reducing access costs and improving connectivity for partnership institutions.  PHE is also partnering with The World Bank, IDRC and AVU in seeking a solution to bandwidth problems.

In summary, PHE has the following objectives:

1. Meet the immediate needs of partner universities for cheaper bandwidth

2. Begin work with partners on critical bandwidth management and technology use.

3. Begin collaboration with IDRC and other funders to explore establishing a permanent regional entity to carry forward long-term agenda of addressing technology for tertiary education and research.

The partnership is active in six partnership countries: Mozambique, South Africa, Uganda, Tanzania, Ghana and Nigeria. It has recently contracted AVU to act as an agent for purchasing bandwidth for six institutions, which are located in partnership countries outside of South Africa. AVU has already established Netsat Express and NewSkies Satellite to handle its bandwidth purchase, currently, 5Mbps at $4 per Kbps. In the bidding for cheaper bandwidth, Netsat’s final offer was at $3.80 per Kbps for a minimum of 10 Mbps. PHE, through AVU, has set a goal of decreasing bandwidth rates to $2.50 per Kbps. Other future plans include identifying qualified firms to offer dedicated bandwidth starting with 16 then 32 Mbps and a full transponder, equipment and long term service provision contracts which in turn increases discount amounts.

Funding comes from the four foundations separately. The partnership presidents, who are the presidents of the four foundations, form the decision-making body, and a facilitator has been tasked to handle the initiative. Also, each foundation assigns one or more staff members to represent it. These staff members plan, coordinate, and implement partnership activities.  Partnership grantees will fund the project over the course of the contract and the partnership universities are expected to increase their contributions. PHE is also embarking on a collaboration with TENET South Africa to improve bandwidth management. TENET is also going to help with advice on leadership and administrative matters. 
1.4.2
Agence Universitaire de la Francophonie (AUF) – Campus Numerique

This is a consortium of French-speaking Universities whose objective is to enhance networking among universities that aim to develop the use of ICTs in research and education.  As such, AUF has initiated a variety of e-learning projects. Some of these are intended all students learning in French-speaking European and African countries, while others relate to precise geographical areas. RESAFAD, COMETES, MADSUP, SIST and FARCUR are examples of these programs. 

1.4.3
Eifl.net- Rede Nacional de Ensino e Pesquisa 
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EIFL-NET

This is a consortium arrangement aimed initially at content improvement. Eifl.net is an independent foundation that strives to lead, negotiate, support and lobby for the availability of electronic resources to library users in transitioning and developing countries. It aims to introduce Internet access in a bid to improve connectivity. The Soros Foundation, through The Open Society Institute, sponsors the network.

The core service of Eifl.net is providing access to commercially produced electronic journals and databases, through collective negotiations with publishers and distributors. It has broad membership across the globe, and, at this time, it does not have IP or bandwidth projects.

1.4.4
International Network for the Availability of Scientific Publication – INASP

INASP was established in 1992 by the International Council for Science (ICSU) to improve access to information and knowledge through a commitment to capacity building in emerging and developing countries. A summary of INASP’s objective is as follows.

1. Improve access to scientific and scholarly information. 

2. Catalyse and support local publication and information exchange. 
3. Strengthen local capacities to manage and use information and     knowledge. 
4. Foster in-country, regional and international cooperation and networking. 
5. Advise local organisations and funding agencies on ways to utilise information and publishing to achieve development goals
INASP has been working in many arenas that support the provision of information and resources and the development of skills and knowledge in developing world universities and research institutions. It has recently become deeply involved with the issue of bandwidth management and has a major project focused on strategies and techniques for managing and optimising bandwidth usage. The following are the detailed objectives of the INASP bandwidth initiatives, as indicated on their website

Objectives
· To design and develop tools and training resources to aid institutions in understanding the bandwidth problem and in implementing strategies to address bandwidth management and optimisation. 

· The training resources and supporting materials will be structured and targeted at three key groups; executive management, senior management and information intermediaries and IT staff. Each group will be targeted by a number of specific but complimentary modules. Each group set of modules will form stand-alone resources for dissemination and delivery as appropriate and in a cascading model. 

· To design and develop the materials as a collaborative exercise with training and subject experts from a range of organisations from the north and south (to include INASP, VLIR, southern partners and others), as a means of developing the highest quality, locally appropriate materials and building local capacity in training programme design and delivery. 

· To pilot the delivery of one, national level workshop in an initial series of bandwidth optimisation briefing and training workshops in a selected African country (provisionally Zambia). 

· To deliver and manage a series of cascading travelling workshops at national, local and institutional levels in selected countries and institutions. 

· To ensure that the workshop materials are fully available to any interested parties (via release under an Open Access/non-restrictive copyright licence and as part of the ItrainOnline MMTK initiative) via a distributed knowledge base and are disseminated and used in a range of initiatives e.g. ItrainOnline, Connectivity Africa, Foundation Partnership, PERI training workshop programmes, IICD training programmes, AAU General Conference, etc. 

· To promote and disseminate the materials and outcomes of these activities. To include online distribution and limited distribution on CD-Rom

The network is open to all interested organizations and individuals. These are the organisation’s three main types of income:

· Programme funds provided by external funding agencies to deliver an agreed set of tasks in developing countries. 

· Core funds provided by external agencies, usually unrestricted in their use.  

Core income 'earned' from management and other services delivered as part of programme activities. These 'overhead' earnings are normally a small percentage of each activity. Such funds are normally used to finance new programmes or to run pilot or feasibility studies.

1.4.5
RESAFAD, COMETES (Cameroon) 
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RESAFAD COMTES

The networks were set up to monitor developments in the use of ICTs in tertiary institutions of Francophone Africa and to help facilitate connectivity to tertiary and research centres in the region. They also aimed at helping in training teachers for the use of ICTs in secondary and tertiary education.

The French government helped set up the project and is, at the moment, funding its operations. The project’s consortiums bring together specialists from the Universities in Paris VI, Paris VIII, Paris XIII, Mans, Nantes, Rouen and IUFM of Versailles and Brittany. They are a part of the AUF initiative. They are also affiliated to the large French operators (CNED, GEMMEOUS, RUCA...) and international organizations like AIF and UNESCO. The networks work hand in hand with EDUSUD, which provide them with online educational resources.

The main services of the project are training and the establishment of Information Centres. The network initially had centres in Burkina-Faso, Guinea, Mali and Togo. Then came Benin, and the network has since grown by establishing new centres in Senegal, Mauritania and Equatorial Guinea.

There are no bandwidth projects in operation, but the networks have already seen the need to improve Internet access as a way of promoting e-learning. 




1.4.6

Swedish Program for Information and Communication Technology in Developing Regions – SPIDER
The mission of the Swedish Program for Information and Communication Technology in Developing Regions (SPIDER) is to support the formation and dissemination of knowledge and competence in the area of information and communication technologies in developing countries. SPIDER aims to enable these countries to meet the challenges of deploying ICT resources so that they contribute to economic development, efficiency of organizations and the quality of life of their people in sustainable ways. (http://www.dsv.su.se/research/spider/ general.shtml)

The Swedish government finances this program through the Swedish International Development Agency (SIDA). The following are some of the services that the program offers to participating members: 

· Education and training through an international Masters program and short courses.

· Research

· Technical support

· Advisory services

· Funding research activities

· Public relations, and awareness through organizing workshops

1.4.7
The International Centre for Theoretical Physics – ICTP

ICTP provides an international forum for the exchange of information and ideas among scientists from the North and the South. Its objective is to maintain excellent research facilities for visitors, associates and fellows, principally from developing countries, who participate in the Centre’s research and training activities.

The Centre operates under a tripartite agreement among the Italian Government and two United Nations Agencies, UNESCO and IAEA. It provides training and research facilities related to the various fields within theoretical physics. Their training programs include postgraduate degrees and diplomas in physics.

Scholars from member institutions (the survey shows that 43 of these are in Africa) use ICTP’s research facilities, which are based and administered in Italy.  Since the network does not have Internet connectivity of its own, members access these facilities through their own service providers. The network has administrative staff who, in addition to its IT support team, assist-visiting members in conducting their research.  There are few requirements for participation, and any university or organization with a department of physics is free to join. By providing their e-mail address and URL, proving that they are connected to the Internet, they become members.

The administrative office covers all the operations of the network. These include finance, general administration, personnel management, as well as an advanced computer management team.

1.4.8 
The Millennium Science Initiative – MSI

The Millennium Science Initiative (MSI) has the objective of creating and nurturing world-class science and scientific talent in the developing world. To achieve this, the organization has set its primary goals as: 

1. Foster innovative research and applications of specific value to the host country or region 

2. Educate and train future generations of scientists and engineers 

3. Develop linkages with educational and research institutions, the private sector, and the global scientific community.

MSI currently targets the following countries in Africa: Uganda, Cameroon, Botswana, Namibia and Tanzania. Initiatives that are planned are as follows:

1. Biotechnology: (Uganda, Cameroon, Botswana and Namibia);

2. Instrumentation and information and communications technology: (Tanzania) and

3. Mathematics: (Anglophone and Francophone sub-Saharan Africa).

1. 4.9
SIDA/SAREC
The department for Research Co-operation (SAREC), within the Swedish International Development Agency (SIDA) formulated a project concept called the Internet Connectivity for Universities and Research Institutions. This concept is aimed at improving Internet connectivity in tertiary institutions in a number of African and some Asian countries. 


SIDA/SAREC aims to enhance IT development of tertiary institutions in developing countries by investing in electronic infrastructure and improving the competence of IT professionals. The program’s services include developing local and wide area networks on campuses, upgrading bandwidth and training IT professionals. The current budget for IT projects at universities in developing countries is approximately 30 MSEK a year. 


SIDA/SAREC assists universities in making an It policy and IT master plan. As from 1998 university backbones and local area networks at departmental and / or faculty level are being implemented at universities in selected African countries:  Makerere University in Uganda, University of Dar es Salaam in Tanzania, National University of Rwanda, University of Eduardo Mondhlane in Mozambique, Addis Abbaba University in Ethiopia & 3 universities in Burkina Faso. Human resource training at various levels is an essential part of these projects Other IT-based services offered by SIDA/SAREC are distance learning, policy and organization development.


SIDA/SAREC is also implementing similar projects in countries like Vietnam where the implementation of a "Science Technology and Education net" is planned and developing campus wide networks in Sri Lanka at the following universities; Universities of Colombo, Peradaniya and Ruhuna in Sri Lanka.  . The STE-net in Vietnam would connect a number of universities and research institutes to each other and to the Internet.

Other activities of the project involve collaborative research. Examples of such projects are the collaborative research program between Makerere University and Swedish universities. There is also the Sweden Tanzania Marine Research and the partnership with the Mozambique Eduardo Mondlane University.

2 Profiles of International Research and Education Networks Involved with Connectivity
The state of Internet connectivity has greatly improved in most of Europe, Asia and Latin America. The previous chapter profiled the bandwidth initiatives that are being carried out in Africa. This chapter will do the same for bandwidth consortiums that have been formed in other parts of the world. The criteria for profiling the bandwidth initiatives remain the same, however, the focus in this section is not to profile all the existing national and regional networks, but to showcase the trends existing in bandwidth networking in other parts of the world, especially those areas with similar conditions to Africa. As such, leading economies like USA, UK, Australia, France and other European countries are side lined and focus is on Latin America, Asia and Central and Eastern Europe.

The experience of International networks involved with connectivity can hopefully provide some guidance fro the establishment of African bandwidth consortiums. 

2.1
Europe and the Caucasus

There a number of emerging European countries, that is in Central and Eastern Europe, which are still to develop their Internet connectivity to the same levels as attained elsewhere in Europe. These countries are relying heavily on support from the European Union to develop their national backbones. As such, various initiatives have been carried out to improve both the infrastructure and services made available to these countries. Europe itself hosts the biggest and most influential education and research network in the name of the DANTE run GEANT Network. Apart from supporting national networks in Europe, GEANT has formed links with Asia, Africa, Middle East and Latin America.

This section will discuss the leading research networks in Europe and the surrounding regions, including those consortiums set up to provide support to bandwidth networks.

2.1.1
Central and Eastern European Networking Association – CEENet

This network promotes and supports technical collaboration among research institutions in central and Eastern Europe. Formed in 1994, it is now linked up with 25 national research and education networks, and has plans to connect with African networks, beginning with those in Tunisia.  Its main objective is to look for ways to improve Internet connectivity for various research networks. As such, its main services are advisory and monitoring workshops. It does not have a backbone infrastructure or virtual network. CEENet simply assists member organizations that are connected to the Internet through their local ISPs. The current membership of the organization consists of around 25 Institutions connected by their ISPs, with bandwidth ranging between 2-35Mbps.  It has no bandwidth programs.

To facilitate the smooth running of CEENet activities, the following organizations contribute to finance the project:

· Government Boards for Research and Development

· CEENet Members (Universities and Academies of Science)

· Connected Organizations

For administrative purposes, there is a General Assembly that elects a Board of Directors consisting of 6 Members. This is assisted in its operations by a Secretariat of two people who oversee the day-to-day running of the network. Those institutions wishing to join the consortium should meet the requirements of their national representative or research network. The organization is registered in one of the member countries as a non-profit organization. It is affiliated to the GÉANT network. The governance structure of CEENet is illustrated in the following diagram.









2.1.2
Trans European Research and Education Networking Association – GEANT/TERENA 

GEANT is the largest research network in Europe, in terms of membership, investment and quality of bandwidth. It provides high-capacity connectivity among European research and education institutions. It is a closed PTN network, and was started in 1993.  The GEANT/Terena Association was established in 2001.

In addition to the already existing links with TIEN, APAN, ALICE and EUMED, GEANT is planning to establish a link with TENET South Africa, which will be its second broadband link to Africa. GEANT has 12Gbps connectivity to North America, and 2.5Gbps to Japan. Connections to member NRENs is at 10 Gbps. The network is under the administration of an Executive Board, which elects various task forces deal with all issues that affect the operations of the network. CISCO also helps with equipment. 

The network is funded by the European Union and is under the management of DANTE. It has a 9.8 M Euro budget for a period of over 3 years from the European Union. There is also a UN-sponsored 30M Euro project that is being implemented. DANTE finances much of the GEANT activities.

The structure of GEANT is represented in the following organogram. 








The primary services that are being offered by GEANT are as follows:

· IPv6 services 

· IP Quality of Service,

· IP Multicast,

· V PN

· Network Control

· LBE

· DWS

· Layer 2 (VPN)

· GEANT Test bed

· Project Support.

· The Less than Best Effort

2.1.3
South-East European Research and Education Networking Project – SEEREN

This network was set up as a consortium to ease the digital divide between SE Europe and the rest of continent by creating the necessary networking infrastructure for academic and education communities. CISCO assisted with equipment. 

For the sustenance of the network, members pay their annual subscriptions.  These are used to finance the operations of SEEREN. Other organizations that contribute include DANTE. The SEEREN Network Operations Centre (NOC) makes decisions for the organization. 

An Industrial Advisory Board has been formed to assist SEEREN, comprising representatives of CISCO, Siemens, SUN Microsystems, Telindus and others. The GEANT NREN Consortium and the Central & Eastern European Networking Association (CEENet) endorse SEEREN. The following diagram illustrates the governance structure of SEEREN.






SEEREN is expected to upgrade and integrate its Internet services. The network is in the process of developing an AUP, which will be binding on its members. At the moment, the AUP is at the final draft stage. It exists in only the Serbian language.

2.1.4
Virtual Silk Highway  

The Virtual Silk Highway is a project that seeks to provide broadband connectivity. It targets research and academic institutions and aims to provide cost-effective, global Internet connectivity to the Caucasus and Central Asia. At its inception, the network issued tenders for the provision of satellite services.  Other relevant responsibilities were distributed among its affiliates and partners. NATO manages the satellite network, while DESY (Deutsches Elektronen-Synchrotron) of Hamburg, Germany, hosts the European hub. The other partner, CISCO, provides equipment and financial support.

The topology of this network is very simple. Its satellite connection is through Eurasiasat-1/TurkSat-2A. Members are then connected at 20-50 Mbps. There is a single central hub in Europe. Aspiring members should have equipment that enables fast connections.

The Silk project has been able to offer the following services to its clients:

· IP Services

· Voice Conference

· Monitoring

· Helpdesk

· Training

There are plans to initiate Ipv6.

2.2
Latin America

Most of Latin America shares the third world countries status with Africa. However, Latin America has developed its education and research networking well beyond what has been achieved in Africa. Because of their proximity to the United States, some of the Latin American countries managed to connect their tertiary institutions to Ampath, affording them their first broadband link. The Latin American countries managed to establish national networks relatively quickly. This has allowed GEANT to help them link to each other through the ALICE project. This section will profile these Latin American networks. Organisations interested in setting up similar networks in Africa are afforded a chance to draw lessons in network administration, financing, bandwidth management procedures, international networking and cost modelling. These are lessons that will make African networks easier to establish and much more effective.

2.2.1
Cooperación Latino-Americana de Redes Avanzadas – CLARA

CLARA is a consortium arrangement set up in late 1993 to provide administrative guidance to the America Latina Interconectada con Europa (ALICE) project. It was established as a regional organization and was constituted as an international, not-for-profit organization in Uruguay. Its bylaws were signed in Mexico.  The consortium was established by DANTE, who had been running the ALICE project from its conception.  

Since CLARA is an administrative consortium, its management is made up of a board of directors, who are nominated by member organizations. At the moment, this board is supervised by DANTE. All Latin American Institutions who meet the policy requirements of their member states, as well as the AUP of their national research networks, are free to join. They should be prepared to meet their financial obligations.

CLARA is to gradually take over the role of managing ALICE, although the EU, through DANTE, still funds the consortium. CLARA is moving towards becoming autonomous, which is different from the current situation, where it is an extension of DANTE.

2.2.2
America Latina Interconectada con Europa (informed by CAESAR study; connecting all European and South American Researchers and implemented by DANTE) – ALICE

ALICE is the project being run by the consortium Clara. It is basically a backbone infrastructure provision for Latin American institutions. As discussed in the profile for Clara, this project is largely funded by the EU through DANTE, which puts in 80% of its total budget. 

Circuits are being leased from infrastructure providers selected by a public procurement exercise carried out between June 2003 and April 2004, according to EC procurement procedures. Members finance 20% of the total budget, and they should meet requirements of their national representatives and the policies, which are stipulated by their governments.

 As an extension of GEANT, ALICE is affiliated to the following organizations: FCCN, RedIris, Renater, GARR and 17 Latin American NRENs. These NRENs provide most of the general staff, while DANTE, through GEANT, is spearheading connectivity projects.






The network mainly offers IP services to tertiary and research institutions.
2.2.3
Corporation Universitaria para el Desarrollo de Internet A.C Mexico –  CUDI

In Mexico, promoting the creation of a network of telecommunications with advanced capacities resulted in the formation of CUDI. The telecommunications company of Mexico, together with Avantel, provided 8000 kilometres of high capacity connections.  In support of this initiative, 8 other private businesses also sponsor the network. The network is hoping to improve bandwidth capacity and the quality of its services.

CUDI has a backbone with 155Mbps capacity. This is connected to the international link at Guadalajara. The network relies on donations, as well as membership fees. To make sure that operations are running smoothly, the general assembly appoints an executive council. Three committees support this counsel in its work. One of the committees looks at issues affecting members, another looks at software applications and the third is meant for developmental projects. There is also a permanent staff that works for the council.

CUDI is formed by 4 categories of members. These are:

· Academic Associates

· Affiliated Educators

· Associated Institutions

· Affiliated Business

The network is a member of the Clara-run ALICE network. This means that it is connected to the EUMED, TIEN and APAN networks through GEANT.
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CUDI- Mexico
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Source: http://www.cudi.edu.mx/
2.2.4
 Red TeleINformática Académica, Argentina – Retina

Retina was set up with the objectives of contributing to the integration of existing academic networks and promoting the use of new technologies in Argentina. This project is supported by The National Science Foundation (NSF), which provides the backbone for Internet. Another organization, OAS/Redhucyt – Hemispherical Network, assisted with communications equipment. This enabled the network to provide the following services.

· Ipv6  

· QoS

· Multicast

· VPN, etc

· Dial up connections with a capacity of 56Kb. 

Like most Latin American networks, Retina is also connected to GEANT through the ALICE Network. 

2.2.5
REUNA2- Chile 

On December 11, 1991, the Board of Chilean University Directors agreed to formally make REUNA a private non-profit corporation. It was set up with a mission to support the implementation of IT services in all areas throughout the university system of Chile. An organization known as Fondef assists with the necessary funding. REUNA is offering these services to its members: IP, Multicast, Mbone Video Conferencing Services, National ATM, Permanent Virtual Circuits (PVC), in CBR and VBR forms, Local Area Network Emulation (LANE) and ATM Multicast. Other services are consulting, training and project development services.

The project is a 155 Mbps Asynchronous Transfer Mode (ATM) network that is divided into the "backbone" and its "edges". The network management is based on a SUN (Solaris 2.6) platform using HP Openview, Cisco Works, and Netflow as commercial tools. These tools complement systems such as MRTG (Multi Router Traffic Graper) and programs developed by REUNA's systems area. The rates platform is also included in this system. Information is compiled via Netflow, internally processed and then published in html format. Universities have access according to the stipulated authentication.

There is a Board of Directors elected by the General Assembly. The Board, in turn, appoints an Executive Director for the day-to-day running of the network. To become a member of the Consortium, institutions must purchase Shares of Second Transmission. The institutions that purchase these shares are eligible to receive profits relative to the capital invested.  First transmission shareholders have the right to name six of the nine REUNA directors. Second transmission shareholders name the other three.







2.2.6
Rede Nacional de Ensino e Pesquisa, Brazil  – RNP

RNP is the Brazilian infrastructure for an advanced network for collaboration and communication in the fields of teaching and research. The organization is a brainchild of the Ministry of Science and Technology, and other organizations participate in setting up agendas for the network. The network is connected to Europe through the ALICE project. 

The backbone to the network connects Brazilian State Networks and is run by independent organizations. Its sustainability hinges on financial support from the Government and other sponsors, plus membership fees. For administration and service delivery, the network has working groups that handle the technical aspects. The following are the current Working Groups (WGs), which were created in 2003: Quality of Service WG 2, Advanced Voice over IP WG, Digital Video WG 2, Directories for Education WG, Network Configuration WG, Collaborative Computing WG (P2P) and the Public key WG.








At the moment, RNP provides these services:

· Network Security

· Video transmissions

· Videoconference

· Multicast and Unicast transmissions

· IP Services 

2.3
Asia

This section will profile the networking that has been established for Asia. Highlights in this section include the fact that both profiled networks are products of collaboration with international governments and organisations. 

2.3.1
Asia Pacific Advanced Network – APAN

The Asia Pacific Network was established with the aim of promoting network technology and global cooperation in networking. This network is also linked to the European multi gigabit network, GEANT. This has seen the provision of highly reliable bandwidth to the Asian continent. The APEC Telecommunication working group, through the support of the Asia Pacific Information Infrastructure (APII) project, provides the backbone with links to the major exchange points in APAN. These are the Singapore, Japan and Japan-Korea PoPs.

APAN has a wide variety of link types, ranging from Asynchronous Transfer Mode (ATM) links to satellite links. A major sponsor of APAN is the APEC Telecommunication working group. 

This infrastructure enables the provision of:

· IPv4 datagram delivery service

· Multicast

· ATM PVCs across the APAN backbone as needed

To facilitate easy implementation of its policies, APAN stipulates that:

a) There shall only be one Primary Member from each country/economy.

b) The Primary Member will normally be designated APAN-XX, where XX is the country/economy code.

A Primary Member is an entity, organization or consortium that typically coordinates advanced research and education network provisioning within a country/economy.

The following map demonstrates the region covered by this network. 

Map 19
APAN
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2.3.2
Trans-Eurasia Information Network – TEIN2
TIEN was established as a Joint Initiative between EU and Asia as way of contributing to the enhancement of information exchange and to cooperation between Asia and Europe though increased and more effective information flows. The Europe Aid Co-operation Office is responsible for all phases of the project cycle. As part of its expansion program, bandwidth capacity will be increased up to 155Mbps in the near future. The current network has a bandwidth capacity of 2 Mbps SCR and 4 Mbps PCR, based on the Asynchronous Transfer Mode (ATM) method. France and Korea agreed to increase the bandwidth up to 34 Mbps, upon demand.  On November 3, 2003, TEIN was upgraded to PCR 34Mbps/SCR 17Mbps.

Apart from the sponsorship from EU through DANTE, The Ministry of Information and Communication, Korea, and member subscriptions are used to finance the project. The network contracted one of the affiliates, Korea Information Strategy Development Institute (KISDI), to be in charge of general coordination and management of TEIN websites.

TIEN has become an expert group that oversees connectivity issues. Tien2 has been offering these services:

· IP Services

· Multicast

Below is the map of the TIEN2 Network.

Map 20
TIEN

Source: http://www.transeurasia.org/
3
Overview of Network Services and Roles

The previous chapters have demonstrated that there is a large number of Education and Research Networks operating around the world. In order to improve collaboration between researchers in different parts of the continent, these networks are forming high speed links between each other. DANTE, through GEANT, is responsible for much of the international networking having already connected parts of Africa through the EUMED project, Latin America through the ALICE project and parts of Eastern Europe and Asia through the TIEN project. This chapter therefore diagrammatically summarizes the Education and Research Networks in operation and profiled in this survey, paying attention to how they are connected together. 

Apart from these existing links, GEANT as the leading network is looking at ways of further broadening the reach of its broadband connections. Planned projects include the GEANT UK and TENET South Africa link. It is hoped that this link will be operational by early January 2005. This will be the second broadband link following the EUMED, which connects Algeria, Egypt, Tunisia and Morocco to GEANT.  The global map in this chapter will show the locations of the various established and planned bandwidth consortiums and how they are linked to other networks in the region or internationally.

This chapter will also summarize the services that bandwidth consortiums are offering to their members. These are services that are similar and above, those being offered by commercial IP services providers. Statistically speaking, frequency of these services differs from continent to continent, with those related to broadband connectivity almost not available in African countries.  

3.1
Global Research Network Connections.
The following map illustrates the existing and planned research networks related to Africa and their links to each other. It is important to note that DANTE is at the centre of most of the links existing at the moment. The organization either funds or provides external level links to numerous networks.

Map 21
Global Links

3.2
Types of Services Provided by Surveyed Networks. 

The following grid shows the types of services that are currently being offered by the surveyed networks. A few of the networks had not yet listed the services they offer their members at the time of drafting this report. Those networks operating in Africa are highlighted. 
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The chart below demonstrates the frequency of services provided to members by those networks operating in Africa.  Most of the networks in Africa focus on the provision of basic Internet services. More effort is needed to address issues such as negotiating for the deregulation of policies, which affect bandwidth provision, and pricing and bargaining for better pricing. 

Chart 2

Services being offered by Networks in Africa


4
The Current and Future State of Internet Infrastructure in Africa.
The bandwidth landscape in Africa is changing rapidly. This section will attempt to map out the current state of Internet infrastructure and how this can influence the formation of networks. Key issues to be discussed include:

· A review of current international bandwidth links

· A review of terrestrial and satellite networks

· Distribution and connectivity of tertiary institutions across Africa

· An assessment of regional connectivity projects in Africa

As we address these issues, we will also discuss the levels of network operation (Martin and Kaskina 2004)
. According to Martin and Kaskina (2004), levels of network operation are:

· External Level Links

· Regional or National Backbones

· Metropolitan Area Networks

· Access Points

· Local Area Networks.

However, in the survey, only four levels were identified, as outlined in Table 2. The table shows selected African networks and gives examples of organizations, which operate at each of the four levels.

Table 2. Network Hierarchy and Operational Management.

	Network

Levels
	KENET KENYA
	TENET SA
	TUNISIA
	MIMCOM

	External 

i.e., connection

to other NRENS or 

Internet.
	Telkom
	Telkom SA
	EU Med Connect
	Redwing Satellite (Through GEANT)

	Backbone

Network Infrastructure
	Jambonet
	Telkom SA
	National Telecom
	Redwing Satellite

	Regional Nodes

(Metro Area Networks)
	KENET POPs
	Telkom SA
	National Telecom
	Local ISP

	LAN
	Universities
	Universities
	Universities
	Malaria Research Stations


Some of these levels will be highlighted in the discussion of the key issues relevant to network scenarios in Africa.

4.1
 Current and Future International bandwidth

All upstream inter-continental transmission capacity is provided by either submarine fibre or satellite, whilst intra-regional connectivity is provided by cross-border fibre or by microwave and/or satellite links
. These cross-border links are either bilateral arrangements between incumbent operators in adjacent countries, or are parts of regional connectivity projects. The status of these cross-border links is important for the flow of intra-regional traffic such as those envisaged among African tertiary institutions, and the planning of a potential network to link these institutions together (see Annex 1: Overview and Current Status of African Regional Infrastructure Projects). The existing terrestrial links reflect a historic layering, which has built up over time, starting with the Panaftel analogue network, which was deployed during the 1970s and 1980s. Now, in addition to that, there are current and planned digital national backbones, as well as both current and planned regional connectivity projects.

Moreover, every square inch of Africa is covered by satellite bandwidth. By December 2003, thirteen satellite operators had 51 satellites deployed with coverage over Africa. These satellites have pointed 39 Ku-band frequency beams and 30 C-band beams throughout the continent (see Annex 2: Inventory of Satellite Fleets with Coverage over Africa). In addition, the North African countries also have coverage coming over from a number of other satellites (notably the Eutelsat satellites) with beams being focussed on Europe and the Mediterranean. 

The overall supply pattern of upstream international bandwidth and the slow roll-out of downstream connectivity leaves a considerable gap in the market for satellite-based suppliers in the short to medium term, particularly in areas (the interior, Eastern and central Africa) not yet reached by regional fibre projects, and in those countries which do not have national transmission backbones which reach hinterland locations (like Nigeria, Angola and DRC). 

4.2. 
Distribution of Tertiary Institutions
Map 22 shows a total of 646 tertiary institutions in 288 towns or cities. Some institutions are located in more than one location, i.e., they have campuses in more than one location. As map 22 shows below, of the total number of 288 locations, 175 locations have only one institution; 50 have two institutions; 25 have three institutions; 13 have four institutions; and 5 have five institutions. Unfortunately information from Nigeria was not complete and if it was, Nigeria would be much more visible in this analysis.

Map 22
Tertiary Institutions
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Source: IDRC 2005

Chart 3

 Distribution by Number of Institutions per City
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Table 3 shows the twenty five cities with the highest number of institutions. A key point to note here is that, except for Casablanca (Morocco), all of these are capital cities. In terms of international connectivity options, these capital cities are served to a greater or lesser extent by the incumbent fixed-line operator and/or other service providers, and, therefore, are, in turn, served by the international gateways of these operators (i.e., for example, Mwembeshi earth station near Lusaka, Sululta earth station near Addis Ababa, submarine cable landing points near Dakar).  Once again this analysis is missing full information from Nigeria which has very large numbers of tertiary institutions.

Table 3

Cities with the Highest Number of Tertiary Institutions (Nigeria missing)

	City
	Country
	No of Institutions per city

	Nairobi
	Kenya
	26

	Tunis
	Tunisia
	19

	Dar es Salaam 
	Tanzania
	18

	Khartoum
	Sudan
	18

	Cairo
	Egypt
	17

	Kampala
	Uganda
	11

	Rabat
	Morocco
	11

	Abidjan
	Cote d'Ivoire
	10

	Dakar
	Senegal
	10

	Harare
	Zimbabwe
	10

	Alger
	Algeria
	9

	Maputo 
	Mozambique
	9

	Accra
	Ghana
	8

	Addis Ababa
	Ethiopia
	8

	Kinshasa 
	DRC
	8

	Antsiranana
	Madagascar
	6

	Casablanca 
	Tunisia
	6

	Lusaka
	Zambia
	6

	Yaounde
	Cameroon
	6

	Freetown
	Sierra Leone
	5

	Gaborone 
	Botswana
	5

	Lome
	Togo
	5

	Tripoli
	Libya
	5

	Windhoek
	Namibia
	5


4.3. 
Connectivity for Tertiary Institutions

4.3.1
 Panaftel Analogue Network
The Panaftel network, built out during the 1970s and 1980s, comprises analogue microwave links and analogue coaxial cable across most of North Africa. Out of 646 identified tertiary institutions, the map shows that 479 are at locations that are (or were) connected to the Panaftel network (see University Connectivity Excel spreadsheet for detail). Almost exactly three-quarters of the towns or cities where tertiary institutions are currently located are, or at least were at one time, connected to terrestrial infrastructure. Indeed, many of the cities where tertiary institutions are located are also important nodes or junctions for the Panaftel network. Of the remaining 167 institutions, some lie very close to Panaftel routes (such as Ain Chok, near Casablanca, Morocco), whereas others can be quite distant from the network (for example, Kisangani, DRC, is at least 500 km from the nearest Panaftel link at Goma, DRC). 

Map 23
 Panaftel, Detail of West and Northern Africa 

Source: IDRC 2005 

4.3.2
 National Backbones
In many cases, the Panaftel network within a given country comprises the national transmission backbone today. The last full audit of the Panaftel network was undertaken during the 1980s. Since then, many of the links have deteriorated due to lack of funding and maintenance, and have fallen into disrepair, and some sections have been damaged or destroyed during war. In cases where Panaftel still provides cross-border links, reports indicate that the links can experience operational problems and low capacity. 

In some countries, the analogue network has been upgraded and extended as the incumbent operator has built out its national backbone. The full extent, operational status, or capacity, of national backbone links across all African countries is not at this stage fully known. In South Africa, for example, as the map shows, only half of the institutions (17 out of 33) are at locations, which were, at least at one time, connected to the Panaftel network. Similarly, of 42 institutions in Nigeria, 19 were connected to the Panaftel network. Both Telkom South Africa and NITEL have invested in the roll-out of their transmission backbone networks, but it is not known whether the remaining institutions are in locations, which are connected. 

Incumbents continue to upgrade the capacity and extend the reach of their national backbones. For Eastern and Southern Africa, the ‘National Backbones Planned’ Map shows the current plans of incumbents to extend their backbones. In Sudan, for example, the planned network would reach institutions in Juba, Waw and El Fasher and would therefore complete the connection of all identified tertiary institutions within the country. Map 24 (below) also shows that the East African Digital Transmission Project links Kenya, Uganda and Tanzania with high capacity fibre and microwave links. In addition to incumbents rolling out networks, there are growing numbers of alternative operators, which are deploying transmission backbone networks, which could serve tertiary institutions
. 

Map 24
 National Backbone (Current) versus National Backbone (Planned), Detail of Eastern Africa (e.g. Juba, Sudan selected).
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Source: IDRC 2005

4.3.2.1
Metropolitan Area Networks

There are large national networks that have Regional Nodes that link together several institutions in the area. These are referred to as Metropolitan Area Networks (MANs). These MANs are sometimes managed as a separate entity. This is largely because member institutions are usually preoccupied with managing their LANs to have time for the MAN.  The data collected for this study, however, suggests that only KENET appears to have two MANs. One is a node connecting 22 institutions and is managed by KENET, while the other connects the other institutions and is managed by JAMBONET. There are plans to create another three nodes that will link all the members, thus relieving JAMBONET of its services. 

Another network that makes use of a MAN is the Malaria Research Network. This network makes use of local ISPs to link up, through fiber and wireless, its various stations in East and central Africa. There is, however, no reliable data relating to the amount of traffic that is shared through these links, since each of the station has a VSAT link of its own. A Kenyan respondent to this survey stressed that it would be regrettable for traffic from one Kenyan University to another having to go through Europe or America for it to be accessed by the recipient. It is therefore important that MANs be developed in ways, which result in caching services being made available.

As pointed out earlier, the Internet backbone for most African countries belongs to state-owned, or former state-owned, companies. Efforts should be made to enlist the support of these companies in creating MAN management committees that would enhance, not only the last-mile distribution of bandwidth, but also increased security. Governments should be called on to support this part of the network. 

4.3.2.2
 Local Area Networks

The survey shows that LANs and their access points have generally been the responsibility of member institutions. At present, all the inadequacies of the upper three levels are clearly reflected in what is happening at the LANs, where bottlenecks are notably present. In a separate study on African Tertiary Institutions’ Connectivity, a survey that covered 83 Universities from 40 African countries, it emerged that the average bandwidth per institution is as little as 537/769 Kbps (ATICS 2005). A variety of factors have contributed to this. For example, where there are broadband links, it is normally the last-mile distribution problem that results in lower bandwidth being available and/or utilized. Even in those countries where we have inter-continental transmission landing points, bandwidth is poorly distributed from the Point of Presence (PoP) to the end users. This is, most often, a result of the poor funding that is taking place at both regional and LAN levels.

· Funding the LAN

Because institutions are left alone to fund their links to the NREN, and because their budgets are always strained, they end up being able to purchase only lower volumes of bandwidth. Even some European Universities with broadband links are said to be still obtaining minimal bandwidth because they can’t afford to purchase more. In other words, the last mile is the largest contributor to bandwidth bottlenecks.

· Governance and Staffing at LANs

Studies, including this one, show that individual institutions are responsible for the administration of their LANs. This is a commendable situation. However, as argued earlier, there is great need to synchronize operational procedures at all levels. This means that, while universities are ultimately responsible for their LANs, the NOC also needs to be involved in bandwidth management and in the security systems that the universities would be using. It is only when everything is coordinated well that the efficiency of a network can be evaluated.  

· Distribution of LANs 

Map 25.1
 LAN Distribution

Source: IDRC 2005 
Although this map shows only those places with the heaviest concentration of LANs, it is clear that LAN density is high in those areas where there is improved inland backbone, something that was confirmed by the survey as a whole.  The map demonstrates that, for the purposes of creating bandwidth networks, most of the intended beneficiaries are already correctly positioned. This is expected to reduce costs.

4.3.3
 Satellite and VSAT 

VSAT represents a potential solution for all 646 tertiary institutions. Certainly, for the 167 institutions, which are (or were) not connected to Panaftel
, satellite-based connectivity solutions represent the most obvious solution. Technically, every single institution can be reached by satellite, and at least one satellite potentially has coverage over all institutions. Practically, however, there are three key factors, which limit the number of institutions that each satellite can potentially serve: coverage, capacity, and regulation. An additional factor that may be of relevance for the use of Ku-band beams is the level of cloud cover, which can attenuate signal strength (the Dynamic Map uses mean annual precipitation as an indicator of rain fade). 

1) Coverage. Of the 51 satellites with African coverage, the footprints of individual beams vary tremendously. Typically, C-band footprints have much wider coverage, whereas high-powered Ku-band beams are more concentrated. Based on country-level analyses of these footprints against the distribution of tertiary institutions, each satellite footprint potentially has coverage over a greater or lesser number of institutions ranging from 0.5% of all institutions (Intelsat 602) to 100% (NSS 7). Note that these percentages are intended only as a guide, as the analyses were performed at country-level, rather than city-level.  As a result, the footprint of a particular satellite may have coverage over a certain country but not over a given city within that country. 

Map 25.2
 PanAmSat PAS1R, Ku-band Potentially Reaches 318 Institutions, or 49.3% of Total.
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Source: IDRC 2005

2) Capacity. The only people in a position to know the capacity available on individual satellites are the satellite operators themselves. The demand for international bandwidth is so great that there is mounting evidence that spare satellite capacity available over Africa is becoming increasingly limited within the short to medium term. Much of the remaining capacity of the satellites serving the region is being quickly used up, since mobile operators, ISPs and corporate customers use more satellite connectivity as they expand their networks. For example, since its launch in July 2002, more than 90% of the capacity available on Eutelsat's Atlantic Bird (AB-3) satellite (10 C-band and 35 Ku-band transponders) has already been utilised. Unless satellites are redeployed or repositioned over the region, or unless new satellites are launched, a shortage of supply will quickly become apparent within the next two to three years. 

In the second half of 2004, plans emerged to launch six new satellites with African coverage to fill this shortfall in supply (see list below). In addition, RASCOM intends to launch Rascomstar satellite in 2006, and the Nigerian government also plans to launch its own communications satellite called Nigcomsat-1 in 2006.

· Arabsat 4A

· Arabsat 4B 

· Russian Satellite Communications Company Express-AM1, 

· Russian Satellite Communications Company Express-AM33, 

· Russian Satellite Communications Company Express-AM44, 

· SES Astra Worldsat 2 (also known as Astra 4A). 

3) Regulatory restrictions. A third key factor, which limits the use of satellite connectivity, is regulatory restriction on the use of VSAT. In six countries (Angola [2 institutions], Benin [5], Chad [3], Ethiopia [27], Kenya [32], Namibia [5]), there are strict monopolies; in others, there are varying degrees of liberalisation. Unless they granted special authorization, the 74 institutions in these six countries would be unable to use VSAT for their international connectivity except through the incumbent operator. The outcomes of a study conducted by the Global VSAT Forum and IDRC
 shows the pattern of these regulatory restrictions in great detail (see Map 26). For each of the satellite footprints in the Dynamic Map, the VSAT liberalisation layer can filter countries where satellite coverage is available. 
Map 26
 Eutelsat W1 Satellite Ku-band Compared With VSAT Liberalisation and Mean Annual Precipitation
Source: IDRC 2005 
4.4
 Regional Connectivity Projects

The desire for connectivity among African tertiary institutions represents a clear demand for current and proposed regional connectivity projects. 

Four of the projects from Eastern and Southern Africa are analysed in sections 4.4.1 to 4.4.4. SRII was not included in this analysis, because of incomplete information on the routing of current and proposed links. 

4.4.1
 East African Digital Transmission Project
The East African Digital Transmission Project would directly connect locations in 74 out of the 94 identified institutions in the EAC countries of Kenya, Tanzania and Uganda. In particular, it would provide a regional transmission backbone interlinking the 55 institutions located in the capital cities of the three countries:  Nairobi (26), Dar es Salaam (18) and Kampala (11). In addition, it would aggregate traffic from institutions located in regional centres and secondary cities, which also lie along the route of this project:  Arusha (4), Bukoba (1), Eldoret (2), Mbale (1), Mbarara (1), Mombasa (2), Moshi (3), Mwanza (4), and Nakuru (1). 

If the East African Digital Transmission Project were extended to Rwanda, it would also capture traffic from institutions in Kigali (2) and Butare (1), which are connected by Panaftel and by Rwandatel’s national microwave transmission backbone.

4.4.2
COMTEL
The COMTEL project would interlink at least 145 tertiary institutions, based on initial project routing information. The final number is likely to be considerably higher, once the final routings of the COMTEL project have been determined.  

4.4.3
 INTELCOM II
The INTELCOM II project in West Africa would connect at least 76 institutions. 

4.4.4
 COM-7
The COM-7 project would connect locations with 7 institutions in Zambia, plus Lubumbashi in DRC. When considered with onward connectivity to Tanzania and Namibia, this number increases to 32 institutions by covering Dar es Salaam (18), Iringa (2), and Windhoek (5).  

4.4.5
 Submarine Cable Systems
In some countries, such as Libya and Mozambique, incumbent operators have deployed submarine cable systems as their national backbone, since they link the coastal cities, which are the largest population centres. In and of themselves, regional submarine cable systems have only one or two landing points in a given country.  They therefore serve only a limited number of places where institutions are located. 

More importantly, regional submarine cable projects link traffic from institutions aggregated through the national backbones of the incumbent operators in these countries. Each of the regional connectivity projects aggregates traffic from whole sub-regions (i.e., INTELCOM II, from at least 76 institutions in West Africa; East African Digital Transmission Project from 74 institutions, and so on). 

Map 27
 Panaftel, Regional Projects Aggregating Traffic For Submarine Cables, Detail for SEMEWE II
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Source: IDRC 2005


The following analysis, therefore, also adds the number of institutions, which could be indirectly connected by the Panaftel network in each country. (If up-to-date data on national backbones for all countries were available, the accuracy of this aggregation would be increased). Taking the four submarine cables of SEAMEWE II, SEAMEWE III, Sat-3/WASC and EASSy which surround the northern, western and eastern parts of Africa, and deducting the overlap among these cable systems, a system would directly connect locations with 101 institutions, but would indirectly connect locations with 319 institutions within the surrounded countries.

4.4.6
SEAMEWE II/III
The South East Asia – Middle East – Western Europe II and III submarine cables connect cities across a number of countries in North Africa. SEAMEWE II lands in four North African cities, connecting locations with 26 institutions: Algiers, Algeria (9); Bizerte, Tunisia (0); Cairo, Egypt (17) and Suez, Egypt (0). SEAMEWE III lands in three North African cities, connecting locations with 5 institutions: Tetouan, Morocco (2); Alexandria, Egypt (3); and Suez, Egypt (0). 

Table 4

SEAMEWE II
	Country
	Direct
	Indirectly via Panaftel

	Algeria
	9
	28

	Tunisia
	0
	26

	Egypt
	17
	30

	Aggregated Total
	26
	84


Table 5

SEAMEWE III

	Country
	Direct
	Indirectly via Panaftel

	Morocco
	2
	34

	Egypt
	17
	30

	Aggregated Total
	19
	64


The following map shows the landing points for the SEAMEWE 2 link on the coasts of Tunisia and Algeria.

Map 28 
SEAMEWE II

Source:IDRC 2005


4.4.7
Sat-3/WASC
The Sat-3/West Africa Submarine Cable (WASC) directly links cities which contain 41 tertiary institutions from nine countries: South Africa (3 institutions), Angola (2), Gabon (3), Cameroon (1), Nigeria (3), Benin (1), Ghana (10), Côte d’Ivoire (10), and Senegal (10).

Table 6

Sat-3/WASC

	Country
	Direct
	Indirectly via Panaftel

	South Africa
	3
	17

	Angola
	2
	2

	Gabon
	3
	6

	Cameroon
	1
	8

	Nigeria
	3
	19

	Benin
	1
	3

	Ghana
	10
	13

	Côte d’Ivoire
	10
	14

	Senegal
	10
	13

	Aggregated Total
	41
	95


4.4.8
Planned East African Submarine Cable System (EASSy)
This proposed system would directly link cities containing 35 tertiary institutions from six different countries and where there are proposed landing points: Dar es Salaam (18 institutions), Mahajanga (1), Maputo (9) Mogadishu (2), Mombasa (2), Port Sudan (1), Zanzibar (2). Indirectly, EASSy would potentially connect institutions which are aggregated though the national backbones of these countries. 

Table 7

Planned EASSy

	Country
	Direct
	Indirectly via Panaftel

	South Africa
	3
	17

	Mozambique
	9
	10

	Madagascar
	1
	7

	Tanzania
	20
	32 (+2 for Zanzibar)

	Kenya
	2
	31

	Somalia
	2
	2

	Sudan
	1
	22

	Aggregated Total
	35
	123


.

Map 29
Terrestrial/Sea Networks

Source: IDRC 2005 
This map demonstrates that, in the near future, it will be possible for all African countries to have external-level connections to the general Internet via a high capacity link. There is, however, a lot of ground that has to be covered before this becomes a reality. 

4.5
 Overview and Current Status of African Regional Infrastructure (Backbone) Projects

The backbone is the core of any research network. It is, however, unfortunate that most of Africa is still to be networked by Internet infrastructure, and that those bandwidth networks that do exist are not independently owned or managed. This is largely due to policies that allow only the national telecom companies to set up telecommunications infrastructure. This being the case, the relevant networks have to outsource the backbone services from these companies. There are a few exceptions, however, and some countries have managed to deregulate the telecommunications industry and allow private players to operate. Besides creating competition in the sector, this has also resulted in the creation of cross-border fibre links.  The following map shows some of the cross-border links that exist at the moment. It is notable that almost all of East and Southern Africa is linked together.

Map 30
 Cross Border Links in Africa
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Source: IDRC 2005

4.5.1
Planned Backbone Expansions for Africa
The planned backbone expansions for Africa, by both national governments and international organizations, have seen potential regional groupings being observed. These groupings are based on the regional fibre expansions, or, in places where there are no fibre links, on VSAT connections. Table 8 shows the existing and planned Internet infrastructure at a continental level.

Table 8

 Existing and Planned African Regional Infrastructure Projects.

	Project
	Date enter service
	Status
	Bandwidth
	Countries
	Notes

	PANAFTEL
	1975 - 1990s
	(()
	Variable
	45 African countries. 
	- First int’l connectivity for most countries predates satellite. Network remains in place, but has deteriorated.

By 1990: 

- 39,000 km of radio relay links, 
- 8,000 km of submarine cable, 
- 39 int’l switching centres, 
- 29 links or apx. 4,000 km of links remained to be installed

	Antinea
	1977
	X
	640 circuits
	Morocco – Senegal

	Submarine cable. 

	Fraternite
	1978
	X
	480 circuits
	Senegal – Cote d’Ivoire


	Submarine cable.

	Union
	Retired in 1995
	X
	-
	Cote d’Ivoire – Nigeria
	Submarine cable. 

Out of service

	Sat-1
	Retired in 1993
	X
	-
	South Africa, Cape Verde Tenerife Portugal
	Submarine cable. 

Out of service

	Atlantis I
	1982
	(
	1,380 circuits

2,580 circuits
	Brazil - Senegal

Senegal – Portugal
	Submarine cable.

	INTELCOM I
	1983 – 1994.
	(()

(()

(()

(()

(()

(()

(()

(()
	Variable


	16 ECOWAS countries: Benin, Burkina Faso, Cape Verde, Cote d’Ivoire, The Gambia, Ghana, Guinea, Guinea-Bissau, Liberia, Mali, Mauritania, Niger, Nigeria, Senegal, Sierra Leone, Togo:

Burkina Faso – Ghana

Burkina Faso – Benin

Mali - Cote d’Ivoire

Benin - Burkina Faso

Senegal – Gambia – Guinea Bissau

Senegal – Guinea

Niger – Nigeria

Guinea – Guinea Bissau


	1983 – 1994. To complete missing Panaftel links within region, microwave links. 

Intelsat DAMA system connects: Benin, Burkina Faso, Cote d’Ivoire, Ghana, Guinea, Mauritania, Niger, Nigeria, Senegal, Togo

Intelsat IDR system connects: Benin, Burkina Faso, Cape Verde, Cote d’Ivoire, Guinea, Mali, Mauritania, Niger, Senegal, Togo



	Sat-2
	1993
	(
	565 Mbps
	South Africa, Spain, Portugal


	Submarine cable.

	SEAMEWE
	Out of service
	X
	-
	-
	Submarine cable. 

Out of service

	SEAMEWE-II
	1994
	(
	565 Mbps
	Djibouti Egypt, Algeria Tunisia


	Submarine cable.

	SEAMEWE-III
	1999
	(
	20 Gbps
	Djibouti, Egypt Morocco


	Submarine cable.

	FLAG Europe – Asia (FEA)
	1997
	(
	Max 10 Gbps
	Egypt


	Submarine cable.

	Atlantis II
	1999
	(
	20 Gbps
	Senegal, Cape Verde, Canary Islands, Brazil, Argentina, Portugal

	Submarine cable.

	INTELCOM II
	1997 - 
	(
(
(●)

(●)

(●)

(●)

(●)

(
(
(
(●)

(●)

(●)

(●)

(●)

(
(
(
(
(
(
(
(●)

(●)

(●)

(●)

(●)

(●)

(●)

(
(●)

(●)

(●)


	Variable
	32 interstate links between the 16 ECOWAS countries:

1. Cotonou – Lagos 

2. Cotonou – Lome
3. Cotonou – Ouagadougou 
4. Cotonou – Niamey 
5. Niamey - Ouagadougou via Kantchari 
6. Niamey – Ougadougou via Dori
7. Niamey – Gao
8. Niamey – Kaduna

9. Birni N’Konni – Sokoto 

10. Lome  – Ouagadougou

11. Lome – Accra 

12. Abidjan – Accra

13. Accra – Ouagadougou

14. Abidjan – Ouagadougou

15. Abidjan – Monrovia 

16. Yamoussoukro – Monrovia

17. Abidjan – Dakar

18. Freetown – Monrovia

19. Conakry – Freetown

20. Conakry - Bissau1 

21. Conakry – Bissau2

22. Banjul – Dakar  

23. Bissau – Banjul

24. Dakar – Nouakchott1 

25. Dakar – Praia 

26. Conakry – Dakar

27. Dakar – Bissau

28. Bamako – Dakar

29. Bamako – Conakry

30. Bamako – Abidjan

31. Bamako – Ouagadougou1

32. Bamako – Ouagadougou2


	1997 – 

(Benin - Nigeria)

(Benin – Togo)

(Benin – Burkina Faso)

(Benin – Niger)

(Niger – Burkina Faso)

(Niger – Burkina Faso)

(Niger – Mali)

(Niger – Nigeria)

(Niger – Nigeria)

(Togo – Burkina Faso)

(Togo – Ghana)

(Cote d’Ivoire – Ghana)

(Ghana – Burkina Faso)

(Cote d’Ivoire – Burkina)

(Cote d’Ivoire – Liberia)

(Cote d’Ivoire – Liberia)

(Cote d’Ivoire – Senegal)

(Sierra Leone – Liberia)

(Guinea – Sierra Leone)

(Guinea Bissau – Guinea)

(Gambia – Senegal)

(Guinea – Sierra Leone)

(Senegal - Mauritania)

(Senegal - Cape Verde)

(Guinea  – Senegal)

(Senegal – Guinea Biss)

(Mali – Senegal)

(Mali – Guinea)

(Mali - Cote d’Ivoire)

(Mali – Burkina Faso)

(Mali – Burkina Faso)



	Project Oxygen
	2000
	X
	640 Gbps
	Submarine cable encircling Africa, 101 landing points worldwide. 
	Project abandoned.

	SADC Regional Information Infrastructure (SRII) – Short term
	Underway
	(
(
●

●

●

●

●

(()

(
	34 Mbps

622 Mbps

155 Mbps

155 Mbps

155 Mbps

622 Mbps

2.5 Gbps

34 Mbps

2.5 Gbps
	South Africa – Lesotho (i)

South Africa – Zimbabwe
Namibia – Botswana

Botswana – Zambia

Namibia – Zambia

Botswana – Zimbabwe

Zambia – Zimbabwe

Malawi – Zimbabwe

Malawi - Tanzania
	Completed

Completed

Work in progress

Work in progress

Work in progress

Work in progress

Work in progress

Upgrading to 155 Mbps

Under discussion



	SRII - Medium term
	Underway
	(
(
(
(
NA

(
(
(
(
(
(

	155 Mbps

155 Mbps

155 Mbps

155 Mbps

155 Mbps

622 Mbps

622 Mbps

622 Mbps

622 Mbps

622 Mbps

622 Mbps

2.5 Gbps
	South Africa – Lesotho (ii)

South Africa – Lesotho (iii)

South Africa – Swaziland

South Africa – Swaziland (ii)

South Africa – Mozambique

South Africa – Botswana

South Africa – Namibia

Botswana – Zambia

Namibia – Zambia

Mozambique – Zimbabwe

Malawi – Zimbabwe

Malawi – Zambia
	Completed

Completed

Completed

Completed

NA

Completed

Postponed

Upgrade from 155 Mbps

Upgrade from 155 Mbps

Upgrade from 34 Mbps 

Upgrade from 155 Mbps

NA



	SRII - Long term
	
	(
(
(
(
	NA

NA

NA

NA
	Namibia – Zambia

Namibia – Angola

Angola – DRC

Angola - Zambia
	Under discussion

Under discussion

Under discussion

Under discussion



	Med Nautilus
	2002
	(
	40 Gbps
	Egypt


	Submarine cable.

	Sat-3/WASC
	2002
	(
	NA 

45 Mbps

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA
	Angola

Benin

Canary Islands

Cameroon

Cote d’Ivoire

Gabon

Ghana

Nigeria

Senegal

South Africa

Portugal

Spain

	Submarine cable. 

Max 120 Gbps

	SAFE
	2002
	(
	Max 130 Gbps
	Mauritius, Reunion, South Africa, India, Malaysia. 

	Submarine cable.

	ALPAL-II
	2002
	(
	2.5 Gbps

Max 160 Gbps
	Algeria, Spain (Palma, Majorca)
	Submarine cable.

	Chad – Cameroon pipeline project
	2003
	●


	NA
	Cameroon, Chad
	Network not completed as far as Douala, where onward upstream connectivity to Sat-3/WASC.

	COMTEL
	2002 - 2005
	(
	Variable
	COMESA countries: Angola, Burundi, Comoros, DRC, Djibouti, Egypt, Eritrea, Ethiopia, Kenya, Madagascar, Malawi, Mauritius, Namibia, Rwanda, Seychelles, Sudan, Swaziland, Uganda, Zambia, Zimbabwe. 


	Project not yet started

	AfricaONE
	Phase 1
	X
	Max 80 Gbps
	South Africa, Namibia, Angola, DRC, Congo, Nigeria, Togo, Ghana, Cote d’Ivoire, Mauritania, Morocco

	Project abandoned.

	AfricaONE
	Phase 2
	X
	Max 80 Gbps
	Algeria, Tunisia, Libya, Egypt, Eritrea, Saudi Arabia.

	Project abandoned.

	AfricaONE
	Phase 3
	X
	Max 80 Gbps
	Djibouti, Kenya, Tanzania

Madagascar, Mozambique

South Africa.
	Project abandoned. Route of phase 3 similar to that of proposed East African submarine cable.

	Manantali HEP
	2003
	(
	2.5 Gbps
	Senegal, Mali, Mauritania
	

	SAS-1
	2003
	(
	Max 1.28 Tbps
	Sudan, Saudi Arabia

	Submarine cable.

	Proposed East African Submarine Cable

EASSy
	2005?
	(
	N/A
	South Africa, Madagascar (Mahajanga), Tanzania (Dar es Salaam), Kenya (Mombasa) then either:

· Djibouti; or

· Seychelles, Maldives, India.
	

	NEPAD ICT/1
	-
	(
	-
	West Africa
	

	East Africa digital transmission project
	-
	●
	-
	Kenya, Uganda, Tanzania
	- Project implementation delayed because of financing. 

- Telkom Kenya investing US$11.5m in the roll-out of the Kenyan section of the network as a national backbone.

- Originally due for completion end 2003.

- MTN Uganda building fibre from Kampala to Kenyan border, had reached Jinja by Sept 2003.

	Central Africa digital transmission link
	-
	(
	Variable
	Cameroon, Chad, Nigeria 
	Not yet completed


Map 31, shows planned backbone projects.  Added for elaboration is the concentration of tertiary institutions.

Map 31
Planned Backbone Expansions

Source: IDRC 2005
As mentioned in previous sections, there are various fibre links that have been, or are being, laid in large projects meant to provide external level access to African networks.  Examples of such connections are the SAT 2, set up in 1993, which links South Africa to Europe, and the SEAMEWE II project of 1994 that connects North Africa to East Africa in the Sudan region. Such projects are shown in Map 2.2.

In the context of existing and planned backbones, any planned academic consortia should be based on the distribution of students and teachers on the continent. The following map shows how large concentrations of academics are occurring in almost the same places as the developing regional backbones, which are also adjacent to crucial landing points of international connections. 

Map 32 
Staff and Students: Density across Africa
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Source: IDRC 2005

5.
Bandwidth Cost Models

This chapter has the task of delineating the various factors that influence the development of cost models in Research and Education Networks. This is being done in the hope of eventually creating a sound cost model for the proposed Pan African Education and Research Network. To come with a more informative cost structure, the chapter will discuss connectivity in three main categories. These are:

1. Terrestrial based connections.

2. VSAT based connections and

3. Network hubs.

The cost structure of any African network will be influenced by the choices of networking made, since terrestrial-based and VSAT-based networks will have different economics. Given the bandwidth situation already existing in Africa, as shown in the previous chapters, it appears that both VSAT and terrestrial networks will have to be used. This situation complicates the generation of a uniform pricing model for the network. However, drawing from what we know about established networks, it is possible to make recommendations that could be used in the final drafting of a pricing model, as shown in Chapter 7. There are a few points that need to be highlighted here, however, because they have a direct bearing on the model that will be arrived at. These factors are discussed starting in section 5.1 to section 5.3.

The chapter also discusses the network choices available for Africa and how these affect and are affected by cost models. The available network options have their strengths and weaknesses and these have to be weighed carefully before a conclusion is made as to which network option is to be taken. For the proposed Pan African Network, this chapter makes a dual network option, where both the terrestrial and VSAT links are used. As such, the costing model for the proposed network requires linking factors from both network types. Starting from section 5.4, this chapter seeks to demonstrate the challenges arising from this dual network option as well as highlighting the cost models that can meet the demands of these challenges. The final section will consider the various options available for billing within the established organisations. This aspect is crucial to the sustainability of the existing and proposed Pan African Network.

.

5.1
Terrestrial-Based Networks

The survey exposed the fact that these issues should be addressed as part of considering a terrestrial service:

i. Service delivery

· Can one of the national operators deliver the service to the locations required, at competitive prices? If not, does the supplier have a local African presence?

· What is the delivery time for the service?

ii. Service routing

· How is the service routed? – What does the supplier's network topology look like? (Usually a map or description of the size and locations of the national and international links) 

· Are the suppliers a Tier 1 provider?

· Who does the supplier peer with, nationally and internationally?

· Are there national peering points for major users in the countries and do the suppliers have access to those peering points? 

· Would the supplier permit a master router at the central node of their network to distribute bandwidth through a consortium route?

· Who ‘owns’ the IP registrations? 

· Does the supplier support BGP4 and MPLS routing?

iii. Service availability and quality

· Is there a guaranteed bandwidth service? What are the national / international components?

· What are the contention ratios (nationally and internationally)?

· What is the guaranteed service availability?

· What are the options for burstable bandwidth?

iv. Service and Maintenance

· Is there a help desk, and do they operate the same hours as the main working hours of the network?

· How quickly can the service be restored in case of failure - this would need to broken down by site for each part of the network.

There are different types of networks and services to be made available as well, and the costs depend largely on the type of network being employed. The following are the widely used terrestrial links.

5.1.1 
Leased Line
A leased line is a direct connection between two points. The benefit of a leased line is that traffic is not shared amongst users outside of the network; the circuit can carry voice, data and video with minimal equipment at each end. The downside is that in an environment where small amounts of traffic are used or where the traffic patterns are fairly minimal, the bandwidth can be wasted as it is only shared between the two ends and not across the network as a whole.

PTT’s have been providing this type of circuit for data usage for many years and in some locations, this is all that can be provided. As a rule the circuits are available in fractions of 64 Kbps up to 2048 Kbps and then in multiples of 2Mbps to 34 or 45 Mbps.

As the bandwidth is not shared, these types of circuits are the most expensive, especially on an international basis. 

5.1.2
Digital Subscriber Loop (DSL)

Asymmetrical Subscriber Digital Loop (ADSL) is widely used to provide Internet access for residential and small business users where upstream connectivity is usually 64-128Kbps, while downstream speeds are usually 256Kbps to 1Mbps. There is also usually a 'traffic cap’, which limits the total volume downloaded per month. DSL services are shared connectivity to the point of presence (POP) of the service provider, where they are then mixed with other traffic and routed further on, either to a higher tier Internet Service Provider or possibly back to other users in the network.

As the physical layer is similar to telephony circuits and in some cases where distances are not too great, DSL may be deployed by changing some of the terminating equipment in the exchange and at the users location.

These types of services have become widely deployed, due to their ease of use for both the PTT and the end-users. DSL services can also be used to augment leased line services.

5.1.3
Frame Relay
Frame Relay services are similar to leased lines, except that the guaranteed bandwidth is not a full pipe, but an average (usually a quarter of the maximum). This initial level is known as the Committed Information Rate (CIR). The rest of the bandwidth is there for sharing amongst users and is known as the burst, or Extended Information Rate (EIR).

Frame Relay services are still widely used to interconnect LANs, where the system manager knows the average usage (CIR) and purchases that amount of capacity. At peak periods, users may use some of the burst capacity, if and when it is available. 

The cost implication of using Frame Relay is not so severe, and it can carry voice and data.  However, since the burst capacity is shared at peak periods, it may or may not be available.  This can cause severe congestion. As a result, traffic sizing and management are critical when using Frame Relays.

5.1.4
Wireless
This is a very useful method of connectivity to a fixed infrastructure network for locations where there is a poor local infrastructure. Rather than rely on the local ground infrastructure for connectivity, wireless connectivity provides the ‘last mile’ solution. With suitable masts and antennae, these links can cover 15-35Km as long as line of site between the two antennae is maintained. Wireless equipment then connects to leased lines for onward connectivity to the terrestrial network. 

It should be noted that this can be used in conjunction with satellite connectivity to provide local services to rural areas where distances are two long for terrestrial wireless links.

There are three main types of wireless connectivity:

1. Short haul – up to 200m from the PoP

2. Medium haul – up to 10km from the PoP

3. Long haul – greater than 10km from the PoP

5.2 
VSAT-Based Networks
Not all satellite capacity is the same. This also applies to terrestrially- delivered systems; however, the capacity of terrestrially delivered systems is far less varied than that of equivalent satellite systems.

Terrestrially delivered systems usually offer a certain amount of bandwidth, plus an associated quality of service (QoS). The QoS may or may not be guaranteed, and it may or many not be disclosed by the service provider. So, for example, a “64kbit/s service provided on a 50:1 contention ratio with a Bit Error Rate (BER) of 1 error in 108 with a service availability of 99.99%” would be a fairly typical quotation. What does this mean in terms of service delivery?

It actually means that the service provider will allow the transmission of 64,000 bits of information to be transmitted per second. This transmission would be shared amongst a maximum of 50 users who may, or may not, be using the service at the same time. Therefore, in a best-case scenario, one user would get all 64,000 bits transmitted per second.  In a worst-case scenario, a user would get 64,000/50 (or 1280) bits transmitted per second. The QoS promise restricts the service provider, in this case, to an error factor of only 1 per 100 million bits transmitted, in other words, an error in 1 bit every 1562 seconds. Furthermore, the service will be UNAVAILABLE to the user 53 minutes per year, without specification of when the outage would occur.  This may, or may not, be compensated financially, in the case of outages.

Some service providers, using similar equipment, design their statements of service (QoS) around physical factors and past experience. 

The satellite world is different, and the factors associated with service provision must clearly be understood by all parties i.e. users, providers, service providers, network operators, satellite operators, Internet Network Wholesale Providers (as opposed to ISPs) and even terrestrial service providers. This is so that user experiences match promised service delivery and cost provisions.

Many of the factors governing satellite service delivery come down to how much the end-user customer can afford to pay for service. Therefore, for each service requirement, the satellite service must be well-defined with respect to the equipment and service parameters, the satellites to be used and other factors (see Chapter 6) so that all factors can be considered equitably. 

In fact this task is so complex that design engineers are required to calculate what is required to meet the parameters of the satellite service. The good news is that satellite services are very expandable. Possibly more so than terrestrial services and this is one of their greatest strengths. This will be expounded on further in this section.

Just like terrestrial links, there are a number of options available for VSAT based networks. There is a choice in the type of network itself as well as the type of satellite coverage used. These options also have a bearing on the delivery of service and pricing. This means that serious considerations have to be taken into account before a choice is made. The following are the available satellite coverage options.

5.2.1
 Global 
Global beam coverage, as its name suggests, gives coverage over most of the world’s surface.  The downside to this type of capacity is that, whilst the coverage is wide, the beam from the satellite has to cover a large area.  As a result, its received strength is relatively weak.

The effect of using a weaker beam is that larger antennas need to be deployed at the sites. The larger the antenna the more expensive the antenna, the more expensive the shipping, and the longer the installation process takes.

Global Beams are usually only available in C-band, although some satellite operators have large Ku-band beams that cover much of the continent.

Map 33
Global Beams in C-Band
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Satellite Facts

Prime Contractor
SS/Loral

Launch Window
June 2001

Launch Vehicle
Ariane

Total Transponders
C-Band: 72 (in equiv. 36 MHz units)
Ku-Band: 22 (in equv. 36 MHz units)

Polarization

C-Band: Circular
Ku-Band: Linear

Uplink Frequency
C-Band: 5850 to 6425 MHz
Ku-Band: 14.00 to 14.50 GHz

Downlink Frequency
C-Band: 3625 to 4200 MHz
Ku-Band: 10.95t0 11.70GHz

SFD Range (eam sdge)

C-Band: -89.0 to -67.0 dBW/m?
Ku-Band: -87.0 to -69.0 dBW/m?





Source: www.intelsat.com
5.2.2 Hemi

Hemispherical, or hemi beams for short, tend to cover a smaller area of the world than global beams.  They are, therefore, more powerful than the equivalent global beam. Hemi beams are available in Ku or C band.

Map 34
Hemispherical beam.


Source: www.intelsat.com
5.2.3
Zonal
Zonal beams are focused, tight beams, which cover a region. They tend to be of the highest power available. This type allows for the smallest antenna sizes. 

Map 35.
 Zonal Beams
Source: www.intelsat.com
5.2.4
Pricing Effects
End-users wish to use the smallest antennas possible, as they are the lowest cost, most easily shipped and more easily installed.

The question has to be asked, so why not use Zone beams all the time?

The answer is clear from the attached coverage maps; the end-users sites must fall within the zone beam to receive a signal from the satellite. As the zone beams cover the smallest area compared to Global and Hemi beams this is not always possible.

Some customers do not mind having larger antennas, this then allows for the use of less space segment (The capacity on the satellite) and therefore this can lower the overall service pricing.

There are a number of ways around this problem, including use of more than one beam type to give maximum coverage. Therefore, selection of the correct satellite is critical. 

Furthermore the location of the network topology becomes critical. The next section discusses some network satellite network topologies. 

5.3
Network Hubs
For both terrestrial and satellite based external level links, the location of the hub is a crucial decision that has to be made. In a network where a hub exists, the hub will connect to the Internet using a high bandwidth, highly available and reliable connection to the Internet. The hub is responsible for the distribution of the traffic to and from the network. South Africa, Nigeria, Senegal and Kenya are among the only countries with external level PoPs that are well improved and will be good locations for the hub.  However, for VSAT based networking, the options are different and need to be looked at closely.  A benefit of a hub system is that most of the traffic is transmitted from the hub towards the remotes .The remotes tend to be requesting information. This means that a large outbound channel can be shared between a large number of remotes. As the hub is the critical item compared to the rest of the network, the location of the hub is a key decision.

Chart 4

Hub-Based Network Topology.


The following are some of the factors that will influence the location of the hub for the proposed network, especially since the network is likely to be VSAT based.

Such a hub would need to be located at a site:

· Where the power quality is high and is fully backed-up in case of failure. 

· Where terrestrial connectivity is served by multiple ISPs – in case of failure, services can then be automatically routed through another provider.

· Where there is quality satellite connectivity to probably more than one satellite – in order to give maximum coverage and capacity.

· Where technicians are on-site 24 hours a day to support the hub and its associated equipment

5.3.1
Hubbed Locally
The hub may be located within an African country to give support to the African country alone. This depends on the number of sites; however it is unlikely that this will be economically viable except in some of the larger countries with many academic institutions, such as Nigeria, Kenya or Morocco.

Furthermore because of the factors associated with providing a quality connection to the Internet, the location of the site for the African hub needs careful thought. 

5.3.2
Hubbed Regionally
The hub may be located within an African country to provide access to institutions anywhere on the African continent. This is a more cost-effective scenario; however the upstream ISP service provider will need to be carefully selected. If the Internet connection to the hub is of a poor quality in terms of cost, throughput, availability and BER, then the service, once shared amongst the end-users is likely to be un-usable.

5.3.2
Hubbed Internationally
A hub may be located within Europe or the US, aiming to service the African continent. This is a possible scenario, since the de-facto standard for the provision of these services is one of high quality. As a result, there would be few issues related to the technical services provided by the hub.

An obvious downside in using a non-European hub location is one of time difference. Europe tends to be in the same time zones as Africa, whereas there are considerable time zone differences between Africa and the US. This means the contact-time window is fairly small.  SIDA is proposing to build a hub for Africa in Europe. This hub will be close to GEANT, allowing GEANT to provide its services to the universities through the hub.  This proposition holds the answer to the problems of bandwidth management and monitoring.

5.3.3
HUBLESS – SCPC and Multi-site SCPC

A hubless Single Channel Per Carrier (SCPC) service is an alternative to a hubbed system and is used by some satellite service providers in Africa. The SCPC type of service is very similar to that provided by a terrestrial link, in that it is protocol independent: what you put in at one end comes out at the other. Its benefit is that the two sites to be connected do not depend on other sites on the network. Therefore, deployment can go ahead without a major project plan. Furthermore, as there is no hub, the deployment is far more easily achieved. 

SCPC connections are typically used on an international basis and may carry voice, video or data or a mixture of all of them, depending on requirements and the terminating equipment.

Just as in the case of the terrestrial services, on a lightly loaded link the bandwidth may be under utilised, and a waste of resources. But unlike a terrestrial service, the bandwidth need not be symmetrical, and can be dimensioned according to inbound and outbound needs. As Internet access is usually not symmetrical, to save on costs, the requesting channel can be much smaller than the receiving channel. Typically a good ratio to use is 4:1. So a service such as 1024kbit/s on the receive side and a 256kbit/s is not unusual. Using a smaller transmit channel means smaller size equipment for transmission thereby lowering the cost and size of the antenna, and even more importantly, monthly bandwidth fees.

Chart 5

SCPC-hubbed Network


5.3.4
Mesh – Locally, Regionally and Internationally
A Mesh type network topology improves cross connectivity between sites. On a leased line Terrestrial network a duplex link is provided between sites to give connectivity between those two sites. If the network is multi-sited then for each and every site that requires a connection, another link is required. 

In a network that has a few sites, say less than 10, the topology is star-like. So a 10-site network requires 10 links. However in a 500-site network, 500 links - this would require 500*499/2 links or 124,750 links from the central site. Clearly this would be uneconomical, particularly if the sites were spread internationally. So in large networks, interlinked hub and spoke star networks are adopted. The central site in one country usually establishes one or two connections to other national network hubs using high-speed links. Country HQs connect to regional offices that in turn connect to the local offices. A lot of management and duplication of data takes place in these types of networks.  Multiple operators in multiple countries with potentially multiple protocols, languages and time zones, further complicate this. 

In a wireless mesh network anyone can connect to anyone else, dependant on the rules set by the system designer.  In a satellite mesh network, any node can communicate with any other node. This means in a 500-site network, the bandwidth can be designed to allow for the variations in bandwidth requirements.  Whilst this may be difficult to gauge in the initial stages, once traffic profiles have been ascertained, the satellite network would operate correctly.  Since the satellite network operates in a virtual connectivity mode, creating and breaking links as required, it is a far simpler task to create such a network. Each site would utilize the same hardware, and, although bandwidth might vary according to the traffic patterns, this would require only a simple configuration change.  In our 500-site mesh network example, the network design might require only 20 simultaneous connections, as opposed to the 500 required by the equivalent star-shaped network.

It should also be noted that voice traffic works exceptionally well with these types of networks. Many CPEs have voice interface ready for connection.

The required equipment could be utilized in a voice-trunking network, or simply as a LAN interconnect, a PBX interconnect network or even as a mix.

Chart 6

Mashed Single Hopped Network
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5.4 Summary of Network Options and their Effects on Cost

5.4.1
 Advantages and Disadvantages of Network Options
Table 10
Advantages and Disadvantages of Network Options 

	Technology
	Advantage
	Disadvantage

	Leased Line
	Widely used

Stable mature technology

Can carry most types of information:  video, voice, data

Low latency
	Costly

High speed not generally available in Africa

Not bandwidth-efficient on low traffic networks

Needs many connections on large, multi-sited networks

	Frame Relay
	Mature technology

Able to carry voice and data

Routed type circuits
	Not generally available for domestic services



	Mixed Leased Line and ADSL
	Efficient for distribution of IP traffic

Can carry voice and limited video

Equipment widely available
	Needs multiple site management

Point-to-point traffic must travel via central PoPs

	Wireless
	Equipment widely available and straightforward to deploy
	Only useful for local distribution

Must be used with leased line or satellite for onward connectivity.



	Satellite Network Typology: Hub Local
	All under one country control

Good quality Internet services

Faster implementation

Known local customs and regulations

Ability to use zonal beams
	Are there enough sites in each country to make this viable?

Local knowledge to maintain and support the network

	Satellite Network Typology: Hub Regional
	Good coverage means more likely to be viable

Politically good – home-grown

Regional traffic can stay in Africa

Build up local expertise
	Issues in location of hub

Is internet connectivity sufficient?

Is local knowledge and support available?

	Satellite Network Typology:  Hub International
	Good quality services available for interconnection

Potential to use an existing hub, saving $$$s

Availability of space segments
	Cost may be higher

Local knowledge may be missing

Time Zones may be different

Currency fluctuation may cause problems

	Satellite Network Typology: SCPC
	Good for point-to-point connections on a limited basis

Mature market – equipment widely available

Good for links with high traffic profiles
	Bandwidth inefficient for plain Internet access

Cost of services and bandwidth may be prohibitive

	Satellite Network Typology: Mesh
	Good for anywhere-to-anywhere connectivity, especially for large networks carrying trunk voice calls preferably international

Can carry toll quality voice and data
	Equipment Expensive

Is mesh connectivity really a requirement?


5.4.2 Comparison of Network Options

Table 11
Comparison of Network Options

	Type of Service
	Strengths
	Weaknesses

	Deployment and Installation of Fibre Services
	Where and when available will usually be faster than satellite services.

CPE is easier to maintain, as PTT provides network

PTT is used to complex billing and can provide single billing
	Not available in rural areas

PTTs not usually quick to deploy; bureaucratic

Deployment and installation times are pre-defined by PTT; in some cases, no times are quoted or guaranteed



	Deployment of Satellite Services
	Identical equipment can be deployed at every site, regardless of country

Once staff are trained to install and maintain, repeatability factor is high

Installation times, once equipment is supplied, is under user’s control

Maintenance is under user’s control


	Spares are non-standard and need to be held locally, especially in remote locations

	Terrestrial Service Definition 
	Once installed, services are usually highly reliable
	PTTs rarely compensate for outages

PTTs are notorious for not reporting faults to customers

Upgrades in bandwidth sometimes take a long timer

	Satellite Service Definition
	Usually defined by end-users according to specific requirements

Services meet, or more likely exceed, end-users’ requirements

Upgrading bandwidth or sites usually straightforward

 
	End user’s expectations are different from actual contractual obligations, leading to disappointment

Service definitions are usually less than required by end-users due to cost implications of satellite services

Satellite services have large step function costs, where applicable

	Regulatory
	Satellite services are permitted for use by many authorities, especially hub- based terminal equipment.

Equipment is already widely approved for safety, etc., by FCC, BABT

Some countries have simple registration processes or even blanket license arrangements 
	Some African governments view satellite services as a bypass mechanism to the local PTT and tend not to favour satellite services of any kind for any use

Regulatory fees may be excessive for hub and/or remotes

Fees are very hit-and-miss on an international basis



	Political
	Some African countries see satellite services as a way of moving the PTT to deploy their services more quickly

Some countries permit satellite services to ensure WTO agreements on communications are being met

In war-torn, or recently war torn, countries, satellite services are the main routes to new service deployments, e.g., Afghanistan and Iraq
	Some countries block the use of satellite services in order to protect their PTT investment

Some countries block the use of satellite services due to ‘national security’ 

Some countries are deliberating far too long on ‘the implications of satellite services’, even though the implications have been long known

	The Future – Terrestrial Services
	As demonstrated in the West, deployment spreads quickly, bandwidths increase, prices fall

Voice will be carried on IP backbones to end-users, collapsing the original Telco economy of voice carriage

Video services are beginning to be deployed IPTV
	In some cases, last-mile facilities are still owned and/or controlled by PTTs who tend to stifle competition through this route

Some countries will not permit Internet access in order to slow its growth and/or to protect their PTT economies

A slow roll-out of bandwidth upgrades – for many African states, this is still some way off.

	The Future – Satellite Services
	Hubbed terminal pricing continue to fall as more and more terminals are deployed.

Pricing continues to fall as greater numbers of terminals are deployed. The $1000 terminal is already here.

Other frequency bands, such as Ka, are being deployed. Equipment is still expensive but ultimately will allow for greater bandwidths on the satellites, thereby lowering costs
	SCPC and MESH services are declining, not only due to price, but they are also in competition with fibre services for trunk services

Higher frequencies are more affected by rain. There may not be a gain for the wetter parts of Africa


5.5
 Cost Models for Network Types

The following section shows the cost models and factors that would need to be considered for each type of network. 

It is likely that the final configuration will be a mixture of terrestrial, wireless and satellite services. Satellite services will predominantly be hub-based services

5.5.1 Fibre Connectivity
Terrestrial fibre costs vary significantly between countries. This report cannot detail the separate costings for terrestrial services deployed, by every service provider in every region of each country in Africa, as this is beyond the scope of this report. However a review of international fibre pricing can give an indication into rough costings and availabilities of service. 

As previously shown, the terrestrial service providers’ problems start from the point of presence of the fibre into the PTT’s network. At a recent conference it was demonstrated that the international terrestrial fibre costs vary greatly between countries for the same bandwidth. So for example landing a 2048kbit/s service into the country at the international PoP (just one half of the service to be deployed) varied between $12,000 and $20,000 per month. If we make the assumption that the bandwidth in the return direction is at the same cost, the total bandwidth cost is double, at a minimum of $24,000. 

The service would then require terrestrial circuits from the International PoP to the Educational establishment. This further adds to the cost, and because fibre links are few and not yet supplied competitively, satellite provided services continue to be cheaper.

5.5.2 Satellite Connectivity
5.5.2.1
Hubbed Service Provider Connectivity

All services quoted below are indicative of pricing obtained from vendors. Usually, discounts are available starting at 10+ units. Substantial discounts and bandwidth specialisation for the network can occur when 30+ terminals are deployed

Table 12
Hubbed Service Provider Connectivity

	Description
	Cost US$
	Notes

	C-Band Non-Recurring – One-off Payment in Advance per Site
	
	The following assumptions have been made:

1-year contract – take a  15% discount for a 3-year contract

Internet connectivity at the hub is included

Hub costs are included

Unlimited traffic volume within the bandwidth is defined

Shared service 10:1 contention ratio

	Shipping of hardware to site from supplier
	$1,000
	

	Installation of hardware at site, including ground
	$1, 000
	

	Hardware at site comprising:

2.4M Antenna

Indoor unit

Outdoor BUC 5W



Feed horn and waveguide


	$8,400
	Total Cost: $10,400


	Description
	Cost US$
	Notes

	C-band Recurring Monthly Cost per Site


	
	

	512kbit/s to site 128kbit/s from site
	$460
	

	512kbit/s to site 256kbit/s from site
	$552
	

	1024kbit/s to site 256kbit/s from site
	$920
	

	2048kbit/s to site 512kbit/s from site
	$1,104
	

	2048kbit/s to site 512kbit/s from site

	$1,840
	

	2048kbit/s to site 1024kbit/s from site
	$2,208
	

	Description
	Cost US$
	Notes

	Ku-band Non-Recurring Cost per Site
	
	The following assumptions have been made:

3 month rolling contract

Internet connectivity at the hub is included

Hub costs are included

Unlimited traffic volume within the bandwidth defined

Shared service 30:1 contention ratio

10% discount for 15 or more units

	Shipping of hardware to site from supplier
	$1,000
	

	Installation of hardware at site including ground
	$1,000
	

	Hardware at site comprising:

96cm / 1.2M / 1.8M Antenna as required

Indoor unit

Outdoor BUC 2W

Feed horn and wave guide

Service can carry VoIP traffic – additional cost
	$2,400
	Total Cost: $4,400


	Description
	Cost US$
	Notes

	Ku-band Recurring Monthly Cost per Site


	
	Volume discounts are available.

	256kbit/s to site 128kbit/s from site


	$500
	Contended 10:1

	512kbit/s to site 128kbit/s from site



	$700
	Contended 4:1

	1024kbit/s to site 128kbit/s from site



	$900
	Contended 2:1

	1024kbit/s to site 256kbit/s from site



	$800
	Contended 10:1

	1544kbit/s to site 256kbit/s from site




	$1,100
	Contended 4:1

	2048kbit/s to site 512kbit/s from site




	$1,800
	Contended 4:1

	2048kbit/s to site 1024kbit/s from site




	$2,400
	Contended 2:1


5.5.2.2
SCPC Service Provider Connectivity – Average Bandwidth
This is a typical SCPC pricing from a service provider in the broadband-by-satellite market. It provides sufficient bandwidth to a large site on a dedicated basis to that site. Although not indicated, services include 24*7 hour helpdesk and installation services and assistance.

Table 13
SCPC Service Provider Connectivity – Average Bandwidth

	Description
	Cost US$
	Notes

	Ku-band Non-Recurring Cost per Site
	
	

	Set up fees
	$2,500
	

	Space segment organization and purchase

Internet service fee
Port charges
	
	

	3.8M Antenna system excluding mount
	$10,000
	

	2.4M antenna system excluding mount
	$2,000
	

	Modems in and out bound
	$5,500
	

	BUC
	$4,000
	

	Installation
	$2,500
	

	Shipping 
	$3,000
	Total Cost:  $29,500


	Aspect
	Cost US$
	Description

	Ku-band recurring monthly cost per site
	
	

	Bandwidth charge from VSAT of 1024kbit/s



	$4,000
	

	Bandwidth charge into VSAT of 4096kbit/s




	$12,000
	


5.5.2.3
SCPC Service Provider Connectivity – High Bandwidth
What follows is typical SCPC pricing from the leading service providers in the SCPC market. It provides sufficient bandwidth for a whole country, and, then, using terrestrial services (including wireless) for onward distribution to remote sites. Although not indicated, services include 24*7 hour helpdesk and assistance with IP routing. High bandwidth in this example is a forward link into the VSAT of 72Mbit/s and outbound from the terminal at 18Mbit/s.

With this type of network, an alternative scenario is the distribution of the bandwidth to multiple sites, using DVB encapsulation and IP addressing on the forward link, with a point-to-point link from each site and fixed bandwidths. 

Using this type of configuration, the outbound link may be shared amongst many sites. DVB is a transport method for transporting the IP packets over the satellite to remote sites. 

Table 14
 SCPC Service Provider Connectivity – High Bandwidth

	Description
	Cost US$
	Notes

	Ku-band High bandwidth Non - Recurring Cost per Site
	
	

	Shipping of equipment


	$5,000
	

	Installation


	$8,000
	

	2.4M / 3.7M Antenna and ground equipment complete


	$22,000
	Total Cost:  $35,000


	Description
	Cost US$
	Notes

	Ku-band High-Bandwidth Recurring Monthly Cost per Site
	
	Bandwidth and IP costs

In this case, the supplier is giving a discount for a larger outbound link.

	0-10Mbit/s outbound 


	$3,600
	Per Mbps/month

	10-20Mbit/s outbound

	$3,200
	Per Mbps/month

	20-40Mbit/s outbound


	$3,000
	Per Mbps/month

	40+Mbit/s outbound


	$2,800
	Per Mbps/month

	Separately each and every return carrier effectively charged per site:
	
	The supplier will require an upfront collateral payment (deposit) as well. 

Service is based on a 12-month contract.



	1Mbit/s return channel


	$3,600
	

	512kbit/s return channel
	$1,850
	

	256kbit/s return channel

	$925
	


5.6
Transponder Pricing Issues and Trends

5.6.1 MIXED – NETWORK

It is clear that a single solution for Africa's tertiary and research institutions is unlikely to be feasible. As previously stated, if terrestrial services are available then they should take precedent. Satellite services will technically be available in all locations within Africa. However due to regulatory factors, this may not work either as a single solution. 

A mixed network, using both terrestrial (including wireless) and satellite services, is therefore considered in this section. It is expected that the design of the network would include consideration of a country-by-country analysis, since it is at the country level that regulatory, planning, transportation; installation and support issues may be identified and addressed most effectively. Countries could then be grouped together so that an overall strategy for the whole continent could be developed. 

5.6.2
Costs of Space Segment Units
There are a number of factors affecting the cost of satellite space segments.  These are shown below.

5.6.2.1
Factors Affecting Space Segment Units

Space segment provided by Satellite operators are not all the same. Whilst generically sold on a per MHz per month basis, the number of units of space segment is varies dramatically according to the application. Capacity of individual transponders varies usually from 36MHz to 72MHz. Purchasing bandwidth in full transponder units usually results in significant discounts, as does taking longer-term contracts (3-5 years). These factors make comparison of services and costing difficult. Factors affecting usage from a user perspective are:

· Coverage – Does the satellite cover the areas needed? This is a difficult question to answer at an early stage in the decision cycle. However, assuming total African coverage is required, the numbers of satellites that are possible to be used will be more limited.

· Antenna sizing – As previously mentioned the larger the antenna, the smaller the number of units of space segment required, which in turn reduces the cost per unit of bandwidth. The trade off in increased size (and initial cost vs. lower monthly bandwidth charges will depend on the locations and bandwidths to be used.

· Availability of the Satellite – Is there free capacity available and what is the potential for increasing that utilisation at some later stage?

· What is the power of the satellite and look-angle? – If it is low – more space segment will be required – increasing the size of antennae needed and the cost.

· What contractual terms are available? – A longer term with larger capacities will result in a lower cost per unit. Will the operator offer a lower price per unit for all the sites now even though only some may be in operation right now?

· Who is purchasing the lease on the satellite for the capacity? – A well-known credit worthy company is likely to gain more favourable rates rather than a small unknown company.

Clearly there are many technical and contractual terms to be considered if the best contractual terms are to be received from the Satellite Operator.

5.6.3
Preemptible and Non- Preemptible Space Segment Units
Satellites operate with on-board spare equipment because, if there is an equipment failure in space, switching to the spares makes it possible to resume normal service. In the case of a transponder failure, for example, the operator will switch in a spare one. However, this switching is not necessarily 1:1.  As a result, a situation could occur, although it is not likely, where some customers could not be switched over because, perhaps, there were no spares left. This results in what is called is called ‘preemptible capacity’, which is typically 25% less expensive than non-preemptible capacity. For the higher price, non-preemptible capacity customers are essentially guaranteed their space segment unit capacities. 

5.6.4
New Satellite Capacities Coming On-line
When a new satellite is launched, a large amount of new capacity becomes available. The satellite operator is keen to maximize revenue flow at this point, and, therefore, significant pre-launch discounts are available.  Typically, these are as high as 30% from the proposed standard rates. Furthermore, the newer satellites tend to be more powerful, so additional savings would be possible.  On the downside, a launch failure could mean a shortage of capacity for a whole a region until a replacement could be found. In such a case, pricing might rise until the replacement satellite was in position.  Because of such issues, being thoroughly familiar with the market, which offers capacity, is essential.

The most significant launch for 2005 for Africa is the Worldsat-2 satellite. It is scheduled for launch in February 2005 and will be located at 37.5W. Worldsat-2 details can be found at www.worldsat.net. There are also a number of Russian satellites to be launched by the Russian Space Authority, RSCC. Further details of these satellites can be found at http://www.rscc.ru/ru/index.html.  
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5.7
Billing/Invoicing and Common-Cost Sharing

5.7.1
Billing/ Invoicing 

The potential discount achievable for a large 100-site network is significant. However how would this be achieved in reality?

Local PTT’s often only permit local users to purchase capacity. This is for a number of reasons including, fraud, and legal and local currency fluctuations. Therefore the only way volume discounts can be achieved is if there are a large number of sites in a single country. TENET SA, acting in terms of the Agency Agreements it has concluded with each of its 47 institutions, acts as the “clearing house” for orders, billing and payments to/from Telkom SA. Telkom SA sees this as a significant enabling factor as regards special pricing.

Another method is where multiple services on an international service are purchased for delivery to multiple countries using a single terrestrial provider. However, in Africa at the present time the market has not matured sufficiently to result in the emergence of regional operators and therefore is unlikely in the near-to-medium term.

With a satellite network, a large single order with billing to multiple addresses is possible. Given the nature of the potential subscribers covered in this survey, they are likely to approve a purchase in advance of receipt, but according to budgetary allowances. Therefore, it would be possible to negotiate with a single satellite network vendor to give significant discounts if money were paid in advance and the network service provider saw the network as a whole.

Furthermore if this were not possible, a regional institution could act as a clearinghouse for payments for this network. The administration costs of performing this activity would be far less than the discounts received and therefore would be looked upon more favourably by a network service provider.

5.7.2
Common-Cost Sharing
There are many formulae available for common-cost sharing. The costs vary according to the network topology, and there would be a number of questions, including these:

· Where to measure? Point of delivery/point of usage

· What to measure? Bandwidth/usage/time

There are numerous methods available for measurement; however, the cost of doing this and the impracticality of the various methods means that it most likely would not be worth doing.

For a distributed network, costs would need to be allocated on a per-site on a regional academic network; costs need to be allocated on a per site basis. However on a terrestrially delivered multiple site network this may be difficult to calculate without the correct tools in place. The simplest way to do this is to group sites that are connected back to the point of delivery, divide their bandwidth allocation by their costs and charge accordingly. It is easier if all the sites have the same bandwidth allocation

A satellite-delivered network is actually easier to cost out. The service is directly delivered and can therefore be costed directly according to the service provided. Once a determination was made for the bandwidths required, the vendor would calculate the price of services supplied and charge accordingly.  Clearly, any such prices would be taken from a previously agreed-upon tariff sheet.

5.7.3
Statistical Models of Bandwidth Cost

According to accepted telecommunications cost models (CLARA 2004
), the price per bandwidth is determined by the following equation:

Price of AB = K * AB * ((AB)

AB is bandwidth capacity

K is a constant

( is a multiplier

Since  ( (AB) = AB –0,46 and Price (AB) can be denoted as P

Equation becomes:

 P= K*AB* AB –0,46 or P= K*AB0, 54
Example

A link with a capacity with 10 Mbps costs US$ 250 000 per year, the constant K of the Model becomes

250 000 = K * 10 * 10–0,46
Where

K = 250.000 / (10 * 10–0,46) = 72.101

 A typical cost graph is presented below where essentially the rate of cost increase decreases as the volume of bandwidth increases.
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  Note: The scale in this figure is just to exemplify, it is not any specific case. 
As a result the marginal cost of bandwidth dramatically decreases as the volume increases:
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Data from the ATICS survey (ATICS 2005) fits the standard telecommunication cost model quite well as seen in chart below:

Chart 7

Scatter Plot: Bandwidth cost comparison by Bandwidth capacity

[image: image18.emf]Scatter Plot: Bandwdith Cost


Cmomparison by Bandwidth Capacity


Total Kbps


16000


14000


12000


10000


8000


6000


4000


2000


0


-2000


Cost/Kbps


40


30


20


10


0


-10




Scatter Plot: Bandwdith Cost

Cmomparison by Bandwidth Capacity

Total Kbps

16000 14000 12000 10000 8000 6000 4000 2000 0 -2000

Cost/Kbps

40

30

20

10

0

-10


The implications of this model are very clear; the greater the volume of bandwidth being purchased the lower the marginal cost of that bandwidth. This fact forms the basic argument for bandwidth buying consortiums for African tertiary institutions. The further implication is that even small groups of institutions coming together can dramatically lower their per-unit bandwidth costs.

5.7.4
Potential Bandwidth Savings from a Consortium

In order to evaluate the potential impact of creating a bandwidth consortium representing African tertiary institutions, the ATICS survey analysed the current costs of a group of 65 institutions.  North African institutions with access to undersea fibre were excluded, as were institutions where bandwidth costs where not clearly specified.  The total bandwidth capacity and cost of all institutions was calculated. In order to account for the varying quality of bandwidth, institutions that did not have a committed information rate were considered only to be getting 70% of their stated bandwidth. This is in fact a very generous approximation and it is likely they are receiving far less.

With these assumptions in mind the results were as follows. Total bandwidth being used adjusted for CIR is about 48 Mbps. If a bandwidth consortium could negotiate a rate of $2.5/kbps, the universities would be able to either cut their costs by 50% or increase their bandwidth capacity by 100% at the same price. 

	Total BW of non CIR institutions (kbps)
	                   30,408 

	Total BW of CIR institutions (kbps)
	                   27,276 

	Total BW (kbps)
	                   57,684 

	Total BW adjusted for non CIR (70%)(kbps)
	                   48,562 

	
	

	Annual Cost of Bandwidth for 65 institutions
	 $  2,906,568.00 

	Current average Cost of BW ($/ kbps/mth)
	 $ 4.99 

	Expected cost of BW with consortium ($/kbps/mth)
	 $ 2.50 

	Expected yearly consortium cost of bandwidth for 65 institutions
	 $ 1,456,848.00 

	Savings per year
	          $ 1,449,720.00 

	Percentage savings
	50%


It should be borne in mind that cost savings would be only one of the benefits of such a consortium. Other benefits would include: 

1) Improved Bandwidth management: Being part of a consortium will encourage more effective bandwidth monitoring and management. Centralized technical expertise would increase support in several areas.

2) Increased Network Initiatives: Good connectivity will enable a plethora of new network initiatives between African institutions – initiatives that are extremely difficult to nurture given current levels of infrastructure

3) Improved Content Access: As a result of greater bandwidth availability, researchers and students will be able to take advantage of the significant scientific resources available online to developing world institutions.

6.
Review of Governance and Management Approaches

The establishment of effective Education and Research Networks requires the proper administrative mechanisms to be put in place well before the consortiums begin their operations. This chapter will review how the governance and managerial functions are being fulfilled by the surveyed organizations. The main managerial functions that this chapter makes reference to are:

1. Oversight

2. Advisory

3. Executive and

4. Operations.

Each of the organisations profiled in this study have employed these levels of management in their structures. The major questions however are where exactly, and why? Some of the organisations task the same group of people with all managerial functions, while others opt to spread responsibilities across a wider plane. However, by observing the major trends in the summary table on managerial functions, one can be able to notice the various trends in managerial functions allocation, and be able to select the most appropriate.

The chapter will also highlight a number of factors influencing the distribution of managerial functions within an organisation. In general these factors have to do with the amount of investments made by members into the consortium, investments that directly influence percentages of ownership. In respect of this, those parties, which made the largest investments, take up the most important managerial functions. In discussing these factors, this section of the report will also recommend the most suitable organisational structure for the proposed Pan African Education and Research Network.

6.1
 Governance and Management Functions

Each of the national, regional and international networks profiled in this report created governance and management structures that addressed the following key functions:

6.1.1 Oversight

A formal body usually carries out oversight. This function includes responsibility for overall strategy and fiscal integrity. The body with oversight responsibilities usually must approve key project plans, as well as project development and implementation strategies.  The board has ultimate hiring and firing responsibility for any member of the organization. As one can see from Table 15, the oversight role in the networks profiled was carried out by a variety of bodies including boards, councils, and even management committees. These bodies have a range of relative independence, from directly representing the members of the network (e.g., TERENA) to being completely independent (e.g., TENET SA). 

6.1.2 Advisory Capacity

In order to bring in the full range of advice needed to run a complex network most organizations have identified entities to provide an advisory function. In some consortiums, the role of these committees involves making sure that the interests of every party are met without compromising the efficiency of the organization. For bandwidth consortia, issues of pricing models, Acceptable Use Policies and Bandwidth Management procedures are usually be handled by the Advisory function. In the networks profiled, bodies ranging from independent committees to Government departments carry out this function.

6.1.3 Executive Management

This level is responsible for the implementation of decisions made at the oversight level. It is responsible for the actual running of the organization, taking care of such issues as staffing, public relations, financial accounting, project evaluation and annual reports. Executive management also decides when to release money allocated to certain projects at the oversight level, who to subcontract for certain duties, as well as making recommendations to the body on changes or new strategies that need to be used in order to meet the requirements of the organization.

6.1.4 Operations

The operations unit carries out the scientific and technical decisions that affect service delivery. Once these decisions are made, and if they require serious capital injections beyond the unit’s budget, they are passed on to the Executive that weighs these decisions to see if they fit into the mandate of the plans made at the Oversight Level of management. If they do, the Executive can then approve of these recommendations.  Operations makes decisions as to how much human resource is required to perform certain duties, what expertise is required, duration of projects, instrumentation required, and many other day-to-day details. If the Executive cannot act on the recommendations made by the operations unit, they are passed back to the Oversight where the project plans can be altered to accommodate new situations. In the networks profiled, operations are often handled by a range of players including IT staff within each of the tertiary institutions.

Table 15 below summarises the management-level roles in the networks covered by the survey.

	Roles

	TENET

SA
	KENET
	AVU
	MARWAN
	EUN
	AIMS
	DANTE
	TERINA
	GEANT
	IEEAF

	Oversight


	Board Of Directors
	Management Committee (Pvt & Public Sector: 8 Members
	Indep Board

Of

Directors

(12 Members)
	CRNST

Team
	Supreme 

Council of Universities

(All VCs)
	Board Of Directors (Recommended

By NEPAD)
	Non-Exec Board. (4 Members)
	Gen Assembly

+ Technical Committee
	DANTE

ADMIN Office
	Independent Board (9 Members)

	Advisory


	IT 

Managers
	Board of Trustees (7 Members) VCs+CEOs
	Board of Trustees (5 Members)
	Board (1 Rep from each member)
	Government

(Egypt)
	Independent

Board (International)
	European Union.
	Technical 

Committee (10 Members)
	Industrial

Advisory

Board
	

	Executive

Management


	CEO + Dept

Managers
	Secretariat
	AVU

Secretariat (34 Staff)
	MARWAN

Team (7 Members)
	Chair+

Supreme 

Council
	Executive Team (AIMS/CSIR/DST)
	G.M + Admin Office. 29 Members of Staff.
	Executive

Committee (6 Members)
	GEANT

Exec

Board/

Secretariat
	Exec Committee (6 Members)

	Operations


	Outsourced to Telkom SA.

	Member

Institutions
	AVU

Secretariat & Centres
	Task Forces
	Scientific

Committee
	
	Operations Team. (5 Members)
	Secretariat. (12 Members)
	Task 

Forces
	


Table 15
Management Level Roles in Networks

	Roles

	AERN
	LELAND
	EUMED
	ICTP
	AUF
	MIMCOM
	INASP

	Oversight


	The Chair + Executive committee
	USAID
	Board Of Directors
	Head of Admin

Office + UNESCO
	Board Of Directors
	National Library of Medicine

Board (US)
	Board Of Directors

	Advisory


	Exec Committee
	US State Dept (on policy issues)/ Academy for Educational Development
	GEANT + Special Committees
	Special Advisor (1 Member)
	Board
	NLM

Board
	International

Council

	Executive

Management

	Administrative officer
	USAID Africa Bureau Office of Sustainable Development 
	Special Committees
	Special Assistant/Program Assistant/2 Part time clerical staff
	Board
	
	Secretariat

	Operations


	Coordinators
	Local

Coordinators (Each Member Institution)
	Special Committees
	Admin

Office
	Member

Centres
	
	Centres


	Roles

	CEENET
	SEEREN
	CLARA/ALICE
	SILK
	TIEN
	RETINA
	REUNA
	CUDI

	Oversight


	General

Meeting (Reps from Each Member)
	SEEREN

Network

Operations

Centre
	DANTE/GEANT/

CLARA Board
	NATO
	DANTE/

TIEN Board
	Admin

Board
	Board
	Exec

Council

	Advisory


	
	Independent Industrial

Advisory

Board
	DANTE
	NATO
	DANTE
	
	General

Assembly
	Three

Committees

	Executive

Management


	Management

Committee
	Secretariat
	CLARA

Secretariat
	Special Team
	Secretariat
	Admin Board
	Exec

Director
	Exec Council

	Operations


	Secretariat
	
	ALICE

Secretariat
	Special Team
	
	Secretariat
	Operations

Team
	Committees


6.2
General Types of Governance Structures

The networks profiled in this study suggest three general models for management and governance

i) The Reciprocity Model: The majority of existing networks are set up as reciprocity networks, with members expecting mutual and equal benefits after making equal investments.

In this situation, members have equal voting powers and have to be consulted for every decision that has to be made. As such, each member appoints a representative to the General Council. This council can either appoint an executive and non-partisan board to make decisions on their behalf or simply make the decisions themselves. A common feature in most of the networks is a secretariat set up by the body of directors to see to the day-to-day running of the network. It is this secretariat that is responsible for all human-resources-related issues, as well as the actual implementation of decisions made by the board. A good example here is the Kenyan Network, KENET. There, members appointed a board of trustees, which makes decisions on their behalf. The diagram, which follows, shows KENET’s structure:

KENET Governance Structure






NB:  CEENet has a similar structure.

TENET SA can be seen as a variant of the Reciprocity Model, in which the pre-existing Vice-Chancellor’s associations jointly own or control TENET, in that they have the responsibility of nominating the (currently eight) persons that are Members of TENET in terms of the Companies Act. These Members, at General Meetings of the Company, appoint the Board of Directors. This structure removes the problem of having to have every institutions nominate a “councillor” which would make for much too large a body.

ii) Donor Centred Model:  Some networks are funded by a single organization that takes the dominant role in management and governance.

In this situation, the funding organization decides on who makes the decisions. This is largely because they have to choose a group of people who best meet their expectations. Members can be given voting powers to elect representatives into the governing council. All in all, it is the funding organization that decides how to run the organization. A good example here is DANTE, which runs the GÉANT, TIEN, EUMEDCONNECT and ALICE networks. In each instance, the organization appoints project managers for the running and implementation of procedures. At the same time, member organizations are allowed to make their inputs into the management of the networks.  The following is the organizational structure for TIEN.










NB:  This structure is almost true for all of the networks under DANTE, except for ALICE, where there is another organization, CLARA, assuming responsibility. Ciencia Hoy, a non-profit organization in Argentina, runs RETINA.

iii) Special-Member Model: Finally, there are networks where two or three parties make a greater investment in the project than the rest of the members. Those members with ‘extra’ amounts of investment then form a special group of members with certain privileges, as defined in their AUP.

Similar to networks with funding organizations, the members with the largest investment form a quorum, which decides on how to run the organization. In most cases, these members have twice (or greater) as much voting power as the rest of the members. This enables them to protect their investments.

An example of such a network is CUDI. Special members are Associates, while other members are Affiliates. Associates carry out executive decision-making and run the day-to-day operations of the network, since they have contributed more than affiliates. CUDI is formed by 4 categories of members as demonstrated below:

· Academic Associates: Universities that accept the financial commitment to absorb the cost to maintain the network.  They form part of the Executive Council.  

· Associated Institutions: Other Institutions that carry out a greater contribution to the association and form part of the Executive Counsel. 

· Affiliated Educators: Universities that only desire to be connected to the network and absorb the direct costs of their connection to the network.

· Affiliated business: Other Institutions that offer a smaller contribution to the operation of the network.

The governance structure for CUDI is presented in the following organogram:



 





6.2
General Types of Staffing Structures

Various patterns of staffing were observed in the course of this survey. These can be grouped together in ways that show two distinct patterns. 

· Full Operational Staffing: The organization sets up a complete operations structure, with both administrative and technical support offices. The diagram below demonstrates this pattern.






APAN is a good example of a network that uses this kind of staffing structure.

· Decision Focused Staffing: This pattern shows a single decision-making group. The decision-making group has the responsibility of outsourcing the requisite specialist services. Under this model, members are often tasked with maintaining their own link to the network. The group has responsibility over the usage of both the facilities and bandwidth. The following diagram shows this pattern as represented by TIEN2







7.
Recommendations for Bandwidth Consortia
In this chapter, the lessons drawn and observations made in preceding chapters are employed in making recommendations for the future of bandwidth networking in Africa. The focus is mainly on the impact that existing and planned Internet infrastructure will have on the establishment of bandwidth consortia.  The Internet infrastructure that has the largest influence on the development of consortia is undersea international links. This chapter will highlight how various lading points of these undersea fibre cables can be easily used as hubs for regional groupings. Also, the whole continent can form one large grouping using satellite connections.
The previous sections, as well as the results of the African Tertiary Institutions Survey (www.atics.org), confirm the findings that: 

· African tertiary educational institutions generally pay too much for poor quality bandwidth

· The bandwidth that is purchased is often poorly managed

· The formation of consortia to purchase bandwidth in higher volumes increases both the quality and lowers the cost of bandwidth to its members

· Significant value can be created if African tertiary education institutions can form a bandwidth consortium. Models all over the world (TIEN, CLARA), as well as within Africa (TENET, EUMEDCONNECT), reinforce this potential value.  Moreover, the formation of these consortia may be the initial impetus for establishing more general-purpose national and regional academic and research networks.

· The creation of bandwidth consortia comes at a point in time when changes in the connectivity landscape in Africa are creating dramatic opportunities to increase online access. Not only is there increased content that is directly relevant to Africa, but also there is the fact that bandwidth volumes are increasing at the same time that significant policy reforms are enabling access to this bandwidth.

· Due to the limited availability of international fibre gateways and national backbones, the establishment of regional consortia for bandwidth purchasing is likely to focus on the purchase of satellite bandwidth but may also need to consider emerging international or national backbones.

Chart 8

Bandwidth Consortia and Increased Online Access
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7.1 
Potential Consortia and their Evolution
Given the current state of network infrastructure in Africa, a number of existing and potential consortia may emerge to address the bandwidth needs of their respective members. It is clear there is no single solution for a communications network for all educational institutions. Although using terrestrial services will ultimately be the best way forward, comprehensive terrestrial-service coverage does not exist. As a result, multiple networks and consortia are likely to emerge to address the wide diversity of needs. The following consortia show potential responses to the bandwidth needs of African tertiary institutions. Each of these is likely to evolve in different timeframes:

1) EUMEDCONNECT:  This network already exists and is highly successful in linking North African institutions to Europe. It provides an excellent model for other African consortiums and must continue to connect the remaining North African institutions and focus on creating a sustainable future.

2) Pan African VSAT Consortium(s):  Given the fact that terrestrial infrastructure is still disjointed and sparse across much of Africa, the only immediate way to deploy a world-class educational network within an initial 12-month period is to implement a satellite-hubbed network. The hardware for these types of networks is available at relatively low cost.  It is also of higher quality and is more easily available.  Because of the dramatic cost savings, which result from volume purchasing, a number of separate VSAT consortia could be created, if following that strategy proves to be more politically expedient.

3) SAT-3 Fibre Consortium:  The SAT-3 cable lands in 16 countries along the West Coast of Africa. As fibre networks become more widespread in these regions of Africa, obtaining bandwidth through this link is the most obvious choice because of its high capacity and quality. Already, TENET South Africa is utilizing this bandwidth link to provide its 26 institutions with international connectivity. However, the biggest challenge is that monopoly-pricing by the owners of the cable is currently making this bandwidth even more expensive than VSAT. Unless political pressure is brought to bear on reducing these costs, the rapid utilization of the resource will not be possible. 

4) East African Submarine System (EASSY):  As was described earlier, plans are well underway to build an East African fibre link. As this becomes a reality, it will provide another important means through which educational institutions along the east coast of Africa will be able to improve their bandwidth. As with SAT-3, however, the issue of pricing will be paramount. EASSY would also provide an alternative to SAT-3 on international routes for traffic from southern Africa and thus should encourage competitive pressure towards lower prices for international bandwidth in the region. 

5) Regional Terrestrial Fibre Network for East and Southern Africa: A variety of initiatives such as COMTEL show plans for establishing a fibre backbone, which would link all of the countries in East and Southern Africa with connections to SAT-3 and EASSY. In the next 3-4 years, this should see all countries in the region with at least one international fibre route (see graphic below).

6) West African Fibre Networks: While plans are less advanced in West Africa, studies are underway to define similar international fibre projects for this region. Senegal has already begun to act as an international hub for its neighbours (Mali, Mauritania and Gambia) via its links to SAT-3, which it has extended to these countries. 

7) Central African Fibre Networks: While connectivity is even lower in this region, projects are also being envisaged to connect these countries to emerging regional and cross-continental fibre grids.

The following diagram shows the potential consortia that can emerge in Africa


[image: image20]
In the near future, both bandwidth volumes and sources are likely to increase in Africa. The usage of bandwidth by tertiary educational institutions is also likely to evolve in the general directions as shown in the previous diagram.  Initially, VSAT will continue to provide the bulk of bandwidth needs, but, as we begin to see lower costs, internationally connected fibre systems will grow in many parts of Africa, and institutions will migrate to these sources. When the pricing falls below the costs of satellite-delivered services, this migration will be inevitable. The VSAT equipment at those locations could then be redeployed to smaller or more remote locations.

Chart 9

Possible shifts in bandwidth sources for Africa
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7.2
 Types of Potential African VSAT Consortia
The overall governance and structure of VSAT consortia will ultimately depend on the needs and preferences of the member education institutions and the strategies of the committed African donors. There are essentially three ways in which a VSAT consortium could evolve:

1) Creation of several regional and/or research-focused networks: For example, East, Southern and West African tertiary institutions could each create their own VSAT consortium.  This way, each network would be able to deliver significant value because critical volumes would be obtained. Additionally, other specialty networks (i.e., for medical research, such as MIMCom, or language-focused networks [French West African]) could also be established.

2) Organic growth of existing established network: The obvious example of this is the initiative being taken by the AVU in sourcing bandwidth for the five universities participating in the Partnership for Higher Education. Over time, other institutions could join the consortium, and it could become the dominant bandwidth provider.

3) Establishment of an independent entity focused on bandwidth provision:  African educational institutions and committed funders could decide to follow the example of most other networks in the world and create an independent organization that is focused on providing the lowest cost bandwidth to its members.

These options are depicted in the following diagram.

Chart 10
Consortium Options
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It is likely that some mix of these types of consortia will emerge over time, in ways that will reflect donor funding strategies and educational institutional preferences.  Whatever form they take, it is clear that consortium governance must be non-profit, participatory and transparent.

The rest of this chapter focuses on specific recommendations for the establishment of an independent bandwidth consortium.

7.3
 Governance of Potential African VSAT Consortium
Of the three administrative models discussed in section 6.2 on general types of governance structures, a combination of ii (donor-centred) and iii (special member model) seems to be the most appropriate for the proposed African VSAT Educational Network. For the most part, this is because:

a) The network will likely require significant donor involvement. The financial commitments involved, however, could be handled by one or two major donors, and their strategies and interests would be clearly reflected in the organizational model. 

b) There is a wide diversity of institutional capacities among African universities, and the stronger institutions are likely, at least initially, to play dominant roles within the organization. These might not have high-capacity connections, but they have managed to develop their Internet infrastructure beyond what has been developed elsewhere on the continent. Countries with such networks are in a position to invest more money into high-speed connectivity projects than the rest who would have to worry about buying basic IT equipment as well as setting up national networks. 

Because of the diversity in institutional capacity, membership in an African VSAT Education Network is likely to include different categories.  The proposed governance structure would include the entities illustrated on the next page.









Independent Board of Directors:  This body would serve the primary oversight functions of a board: strategic direction and fiscal responsibility. Ideally, its members would represent a broad range of stakeholders, including representatives from governments, education institutions and the private sector, but it must be seen as being independent and acting in the best interests of the membership. The purpose of having an independent board is to minimize the level of politics in the organization. The selection of the board would be the responsibility of the Membership Advisory Group and the funding agencies. Board membership would be for a three-year term, with appointments being staggered so that a level of continuity could be ensured. Board meetings would occur at least once a year. The key to minimising the level of politics and conflict of interest as exemplified by the TENET SA Board is to systemically avoid involving persons in more than one of the following functions:

(a) The essentially political roles of sustaining the intention to collaborate and defining the principles by which costs and benefits will be shared; from

(b) The duty of managing the collaborative provision of services at all levels from the strategic to the operational and from

(c) The responsibility of being a demanding customer of the collaborative services.

For TENET, the Vice-Chancellors collectively, in their selection of the eight members of TENET, who in turn appoint the Board at Annual General Meetings, fulfil function (a). The Board, which fulfils function (b), is perceived to be an expert group. Directors are appointed because of the valuable contribution they can make to the healthy management of the Company and not as representatives of particular institutions, regions, government or any other grouping of stakeholders. Maintaining good arms lengths between functions (a) and (b) and between (b) and (c) is the structural key to enabling the Board to focus on running the services without lapsing into behaviour that is politically motivated or rooted in conflicts of interest.

Membership Advisory Group: This would comprise a group of not more than nine elected representatives of the educational institutions making up the membership of the consortium. The primary responsibility of this advisory group would be to work with the donors in selecting an appropriate board of directors and providing feedback as needed from the membership.

Donor Advisory Group:  This is envisioned as a group of donor representatives who would ensure that the strategic interests of the project are being met. The primary role of this group would be to select the board of directors and to ensure that funding is channelled to the consortium as needed.

7.3.1
Staffing
The staffing of the consortium organization should be minimized in order to ensure efficiency. Ideally, the technical management of the network (i.e., the management of the Network Operations Centre [NOC]) would be handled by the VSAT company supplying the bandwidth. The proposed staffing structure is presented in the following diagram.








Executive Management Group:  The group would consist of a focused management team, as shown below.


[image: image23]
Key roles would include:

a) Program Director: responsible for overall progress of the project: including:

· Marketing and operational plans

· University and government relationships

· Overview of financial and legal issues

b) Technical Support Managers:  responsible for technology decisions and management of the project’s roll-out to all countries. In this role, the technical support managers would have to

· Design the overall network

· Select bandwidth providers

· Liase with technical personnel at beneficiary institutions and identify appropriate equipment service providers

· Develop service-level agreements with all technical service providers

· Track the performance of all service providers

c) Legal/Policy Advisor:  responsible for negotiations with respect to legal, contractual and policy issues in the project. Key tasks would include:

· Developing tailored bandwidth licenses that would enable the project to operate unhindered in each policy environment

· Negotiating with national regulators to ensure passage of the “special license”

· Assisting in negotiations with bandwidth suppliers and ensuring service level agreements are written up appropriately

· Assisting in negotiations with equipment suppliers and on-the-ground service providers and in the development of key contracts which would involve them

d) Finance Director: responsible for effective and efficient financial systems

· Creating effective financial relationships with participating institutions in order to ensure on-time billing and payments for bandwidth

· Managing the administrative issues within the network to ensure efficient and cost-effective operational running of the organization.

e) Business Development Manager: responsible for donor relationships and developments within the network:

· Ensuring donors are kept informed of progress in the field and providing feedback to the project

· Developing partnerships with like-minded initiatives

· Developing value-enhancing projects, such as VOIP, Internet 2 peering, and focus research on the African network

Technical Service Providers:  The primary service provider would be the satellite bandwidth operator, who would provide not only the bandwidth, but also technical management capabilities. Other service providers would include equipment suppliers and maintenance companies, as well as, potentially, training providers. The network would require efficient systems of procurement, shipping, installation, maintenance, operations, repair and billing systems – all of which could be outsourced to some extent. 

Operations (IT Departments):  The actual technical operations at each of the education institutions would be handled by local staff who would work directly with the technical service providers and the technical managers of the consortia.

Expert Committees: The consortium is likely to stimulate interest in a number of specialized technical areas, and there is an opportunity to create several expert technical committees who would address the priorities of the network.

Both the Silk Highway Project and the Malaria Network (MIMCom) have used a staffing approach where technical services were outsourced.  This has allowed these networks to grow relatively quickly. Moreover, since IP services are VSAT-based, there would be only a few points of connection, something which would require fewer people as monitors. 

7.3.2
 Technical Approach
The recommended network configuration would be a meshed network with a central hub in either the US or Europe.  The network should not be over-complicated. Whilst the geographical spread is wide, if similar terminals – with only a few permutations on the hardware – were deployed from a central African store, it should not be too difficult to achieve a large number of deployed sites per month. 

7.4
 Funding and Sustainability
All the networks profiled in this study have relied heavily on donor support for their initial set up and continued operations. Although there is no reason to believe this will not be the case for bandwidth consortia in Africa, the full participation and support from the African institutions themselves will be needed.

The chart below shows rough estimates of the funding sources for some of the key networks in the study.

Chart 11
Funding for Selected Networks
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In order to achieve sustainability, the consortia will have to pursue a strategy of a gradual reduction of bandwidth subsidy over the course of 5 to 10 years. The example of TENET SA is instructive:  the organization provided subsidies on increasing quantities of bandwidth over three years. At the end of this period, member institutions were covering all of their own bandwidth costs.

7.4.1
 Financial Risk Mitigation
One of the biggest challenges in the successful long-term operation of bandwidth consortia is the mitigation of financial risk. The consortium will need to be a legal body that will sign the bandwidth contracts with the VSAT supplier in order to obtain the volume discounts desired. However the consortium must then enter into binding contracts with each of the educational institutions for the provision of their bandwidth. It is expected that some member institutions will default on their payment obligations, and strategies must be in place to handle this eventuality. There are four primary mitigation strategies:

i. Member institutions must prepay their bandwidth fees. If payment is not received on time, services will be immediately cut off. Usually, this creates a crisis within the institution, and funds are immediately prioritised for bandwidth.

ii. If member institutions create a history of non-payment, the amount of bandwidth they could purchase would be reduced.

iii. Estimates of expected default rates could be made and a “self insurance” fund created to cover the expected shortfall.  Such a fund would be built into consortium charges

iv. Insurance companies are invited to provide insurance against default.

7.5
 Regulatory Strategy
An important role of the consortium will be to negotiate with governments to allow the use of satellite and/or to eliminate license fees and monopoly pricing for educational bandwidth. A well-conceived diplomatic strategy would have to be pursued in order to accomplish this. Precedents, both within and outside of Africa, indicate that this is possible. EUMEDCONNECT, for example, was able to assist universities in North Africa in lobbying their governments for educational waiver on fees and pricing. Also, the Partnership for Higher Education has not had much difficulty in doing the same for the sub-Saharan countries in which they operate.

Many countries have already embraced liberalization policies, although a few challenges do remain. Map 33 shows the various levels of VSAT liberalization across the continent. Unless these un-liberalized governments grant special authorization to universities and research centres, 74 institutions in six countries, (i.e., Angola, Benin, Chad, Ethiopia, Kenya and Namibia) would be unable to use VSAT for their international connectivity except through the incumbent operator.

Map 37
VSAT Liberalization in Africa
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7.6 
Location of Consortium Headquarters
From a technical standpoint, it would be best for the consortia headquarters to be located near the central hub – i.e., in the US or Europe. However, politically, it would best if the headquarters were located within Africa.  In this latter case, its location must meet several important criteria:

i. The country must be seen as being relatively independent and as having good relations with the rest of Africa

ii. Its technical infrastructure must be advanced enough to meet the needs of an international office

iii. Facilities for easy travel to and from headquarters must be in place

iv. Politically, it must be relatively stable

v. Highly qualified staff must be willing to locate there

South Africa is clearly highly advanced and is well serviced in terms of travel. However, politically, it may not be suitable. Other countries that may meet the above criteria include:

· Botswana

· Kenya

· Uganda

· Senegal

The selection of the headquarters is likely to be a political process involving the initial members and donors. Alternatively, the independent board of directors could make the decision.

7.7 
Partnerships with Private Sectors
Strong partnerships will need to be forged with the various private-sector service providers. They will include:

1) The satellite operator

2) The satellite equipment suppliers

3) The networking equipment suppliers

Any bandwidth consortium would have high visibility, a large number of sites, significant bandwidth and important political value.  Given these characteristics, and the fact that most private-sector players have some sort of social responsibility program, favourable terms could be negotiated for their services.

7.8
 Partnership with Regional Academic Networks in Other Continents
International networks such as Geant and Internet2 have already indicated their interest in assisting with linking their networks to similar emerging African networks. These could provide relatively low-cost upstream connectivity for African institutions. Also, it would be important to foster south-south knowledge exchange by ensuring that African networks are linked to their counterparts in Asia and Latin America

7.9
 Recognition of Evolution of Bandwidth Sourcing
The consortium will have to actively monitor the bandwidth landscape in Africa and, as terrestrial options become more attractive, be able to quickly shift connections for certain institutions to the most competitive option. This will mean that, over time, the consortium will evolve from providing bandwidth via VSAT only to providing bandwidth via terrestrial sources as well.

7.10
 Indicative Budget 
The budget of the bandwidth consortium will depend on four main factors:

1) Bandwidth costs

2) Level of bandwidth subsidy by donors

3) Number of members

4) Level of capital equipment subsidy

Specific estimates, which cover these four factors, are as follows:

a) Bandwidth costs will begin at a cost of $US 3000/Mbps/month and will fall over five years to a cost of $US1800/Mbps/month. This is based on current trends in the VSAT bandwidth marketplace and the recognition that cheaper terrestrial bandwidth will be coming into the market during this time period.

b) The bandwidth subsidy by the consortium will begin at the fairly high rate of 75% and be reduced gradually to 0% over the course of the project. The goal is to have the consortium fully self-funding at the end of the five years.

c) The number of institutions will grow to 30 during the first year and continue to grow at 30 per year over the next two years until the number reaches 90 institutions. The consortium must be flexible enough to significantly accommodate more or less this number of institutions. At some point, specific membership criteria may need to be defined to control this number.

d) Regarding capital equipment, most of the institutions will require new installations.  Using the latest low-cost equipment can contain these costs. At least 20% of the institutions will already have their own equipment. It is assumed that 100% of capital costs will be subsidized.

Table 16
Budget Assumptions

	 
	Year 1
	Year 2
	Year 3
	Year 4
	Year 5
	Total

	No Institutions (Cumulative)
	30
	60
	90
	90
	90
	

	$US Cost per Mbps/month
	3000
	2700
	2500
	2000
	1800
	

	Average Institutional Bandwidth (Mbps)
	3
	4
	5
	5
	5
	

	Total Bandwidth Required (Mbps)
	90
	240
	450
	450
	450
	

	Project Bandwidth Subsidy %
	75%
	50%
	25%
	10%
	0%
	

	Total Bandwidth Subsidy (Annual)
	2,430,000
	3,888,000
	3,375,000
	1,080,000
	0
	10,773,000

	Bandwidth Cost to All Institutions (Annual)
	810,000
	3,888,000
	10,125,000
	9,720,000
	9,720,000
	34,263,000

	Average Monthly Cost per Institution
	2,250
	5,400
	9,375
	9,000
	9,000
	

	

	Cost per Installation: Turnkey + Maintenance
	40,000
	30,000
	20,000
	
	
	

	
	
	
	
	
	
	

	% of Institutions requiring equipment
	80%
	80%
	80%
	
	
	

	Total Capital Equipment/Service
	960,000
	720,000
	480,000
	0
	0
	2,160,000

	
	 
	 
	 
	 
	 
	 


The operational costs associated with the project will be driven by the salary and travel costs of the four main project employees and the insurance costs needed to mitigate the risk of non-payment of consortium members.

Given these assumptions, the budget under this scenario would require a total five-year donor funding of about $US16 million, with the goal of the consortium being fully self-funded by the end of the project period.

Table 17
Indicative Budget

	Revenue
	Year 1
	Year 2
	Year 3
	Year 4
	Year 5
	Total

	Bandwidth Subsidy
	2,430,000
	3,888,000
	3,375,000
	1,080,000
	0
	10,773,000

	Capital Equipment Subsidy
	960,000
	720,000
	480,000
	0
	0
	2,160,000

	Operational Support
	850,000
	800,000
	750,000
	700,000
	500,000
	3,600,000

	Fees from Universities
	810,000
	3,888,000
	10,125,000
	9,720,000
	9,720,000
	34,263,000

	

	Total Revenue
	5,050,000
	9,296,000
	14,730,000
	11,500,000
	10,220,000
	50,796,000

	

	Expenses

	Bandwidth Costs
	3,240,000
	7,776,000
	13,500,000
	10,800,000
	9,720,000
	45,036,000

	Capital Equipment Costs
	960,000
	720,000
	480,000
	0
	0
	2,160,000

	Operational Costs
	
	
	
	
	
	

	   Salaries
	400000
	400000
	400000
	300000
	300000
	1,800,000

	   Travel
	90000
	60000
	60000
	30000
	60000
	300,000

	   Rent
	48000
	48000
	48000
	48000
	48000
	240,000

	   Office Expenses
	24000
	24000
	24000
	24000
	24000
	120,000

	   Legal Fees
	25000
	10000
	10000
	10000
	10000
	65,000

	   Insurance
	97200
	155520
	270000
	216000
	194400
	933,120

	

	Total Operational Costs
	684200
	697520
	812000
	628000
	636400
	3,458,120

	

	Total Expenses
	4,884,200
	9,193,520
	14,792,000
	11,428,000
	10,356,400
	50,654,120

	

	Surplus/Deficit
	165,800
	102,480
	-62,000
	72,000
	-136,400
	

	Cumulative Balance
	165,800
	268,280
	206,280
	278,280
	141,880
	 

	

	Total Donor Funding Requirement
	4,240,000
	5,408,000
	4,605,000
	1,780,000
	500,000
	16,533,000


This translates into a funding requirement of between $US 4 and 5 million per year for the first three years, followed by significantly less being required as the consortium members take over most of the financial responsibility during the last two years.

7.11
 Cost Benefit Analysis 

Benefits from creating a bandwidth consortium exist at several levels:

a. Financial:  The bandwidth cost savings from volume discounts will be at least 20-50% of the costs institutions are currently paying. Thus, over the course of the project, the consortium will save its members over $US20 million dollars, assuming they would have purchased the equivalent amount of bandwidth separately.

b. Bandwidth management: Being part of a consortium will encourage more effective bandwidth monitoring and management. Centralized technical expertise will increase support in several areas.

c. Network Initiatives: Good connectivity will enable a plethora of new network initiatives

d. Content Access: As a result of greater bandwidth availability, researchers and students will be able to take advantage of the significant scientific resources available online to developing world institutions.

8.
Conclusion

There are many research and education networks emerging in Africa that promise to change the academic landscape. The leading national networks such as TENET and KENET are beginning to address many of the key issues facing their members, especially those concerning Internet connectivity, and to provide excellent models to colleagues across their borders.

Several continental networks are also beginning to emerge, many with a focus on improving Internet connectivity and utilization. In several cases, these networks are operating in overlapping areas and, although the potential for collaboration is yet to be fully explored, it certainly exists. These networks have much to learn from international experience.

Research and education networks in Africa need to stay abreast of an infrastructure landscape that is evolving very quickly. The good news is that, in the near future, it will be possible for all African countries to have external-level connections to the general Internet via a high capacity fibre links. There is, however, a lot of ground that has to be covered before this becomes a reality since most of Africa is still to be networked by Internet infrastructure, and since those bandwidth networks, which do exist, are not independently owned or managed. As a result, in order for most academic institutions to improve their connectivity, the formation of a VSAT-based bandwidth consortium is the most effective strategy in the near term.  As has been seen elsewhere in the world, the formation of consortia to purchase bandwidth in higher volumes both increases the quality and lowers the cost of bandwidth to its members.  Models all over the world (TIEN, CLARA) as well as within Africa (TENET, EUMEDCONNECT) reinforce this potential value.

The proposal to create bandwidth consortia comes at a time when changes in the connectivity landscape in Africa are creating dramatic opportunities for increasing online access. Not only is there increased content that is directly relevant to Africa, but also there is the fact that bandwidth volumes have increased at the same time that significant policy reforms are enabling access to this bandwidth.

This report shows in detail how a potential consortium can be formed. It is now up to the African academic institutions in consultation with the donor community  to determine how best to turn this idea into reality.
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Contact Details of Networks Profiled

	Organization
	Contact
	E-mail
	Website

	Africa NRENs
	
	
	

	Algeria National Research Network/CERIST
	Mr. Abdelkader Khelladi General Director 


	arn@wissal.dz
	www.cerist.dz


	Egyptian National Scientific and Technical Information Network-ENSTINET 
	Ahmad A Bassit, Director


	ab@enstinet.eg.net
	www.sti.ci.eg


	Egyptian Universities Network
	Dr Ahmad A. Bassit, Executive Director


	ab@mailer.eun.eg

	www.frcu.eun.eg


	Kenya Education Network-KENET
	Victor Kyalo, CEO


	vkyalo@kenet.or.ke
	www.kenet.org


	Morocco Research Wide Area Network-MARWAN 
	Mr. Redouan Merrouch, Responsable du Réseau 


	merrouch@marwan.ma
	www.marwan.ma


	National Research and Technology Network-RNRT Tunisia
	Khaled Bouaziz, Network Administrator


	bouaziz@spiky.rsinet.tn
	Not found

	Nigerian Universities Network- NUNet 
	Kayo Odedina, Assistant Chief Engineer, Nigerian Universities Commission 


	odedina@nuc.edu.ng

	www.nuc.edu.ng


	Tertiary Education Network- TENET South Africa
	Duncan Martin CEO


	ceo@tenet.ac.za
	www.tenet.co.za


	Tertiary Education Network-TENET Tanzania
	Professor Beda Mutaghywa
	bmutag@udsm.ac.tz
	none

	Africa Regional and Continental Networks
	
	
	

	AVU
	Alex Twinomugisha

IT Manager
	atwino@avu.org

	www.avu.org


	Multilateria Initiative on Malaria-MIMCom
	Julia Royall

Chief International Programs
	jroyall@nlm.nih.gov
	http://www.nlm.nih.gov/mimcom/mimcomhome.html


	WiderNet
	Cliff Missen

Director
	missenc@widernet.org

	www.widernet.org


	EUMEDCONNECT-GEANT-North Africa
	David West

Project Manager
	David.west@dante.org.uk

	http://www.eumedconnect.net/?PHPSESSID=ce7e6de28c490c79492128941108cd59


	GEANT-TENET SA
	David West

Project Manager
	David.west@dante.org.uk
	Not found

	Internet Education Equal Access Foundation-IEEAF
	Don Riley 
 
	drriley@umd.edu
	http://www.ieeaf.org/

	
	
	
	

	Proposed and Lapsed Regional and Continental Networks
	
	
	

	African Education Research Network
	Dr. Kwabena Ofori-Attah 

AERN Research Fellow


	doforik@cc.cumber.edu
	http://www2.ncsu.edu/ncsu/aern


	African Mathematical Institutes Network-AMI Net
	Fritz Hahne, Director, AIMS


	fjwh@sun.ac.za
	www.aims.ac.za

	Increasing Bandwidth for African University Develoment-IBAUD
	Dr Roy Steiner

TEEAL
	roy@cyberplexafrica.com

	www.ibaud.org


	ITU/UNU African University Network
	Dr. Hans J. A. van Ginkel

Rector, UNU
	mbox@hq.unu.edu
	www.unu.edu


	Southern African Regional Universities Association/Research and Education Network- SAREN
	Not found
	Not found
	Not found

	USAID-Leland Initiative
	
	leland.initiative@usaid.gov
	http://www.usaid.gov/regions/afr/leland/

	World Association of Industry and Technology Research Organizations-WAITRO African Chapter
	Ms Berenice Lue Marais

	blue@csir.co.za
	www.csir.co.za


	
	
	
	

	Other Organizations working to improve connectivity for African Tertiary Instiutions
	
	
	

	 The Partnership for Higher Education-PHE
	Lisbeth A. Levey


	llevey@foundation-partnership.org
	www.foundation-partnership.org


	Agence Universitaire de la Francophone (AUF)-Campus Numerique
	Not found
	Not found
	Not found

	Eifl.net-Rede Nacional de Ensino e Pesquisa
	Rima Kupryte 

Director
	 info@eifl.net
	http://www.eifl.net/


	International Network for the Availability of Scientific Publication-INASP
	Martin Belcher

Senior Programme Manager
	mbelcher@inasp.info

	http://www.inasp.info


	RESAFAD, COMETES Cameroon
	Jean Francois Terret


	Jean-francois.terret@edusud.org 
	www.resafad.net


	Swedish Program for Information and Communication Technology in Developing Regions- SPIDER
	Prof Love Ekenberg, Acting Director


	lovek@dsv.su.se
	http://spider.it-univ.se

	The International Center for Theoretical Physics-ICTP
	Ms. Anne Gatti  


	gatti@ictp.it

	www.ictp.it


	The Millenium Science Initiative-MSI
	Alan Anderson 


	alan@ias.edu

	www.msi-sig.org

	SIDA/SAREC
	Dr Afzal Sher
	afzal.sher@sida.se

	http://www.dsv.su.se/~kasun/sida/


	International Research and Education Networks on Connectivity
	
	
	

	Central and Eastern European Networking Association-CEENet
	Dr Jacek Gajewski 
Secretary General

	gajewski@ceenet.org

	www.ceenet.org


	Trans European Research and Education Networking Association-GEANT/TERENA
	Cathrin Stover
	cathrin@DANTE.org.uk

	http://www.terena.nl/


	South East European Research and Education Networking-SEEREN
	Mr. Jorge-A, Sanchez-P
	sanchez@grnet.gr
	http://www.seeren.org


	Virtual Silk Highway
	Dr R.F Janz


	r.f.janz@rc.rug.nl
	www.silkproject.org


	Cooperacion Latino-Americana de redes Avanzadas-CLARA
	Cathrin Stover
	cathrin@DANTE.org.uk

	http://alice.dante.net/server/show/nav.009


	Americana Latina Interconectadcon Europa-ALICE
	Cathrin Stover
	cathrin@DANTE.org.uk

	http://www.redclara.net/


	Corporation Universitaria para el Desarrollo de Internet Mexico-CUDI
	
	cudi@cudi.edu.mx
	www.cudi.edu.mx

	Red TeleInfomatic Academica Argentina-RETINA
	
	info@retina.ar
	http://www.retina.ar/

	REUNA2-Chile
	Alberto Cabezas

+562-3370350
	
	http://www.reuna.cl/servicios/reuna2.html

	Rede Nacional de Ensino e Pesquisa, Brazil-RNP
	Marcelo Castellan Braga 


	mcbraga@rnp.br

	http://www.rnp.br


	Asia Pacific Advanced Network-APAN
	Dr Wanchai Rivepiboon
	sec@apan.net 


	www.apan.net/


	Trans Eurasia Information Network-TIEN2
	David West, Project Manager


	David.west@dante.org.uk
	http://www.transeurasia.org/
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� http://www.inasp.info/training/bandwidth/outline.html


� TERENA Focus Study, Funding of Research Networks In Europe, TERENA Compendium 2004. John Martin and Baiba Kaskina.


� For example, under the INTELCOM I project, an Intelsat Demand Assigned Multiple Access (DAMA) network, directly connects the West African countries of Benin, Burkina Faso, Cote d’Ivoire, Ghana, Guinea, Mauritania, Niger, Nigeria, Senegal, Togo; the Intelsat International Digital Route (IDR) system connects: Benin, Burkina Faso, Cape Verde, Cote d’Ivoire, Guinea, Mali, Mauritania, Niger, Senegal, and Togo.


� For example, Terracom, one of five ISPs in Rwanda, is deploying a nationwide fibre-optic network using Ethernet passive optical networks (ePONs). The company has deployed 10km of fibre in Kigali (the capital) and expansion is scheduled to reach government facilities in Gitarama, Butare and all of the towns on the routes in between. Future plans include rolling out to the cities of Gisenyi and Runehngeri to the north-west of Kigali. Terracom is already providing broadband wireless services, supplied by Trango Broadband, to businesses, the Kigali Institute of Science and Technology (KIST) and secondary schools. In partnership with the Rwandan Information Technology Authority (RITA), the company has already connected some 25 government buildings to the fibre network, plus 30 secondary schools and KIST representing a user base of over 15,000 students. Terracom says that it is in process of providing over 400 secondary schools in Rwanda with high speed (300k+) internet access and phone service. 





� See University Connectivity Excel spreadsheet for detail of those 167 institutions not at locations connected by Panaftel or other regional projects.


� ‘Open and Closed Skies: Satellite Access in Africa’ Global VSAT Forum � HYPERLINK "http://www.gvf.org/database/regulatoryDB/africaskiesindex.cfm" ��http://www.gvf.org/database/regulatoryDB/africaskiesindex.cfm� Part of CATIA 1A project. 


� Cost Distribution Model, Based on Dante Model. 2004. CLARA 





PAGE  
ii

_1166857786.doc
[image: image1.png]EEEEC

No Data
Monopoly
Duopoly

Parialy Lieralied

Fuly Liberalised







