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I. Foreword and Foreward
For the purposes of this paper, any mention of Africa shall refer to sub-Saharan Africa (SSA) and will exclude the north African Muslim countries unless otherwise noted.  The paper also differentiates between cell phones (or "mobiles") and digital broadband.  Mobiles in Africa currently mostly handle only traditional voice calls and text messaging, but not data or packet transmission in the same way that the internet is accessed through broadband and computers.  In the future though, it should be noted, this line will become far more blurry.
II. Introduction
While SSA is currently undergoing tremendous growth in mobile phone penetration, as a result leapfrogging many Africans into the networked world for the first time, the main contributor to future African growth and recovery may instead be a less-hyped rollout of fiber optic cable and WiMAX networks within the next five years.  Africans will need more than voice and texting to increase human capacity, build out value chains, and accumulate knowledge; they will require faster and more responsive bandwidth.  Several factors are converging that will almost certainly bring this to Africa soon.  And while dire predictions for Africa's future are still irresponsibly incomplete in their analyses, perhaps Africa's growth and innovation will surprise the rest of the world.  Perhaps the combination of African culture and online, digital Africans will make Africa look far different than anyone's current expectations.
III. Current African Telecommunications Topology
Mobiles
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Figure 1:  Hersman, Erik.  In-line map image from The Africa Report, blogged in "Mobile Broadband Internet in Africa" (7 Aug 2008).  http://whiteafrican.com/2008/08/07/mobile-broadband-internet-in-africa/
Mobile growth has received the most press and attention in SSA recently, as it has provided a clear sectoral example of success in Africa.  In 2004, Africa was averaging 60% growth year-over-year for a 5-year period, the highest of any region in the world.
  It is estimated to have about 230 million mobile subscribers as of 2007, led by South Africa with 42.3 million subscribers and followed by Nigeria with 40.4 million and Kenya with 11.4 million.
 According to the International Telecommunications Union (ITU), African mobile penetration is now close to 30%.
  By any measure, African mobile growth far exceeds expectations.
Development donors and projects, as well as entrepreneurs, have been stimulating ideas to scale up applications and platforms that allow Africans to transfer money payments through phones (e.g. MPASA, Wizzit, and celPay as mobile banking services), trade information on agricultural prices (Tradenet), and collaborate through social platforms (Ushahidi as a crisis-reporting social system, social media conferences being held in Africa).

Broadband
Digital broadband has been sputtering in SSA.  This is important to monitor because even though mobiles may introduce data technologies such as 3G or EDGE, which is what the US uses, they will be heavily reliant on regional internet connectivity for performance and throughput issues.  If someone wants to download a large file over their phone, eventually they will be using digital fiber optic cables (backbones) to deliver that data, a significant current bottleneck.

As of June 2008, broadband penetration is estimated to be a paltry 5.3% in Africa.  For the same time period, Nigeria leads SSA with 10 million users, followed by South Africa with 5.1 million and Kenya with 3 million.

There are several reasons broadband has not caught on as well as mobile access has.  Mainly it is a function of economics:  population and economic density in SSA is far lower than other regions in the world, despite rampant urbanization in the last two decades.

Of the three most wired countries in SSA, Nigeria has the highest density with 141 people per square kilometer (km2), with Kenya having 53 people/km2 and South Africa with only 36 people/km2.  Contrast this with the most dense population, Mauritius, with 588 people/km2. (2002)

As a result, with little economic development, costs to connect each person are substantially higher than in other countries which might have similar population densities (the US, for example, has a population density of 31 people/km2.  Which comes first, the broadband chicken or the business-enabling environment (BEE)?

The west coast of Africa has only one backbone, called SAT-3/WASC (South Atlantic 3/West Africa Submarine Cable), connecting it to the rest of the digital world.  SAT-3/WASC runs along the coast, underwater, and suffers from connection costs of "USD$4500-$12000 per Mbit/s per month, over 50 times greater than bandwidth prices in the U.S."
 
The east coast of Africa is surprisingly not linked at all to the rest of the world by undersea cable.  It is, however, partially linked by satellite, but that solution is slow, laggy, and high in deployment and recouperation costs for businesses, governments, and end-users.  Partly because of lack of infrastructure, a company called O3b (short for the "Other 3 Billion" without internet) was recently founded as a $650 million project funded partially by Google to launch a network of satellites to increase bandwidth capacity within Africa.

But satellite connections suffer from high latency as it takes time for data to transmit to satellite and back down again.  What is needed is more cabling.


IV. Future Growth
And that is what is happening.  EASSy (Eastern African Submarine Cable System) is a project that is set to launch in about one or two years to link up eastern Africa to the world through 10,000km of cables.
  The World Bank is also contributing $424 million towards wiring Africa as part of its Africa Regional Communications Infrastructure Program.
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Figure 2:  Talbot, David.  In-line map image from Technology Review, "New Oceans of Data" (Jul/Aug 2008).  http://www.technologyreview.com/web/20928/?a=f
Coming online sooner is the Seacom cable which will run from South Africa to Mozambique and Kenya and up, forking over to France and India.

Broadband will be making a stunning debut in Africa in the next few years.

This is just the beginning.  With international donors and companies providing the basic infrastructure and glut of bandwidth to Africans for the first time, there will be plenty of opportunities for new internet providers, services, and other value added all the way up and down the value chain.  Costs for connection should be driven down rapidly with competition.  But how will the internet be brought in from submarine cables to the last mile on such a vast continent?

WiMAX:  Higher Speed Wireless Connectivity
This is where the latest technological innovation comes in.  A technology called WiMAX is set to deploy around the world and it completely supercedes current wireless technologies such as wifi.  WiMAX is short for Worldwide Interoperability for Microwave Access and is expected to allow for an average 70 Megabits per second compared with the fastest speed wifi can handle under optimal conditions, 54 Mb/s.  Most relevant to Africa, however, is WiMAX's gains in distance over wifi:  whereas wifi extends ideally around only 100 feet, WiMAX can extend for 30 miles and 5-6 miles in expected usage.

So the last mile problem is soon to be far less of one, even in developed countries.  While the technology has yet to be rolled out at a large scale even in developed countries, it can be expected to experience high demand in Africa for hungry internet users.

The Cloud and Grids
Another obstacle towards a digital Africa has been the lack of density in fast personal computers per person.  This affects the capacity of users to analyze, research, and collect data that the internet will allow them to access.  If fewer people have access to computers, which in and of themselves run slowly, this is a significant handicap towards fully exploiting the internet.

Once again technological innovation has almost solved this problem.  Research consortiums have long been building distributed networks of specialized computers oriented towards crunching data on complicated tasks, such as analyzing data from outer space, mapping genomes, processing results from the Large Hadron Collider, and more.  These networks are called grids, and such grids might allow African research centers to start participating in them and even utilizing those resources for their own work.

And on the internet right now, large data-oriented companies such as Google, Microsoft, SalesForce.com, and Amazon.com are expanding their data centers made up of racks and racks of computers.  Since they had already built large clusters of systems in order to handle their online services and payment processes, they found they could extend their processor capacity when inactive (most systems do not use their entire capacity 100% of the time) by renting the time on the processors out to end-users.  As a result, even individuals can rent time on a company's servers to run his much smaller web service.
In effect, all the processing that used to be done on individual computers is now being done virtually on someone else's computers.  For a world that is moving towards smaller, less powerful mobile devices, and for Africa which cannot afford to upgrade and expand computer access, this virtual processor world (known as the cloud) will allow people to accomplish large, complicated tasks with the simplest equipment.
V.  Implications for Development
Ruggedized African-Based Solutions
The cloud, therefore, can produce interesting opportunities for Africa.  Erik Hersman, a blogger (WhiteAfrican.com) who grew up in Sudan and Kenya and writes about Africa technology issues, provocatively writes:

"Here’s one more compelling thought. The challenges brought about by bad governance, poverty, low bandwidth (all the negative things you associate with Africa) also provide an incredible opportunity. The developers who are coming up with solutions in the continent, the ones who are writing software or hacking hardware, are creating for some of the harshest environments and use-cases in the world. If it works in Africa, it will work anywhere."

It is quite possible that Africa might be able to find competitive advantage in providing ruggedized IT and web-based solutions to the rest of the developing world and even to the western world.

Software developed under less than ideal conditions might be more focused, leaner, and more adaptable to harsh conditions.  Perhaps a similar comparison in innovative development can be made between US and Russian hackers:  Americans had plenty of computing resources and tended to write larger programs following legal conventions more.  Russians were postulated to have had to compete with others to share a small number of computers, and also had to write leaner code to accomplish the same tasks as Americans.  Russians became more inventive and resourceful with less given to them than Americans.  This contrast of starting resources between the US and Africa may give birth to solutions that, for example, run on low-bandwidth networks that have poor uptime.

For landlocked African countries caught in a geography trap, knowledge-based IT solutions provided by a convergence of WiMAX, EASSy, O3b, and the cloud might allow them to form an economically successful modern sector.  In fact, this is an approach currently being implemented in Rwanda:

“In 2000, we decided to transform the country from agricultural subsistence to a knowledge-based economy,” says Albert Butare, Rwanda’s minister of state for energy and communications. With two fiber-optic rings around Kigali, and cable being laid across the country, Rwanda is well on its way to being wired. “Once we’ve reached the towns of each sector, it’s like you’ve covered the whole country. In another two years, we should be there.”

Online technologies present a significant opportunity for new competitive advantages in the global competitive economy.  And even if it becomes too difficult to compete with developed nations in this arena, it at least will provide modern skills and knowledge that will guide countries and communities towards something that they certainly can compete in.
Force Multipliers
To borrow a military term, a force multiplier is an input which leads to a larger and broader set of outputs and externalities than the input cost inferred.
  Education is a commonly-used force multiplier:  giving a small number of children a good education not only allows them access to a broader range of potential careers, but they also go on to influence others and are statistically more likely to raise even more successful children.

Information and Communications Technologies (ICT) are another set of inputs considered to produce positive externalities.  Once Africans can share information better, whether it be agricultural prices or university reading lists, or general social networking, they will become more socially connected and aware of potential opportunities for business or civil improvement.  In the same way that the internet allowed for more efficient supply chains for companies like Amazon.com, a socially-collaborative encyclopedia in Wikipedia, and impromptu conferences in barCamps (web-organized in-person conferences without formal schedules, using a wiki software template for rough coordination
), the rapid penetration of internet access in the next decade in Africa will transform the continent and the context within which its cultures operate.

While many developmental traps will still persist, such as the violence trap, poverty traps, bad governance traps, and so on, there will be more economic incentive for society to develop solutions to try to fix them.  This is an optimal solution that even developmental agencies and donors acknowledge, as the current philosophy towards development that "helping them to help themselves" has not shown itself to work particularly well; this has led to more emphasis on capacity-building (Amartya Sen), local empowerment, and participatory planning.  A digital Africa will spur African innovation.
Economic Model Shifts
A massive increase in bandwidth as a result of new backbones will drive down the cost of internet connection costs.  The World Bank has called this "prohibitively expensive"
 and is a major obstacle in the economic viability of internet access for Africans.  Erik van Veen, Chief Commercial Officer of MTN Uganda (a provider of mobile access to Uganda), said in an interview:

"Very simply, we need fibre to connect us to the internet and light us up! We are suffocating and suffering being satellite locked. 2010 is not too far away. I envisage internet charges to come down by several factors. MTN Uganda has invested in the EASSy cable, which is due for completion in late 2010. The price per Mb we will be paying for bandwidth off EASSy is a fraction of what we are currently paying via satellite."
 
Says an article about the coming telecommunications competition in Africa:

"It will be impossible for operators to maintain high national wholesale rates alongside much cheaper international rates over much greater distances. An increasing number of African countries are legalising VoIP which allows the delivery of IP voice services over broadband.  Increased competition in the Pay TV market is opening up access to TV and film programming rights for operators. All this lays the foundation for much faster retail broadband services and the possibility of delivering genuine Triple Play bundles in Africa."
 
So connection costs will decrease substantially, lowering barriers of entry for Africans to get online and start either businesses or community projects, using tools online that are already low-cost or free such as wikis (collaboration template systems), blogs, and social networking sites (Facebook).

What of education?  Africa is where "its universities pay some 50 times more for bandwidth than do similar institutions in the United States, and connectivity cost per gross domestic product is almost 2000 times higher than in the United States. The resulting isolation of Africa's students from the remainder of the world is a serious impediment to both education and economic development."
 
Knowledge Accumulation and Human Capacity-Building
Cyrus Farivar, in his thesis entitled "The Powerful Force: An Examination of the Internet in Senegal", mentions insights from two African authors, Siddiqi Diakité and John Afele:
"Afele writes about how the presence of technology could be used to fully link connect local elites and empower them to train the masses, and furthermore would incite a “brain gain” -- a reverse effect of the known “brain drain” that much of the developing world experiences whereby the intellectual and technical elite are enticed to leave for the developed world, thereby stripping their native land of people that have the capacity to build up the social, political, and economic infrastructures."

Universities and schools should be a priority for ICT initiatives in Africa once bandwidth opens up.  If schools can become places of cheap or free internet, then students will be opened up to an entire new digital world of free information.  At MIT, a project is being undertaken to put up class lectures and syllabi for free for anyone around the world to watch and read.  Many schools are now holding online seminars and classes.  Conferences are now broadcasting video feeds in real-time and then place them in archives for people to watch later.  Educational institutions can now export information instantaneously.  To a rapidly developing, but still substantially poor Africa, this development is huge for African students.

Much can also be said about the "observation effect", an idea that observing what happens in other organizations and countries can influence local politics and customs.  As an example, the African liberation movement gained a lot from observing civil rights movements in England and eventually the United States, just as the Gandhi movement in India led to passive resistance in countries far away.  The same might occur as a result of increased access to the internet:  increased demands for transparency in government, streamlined and more competitive processes for African businesses as they observe what foreign competitors and markets have to contend with, and so on.
Incremental Infrastructure
Broadband deployment can piggyback off of existing mobile phone infrastructure.  Part of the success of mobiles has been because not every home needed to be dug up and wired for cables in the same way that the US was.  Cell towers can be installed strategically and with smaller electricity footprints, yet still have good coverage for large areas.  As electricity is still a scarce resource in much of Africa, installing WiMAX equipment on pre-existing cell towers would allow for deployment to not only be rapid but extremely cheap.  This is what is called incremental infrastructure, or building upon layers of existing technology for improvement of everything connected to it.

Inevitability
What must be stressed is the pace and inevitability of these changes within Africa.  EASSy is set to be completed within the next two years, and a couple smaller backbones will also be lit a bit later.  Free tools online are already available and knowledge is becoming easier to share regardless of geographic location.  WiMAX will solve the last mile problem and will extend ranges not only in Africa but also across the world.  At the same time, there is general growth in much of Africa, so demand for internet services will take place within the context of a growing economy.  And all of this is happening under the radar, long after many people gave up on Africa.  What we may see is a complete surprise when digital African growth explodes online.
VI. Recommendations
While I argue that this trend is immediate and inevitable, there are still potential roadblocks that could interfere with the success of a digital Africa.  There are also ways to stimulate further progress at low cost.
Telecenters as Clusters
A key facet of rolling out internet access is making sure the underlying infrastructure is there to support it, as described in the previous section.  One way to do this is to use schools, community gathering places, and perhaps even government buildings as multi-use centers.  Schools, which should be prioritized for wiring at a cheap or free rate, can be used for classes during the day and as telecenters at night, allowing anyone to come in and use the internet to maximize the usage of the existing rooms, electricity, computers, and access.

Focusing on natural community gathering places also reinforces the mechanics behind clustering theory, which suggests that building a community of people all in the same sector can give rise to a self-sustaining community that attracts any services and goods to move in to support that community while it works.

This solution maximizes the existing human capital, demographics, and cultural norms by using pre-existing infrastructure.  That bootstrapping approach should be a general way of thinking, as well, that guides how ICT is deployed.
Government Policy
It is important for governments to encourage competition among ICT providers.  Most notably, governments should ensure that no companies can offer both data and mobile services together.  If providers are able to consolidate services, this will raise barriers to entry and therefore decrease competition.  This would be an extension of what is happening now, which has entrenched monopolistic interests charging usurious rates on customers through a distorted market.
 
An analogy can be made to other countries' ICT decisions:  the European Union decided that cable providers are not allowed to bundle content with access, whereas the US has allowed the opposite.  As a result, there is more competition across similar technologies in some countries in Europe, whereas the US is contending with net neutrality, which essentially is an argument about whether telecom companies can give priority to their own content services over others.

Especially if providers in Africa try to install WiMAX stations on existing cell towers is an exclusivity policy required; if a company can sell both mobile and WiMAX, its intent will be to stifle whichever of the two do not make as much revenue per user.  Data customers will want to use Skype, a tool that lets you make phone calls over the internet instead of over phone lines, but worldwide, telecom companies have tried to block Skype so it won't cut into their other phone services (or even into their own voice-over-internet-protocol (VOIP) services).

Somewhat similar should be a priority for governments to try to reduce transaction costs, the single most important determinant of the level of connectivity and traffic worldwide for the internet, voice calls, and mobile use.  Said Erik van Veen of MTN Uganda:

"And then you have to deal with the cost of doing business in Africa. Infrastructure and productivity remain major hurdles that add costs to the P&L. Our own success, relative to other companies in most African economies, has backfired on mobile operators in Africa, where governments see these as an easy source of tax income. In East Africa, excise tax (read luxury tax) has been institutionalized within the mindset of financial ministerial policy on tax. Uganda has the 2nd highest tax burden on mobile services in the world, Tanzania 3rd. Just think about it – in Uganda we hand over nearly a third of the cost of every call to the government. What a shame!"
 
Private telecom companies derive easy income off charging for calls and data that pass across borders, but it comes at the expense of the bustle of communications traffic.  If non-provider companies and individuals are charged too much to communicate, then they will use the service significantly less.  As companies claim they need to recoup on their infrastructure investments, that leaves the government to set suitable policy for making sure connection costs are fair to all parties.  But a government seeking full benefit of ICT must place priority on the needs of the economy and civic well-being as a whole, and not on the telecom sector specifically, so it should seek to reduce these transaction charges as much as possible.
Workshops and Mixed Feelings About Educational Use
Somewhat policy and somewhat free market is a requirement for more general education and workshops for how to interact with the internet within Africa.  Hundreds of millions of people will not have used computers or the internet anymore and it's important to show them how the internet is being used.  Free software and cheaper computers (such as the OLPC project) will spur more successful attempts to hook people into the digital age of global information and social networking.

As people won't know what's possible through a technology if they haven't used it before, then it is important to provide basic training -- albeit certainly not at the expense of a sound education curriculum that doesn't require computers.  In fact, it might be best if schools do not try to implement computers into their curriculum and provide them for students to figure out uses for them on their own.  Certainly, one must remain somewhat sober:

"This idea is far ahead of the current situation for the majority of the people,” said one human rights activist, speaking on condition of anonymity. “You can’t build a school and take a student to study before you give him something to eat. You can’t invest in such a long-term policy when people are so poor."

But ICT is just one piece among many, and will not come at the exclusion of more pro-poor strategies.  ICT will, however, present the newly digital individuals with a wealth of information about what billions of other people are doing, and will give them cheap tools to be able to start interacting.
VII. Conclusion
We can expect the next decade to be one of convergence of different technologies with plummeting internet access costs, worldwide.  Everyone will benefit, but Africa will benefit the most, as it is the most disconnected continent in the world, and stands to reap the rewards of an online digital culture that rewards innovation, bootstrapping, low costs, and large-scale collaboration.  The result may just well be that the pending African presence online, and accompanying accelerating economic growth and progress, will take many by surprise.
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