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The 13th Annual Meeting of the Infrastructure Consortium for Africa (ICA) takes
place in Rome, Italy, on October 19th and 20th, 2017. The focus of the Annual
Meeting is “Toward Smart and Integrated Infrastructure for Africa. An agenda
for digitalisation, decarbonisation and mobility.”. It is hosted by Italy at the
Italian Ministry of Foreign Affairs and International Cooperation headquarters
in Rome, and jointly organized with AfDB/ICA. To prepare this background
document for the Annual Meeting and to provide updated technical information
for discussions, the Ministry of Foreign Affairs and International Cooperation-
Direction General for Development Cooperation- signed a Memorandum Of
Understanding with Politecnico di Milano and Politecnico di Torino, as qualified
technical universities in the country, accepting to serve in this role.

The Departments of Energy of Politecnico di Milano and Politecnico di Torino
were the focal points for the coordination of the document and technical
competence on decarbonisation. The Department of Management Engineering
and the Department of Mechanical Engineering for Politecnico di Milano and
the Department of Electronics and Telecommunications and the Interuniversity
Department of Regional and Urban Studies and Planning of Politecnico di
Torino were also involved for the specific technical competence on digitalisation
and mobility. Principal editors were Prof. Emanuela Colombo and Prof. Pierluigi
Leone who coordinated the action with the other authors Prof. Marco Taisch,
Prof. Federico Cheli, Prof. Carla Fabiana Chiaserini and Prof. Piero Boccardo.
The coordination with the G7 priorities in Africa was assured by Dott. Andrea
Gumina from the office of the Italian Sherpa. Strong contributions came from
Dr. Marta Pinzone and Dr. Stefano Arrigoni from Politecnico di Milano. Input
were also received by ENEL Green Power, ENEA and the Italian Ministry of
Environmental See and Land.






The views expressed herein are those of the authors and do not neces-
sarily reflect the views of the Italian Government. This document has been
produced without formal African Development Bank editing and do not imply
the expression of any opinion whatsoever on the part of the AfDB.

Any map included are without prejudice to the status of sovereignty over any
territory and to delimitations of any international frontiers and boundaries.
Designations such as “emerging”, or “developing” are intended for statistical
convenience and do not necessarily express a judgment about the stage
reached by a particular country or area in the development process.



Italian G7 Presidency 2017 and the Outreach Session on Africa at the
Taormina Summit

The ltalian G7 Presidency during the Summit in Taormina launched a fully
dedicated Outreach Session on Africa continent a the presence of: the G7
Heads of State and Government, the Presidents of the European Council and
of the European Commission, the Heads of State and Government of Ethiopia,
Kenya, Niger, Nigeria and Tunisia, the Secretary General of the United Nations,
the Director General of the IMF, the President of the World Bank, the Secretary
General of the OECD, the President of the African Union, the President of the
African Union Commission and the President of the African Development Bank.
From the Chair’'s Summary of the Qutreach Session [ltalian G7 Presidency,
2017], the key elements of the message may be extracted.

Particular attention was given to the potential of innovation and the role of human
capital in boosting sustainable and inclusive growth in the continent. In addition to
a peaceful, secure and stable Africa, three strategic points are highlighted as
fundamental preconditions for sustainable development in Africa:

* Unlocking Africa’s potential through innovation and human capital
development: It was stated that innovation and human capital development
can be powerful drivers of sustainable and inclusive development in Africa.
The importance of extending the benefits of the New Production Revolution
(NPR) to the African continent, drawing inspiration from the G7 People-Cen-
tered Action Plan on Innovation, Skills and Labor, was underlined.

* A positive momentum: It was pointed out that several elements are
concurring to boost investment in the African continent, paving the way to an
inclusive and innovation-driven development.

* Promoting a new generation of innovation leaders: The importance to
support the emergence of innovation leaders in Africa - including by strength-
ening links between African and G7 scientific and academic systems - was
emphasized. In this respect, Italy’s announced its intention to launch a “G7
Exchange and Empowerment Program for Emerging African Innovation
Leaders”.

Italian G7 Presidency 2017, “G7 Summit Chair's Summary Of the Outreach Session On Africa.”
2017.

Available at http://www.gT7italy.it/sites/default/files/documents/G7%20TAORMINA %20
CHAIRS%20SUMMARY %20AFRICA_0.pdf
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ackground information:
About the ICA

Launched at the G8 Gleneagles Summit in 2005, the Infrastructure
Consortium for Africa (ICA) has the aim to help improving the lives and
economic well-being of Africa’s people by fostering and supporting an
increase in the infrastructural investment in the continent, from both public
and private sources. The ICA recognizes the strategic role that development
of infrastructure has for the economy and for the social stability of the region.
Using its convening power, the ICA acts as a catalyst accelerating the
development of Africa’s infrastructure with the aim at removing some of the
technical and policy barriers to infrastructural investment.

The 13" ICA Annual Meeting is held in Rome, ltaly, on October 20™ 2017 under
the co-chairmanship of the current Italian G7 Chair and the AfDB. The Plenary
Meeting “Towards the promotion of smart and integrated infrastructures
in Africa: an agenda for digitalization, decarbonization and mobility”, is
focused on the nexus between Infrastructure, the Next Production Revolution
and the Sustainable Development Goals.



THE POTENTIAL OF THE NEXT PRODUCTION
REVOLUTION IN AFRICA

+ Africa is ready to jump straight into the revolutionary frontiers that
represent the enabling environment for the transformative change
requested by the 2030 Agenda.

* The Next Production Revolution (NPR) with new digital technologies,
materials and processes will reshape design, engineering and production,
enabling further leapfrogging in Africa.

+ Among the cluster of emerging technologies, Digital and Green Tech
appear as the most relevant for the achievement of the Sustainable Devel-
opment Goals and are at the core of ICA 2017.

+ Physical and social infrastructures are crucial for socio-economic growth
and their application needs to meet the new global institutional frame
(Paris Agreement, Addis Ababa Action Agenda).

* Infrastructure development needs to be designed in order to avoid the risk
of technological lock-in to a set of configurations that may meet middle
term targets but may fail beyond 2050.

* Africa needs to bridge the large infrastructural gap in the energy,
transport and ICT assets to keep on fighting poverty, boosting local
economy and entrepreneurship; additional resources are certainly needed
to increase capacity but also productivity of current asset.

* Investments in infrastructure in developing countries are estimated to be at
1.8% of global GDP while the investment gap should be between 2.5% and
4.3% of global GDP.

* In 2015, investments for Africa’s infrastructures amounted to $83.4
billion showing a 12% increase with respect to the previous year.

¢ African national governments committed 34.1% of total investments
while the private sector only 8.9%. Energy and transport collected more
than 80% of investments with 2/3 in the Sub-Saharan region.

+ In Sub-Saharan Africa, private sector’s investments experienced a shift from
ICT infrastructure, with few but big projects, to energy infrastructure
while interest in transport remains small.




SMART AND INTEGRATED INFRASTRUCTURE IN AFRICA

* Middle- and low-income countries are coming to be the major drivers of
investment and growth and this unique transformation calls for rapid tech-
nical progresses: Progresses into digitalization, energy, transport and other
spheres need to comply with the urgency of controlling impact on climate.

+ The ‘leapfrogging’ transformation needs to include a new set of attributes
complementing sustainable and quality infrastructure and defining Smart
and Integrated infrastructures (SMART-I Infrastructure) which are the es-
sence of the taxonomy proposed for ICA 2017.

+ Sustainable infrastructures are characterized by the social, environmen-
tal and economic dimension, to which quality infrastructure (ICA 2016)
introduces inclusiveness, safety and resilience.

* SMART-l Infrastructure (ICA 2017) adds four new characterizing attributes:
Integrated by data, function and governance: sustainable and quality in-
frastructures have to employ innovative ways of meeting governance and
service needs, including the implementation of more responsive, productive
and integrated information systems that complement hard infrastructure.
Physical and Financially Decentralised: capillary and efficient technolo-
gies are more massively at the disposal of citizens and the capitals and infra-
structure owners are shifting from large creditworthy entities to small ones.
Life Cycle Perspective: the infrastructure for NPR needs to match the goal
expressed by SDG11 dealing with new production patterns that need to be
driven by rational use of resources in a long term and life cycle perspective.
People-Centred: in line with the 2030 Agenda new consumption patterns
are also needed. They may be obtained only by an appropriate and multi-di-
mensional involvement of citizens not only in their role as consumers but
also as influencers, producers and agents of the change as indicated by the
by the “G7 Summit, Chair's Summary of the Outreach Session on Africa”.




THE ROLE AND STATUS OF SMART AND INTEGRATED
INFRASTRUCTURE FOR PROSPERITY IN AFRICA

DIGITALISATION: THE NEW ERA OF INFRASTRUCTURE

+Within the Next Production Revolution (NPR), Internet of Things, Big Data
and Cloud Computing will play a crucial role.

* The Internet of Things (loT) is going to generate a massive amount of
data, Big Data which require new, advanced analytic techniques and cloud
computing.

+ loT effectiveness in applications like transport, emergency management,
remote monitoring will depend on the quality of bandwidth and rate
connectivity between “things” and infrastructure.

+ The emerging 5G technology can significantly mitigate the need for high
capacity, costly backhauls; virtualization can allow services to be deployed
everywhere, allowing a shift to distributed cloud.

+ Despite the progress made in the last years, Africa still lags behind other
regions in its access and use of digital infrastructures, digital technologies,
and the Internet.

+ The broadband infrastructure gap, the related costs of services and
devices, the lack of local content and low proficiency in digital skills are
among the critical barriers.

+ Migration to mobile broadband is gaining momentum in Africa but still 600
million people do not have access to it. Fixed-broadband connection, can
advance quickly to high-speed fibre broadband because it has not made
massive investments in old copper-based technologies.

+ Deploying digital infrastructure for Africa may bring a number of contribu-
tions to Prosperity and NPR like GDP increase, environmental benefit, efficient
use of resources, qualified jobs.

DECARBONISATION: THE NEXUS ENERGY-CLIMATE-DEVELOPMENT

+ Africa is expected to become more energy demanding due to its growing
population and economy, both claiming access to reliable and affordable
energy services.

+ Africa wishes to confirm the continent commitment to maintain its low contri-
bution to global carbon emissions in the long run.

+ The energy paradox in Africa is recognised; energy supply is poor despite
rich in resources. Home for the 16% of the global population, Africa accounts
for only 6% of the primary energy supply and the 3% of the total electricity
demand, with the 5% of the global CO, emission burden.

* Underinvestment in terms of power generation infrastructure is critical as
proven by low installed capacity per capita and unit of GDP coupled with high
values of energy and CO, intensity.




+ Energy supply does not keep pace with population growth and the capacity
mix is mostly given by thermal power plants (80%) in north and south,
and hydro (20%) in central and eastern Africa.

+ The roughly 150 GW of installed capacity is unevenly distributed in the
regions and the energy mix is not the mirror of the local natural endowment
(except for COMELEC and SAPP).

* The current level of annual investment in the power sector (roughly $10-11
billion per year) is inadequate and huge increase of four times is at least
needed.

* Africa sub-regions differ consistently in their availability and use of
energy resources, this has led to an evident fragmentation of policies and
action plans and a lack of harmonization.

+ Efforts of integration appears in some strategies by AU and NEPAD with
the launching of PIDA and AFREC, the AfDB and regional power pools.

* SMART-l Energy Infrastructure may contribute to Prosperity since
renewable energies and efficiency can unleash access, a reliable power
sector may boost business development, interconnections increase trade
and savings and distributed systems inclusiveness and empowerment.

MOBILITY: THE GOAL OF CONNECTING PEOPLE AND GOODS

+ Africa will experience an increasing demand for transport services as
result of fast growing population and economy with a consequent strain on
the transportation system.

+ For each barrel of oil no longer used in Europe, almost one barrel more will
be used in Africa in 2040 thus increasing pressure on the environment
and the socio-economic system.

+ Africa accounts for about one-fifth of total fatalities from road crashes
worldwide although the share of global registered vehicles is only 2%. Road
accidents cause significant economic losses.

* More than 50% of Africa’s road network is unpaved, air transport covers
less than 2% of global passengers share and maritime transport accounts
only for 5% of global traffic.

+ ltisimperative to bridge the transport infrastructure gap of Africa in terms
of new capacity and modernization of existing assets, however following the
current path for the implementation of new infrastructure may be unsus-
tainable in terms of financial resource required and environmental impact.

+ A step change in future mobility patterns and multimodal transport is
envisaged: information and communication technology (ICT) and the
associated disruptive technologies are reshaping the landscape with major
trends in autonomous driving, shared mobility, connectivity, and electrification.

* Deploying SMART-l Transport Infrastructure may promote Prosperity
mainly due to integration and digitalization that enable multi-modal mobility
promoting efficiency and saving in connecting people and goods, while
electrification may facilitate the decarbonisation of the sector.




SMART-I INFRASTRUCTURE IN AFRICA:
RECOMMENDATIONS FOR AN ACTION AGENDA

Deploying SMART-I Infrastructure for Africa needs to be recommended to
promote Prosperity. The attributes of SMART- Infrastructure characterise the
needed transformation of the African Socio-Economic asset toward the NPR
adoption in the continent:

DIGITALISATION

+ Broadband penetration needs to be widen in the continent to support
sustainable development.

+ Digital transformation is crucial to enable a new asset for African manufac-
turing and productivity.

+ Digital technologies can boost people engagement and empowermen.

DECARBONISATION

+ Renewable energy & efficiency need to be top priorities to unleash access
to modern services.

* Increased power capacity and reliability need to boost local economy and
business development.

+ Interconnections and networking of energy systems cannot wait longer to
increase trade and savings.

+ Distributed energy systems may complement on grid option to increase
inclusion and empowerment.

MOBILITY

+ Smart transport infrastructure is prodromal of prosperity in Africa.

+ Digitalization of transport and logistics spurs African manufacturing and
productivity.

+ Systemic integration and effective resource management need to be on top
of the Africa Agenda to unveil the potential of Smart-I Infrastructure.

Smart-| Infrastructure requires a new paradigm:

« SMART-I Infrastructures need to be developed to reduce non-renewable
resources consumption: a new paradigm of consumption based
accounting is thus requested to define effective policies,

+ the development of SMART-I Infrastructure needs to be accompanied by
long-term capacity building programmes for a generation of African leaders,
as remarked at the G7 Africa Outreach in 2017.
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Africa is ready to jump straight into the revolutionary frontiers which
may represent the enabling environment for the transformative change
requested by the 2030 Agenda. Africa does not need to replicate misleading
trends of development, production and consumption which are now calling
for deep remedies. Indeed, strong efforts and Partnership at global level
are requested to support the achievement of sustainable development while
maintaining global Peace, reduce inequality among People and promote a
more equitable Prosperity for all, including the Planet at large.



THE POTENTIAL OF THE NEXT PRODUCTION REVOLUTION
IN AFRICA

In this perspective, the Next Production Revolution (NPR) represents a
potential opportunity and a big challenge for Africa and its socio economic
development, also due to the traditional leapfrogging attitude that has already
characterized the straight and successful diffusion of a number of smart or clean
innovations in the continent. Indeed, NPR entails a confluence of technologies
ranging from a variety of digital technologies to new materials and processes.
Moreover, in the 2030 Agenda of the United Nation, the 5 clusters of emerging
technologies (bio-tech, digital-tech, nano-tech, neuro-tech and green-tech)
are considered crucial for the achievement of the Sustainable Development
Goals (SDGs). Among the five clusters it emerges that Digital and Green Tech
appear as the most relevant for the achievement of the SDGs like Health, Water,
Energy, Ecosystem, Land, Ocean Management, Climate Change, Sustainable
Production and Consumption patterns. Recognizing this relevance, Digital and
Green Tech, broken down into digital infrastructure, sustainable energy infra-
structure and smart mobility have become the core of ICA 2017.

Physical (e.g., telecommunication, energy, transport, water supply) and
social infrastructure (e.g., health, education, banking, commercial services)
are crucial for socio-economic development at country level. However, infra-
structure development needs to cope with the new global framework. Indeed,
only a confluence of technological innovation matching political, institu-
tional and social innovations may have the power to trigger a transforming
process that is requested for our society. From a technological standpoint -
the OECD has just formalized the concept of Next Production Revolution which
will have a very strong impact on productivity, work, skills, markets, poverty
and inequality, well-being and environment. From a political and institutional
point of view, the Paris Agreement on climate change, the 2030 Agenda
for Sustainable Development and the Addis Ababa Action Agenda represent
paramount innovative reference assets. However, infrastructure devel-
opment, within the current production schemes, may represents a big burden
for additional green-house gases emissions. Thus, long lasting effects of infra-
structure need to be considered in order to avoid the risk of technological
lock-in to a set of configurations that are able to meet 2030 or 2050 targets but
that inevitably are due to fail in achieving the target beyond 2030.

Quality and reliable infrastructures are preconditions that may trigger access
to different services pivotal for fighting poverty and boosting the local economy
and entrepreneurship. Africa needs to bridge a large infrastructural gap in
the energy, transport and ICT assets mainly due to low population density,
high concentration of landlocked countries and high share of rural settle-
ments. In the energy sector, the infrastructure dearth is largely manifest
both from a quantitative and qualitative perspective. Access to electricity
and modern fuel is still low in the Sub-Saharan region. Per capita electricity
consumption, in the whole continent, is very low, less than 600 kWh/per capita
per year that represents less than 20% of the world average; energy intensity
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and CO, intensity are very high, thus giving evidence of a very low efficient
and not clean energy supply chain. Transport infrastructure, in terms of
both roads, rail lines, air transport and port, is another crucial pillar to foster
sustainable development in Africa enabling local, regional and international
trade. Road transport contributes to 90% of passengers’ mobility and more
than 80% of goods’ exchanges. More than 50% of Africa’s road network
is unpaved hindering the access to basic social services and burdening
local economic activities, especially for rural population. Air transport is still
modest compared to other macro regional aggregations. Maritime transport,
despite being fundamental for trade, is also weakly developed. Information
and communication technologies had a rapid growth in Africa which is now
the second largest mobile phone market in the world. But the Africa penetration
rate of mobile phones varying from 71% to 111% is still among the lowest
compared to other macro-regional aggregations. Moreover, individual Internet
access still scores very low, having a range between 20 and 39% of individuals
using Internet. Despite the positive trends, African ICT sector is still relatively
immature as shown by the low number of fixed broadband subscriptions,
and with low impact of Internet on African GDP (1.1% compared to 3.7% of
developed economies).

Filling the infrastructural gap of Africa is urgent and in this perspective,
additional resources are needed, but further value could be brought by cooping
wise investments on quantitative capacity with a set of other strategies
to improve productivity of current infrastructural asset use. At global, level
ensuring a value of infrastructure stock at around 70% of GDP, a rise of
annual baseline infrastructure investment from $2.6 trillion in 2013 up to $4.5
trillion in 2030 would be required. Such an investment would not be enough to
fill the existing gaps between developing countries and developed regions, to
address universal access to roads, clean water, sanitation, and electricity
and to consider extra investments required to tackle environmental stresses
from climate change mitigation and adaptation. The additional amount to meet
the need of Sustainable Development for developing countries is between $3.3
trillion and $45 trillion per year to be mainly allocated in the sector of basic
infrastructure (roads, rail and ports; power stations; water and sanitation), food
security (agriculture and rural development), climate change mitigation and
adaptation, health, and education. Within this total amount, physical infra-
structures would require from around $1.6 trillion to $2.5 trillion per year. This
brings to evidence an estimated gap close to $1-1.5 trillion per year when
compared to current investments. As a global picture, investments in infra-
structure in developing countries are estimated to be at 1.8% of global Gross
Domestic Product (GDP) while the investment gap should be between 2.4%
and 4.2% of global GDP. In 2015, investments for Africa’s infrastructures
amounted to $83.4 billion showing a 12% increase with respect to the previous
year. African national governments committed 34.1% of total investments
while the private sector shared only 8.9%. Energy and transport sector
collected more than 80% roughly equally distributed among the two for a total
investments sharing of $69.4 billion. At regional scale, investments were mostly
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allocated in Eastern Africa (23.1%). Investments from private sector were
almost entirely focused in the energy sector and were mostly concentrated in
South Africa (51.2%) followed by West Africa (17.2%) and North Africa (16.5%).
In the whole Sub-Saharan Africa private sector investments were around $6.3
billion with the power sector sharing more than 95% of it and the remaining
allocated in road construction and water infrastructure. In the period from
2010 to 2015 most of private investments in Sub-Saharan Africa were allocated
in ICT infrastructure with few but big projects. However, in the last three
years a shift of private investments from ICT to energy infrastructure has
been observed. Private investments in transport sector are still very small
mainly concentrated in ports.

The share of middle- and low-income countries in global GDP (on purchasing
parity terms) has increased from less than 40% to more than 50% since year
2000 and is expected to increase to two-thirds by 2030; these countries are
coming to be the major drivers of investment and growth. This unique trans-
formation calls for rapid technical progresses in digitalization, energy, transport
and other spheres. At the same time, this progress needs to be carried out in
compliance with the urgency of controlling impact on resources, environmental
quality and on climate. The Next Production Revolution offers to developing
countries and therefore to Africa the opportunity to achieve sustainable devel-
opment goals provided the setting of an enabling infrastructure and a new
generation of leaders able to manage such innovation. The early path towards
low-carbon and quality infrastructure has already led to a ‘leapfrogging’
change of infrastructure system, which needs to be more focused on a
comprehensive smart and integrated approach including functional, data
integration and governance; a decentralized paradigm, a life cycle perspective
and a new and pro-active role of users.

SMART AND INTEGRATED INFRASTRUCTURE IN AFRICA

Smart refers to a massive penetration of digital technologies in the infra-
structure sector to control, manage and optimize uses. Integration refers to
the coping of functionality, data integration and sharing across sectors between
physical infrastructure like energy, transport, telecommunication and digital
technology including the use of Internet of Things, Artificial Intelligence, Big
Data. Integrated infrastructures can therefore promote a new infrastructure
governance able to foster an overarching approach to planning, delivery
and management of infrastructure assets. In addition, integration leads to the
promotion of new technological nexus, overlapping different sectors, such as
waste, energy, transport, ICT, banking, financing. This implies that the devel-
opment of, e.g., transport, energy and ICT, infrastructures should be seen as
intertwined and synergic.

Decentralization is a crucial element in the transformative path for infra-
structure: from the physical perspective, we assist to a capillary distribution
of technologies more massively available to citizens; digital technologies (e.g.
smart-phone) have increased the chance for everyone to get access to digital
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services, energy and also transportation services. Additionally, technological
advances have allowed the deployment of “local” digital services, which may
stand regardless the availability of connectivity with centralized infrastructures.
From the financial perspective, we are assisting to a parallel shift of capitals
and infrastructure owners, from large creditworthy entities (e.g., large corpora-
tions and central governments) to smaller one (e.g., households, smallholders,
emerging economy cities without good credit ratings, new project developers).
In the same perspective, investments in infrastructure need to be more directed
to solutions that aim at optimizing resource use in a life cycle and system
perspective enabling the transition that is requested from now to 2030 but also
casting the right seeds for the more challenging shift needed to 2050. Lastly,
a new people-centered perspective is envisaged, where households and
communities are engaged in new or adapted forms of distributed control, with
demand-response approach.

Smart and Integrated Infrastructures (SMART-I Infrastructure) need to become
the driving element for the next investment generation in Africa and they are the
essence of the taxonomy proposed for ICA 2017. They represent the natural
evolution of the list of attributes for infrastructure development and complement
the previous definition of sustainable and quality infrastructure.
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THE ROLE AND STATUS OF SMART AND INTEGRATED
INFRASTRUCTURE FOR PROSPERITY IN AFRICA

DIGITALISATION: THE NEW ERA OF INFRASTRUCTURE

To benefit fully from the digital economy, countries require a smart and
integrated digital infrastructure. At its core, digital infrastructure includes
telecommunications infrastructure, both fixed and mobile. Within the Next
Production Revolution (NPR), technologies such as Internet of Things, Big
Data and Cloud Computing will pay a crucial role. The loT is going to generate
a massive amount of data, so Big Data that require new, advanced analytic
techniques. Cloud Computing enables ubiquitous, convenient, on-demand
network access to a shared pool of memory and computing resources for data
storage and processing. Among the large variety of applications that can benefit
from the above technologies, some are of prominent importance to Africa:

Public transport. Transport users can become fully informed about their
travel options while at the same time providing information that enables
transport authorities to plan and manage transport networks and services
more efficiently.

Emergency management. Massive amounts of data collected by public
authorities as well as by people using specific digital applications (crowd-
sourced data) can be effectively used to ensure swift response to and recovery
from emergency situations such as natural disasters or energy grid failures.
Remote monitoring. Users’ smartphones can act as mobile sensors,
gathering environmental and pollution data. Mobile apps further add the
possibility for the users to report environmental data for the realization of
smart city services, medical data, user habits (like smart meters).
E-learning. Cloud computing, coupled with broadband wireless connectivity
to the Internet, represents the ideal means to enable remote educational
services and access to educational, training and learning material.

The future deployment and effectiveness of IoT, big data and cloud computing
will depend on the availability, quality and security of the underlying infra-
structure. Indeed, high-data rate connectivity (e.g., between the “things”
or users and cloud computing servers), ultra-low latency (e.g., for robotics
control applications in next-generation factories) and data security and
privacy (e.g., user profiling or industrial data) are critical to the development
of innovative services. In this context, mobile infrastructure represents an
effective solution that can provide high capacity while avoiding the costs of
fixed-broadband or satellite-broadband networks. In particular, the emerging
5G technology can significantly help to mitigate the need for a high capacity,
costly backhaul. Through virtualization, services can be deployed everywhere
in the network, thus allowing the transition from a centralized, often costly
cloud, to a distributed cloud.

In this regard, and despite the progress made in the last years, Africa still lags
behind other regions in its access and use of digital infrastructures, digital technol-
ogies, and the Internet. The broadband infrastructure gap, the related to
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costs of services and devices, the lack of local content and low proficiency
in digital skills are among the critical barriers. Migration to mobile broadband is
gaining momentum in Africa but still 600 million people do not have access to a
mobile broadband service. On the side of fixed-broadband connection, Africa has
the opportunity to advance quickly to high-speed fibre broadband as it has not
made massive investments in old copper-based technologies.

The mentioned inter-dependent aspects must be addressed concurrently to
close the digital divide, such as infrastructure, affordability, local content,
and skills development. Digitalization has policy implications across different
areas and, thus, maximizing its benefits requires more coordinated policies
and regulation across sectors and authorities. To recognise the relevance of
digitalisation, African leaders adopted the “Agenda 2063” as the continent’s
new long-term vision for the next 50 years.

Since ICT is intertwined with the energy, transport, water sectors, just to name
a few, deploying a digital infrastructure for Africa will bring a number of
contributions to prosperity, characterizing the digital revolution as a new era of
infrastructure contributing to the transformation of the African Socio-Economic
asset toward the NPR adoption in the continent.

Internet contributes 1.1% to the African Gross Domestic Product, which is
low compared to global average of 3.7% for developed economies. The
overall benefits of digitalization in emerging economies derive from the effec-
tiveness, efficiency and innovation gains in processes, products, services
and business models that accompany the digital transformation. Thanks to the
expansion of connectivity and accessibility across Africa, a new ecosystem
of digital entrepreneurs and start-ups can emerge and flourish. Beyond the
leapfrogging to mobile phones a similar leapfrogging could happen with
distributed manufacturers, at least at the urban scale, allowing start-ups or
small businesses with little capital to begin manufacturing on a small scale.
Digitalization can significantly contribute to mitigate environmental challenges
to sustainable development, by enabling a more efficient use of energy and
natural resources, and helping countries, cities and individuals to adapt to
environmental threats with the improvement of monitoring and control. Digita-
lization may also contribute to social improvements through job creation and
better access to basic services, such as health care and education.

In order to mitigate any future lock in, it is important to consider that digital
technologies and infrastructures also contribute to the generation of Green-
house Gas (GHG) emissions and e-waste, through the energy consumption
involved in the lifecycle of digital infrastructure as well as the production, use
and disposal of digital products and services. Taking a lifecycle and circular
economy perspective and deploying systems to manage digital technologies
is, therefore, crucial to minimize negative impacts. New business models are
also characterised by an emphasis on high value-added services where people
are at the centre of the stage and their role shift from being simple customers
to become partners.
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DECARBONISATION: THE NEXUS ENERGY-CLIMATE-DEVELOPMENT

Africa is expected to become more and more energy demanding due to its
growing population and growing economy both claiming access to reliable and
affordable energy services and together with it, as remarked by PIDA, Africa
wishes to confirm the continent commitment to maintain its low contri-
bution to global carbon emissions. In this perspective, the challenge of NPR
for Africa may allow some countries to leap-frog to more advanced stages of
development in a number of sectors; energy being one of them. Africa cannot
lose momentum to investigate low carbon alternatives for the long run in
the path to decarbonisation and to the claimed decoupling among growth and
greenhouse gases.

The energy paradox in Africa is nowadays fully recognised. Energy demand
over the last decade has grown by more than 30% nevertheless, even if home
for the 16% of the global population, the continent accounts for only 6% of the
total primary energy supply at global level and the 3% of the total electricity
demand being responsible of the 5% of the CO, emission burden. Africa still
lags behind other regions: per capita availability of energy is very low while
energy and CO, intensity are higher than other regions. These numbers,
together with the low levels of installed generation capacity per capita, and
per unit of GDP represent the evidence of underinvestment in Africa in terms
of power generation infrastructure. Indeed, installed capacity is roughly around
150 GW unevenly distributed in the continent. The capacity mix is mostly given
by thermal power plants (80%) due to the size of the North African and South
African systems, and hydro plants (20%) mainly located in the central and
eastern regions of Africa. The energy situation in Africa is very diverse in term of
generation capacity and mix in the different regions. Except for COMELEC and
SAPP, the generation mix in the other regions does not mirror the local natural
endowment, but it is more the evidence of short sighted planning and lack
of regional integration. The existing African transmission system (defined
as lines with a voltage equal or above 100 kV), with a total length of less than
90.000 km, is the major bottleneck for further energy system integration and
networking among the power pool as again suggested by PIDA.

The current level of annual investment in the power sector (roughly $10-11
billion per year) is inadequate and huge increase of four times is at least
needed for supporting the boosting of the energy sector in term of installed
capacity, transmission lines, quality of the service and universal and equitable
access for all in the continent. The main challenge will be financing the large
capital investment required by the transformation of the power sector, increasing
private sector financing and sector cash flow by some 7-10 times their current
levels. This big effort may be turned into a positive effect since no significant
increase in average tariff may be required to finance the sector program, which
would so remain around $8-10 cents /kWh due to the large amounts of low cost
hydro power which would become available.

Africa sub-regions differ consistently in their availability and use of the
energy resources. Such differences bring about different sets of challenges
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which have lead in Africa to an evident pluralism of actors involved in the
energy sector through several policies and action plans. Governmental agencies
and international organizations, development banks and funds, power utilities
associations, NGOs and others, undertake actions addressing energy-related
challenges. The fragmentation of the policies and action plans and the lack
of harmonization represent one of the main key points. Indeed, actors involved
in this frame have priorities and roles that often differ or overlap even if some
efforts of integration have appeared over the last decade by AU, NEPAD,
AFREC and AfDB and the increasing coordination within the Power Pools.
Modern energy services, though increasing, remains limited and diversified
by regions in the continent. For instance, roughly 50% of Sub Saharan Africa
population is without access to electricity, 80% of which leaving in rural area.
On-grid solution stays the least-cost solution and provide access to the majority
of those who gain it within 2030; renewable makes the 70% of the additional
capacity to provide access. Reliable energy infrastructure with proper
regulatory framework are crucial to transform the power sector and contribute
to decarbonisation. Bioenergy in Africa, mainly fuelwood and charcoal, is still
the dominant source of energy for Africa (a bit less than 80% of the population
in SSA) affecting the health of hundred thousand people. In the areas where
progress will occur, LPG is the most common solution to clean cooking
access, with over half of those gaining access by 2030 relying on LPG. This
is particularly crucial from an infrastructure perspective since a lack of proper
distribution networks as well as adequate affordability of LPG may slow down
progress in rural areas, where biomass alternative is often free of monetary
costs. Beyond providing a short-term pathway to cleaner energy solutions, an
LPG network and infrastructure can provide a platform for developing modern
bioenergy solutions (e.g., biogas) towards a higher relevance of bioeconomy
that is a pillar of the NPR.

The power sector is often weakly reliable in the African countries due to severe
and frequent power shortages which happen in poorly maintained networks. On
average, roughly 5% of annual sales are estimated to be lost due to electrical
outages; electricity tariffs are, in many cases, among the highest in the world
and the frequent recourse to emergency back-up oil-fuelled generators or captive
power has induced consequences on the electricity costs for the final user
(across businesses and households) and affect product competitiveness. Time
and cost to get electricity connection affects business development.

As a general consideration, since GDP growth of more than 5% per year in
Africa has been achieved despite poor electricity supply, it is not difficult to
forecast the impact of a more reliable and affordable energy infrastructure
on the economic and social development. A higher quality power network is
expected to raise the productivity of African companies: every additional $1
invested in the power sector may generate more than $15 in incremental GDP.
According to different scenarios and forecasts, the power demand will increase
from the current value up to three or four time to 2040, and therefore, installed
power generation capacity must rise from present levels to almost 400-600 GW
by 2040. Forecasting different penetration of renewable energies will also imply
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a different level of investment. PIDA suggests that Africa will save on electricity
production costs through power interconnectors among the Power Pools to
enable large-scale hydropower projects while increasing access to power in
the low generating area through inter-regional trade. In this configuration, the
role of regional smart and integrated infrastructure will be crucial as suggested
also by IRENA and IEA. Both of them include deeper regional co-operation and
integration to facilitate new large-scale generation. Integration will also call
for stronger inter-sectorial synergies, high coordination and multi-sec-
torial governance as well as a life cycle perspective in order to mitigate long
term CO, lock in and allocate responsibility for energy consumptions among
national economies and their productive sectors including trades.

The debate between top-down or bottom-up approach is going to be
overcome in the perspective of providing universal access giving space to both
approaches in order to mitigate the rural-urban divide. In the perspective of
increasing further the quality and level of access for household, beyond the
basic needs, and promote productive uses for community services, agriculture
or rural industries, the contribution of distributed (off-grid) and decentralised
generation (mini-grid) increases from covering the 17% for the new access of
the New Policy Scenario to the 42% of the new access in the Universal Access
Scenario. Reduction of costs and greater attention to energy efficiency, social
entrepreneurial promotion, disruptive penetration of digital technology will be
crucial for the future relevance that distributed generation may gain. Distributed
Energy infrastructure may better respond to the needs, capacities, and aspira-
tions of people and be absorbed within the local culture, adapted and later
improved by the local people to sustain local ownership, promote economic
growth and ensure long term impact.

MOBILITY: THE GOAL OF CONNECTING PEOPLE AND GOODS

Transport of goods and people is a prerequisite for a prospering economy
shaping mobility patterns, contributing to innovation and productivity
while triggering economic, environmental and social benefits. Transport
infrastructure enables the connection of people to jobs, education and health
services. It spurs the interactions among people that generate knowledge and
visions for long-term development.

Future transport systems need to comply with many constraints in terms of
quality and affordability, social and environmental impacts. Transport accounts
for about 64% of global oil consumption, 27% of primary energy demand and
23% of total anthropogenic GHGs emissions. In 2040, for each barrel of oil no
longer used in Europe, almost one barrel more will be used in the Africa. Africa
has the primacy for the risk of a road traffic death resulting in about one-fifth of
total fatalities from road crashes worldwide although the share of global regis-
tered vehicles is only 2%. Noteworthy, road accidents cause economic losses
equal of up to 5% of GDP.

Future trends suggest that global transport volume for passengers and goods
will double as result of fast-growing population and emerging economies with a
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consequent strain on the global transportation system. As a result, significant
investment will be required in the transportation infrastructure to increase
capacity and improve productivity. Similarly, there will be the need of more
efficient and reliable vehicles relying on more sustainable fuel sources.

The infrastructure dearth of Africa in the field of transport is evident from the very
low total intra-African trade in 2011 that was only 11% of African trade with the
rest of the world, stating the poor internal connection among the countries and the
region. More in detail, Africa’s terrain variety has an impact on critical transport
and in general, there is a huge range of maturity in terms of infrastructure.
For example, Angola has just 4 km of roads per 100 square kilometers of land;
Ghana’s road density is more than 10 times as high, while South Africa has 62
km of roads per 100 square kilometers.

Roads represent the main mode of goods transport in Africa; however, most of
continent’s roads are unpaved or in poor condition and quality tends to reduce in
case of non-international truck roads. Formally speaking a network of trans-Af-
rican highways exists, to potentially permit people and goods travelling across
African countries, but their impact is limited by the poor quality of some of them.
Indeed, where road infrastructure is adequate, road maintenance is a worrying
problem reducing dramatically the percentage of road in good or fair condition.
Africa’s rail networks have severe infrastructural problems and deficiencies:
generally, rail lines date back to colonial period and are poorly maintained. These
network densities are lower than Europe’s range of 200 to 1,000 km per million
people. It is also notable that African exports are largely bulky primary commod-
ities, which could be transported more efficiently and at lower cost by rail than
by road, therefore, rail development holds huge opportunities for investors.
Maritime transport, despite fundamental for trade is also weakly developed.
Ports are the most important transportation mode to access African continent
especially for goods. Nevertheless, ports are not enough to handle existing
traffic. Africa operates 64 ports but they share only around 5% of global
traffic. South Africa, Morocco, Egypt and Cameroon contribute to around 68%
of the regional maritime traffic.

There exist several international airports for passenger traffic while air trans-
portation of goods is not enough developed. Generally, there is a lack of
physical connections and coordination between the different transport
infrastructure and terminals.

Several policies related to transportation and logistics are already in place
sustained by the Programme for Infrastructure Development in Africa (PIDA).
Overall, PIDA aims at developing a functional African Regional Transport Infra-
structure Network (ARTIN) at the least economic cost, with priority for landlocked
countries, while minimizing the environmental impact and including gateway
ports and air transport services, increasing efficiency, cost, reliability and safety.
Itis urgent to increase the infrastructure capacity of Africa to sustain economic
growth since a positive correlation between real income per capita and road and
rail density exists originated by the increased opportunity of connecting people to
jobs and goods to markets. Introducing digital technologies into existing transport
infrastructure can also increase productivity, expanding the connections of
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existing assets while predicting and avoiding disruption, thus changing old
paradigms basing solely on capacity. Finally, intermodal transport solutions can
be promoted thus increasing the productivity of the whole transport and logistic
value chain.

Beyond productivity of infrastructure, integrated and intelligent transport
network is able to sense demand, measure performance and monitor the
health of physical assets thus enabling radical new ways of monitoring and
maintaining the roads, track and runways. Cognitive technology can improve
automation and safety of vehicles. Finally, connected and automated vehicles
are likely to lead to modifications in terms of security, safety, emissions reduction
and time management while travelling on roads. All these measures promise to
reduce the actual burden of poor transport infrastructure in Africa’s economies.
Smart transport and logistics infrastructure enable the Next Production
Revolution by the digitisation and integration of vertical and horizontal value
chains, the development of new digital business models and customer
access platforms. Overall, digitalization has a high potential to improve
internal operations of companies in a wide variety of areas including asset
management and the delivery of new investments.

The implementation of smart transport and logistics solutions can stimulate
more decentralized and small business offering a greater flexibility that
could overcome financial barriers.

Transport infrastructure needs to shift for speeding up the disrupting change
coming from the new mobility landscape with a major trend in shared mobility.
Cities have been indicated as the most relevant segmentation dimension that
will determine mobility behaviour and, thus, the pace of transport changes.
Shared mobility solutions will provide user-centered mobility services
empowering people and changing the approach to operations and planning
based on users’ choice and priorities.

A people-centered approach is also required to develop capacity and skills
that drive transformation as the lack of digital culture has been recognized
as a major barrier for the implementation of smart transport infrastructure.
Finally, crowdsourcing give empowerment to people in a global perspective by
changing the granularity of measures, monitoring and planning.
Remarkably, smart and integrated infrastructure can promote sustainable
mobility ensuring more inclusive and healthy transport services. Furthermore,
electrification of transport could promote the integration of transport and
energy infrastructure and can give momentum to more efficient and reliable
vehicles relying on more sustainable fuel sources and carriers thus helping
the penetration of renewable energy in a final sector with a strong lock-in with
carbon-based fuels. On the other hand, using electric vehicles as power grid
infrastructure for energy storage options provide a higher flexibility of the energy
system as a whole helping a higher penetration of renewable power sources.
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SMART AND INTEGRATED INFRASTRUCTURE IN AFRICA:
RACOMANDATIONS FOR AN ACTION AGENDA

Deploying SMART-I Infrastructure for Africa needs to be recommended to

promote Prosperity. Some of ten key recommendations emerges from the data

and policy analysis in the different sector of digitalisation, decarbonisation and

smart mobility are:

1. Broadband penetration needs to be widen in the continent to support
sustainable development.

2. Digital transformation is crucial to enable a new asset for African manufac-
turing and productivity.

3. Digital Technologies can boost people engagement and empowerment.

4. Renewable Energy & Efficiency need to be top priorities to unleash access
to modern services.

5. Increased power capacity and reliability need to boost local economy and
business development.

6. Interconnections and Networking of energy system cannot wait longer to
increase trade and savings.

7. Distributed energy system may complement on grid option to increase
inclusion and empowerment.

8. Smart transport infrastructure is prodromal of prosperity in Africa.

9. DigitalWization of transport and logistics spurs African manufacturing and
productivity.

10. Systemic integration and effective resource management need to be on
top of the Africa Agenda to unveil the potential of Smart-I Infrastructure.

The attributes of SMART-I Infrastructure also complement and characterise the
needed transformation of the African Socio-Economic asset toward the NPR
adoption in the continent:

Economic Effective. The positive impact of broadband penetration opens
a new era for the infrastructure development and an innovative asset for the
national economy contributing to business development, annual sales saving,
operational costs reduction, productivity and competitiveness, affecting national
GDP by taking profit from the positive correlation with income boosted by the
opportunity of connecting people, jobs, goods and markets.

Environmental Friendly. Africa cannot lose momentum to investigate low
carbon and efficient alternatives in order to prepare the long term future beyond
2030. Digitalised energy infrastructure and shared mobility with proper regulatory
framework allow cleaner energy services and avoid lock in in the transportation
sector, and enable a more efficient use of energy and natural resources.

Social Inclusive. SMART-I Infrastructure needs to act on the social divide

allowing different services to be available for all in order to meet basic needs,
community expectations like health and education, productive uses in the indus-
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trial or agricultural sector. In addition, the reliability of services supports fair
conditions for business development by reducing the upfront cost of investment
that otherwise could be met only by higher income categories.

Safe and Resilient. SMART-| Infrastructure for distribution networks (electricity,
roads...) are crucial for reducing the divide among rural and urban area and to
fasten the adoption of modern, healthy and safe services. Data collected from
sensors, machines and vehicles enable rapid decision-making and improve
productivity, operational safety and maintenance and a new engagement by
people is expected by the introduction of new digital products and services that
allows customer-specific solutions.

Integrated by data, function & governance. Introducing digital technologies
and proper governance into existing infrastructure increases productivity thus
changing old paradigms based only on capacity and giving more relevance to
efficiency. Inter-sectorial synergies are crucial: energy, water, ICT, transport,
so that governance needs to be the backbone of SMART-I Infrastructure. New
ways of interaction and cooperation with suppliers and customers enable open
innovation and crowdsourcing.

Physically and Financially Decentralised. A new ecosystem of digital entre-
preneurs needs to flourish associated to new business models like distributed
manufacturers, starting with little capital and using the earnings to finance
expansion. Distributed solutions, boosted by cost reduction, energy efficiency,
social entrepreneurship, disruptive digital technology, bring the double advan-
tages of increasing renewable energies and reducing investment. The imple-
mentation of smart transport and logistics solutions can stimulate more decen-
tralized and small business offering a greater flexibility that could overcome
financial barriers.

Life Cycle Perspective-Based. Life cycle and circular economy perspective
need to be a new paradigm on which SMART-I Infrastructure development
is promoted for assessing a fair allocation of resource’s consumption and
synergies and trades among different economic sectors and economies. A
new paradigm of consumption-based accounting is thus requested to define
effective policies.

People Centred. New products and services as well as new business models
are characterised by an emphasis on high value-added digital technology where
people are the centre of the stage. Decentralised solutions need to be driven by
local needs, respond to capacities, and aspirations of people and be absorbed
within the local culture, adapted and improved by local people. So, empowerment
driven by capacity development (technical, managerial, institutional) can increase
ownership and avoid lock-in solution for the long run while facilitating the NPR
promotion as stated at the G7 Africa Outreach in Taormina 2017.
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The potential of the Next
Production Revolution in Africa

NPR AS A STEP ALIGNED WITH THE SUSTAINABLE
DEVELOPMENT AGENDA
1

Africa is ready to jump straight into the revolutionary frontiers that
represent the enabling environment for the transformative change that is so
strongly requested by the 2030 Agenda. Africa does not need to replicate
misleading trends of development, production and consumption that are now
calling for strong efforts and Partnership at global level in order to set appro-
priate remedies, support the achievement of sustainable development while
maintaining global Peace, reduce inequality among People and promote a
more equitable Prosperity for all, including the Planet at large.

The confluence of technologies for the Next Production Revolution

In this perspective, the Next Production Revolution (NPR) represents a
potential opportunity and a big challenge for Africa and its socio economic devel-
opment, also considering the traditional leapfrogging attitude that has already
characterized the straight and successful diffusion of a number of smarter or
cleaner innovations in the continent as clearly stated within the “G7 Summit,
Chair's Summary of the Outreach Session on Africa” [1]. Indeed, NPR entails a
confluence of technologies (see box 1) ranging from a variety of digital technol-
ogies (e.g. 3D printing, Internet of Things, advanced robotics) to new materials
(e.g. bio- or nano-based) and processes (e.g. data driven production, artificial
intelligence, synthetic biology) [2]. Although conventional materials and industrial
processes will be still used in the twenty-first century [3,4], the merging of the real
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Digital transformation

Digital transformation of industrial production is strongly enabled by information and
communication technologies including big data, cloud computing and internet of
things. Integration and networking of physical, digital, data and people may resultin
innovative solutions like additive manufacturing and autonomous machines/systems
that are able to transfer digital instructions to the physical world, human-machine
integration like touch interfaces and augmented reality systems [Baur et al., 2015].
The introduction of these solutions in industry has been referred as Industry 4.0 that
is the use of intelligent technical systems for mass production [Stahel, 2016].

New Materials

New materials are crucial in the NPR and involve a higher deployment of bio-based
products and nano-structured solutions. Biochemicals, bioplastics and biofuels
represent the largest market share for biomass-derived products. Recent studies
[OECDI/IEA, 2014], [E4Tech et al., 2015] indicated that almost 100 bio-products
from sugar platform are currently under pilot or lab-scale investigation and will
reach the market between 2020 and 2050. Nanotechnology promises to develop
several organic and inorganic materials for applications in many fields including
water and wastewater treatment, desalination and materials for energy. Advanced
carbon-based materials like graphene and carbon nanotubes promise a techno-
logical revolution based on their sensational properties [Peplow, 2013]. In addition,
nano-catalysts will increase properties of technologies for energy generation and
storage. The development of nano-based materials is depending in the advances
of production processes but also in materials modelling, scientific instrumentations
and infrastructure.

New Processes

New processes are emerging from the convergence of bio, digital and nanotech-
nologies that will reshape design and production in terms of materials deployment
and production schemes. Genomics, synthetic biology, additive manufacturing and
computational design enable the design of biclogically-based parts and devices as
well the redesign of existing, natural biological systems [Oxman, 2015]. As these
technologies have an impact on the production and the distribution of goods and
services, they will have far-reaching consequences for productivity, skills, income
distribution, well-being and the environment as stated by the OECD.
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and virtual worlds, the use of new materials and processes will deeply reshape
design, engineering and production. To transform the potential of this confluence
into an effective power for Africa, an enabling infrastructure as hard component is
strongly needed and a new generation of leaders able to manage such innovation
being as soft component cannot be neglected.

Technology and Innovation for the SDGs

In addition to the specific relevance for the NPR, also in the 2030 Agenda [5] the
role of the emerging technologies is considered crucial for the achievement
of the Sustainable Development Goals in 2030. Emerging technologies may
be grouped into 5 clusters: the bio-tech, digital-tech, nano-tech, neuro-tech
and green-tech (see Box 2).

Bio-Tech
They include genomics, industrial biotechnology, synthetic biology, etc...

Digital-Tech
They include big data, cloud computing, internet of things, 3D printing, etc...

Nano-Tech
They include nanomaterials, nano process, nano systems, etc...

Neuro-Tech
They include artificial intelligence, autonomous machines and learning,
human-machine integration, etc...

Green-Tech
They include circular economy, low carbon energy, smart transport, sustainable
agriculture...

These emerging technologies are combinatorial which means that they are
not conceived as stand-alone monoalith, but interact in many ways and interest
a variety of disciplines like physics, biology, computer science and others
affecting thus research, industrial business and the world’s economy at large.

Analyzing these clusters in the light of the 17 SDGs, it emerges that Digital
and Green Tech are the most populated clusters as shown in Figure 1. This
means that they appear as supportive tools for the achievement of many SDGs
like Health, Water, Energy, Ecosystem, Land, Ocean Management, Climate
Change, Sustainable Production and Consumption patterns. Moreover, Digital
and Green Techs are the emerging technological clusters mostly related to
infrastructure and therefore those from which, on the perspective of ICA, any
transformative path in Africa to cope with NPR challenges should start. Finally,
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enabling Digital and Green Techs may be considered as an essential precon-
dition to the future development of Bio-Nano and Neuro-tech in Africa.

For the above three reasons Digital and Green Tech are at the core of ICA
2017. More in details, Digital Tech is directly linked to Digital Infrastructure while
Green Tech includes two main components that are Sustainable Energy Infra-
structure and Smart Mobility.

FIGURE 1. LINKS BETWEEN EMERGING TECHNOLOGY CLUSTERS
AND SUSTAINABLE DEVELOPMENT GOALS
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Source: Own elaboration from OECD, “Enabling the next production revolution: the: the future of
manufacturing and services- Interim Report.”, Meeting of the OECD Council at Ministerial Level,
2016, [2] and United Nations, “Global Sustainable Development Report.”, New York, 2016, [5].
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INFRASTRUCTURE FOR SOCIO-ECONOMIC DEVELOPMENT
AND WITHIN THE POST-PARIS AGREEMENT

Infrastructures are a crucial asset in the socio-economic development of the
countries. The relevance of both physical (e.g., telecommunication, energy,
transport, water supply) and social infrastructure (e.g., health, education,
banking, commercial services) for socio-economic development has been
extensively investigated over the last years [5-9] including the impact in
developing countries [10,11]. Infrastructure is critical to ensure basic human
needs for food, water, energy, transportation, communication. However, infra-
structures development needs to cope with the new global frameworks. A
confluence of technological innovation matching with political, institu-
tional and social innovations coupled with other megatrends may have the
power to trigger a transforming process that is requested for our society. From
a technological standpoint - the OECD has formalized the concept of the
Next Production Revolution that will have a disruptive impact on productivity,
work, skills, markets, poverty and inequality, well-being and environment. From
a political and institutional point of view, the Paris Agreement on climate
change, the 2030 Agenda for Sustainable Development and the Addis Ababa
Action Agenda represent paramount innovative reference assets. They set a
universal, integrated and transformative vision for a better world including
a new financing framework to achieve sustainable development goals and
the mitigation of global threats that erode the current conditions of well-being
and stability. Infrastructures are a crucial pillar in this global ecosystem for
systemic innovation. Infrastructures may be drivers of economic growth and
development, enablers of technological progress to find the right balance to
both economic and environmental challenges (e.g., providing new jobs while
promoting efficiency of services and /or products).

However, infrastructure development, within the current production schemes,
may represents a big burden for additional greenhouse gases emissions even
if the specific value for Africa are much lower (Figure 2) than the average of
other continents. Indeed, Paris Agreement indicates a ‘net-zero’ emissions
energy system by 2100 to limit average global temperature rise well below 2 °C.
Therefore, long lasting effects of infrastructure need to be considered in order to
avoid the risk of technological lock-in to a set of configurations that are able
to meet 2030 or 2050 targets but that inevitably are due to fail in achieving the
target for 2100 [12]. Approximately 90% of African countries have submitted
their Intended Nationally Determined Commitments (INDCs) meaning a high
commitment towards international policies as shown in Figure 3.

35



FIGURE 2. YEARLY PER-CAPITA EMISSIONS OF SOME AFRICAN
COUNTRIES. (METRIC TONS PER CAPITA)
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Source: Own elaboration from The World Bank, “Data | The World Bank.” [Online].
Available: http://data.worldbank.org/. [Accessed: 29-Apr-2017], [13]
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FIGURE 3. INDCS MAXIMUM MITIGATION TARGETS OF SOME AFRICAN
COUNTRIES

Among others, Tunisia indicated a reduction of its carbon
intensity of 41% in 2030 with reference to 2010. In the case
of South Africa, the time-frames within the peak, plateau and
decline trajectory range are 2025 and 2030, in which emis-
sions will be in a range between 398 and 614 Mt CO,eq.
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Source: Own elaboration from UNFCCC, “Synthesis report on the aggregate effect of intended
nationally determined contributions.” [Online].
Available: http://unfccc.int/focus/indc_portal/items/9240.php. [Accessed: July-2017], [14]
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ACCESS TO SERVICES ENABLED BY AFRICA INFRASTRUCTURE:
CURRENT STATUS AND GAP

Quality and reliable infrastructures are a precondition that may trigger access
to different pivotal services for fighting poverty. Quality and reliable infrastruc-
tures help increasing the quality of life and boost local economy and entrepre-
neurship. Nevertheless, infrastructure development is still poor in the African
continent. Africa, indeed, needs to bridge a large infrastructural gap
compared to other macro regions. This is particularly true when dealing with
energy, transport and ICT assets. The low population density, the high
concentration of landlocked countries and the high share of rural settle-
ments hinder a large-scale infrastructure development resulting in expensive
services compared to other macro-regional aggregations.

Energy Services

In the energy sector, the infrastructure dearth is largely manifest both from
a quantitative and qualitative perspective. The African average per capita of
electricity production and consumption, as well as the share in access to
electricity and to modern fuels are incomparably lower than the world average
and definitely the lowest among the others aggregated regions (Figure 4).

FIGURE 4. ENERGY INFRASTRUCTURE - MACRO REGIONAL ENDOWMENT
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Source: Own elaboration from The World Bank, “Data | The World Bank.” [Online].
Available: http://data.worldbank.org/. [Accessed: 29-Apr-2017], [13]
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Moreover, energy uses underline the substantial dependency on traditional use
of solid biomass especially at household level and a very low efficiency in the
sector as synthetized by the energy intensity which is more than 1.5 times that
of Europe and Central Asia.

More in details, access to electricity is limited to less than 40% of total
population in the Sub-Saharan region with a huge gap relative to 80% share
in South Asia (Figure 4). Some countries still provide electricity to less than
10% of the total population and rural areas, of around 20 Sub-Saharan
countries, are almost lacking electrical energy services. Access to clean fuels
and technologies for cooking is even smaller accounting for less than 15%
of Sub-Saharan population (Figure 4). Electricity production is very low, just
a fraction of production rates in other macro regions. Despite averaged with
Middle East, it is also evident that the features for North Africa are different
especially in term of access. At any rate, and as continental average, electricity
consumption per capita is less than 600 kWh/per capita per year representing
less than 20% of the world average. Energy intensity is almost twice the world
average and more than three times the OECD level. The indicators given in
Figure 4, gives evidence of an economic structure that still relies on very low
efficient and not clean supply chains for manufacturing. This is the essence of
the energy paradox in Africa: despite rich in resources, Africa is indeed poor in
energy supply and lack of reliable and valuable energy services.

Access to clean fuels and CO2 emissions Energy intensity level
technologies for cooking (kg per 2010 US$ of GDP) of primary energy
(% population) (MJ/$2011 PPP GDP)
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Transport Services

Transport infrastructure, in terms of both roads, rail lines, air transport and
port, is another crucial pillar to foster sustainable development in Africa enabling
local, regional and international trade. Road transport contributes to 90% of
passengers’ mobility and more than 80 % of goods’ exchanges. More than 50%
of Africa’s road network is unpaved hindering the access to basic social services
and burdening local economic activities, especially for rural population [15].

Rail networks are weakly developed in Africa: including North Africa they
account for less than 8% of rail lines (Figure 5) mostly concentrated in South
Africa (around 20,000 km), Sudan (around 4,500 km) and Congo Dem. Rep.
(around 3,500 km). Thirteen Sub-Saharan African countries have no operational
rail networks. Spatial density of operational rails are as low as 30 to 50 km
per million people, with only few countries (Gabon, Botswana, and South Africa)
having network densities of more than 400 km per million people.

Air transport enables the trade of time-sensitive, perishable exports such
as food products that are becoming increasingly important foreign-exchange
earners for African countries. In the last ten years air transport freight has almost
doubled reaching more than 2800 million ton/km in Sub-Saharan Africa
(Figure 5). However, even including North Arica, air transport is still modest in
the continent when compared with other macro regional aggregations (Figure 5).
From an integrated perspective, it is worth mentioning the lack of transport
connectivity between roads, rail lines and ports that may instead contribute to
facilitate the empowerment of the sector [15].

FIGURE 5. TRANSPORTATION INFRASTRUCTURE - MACRO REGIONAL ENDOWMENT
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Available: http://data.worldbank.org/. [Accessed: 29-Apr-2017], [13]
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Digital Services

Information and communication technologies had a rapid growth in Africa
that is now the second largest mobile phone market in the world. In 2014 Africa
had around 760 million mobile subscribers with a projection to achieve 1
billion target by 2016. Nevertheless, penetration rate of mobile phones ranges
from 71% in SSA to 111% in the aggregated region including North Africa is
still among the lowest when compared with other macro-regional aggregations.
Moreover, individual Internet access is still very low with slightly less than 20%
of individuals using internet in SSA and less than 40% in the aggregated
region including North Africa but progression are going fast (data at 2017
is slightly above 28% of total population [16]). Indeed, this percentage was
only 5% in 2009 giving evidence of the fast growth of the sector. Despite the
positive trends, African ICT sector is still relatively immature as shown by low
fixed broadband subscriptions for both Sub Saharan African and North
Africa (Figure 6), thus giving a cause to the low impact of Internet on African
GDP (1.1% compared to 3.7% of developed economies and 1.9% of emerging
economies [17]).

Zooming the continental perspective, at regional level, lack of infrastructure is
concentrated on Central and Eastern Africa in terms of access to electricity,
road infrastructure and internet access, as shown in Figure 7.
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Investment Gap for increasing capacity and beyond

Filling the infrastructural gap of Africa is urgent and in this perspective,
additional resources to increase capacity are certainly needed. Nevertheless,
a stronger added value could be brought to the sector by promoting a set of
other strategies to improve quality of use for the current infrastructural asset,
thus improving specific productivity.

From a global perspective, a cumulative investment of $57 trillion by 2030
was recently suggested [18] to maintain an adequate infrastructure capacity
and service relative to GDP, which means ensuring a value of infrastructure
stock at around 70 % of GDP. A rise of annual baseline infrastructure
investment from $2.6 trillion in 2013 up to $4.5 trillion in 2030 would be
therefore required in this scenario. Though a good base, such an investment
would not be enough to fill neither the existing gaps among developing
countries and developed regions, nor addressing universal access to roads,
clean water, sanitation, and electricity in the continent. Furthermore, it does
not consider extra investments required to tackle environmental stresses from
climate change mitigation and adaptation [18].

Indeed, widening the approach beyond baseline, global investment needed
to achieve SDGs are estimated in the order of $5 trillion to $7 trillion per
year [19]. The range to be allocated to developing countries is between $3.3
trillion and $4.5 trillion per year with investments mainly in the sector of basic
infrastructure (roads, rail and ports; power stations; water and sanitation), food
security (agriculture and rural development), climate change mitigation and

FIGURE 6. ICT INFRASTRUCTURE - MACRO REGIONAL ENDOWMENT
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Available: http://data.worldbank.org/. [Accessed: 29-Apr-2017], [13]
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adaptation, health and education.

Within this total amount, physical infrastructures in developing countries
would require from around $1.6 trillion to $2.5 trillion per year. This brings to
evidence an estimated gap close to $1-1.5 trillion per year when compared with
the current investments [19,20]. Figure 8 shows global data broken down by
sector where investments in infrastructure in developing countries are estimated
to be at 1.8% of global Gross Domestic Product (GDP) while the investment
gap should be between 2.5% and 4.3% of global GDP. In line with the scope of
the ICA background paper, Figure 8 also shows that a stronger commitment in
infrastructure investments would be needed in the energy, transport and ICT
sectors as well as in their integration.

In 2015, investments for Africa’s infrastructures amounted to $83.4 billion
showing a 12% increase with respect to the previous year [21].

African national governments committed 34.1% of total investments while
the private sector shared only 8.9%.

Energy and transport sectors collected more than 80% of total investments
sharing each roughly half of the total expenditure of $69.4 billion. At regional
scale, investments were mostly allocated in Eastern Africa (23.1%).

The whole Sub-Saharan Africa, excluding South Africa, was recipient of $55.4
billion or 2/3 of total investments. Investments from private sector were
almost entirely focused in the energy sector and where mostly concentrated in
South Africa (51.2%) followed by North Africa (16.5%) and West Africa (17.2%).
In the whole Sub-Saharan Africa private sector investments were around $6.3
billion with the power sector sharing more than 95% of it and the remainder
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FIGURE 7. ENERGY INFRASTRUCTURE - REGIONAL ENDOWMENT
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allocated in road construction and water infrastructure.

Figure 9 shows the trend of private investment; indeed, in the period from 2010
to 2015 most of private investments in Sub-Saharan Africa were allocated in
ICT infrastructure with few but big projects. However, in the last three years
a shift of private investments from ICT to energy infrastructure has been
observed. Private investments in transport sector are very small mainly
concentrated in ports and less in airport and roads.

Figure 10 shows the evolution of private investments in the period from 2000 to
2015 in different macro-regional aggregations and from a different perspective. It
appears clear how the effort from private sector was mostly concentrated in ICT
infrastructure especially for the Sub-Saharan Africa case. Moreover, invest-
ments were of large-scale type as shown by the relative low number of projects in
Sub-Saharan Africa in comparison with other macro-regional aggregation.

FIGURE 8. CURRENT INVESTMENT AND GAPS IN DEVELOPING
REGIONS BY SECTORS
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FIGURE 9. PRIVATE INVESTMENTS IN SUB-SAHARAN AFRICA
FROM 2010 TO 2015

Dark to light colours’ variation refers to time shift from 2010 to 2015
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Are investments on the right track?
A comparison among current investment and needed investment

In the energy sector alone, in order to meet the New Policies Scenarios
proposed by the International Energy Agency in 2014 [OECD/IEA, 2014]
investments of more than $110 billion per year to 2040 in the whole
Sub-Saharan Africa are needed, $46 billion of which related to power gener-
ation, transmission and distribution. In this scenario, the sub-Saharan power
system would expand it generation capacity of more than 4 times from roughly
90 GW to 385 GW and diversify its mix: coal (South Africa) and hydropower
(all regions) will come to be supplemented by natural gas and by an increased
share of renewables (including solar, wind, geothermal and biomass) which
will double the share of today in 2040. This investment, will allow to reduce
the share of fossil fuel installed capacity from 77% in 2012 to 54% in the same
period supporting the path toward a more decarbonised scenario but still not
providing universal access for all. Indeed, according to the IEA's Africa Century
Case, additional $17 billion should be added on average per year over the
period 2013-2040 in order to provide full electricity access in urban areas
and achieve two-thirds in rural areas of all countries of sub-Saharan
Africa. The African Century Case is also accompanied by “improvement of
the reliability of electricity supply, reducing the incidence of power outages by
half”. A higher quality power network is expected to raise the productivity
of African companies: every additional $1 invested in the power sector in the
African Century Case generates more than $15 in incremental GDP.
Compared to the mentioned $83.4 billion of investments for Africa’s infra-
structures in 2015, the investments’ needs are definitely much higher as it is
evident by this comparison based only on (some of the needs) of the energy
sector.

OECDIIEA, “World Energy Outlook 2014.”, OECD Publishing, 2014.
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Smart and Integrated
Infrastructure in Africa

The share of middle- and low-income countries in global GDP (on purchasing
parity terms) has increased from less than 40% to more than 50% since year
2000 and is expected to increase to two-thirds by 2030. The world is indeed
experiencing an historic structural transformation, where developing countries
are coming to be the major drivers of investment and growth. In addition,
they are driving the largest wave of urbanization than ever, as more than 1.5
billion people will move to cities within 2040. This unique transformation calls
for rapid technical progresses in digitalization, energy, transport and other
spheres like biotechnology and materials. Nevertheless, at the same time this
progress needs to be carried out in compliance with the urgency of controlling
carbon footprint and impact on climate. In this scenario, a major expansion
of investment in modern, clean, and efficient infrastructure will be essential
at global level, but vital for Africa also for meeting the long-term compliance
with the Paris Agreement. The Next Productive Revolution offers, to devel-
oping countries and therefore to Africa, the opportunity to achieve sustainable
development goals provided the setting of an enabling infrastructure and a new
generation of leaders able to manage such innovation. Embracing the pathway
toward Smart and Integrated Infrastructure, designed to enable the conver-
gence among digital, energy and transport/logistics platforms is an opportunity
to boost the Next Productive Revolution.
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INTEGRATION OF PHYSICAL
AND DIGITAL INFRASTRUCTURE

The early path towards low-carbon and quality infrastructure has already
lead to a ‘leapfrogging’ change of infrastructure system, which needs
to be more focused on a comprehensive smart and integrated approach
including functional and data integration, a decentralized paradigm, a life cycle
perspective and a new and pro-active role of users.

First, smart refers to a massive penetration of digital technology in the infra-
structure sector to control, manage and optimize uses. Secondly, integration
indeed, refers to the coping of functionality of different physical infrastructures,
data integration and sharing across sectors between energy, transport, telecom-
munication and digital infrastructure [23]. Infrastructures shape already today
a complex network of multiple and mutual effects (e.g., failure in the power
grid can hinder transport sector, etc.); however, infrastructure management is
sectorial, disjointed and scattered, geographically and jurisdictional. Integrated
infrastructures can therefore promote a new infrastructure governance able
to foster an overarching approach to planning, delivery and management of
infrastructure assets.

In addition, integration leads to the promotion of new technological nexus
overlapping different sectors (waste, energy, transport, ICT, banking, financing)
not necessary and exclusively relying on the import of ‘plug-and-play’ high tech
solutions. In turn, this entails opportunities for new business models adding a
win-win outcome of infrastructure investment. Overall, functionality and data
integration promises to foster infrastructure productivity while addressing
specific needs of people — this may be an effective way to mitigate the poverty
trap and giving people access to service needs.

Decentralization is a crucial element in the transformative path for infra-
structure, having two main meanings. From the physical perspective, we
assist to a capillary distribution of technologies that are more massively at the
disposal of citizen; digital technologies (i.e smart-phone) have increased the
chance for everyone to get access to digital services, energy and transpor-
tation services. From the financial perspective, we are assisting to a parallel
shift of capitals and infrastructure owners, from large creditworthy entities (e.g.,
large corporations and central governments) to smaller ones (i.e., households,
smallholders, emerging economy cities without good credit ratings, new project
developers), with new intermediation patterns which may open channels for
participation of diverse actors.

Decentralization can offer a viable solution to those landlocked African countries
that cannot access traditional centralized infrastructures. Furthermore, decen-
tralization can mitigate constraints of low population density and high share of
rural settlements.

In the same perspective, investments in infrastructure need to be more directed
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2.0

to solutions that aim at systemic/sustainable design, design-to-cost, lean

execution, and service delivery.

The aim is to optimize resource use in a life cycle and system perspective

enabling the transition that is requested from now to 2030 but also casting the

right seeds for the more challenging shift needed to 2050.

Lastly, a new people-centered perspective is envisaged where households

and communities are engaged in new or adapted forms of distributed control,

with demand-response becoming a key resource. The development of the
digital era has allowed information to become an asset for all with direct impli-
cation into ICT, energy and transport:

* In ICT since the lack of fixed line telecommunications presents a significant
opportunity for mobile communication that has allowed people to be connected
even in rural areas.

* Inlow-carbon infrastructures, cost reduction trends and the raising of a new
category like the prosumer are disruptive paradigms promoting new win-win
solutions for the penetration of renewable energies and distributed systems.

* In the transport system, the shift is revolutioning the sector orienting
it toward efficient interface with existing informal and private transport
providers, with soft and shared mobility solutions.

Smart and Integrated Infrastructure have therefore the potential to boost the

Next Production Revolution by creating a network of things, services, data

and people.

TAXONOMY OF SMART
AND INTEGRATED INFRASTRUCTURE

Smart and Integrated infrastructures (SMART-I Infrastructure) need to become
the driving element for the next investment generation in Africa. They represent
the natural evolution of the list of attributes for infrastructure development and
complement the previous definition of sustainable and quality infrastructure.
Indeed, as reported in the literature Sustainable infrastructure [24] are
characterized by three attributes:

+ Socially sustainable: inclusive to enhanced livelihoods assets by increasing
access to basic services, by reducing poverty and by addressing vulnera-
bility to climate change, cyber-attacks and terrorism.

* Economically sustainable: infrastructures should not burden governments
with unpayable debt but rather create jobs, boost GDP and support local
suppliers and developers.

* Environmentally sustainable: infrastructure should limit all types of
pollution during construction and operation and support the conservation
and sustainable use of natural resources.

As reported and analyzed at the ICA 2016 conference, Quality infrastructure
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introduces some additional attributes:

Economic effectiveness: economic efficiency relates to both how well the
initial investment is carried out and how well the subsequent physical asset
is operated and maintained.

Inclusiveness: inclusiveness relates to the degree to which the infra-
structure service leads to the benefits of economic growth reaching the
broadest possible segment of the population.

Safety and Resilience: safety in use and operation and resilience against
natural disaster relate to how well the infrastructure asset is able to perform
under a wide range of climatic and other outcomes.

Sustainability: it encompasses the degree to which environmental and
social impacts are minimized and the degree to which their financing,
operation and maintenance are ensured in the long run.

In the previous paragraph the introduction of Smart and Integrated infrastructure
has added four new crucial attributes that should characterize SMART- Infra-
structure (Figure 11):

Integrated by data, function and governance: sustainable and quality
infrastructures have to employ innovative ways of meeting governance
and service needs, including the implementation of more responsive,
productive and integrated information systems that complement hard
infrastructure (e.g., demand-side management systems, super-responsive
grids, cross-sectorial/regional digital management and connection). For this
reason, Governance keeps a key role at this level.

Physical and Financially Decentralised: to take profit of the capillary and
efficient distribution of technologies which are more massively at the disposal
of citizens and the parallel shift of capitals and infrastructure owners, from
large creditworthy entities to small ones.

Life Cycle Perspective: the infrastructure for NPR needs to match the goal
expressed by SDG11 dealing with new production patterns that need to be
driven by rational use of resources in a long term and life cycle perspective.
People-Centred: in line with the 2030 Agenda new consumption patterns
are needed. They may be obtained only by an appropriate and multi-dimen-
sional involvement of citizens not only in their role as consumers but also
as influencers, producers and agents of the change. In this perspective, the
issue of crowdsourcing may become relevant: technological changes
over the past 10 years, in combination with increased bandwidth and the
ability to provide better tools for collaboration, have led to “crowdsourcing”.
A People-driven approach is also envisaged within the “G7 Summit, Chair’s
Summary of the Outreach Session on Africa”.
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The role and status of Smart
and Integrated Infrastructure
for Prosperity in Africa

The agendas of accelerating sustainable development, eradicating poverty and
mitigating climate change are deeply intertwined. Growth strategies that fail to
tackle poverty and/or climate change will prove to be unsustainable, and vice
versa. A common denominator to the success of both agendas is infrastructure
development. Infrastructure is an essential component of growth, development,
poverty reduction, and environmental sustainability [19].

At the same time, the next 15 years will be crucial for arresting the growing
carbon footprint of the global economy and its impact on the climate system.

DIGITALISATION:
THE NEW ERA OF INFRASTRUCTURE
1

The combination of Internet of Things, 5G technology, Big Data and Cloud
Computing is enabling new services, applications and business models across the
economy. They are building blocks of the digital innovations that are transforming
production and productivity in manufacturing, agriculture and services.

“Intelligent transport systems” contribute to improvements in traffic planning and
management; smart metering and smart distribution systems can support the
sustainable production and distribution of electric power and the efficient usage
of water. Sensors and crowdsourced data gathered through users’ smartphones
can effectively monitor weather and environmental parameters for climate change
monitoring. Likewise, they can be used to prevent or effectively manage natural
disasters and emergencies. The combination of sensors with satellite or wireless
connectivity technologies is at the basis of high-precision agriculture, which
enables the matching of farming practices to the temporal and spatial variations
of crop needs. Similar technologies permit reliable control of industrial automation
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and robotics, while broadband wireless communications enable smart healthcare
services in geographically remote areas.
To fully benefit from the digital economy, countries require a smart and integrated
digital infrastructure. At its core, digital infrastructure includes telecommunica-
tions infrastructure, both fixed and mobile. This enables the creation of a “cyber”
infrastructure devoted to the collection and analysis of data, which represents a
form of capital usable for a theoretically unlimited range of purposes.
Within the Next Production Revolution (NPR), Internet of Things, Big Data and
Cloud Computing will pay a crucial role.
The Internet of Things (IoT) consists of any physical and virtual (i.e., a represen-
tation of real object in a computer system) object that can be connected to other
objects and to the Internet, creating a fabric between things as well as between
humans and things. With IoT, products, services and platforms are able to
connect, virtualise and integrate each other not only within close environments
but also across different networks creating a much more connected world.
Cloud computing is defined as “a model for enabling ubiquitous, convenient,
on-demand network access to a shared pool of configurable computing
resources (e.g., networks, servers, storage, applications, and services) that
can be rapidly provisioned and released with minimal management effort or
service provider interaction” [25].
Finally, Big Data represent information assets characterized by high volume,
velocity and variety. Big Data collection and analysis through advanced
analytic techniques is another pillar of the NPR since technological advances
are unleashing enormous amounts of data. Data is becoming part of our infra-
structure, alongside more traditional physical assets like transport networks,
power generation and water supply [26]. Its potential is endless, especially in
the case of open data that anyone can access, use or share. Among the large
variety of applications that can benefit from open data, some are of prominent
importance to Africa:

* Public transport. Transport users become fully informed about their travel
options while at the same time enable transport authorities to plan and manage
transport networks and services more efficiently. Crowdsourced public
transport maps are a successful example of this approach: city residents can
map the routes using smartphone applications when no official ones exist. The
World Bank itself has initiated several initiatives to develop such applications,
which can also provide reporting, planning and multimodal connections.

+ Emergency management. Massive amounts of data collected by public
authorities as well as by people using specific applications (crowdsourced
data) can be effectively used to ensure swift response to and recovery from
emergency situations such as natural disasters or energy grid failures.

* Remote monitoring. Users’ smartphones can function as mobile sensors,
gathering environmental and pollution data. Mobile apps further add the possi-
bility for the users to report environmental data for the realization of smart city
services, as well as medical data to monitor spreading of diseases. Smart meters
as well as mobile apps can enable the analysis of user habits to understand
water and energy consumption and improve the management of such resources.
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Digital infrastructure enabling the Next Production Revolution

The future deployment and effectiveness of 10T, Big Data and Cloud Computing,
that are key technologies of NPR, will depend on the availability, quality and
safety of the underlying infrastructure. Although many of the loT applications
can be used over low-bandwidth networks since they require very low data rates
(e.g., kilobits/s or less), some monitoring efforts require significant amount of
bandwidth. Indeed, even loT applications requiring low bandwidth may demand
a high-capacity infrastructure if a massive number of “things” deployed over a
geographical area need to transfer data to a server in the infrastructure, or if other
loT/ICT applications are running concurrently. Finally, some loT applications
require ultra-low latency, especially when robotics control applications have to
be supported as in next-generation factories; in this case, high-data rate connec-
tivity must be provided between the “things” and the infrastructure.

In addition, cloud-based services can benefit from high speed, as higher
broadband speeds allow data stored remotely to be accessed as quickly as on a
local hard drive, and synchronised across multiple devices [27].

There is, therefore, a risk that countries and communities that do not have
access to a high-capacity and high-speed infrastructure are left behind
[28]. Furthermore, concerns around data protection, security and privacy
remain another major hurdle to the adoption of these systems in place [29]. In
this context, the development of an enabling digital infrastructure is of paramount
importance, in order to promote the new paradigms that are the base of NPR.
Mobile infrastructure represents an effective solution that can provide high
capacity while avoiding the costs of fixed-broadband or satellite-broadband
networks. In particular, the emerging 5G technology can significantly help to
mitigate the need for a high capacity, costly backhaul. 5G is a game changer,
enabling (a) industrial transformations through wireless broadband services
provided at Gigabits/s speeds; (b) the support of new types of applications
connecting devices and objects (the Internet of Things), and (c) versatility by way
of service and network virtualisation allowing innovative business models across
multiple sectors (e.g., transport, health, manufacturing, logistics, energy, media
and entertainment). Through virtualization, services can be deployed everywhere
in the network, thus allowing the transition from a centralized, often costly cloud,
to a distributed cloud. Likewise, network virtualization enables the realization
of the so-called LTE-in-a-Box (LTE-IB) concept, i.e., the deployment of a “local’
mini LTE (Long Term Evolution) network. LTE-IB enables the development of
mobile connectivity and data services in geographically remote locations, or for
enterprise and industrial customers in a dedicated manner. As an example, it can
provide a high-capacity private network for an oil platform that needs to use safe
mobile devices in a high-risk environment, or for a factory, that requires reliable
wireless connections for automation systems.

Of particular relevance in the context of network virtualization and loT, is the new
Multi-access Edge Computing (MEC) paradigm, which enables the imple-
mentation of storage and computing services at the edge of the mobile network
(e.g., at the cellular base stations or at the Wi-Fi access points), hence close to
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the end users. MEC does not require high-capacity connectivity with a far-away
centralized cloud; rather, it implements a distributed cloud at the edge of the
network. For example, through MEC, massive data from the IoT can be collected
and processed “locally’, i.e., “at the edge”, without the need of transferring the data
to a server in the centralized cloud. The advantage of such innovative technology
scenario is multi-fold. First, processing at the edge data collected through an
loT system, implies that a much smaller amount of data (or, even none) will
have to be transferred over long distances thus greatly reducing the need for
high bandwidth as well as energy consumption in the mobile network backhaul.
Second, ultra-low latency services can be successfully supported, thanks to the
‘local” service implementation allowed by MEC. Third, MEC technology can
boost local IT companies for competition with other international players in the
cloud computing market, by allowing the development of a distributed cloud, with
limited financial investments. Finally, data protection, privacy and security provi-
sioning, which still represent a major hurdle to the adoption of cloud systems, can
be greatly facilitated by keeping data local.

However, in order to exploit the MEC paradigm, high capacity wireless connec-
tivity should be guaranteed between the edge of the infrastructure and, e.g.,
the “things” of an loT system, by adopting the emerging 5G radio access.
Furthermore, the innovative MEC technology should be made ubiquitous by
deploying enough computational and storage resources at the edge of the
current network infrastructure.

Collection and analysis of open, big data, however, requires the development
of an innovative infrastructure, which ensures ubiquitous mobile connectivity,
the availability of computational and storage resources, and data privacy and
protection. In particular, the latter could be addressed through the realization
of advanced secure platforms that allow data portability, i.e., the possibility for
individuals to be in control of the data they generate and to decide with which
organizations, or other individuals, data can be shared.

Status and numbers

loT, big data and cloud computing in Africa are in their early growth stages.
According to [29], in most of the African countries the diffusion of cloud
computing is driven by governments as a mean for delivering e-government
initiatives. South Africa represents an exception where the corporate sector
demand is driving the growth of cloud-computing.

Despite the progress made in the last years, Africa still lags behind other
regions in its access and use of digital infrastructures, digital technologies, and
the Internet [30].

According to the Networked Readiness Index 2016, even though several African
countries are among the countries that have improved their performance at most
(e.g., South Africa (65th, up 10), Ethiopia (120th, up 10), and Céte d’Ivoire (106th,
up 9)), the region is still the lowest-scoring one [31].

Similarly, Africa shows the lowest ICT Development Index performance level [28].
Altogether, 29 out of 37 African countries rank as Least Connected Countries in
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the bottom quartile of the overall Index distribution, including the 11 countries with
the lowest overall Index rankings [28].

Key barriers remain in the nexus among infrastructure, affordability and usage
[31]. The broadband infrastructure gap is still huge. Other main non-infra-
structure barriers that limit the adoption of Internet are related to costs of services
and devices, lack of local content and low proficiency in digital skills [32].
Migration to mobile broadband is gaining momentum in Africa. However, limited
network coverage remains one of the key barrier to mobile Internet adoption. In
2016 there were 72 live Long Term Evolution (LTE) networks in 32 countries across
Africa, 3G and 4G networks covered 50% and 16% of the African population
respectively [33]. A percentage that is around 30% lower than the global average
for both technologies, meaning that 600 million people in Africa still do not have
access to a mobile broadband service. Furthermore, it has been highlighted a
correlation between 3G coverage and the proportion of the population living in
urban areas. Moving further into rural and remote areas, mobile broadband is still
a greater challenge, often because of a lower business profitability [33].

In many countries, mobile-broadband has become the dominant, and often the
only available, broadband access technology, as only 1.4% of Africans have
fixed-broadband connection [34]. Fixed-broadband remains very important
whenever high-speed, no-mobile access is required, or connectivity with the
centralized cloud has to be ensured [28]. However, in the NPR, especially in
factories, wireless (i.e. mobile) connectivity is equally relevant.

Africa has the opportunity to advance quickly to high-speed fibre broadband
because it has not made massive investments in old copper-based technologies.
A massive deployment of optical fibres for broadband connectivity to centra-
lized cloud services is therefore essential to applications that require remote
computing, data storage and analysis.

Progress have been made in national backbones, regional and international
high-speed networks (submarine optical fibres or satellite). In 2016, submarine
cable capacity reached 33 countries and in the past 5 years, submarine cables
have brought a twenty-fold increase in international bandwidth [35].

In the same period, the terrestrial fibre infrastructure doubled and fibre networks
are increasingly used for the backhaul of mobile networks. Notwithstanding,
national backbones and cross-border infrastructures remain one of the least
developed element of the network in Africa [36,37].

Finally, an important element is the availability of local Internet Exchange Points
to reduce dependence on international connectivity for local internet services
and, thus, to achieve lower costs. In this respect, the African Internet Exchange
System, an African Union project implemented by the Internet Society, aims at
having 80% of African users’ internet traffic exchanged within Africa by 2020 [38].

Policy in place
The fast development and wider use of digital technologies and infrastructures

require the parallel modernisation of the policy and regulatory frameworks
at different levels. In this respect, an ecosystem has emerged in Africa involving
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a broad range of actors for securing the right interface and alignment — both in the
short and long term - among continental, regional and national development plans.
It is worth noting that many inter-dependent aspects must be addressed
concurrently to close the digital divide, such as infrastructure, affordability,
local content, and skill development. Next generation policies must not only
focus on supply-side issues but also on demand-side issues of digital literacy,
as well as privacy, cybersecurity, and internet governance [30].

Moreover, digitalization has policy implications across different areas and,
thus, maximizing its benefits requires more coordinated policies and regulation
across sectors, with telecom/ICT working with data protection and competition
authorities, but also with actors in other domains, such as health, education,
energy, transport, finance and industry.

Continental level

African leaders adopted the “Agenda 2063” as the continent’s new long-term
vision for the next 50 years [39].

In the Agenda 2063, digitalization is recognized as one of the major lever
that can help achieve African long-term aspirations. The agenda is coordi-
nated by the African Union Commission’s Information Society Division and the
“Agenda 2063: First Ten-Year Implementation Plan 2014-2023” was launched
to domesticate the first 10-years plan into national and regional plans to ensure
its effective implementation at different levels.

Furthermore, the African Union’s High-Level Conference on the Data Revolution
endorsed the concept of making official data open by default and, in June
2014, the Convention on Cybersecurity and the Personal Data Protection was
signed with the aim of harmonizing e-transactions, personal data protection
and cybercrime legislations [35].

The e-Africa Programme of the New Partnership for Africa’s Development
(NEPAD) Agency - the technical body of the African Union — is aimed at
boosting broadband access in Africa. This is achieved through [40]: (a)
increasing bandwidth and investment in ICT; (b) reducing costs of access to
ICTs; (c) improving online content and services; (d) enhancing ICT skills on the
continent; and (e) enabling the policy environment for ICT in Africa.

The AUC Information Society Division and NEPAD Agency e-Africa Programme
in consultation with Regional Economic Communities (RECs) and Specialised
Agencies of the African Union prepared a “Strategic Framework for Communi-
cation and Information Technology Development in Africa- the Comprehensive
ICT Strategy for Africa (CISA) 2015 — 2025”. The framework is composed of 7
Strategic Pillars and associated objectives and outputs [41]: (a) Post and ICT
Infrastructure; (b) Capacity Development; (c) e-Applications and Services; (d)
Enabling Environment and Governance; (e) Resources and Partnerships; (f)
Industrialization; (g) Research and Development.

In 2014, the SMART Africa Manifesto was also endorsed by all Heads of
State and Government of the African Union at the 22™ Ordinary Session of
the Assembly of the African Union in Addis Ababa [42]. In order to achieve
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the SMART Africa vision of “Transforming Africa into a single digital market”,
5 pillars, which reflect the 5 principles of the Smart Africa Manifesto, were
identified: (a) Policy, (b) Access, (c) e-Government, (d) Private Sector/Entre-
preneurship and (e) Sustainable Development. The pillars base on four, cross-
cutting enablers such as innovation, communications and advocacy, capacity
building and resource mobilization.

The SMART Africa Alliance is the framework for implementation, monitoring
and evaluation of the SMART Africa Manifesto. Currently, the Alliance is a
partnership bringing together all African countries adherent to the Manifesto
represented by the Africa Union, ITU, World Bank, Africa Development Bank,
Economic Commission for Africa, the GSMA, Internet Corporation for Assigned
Names and Numbers and the Private Sector.

Regional level

Africa’s Regional Economic Communities (RECs) include 8 regional bodies,
the building blocks of the African Economic Community established in the 1991
Abuja Treaty. RECs not only constitute key elements for economic integration
in Africa, but also are key actors in promoting cooperation and harmonization in
the telecommunications and digital sectors.

Afirst step in this direction was done through the “Harmonization of ICT Policies
in Sub-Saharan Africa” (HIPSSA) project, which realized a comparative study
of the various initiatives in place and provided recommendations and guide-
lines for improvement. Moreover, in-country technical assistance was made
available for transposing the regional guidelines into national legislative and
regulatory frameworks according to national specificities [43].

The main ICT policies and regulations that have been adopted at the RECs
level [44], can be grouped into: (a) National Policy Priority for ICTs; (b)
Market Liberalization; (c) Policy and Regulatory Harmonization; (d) Spectrum
Policy Development; (e) Cyber Security; (f) Statistics/ Data Collection; (g)
Infrastructure Development- Regional Backbone, Missing Links, Alternative
Infrastructure; (h) e-Applications development support; (i) Universal Service
Projects; (j) Education, research and health connectivity; (k) Duties & taxes on
ICTs; (1) Training/ HRD.

Today, according to the Africa Regional Integration Index 2016, IGAD community
is the top performer in the Regional Infrastructure Composite Sub-Index [45]
(Figure 12), made of four indicators: (a) Infrastructure Development Index:
transport; electricity; ICT; water and sanitation; (b) Proportion of intra-regional
flights; (c) Total regional electricity trade (net) per capita; (d) Average cost of
roaming. However, REC programmes and progress are ongoing across the
regions. As an example, in 2015, EAC, COMESA and SADC approved a set
of projects with the aim of supporting the operationalisation of the Grand Free
Trade Area of the Tripartite. The joint programme on digitalization focuses on
the implementation of an inter-regional ICT broadband infrastructure network
and a harmonised policy and regulatory framework for ICT and infrastructure
development in the three RECs.
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Countries Level

Awareness of the role of digitalization for national development has increased
over the past decade, generating a number 