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Sustainable Digitalization & Connecting
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Abstract: This paper presents a framework for sustainable digi-
talization and entrepreneurial ecosystems for rural areas. Innova-
tion on sustainable ICT technologies to realize affordable broad-
band connectivity for rural and underserved communities is a
crucial component of the effort to achieve the aim of “leaving
no one behind by 2030” as championed by the United Nations
and the IEEE “connecting the unconnected” initiative. Sustainable
digitalization and broadband connectivity requires the creation of
a digital entrepreneurial rural ecosystem (DERE) described in to
sustain the broadband connectivity infrastructure, develop inno-
vative services and benefit the local rural communities. The paper
describes a rural urban social network (RUSN) ecosystem and two
interconnected interventions necessary to achieve digital inclusion
with rural communities as a vehicle to achieve affordable connec-
tivity and sustainable digitalization. A definition of the framework
for sustainability and its application to the RUSN ecosystem part-
ners and components is described. Important concepts including
affordability of broadband services, sustainable business models
and co-creation of relevant ICT services involving beneficiary rural
communities are presented. The sustainable digitalization frame-
work is presented as a proof of concept on rural SMEs and the
DERE digital entrepreneurship ecosystem and tested on four sites
deployed in South Africa. Discussions on regulatory and policy
interventions to enable sustainability and the business models for
the DERE ecosystem partners are presented.

Keywords: Digital entrepreneurial rural ecosystem (DERE),
rural urban social networks (RUSN), sustainable digitalization,
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Introduction

The research anddevelopmentworkdescribed in the INGR-IEEE-
CTU report-2024 [1], aiming to connect the unconnected is a vital
component of the sustainable digitalization drive by society and
industry. In this paper this is extended by a digital entrepreneurial
rural ecosystem (DERE) [2], which aims to promote digital inclu-
sion by accelerating the deployment of innovative and affordable
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digital broadband connectivity solutions and an entrepreneurial
ecosystem. This is achieved by building a framework for sustain-
able digital business enterprises, which is expected to accelerate
ICT service creation and a digital innovation ecosystem for rural
communities. The long term objective of any related digital
sustainable transformation initiative should be to develop an
Africa-wide digital connectivity and accelerator program in the
short run and to facilitate a continent-wide digital connectivity
and entrepreneurial ecosystem (ES) in the long term. The DERE
ecosystem model incorporates frameworks to assess and imple-
ment the model to enable co-creation with local communities
and possible uptake in regional African countries. The specific
objectives of the describedDEREmodel is to achieve the following
outcomes:

1. Support the development of an enabling telecom regulatory
environment, including capacity building in networking for
sustainability for national telecom regulators and relevant
aspects of emerging wireless standards, spectrum innovation
technologies, and associated business ecosystems.

2. Strengthen the digital SME ecosystem existing in rural commu-
nities (e.g., accelerator labs and innovation hubs). This is
aimed to develop innovative ICT services and inclusive business
models for the different layers of digital connectivity and for
affordable rural network innovation.

3. Enable broadband network innovation and the concept of
networking for sustainability. This is to support internetworks
powered by green energy technologies to facilitate affordable
broadband and digital inclusion for the rural and underserved
population.

4. Promote a three-pronged approach to ensure sustainability,
complementing existing networks and integrating newnetwork
technologies such as 5G which are expected to propel develop-
ment of 4th Industrial Revolution (4IR) services.

5. Identify synergetic opportunities for emerging network tech-
nologies (such as AI in wireless/mobile communication and
software defined networks) to facilitate rural and underserved
communities to benefitmaximally fromdigital transformation,
especially in driving sustainable economic development and a
network of rural ICT SME businesses.

Sustainable connectivity and digitalization is one of the
tools for socioeconomic change and sustainable development in
emerging economy countries, that will assist in tackling unem-
ployment, poverty, and income inequality [1–3]. Research shows
ICT services could enable sustainable development inmany sectors
of the economy. An International Telecommunications Union
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Figure 1.
A picture of rural/urban sustainable social network & ecosystem.

(ITU) study has shown that a 10% increase in broadband penetra-
tion can raise economic growth by up to 1.4% and that doubling
broadband speed can increase Gross Domestic Product (GDP).

The paper subsequently discusses ecosystems for rural/urban
social networks (RUSN), and the development of a locally rele-
vant data base, to enable locally relevant innovative mobile cloud
services, based on an indigenous social network data base. Subse-
quent sections discuss the use of the RUSN to enable local
digital entrepreneurs and local network operators for sustainable
digital transformation. Sustainable digitalization with respect to
5G deployment and business value creation is also discussed.
Finally enabling telecom regulation and policy is presented as a
tool to achieve infrastructure sharing, inclusive and sustainable
digitalization.

Sustainable Social Networks & Ecosystems

Oneway to promote sustainable digitalization and entrepreneurial
ecosystems is the conceptofRural/Urban social networks (RUSN)
and associated local databases, as shown in Figure 1 below. These
can provide a way to solve some of the affordability problems
associated with mobile web services. Some of the issues that
must be addressed to solve the affordability of innovative mobile
data services in developing countries are; (1) The placement of
a regulatory and policy mechanism to promote a collaborative
working relationship between network operators and 3rd party
local mobile service & content creators. (2) Regional research

initiatives and innovation-hubs in the area of rural/urban social
networks (RUSN) to promote indigenous local mobile content
creation. The formal creation of indigenous databases and vali-
dation for a general ICT for development (ICT4D) intervention
in rural communities is well studied in reference [6]. However,
in this paper a simple model of an ecosystem of RUSN based
on a mobile local content and mobile advertisement service
for improved affordability is presented. The model uses a local
rural market scenario to describe the usage of the model by
social networks that are created as a natural consequence of the
interaction in the RUSN members. Figure 1 shows a RUSN
ecosystembased onmobile services, involving both rural andurban
social networks, with a further public and private organizations
contributing to the ecosystem. Social networks can be public or
private organizations, cooperatives (COOPs), associations dealing
with services such as health, agriculture (AGR), business, transport
(TRAN) or education (EDU). These social network groups can
build their own local content database, share and sell content
to services providers, public and private organizations and other
RSN groups. These local content databases (LC) contain a wealth
of information for timely, relevant and location based M-Adv
services.

The aggregate of these databases also provide a platform
which can be used by the network and service providers to perform
customer behavior studies to build next generation intelligent
mobile advertising systems. Furthermore, the model promotes a
negotiation platform betweenmobile network & service providers
and the social networking groups. The negotiation can result in
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Figure 2.
Infrastructure sharing for affordable digitalization.

discounted prices for the RUSN members on basic and mobile
value added services. However, this depends on how much the
RUSNs invest on developing their local mobile content and
the mobile advertising income through the M-adv advertising
system.

Network Sharing for Affordable Digitalization

The traditional universal access funds (USF) used to address the
digital divide between rural and urban areas of developing coun-
tries is becoming insufficient to bridge the gap between the infor-
mation haves and those who cannot afford to buy the services
[6,9]. This is clearly seen by the fact thatmobile cloud service costs
become unaffordable for a significant percentage of subscribers,
and despite available mobile coverage the number of active users
of both basic and value added services and mobile cloud services is
limited in developing countries [1,4,10]. This is more profound in
rural andmarginalized communities, and a crucial parameter to be
addressed to guarantee the success of future content based mobile
cloud services. Furthermore, if this trend continues new mobile
intelligent cloud serviceswill have limited footprint and at the same
time result in significant number of people being left outside of
access to public and relevant digital information. Therefore, to
reduce the cost of mobile broadband infrastructure and service
provision a new techno-economic model with long term planning
is necessary.

Radio access network (RAN) sharing by competing opera-
tors, is one of the effective tools and long term solutions to reduce
both cost of infrastructure deployment and power consumption
of 3–5G broadbandmobile networks [4,5]. As shown in Figure 2,
the main CAPEX load of broadband wireless infrastructure is the
cost of the RAN and associated deployment cost [4, 12]. The
two network operators, NetOp1 & NetOp2 can use the network
sharing opportunity to reduce the cost ofmobile broadband infras-
tructure. The CAPEX savings can be in sharing base station (BS)
cell site, BS tower, BS Power supply and site survey. A number of
Europeanmobile operators are opting to this scheme, to reduce the
cost of mobile cloud services, made possible by network sharing
agreements [4, 10]. This is motivated by the reduction in deploy-
ment, operational and power consumption costs, that is achievable
with network sharing. It is for example estimated that the deal by
networkoperatorsT-Mobile and3-mobile, recently reported could
achieve a cost savings of 2 Billion UK Pounds, a 30% reduction of
base station sites and a 70% reduction of the power consumption
by the network nodes [2, 3, 6].

Mobile Innovation & Sustainable Digitalization

The main purpose of mobile innovations and standards is to
achieve a sustainable digitalization of society and provide advanced
digital services wirelessly anywhere and anytime. Furthermore,
mobile technology standards will not only address anytime and
anywhere wireless connectivity, but also personalized service expe-
riences, societal services, drive business and industrial growth,
contributing to an inclusive, sustainable and networked digital
society. In this respect mobile operators and rural internet service
providers (ISPs) are crucial players and need to develop inno-
vative frameworks and embrace sustainable digitalization while
deploying emerging digital technologies (EDTs) in connection
with emerging mobile technology standards.

This will help to improve the efficiency of resource utiliza-
tion, relevance and sustainability of societal digital services. Inno-
vation and sustainable digitalization are expected to play a crucial
role in the formulation of the digital transformation agenda
of global communities and hence mobile technology ecosystem
players have a crucial role to play in this transformation agenda.
The principal definition of Innovation and sustainable digitaliza-
tion formobile systems includes the three pillars shown inFigure 3:
Standards & Regulatory Innovation, Technology & Service Inno-
vation, and Innovation for Sustainability. Mobile industry stake-
holders dealing with digital transformation and service provision
will need to address these factors for successful operational effi-
ciency, business development, and innovative service creation.

Furthermore, mobile industry is required to develop frame-
works to continuously engage in innovative mobile services
creation and sustainable business model development in order to
be able to compete and survive in a global digital world shaken
by the emergence of 5G-advanced technologies and Generative AI
techniques. At the same time digital innovation should result in
intellectual assets and become a requirement for additional func-
tion bymobile operators tomanage and translate these intellectual
properties into commercial products. Figure 4, shows a few of the
connections between emerging mobile digital technologies, and
the core services and use cases the standards indicate. However,
the figure also shows further use cases such as smart environmental
monitoring could be supported with 5G EDTs. The International
telecom union (ITU), IEEE, GSMA, ETSI and other regulatory
and policy forming organizations are all working to enable inno-
vation and sustainable digitalization through mobile technology
standards and the creation of global consensus for their seamless
integration with emerging digital technologies [3, 6, 10].
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Figure 3.
Innovation & sustainable digitalization in mobile development.

Figure 4.
5G& emerging digital technologies for sustainable digitalization.

Role of Policy and Telecom Regulation

Apart from incentivizing mobile operators to share infrastruc-
ture which reduces cost and wastage of resources, important
mechanisms by telecom regulators and policy makers need to
encourage operators to invest in sustainable frameworks in their
technology deployment. This will help operators to reduce
CAPEX and OPEX, operational and service provision costs
while at the same time develop environmentally sound and life
cycle aware mobile networks. Governments and regulators can
support and influence operators’ choice of sustainable business
models through: enabling spectrum policy and licensing condi-
tions, energy efficiency standards, carbon reporting and taxation
mechanisms, and incentives for use of renewable energy and
infrastructure sharing [2–4]. Effective regulatory frameworks align

market incentives with sustainability objectives, enabling mobile
operators to invest in green network technologies, electronic
device design techniques and life cycle analysis, while maintaining
competitiveness [3].

Factors for Rural Sustainable Digitalization

Sustainable rural digital businesses require interfaces to a number
of sectoral, industry and community organizations to be able to
design sustainable business models to maintain and grow their
business. Rural digital entrepreneurs need these healthy interfaces
and consider the factors affecting their business. This will provide
them with the necessary skills to develop their digital business in a
more difficult environment with low income population and low
basic infrastructure availability. However, as society is becoming
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Figure 5.
Factors to consider for sustainable digitalization in a rural commu-
nity [2].

increasingly dependent on fast reliable broadband connectivity
for running government institutions, private businesses and
social services, the digital entrepreneurial rural ecosystem (DERE)
requires these societal and skill factor interfaces [2–4], to succeed
and maintain its business as shown in Figure 5. The connections
and interfaceswill enable the digital entrepreneurs to design amore
relevant and reliable digital services which are necessary with low-
cost broadband Internet access, development of innovative mobile
services and the building a sustainable rural digital society.

Some of the factors such as service localization, co-creation
and green networks go beyond the traditional connectivity infras-
tructure and provide the rural digital entrepreneurs (RDEs) the
necessary tools to grow their sustainable digital businesses. The
connection to innovation accelerators and local innovation hubs
will improve the growth of innovative and locally relevant ICT
services benefitting health, agriculture and transportation sectors,
and creatingnecessary youth employment.The rural entrepreneur-
ship project created by the CSIR-UNDP is a good example in this
respect [2].

Conclusion

The paper presented an ecosystem based rural/urban social
network (RUSN) framework for sustainable digitalization in
developing economies. The framework was developed based on
a locally relevant data base, which made the emergence of locally
relevant innovative mobile cloud services based on an indige-
nous social network data base, involving most of the stake-
holders in the local community and sectors of the economy.
Subsequently the paper discussed the use of emerging mobile
digital technologies (5G+) in support of the RUSN and enabling

local digital entrepreneurs transform to local network operators
for sustainable connectivity and digital transformation. Further-
more, the paper presented a framework for the creation a digital
entrepreneurial rural ecosystem (DERE) to increase and revitalize
rural entrepreneurship and benefit the local economy, including
employment creation. Sustainable digitalizationwith respect to 5G
deployment and business value creation is also discussed. Finally
enabling telecom regulation and policy is presented as a tool to
achieve infrastructure sharing, reducing service and deployment
cost to support inclusive and sustainable digitalization.
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