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The causal relationships between electrification and development of poor, rural communities are complex and
contextual. The existing literature focuses mainly on the impact of rural electrification and electricity use on
local socio-economic development, while the reverse feedbacks of various social and economic changes on elec-
tricity demand and supply have not been fully characterized. Most electricity access impact assessments assume
linear, one-way effects and linear growth in electricity demand. However, the projections rarely match the real-
ity, creating challenges for rural utilities. From amodelling perspective, the lack of attention to dynamic complex-
ities of the electricity-development nexus prevents the appropriate modelling of electricity demand over time
and, hence, informed planning for and sizing of power plants. With the goal to improve modelling of the
electricity-development nexus, we undertake a comprehensive review and extensive analysis of the peer-
reviewed literature on electricity access and its impact on rural socio-economic development, and vice versa.
We characterize and describe the nexus between electricity access and development through graphical casual di-
agrams that allow us to capture, visualise and discuss the complexity and feedback loops. Based on this, we sug-
gest guidelines for developing appropriate models able to include and simulate such complexities.
Our analysis confirms that electricity use is interconnected through complex casual relations with multiple di-
mensions of socio-economic development, viz. income generating activities, market production and revenues,
household economy, local health and population, education, and habits and social networks. The casual diagrams
can be seen as a first step of the conceptualization phase of model building, which aims at describing and under-
standing the structure of a system. The presence of multiple uncertain parameters and complex diffusion mech-
anisms that describe the complex system under analysis suggests that systems-dynamic simulations can allow
modelling such complex and dynamic relations, aswell as dealing with the high uncertainties at stake, especially
when coupled with stochastic approaches.
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Introduction

The International Energy Agency (IEA) estimates that 1.1 billion peo-
ple do not have access to electricity, most of them living in rural areas
(International Energy Agency, 2017). Lacking reliable access to electric-
ity is considered a limit on people's opportunities and quality of life. The
role of energy as a key driver to sustainable development is nowwidely
recognized by the global community, as evidenced by the fact that the
Sustainable Development Goals (SDGs) include access to affordable, re-
liable, sustainable, and modern energy for all by 2030 as an explicit tar-
get. While the relationship between electricity use and development is
known from a macroscopic and macroeconomic point of view, the
local dimensions of the electricity-development nexus in poor, rural
contexts are not completely captured and characterized. Experiences
of international institutions like GIZ and the Energy SectorManagement
Assistance Programme (ESMAP) of the World Bank have highlighted
the multifaceted aspects of the issue. They have shown that it is not
enough to simply provide people with access to electricity and “hope
for local economic activity to pick up by itself” (Brüderle, Attigah, &
Bodenbender, 2011, pg. 8). Indeed, the literature emphasises that elec-
tricity access should always be accompanied and sustained by other
enabling activities and services, in order to contribute to greater educa-
tional attainment, more business opportunities, gender equity, and
higher income at the local level (Bastakoti, 2003; Colombo, Bologna, &
Masera, 2013; Khandker, Barnes, & Samad, 2013; Winther, Matinga,
Ulsrud, & Standal, 2017). Against this backdrop, in this paperwe review
the complex nexus between electricity access and use, and socio-
economic development of rural areas in the Global South.

The complexity of the problem renders the use of linear or pre-
defined sets of relations of cause and effect to describe the issue inaccu-
rate, since “the dynamics of growth and electrification are complex, in-
volving many underlying forces” (Khandker et al., 2013, pg. 666).
According toMatinga and Annegarn, “simple deterministic relations be-
tween electricity access and development outcomes do not reflect real-
ity” (Matinga & Annegarn, 2013, pg. 301), while Ahlborg (2015)
confirms the presence of multiple interfaces and feedbacks that shape
outcomes in electrification processes. The literature also suggests that
the nexus between electricity use and rural socio-economic develop-
ment has dynamic components, meaning that the nexus is character-
ized by complex feedbacks that can reinforce or balance impacts
over time (Ulsrud, Winther, Palit, Rohracher, & Sandgren, 2011).
Khandker's et al. (2013) study of Vietnam's rural electrification program
exemplifies how a “virtuous circle of development” emerged as signifi-
cant investments in other rural infrastructure services were undertaken
(viz. water supply, roads, health and education) and rural electrification
contributed to greater educational attainment, more business opportu-
nities, and higher income, which in turn improved the affordability of
electricity and appliances, leading to an increase of total electricity
load and more investments in rural electrification. Khandker, as well
as others (Kanagawa&Nakata, 2008), suggest that electrification, if sup-
ported by enabling complementary actions, can lead to positive feed-
backs on future electricity demand in a rural context.

In rural electricity planning, being able to analyse and forecast
electricity demand is pivotal to the development of sustainable and

reliable electricity models and plans, especially those dealing with the
architecture and sizing of off-grid solutions. Inaccurate predictions can
negatively impact local socio-economic development and cause unsus-
tainable sizing processes of energy solutions, leading to negative conse-
quences for the technical performance of the power supply (Ulsrud
et al., 2011), such as supply shortages or cost recovery failures
(Hartvigsson, Ahlgren, Ehnberg, &Molander, 2015). Existing energy de-
mandmodels for off-grid electricity planning do not capture these com-
plexities; indeed, they usually rely on simple estimates of the energy
demand and its evolution over time. Given that such linear projections
are commonly inaccurate, being able to understand and model aspects
and dynamics that determine rural electricity use can lead to more ro-
bust energy planning and solutions in rural areas, as well as increase
the current understanding of the energy-development nexus.

The goal of our study is therefore to:

(i) review and analyse literature which describes, explains, and
discusses – through case studies, experiences on the field, and
surveys – the impact of electricity access and consumption on
rural socio-economic development, and vice versa;

(ii) discuss and capitalize on the literature's findings by describing
the development nexus complexity through graphical represen-
tations – viz. casual diagrams (Coyle, 2000).

(iii) derive insights and set useful guidelines for developing appropri-
ate models able to include and simulate such complexities.

With this work, we try to make explicit the many aspects that influ-
ence electricity use and demand – that “energy problems go beyond
purely technical and economic issues” (Morante & Zilles, 2001,
pg. 380). Our intended audiences are researchers in energy and socio-
economic development, energy modellers, energy planners and policy
makers involved in the global challenge of rural electrification. In partic-
ular, we aim at providing researchers and modellers with useful guide-
lines for developing robust long-termenergy access scenarios; whilewe
wish to provide the latterwith a clearer viewof themultifaceted and in-
terrelated techno-economic and social complexities at stake, and conse-
quent useful information for enhancing effective and sustainable
electricity access polices.

Background - electricity access and rural development

State-of-the art

In this section, we report the state of the art for review studies that
focus on electricity access and rural development, trying to highlight
themethodological progress achieved in past years and the new emerg-
ing challenges. Review studies of the socio-economic impacts of rural
electrification in developing economies and formerly colonized coun-
tries started emerging in the 1980s. Within the context of the Interna-
tional Labour Office's World Employment Programme's research,
Fluitman (1983) reviewed the available literature on rural electrifica-
tion, its effects on rural industrialisation, and its impact on such socio-
economic objectives as employment and income generation. The
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