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People without electricity access, numbering today more than 500 million in rural Africa alone, have been using
dim and sooty kerosene lamps and candles for their lighting purposes for decades. In the present paper, current
lighting usage patterns are systematically assessed using detailed new survey data from seven countries across
Sub-Saharan Africa. The data makes evident that a transition has taken place in recent years, both unnoticed
by and without external support from governmental or non-governmental organizations: the rural population
without electricity in Africa has replaced kerosene lights and candles by simple, yet more efficient and cleaner
LED lamps powered by non-rechargeable batteries. Nevertheless, we also show that the discharged batteries
are generally disposed of inappropriately in latrines or the nature. The toxic content of many dry-cell batteries
and their accumulation at local litter hotspots may have harmful repercussions on health and the environment.
We conclude by suggesting that rapid action is needed to, first, install an effectivemonitoring systemon batteries
that enter the continent and, second, put in place an appropriate waste management system.
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Introduction

In rural Africa, over 500million people – some85%of the population –
lack access to electricity (World Bank/IEA, 2015). They have to rely on
traditional energy sources tomeet their daily energy demands for simple
services such as cooking, access to information, and lighting. To provide
basic lighting services, people have been using candles or kerosene in
wick lamps and hurricane lanterns for decades. The lighting quality of
these sources is low. Moreover, kerosene usage is associated with soot
emissions, which may impair lung function and increase infectious ill-
nesses like tuberculosis, as well as the likelihood of asthma and cancer
(O'Sullivan and Barnes, 2007; Lam et al., 2012a; Epstein et al., 2013). Be-
sides these adverse health effects, the emitted carbon dioxide and black

carbon negatively affects the climate (Lam et al., 2012b; UNEP, 2012)
and high heavymetal concentrations add to the harmful pollution profile
of kerosene (Akpoveta and Osakwe, 2014).

Still today, kerosene is largely seen as the dominant fuel in non-
electrified areas among national governments and donor agencies ac-
tive in the electrification sector.1 Several initiatives exist that try to im-
prove access to electric lighting technologies in order to eliminate
kerosene use in these households (see for example Global LEAP, the
Lighting a Billion Lives initiative, World Bank's Lighting Global platform,
and LuminaNET). One obvious solution is facilitating grid electricity ac-
cess, but also less cost-intensive options such as electric lighting
powered by small Solar Home Systems (SHS) and quality-certified por-
table solar lamps are increasingly promoted (see, for example, Dutt
and Mills, 1994 and Harish et al., 2013 for descriptions of this lighting
transition over the past decades). Most of these solar lamps are
equipped with light-emitting diodes (LED) that, over the last years,

Energy for Sustainable Development 39 (2017) 13–20

☆ We thank Colin Vance for the helpful comments and suggestions. The data underlying
this research was collected for impact evaluations commissioned by the Policy and
Evaluation Department of the Ministry of Foreign Affairs of the Netherlands (IOB), the
Netherlands' Enterprise Agency (RVO), the Netherlands' Development Bank (FMO), and
Deutsche Gesellschaft für Internationale Zusammenarbeit (GIZ). Peters and Sievert grate-
fully acknowledge the support of a special grant (Sondertatbestand) from the German
Federal Ministry for Economic Affairs and Energy and the Ministry of Innovation,
Science, and Research of the State of North Rhine-Westphalia.
⁎ Corresponding author at: RWI, Hohenzollernstraße 1–3, 45128 Essen, Germany.

E-mail address: bensch@rwi-essen.de (G. Bensch).

1 Aswill be shown in this article, this is not necessarily the case anymore. One reason for
this misperception is that official censuses do not account for LED lights that are powered
by non-rechargeable batteries as a lighting option. The censuses are either not recent
enoughor donot differentiate between LED lamps powered bynon-rechargeable batteries
and other lighting options such as rechargeable lamps. See, for example the latest General
Census of the Population and of Housing, Agriculture and Livestock in Senegal (ANSD,
2014) or the Lighting Africa Nigeria Consumer Insights Market Study (2013).
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have decreased massively in production costs with simultaneous in-
creases in efficiency and lighting output and thus reductions in the con-
sumption of energy (US DoE, 2012; McKinsey and Company, 2012).

In this paper, new evidence is presented suggesting that kerosene is
often not the baseline situation in non-electrified areas in Africa any-
more. The LED technology is not only enabling high-quality solar
lamps to become affordable: also simple LED lamps powered by non-
rechargeable dry-cell batteries have become accessible in most parts
of the world without any external intervention from governmental or
non-governmental organizations. Depending on number and quality
of LEDs, lighting output of these products may come close to high-
quality products promoted by the initiatives mentioned above like
Lighting Global or Global LEAP. The downside of the massive increase in
the usage of those LED lamps running on non-rechargeable batteries is
a soaring consumption of dry-cell batteries in non-electrified areas.
Dry-cell batteries contain heavy metals, which compromise people's
health and the environment (Lighting Global, 2011; Järup, 2003).

Against this background, we systematically assess current lighting
usage patterns of households without electricity and disposal habits of
dry-cell batteries using detailed new rural household survey data.2

The data has been collected as part of evaluation studies on the impacts
of electrification projects between 2006 and 2014 in seven countries
across Sub-Saharan Africa. The data underlying this analysis thus has
three features that make it particularly useful for tracing the trend
from traditional lighting sources to battery-powered LED lamps. First,
it covers the time period in which this transition emerged. Second, it in-
cludes a decent sample of countries fromboth East andWest Africawith
different socio-economic and demographic backgrounds. Third, it con-
tains rich information tailored to this topic given that it has originally
been collected in electricity access evaluations with a clear focus on en-
ergy and lighting usage.

The transition to simple LED lighting powered by non-rechargeable
batteries in non-electrified Africa exposed in the present paper provides
insightful lessons on technology adoption in a resource-poor develop-
ing country context. Except for mobile phones, no other technology
has made such deep inroads to the periphery of the continent without
any external support. From a policy perspective, this is of importance
for the design of the Sustainable Energy for All initiative, the UN-led
global effort to reach all hitherto non-electrified regions with electricity
by 2030. Even more importantly, our findings on escalating improper
battery disposal strongly suggest different fields of intervention for
both academia and policy, namely battery sales monitoring, health
and environmental impacts and end-of-life battery management
systems.

The remainder of this paper is organized as follows: in Section 2, we
briefly introduce the data underlying this research. Section 3 delineates
the lighting technology transition towards LED. This transition is then
examined based on the general technology adoption literature and
technology-specific economic and technical factors in Section 4.
Section 5 shows the dry-cell battery disposal behaviour of rural house-
holds in the surveyed regions and summarizes the existing knowledge
on environmental and health hazards related to this. Section 6
concludes.

The data

In general, cross-regional information on energy and lighting
usage is hardly existent. The typical datasets available for multiple
African countries – the Demographic and Health Surveys (DHS) or the
Living Standard Measurement Studies (LSMS), for example – do not

systematically contain information on lighting usage.3 For the research
question underlying this paper, we therefore rely on own data collected
between December 2006 and December 2014 in Benin, Burkina Faso,
and Senegal in Western Africa and Mozambique, Rwanda, Tanzania,
and Zambia in Eastern Africa.

The data stem originally from impact evaluation studies commis-
sioned by development agencies such as Deutsche Gesellschaft für
Internationale Zusammenarbeit (GIZ) and the Netherlands Ministry of
Foreign Affairs to evaluate the effect of their electricity access interven-
tions on the socio-economic living conditions of the interventions' tar-
get populations. The interventions ranged from promoting pico-solar
photovoltaics (PV) lamps to centralized grid extension projects. The
surveys were mostly baseline surveys for upcoming projects, where
the majority of households usually did not have any electricity source
at their disposal. These surveys are used to assess lighting technology
choices of non-electrified households, which is the central analysis of
the present study. Of course, also in regions that are not systematically
electrified, some households possess individual electricity sources, like
solar systems, car batteries, and gensets. Households with these elec-
tricity sources are excluded when analysing the lighting transition
among non-electrified households. In some countries, we additionally
have data on regions with ongoing energy access interventions. Here,
we observe also households who benefited from the respective energy
access intervention. These households are used to analyse whether tra-
ditional lighting technologies are still used if households have access to
modern electricity. Most surveys cover between ten and 50 rural vil-
lages from different areas of the countries. Total sample sizes range be-
tween 150 and 1500 interviews per survey. As can be taken from
Table 1, the data stems from 11 surveys with an aggregate of over
9500 household observations. The table also indicates the sample selec-
tion process and location: The surveys are generally representative for
the areas in which they were conducted, usually exemplary for the
rural settings in the respective country. None of our surveys was con-
ducted in peri-urban areas or the outskirts of cities.

In collecting the data, a lot of attention was dedicated to the way
people use lighting as onemajor impact transmission channel of electri-
fication (e.g. through night-time activities like home studying; see van
deWalle et al., 2015 or Torero, 2015). The actual study implementation
in all countries took place in cooperation with local specialized survey
organizations. For more details on the survey methodology applied in
the individual studies and the different data sets, the interested reader
is referred to the published reports and peer-reviewed publications ref-
erenced in the right column of Table 1. Non-published reports and all
data sets are available from the authors upon request. The data has fur-
thermore been used in Peters and Sievert (2016) to give an overview on
socio-economic impact potentials of rural electrification in Africa. None
of the studies assesses in any detail the lighting transition covered in
this article.

Lighting transition towards LED

Mankind has made dramatic transformations in the cost and provi-
sion of artificial illumination, starting with light from fire, over tallow
candles (i.e. candlesmade frommoulded animal fat) and ending atmod-
ern electric lighting of our times (see for example Fouquet and Pearson
(2006) who illustrate this transformation for Great Britain). In Africa,
this last step has not been made in many regions, since access to grid-
based electricity is widely lacking. The most comprehensive set of cur-
rently available information on lighting usage in sub-Saharan Africa

2 This paper does not focus on disposal of rechargeable batteries that are often built into
solar lamps or rechargeable batteries used with SHS.

3 The DHS surveys only elicit whether the interviewed household has access to electric-
ity. No question is asked on the usage of lighting (The DHS Program, 2017). Among LSMS
studies conducted in Sub-Saharan Africa since 2006, only four addressed lighting, one
through a binary question on different lighting energy sources (Uganda) and the other
three asking for the major lighting energy source (Ethiopia, Malawi and Tanzania, see
World Bank, 2017).
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