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Fuel for lighting; an expensive commodity

by Evan Mills, Energy Analysis Department, Lawrence Berkeley National Laboratory, MS 90-4000, Berkeley,
California 94720 USA, Tel: +1.510-486-6784; F: +1.510-486-6996. Email emills@Ibl.gov

This article was adapted by the
editor of Boiling Point from the
article ‘Fuel-based light; large
CO2 source, which appeared in
IAEEL newsletter 2/99 — The web
address for the original article is:
http://195.178.164.205/IAEEL/iaee
1/newsl/1999/tval1999/NatGlob_a
2 99.html This article presents
preliminary results of a forthcom-
ing study being conducted for the
International Energy  Agency.
Readers interested in copies of the
final report are welcome to con-
tact the author.

For the world's two billion
users of fuel-based lighting, the
cost of lighting their homes rivals
that of affluent households who
enjoy the vastly higher levels of
quality, safety, and services pro-
vided by electric light. According
to the World Bank, 24% of the
urban population and 67% of the
rural population in developing
countries are without electricity
today.

Unlike heating or cooking,
lighting is one of the energy end
uses that is often associated

exclusively with electricity. But
the reality is different: In fact,
about a third of the world’s popu-
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I’éclairage domestique:

Environ un tiers de la population mondiale utilise des combustibles pour
I’éclairage particulierement les populations pauvres. A cause de son faible
rendement, il est pénible de lire ou de travailler a partir d’'un éclairage a
base de combustible. Une lampe a kérosene fabriquée localement ne
produit que le centieme d'une lampe a incandescence de 100 W.
L'éclairage a base de combustible est plus onéreux pour une qualité de
service nettement inférieure. En outre la qualité de l'air dans les foyers est

une marchandise

lation uses fuel-based lighting.
The extent of rural electrification
varies widely from country to
country, e.g. about 90% of the
population in Africa is not served
by grid electricity, versus 20% in
Mexico. Some countries (e.g.
Burundi and Rwanda) have barely
passed the 1% electrification
threshold. While the levels of illu-
mination provided by flame-based
lamps are far lower than with
modern electric lighting, the effi-
ciency of fuel-based light produc-
tion is also low. The result is a
substantial amount of fuel used
with poor lighting received in
return (Figure 1).

In some instances, the rate of
electrification is high, and one
could argue that fuel-based light-
ing energy use is a temporary
problem. Yet, in Sub-Saharan
Africa the rate of electrification
has been only 25% of the birth
rate over the past 20 years (i.e.
55million out of 220 million peo-
ple). An estimate for Kenya pro-
jected rural growth of 65 000 to
85 000 households in 1996, of
which only 4000 to 8000 would
have electric grid connections. In
South-east Asia, the net effect of
new electrification and population
growth was an increase of 250
million people without electricity
during the two-decade period of
1970 to 1990. However, in China,
the opposite effect was seen
(electrification exceeding popula-
tion growth). At best, population
growth balances efforts at electri-
fication; at worst, population

growth may result in an increase
in the number of people without
electric light.

The state of affairs concerning
fuel-based lighting is worrisome.
Oil import dependency is gener-
ally high in developing countries,
and it drains valuable hard cur-
rency. Because it is inefficient,
fuel-based light is hard to work or
read by, imposes a high cost on
very poor households, and seri-
ously damages indoor air quality.
Further complicating the picture,
subsidized kerosene intended for
domestic lighting sometimes finds
its way into vehicles, which cre-
ates additional environmental
consequences. Meanwhile, electri-
fication (for lighting and other
energy services) has its own
problems, not the least of which
is the extraordinary cost of elec-
tric transmission and distribution
costs and low system efficiencies
associated with providing central-
ized power generation in such
conditions. A further limitation is
the high cost for families buying
electrical appliances and setting
up electrical circuitry in their
homes.

The world of fuel-based
lighting

There are a wide variety of fuel-
based light sources, including
candles, oil lamps, ordinary
kerosene  lamps,  pressurized
kerosene lamps, biogas lamps,
and propane lamps. According to
most studies, ordinary kerosene
lamps are the most common type
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of fuel-based lighting in develop-
ing countries. The more efficient
kerosene lamps tend to increase
both light output and fuel con-
sumption, whereas an efficient
electric compact fluorescent lamp
provides an eight-fold reduction
in primary energy consumption
compared to standard incandes-
cent light sources.

According to a 1995 study, typ-
ical household kerosene lamp use
is 3 to 4 hours per day, with
weekly fuel consumption of
about 1 litre. Typical light outputs
are 10 to 15 lumens for locally-
made lamps and 40 to 50 lumens
for store-bought models. Placed
in perspective, the lower end of
this range corresponds to about
1% of the light produced by a
typical 100-watt incandescent
lamp.

A study conducted by the joint
UNDP/World Bank Energy Sector
management  Assistance  Pro-
gramme (ESMAP) found rural
households spending as much as
US$10 per month on lighting from
candles, kerosene and dry cell
batteries (1). This operating cost
is similar to that paid by industri-
alized households with two dozen
bright electric light sources
throughout their home.

Many suppliers of energy-effi-
cient lighting equipment have not
found the rural markets in devel-
oping countries worth exploring.
However, the large amounts of
money spent on lighting fuel indi-
cates that there is a considerable
potential for spending money on
alternatives, for instance PV-based
lighting solutions; this was veri-
fied in a field test by the World
Bank.

How much energy?

We could find no estimate of the
global lighting energy use associ-
ated with fuel-based lighting. A
very approximate one is devel-
oped here, attempting to capture
the uncertainties by considering a
range of values for important fac-
tors that are not well known. We
assume:

« a non-electrified population of
2 billion

« the kerosene lamp as the ref-
erence light source

» the penetration of lamps as
between one lamp per six
people and one per two peo-
ple

« the fuel consumption at 0.04
to 0.06 litres per hour

« the daily usage at three to four
hours

We have estimated only the
household contribution to fuel-
based lighting, lacking sufficient
basis for assumptions necessary to
evaluate the service and industrial
sectors. The pressurized kerosene
lamps used in businesses have a
much higher hourly fuel-use rate.
The energy requirements for
households who use fuel-based
lighting as an alternate light
source (e.g. during blackouts)
have also not been estimated.

The main findings, including
ranges of uncertainty, are:

» Between 15 and 88 billion
litres of are consumed each
year to provide residential
fuel-based lighting in the
developing world.

« The primary energy consumed
for this fuel-based residential
lighting is between 13% and
78% of that used to provide
the approximately 400 TWh of
electricity consumed for resi-
dential electric lighting glob-
ally.

« The cost of this energy ranges
from $15 to $88 billion/year
(assuming a kerosene price of
$1/ litre), or $44 to $175 per
household.

The amount of light (measured in
lumen hours) is approximately
1/1000th that enjoyed by house-
holds in the industrialized world

(more sources; more efficient
sources).  Within  developing
countries, the amount of fuel

used in the country to provide
fuel-based lighting energy can
even be large compared to the
amount of energy consumed to
provide the electricity used for all
purposes. One study noted that
kerosene accounted for nearly
60% of the total energy require-
ment for lighting in India’s house-

hold sector in 1986. According to
our estimates, fuel-based lighting
in Brazil consumes 40% as much
energy as that required to pro-
duce the electricity used for light-
ing in the country.

Towards better lighting
services

Among the more startling implica-
tions of these findings is that
users of fuel-based lighting in the
developing world spend as much
or more money on household
lighting as do households in the
industrialized world, but receive a
vastly poorer level of service. On
a percentage-of-income  basis,
households in developing coun-
tries spend many times more for
lighting than their counterparts in
the industrialized world.

Some argue that the problem
of fuel-based lighting is not a pri-
ority, given the environmental
impacts and costs of other end
uses, such as cooking. However,
few would dispute that improving
the quality and quantity of light
available to households in the
developing world would yield
dramatic social and health bene-
fits.
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