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Enkanini informal settlement, Western Cape, South Africa
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Bridging the Energy Gap for Off-Grid Settlements

The off-grid urban population

Access to electricity is fundamental to sustainable
development and necessary for basic household activities."
The lack of electricity can hamper productivity, limit
opportunities for income generation and inhibit the ability to
improve living conditions. Nearly 1.1 billion people worldwide
are still living without electricity and another one billion are
connected to unreliable and unstable electricity grids.>*
While significant progress has been made in recent years to
increase grid electrification in countries like India and Nigeria,
projections suggest that by 2030 nearly 780 million people
could still be off-grid.2 New and sustainable approaches to
providing electricity that transcend the established norms
are required, especially if we are to achieve the Sustainable

Development Goal of universal access to affordable, reliable
and modern energy services by 2030.

Rural areas have the greatest need for off-grid energy
solutions, however the issue of electricity access facing urban
residents should also be recognized. About 48 per cent of
developing countries’ populations now reside in cities, and the
proportion may rise to 63 per cent by 2050.* Nearly a quarter
of the urban population lives in various forms of informal
settlements and the proportion is much larger in the rapidly
growing cities of Africa, Asia and Latin America. The mounting
demands for infrastructure and basic services—suitable
housing, clean water and sanitation, and affordable and
reliable energy forms such as electricity—tend to exceed the
capacities of cities to meet the needs of all their inhabitants.



Provision of basic services for urban informal settlements
is a significant challenge that varies according to how the
municipal government defines eligibility for the supply

of formal urban services. In the case of electricity access,
challenges include land rights, recognition by authorities
of legal occupancy, stakeholders' reluctance to engage,
price of services, return on investment made by the
electricity provider, and distance to existing grid and other
necessary infrastructure.’

Lack of formal possession of the property on which a shack
or house stands can exclude an application to the local or
national electricity utility for a formal connection.® Electricity
providers worry about profitability when servicing these
communities: the first concern is the high rate of default on
financial commitment and the second concern is the low rate
of electricity consumption. Both issues relate to the low and
undependable incomes of these communities’ occupants.>s

Fire hazard is a major threat in informal settlements due to
the high population densities, the close proximity of the
structures and dwellings, and the common use of kerosene
or paraffin lamps, candles and other open flame energy

Earth at night, 2016
Photo credit: NASA Earth Observatory/NOAA NGDC

sources.”® Those fire hazards, and associated indoor air
pollution, should help persuade a variety of stakeholders

to install electricity.®"" However, once a few connections

are installed, illegal and overloaded electricity connections
often abound and pose significant safety risks for informal
settlements, in the familiar form as fire hazards but also as
electrocution. Surveys from South Africa show that in some
informal settlements, over 30 per cent of the population use
an illegal connection as their main electricity source.®

Even when a grid connection has been established, power
supply can be unreliable. In some developing countries,
households with long established grid connections may
adapt to regular blackouts by scheduling water pumping
and battery recharging for periods when the power supply is
most reliable.’? Even developed countries experience power
outages, sometimes completely when severe storms hit but
also as rolling blackouts, also called rotational load shedding
or feeder rotation, when other extreme events, such as heat
waves, strain the supply.” Too often, households in developing
and developed countries invest in small diesel generators
for back up. These generators pollute, with greenhouse gas
emissions, noxious exhaust and annoying noise.'>"
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The solar photovoltaic evolution

For decades, multilaterals, governments and non-
governmental organizations have promoted decentralized
solar photovoltaic systems in inaccessible rural areas,
particularly to power public services, such as school and
clinic lighting, information exchange and communications,
community pumping and vaccine refrigeration.'*'* Now, they
can be considered as an alternative solution to grid electricity
anywhere in developing countries where governments and
the private sector cannot meet expectations for the expansion
and maintenance of a grid network, including informal

urban settlements.™

Recent years have seen an increased popularity of small
distributed solar energy systems in low-income communities
in Africa and Asia, where at least 95 per cent of the off-grid
population reside.'s'® These systems range from a stand-
alone lantern with a built-in solar panel, a battery and a light
emitting diode (LED) bulb, to a small, or pico-scale, solar unit
equipped with a panel, at least one LED bulb, and a battery
with USB charging outlets for a mobile phone or even a low-
power appliance.® Prices range from US$10 for a solar lantern
to USS$50 for a pico-solar system.

These relatively affordable solar lighting products offer a
better return on investment, particularly considering their
long lifespans in contrast to the recurring cost of kerosene

or paraffin for lanterns, dry-cell batteries for torches, or
candles.>' More powerful solar home systems include similar
features and can support several lights and relatively larger
household DC appliances such as a radio, fan, television or
even a refrigerator.

Many of the off-grid population in sub-Saharan Africa spend
about 10-30 per cent of their household income on their
kerosene supply and in sub-Saharan Africa and Asia kerosene
lighting costs the poor nearly US$15.7 billion per year.2>*' The
replacement of kerosene lanterns by solar lanterns translates
into significant cost savings for households over the lifetime
of the solar lantern as well as a significant reduction of the use
of open flames in lanterns and candles, reducing exposure

to indoor air pollution and the risk of fire hazards in informal
settlements."*"2 These pico-solar and solar home systems

have become attractive to a greater range of the off-grid
population than ever before.

The continuing price reductions of the various photovoltaic
components and rapid advances in technologies are notable.
The cost of crystalline silicon solar cells dropped 85 per cent
between 2008 and 2016 due to increased manufacturing
efficiency and economies of scale.?!

Advances in LED technology resulted in improved efficiency—
more light emitted per electrical input. Highly polluting lead
acid batteries are becoming obsolete, replaced by higher
performance lithium ion batteries that provide higher energy
storage capacity, longer service life, and faster and more
efficient recharging.* While the batteries are the most expensive
component of a solar home system, the price of lithium-ion
batteries dropped nearly 65 per cent within five years, and is
expected to fall further due to their widespread use in laptop
computers and other devices.”

Kerosene wick lamps made from recycled cans
Courtesy of Evan Mills
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Innovative marketing of off-grid solar energy

A key factor that allows solar-powered electricity to enter

the market in informal settlements is innovation in business
models.’®?>2¢ Although the retail prices of pico-solar and solar
home systems may be manageable for some, those in the
lowest-income portion of the off-grid population cannot afford
the initial equipment purchase. Many small-scale and start-up
companies are offering financial schemes to help consumers
overcome the barrier of upfront costs, with the aim of eventual
profitability through capture of the market’s high volume.'s17.1°

Several of these schemes arrange for people to pay the

same small amounts they were paying for kerosene.In a
pay-as-you-go scheme, customers pay a small instalment on

a solar power system and make regular payments on a daily,
weekly or monthly basis. If payment is not made, the system

is automatically deactivated. After completing payments,
customers own the product. This scheme is often used in
connection with existing mobile-phone money services, which
are well-established businesses in regions such as some parts
of sub-Saharan Africa."”?

In India, nearly a third of its urban population live in informal
settlements.?® A survey of Delhi’s informal settlements
estimated an average monthly income of only US$105

(INR 6676) per dweller and 90 per cent of which is spent.?
Most companies provide financing schemes to serve the
most marginalized families who are rural migrants to informal
settlements in India’s rapidly growing cities.

Without a formal address and less than a decade in their
location, the families cannot access traditional financing
services. Some companies employ local men and women who
go door-to-door in the informal settlements offering products
with affordable payment terms.3® Customers can purchase a
solar lantern on a 5-8 week payment plan. Some companies
have evolved further to develop business relationships with
microfinance institutions to expand financing options for
lowest income consumers.®'

In South Africa, even after the post-apartheid electrification
and housing program, close to a quarter of the population live
in informal settlements without electricity.?? A sustainability

o Video: Why solar power is spreading so fast in Africa
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Video Link: https://www.youtube.com/watch?v=tkvbZOADmz0
Photo credit: Gabriela Gemio Beltrdn
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project led by the University of Stellenbosch aimed to
improve the living conditions of the 4 500 inhabitants of
Enkanini, an off-grid informal settlement in Western Cape
Province.?*3> Using energy-efficient technologies, the
interventions included reorienting dwellings to optimize

their passive solar potential, improving the building insulation
and harvesting water.

The project ran an off-grid solar power business that

served the settlement with an expectation to scale it up

as a franchise model for other off-grid settlements. Solar
home systems—a solar panel, two indoor LED lights, one
TV, an outdoor spotlight and phone charging facilities—are
offered to residents on a fee-for-service basis. Customers
pay an installation fee of US$14 (ZAR 200) and monthly lease
payments of US$11 (ZAR 150).

A company established by the project employs staff from
the settlement and is responsible for the deployment and
maintenance of the system. This business model has now
been adopted by some municipal authorities for other
informal settlements in South Africa.3¢38

Pop-up solar kiosks are another unique form of business
innovation that exploits solar energy to serve off-grid

o Video: In high demand: Solar Kiosk in Rwanda

Video Link: https://www.youtube.com/watch?v=QpukLasOnSo
Photo courtesy of Henri Nyakarundi/African Renewable Energy Distributor
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communities outside of their homes. A small mobile solar kiosk
is equipped with a few solar panels and a lithium-ion battery
unit that can power 10-80 mobile phones simultaneously,

and some even offer Wi-Fi services.?®* Larger solar kiosks are
stationary and fitted with rooftop solar panels.*' Functioning
like a grocery store, it offers a range of goods such as solar
products, mobile phones, consumables, medicine, as well

as phone charging and internet services. A variety of solar
kiosks are spreading across Africa where 135 million mobile
subscribers live without electricity in their homes.*
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Continuing on the pathway of renewable
energy

A pico-solar system is only the first step for a family to lift
themselves out of energy poverty. Whether supplying
electricity to dwellings in rural, peri-urban or urban locations,
a small system may be sufficient at first, but once their
purchasing power grows and the price continues to drop,
people will look for more capacity. This presents an array of
opportunities to continue along the solar pathway, rather than
turning to grid power sourced from coal and oil. In 2016, fossil
fuel accounted for about 80 per cent of electricity generation
in Africa and 60 per cent in South Asia.**#

To remain on the sustainability pathway and reinforce
renewable energy solutions, some factors should be
considered, given their influence on solar market expansion.
These include needs for quality standards, consumer
awareness, financial assistance, e-waste management,

and re-orientation of government policies."”*

In many developing countries, solar products have been
available for years, if not decades. Often the products were
of low quality or short life span. Decisions to stay with off-
grid solar may depend on today’s impression of the products

o Video: Solar energy for Africa by 2030
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Video Link: https://www.youtube.com/watch?v=Bb8Su60eWYw
Photo credit: MrNovel / Shutterstock.com
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available in the market. Negative experiences with
substandard generic products could damage the receptivity of
today’s and tomorrow’s potential consumers. Two concurrent
paths could help remedy the problem: One is to establish
higher quality standards for the products themselves and
take-back and recycling guarantees by the service providers.
The second path is to raise awareness among consumers
about the higher quality that is now standard for the products
themselves, for the services that accompany the transaction,
and for the extended and enabling payment schemes.?

A lack of working capital for companies, particularly those that
provide end-user financing, may limit market development.
Supportive programmes can be devised to mitigate these
challenges and the innovative business models already in play
are good examples of what is possible.>'8'72> Future demand
for solar home systems with higher capacity will also help
expand the current markets and further prompt commercial
interest and investment from private investors, development
banks and donors. In 2016, at least US$60 million was invested
in two companies in Africa that offer larger and higher

priced solar home systems than the original pay-as-you-go
operators.* These pay-as-you-go solar companies are likely to
aim at creating a new market of higher income consumers
who may already be connected to an unreliable electricity grid.



Another challenge involves the e-wastes generated by the
growing volume of products in use. While lithium-ion batteries
are considered less toxic compared to lead acid, they still

have the potential to pollute the environment, given the
variety of chemical materials contained in the batteries.*
Currently few manufacturers are supplying replacement parts
or recycling old batteries at the end of their life cycle.*’48
Similarly, crystalline silicon panels are a cause of concern as
they also contain toxic substances, such as cadmium and lead.
If customers could upgrade their consumer goods for better
products through take-back programmes, recycling markets
could become viable and reduce the risk of contamination. It
should be noted also that e-waste regulations might not exist
to deal specifically with solar panels in many countries where
small solar systems have gained popularity.*”

The challenges involving government interventions include
uncertainties about possible future policy choices regarding
off-grid electrification in national, regional and municipal
strategies and implementation. Also, many countries have

a long history of subsidizing citizens’ kerosene purchases to
quell dissatisfaction over unmet promises for grid supply.
While some recommendations push for elimination of
kerosene subsidies, another path is to allow off-grid customers
to apply the subsidies to the purchase of their solar power
systems. Once those are paid off, questions remain whether
the subsidies should then continue. As well, off-grid power
supply companies suggest an end to fiscal and import
barriers, such as high import tariffs and value-added tax on
solar power products, which may significantly increase the
price of the products.’®?

Finally, there are challenges regarding capacity development,
beyond the public awareness effort. Companies, and
communities need a qualified and skilled workforce to
support the development of the sector. Training courses

and apprentice programmes, especially for members of

the local community that will make up the market, should

be available.>* Off-grid systems will provide hundreds of
thousands of jobs throughout the value chain in the near
future and could provide a path out of poverty for those who
learn about installation and maintenance of larger home solar
systems.”* A UN Environment’s study in West Africa estimates
that the transition to efficient off-grid lighting is likely to

create 30 times more jobs than fuel-based lighting does.*

With the right policies and regulations on renewable energy
and a clear vision of future possibilities, today’s distributed
solar powered systems could remain the energy of choice for
off-grid communities in the rural and urban areas. This could be
a key component of accomplishing Sustainable Development
Goals for universal access to affordable, reliable and modern
energy services by 2030 and for eliminating poverty.
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A woman trained by the Barefoot College to install, repair and maintain

solar systems for her home in Rajasthan, India
Photo credit: Knut-Erik Helle, licensed under CC BY-NC-ND 2.0
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