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FIREBOMB KEROSENE STOVES WITHOUT SOCIAL BOUNDS -

addressing energy poverty in South Africa

G (Teri) Kruger
The Paraffin Safety Association of Southern Africa, Cape Town, South Africa

ABSTRACT Representatives from a cross-section of the diftere
energy sources; namely; electricity, coal, biomdss,

Burns are a major public health problem globally. ethanol gels, paraffin, and liquid petroleum gasrewe

There are at least 322 000 fire and flame deaths dn invited together with Government to debate the rjisio

millions of non-fatal burn injuries annually (WHO: issues and plan the way ahead. What emerged frem th

2002), the majority of which occur in developing workshop is that there is no realistic alternative@araffin

countries. An important factor associated with buns as an energy-dense, well-distributed and low-cost &t

is the widespread use of paraffin (kerosene) as athis point. The dangers associated with the use of

household energy source. In South Africa, burns &a paraffin, however, could largely be avoided by impng

leading cause of death amongst young children. the system of delivery; both of the appliances thedsafe
pre-packaging of the fuel to avoid human contactuet

A series of tests commissioned by the Paraffin Safe contamination.

Association of Southern Africa in 2003 found that ime

of the most commonly sold paraffin stoves in South At the Domestic Use of Energy conference of March

Africa failed the basic safety standards. It is wdely 2005, the Paraffin Safety Association presentedttmn

believed that these unsafe stoves are linked to anprocess we had embarked on to ensure that parsgfies

estimated 40 000 - 80 000 household fires each yearare firmly on the agenda of government, especiaith

wrecking havoc in the impoverished informal respect to the unsafe appliances. This paper thesctihe

communities. Paraffin-related incidents are estimged developments since then.

to cost the South African government ZAR 104 billio

in externalities each year. 2. PROBLEM STATEMENT

Whilst there has been progress with the re-enginegry  The multidimensionality of poverty has been incregly

of the appliance standards and their regulation, tere recognised and it is now also associated with the
is still no known stove that meets all of these mimum  deprivation of a multi-faceted set of material gsod
health and safety criteria. Further caution existsas to  assets, capabilities and opportunities [1]. Inrtpaper,

the capacity of the regulating body to enforce thes the Palmer Development Group argues that energy is

new standards and in the monitoring of the impacts central to the provision of basic human needs sagh

with the absence of a national surveillance system. nutrition, health and education, there being anairtgmt
energy dimension to poverty. This places energgtgah

1. INTRODUCTION the heart of poverty alleviation.

Whilst South Africa is regarded as probably the tmodachuriet al (2003) defines energy poverty as the absence
developed country in the region, there is still imtic be of sufficient choice in accessing adequate, affolela
done to ease the burden of poverty that exists. Amliable, high quality, safe and environmentallynige
estimated 40 — 50 % of the South African populately energy services to support economic and human
on a known hazardous fuel like paraffin for theaild development. As thermal energy takes up the biilk o
energy needs as a result. The Paraffin Safety Astsmt energy requirements, either for cooking or spactihg,
believes, therefore, that South Africa suffers frenergy addressing the urgent need for safe thermal energy
poverty. Although a number of government policysources would go a long way in alleviating energy
documents acknowledge this state of affairs, poverty.
comprehensive, integrated strategy with appropriate
implementation instruments, involving all major @ol Estimates undertaken by Sustainable Energy Africa
players is still outstanding in terms of energyicly. reported that poor households in Cape Town spenit up
25% of their income on energy in contrast to thaltéer
A strategy planning session was conducted in Noeemb households that spend only between 3% and 5%. swhil
2005 hosted by the national departments of Mineaats it is a characteristic of most households to @&iksvariety
Energy and that of Science and Technology anof energies, the multiple fuel use points to thet fat
facilitated by the Central Energy Fund (Pty) Ltd, t fuel use is dependent on a variety of economicsauigl
comprehensively interrogate and discuss the neéds factors and that households make choices as tchwibét
low-income households’ cooking and heating need$ use [2]. This means that households can use for
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example a paraffin stove, a gas cooker and anriglect4. SOCIETAL COST OF UNSAFE PARAFFIN

stove as well as wood for cooking, depending onctvhi USAGE.

fuel is available, which appliance is in workingder or

what type of food has to be cooked and the timéahla According to a 2003 Treasury Report [3] the anf@@lth

to prepare the food. Poverty dictates that thegtnuge African externality cost of paraffin-related incide could

the fuel that is available, but more importantlybe up to 50 times more than the annual turnovarevaf

affordable. paraffin sold, an estimated ZAR 104 billion per am
Externality costs refer to the numerous social and

Considering that paraffin is zero-rated for Valuddéd environmental problems often not reflected in tharkat

Tax in South Africa and it is the only non-perisleagood price of energy. This leads us to argue that #gative

to be zero-rated as it is almost exclusively usggdor impacts of unsafe paraffin usage are not isolatethé

people. It can be argued, therefore, that a glyateat is consumers only, but every tax payer and resideSointh

aimed at improving the health and safety standafds Africa as well. These costs could be better atetdo

paraffin goods and services would dramatically iower other pressing needs like the HIV/AIDS pandemic and

the quality of life of the poor. education.

Paraffin is a quality fuel that can be burned exily It is estimated that there are some 45 000 pareadfated
cleanly if the device used to do so is constructedl. fire incidents a year in the poor South Africartleatents,
Good design can reduce the quantity of fuel utlig@ mostly due to the unsafe appliances, which resulan
operation which would reduce exposure to the fuel a estimated 2 500 and 3 000 deaths per annum. In the
also realise as a cash savings. These cash saonlgs absence of a national incidence surveillance systieis
then be better utilised in other areas of needtfe not possible to accurately assess the full exténthe
household and the South African government. Aebettproblem, but it recognised as vast.
device can vastly reduce the probability of a ruaatire
and the emissions of noxious carbon monoxidese@let Energy sources like paraffin can also cause respira
respiratory problems as well. diseases by releasing toxic fumes and particulatesn
utilising poorly designed and inefficient appliasceThis
Improvements to the system of delivery of the fuetreates health care costs for the household andhéor
through the introduction of a compulsory, dedicatedvhole society [4]. However, as a way of a compeeat
industry approved safe packaging would further cedu most of us think of electricity as clean energyt the air
the chances of the dangerous contamination of dké f pollution caused by coal burning power generation
and the unfortunate mistaken ingestion of pardffirthe stations has a health cost for the coal miners and

very young. communities living in their proximity which are npaid
for by the users of electricity or by the natiopabducer,
3. THE ENVIRONMENT IN CONTEXT Eskom (Externalisation of costs).

At the conference on the “Challenges of fire amdbdls in There are also issues of contamination as a resuthe
Human settlements” held at Parliament in April, 20the  bulk supply and resale of paraffin when it becomésed
Department of Housing claimed that between 1,485anil with other substances like petrol that can drara#yic
and 1,8 million South Africans live in informal influence the flashpoint of the fuel, the temperatat
settlements. The vast majority of informal settleine which the fuel ignites. Contamination can causeftiel
homes are constructed from waste or recycled nadgerito explode or, at the very least, increase the ausxi
such as wood, cardboard, zinc-plating and plastitse emissions.
domestic environment in which people utilize parafs
typically cramped, usually a single room, charasézt by Recently an incident happened in Amawoti, Kwa-Zulu
multi-use living quarters furnished with highly Natal, South Africa in March, 2006. City officials
combustible and toxic materials. = They are oftenesponded immediately to reports of paraffin seepag
assembled on uneven or sloped ground and in closem beneath a home. After taking precautionary
proximity to one another due to space constrairils m0 measures to relocate the affected homes and créithe,
adequate planning for accessibility . officials investigated the leak from an above-grbinulk
storage tank supplying the local spaza shop (syeaktral
On National Paraffin Safety Day in June 2004, theealer) which is suspected to be the source. @¥egr
Paraffin Safety Association simulated a shack fireoncern was the desperate practice of local retsden
triggered by knocking over a commonly available -nongather and use this blackened, impure paraffivedtiock
pressure paraffin stove. After burning for one hibwrvas had also taken to drinking the fuel from the pamtsthe
observed that the temperature in the shack reaghedground. Currently the city is under negotiatiorighwhe
excess of 900° C (1670° F) in less than four miswteparties concerned to try and solve the problemestirtg
Add strong winds and this dangerous scenario dautgs and digging up the contaminated soil and disposing
to the rapid spread of fires among homes, makiegnth urgently.
highly unsuitable for the storage and use of fldrased
fuels of any kind.
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5.  PARAFFIN AND THE UNSAFE STOVES

In 2003, the Paraffin Safety Association commissibm
series of tests on the nine best-selling paraffaves to
check if they met the South African Bureau of Stadth
standards [5]. The tests showed that none of thested
met the SABS standards. All had serious probleney. ig

Supported by an extensive national media campaign,
impressive 85 entries were received during the filmse
that required submission of the technical spedifice in
three months. Entries were attracted from acrasghS
Africa, India and USA, the youngest entrant being 14
year old school girls and the oldest being two fmeTess.

The competition had a minimum requirement of a
working prototype which is a costly and resourderise
exercise. The deadline for a working prototypettod
stove design was February, 2005. A total of 35
prototypes were received. Eleven prototypes were
selected from the through a process of eliminaliprihe
independent panel of judges to then be subjected to
stringent laboratory testing. Sasol reached nentigrs
when they offered their laboratory facilities ats8iourg

to undertake this crucial step in determining thestb
prototypes.

reducing the negative consequences of paraffin eusagh® tests conducted by the Sasol Technology Fuels

therefore is the setting of a new, enforceableonati
standard for these cooking devices. It is the ooetl use
of unsafe and sub-standard paraffin stoves to wtiieh
majority of runaway fires in informal settlementsda
ongoing respiratory problems can be attributed

5.1 SAFE STOVE COMPETITION

The Paraffin Safety Association is well aware tihatre is
no point in banning the existing stoves withoutviing

esearch for the purpose of evaluation were asvist!

- Efficiency of stove

- Stability

- Temperature of the stove fuel container
- Smoke emissions while in operation

- Self-extinguishing if knocked over.

As each of the prototypes were essentially uniquéeir
use of materials, design and operation, the tegtiogess

an alternative, which is why they teamed up witk thdid have its challenges.

Proudly South Africa campaign in 2004, to offer ®0®00
(half a million SA Rands) in prize money for designa
safer paraffin cooking device. Proudly South Adris a
campaign to promote South African companies, aediie
of South African products and services aimed defog
employment creation and supporting economic growth.

The purpose of the Safe Paraffin Stove Design Cttigre
was to identify safe, functional and cost-effectilesigns
that have the potential to replace the existingfmstoves
in the marketplace. Furthermore, it was intendeslipport
the drafting of new standards for safe paraffivesoin
South Africa.

5.1.1 Safe Stove Competition Results

The competition yielded no complete safe stovetgwiy
but it was agreed that with further developmentadild
be possible to deliver a safe paraffin stove. Edgiiries
were awarded prizes, six for design features aralfow
sheer enthusiasm in submitting entries.

Mr Jim Tembo of Rustenberg and the two 14 yearSild
Andrews School girls; Kirsty Smith and Nyradzo
Sanyika, were awarded for their enthusiastic respdo
the competition at an awards ceremony held in HAeeto
the eve of National Paraffin Safety Day, June 2005.

The competition thus enabled The Paraffin Safety

Association to test the feasibility of the new st@tandard

The innovative design features awarded were asvstl

being drafted by South African Bureau of Standards

(SABS) whilst offering support for Government's| Stove design

commitment to this regulation.

An independent forum of experts was convened tdsadv

on the structure and conditions for entry as wsllta
assist with the judging. The forum included medtan
and chemical engineers; industrial designers;

forensics specialists; a consumer forum;

paraffin

Award
Phil Oosthuizen &
Angus Campbell

Separation of the flame
and cooking tripod

producers; government and a SABS design institute

representative.
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Ludrick Barnard & the
Central University of
Technology

Design efficiency of the
burning principles;
Good Cut off;

Fast to boil water.

Chris Bradnum
Potential application to
community upliftment
through job creation —
while using material
selection which allows
for low tech
manufacture (concrete)

Gary Diamond & Paul
Eksteen of Umoja
Innovation in terms of
the gravity feed piston
principles for the burner
and self righting -
worked effectively.

Mr P. Mukandan of
Servals Automation,
India

Most fuel efficient stove
during the comparative
testing

Derick Botha & Hans
Gouws

Technical innovation of
the wick/burner
mechanism

new, revised standards was crucial. Four memkfetfseo
SABS technical committee addressing the revisiothef
paraffin equipment standards formed a part of teepof
judges for the competition in addition to the cotitjmn
organiser who chairs the SABS technical committee.
This facilitated insight into the “state-of-the-athinking

and grounded the development of a feasible, revised
standard. Furthermore, they were encouraged by the
number of design alternatives that could be mackbt#h
regionally and internationally after the regulagoof the
new standards are in place.

Because of the safety risk to the public and costhe
economy the DTI proposed a compulsory safety standa
based on the existing standard South African Nation
Standard (SANS) 1906 in December, 2005. This new
compulsory standard is for non-pressure paraffoves
and heaters, commonly known as wick-based stovds an
heaters. One of the major constraints with restmethis
standard is that the product, presently retailihgraund
ZAR?25, should not become too expensive for the etark
served. The economic significance of the regumai®
considerable, as an estimated two million of these
appliances are sold annually, and each househekl as
much as 20 litres of paraffin monthly.

It is intended that the DTI will promulgate the
compulsory standard as a new technical regulatiobet
administered by the SABS in terms of the Standéwis
101 of 1993. Government's decision means thatlittvei

a legal requirement for the sale of these appligrice
2006 for the South African market. All products,etler
produced locally or imported, would therefore hawe
comply with this new specification if they are inténg to
sell to the South African market. Products wouddrén to

be tested and certified on a regular basis to nieet
requirements of the standard. The manufacturea of
product that complies with SANS 1906 can have it
certified, and by agreement with a certifying batgh as
the SABS, apply a standardization mark (such as the
SABS mark) to inform potential consumers.

The Paraffin Safety Association believes that evpey
who uses a paraffin stove will win something frohist
competition because it has helped lead to a safees
designs and reduce the burden of destruction feratl

too frequent runaway fires.

The SABS will be appointed as the inspectorate and
regulator responsible for ensuring that unsafe yetdare

not offered for sale after the effective date ok th
regulations. It is envisaged that regulation wél ia an
approval process for all designs, supported by

52 surveillance and testing [6].

DEVELOPING THE STANDARDS
In 2004, The Paraffin Safety Association, the SAB®, A similar process hgs been undertaken for the atigul
Department of Minerals and Energy, and the Departme©f pressurised appliances as well. The SANS 1243 f
of Trade and Industry (DTI) together with manufaets, Pressurized paraffin fuelled appliances is stillden
academics and other stakeholders had embarked on'gKsion by SABS.
ambitious project to create a world first safetgnstard
for paraffin appliances that meet the needs of o3 DESIGN DEVELOPMENTS
underprivileged communities [6].

The Paraffin Safety Association’s competition wadeud
In addition to the extensive lobbying undertakentby @S @ Success in supporting Government's intentmn t
Paraffin Safety Association to highlight the neeat f regulate the industry due to the number and rafgew

enforceable standards, participation in the devetag of designs that emerged. It also helped to raise tuiarand
public awareness about paraffin safety issues. The
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competition further stimulated other designers éne
stove manufacturing industry to participate in aing
design improvements in an attempt to get their oned
design to market first.

into the future. Their focus has been around twajom
factors: safety and economy of paraffin usage iwithe
stove.

Some of the safety

Notable, but by no means the only new produdeatures include a super

developments [7], are:
5.3.1 Tao Ying Metal Industry (Pty) Ltd

The wick stove was introduced into South Africafas
back as 30 years ago. At the time of its introucthe
only method of cooking in the townships and runsas
was either a primus stove (pressure stove) or stoake.
The ease of use of the wick stove compared to tineug
and coal stove made it a popular choice.

The Panda paraffin stove has been in the markethéor
past 18 years. As the main producers of the wiokes

they have been involved from the outset in asgjstie

SABS to draft a standard that will eliminate théerent

dangers in using a wick stove.
developing an automatic shut off device and a neetfo
cooling the paraffin inside the tank to below itash

point.
provision for a leak proof tank was inserted intee t
SANS 1906 standard. The solution to the leak ptaok

was found six months later after many experimestagu
different methods. A partial test of the stove wage by
the SABS in February 2006 confirming the tank tddak

proof and the stove’s ability to shut off when kked

over, therefore lessening the risk of fires. Theext

major hurdle they are addressing is the toolindasghe

new stove.

5.3.2 The FSP stove

Ludrick Barnard & the Central University of Techagy

In July 2005, the SABS upped the ante dral t

material in
to avoid

absorbent
the tank
spillage; spring-loaded

flame shut-off

mechanism; and a solid

stove top to prevent that

the flame is accidentally touched. On the point of
economy, they have engineered a (non-pressurised)
double burning chamber that has resulted in enginga
burn time results.

5.3.4 Anton Opperman

Anton Opperman has advanced his design ideas
significantly from the time of his competition entr He

They have bedmas embarked on the “Housing Frame Concept” as an

alternative to the spherical and cylindrical shageel

reserve which allows for a spatial way of distribgtthe
weight of the apparatus — therefore
lowering the point of gravity to the
maximum. Consequently, this
maximizes the stability of the unit
and therefore improves of its safety
with regard to the tip-over risk. The
concept allows for a number of
shaped design options from
triangular to circular.

By assuming a “spiral” shape of frame with one efd
the tube utilized by the burner and the other etilidsed
by either the fill-up or pressure pump which would:

together with the inventor, Crispin Pemberton-Piggo
have embarked on a course to provide an open source
technology for a stove similar to their competitiontry.
There are more than 100 FSP stoves in use, whigk ha .
been on the market for more than a year. Theimcla

that, statistically, there should have been twesfipy now
related to the device, but so far there have beee.nThe

FSP apparently has extremely low emissions, & highrther, when using a spiral type of configuratitime
flame temperature; an auto-extinguishing devicgh#  concept calls for a minimum number of connectiom{zo

stove is knocked over and can be made in varioys reduce leakage and is flexible in the numbebiwher
versions from anything from ZAR20 to ZAR200 or more ypjts positioned on the same frame. The patent is

All elderly users with chest problems (respiratohgve penging.
reported significant improvement and relate ithe use

of the stove as a replacement for the Panda brasel mg 35 ymoja
commonly used in South Africa. This stove is dféess
as a “pressure” stove and will need to comply wtfta
SANS 1243 which is currently under revision.

Allow for good heat dissipation;

Allow an adjusted filling point that can suite the
relevant Standard

Allow for a adjustable Shut-off flap to be installe
And, the blow moulding of a polymer “plastic” type
of products appears to be cost effective

Gary Diamond and Paul Eksteen have always looked at
situations and problems in life that can be sohmd
creating a new device. The first product of sigaifice is

the Umoja Stove Boiler generator. The device preduc
enough energy to boil 40 liters of water whilst kiog in

After their own market research, Chameleon Energyhout 35 to 40 minutes, which equates to the energy
Solutions have concluded that paraffin is to rem#®@ equivalent of eighteen thousand watts. (See

energy of choice for the majority of poorer houddho

5.3.3 Chameleon Energy Solutions
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www.umoja.co.zg However, since the unit is costly toit burns for more than 20 hours with 3.5 litrespafraffin
manufacture, due to the superior quality stainlgte®l and also low carbon monoxide emissions.
content and fabrication complexity and, even thoitgh
has its place in a niche market, they concentratecd The Iziko features a lined ABS plastic polypropyedank
more affordable and portable solution which arogedd that prevents burns when touched and insulatemstgai
their competition entry. Some of their featuredude: water losses. The 3.5 litre fuel tank is alongghde unit
and away from the roarer burner head that has been
The stove automatically extinguishes its selfltetd  utilised for better combustion. The roarer heas heen
past 15 degrees from vertical. modified for the gravity feeding of the fuel.
If left unattended, the stove extinguishes after 20
minutes. An innovative idea is the placement of the burneach

The heavier the pot, the higher the flame (autgehind a metal covering and an automatic shut-othe
regulation). paraffin supply to the burner head to avoid unculed
It has an optional self righting system (anti tg)pl ~ fires should the unit be toppled.

The device is hydraulic or fuel injectethot

pressurised”. 6. ENFORCING COMPLIANCE TO THE

Infinitely adjustable. STANDARDS

Models not having the anti topple frame, will adl b

fitted with the tilt shutdown mechanism. To date, none of the above-mentioned stoves had bee

granted certification from the SABS for their pauliar
design/s. Whilst the SANS 1906 is due to be prgeaued

as a compulsory standard, the date for compulsory
compliance is yet to be determined. As the SAN&312
for pressurised equipment is still under developmis
would still take some months before the revisionb&o
Hgb"shed as a new standard.

5.3.6 Parasafe

Parasafe stoves are manufactured internationallyhby
Promethea Corporations and distributed locally e fhr
release in SA in May, 2006. Parasafe stoves (press
and non-pressure varieties) embody three inventio
generated by three South Africans and protectedhby
international patent

system. These

inventions have been

awarded best invention

In the interim, the Paraffin Safety Associatioragsisting
the SABS in determining all the possible playershimi
this arena and has undertaken to train their inspgdn
paraffin safety issues to enable the efficient anmgkous

prizes by the SABS implementation of the regulation. The capacity5éfBS
Design Institute Awards to meaningfully apply the enforcement is questidaab
2004 and another by th,e however, given that there are currently only two

Goodyear Corporation inspectors appointed for this task country-wide.

2006. 7. INCIDENCE SURVEILLANCE
Their claim is that they are a completely safe sues
paraffin-burning appliance. The flames self-extiish
“instantly” when moved or tilted a mere 10 degreesf
lifted 5mm. The appliance cannot explode as paraffid
air are not mixed in the presence of flames, exoepte
burner itself; it does not leak; cannot be refukNehen
alight; and claims no harmful emissions. Furthée
pressure stove burner has been designed to incre
thermo-efficiency.

As stated previously, there is no standardisedderge
surveillance system in South Africa that endeavdors
record the occurrences of injuries due to energyces
that pose a formidable public health threat issugeims

of mortality, and morbidity. Such epidemiologiaista
can be gathered and interpreted to determine mgfahin
Ratameters in order to devise strategies towards
prevention and cost effective management. Theffitara
Safety Association has embarked on a pilot incidenc
537 lziko surveillance system that attempts to record and map
o known energy incidents in collaboration with a egyiof
stakeholders that include the national Department o

An initiation of the Lefika Health and the fire and emergency services.

Manufacturing (Pty) Ltd, the
Iziko Multi-purpose Geyser
addresses the needs of
households for cooking and
water heating. It is able to boll
25 litres of water whilst
simultaneously being able to
cook the food. Their claim is
of low energy consumption as

8. CONCLUSION

Government must be applauded for recognising tleg ne
to implement new health and safety standards fer th
domestic use of paraffin. However, there is sdime
way to go to devise an integrated strategy andicerv
delivery mechanism to address the energy povemy th
exists in South Africa.
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Whilst there has been significant progress withrthéew 10. AUTHORS

of the appliance standards and their regulatioereths

still no known stove that meets all of these mimimu Principal Author: Teri Kruger is the Senior Project

health and safety criteria. There is thus a colimqgeheed Manager:  Safer Systems for the Paraffin Safety

for the SABS regulatory body to enforce these newssociation of Southern Africa. She holds a B.Com.

standards and to monitor the impact of these oaffiar degree from Unisa and has been engaged in detagnini

related incidents, particularly in the absence oh#donal sustainable approaches to problematic areas, plariy

incidence surveillance system. in the social and environmental spheres, for thet pa
decade. She is currently the Chair of the SAB&rmal

Addressing the concerns and issues around the loeemmittee (TC 5120:54) tasked with overseeing the

income sector’s thermal energy needs in a holisthy paraffin and alternate energy appliance standards.

needs to take cognisance of the energy mix utilisate

broader view of all households, both in formal andPresenter:

informal settlements. By adapting strategies atiogrto  The paper is presented by Teri Kruger.

the best fit and their affordability would allevéathe

current crisis around electricity supply and engogyerty

simultaneously.
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