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Summary

Ozone depletion and its after effects on the life on earth have become a matter of global concern. In
1987, at Montreal in Canada, the international community came together for taking the necessary
steps to stop further damage to the stratospheric ozone layer. The man-made Chlorofluorocarbons
(CFCs) were among the Ozone Depleting Substances (ODS) that were to be controlled. In the
Montreal Protocol (1987) the world adopted a programme of heavy cuts in the use of CFCs. It was
agreed that production (not consumption) of CFCs is to be finally phased out by the year 2000.
Several meetings have been held since Montreal 1987) which have adjusted the ODS phase-out
program initially proposed

CFCs consist of Chlorine, Fluorine and Carbon and are mainly used, in Kenya, in the refrigeration
industry. CFC-12, CFC-500, CFC-502 are the CFCs used as refrigerants in Kenya. Kenya’s
developing economy is very much depended, mainly, on the use of these CFCs. It is therefore
crucial to keep major services running while preventing Kenya from becoming a dumping ground
for obsolete equipment. With 10 years grace period for developing countries like Kenya, the
sustenance of the existing CFC-based equipment will depend on the success of conservation
programmes such as recovery and recycling, waste reduction measures and retrofit technologies.

This report therefore presents the background analysis that is intended to facilitate the launching of
efficient programmes for collection, recovery and recycling, waste reduction measures and retrofit
technologies. The report also presents the background analysis appropriate for legislation and
institutional strengthening for the purpose of implementation of the programmes.

A comprehensive field survey auditing the usage of refrigerants in Kenya was carried out in the
major towns such as Nairobi, Mombasa, Kisumu, Nakuru, Eldoret etc. The audit was used to
develop a national guideline on the current level of usage of refrigerants in Kenya. The audit
involved interviews through questionnaires and checklists covering extensively both primary and
secondary sources of information. In the data collection exercise, 910 questionnaires were
distributed to various groups. 563 of the questionnaires were received back and among them 448
had useful information. The audit exercise was therefore based on these 448 questionnaires.

The findings of the audit indicated that in 1995 the consumption(the amount used excluding the
‘banked’ quantity) of refrigerants were 67.7MT of CFC-12, 29.6MT of HCFC-22, 0.4MT of
Ammonia, Negligible amounts of HFC-134a, CFC-502, Hydrocarbons and of liquid CO2 . The
amounts ‘banked’ within the refrigeration equipment were 103.1MT of CFC-12, 41 2MT of

HCFC-22, IMT of Ammonia and negligible amounts of HFC-134a, CFC-502,
Hydrocarbons and of liquid C02. Kenya does not manufacture any of the above chemicals, except
liquid CO2 , and therefore all are imported. There exists a lot of undocumented information
pertaining to the importation of these refrigerants and appropriate legislation and institutional
strengthening is needed for the success of conservation programmes.

Montreal Protocol awareness by direct and indirect users was evaluated through checklists and
questionnaires. It was established that most Kenyans are ‘cost’ conscious and not environmental
conscious. Therefore the incentive to awareness is purely motivated by business consideration and
not by environmental issues.



Most servicing practises are unorthodox and these have led to a lot of refrigerant waste, of the
order 41.5MT (61.3%) of CFC-12 in 1995 due to flooding within the market by many unqualified
and unregistered servicing technicians and agents. Refrigeration equipment and refrigerant
technologies in current end users were also studied to determine the level of technology in the
country. The present legislative and institutional framework with respect to CFCs is limited and
therefore the country lacks an established machinery to ensure elaborate enforcement of regulations
and legislation on the use of refrigerants.

With the current level of consumption the maximum attainable CFC-12 through recovery and
recycling is in the order of 21 4MT in 1995. This amounts to 49.3% of recharging demand or about
31.6% ofthe total demand for CFCs. Viable recoveiy and recycling programmes can be set up at a
profit given initial financial support. This will set refrigerant ‘banks’ and thus avoid premature
scrapping or costly retrofit of CFC-12 equipment upto the year 2010 which is the terminal year for
CFC-12 usage for developing countries.

The findings of the analysis indicate that given adequate support and with appropriate legislation
and institutional strengthening for implementation , viable programmes for recovery and recycling
of refrigerant gases can be set up in Kenya. The analysis showed that recovery and recycling in
Kenya will be economically viable at the venture level. However financial incentive by the
Government of Kenya and the international community will be required to promote the
implementation. In the context of the findings of the analysis, it is desirable and necessary to
introduce regulatory legislative measure regarding various aspects of CFC consumption such as
sales, purchasing and conservation through recovery and recycling.

In order to initiate and implement the above scheme, it is necessary to strengthen the institutional
framework in Kenya. This would involve creating proper awareness about the harmful effects of
ozone layer depletion and the repercussions of the Montreal Protocol to Kenyan Refrigeration
Industry. The existing legislation related to licensing, control and standards for importation, local
manufacture and use of chemicals and equipment is considered inadequate for implementation of
the refrigerant conservation programmes. It is recommended that:

» The licensing of refrigeration contractors and service agents be restricted to trained and
registered technicians.

» The retailing of CFCs be restricted to registered suppliers and contractors and service agents
only.

Apart from the above legislative acts proposed herein, the Government of Kenya has already
established the National Environmental Secretariat (NES) whose duties are spelt out in the
Institutional Framework. The various personnel, material policies and modalities for the
implementation of conservation programme and long term regulation of use of CFCs already exist
and only needs to be put into practice.
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CHAPTER ONE
INTRODUCTION

Ozone Laver

High in the sky, higher than more than a handful of people have ventured, lies a life-
giving layer of poison. It is as far as is known, unique to our planet. If it had not
developed, earth would have remained a small, unremarkable sphere, tucked away in a
far corner of one among billions of galaxies - peopled by no more, at best, than the
most primitive underwater lifeforms. If it were to disappear, the sun's ultraviolet light
would sterilise the surface of globe, annihilating all terrestrial life.

The layer is made of ozone ( 0 3), a form of oxygen with three atoms instead of the
normal two. The added atom turns the gas we breath into poison and any animal that
inhale more than a trace of this ozone would die. Near the earth's surface, ozone is an
increasingly troublesome pollutant, a constituent of photochemical smog and of the
cocktail of pollutants popularly known as acid rain(UNEP 1989a). But safely up in the
stratosphere , 15 to 48 km above the earth's surface as shown in Figure 1.1 below, the
blue, pungent smelling gas is as important to life as oxygen is on lower altitudes.

Thermosphere

Mesosphere

Figure 1.1: The Atmosphere
( CAESA(1962); Hymes(1962) and Donn(1970))



Il The Benefits of the Fragile Ozone Laver

Ozone forms a fragile shield, curiously insubstantial but remarkably effective. It is
scattered so thinly through the 33km -deep stratosphere that if it were all
collected together it would form a girdle around the earth no thicker than 10 mm.
Concentrations of stratospheric ozone varies with height ; but it never makes up
as much as one hundred thousandth of the atmosphere around it ( CAESA,
1962).

Yet this thinnest of filters efficiently screens out almost all the harmful ultraviolet
rays of the sun. The shorter the wavelength of ultraviolet radiation(UV(R)), the
greater the harm it can do to life - and the better it is absorbed by the ozone
layer. Relatively short wave ultraviolet radiation known as UV-C, is lethal to
living things - and is almost totally screened out. Longer wavelength ultraviolet,
UV-A |, is relatively harmless, and is almost entirely allowed through. In the
middle lies UV-B, less lethal than shorter wave radiation but still dangerous; the
ozone layer absorbs most of it.

11.2 Health Risks

The small amount of UV-B radiation that does manage to penetrate the ozone
shield causes considerable harm, providing a stem warning of the consequences
of impairing the ozone layer. UV-B radiation has the following effects:-

1 It damages the genetic material DNA and is the main cause of skin
cancer, which is already increasing rapidly around the world(UNEP
1992(i)c).

2. It is the dominant cause of non-melanoma skin cancers, the commonest
and less dangerous varieties. New evidence is increasingly implicating it
as a cause of the rarer but virulent cutaneous malignant melanomas,
which are rapidly increasing, doubling in frequency injust two decades.
Estimates suggest that cutaneous malignant melanomas kill 6000 people
per year in the United State alone. The non-melanoma cancers, though
20 to 30 times more common, account for about the same number of
deaths(UNEP 1989a).

3. UV(B) does not just cause cancer, it also impairs the body's ability to
fight off cancer. It suppresses the efficiency of the immune system,
making it easier for tumours to take hold and spread. And the same
process also makes people more vulnerable to infectious diseases that
enter the body through the skin, such as herpes and the parasitical
decease leishmaniasis(UNEP 1992(i)c).

4. It also produces cataracts. World-wide, this clouding of the eye blinds
12 to 15 million people per annum and seriously impairs the vision of
another 18 to 30 million people per annum(UNEP 1989a). It also help
to cause or exacerbate other eye disorders.

5. Increasing UV-B radiation has also been found to reduce the quality of
certain types oftomatoes, potatoes, sugar beets and Soya beans.



6. Forests appear to be vulnerable too; about a half of the species of
conifer seedlings that have so far been studied have been adversely
affected by UV-B(UNEP, 1989a).

7. UV-B strikes beneath the surface of the sea, causing damage to within
the first 20 metres deep in clear water. It is particularly harmful to small
creatures such as plankton, the larvae of fish, shrimp, crab and plants
essential to the food web of the sea. Even small increases could bring
about important changes in the underwater life, damaging fisheries.

8. Polymers used in buildings, paints, packaging and countless other
substances are degraded and turned brittle by UV-B; (Kanyua, 1993 b
and AEC 1989)

It seems clear than even the present levels of the UV radiation are limiting the
growth of some plants, and will cut the productivity of agriculture and forestry if
it increases. Depletion of ozone in the stratosphere could cause levels of the
poisonous gas to drop just where it is not wanted. This would have it own effect
on human health, and spread to damage crops, ecosystems and materials such as
polymers used in building, paints and packaging material.

The earth and its inhabitants have an enormous stake in preserving the fragile
ozone shield. But we have unwittingly subjected it to stealthy and sustained
attack. Of all the magnitude of threat facing the global environment currently, none
are greater than the changes taking place in the atmosphere of planet earth(UNEP
1989D).

113 Pioneer Work on Effects of CFCs

In autumn 1973 two scientists, Sherwood and Molina, at the University of
California at Berkeley began investigating the effect of
Chlorofluorocarbons(CFCs) on the atmosphere. Sherwood and Molina, realising
that all the long-lived CFCs ever released still remain in the atmosphere, decided
to investigate what happened to them. In their result they claimed that the man-
made synthetic chemicals known as Chlorofluorocarbons (CFCs) were damaging the
stratospheric Ozone layer which protects the earth from dangerous high levels of
ultraviolet radiation from the sun(Molina and Sherwood, 1973). At the time,
however , theirs was a controversial hypothesis, and for years it was debated by
scientists and challenged by industry.

CFCs consist of chlorine, fluorine and carbon. They are used in many fields such as:

 coolants for refrigeration and air-conditioning equipment,
» propellants for aerosol sprays (personal care products, insecticides etc ),
» agents for production of plastic foams,
 cleaning agents for electrical and metal parts,
» Organic Rankine cycles
(ASHRAE 1989, Kanyua 1993a ,UNEP 1992(i)a)



Scientist are now in agreement that CFCs; due to their inherent chemical stability, do
not break down in the troposphere but survive long enough to enter the stratosphere
where they are broken down by the action of ultraviolet light. One breakdown
product, Chlorine, acting as a catalyst, reacts with the stratospheric Ozone (03, to
produce molecular Oxygen (O2) thus reducing Ozone concentration as illustrated in
Figure 1.2 below:

When gases containing Chlorine, such as CFCs, are broken down in the
atmosphere each Chlorine atom sets off a reaction that may destroy
hundrends of thousands of ozone molecules.

Figure 1.2: Effect of CFCs on the Ozone layer. (UNEP 1992(i)b)

Although the stratospheric ozone layer contains only a minute proportion of ozone, it
is the earth's only defence against harmful forms of solar radiation. It is estimated that
if emissions of CFCs continue to grow as in the past, the ozone layer will be depleted
by about 20% within the lifespan of today’s(1996) children. Just half this loss in the
protective shield would cause three and half million extra deaths from skin cancer and
ten million extra cataracts in the world yearly(ASHRAE 1989).

1.2 Montreal Protoml

Ozone depletion and its effects on the life on earth has become a matter of global concern.
With the signing of the Montreal Protocol(UNEP 1987), the International community
agreed on the necessary steps to stop the damage to the 