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EXECUTIVE SUMMARY

The total PCDD/PCDF releases in Kenya is estimated to be 3,472 g TEQ per annum. The
uncontrolled combustion is process category generates 1,810 g TEQ which is the highest of all the
categories that were identified. This amounts to 53% of the total national release.
Disposal/landfilling category also has a notable contribution 1,335 g TEQ which amount to 38% of
the total national releases. Waste incineration generated 249.4 g TEQ equivalent to 7% of the total
national releases while Production of chemicals and consumer goods generated 61 g TEQ
equivalent to 2 % of the national releases. The releases from the remaining categories are not
significant when compared to the ones already mentioned. However this does not in anyway
undermine their importance, especially in instances where total elimination by application of BAT
and BEP can be achieved. These results are summarised in Table T1 and Figures F1 and F2

Uncontrolled domestic waste burning, a subcategory under Uncontrolled Combustion Processes
category is the single most significant source of PCDD/PCDF. It generates 1800 g TEQ which is
equivalent to 51% of the total national releases. Incineration of Medical waste is also worth noting
as it’s the second significant source of releases, 204 g TEQ which is equivalent to 6% of the total
national release.

With regards to vectors, Residues receive the bulk of the releases, 1,368 g TEQ which is equivalent
to 40% of the total releases. The major category contributing to this release is Uncontrolled
Combustion Processes, 1202 which is equivalent to 87% of the total releases to residues. Water
receives the remaining releases, 1232 g TEQ which is approximately 35% of the total releases, the
main contributor to this being open water dumping. Air receives 854 g TEG which amounts to 25%
of the total releases, the main categories contributing to this being waste incineration and
uncontrolled combustion processes. The results are summarised in Figure F2

Uncontrolled Combustion Processes is therefore the key category whose attention would have a
great impact on the total releases in the country. Policies to govern the management of solid waste
are necessary and would go along way in minimizing its total contribution. Similar efforts to
address medical waste would also have a significant impact on the releases in the country. Open
water dumping also needs serious addressing considering the fact that a significant percentage of
the country’s population relies on surface water for domestic use.

Table 1: Summary of total annual releases from all categories
Source Categories Annual Releases (g TEQ/a) Category
Totals
Cat. Air Water | Land | Products Residue | g TEQ/a
Catl Waste Incineration 239.26 0.00 | 0.00 0.00 10.09 | 249.351
Ferrous and Non-Ferrous Metal

Cat 2 Production 3.00 0.00 | 0.00 0.00 4.39 7.390

Cat 3 Power Generation and Heating 2.26 0.00 | 0.00 0.00 0.00 2.264

Cat4 Production of Mineral Products 1.11 0.00 | 0.00 0.00 0.01 1.121

Cat5 Transportation 0.75 0.00 | 0.00 0.00 0.00 0.749

Cat6 Uncontrolled Combustion Processes 728.01 0.00 | 2.29 0.00 | 1,447.40 | 2177.706
Production of Chemicals and Consumer

Cat7 Goods 0.00 1.97 | 0.00 15.58 43.80 61.351

Cat8 Miscellaneous 0.02 0.00 | 0.00 0.03 0.00 0.047

Cat9 Disposal/Landfilling 0.00 0.31| 0.00 0.00 105.00 | 105.311

Cat 10 | ldentification of Potential Hot-Spots 0.000

1-9 | Total 974.42 2.28 | 2.29 15.61 | 1,610.68 | 2605.290
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Waste Incineration.

There are no municipal waste incinerators and isolated hazardous waste incineration.
However the inventory established that in the medical waste accounts for the bulk of
releases for this category. This is because many government district hospitals and
institutions in Kenya operate the De Montfort type incinerators, with the exception of two
major hospitals that operate commercially acquired incinerators. However, most of the
incinerators do not have effective air pollution control systems (APCs). To a large extent
many of the medical; facilities either openly practice open burning or have equipment
called incinerators which in effect are open burning hence the high emission factors. The
total TEQ from this category was 249.4 g TEQ which is about 10% of the total national
releases

Hazardous wastes or waste oil are not currently used as fuel for firing cement kilns for fear
of compromising on cement quality.

For the ferrous and Non Ferrous category the total release from this sector was 7.4 g. There
is potential for this figure to increase since the technologies employed in the category are
very basic with the main source being foundries which use metal scrap and have no APCs
installed.

In the category of Power Generation and Heating, it produced 2.3 g TEQ mainly into the
air. This arose from combustion processes especially through use of firewood for cooking
and heating. Introductions of BAT/BEP and a shift to use of other fuels, would also help in
minimizing the releases from this category.

The Production of Mineral Products contributed a relatively small amount 1.1 g TEQ,
mainly from the production of Lime. Similarly, the introduction of BAT would be pivotal
in the control of releases in this sector.
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The transport category contributed 0.7 g TEQ. This was mainly due to the combustion of
unleaded gasoline. It is hoped that with the introduction of unleaded gasoline and the phase
out of leaded gasoline, the releases from this sector would reduce significantly.

Uncontrolled Combustion Process is the biggest source of dioxins and furans with releases
of 2177.79g TEQ accounting for 84% of the total release from all the categories. The lack of
controls in open air burning and indeed its encouragement for purposes of reducing the
volume of waste is a key concern. Use of BEP especially in agriculture would greatly
reduce the amounts released.

Production of chemicals and consumer goods category contributed 61.4 g TEQ. This may
seem like a small amount but it should be noted that this is from only one source namely
the Pan African Paper Mills, paper and pulp manufacturing . Introduction of BAT and BEP
would be significant in reducing the levels and ultimate elimination of the releases.

For the miscellaneous category, its contribution is relatively small amount, 0.047 g TEQ
mainly from crematoria. Adequate control in this area can be achieved by introducing BAT.
Several Hot spots were identified but quantification was not done. Thus although their
contribution is currently 0, it is likely to change after detailed assessment as been done.
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CHAPTER 1
1.0 INTRODUCTION
This report is Part V of the Kenya POPS inventory. Part | covers background of the inventory
conducted, Part Il covers the inventory of pesticides, Part 11l covers DDT and Part IV covers
PCBs

1.1 Country Status:

Kenya lies between Latitudes 5° North and 5° South and between Longitudes 34° and
42°East. It covers about 592 000km? of surface area, of which water bodies occupy 2% and
18% of the country is rated as high agriculture potential areas, while the rest is arid and semi-
arid (ASALS) It neighbours are Uganda, Tanzania, Sudan, Ethiopia, Somalia, Tanzania and
the Indian Ocean. The great North Road to Democratic Republic of Congo passes through
Kenya.

Kenya has 42 ethnic groups each dominating different ecological zone whose cultures and
traditions are mainly influenced by climatic conditions. The official language in Kenya is
English and Kiswahili is the national language. The 42 tribes have their local language.

By 1999 Kenya had a population of 28.7 million people, of which about 80% live in the rural
areas and the rest in urban areas. Population distribution is 230 persons per km 2 in the high
potential areas and an average of about 3 persons per km2 in arid and semi- arid lands
(ASALS). Over 50% of the population is below 15 years of age. The population growth rate
has declined from 3.9% per annum (1969-1979) to 2.9 % (1979-1998). The country is
divided into seven administrative provinces: Nairobi, Central, Western, Eastern, North
Eastern, Rift valley and Nyanza (Fig. 1) and 72 districts. Management of chemicals is usually
at district level.
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1.2 Background information

The United Nations Environmental Program Governing Council (UNEP/GC), at its
nineteenth session in February 1997 concluded that international action, including a global
legally binding instrument, was required to reduce the risks to human health and environment
arising from the release of twelve persistent organic pollutant (POPs) namely,
polychlorinatedbiphenyls (PCBs), aldrin, dieldrin, dichlorodiphenyltrichloroethane (DDT),
endrin, chlordane, hexachlorobenzene, mirex, toxaphene, heptachlor, dioxins and furans).
The Council requested United Nation Environmental Programme (UNEP) to prepare and
convene an Intergovernmental Negotiating Committee (INC) with a mandate to prepare an
international legally binding instrument for implementing action beginning with the twelve
POPs. The Council also requested UNEP to initiate a number of immediate actions including
intensifying POPs information exchange, improving availability of alternatives to POPs,
developing an inventory of POPs and destruction capacities and assisting countries in
identifying PCBs, dioxins and furans. These efforts led to negotiation process that led to the
adaptation of the Stockholm Convention on Persistent Organic Pollutants, in 2000. The
convention was adopted by over 100 countries Kenya included in Stockholm Sweden in a
diplomatic Conference in May 23, 2001. It went into force on 17" May 20, 2004 after the
fiftieth ratification. Kenya became a signatory at the conference and deposited her
instruments of ratification on 24th September 2004. Thus Kenya became a party on 23"
December 2004. To date the convention has 80 parties. The First Conference of the Parties
scheduled took place on 2" — 6™ May, in Punta Del Este Uruguay.

The conference also designated the Global Environment Facility (GEF) as the interim
financing mechanism for the convention. The first use of the financing mechanism was to
support developing countries and countries with economies in transition to develop enabling
activities for the implementation of the convention. The United Nations Environment
Program, (UNEP), the United Nations Industrial Organization (UNIDO) and the United
Nations Development Programme (UNDP) were designated the implementing agencies.
Kenya chose UNEP as its implementing agency to assist in developing the NIP. The initial
actions of a party to this convention include the following:

= Designation of a Focal Point

= Development of a POPs inventory

= Development of a National Implementation Plan for the convention

= [|nvitation of awareness, publicity and capacity building programs

= [Initiation of legislative and policy framework

The objective of the convention is to protect human health and the environment from the
harmful impacts of persistent organic pollutants. The Convention seeks elimination or
restriction of products and use of the twelve POPs. These compounds persist in the
environment and can be found in areas as far removed from sources and are known to effect
toxicity. They are also known to bio accumulate in food chains in the terrestrial and aquatic
ecosystems. They are known to cause cancer, nervous damage, liver damage, birth defects,
endocrine disruptions, memory loss and other reproductive problems.

The massive use of some of these chemicals occurred during a time when their potential
environmental and healthy hazards caused by them were unknown, e.g. DDT, which was
used extensively worldwide by Kenya to control malaria. The analytical capacity to monitor
these chemicals especially in developing countries is hindered by lack of appropriate
analytical and monitoring skills as well as financial resources to provide sustainable
surveillance and control mechanism.



An assessment of infrastructure and capacity to manage POPs is contained in a separate
report.

Understanding the problem in Kenya is a vital step to developing and implementing effective
solutions without which the risks to health and the environment from POPs would continue to
deteriorate. Determination of the environmental and health impacts of POPs and their
problems entails gathering as much detailed information as possible (quantity, identity,
condition, location, ownership etc). This will provide a quantitative measure of threats and
damage to the environment and human health posed by these chemicals. The inventory
required by the convention data gathering is aimed at obtaining information on all the POPs.

1.3 Overall Objective of the POPs Inventory.

Inventories are a necessary tool in identifying, quantifying and characterizing POPs whether
pesticides, industrial or unintentional POPs as well as the related wastes such as contaminated
application equipment, contaminated soil and water which may have impact to human health
and the environment. A national inventory is necessary to establish a baseline quantity of
POPs, to establish an information data base and reference material for information on
environmental threats and to assists with enhancing safety and regulatory inspections and
possibly the preparation for an environmental. An inventory can also help to track progress
with respect to minimization and eventual phase out of these chemicals. The preliminary
inventory will allow Kenya to assess the extent and conditions of POPs in terms of use,
storage and when eventual disposal expired. Thus s POPs inventory is a crucial prerequisite
to an effective implementation of the convention because it will:

= Contribute to the development of a detailed exercise in identifying existing
capacities and opportunities,

= Specify implementation related constraints that prevent their effective
management.

= Contribute to establishing a database on POPs in Kenya that is not currently
available.

= Guide in prioritizing for action for elimination, mitigate/eliminate the effects of
these POPs and

= |dentify where local legislation is not being complied with

1.4 Unintentionally Produced Persistent Organic Pollutants (PCDD/PCDF)

Unintentionally formed Persistent Organic Pollutants (POPs) are defined in the Stockholm
Convention as polychlorinated dibenzo-p-dioxins (PCDDs) and polychlorinated
dibenzofurans (PCDF). These are organic compounds of natural and anthropogenic origin
that resist photolytic, chemical and biological degradation. POPs are unintentionally formed
and released as by-products from thermal processes involving organic matter and chlorine
reactions. They may also be produced through natural activities. Observations show that
PCDD/PCDF may have been present in the environment for considerably longer than the
onset of industrial activity. Studies at Lancaster University (Alcock et al, 1998) and
elsewhere (Ferrario et al 1998; Winter et al 1998) have detected the presence of these
substances in environmental samples collected and stored from late 1800.

1.4.1 Characteristics and Mobility

The PCDD/PCDFs are toxic chemicals that are persistent and bioaccummulative and are
capable of being transported across national borders and geographical regions. Persistent
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materials do not easily degrade in the environment. Bio accumulative materials are usually
fat-soluble and build up in higher trophic levels, including humans. Because PCDD/PCDF
are semi-volatile compounds, they can evaporate and condense in the environment thus
making them geographically mobile. Their transport results in widespread distribution
across the earth, including regions where they have never been produced hence appear in
environmental samples in these areas.

1.4.2 Commercial uses

There is no known value, commercial or otherwise of PCDD and PCDF, hence they are not
intentionally manufactured for any reason other than laboratory purposes. They are
generated as by-products during the manufacture of certain industrial products like paper,
herbicides and textiles and also in processes that involve heating or burning in the presence
of chlorine-containing substances or chlorine as a contaminant.

1.5 Risks of PCDD/PCDF to Humans

Because these chemicals exist throughout the environment, almost every living creature
including man has been exposed to PCDD/PCDF. Exposure arises mainly through
consumption of fatty foods, including breast milk, but can also arise from accidental or
occupational situations. Their health effects depend on a variety of factors including the
level of exposure, concentration, the age at which exposure occurs, and how long and how
often the exposure occurs (frequency).

Most of the information on the toxicity of these chemicals is based on the extensive studies
with experimental animals using the most toxic of the PCDD and PCDF compounds. The
International Agency for Research on Cancer (IARC) under the World Health Organization
(WHO) has identified tetrachlorodibenzodioxin (TCDD) with the chlorines in positions
2,3,7,8 of the dioxin skeleton structure as the most toxic.
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For polychlorinated biphenyls (PCBs), the highest toxicity materials are by comparison those
where in the molecule can assume a planner conformation, analogous to that of the number
PCDDs/PCDFs. The TCDD and related compounds can produce a wide variety of effects in
animals and might produce many of the same effects in the humans. The TCDD has been
identified as being carcinogenic to humans based largely on evidence from studies involving
accidental or occupational exposure.

1.5.1 Tolerable Daily Intake

The Tolerable Daily Intake (TDI) is the amount of intake per kg of body weight per day of a
chemical substance which will not to give rise to manifestations of health effects if such an
amount is taken every day for an entire lifetime. The TDI established by the World Health
Organization in 1998 for TCDD was 1-4pg/kg body weight/day. In 2001, the Joint
FAO/WHO Expert Committee on Food Additives (JECFA) set a provisional TDI of 70-pg/kg



body weight/month, which approximates to 2.3 pg/kg body weight/day. The low dosage
indicates the high toxic nature of these compounds.

1.5.2 Health Impacts

Prolonged exposure to TCDD results in a wide variety of reproductive and developmental
effects in a number of species of experimental animals including reduced viability, structural
alternation, growth retardation, and functional alterations. There is also evidence of
neurobehavioral effects and effects on immune and various endocrine functions including
those of the thyroid. Because of this evidence in animals particularly at high doses (although
in some cases at doses close to those with relevance for human beings), scientists are
concerned about the potential for these same effects to occur in humans, especially the effects
of prenatal exposure to developing children.

The PCDD/PCDF also enter the body through breathing contaminated air especially for those
people working or living near sources like incinerators and metal smelters. Entry into the
body may also occur through drinking contaminated water or eating contaminated foods such
as beef, pork, poultry, fish or dairy products, especially if these organisms had been exposed
to the contaminants. Eating of contaminated food has been found to be the major contributor
to exposure, accounting for 90%. This is because the contaminants build up in the fatty
tissues of the exposed organisms. Other avenues of exposure such as burning of household
waste and forest fires contribute a relatively small fraction of the total exposure.

1.5.3 Estimation of Releases

In order to quantify the source strength, release rates must be determined as annual mass flow
rates of PCDD/PCDF expressed in grams TEQ of PCDD and PCDF released per year.
Source Strength (Dioxin Emissions per year)

In practical terms this means that per source five calculations have to be performed for all
media namely air, water, land, products and residues.

¥ Emission Factorajr X Activity Rate

+ X Emission Factoryaer X Activity Rate

+ X Emission Factor ang X Activity Rate

+ X Emission Factorproguct X Activity Rate

+ X Emission Factorgesigue X Activity Rate

For each source category the PCDD/PCDF emission is expressed in grams TEQ per year.

According to equation (1), the annual Source Strength is calculated by multiplying the
Activity Rate (= the amount of feed material processed or product produced in tons or litres
per year) by each of the Emissions Factors. Per unit of feed material processed or product
produced (e.g., tons or litre).

1.6 The Conventions Requirements for Kenya

Article 5 of the Stockholm Convention requires parties to take measures to reduce or
eliminate releases from unintentional production sources as elucidated in Annex C of the
convention. These measures include:

Q) Reduction of annual total releases derived from anthropogenic sources of each of
the chemicals listed in Annex C with the goal of their continuing minimization
and where feasible ultimate elimination.



(i) The development of an Action Plan by Kenya by December 25, 2006.

(iii)  The use of practicable Best Available Techniques (BAT) for new sources in Part
Il of annex C by December, 25, 2008;

(iv)  Promotion of Best Environmental Practices (BEP) and incorporation of BAT.

It will be noted that Draft Guidelines for Best Available Technologies (BAT) and Best
Environmental Practices (BEP) have been developed by the Expert Group on BAT and BEP
(EGB) appointed by the Intergovernmental Negotiating Committee at its 7™ Session and in
which Kenya is a member. These guidelines were concluded at the third EGB meeting held
in Tokyo in October 2004. They will form an Annex to the National Implementation Plan as
points of reference.

The industrial source categories are especially crucial. For industrial source categories listed
below and also in Annex C of the convention, Part 111, Kenya must promote use of BAT and
BEP for new and existing sources that include:

= Variety of Combustion sources
= Chemical production processes releasing PCDD/PCDF
= Waste recovery and disposal practices



CHAPTER 2

2.0 Listing of Potential source Categories
The sources of PCDD/PCDF can be grouped into two groups depending on their significance.

Group 1
These consist of processes that would require introduction of BAT for the promotion BEP.

Sources — Annex

C Part Il

that Require BAT
for promotion of

BEP

Sources — Annex
C Part IlI that
require
Promotion of
both BAT and

Incinerators
(Municipal, hazardous, medical, sewage sludge)

Cement kilns firing — hazardous wastes
Pulp production using elemental chlorine

Thermal metallurgical processes
(Iron sintering, secondary copper, aluminium, zinc
production)

Open burning of waste, residential burning
Wood, other biomass firing
Fossil fuelled utility, industrial boilers

Other thermal metallurgical processes (Secondary
lead, steel, primary aluminium, magnesium)

Smouldering copper cables
Specific chemical processes (chlorophenols,

BEP chloranil), textile and leather dyeing and finishing

=  Crematoria, destruction of animal carcasses

=  Motor vehicles, waste oil refineries, vehicle shredder
plants

These processes include:

0] Waste incinerators, including co-incinerators of municipal, hazardous or medical
waste or sewage sludge;

(i) Cement kilns firing hazardous waste;

(iii)  Production of Pulp using elemental chlorine or chemicals generating elemental
chlorine for bleaching;

(iv)  Thermal processes in metallurgical industry:
= Secondary copper production;
= Sinter plants in the iron and steel industry;
= Secondary aluminium production;
= Secondary Zinc production;



Group Il
These require introduction of BAT and BEP. These processes include

Q) Open burning of waste, including landfill sites;

(i) Thermal processes in metallurgical industry not specified in 1.4.1 above;
(iii))  Residential combustion sources;

(iv)  Fossil fuel fired utility and industrial boilers;

(V) Firing installations for wood and other biomass fuels;
(vi)  Chemical production processes releasing PCDD/PCDF,;
(vii)  Motor vehicles, especially those burning leaded gasoline;
(viii) Textile and leather dyeing and finishing;

(ix)  Shredder plants for the treatment of end of life vehicles;
(x) Destruction of animal carcasses;

(xi)  Crematoria;

(xit)  Smouldering of copper cables;

(xiii) Waste oil refineries;

This report gives the inventory of the unintentionally produces POPs namely dioxins, furans
Hexachrolobenze and polychrolinated biphenyl. An assessment of management options is
part of the National Implementation Plan

2.1 Methodology Used for the Inventory.
The inventory involved both desk and fieldwork.
2.2 Desk Work

The UNEP guidance Toolkit provides both the methodology and a comprehensive set of
multimedia emission factors which form a valuable source of information for drawing up the
National Implementation Plan. Unlike the inventory of intentional POPs, the inventory of
PCDD/PCDF conducted using the Toolkit provided a tool through which the government of
Kenya will be able to assess the contribution of different sources both for 1% and 2"
priority, and identify where controls and interventions are required as well as allow progress
towards continuing minimisation and where possible ultimate elimination both quantitatively
and qualitatively. It must be emphasised that, while in many countries measurements of
emission/discharge/losses at source are made, it was not possible to do the same here. Rather,
it was only possible to estimate emitted quantities using the procedure in the ToolKit.

2.3 Estimation of the Annual Releases of PCDD/PCDF from Different Sources

Estimation of emissions, discharges and losses from sources based on activity statistics for
the different emission factors (e.g. number of vehicles, combustion trends and raw materials
consumption) was determined. Annual releases (source strengths) of PCDDs and PCDFs
were calculated as the product of emission factor and activity rate, for each of the five
vectors: air, land, water, product and residues. The activity rate was taken as the amount of
feed material processed or product produced in tons or litres per year; while the emission
factor was taken as the amount of PCDD/PCDF that is released into any of the five vectors
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per unit feed material processed or product produced. The various factor values were
obtained using data reported in The Standardized Toolkit for Identification and
Quantification of Dioxins and Furan Releases. (UNEP, 2003)

The results were then expressed as annual releases in Toxicity Equivalency units (TEQS),
taken as the product of emission factor and activity rate.

The inventory addressed the situation as it appertains to Kenya, in terms of the status and the
quantities of the emissions generated by various sources, including the type and quantity of
waste generated, the modes of disposal, and the efficiency and effectiveness of particular
disposal modes. Field visits and questionnaires were used.

Since proper waste treatment and disposal can provide a high level of protection of the
environment as a whole, the choice of the actual disposal pathway is an integral part of the
overall waste management concept. In particular, the characteristics of the various types of
waste have to be taken into account. In addition, products and by-products of any waste
treatment process must fulfil the quality standards set out for re-use or safe disposal. For
each process, sanitary landfill represents the first step.

The inventory addressed the entire waste disposal spectrum and the associated sophistication,
efficiency, cost-effectiveness and acceptability. The broad range of technologies considered
were: biological treatment, mechanical separation, thermal treatment; gasification, pyrolysis
and combined systems.



CHAPTER 3.
3.0 INVENTORY PROCESS OF PCDD/PCDFS

3.1 Introduction

The aim of the inventory is the total estimate annual release of PCDD/PCDF in Kenya to
each vector, namely air water, land, products and residues for each process identified in
section 2 above.

The PCDD/PCDF releases per year were calculated and presented in grams of toxic
equivalents (g TEQ) per year for each category and subcategory and aggregated as annual
releases.

3.2 Procedure
The release of each vector was calculated using the following equation.

Source strength = Emission Factor x *“Activit

The annual Source Strength is equal release of PCDD/PCDF (e.g., in pg TEQ) per unit of
feed material processed or product produced (e.g., ton or litre) per annum (Emission Factor)
— for each release vector (air, water, land, product, residue) with the amount of feed material
processed or product produced (tons or litres per year) — referred to as the

Activity Rate: The sum of all these calculations gives the total release for a given source (=
source strength) per year.

The UNEP toolkit was used in order to allow for ease of comparison between the inventory
results obtained in Kenya and those obtained by other countries.

3.3 The UNEP Toolkit.

The first draft of Kenya’s PCDD/PCDF inventory followed the 2003 Toolkit Edition while
this final report is following the process of calculating the PCDD/F as outlined in the 2005
Edition of the Toolkit.

The Toolkit consists of a five-step standardized procedure for development of consistent and
comparable source inventories. They include:

(i.) Identifying Main Source Categories
(ii.) Checking subcategories to identify existing activities and sources in Kenya
(ili.) Gathering detailed information on the processes and classifying processes into similar
groups by applying a Standard Questionnaire.
(iv.) Quantifying identified sources using default/measured emission factors
(v.) Establishing nation-wide inventory and reporting results using guidance given in the
standard format

3.4 Identifying Main Source Categories

The Main Source Categories and the five main release routes for each category are shown in
Table 1. It gives the preliminary evaluation of activities (industries, product uses, domestic
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activities, etc.), which have the potential to release PCDD/PCDF into one or more of the five
vectors. These are

Air: Releases to air which may undergo long-range transport and subsequently
contaminate the food-chain.

Water: Releases to water in cases where wet scrubbers are used for flue gas treatment
and where discharged ashes are cooled down with water and these waters are
released.

Product: In an industrial process, the final product may contain dioxins or furans.

Land: Land may receive depositions from air, water or products

Residues: Releases mainly occur into residues, which typically contain the highest

concentrations of PCDD/PCDF. Wastewater treatment can easily transfer
PCDD/PCDF from effluents to residues (from the aqueous phase into the solid
phase.

A summary of possible routes for the releases is given in Table 1

Table 2: Screening Matrix Main Source Categorised
Potential release Route

Source No | Main source Categories Air | water | Land | Product | Residue

Category

1 Waste incineration X X

2 Ferrous and non ferrous metal X X
production

3 Heat and Power generation X X X

4 Production of Mineral Products | X X

5 Transport X

6 Open Burning of fills/wastes X | X X X

7 Production and Use of X | x X X
Chemicals and Consumer
Goods

8 Miscellaneous of waste X | X X X X

9 Disposal of Waste X | X X X

10 Identification of Potential Evaluated according to each site
hotspots
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4.0 CHAPTER 4.
4.1 IDENTIFICATION OF EXISTING ACTIVITIES AND SOURCES IN KENYA

Each of the ten Main Source Categories has been divided into a number of Subcategories,
which is dioxin source. For each subcategory listed, an investigation to establish the presence
or absence of the activity in Kenya was carried out.

Any subcategory, not known to be a significant dioxin source, was eliminated from further
investigation and was assumed to have zero releases in the inventory. However, the fact is
noted in the inventory.

4.2 Subcategories of Waste Incineration

This category deals with incineration of municipal waste, hazardous waste, medical waste
and burning of carcasses. In the Toolkit, waste incineration is categorized according to types
of waste burned. Incineration in this context means destruction of wastes in a technological
furnace.

4.2.1 Municipal Solid Waste Incineration

Municipal solid waste (MSW) includes any type of solid waste generated by households,
residential activities, and/or waste material to be disposed off by people during their normal
course of life. It also includes wastes produced in industrial, commercial or agricultural
activities. Although the composition of municipal solid waste varies considerably from city to
city, it is considered non-hazardous as it consists mainly of paper and cardboard, plastics,
food and kitchen residues, cloth and leather, wood, glass, metals etc. Small quantities of
hazardous materials often cannot be eliminated such as batteries, paints, drugs, and some
household chemicals.

MSW is often burnt in a wide array of devices ranging from small, batch-type muffle
furnaces to large, highly sophisticated mass burn systems with grates, heat recovery boilers
for steam generation and air pollution control (APC).

Hazardous waste (HW) refers to residues and wastes, which contain hazardous materials in
significant quantities. Materials including consumer goods, which require special precautions
and restrictions during handling and use, belong to this group. It includes solvents and other
volatile hydrocarbons, paints and dyes, chemicals including pesticides, herbicides, other
halogenated chemicals, pharmaceutical products, batteries, fuels, oils and other lubricants, as
well as goods containing heavy metals. Materials contaminated with these materials such as
soaked rags or paper, treated wood and production residues, etc., are also considered as
hazardous waste. Table 2 identifies the different wastes and potential release routes.

Table 3: Table 2: Subcategories of the Inventory Matrix — Main Category 1

Potential Release Routes

No Subcategory of main category Air | Water | Land | Product | Residue
1 Waste Incineration X X

A | Municipal waste incineration

B | Hazardous waste incineration X X

C | Medical waste incineration X X

D | Light Fraction shredder incineration

E | Sewage sludge incineration
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Potential Release Routes
No Subcategory of main category Air | Water | Land | Product | Residue
F | Waste wood and waste biomass
incineration
G | Destruction of animal carcasses X X

4.2.2 Subcategories of Ferrous and Non-Ferrous Metal Production

Production of ferrous and non-ferrous metals is now the largest source of PCDD/PCDF in
many countries. This source category has twelve subcategories. The important metal
production processes are mainly thermal and major releases are to air via flue gas and to
residue via flue-gas-cleaning wastes. In the case of copper reclamation by wire burning, soil
and water contamination with PCDD/PCDF results. Cold processes are not considered unless
they involve water treatment. The categories are listed in Table 3

Table 4: Table 3: Subcategories of Main Category 2

Potential Release Routes

No Subcategory of Main Air Water | Land Product Residue
Category

2 a | Ferrous and non
ferrous metal
production

Iron ore sintering

Iron and steel X X
production and
foundries

O |T

Copper production

Aluminium production | X X

Lead production X X

Zinc production

Sl |=hod |

Brass and Bronze X X
production

i | Magnesium production

j | Other non-ferrous X X
metal
production(chromium)

k | Shredders

| | Thermal wire X X X X
reclamation

4.3 Subcategories of Heat and Power Generation

Power generation and heating as referred to here are limited to combustion processes using
fossil fuels, biomass and other combustible materials such as waste.

Fuel cells, solar, wind, hydro-electric and geothermal generation are not included as no
PCDD/PCDF formation and release associated with them. In large, well-controlled fossil fuel
power plants, the formation of PCDD/PCDF is low since the combustion efficiency is usually
fairly high and often homogeneous. The fuel used would normally contain more sulphur than
chlorine and thus inhibit the formation of PCDD/PCDF. Where smaller plants or biomass are
used, the fuel may be less homogeneous and burned at lower temperatures and thus decreased
combustion efficiency. These conditions can result in increased formation of PCDD/PCDF.
The same may occur when landfill gas and/or biogas is used as a fuel due to the presence of
unwanted and undefined additional constituents. In the cases of domestic and/or household
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heating/cooking the quality of the fuel used is often poor and the combustion efficiency very
low, resulting in increased formation of PCDD/PCDF. The emissions are mainly to air.
However combustion ashes are washed and deposited by air and water to land but will mainly
with residues. Diesel is the main fuel combusted in power generation. Fossil fuel is burned in
a wide array of devices for power generation ranging from small stoker fired furnaces to large
elaborate highly sophisticated boiler/burner systems with extensive air pollution control
(APC). In cases where heavy fuel oil is burned, specially designed burners are incorporated in
the boiler walls. The formation of PCDD/PCDF is favoured during co-combustion of liquid
or sludge wastes such as waste oil and/or used solvents. No such co-combustion was noted.
The subcategories for this main category are listed in Table 4

Table 5: Table 4. 6: Subcategories of the Main Category 3

Potential Release Routes

NO Subcategories main Category Air | Water | Land | Product | Residue
3 4.3.1 Heat and Power Generation X X X

a | Fossil fuel power plants X X X

b | Biomass Power plants X X

c¢ | Landfill, biogas combustion X X

d | Household heating and cooking (biomass) | x X X

e | Domestic heating(fossil fuels X X X

4.4  Subcategories of Production of Mineral Products

These are high-temperature processes for melting (glass, asphalt), baking (brick, ceramics),
or thermally induced chemical transformation (lime, cement). In these processes, fuel
combustion generates PCDD/PCDF.

Cement and lime kilns are large volume processes which often add wastes as a low/no cost
fuel. Table 5 summarizes potentially relevant mineral production processes. All the
subcategories are present in Kenya.

Table 6: Table 4. 6: Subcategories of the Main Category 4

NO Subcategories of in main Potential Release Routes
category
4 Production of Mineral Air Water Land Product Residue
Products
a | Cement Production X X X
b | Lime production X X
¢ | Brick Production X X
d | Glass Production X X X
e | Ceramic production X X X
f | Asphalt Mixing X X X

4.5 Subcategories of Transport

Most gasoline powered internal combustion engines used today in cars, light trucks,
motorcycles and other vehicles are 4-stroke engines. These engines follow the
thermodynamic combustion cycle, which consists of 4 strokes, namely the intake stroke, the
compression stroke, the ignition and combustion stroke, and the exhaust stroke. These four
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strokes are completed during two full revolutions of the crankshaft. Like all combustion
processes, internal combustion engines produce PCDD/PCDF as an unwanted by-product.
Higher emissions have been associated with the use of chlorinated scavengers used in leaded
gasoline. However, when unleaded gasoline is used and a catalytic converter is installed for
the removal of NOy as well as unburned hydrocarbons, the emissions of PCDD/PCDF are
negligible. The only release vector is into the air. All others releases to water, products and
residues are not present

Transportation relies heavily on the combustion of gasoline (leaded and unleaded), kerosene,
diesel fuel (also known as light fuel oil), and heavy oil. Higher emissions from leaded
gasoline are linked to the presence of halogenated scavengers as additives to the fuel. Poor
maintenance, low fuel quality, and poor combustion efficiency are likely to result in
increased PCDD/PCDF releases. Emissions from internal combustion engines lead only to
releases to air. The sub-categories are shown in Table 6. All of the subcategories are present
in Kenya.

Diesel engines are used in heavy trucks, light trucks, passenger cars, heavy construction
equipment, boats, Diesel generators, pumps, and farm equipment including tractors and other
large equipment. They usually use diesel (light oil) and a 4-stroke cycle. Particulate
emissions in form of soot are also associated with the operation of diesel engines due to
incomplete combustion especially during start-up, warming and load changes. Deposition of
this soot can lead to releases via residues.

Table 7: Subcategories of the Main Category 5

NO Subcategory of Main Cat | Potential Release Routes
5 Transport Air | Water | Land | Product | Residue
a | 4-stroke engines X
b | 2-stroke engines X
c | Diesel engines X X
d | Heavy oil fired engines | x X

4.6 Subcategories of Open Burning Processes.

Open burning is typically a poor combustion process, and may be a significant source of
PCDD/PCDF.

There are two main subcategories: i.e. open burning of agricultural and natural vegetation and
open burning of waste and landfills.

Open burning of agricultural and natural vegetation usually results in lower formation of
PCDD/PCDF than combustion of mixed waste from man-made materials. Higher releases
result from mixed wastes due to poorer combustion, lack of homogeneity and poorly mixed
fuel materials. Presence of chlorinated precursors, humidity, and catalytically active metals
also contribute to the higher levels. In all cases the primary release vectors are to air and into
the residue. The subcategories are shown in Table 7. All the subcategories are present in
Kenya.

15



Table 8: Subcategories of Main Category 6

NO Subcategory of Main Cat Releases

6 Open burning processes Air | Water | Land | Product | Residue
a | Biomass burning X X
b | Waste burning and accidental fires | X X

4.7 Subcategories of Production and Use of Chemicals and Consumer Goods.

Dioxin/furan releases from production of chemicals and consumer goods may be due to
PCDD/PCDF input with the raw materials themselves or formation in the production process.
Indicators of high probability to form PCDD/PCDF in chemical manufacturing processes are
‘high temperature’, ‘alkaline media’, ‘the presence of UV-light as an energy source’, and ‘the
presence of radicals in the reaction mixture/chemical processes.

During production processes PCDD/PCDF releases can occur into all the vectors. The use of
elemental chlorine for bleaching and the use of certain biocides such as PCP and chloranil-
based dyestuffs, have been contributors to direct releases of PCDD/PCDF to water. The
subcategories are listed in Table 8. Subcategory (b) is not present in Kenya.

Table 9: Subcategories of Main Category 7

NO Subcategories of main category Potential Release Routes
7 Production and use of chemicalsand | Air | Water | Land | Product | Residue
consumer goods
a | pulp and paper production X X X X
b | chemical industry X X
c | Petroleum X X
d | textile production X X
e | leather refining X X X

4.8 Subcategories of Miscellaneous

The category addresses the drying of biomass, crematoria, smokehouses, dry cleaning
processes and tobacco smoking. In the drying process, hot gases are brought into direct
contact with the material to be dried. Formation of PCDD/PCDF occurs mostly when
contaminated fuels are being used and due to reaction of the hot gases with the organic matter
of the materials to be dried. In case of biomass drying and smoke-houses, wastes such as
used/treated wood, textiles, leather or other contaminated materials have been used as fuels.

Crematoria may be a source of PCDD/PCDF releases since the combustion process is usually
inefficient and the input materials, inhomogeneous. Coffins, embalming fluids and decoration
materials may contain chlorinated chemicals and plastics, metal-based colours and non-
combustible materials.

Residues from dry cleaning are another miscellaneous source of PCDD/PCDF, where dioxin
containing chemicals (mainly PCP and dyestuffs) have been concentrated after the dry
cleaning process. The sources of PCDD/PCDF are the biocides applied on the textiles and the
dyestuffs used for colouring. The subcategories is this category are listed in Table 9. All are
present in Kenya.
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Table 10:  Subcategories of the — Main Category 8: Miscellaneous

Potential Release Routes

NO Subcategory of main Category | Air | Water | Land | Product | Residue
8 Miscellaneous X |X X X X

a | Drying of biomass X

b | Crematoria X X

¢ | Smokehouse X X

d | Dry cleaning X X X

e | Tobacco smoking X

4.9 Main Category 9 Disposal/Land filling

This category lists the significant non-thermal/non-combustion waste disposal practices,
which may lead to PCDD/PCDF releases predominantly to water and land. These practices
include land filling of any kind of waste including sewage sludge, waste oil dumping and
open water dumping of wastes and sludge.

In order to determine the release rate of PCDD/PCDF the amount of waste disposed of and
the concentration of PCDD/PCDF was determined. The subcategories in this category are
listed in Table 10. All are present in Kenya.

Table 11:  Subcategories of the — Main Source Category 9 Disposal

Potential Release Routes

NO Subcategories of Main Category | Air | Water | Land | Product | Residue
9 Disposal X X X

a | Landfills and Waste Dumps X

b | Sewage/sewage treatment X | X X X X

¢ | Open water dumping X

d | Composting X X

e | Waste oil treatment(non-thermal | X | x X X X

4.10 Main Category 10 Hot Spots

Hot Spots exist as the direct result of disposal practices or of inadequate disposal of
contaminated materials.

Hot spots in subcategories a-c in Table 11 may be linked to an existing production process.
Releases may be ongoing from processes on-site or from historical activities. Subcategories f-
i are typically reservoirs where PCDD/PCDF containing materials have been stored, dumped
or accumulated over many years. In these cases the release may be ongoing, imminent or
only potentially threatening in the future. Identification of these sites may be difficult.
Subcategories a-d are not present in Kenya.
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Table 12:  Identification of Potential Hot-Spots

NO Subcategories of Main Category Air | Water | Land | Product | Residues
10 4.10.1 Identification of potential To be done after specific site
hotspots evaluations
a | Production sites of chlorinated organics X
b | Production sites of chlorine X
¢ | Formulation sites of chlorinated X
phenols
d | Application sites of chlorinated phenols | x | X X X
e | Timber manufacture and treatment sites X X X X
f | PCB filled transformers and capacitors X X
g | Dumps of wastes/residues fro categories | x | X X X
1-9
h | Sites of relevant accidents X X X
i | Dredging of sediments X
J | Kaolinitic or ball clay sites X

Site-specific evaluation of each site determined its current status, immediate threat or
potential for releases in the future.

411 Information Assessment

The size and scale, technology (ies) being used as well as process information relevant to the
assessment was carried out. The information was gathered through site visit, consultations of
association, review of national statistics and other relevant national information.

The Toolkit recommends that subcategories comprised mainly of large plants may be
characterized by individual location and diffuse by aggregating the centrally available data.
Where an activity lacks adequate information for actual categorization, an average emission
factor was used.

Basic data on the magnitude of activity in each category and basic structure of that
subcategory were assembled through:

(i.) National industrial data, labour data, and Central Bureau of statistics of Kenya,
(ii.) National production and import/export data,

(ili.) Environmental impact assessment reports and audits,

(iv.) Industry Associations,

(v.) State of environment reports,

(vi.) Historical production and industry data.

(vii.) Scientific journals and publications

4.12 Process Classification

Release from process listed as subcategories can vary by orders of magnitude depending on
the process technology or operation. The Toolkit contains a listing of the different categories
and processes within each subcategory and also indicated how to classify processes and chose
appropriate emission factors. Then within each subcategory detailed classes of the processes
are indicated within the low class.
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In order to quantify the source strength, draft guidelines of Best Available Techniques and
Best Environmental Practices as well as the tool kit were used. Rates of PCDD/PCDF are
expressed in grams TEQ of PCDD and PCDF released per year. The annual releases for all
vectors from a source or a source category were calculated using Excel files supplied by
UNEP.

4.13 Determination of the Flux or Activity Rate

The Activity Rate or Flux for an individual plant was determined from the collected data or
the responses obtained with the Standard Questionnaire during the site visits.

The Activity Rate or Flux can be either of the following:
i)  Amount of product produced or feed material processed or consumed per year (e.g.,
t/a, m3/a, etc.);
i) Mass or volume flow rate released per year (e.g., m3/h released @ full load x full
load operating h/a, etc.).

4.14 Determination of Total Emissions Using the Toolkit.

For each process within a subcategory, releases are calculated by multiplying the activity rate
for the given class by the emission factor provided in the Toolkit for all release vectors.

The annual emissions of all individual subcategories are added to give the releases across all
five potential vectors of the Ten Main Source Categories. The releases are added up and the
total national calculated which represents the total estimated releases from all identified and
quantified sources in a country.
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CHAPTER 5.
5.0 INFORMATION GATHERING.

This chapter details what the status is in Kenya for each of the category. This information
will then be used to calculate potential releases of dioxins and furans.

5.1 Main Category 1-Waste Incinerations

Many of the towns have no defined dump. There are no landfills. For example new
municipalities and towns such as Athi River were designed with no provision for a waste
disposal facility. Both hazardous and non-hazardous wastes have to be transported 35
kilometres away to Nairobi's Dandora site. The Dandora site is proposed to be closed and the
sanitary landfill will be relocated to Ruai, some 27 kilometres away from the city centre, and
52km from the Athi River town. The same can be said of waste from the adjacent towns of
Limuru, Kikuyu, and Ruiru which have domestic and industrial wastes. This has made it
necessary for waste generators to develop all manner of crude incinerators. Locally all kinds
of thermal treatment are considered as incineration irrespective of the level of the technology
as indicated in appendix 5.1

5.1.1 Incineration.
The description of an incinerator as defined in the BAT/BEP guidelines was used.

No MSW incineration is carried out in Kenya since such facilities are not available.

5.1.2 Hazardous Waste Incineration

Three types of facilities were observed:

. Commercial waste incineration facilities which provide commercial offsite waste
treatment services: Environmental Combustion Consultants (ECC) in Kitengela, is one
such site. It has an operational capacity of 750 tons per day. On assessment, it was
found that it did not have an afterburner or APC;

= Medium level dedicated captive on site incinerators that handle waste for a particular
facility. Such facilities were found at the Institute for Livestock Research and Animal
Diseases

= State of the art incineration facilities such as those found at the Kenya medical
Research Institute (KEMRI)

5.1.3 Medical Waste Incineration.

In Kenya, medical waste disposal is regulated strictly by local authorities and the hospitals
authorities. It was found that the most common way to get rid of these wastes is by thermal
treatment within the hospital or facility. However, it has been shown that incineration of
medical waste in small and poorly controlled incinerators was a major practice and a potential
source of PCDD/PCDF (UNEP 1999). The various equipments normally operate in a batch-
type mode. In one of two, cases, the larger centralized medical waste incineration facilities
were found to operate for eight hours a day, five days a week. The mode of operation
involves manually feeding the waste into the incinerators followed by manual removal and
disposal of residues. Automatic feed incinerators were not encountered. Kenyatta National
Hospital, generating the highest quantity of waste, works for only 16 hrs a day. The next best
Nairobi Hospital works only for 8 hours. In Kenyatta hospital, there is capacity to handle a
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higher volume if the two incinerators on site were to operate simultaneously. Currently, only
one single incinerator is operated at a given time.

Table 13:  Waste Generation levels at select Hospitals in Nairobi
Waste generated per In-patient Bed Outpatient Bed
day (kg) capacity capacity
Mater Hospital 155.30 188 120
Nairobi Hospital 93.00 200 150
MP Shah Hospital 92.00 90 100
Mbagathi District 110 147 300
Hospital
Guru Nanak Hospital | 8.5 45 60
Aga Khan 250 254 982
Masaba Hospital 133 150 40
Kenyatta Hospital 250
Pumwani Maternity | 64.5 40 60
Gertrude
Jamaa Hospital 48 20
The total quantity of waste generated was determined as follows:
District Hospitals = 41 @ 110 kgeach = 110 x 41 = 4,510
Provincial Hospitals = 8 @ 110kgeach = 110x 8 = 880
Private Hospitals = Nairobi, Mombasa, Kisumu = 1,156.30
Clinics & Nursing Homes 400 @ 5 kg each = 2,000
Daily for Nairobi waste Generation = 1,156.30kg
= 422.04 tons/year
Daily = 8,546.00
Annual = 8,546 x 365
= 31,321.00 Tons
Disposal is through = Burners = 58.9%
= 18,722.7 tons
Open burning = 0.25 x 31,321.00 tons
= 7,830.25
Macerator = 2.5
None = 0.25 x 31,321.00 tons
= 7,830.25 tons

It was found that the above estimate could not account for all the waste generated. In order to
be comprehensive, the criteria recommended by WHO was used to determine the
approximate quantities of waste generated. There are 77 District, 8 Provincial and about 7
private hospitals with a bed capacity equivalent to the provincial hospitals. The waste from
these hospitals is disposed through combustors of varying degrees of technology. The
incinerators in the latter hospitals can be rated as low technology while those for the district
hospitals can be classified as uncontrolled combustion, with no air pollution control system.
The amount of medical waste is extrapolated from the bed occupancy rate of 70% with a per
capita waste generation of 0.41kg/patient/day. Table 13 below indicates the extrapolated
waste totals.
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Table 14:  Waste generation from Hospitals/medical Services
Annual Waste Production
Region Number of Waste Generated | 75% assigned 25% assigned
(Province) Beds & Cots | @ 0.41 kg/p/d & | class 1- waste class 2 — waste
70% occupancy | generated generated
rate (kg)
Nairobi 5011 524,927.305 393,695.48 131,231.83
Coast 7998 837,830.49 628,372.87 209,457.62
Eastern 7822 819,393.61 614,545.21 204,848.4
North Eastern | 1914 200,501.07 150,375.80 50,125.27
Central 8314 870,933.07 653,199.80 217,733.27
Rift Valley 12832 1,344,216.16 1,008,162.12 336,054.04
Nyanza 12545 1,314,151.48 085,613.61 328,537.81
Western 6971 730,247.11 5,476,685.33 182,561.78
Total 63407 6,642,200.29 4,981,650.21 1,660,550.07

The total bed capacity of the provincial and private hospitals is about 4,000 beds and cots.
The bed capacity for the rest of the hospitals is about 59,400 beds & cots. At 70% Occupancy
rate and 0.41 kg/p/d per capita waste generation, about 4,981.65 and 1,660.55 tons of wastes
were generated per year from class 1 and class 2 hospitals respectively i.e. class 1 consisting
of those with carrying out uncontrolled combustion with no APC s and class 2 consisting of
those with controlled batch combustion with minimal APCs.

5.1.4 Hospital Waste Disposal Practices
In a study done by the city council of Nairobi the disposal methods are as in Table 14

Table 15:  Medical Waste Disposals Methods
Incineration (burners) 58.9%
Open burning 12.8%
Macerator 2.5%

None 25.6%

It can be estimated that about 1000 tons of medical waste are destroyed using open burning
while the remaining 5000 tons are destroyed in controlled batch with minimal or no air
pollution control (APC) facility. The rest of the waste is destroyed in controlled batches with
good APC. There are also many small private hospitals in every district and these generate on
average 10 tons of waste per year.

The incinerators operate at an average temperature of 900°C. The following was noted.
= The waste is introduced into the chamber manually in almost all incinerators. The
residues are removed and disposed of at landfill sites not far from the incinerator.

= A significant number of hospitals use open burning as a means of destruction of
wastes that are considered to be of significantly low risk e.g. paper, plastics, clothing
etc.

= The incinerator at Kenyatta National Hospital, which is situated just a few metres
upwind from the residential homes of junior staff of the Hospital and medical
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students’ hostels, emits noxious fumes that are carried to the homes and hostels,
causing considerable distress to the residents;
= Automatic feed incinerators were not encountered.

The major release vectors of concern are air and residue (here fly ash only due to the lack of
data for bottom ash). Release to water is unlikely since APC equipment, where present, was
found to be water free

5.1.5 Destruction of Animal Carcasses

The thermal destruction of animal carcasses is applied under the Public Health Act to avoid
public health risks resulting from natural decay of carcasses.

The survey established that for most slaughterhouses, condemned meat is disposed of in pits
and the substances include liver and other body organs as well as condemned whole
carcasses. Data for 5 slaughterhouses in Nairobi indicate that a total of 2100 animals are
slaughtered weekly and for every 300 animals, 25 kg of solid waste is generated. This
amounts to 9.10 tons of solid waste generated annually in Nairobi alone (Wanjiru, 2002).
Taking the composition in the other major urban centres of Mombasa at 70%, and Nakuru,
Kisumu and Eldoret at 50% of the Nairobi figures, we estimate a combined total of 20.35
tons of solid waste to be generated per day. Except for hooves and horns, the rest of the waste
is disposed as compost.

Farmers Choice Ltd is the major producer of bacon and pig products. Its condemned meat is
disposed through an open burning furnace on site. It was estimated that 0.05 tons are
disposed of this way per day which amounts to 5 tons in a month or 60 tons a year.

5.2 Main Category 2 — Ferrous and Non Ferrous Metal Production

Thermal processes in the metallurgical industry are not very highly developed in Kenya.
Majority of the establishments are involved in metal recycling utilizing low technologies
which would result in the release of dioxins and furans.

The following are subcategories considered under this category:

5.2.1 Iron Ore Sintering.
There is no iron sintering in Kenya.

5.2.2 Coke Production
There is no coke production in Kenya.

5.2.3 Iron and steel Production

The raw materials used in the production of iron and steel products are scrap metal, billets,
hot rolled coils, wire rods etc. Apart from scrap metal, which is sourced locally, most of these
materials are imported.

The iron and steel industry in Kenya can be classified into four categories depending on the
products manufactured. These are;

= Steel making and hot rolling;
= Wire and wire products;
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= Galvanised and cold rolling steel coils;
= Pipe manufacture and castings.

The major products under the steel making and hot rolling process are pencil ingots, billets,
wire rods, round section channels and reinforcing bars. The manufacture of these products as
well as galvanising and repainting are associated with heating in hydrochloric acid
environment. The major steel companies and their outputs are in

It is estimated that the total rolling capacity in the country is 500,000 tones per year, while
the smelting capacity is about 95,500 tons. The products manufactured from galvanising
include galvanised corrugated iron sheets, steel drums and window louvers. The two cold
rolling plants with an installed capacity of 204,000 tons per annum namely Mabati Rolling
Mills Ltd and Standard Rolling Mills in Mombasa were not considered in this inventory
because the processes employed are not thermal thus not amenable to release PCDD/PCDFs.

One of the biggest problems of the steel industry was power interruption leading to
production of PCDD/PCDFs via de novo synthesis, as the systems cool down. However, the
industries are all under-utilised and have a limited source of scrap metal.

Various classes of foundries employing various manufacturing methods are operational in the
country and contribute to the production of PCDD/PCDFs.

Most of the methods employ no air pollution control facilities, and where available, the
controls are very minimal.

5.2.4 Secondary Copper Production

Kenya is not a major producer of copper. As such, the copper industry relies wholly on scrap.
Information obtained from the Ministry of Industry puts the estimated quantities and products
produced to be approximately 740 tons of copper per year. This scrap consists of PVC
coated wire waste copper such as electrical materials and copper alloys scrap. The copper
and copper based alloys are used in manufacture of copper oxychloride (which is a fungicide
in coffee and horticultural farming), copper lightning arrestors, household electrical fittings,
copper nuts and bolts, bronze bushes, brass as well as gas burners. Kenya has a combined
capacity to process 1,070 tons of copper and copper based alloys. The Kenya Power and
Lighting Company and Telkom (K) Ltd are the major generators generator of copper scrap.

5.2.5 Secondary Aluminium Production

Aluminium scrap is the most commonly used non-ferrous scrap in the country. The main
generator of aluminium scrap in Kenya is the Kenya Power and Lighting Company. Most
scrap is in the form of aluminium wire. Other types of scrap include aluminium cylinder head
blocks from motor vehicles, aluminium section and extrusions from automobiles, and
discarded aluminium products. Majority of plants processing aluminium scrap use low
technologies. Processing facilities in Kenya have a combined capacity of 4,340 tones per
year.

Because of its diversity, it was found prudent to divide the sector into three categories in
order to meet Annex C categories of the convention. These are:

= Factories using scrap as raw materials to produce sheet metal. These are Kalu-works,
Rolling Mills Ltd and Narcol Rolling Mills;
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= Factories using scrap as the raw material to produce coatings e.g. Kens Metal Ltd and
Ribbon Ltd;

= Factories using scrap and ingots to produce wire products e.g. Aluminium Extrudes
and Booth Manufacturers.

5.2.6 Lead Production

Associated Battery Manufacturers is the only company that recycles used automobile
batteries. After extraction of the lead, the PVC casings are sent to plastic recycling companies
for reuse. The main area of concern was found to be in the actual lead reclamation process.
Minimum air pollution control facilities were in use. However the company reported that it
had initiated plans to improve the efficiency of its manufacturing processes including the
installation of air pollution control facilities. The company handles approximately 1000 tons
of lead per annum.

5.2.7 Secondary Zinc Production

There are two types of zinc scrap found in Kenya:
Q) zinc ash;
(i) Zinc dross.

At C& P Industries Limited along Mombasa Road in Nairobi, 170 tons per annum of scrap
zinc dross is processed into zinc oxide for use in the making of sleepers on an annual basis.
The conversion process involves heating the scrap zinc dross in a furnace at temperatures of
800 - 1200°C to liquefy the zinc and convert it into zinc oxide with zinc dust being released
as a by-product.

However, there is no technology in the country to re-process this scrap therefore the zinc
waste is exported. It was reported that Mabati Rolling mills exports its Zinc dross to South
Africa while Wire Products sends it to India. It was not possible to quantify the zinc used in
the galvanizing industry and the subsequent estimation of the levels of U-POPs generated.

5.2.8 Magnesium production
There is no production of magnesium in Kenya.

5.2.9 Shredders
Kenya does not have any shredders.

5.2.10 Thermal Wire Reclamation

There are various other non-ferrous metal production facilities manufacturing such as brass
and bronze. These are facilities carrying out thermal non-ferrous metal production. Thermal
wire reclamation is of major concern. Burning of cables to reclaim copper is widespread in
the informal sector. It is notable that old technologies are primarily being used. These employ
minimal air pollution control if any at all. 1t was however not possible to quantify annual
releases of U-POPs since adequate data were not available.

5.3 Main category 3- Heat and Power Generation

The main categories considered under this section are:
= Fossil fuel fired Power Plants
= Residential combustion sources.
= Fossil fuel-fired utility and industrial boilers Covered within the industrial production
process,
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= Firing installations for wood and biomass.

5.3.1 Subcategory a: Fossil Fuel Power Plants

The category of power generation and heating includes power stations, industrial firing places
(furnaces) which are fired with fossil fuels.

5.3.2 Coal Fired Power stations
Coal combustion for power generation takes place in Bamburi Portland Cement only.

5.3.3 Light Fuel Fired Utilities.

Light fuel oil and natural gas are always fired in specially designed burners and are not likely
to generate large amounts of PCDD/PCDF since both are very high calorific, clean burning
fuels with little to no ash. Paraffin is the only major fossil fuel in this category. Higher
concentrations of PCDD/PCDF may be formed if liquid or sludge waste is co-fired. None
happens in Kenya.

The rate of fuel consumption which is considered under this category can be summarized in
Table 15

Table 16:  Fuel Consumption per annum for Fossil Fuel fired Utilities and Industrial

Boilers in Kenya

Fuel 1998  (thousands | Terajoules/annum
tons)

Light Diesel | 607.5 27033.75

Oil

Total Used 1,030.8 27033.75

5.3.4 Subcategory b: Biomass Power Plants

Kenya relies somewhat on the combustion of biomass for power and heat production.
Whether it is wood including twigs, bark, saw dust, wood shavings, etc, and/or agricultural
residue (e.g., straw, citrus pellets, coconut shells, poultry litter, camel excretes, etc.). In most
cases, the biomass is burned directly and without any addition of fossil fuels. This practice is
found in small, continuously operated steam boilers. Two categories are defined within this
subcategory according to the types of biomass fuel used, namely wood fired boilers, and all
other types of biomass fired boilers. Old locomotives old engines are used in a number of tea
factories. For both categories, it is assumed that reasonably well-operated and maintained
power steam generators are employed in order to maximize power output. In all cases, air and
residue are the only two release vectors under consideration.

The Kenyan sugar industry generates significant amounts of bagasse that is currently being

used for electrical energy generation through co-generation. Table 16 shows the amounts of
energy being generated from seven Kenyan sugar factories.
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Table 17:  Use of Biomass in Sugar Factories

Facility Annual Annual
Production Consumption
(GWh) TJ/a
Mumias 163 586.8
Nzoia 41 147.6
Muhoroni 28 100.8
Chemelil 33 118.8
Sony 39 140.4
Miwani 17 61.2
West Kenya 13 46.8
Total 1202.4

5.3.5 Subcategory c: Landfill and Biogas Combustion.

There are 1360 small biogas plants at household level especially by farmers practicing zero
grazing. Each generates an average of 1.2 M3 of gas. However Agrochemicals Limited is the
plant that generates the most biogas from wastewater from molasses. Sub-cat ¢

Table 18:  Biogas generation

Sector/Fuel Volume in M®

Various Small Biogas | 1,670.4
Plants.

Agro Chemical Foods | 56,000
Company Limited

Total 57,670.4

5.3.6 Household Heating and Cooking with Biomass

Heating and cooking in residential households with biomass is common practice in Kenya. It
has been shown that significant levels of dioxins and furans are released from residential
combustion sources as a result of incomplete combustion and use of fuel that contains carbon
and chlorine in any form, especially biomass and fossil fuel. It was found that over 74% of
the people in the rural areas rely on biomass energy for cooking and heating. Wood fuel
provides the bulk of total primary energy (about 70%) and meets 93% of the rural household
energy requirements (Kituyi et al 2001).

Agricultural and forest wastes are also used as fuel. Kenya Planters Cooperative Union
(KPCU) converts about 2500 tons of coffee husks biomass into briquette charcoal. This is
equivalent to 35 MJ/a at 14 MJ/Kg.

Livestock (cattle, sheep, goats, donkeys) waste produces substantial quantities of methane, in
most areas with high potential for agriculture, especially where farmers practice zero grazing.
Unfortunately, in this inventory, methane production could not be quantified.

In many urban areas, sawdust is used as fuel and so are plastics. In all these cases, 90% of
the combustion takes placed is on the traditional 3 stone fireplace designs and not the
conventional jiko (Kituyi et al 2001 a,b)
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Charcoal consumed 1.6 million tons.

Table 19:  National Consumption of Wood Biomass.

Sector/Fuel Gigajoules Annual
Consumption
TJ/a

Woodfuels 452 634.000 452.634

Charcoal 1.600

Farm Residues 37 013.000 37.013

Coffee husks 0.035 0.000035

Total 491,294 971.047

5.3.7 Subcategory e: Domestic Heating and Cooking with Fossil Fuels
Fossil fuel is used for domestic heating in the following forms.

= Liquefied petroleum gas (LPG): Approximately 41,884 tons were consumed in Kenya in
2004 both in domestic and industrial facilities.

= Paraffin: Approximately 305,825 tons were consumed in Kenya in 2004 (although this
was both for power generation and domestic cooking).

The combustion of these fuels in gas cookers and cookers adopted to paraffin use was found
to be relatively clean.

Table 20:  Consumption of Light Fuels
Sector/Fuel M?

LPG 41,884

Kerosene 305,825

Total 72,709

5.4 Main Category 4: Mineral and Mineral Products

5.4.1 Cement Production
There are no cement kilns firing hazardous waste in Kenya.

Kenyan enterprises producing cement include East African Portland Cement Company
(EAPCC) in Athi River, Bamburi Portland Cement Company (BPCC) in Mombasa, and
Rhino Cement in Kaloleni Coast Province.
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Table 21:  National Cement production levels

Name of the Company Production(tonnes/annum)
East African Portland Cement company | 700,000

(EAPCC)

Bamburi Portland Cement Company | 1,200,000

(BPCC)

Rhino Cement Co limited 350,000

Total 2,250,000

The EAPCC located about 25 Kilometres from Nairobi initially started off operations using
the wet process with a production capacity of 120,000 tons per year. The plant currently
produces 350,000 tons per annum. It has since moved from wet process to dry process and
raised capacity to 700,000 tons per year. The BPCC in Mombasa was commissioned in 1954
with an installed capacity of 1.2 million tons per year. Rhino Cement Co. Factory has an
installed capacity of 350,000 tons/annum.

Cement kilns have been known to fire hazardous waste because the 1300°C temperature
attained in the kilns is sufficient for the destruction of these wastes. The EAPCC and BPCC
had earlier been approached to carry out co-incineration of hazardous wastes but have always
turned down the request for fear of affecting the quality of cement. As such emissions of
PCDD/PCDFs from cement plant arising out of co-incineration of hazardous waste are
currently zero. Emissions are from other operations.

5.4.2 Lime

Homalime Company Ltd in Nyanza province and ARM in Eastern Province are the two key
lime manufacturers in Kenya. The manufacturing process utilizes tunnel type kilns. With
combined production capacity is 64,000 tons per annum. There are other smaller facilities
around the country that would bring the total combined capacity to about 98,000 tons. None
of the facilities have installed dust control facilities or APC. The common method
encountered is shaft kiln is used which gives an average temperature of 1000C. Other
companies which were visited and the details are in Table 21 Lime production

Table 22:  Lime Manufacturing Plants

Factory Location Quantity (Tons/a)
Homalime Co. Ltd. Koru-Kisumu 64,000
Lime sales Nairobi 14,000
Masai Lime Ltd Nairobi 10,000
Rinkonye Enterprises Isiolo 10,000

These industries are at various stages of incorporating air pollution control devices. Various
complaints of particulate contamination have been recorded on the windward side of the
factories.

5.4.3 Glass and Glass products

There are five key glass manufacturing industries in the country. The raw materials for their
manufacture are soda ash, silica sand, sodium sulphate and fluorspar, all of which are
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extracted locally with associated environmental impacts of air pollution, landscape damage,
and loss of biodiversity. Almost all use high diesel oil furnaces.

The major glass manufacturer in Kenya is the Central Glass Industries (CGl), located in the
Ruaraka area, which mainly recycles bottles from the Kenya Breweries Ltd. Heavy diesel oil
is used extensively in the manufacturing process. There is an elaborate air pollution control
system in place but this is not the same in others. Capacity is 1.05 tons per day. The furnace
is heavy oil heated. Production for 300 working days brings total to 31,500.

Table 23:  Enterprise Producing Glass

Enterprise Location Specialization

Central Glass industries Nairobi- Ruaraka Beer bottles, soda bottles
Emco Glass Works Ltd Nairobi Glass containers mugs etc
Hussein Glassware Mart Nairobi Building glass,

Ltd. windscreens

Impala Glass Industries Nairobi Motor vehicle safety glass
Kenya Glass works Ltd Mombasa Glass bottles

Magadi Soda Co. PLC Magadi Glass ware

Pan Africa Industries Ltd | Nairobi Glass ware

5.4.4 Ceramics.

There are eight registered ceramic industries in the country. Their basic raw materials are
silica sand, clay, Kisii soapstone, quartz etc. The furnaces normally operate at 1200 deg.

The major production is toiletries and floor tiles. Total capacity is estimated at 3000 tons.
There are also potteries using traditional firing methods with an estimated total production
capacity of 1000 tons. The main environmental impacts are evident during the raw material
extraction stage. The other impacts are air pollution.

Table 24:  Ceramics Production facilities

Enterprises Location Specialization
Afro Italian Co. Ltd. Nairobi Natural Marble
Atlantis Ceramics Ltd. Nairobi Marble
Ceramics Industries E.A. Nairobi Floor tiles

Ltd.

Ceramic Manufactures Nairobi «

Porcelain Products Ltd. Nairobi «“

Saji Ceramics Nairobi “

5.4.5 Brick Manufacturing

There are ten major brick manufacturers tin Kenya including many other small scale clay tile
making facilities all over Kenyan towns. It was not possible to get information on the
production from this source. Therefore total releases are zero.

5.4.6 Asphalt Mixing

Asphalt mixing is usually done in semi permanent facilities which are mobile. Asphalt as
bitumen is imported in drums and mixed on site. Kenya does not produce any bitumen.
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In 2003, 5000 tons of bitumen as petroleum, was imported into Kenya. In all cases there is
usually no air pollution control.

5.4.7 Shale oil Processing.
Kenya does not have any oil shale processing facilities

5.5 Main Category 5 — Transport

The major fuels used in Kenya for transportation are gasoline, diesel, and kerosene. Therefore
only petrol and diesel are considered.

Annex C, Part I11 source categories includes motor vehicles, particularly those burning leaded
gasoline. Kenya is signatory to the Dakar Declaration to phase out lead by 31% December
2005.

5.5.1 Four Stroke Engines

Gasoline is sold in Kenya is of two grades
i)  Premium (leaded or un-leaded)
i)  Regular
No detail was given as to whether the vehicle had a catalyst or not.

Currently 327,100 tons of unleaded petrol is available in plenty in Nairobi and Mombasa but
is not readily available in other towns. Therefore it can be assumed that only about 30% of
this is burned leading to PCDD/PCDF releases. Not all motors use gasoline because some use
diesel. Some utilities also use petrol. Therefore it is assumed that all utilities, panels and
pickups be in the category of diesel to balance out.

Table 25:  Vehicles with Current Licenses. 2003

Type of vehicle Number
Motor Cars 266,281
Utilities, Panels, 172,571
Pick-ups etc

Motor and auto 49,257
cycles

Total 488,109

5.5.2 Two Stroke Engines.

Most small gasoline powered internal combustion engines used today in boats, mopeds, small
motorcycles, scooters, lawnmowers, chain saws, and other vehicles are 2- stroke engines.
These engines follow the same thermodynamic combustion cycle as the 4-stroke engines;
however, it consists of only 2 strokes, namely the combined exhaust and intake stroke, and
the compression, ignition and combustion stroke.

5.5.3 Diesel Engines

Amount of light diesel oil consumed annually is approximately 641000 tons. It was not
possible to get data on other engines that use diesel fuel.
Table 25 shows the total number of vehicles and other engine types that use diesel fuel.

Table 26:  Total Number of vehicles/engine types that use diesel fuel
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Table 27:

Type of vehicle Total Number
Lorries, trucks and heavy vans | 61,538

Buses and minibuses 50,428
Trailers 14,994
Locomotives 139

Total 127,099

5.5.4 Heavy Oil Fired Engines.

Heavy fuel oil (HFO) fired engines are used for ships, tanks, stationary power generators, and
other very large quasi-stationary motors. A total of 30,787 tons of HFO are consumed
annually.

5.6 Main Category 6 — Open Burning Processes

Open burning processes considered in this section are the combustion of natural ecosystems,
harvest residues, trees or bushes in the open where no incinerator, stove or boiler is used.
This category also includes the informal “disposal” of waste in barrels/stone enclosures or in
the open air as well as landfill and dump fires, or accidental fires in buildings, vehicles, etc.
In general, none of these combustion processes and fires is controlled resulting in poor
combustion conditions due to inhomogeneous and poorly mixed fuel materials, chlorinated
precursors, humidity, or catalytically active metals.

5.6.1 Biomass Forest Burning

In Kenya forest fires are always accidental except for newly open forest .Fires are mainly
caused by charcoal burning, cigarettes, camp fires or is sometimes spontaneous. Annually,
about 3000 hectares of forest are destroyed by fires. The Toolkit suggests selection of
emission factors depending on climate. Some highland forests in Kenya may be regarded as
temperate similar to the France Model of the toolkit. The France approach was used in
estimating the emission factor. Most of the forest burnt could be considered to be under a
temperate like climate. Unfortunately no accurate data is kept on the acreage that gets burnt
by forest fires. However it is estimated that 3,000 hectares are burnt. Each hectare would
produce an average of 40 tons.

Therefore total biomass = 40X3000t/a

=120,000t/a
Because the major forest fires happen in the dry season the fire is intense and temperatures
high which means less PCDD/PCDF.

5.6.2 Savannah Grassland Burning.

Every year the arid and semi arid lands are intentionally burnt prior to the short rainy season
that comes between October- December and long rainy season that comes between April-
June. Approximately 100,000 hectares are burnt this way. Bush, and grass fires may be
deliberate or accidental. Deliberate fires would include pre-scribed burns in savannah
grasslands and woodlands where controlled burns are used to meet management objectives
such as right-of-way to clear vegetation or fire use for resource benefit (recycling of
nutrients) or even to fight other fires. It is estimated that each hectare produces 30 tons of
grassland for burning. Hence the total amount produced would be 300,000 tons/annually.
Releases would be to air and residues.
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5.6.3 Agricultural Residues Burning

Pre-harvest burning and post harvest burning is a common practice for crops such as sugar
cane in Nyanza and Coast provinces and throughout Kenya to facilitate harvest and to dispose
vegetation to prepare for new crops. For other crops post-harvest field burning is a common
practice to remove residues, control weeds, and release nutrients for the next crop cycle. It
mostly occurs when cane harvests are in transit between the field and factory. It is also quick
and labour saving practice in crop residue disposal as in rice at Mwea in Eastern province.

5.6.3.1 Sugar.

Pre-harvest sugar cane burning occurs every two years when cane matures and is ready for
harvesting. Currently, the area under Sugar (2003) production is 120,000 hectares. Each year,
approximately 50% is harvested i.e. 60,000 hectares.

Pre harvest burning of sugar cane is not a normal practice in Kenya

5.6.3.2 Rice
The major rice growing areas are in Mwea, central and Eastern Province, Ahero in Nyanza
Province and Bura in Coast Province. The total rice production is about 960,000 tons/annum.
For post-harvest burning, Estimates from East Asia were used to determine the quantity of
rice straw produced. The available data shows that 250 kg of rice straw are generated per ton
of (polished) rice produced. Assuming production levels are the same as those in East Asia:
Rice Straw produced = 960,000 X 0.250 t/a

=280,000t/a
PCDD/PCDF are expected to be present in the ashes from fires. Ash production from these
fires will vary with the conditions and the nature of material combusted and eventually be
released through land to water.

5.6.4 Waste Burning and Accidental Fires

This includes the deliberate combustion of waste materials for disposal where no furnace or
similar equipment is used — for example the burning of domestic and other waste in piles in
the open, the burning of waste in landfills, both deliberate or accidental fires in buildings,
cars and similar tools.

5.6.5 Uncontrolled Domestic Waste Burning

Uncontrolled domestic waste burning include all instances where waste is burned with no
pollution controls and therefore includes burning in the open in piles, in barrels or in home
fires. The burning of waste in landfills is considered separately.

The generation of solid waste varies with different types of houses as well as different socio
economic groups. In Kenya the average waste generated per capita per day is 0.72kg.
Nairobi, a city of approximately 3.3 million people, generates 2400 tons per day. This does
not include industrial and medical waste considered elsewhere.
A per capita production of 0.8 kg is estimated for urban areas and 0.3 for local population.
Approximately 20% of Kenya’s population lives in urban areas.

30,000,000
6,000,000

Population of Kenya
For urban population 20%
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Waste generated = 6,000,000x0.8x0.001x365
= 1,752,000 tons/annum

For rural population is 80% = 24,000,000

Waste generated = 24,000,000x0.3x0.001x365
= tons per annum
= 2,628,000

Total waste generated = 4,380,000

Waste burnt in the open 50% = 0.5x 4,380,000
= 2,190,000t/a

5.6.6 Accidental Fires

From the City Council of Nairobi records of accidental fires of residential houses, factories,
and informal settlements were unavailable. They are rarely quantified. It would be expected
that the National Association of Insurers would keep this data but was difficult to get. A
rough figure of 5000 t/a was adopted.

Accidental fires are very frequent in low-income informal structures in urban areas especially
Nairobi. A normal fire would involve a block of 20 single roomed timber or corrugated iron
structures but this may vary considerably. The emissions will depend strongly on the
materials burned and on the nature of the fire. Many of these houses are of timber or plastics.
A conservative estimate of 10 tons of material is made which is 3650 tons per annum.
However there is limited information on emissions from these fires and a single indicative
figure is given to cover all accidental fires excluding fires in vehicles and residential
facilities. Additionally, it was not possible to get industrial fires since chemical fires may lead
to very high releases where certain precursor chemicals are involved.

Vehicle fires can release PCDD/PCDF. Limited data are available to give emission factors for
such events. The vehicles involved vary considerably and emissions are expected to vary
also. An estimate of 2 cars per day is made giving a total of 730 cars annually.

5.6.7 Landfill Fires.

This should actually be called dump fires because there are no landfills in Kenya. However
every town, city and township, shopping centre has a dumping ground for waste. This is not
buried and scavengers usually set fire to it. Only about 20% of the waste generated is ever
collected in an organized way. Dandora in Nairobi receives 803,000 tones of waste annually.
It’s estimated that 60% is burnt in the open, the rest scavenged or composted. Projecting this
to the other urban centres using the 1999 census statistics, total waste burnt countrywide in
dump sites is approximately. 2,125,286 tons.

5.7 Main Category 7 — Production and Use of Chemicals and Consumer Goods

Of the five major subcategories i.e. pulp and paper mills, chloranil production, chlorine
production, textiles and leather the major source of PCDD/PCDF in this category in Kenya is
pulp and paper production.

5.7.1 Pulp and Paper Production
Kenya has six paper mills namely

e Webuye Pan Paper Mills
e Kenya Paper Mills Thika
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e Highlands Paper Mills Eldoret
e Madhu Paper Ltd
e Chandaria Paper Mill

The above industries use either pulp or waste paper as part of their raw materials. However
only Webuye paper Mills produces pulp from trees and carries out bleaching using elemental
chlorine.

Pulp and papermaking is a complex field that consists of many processes with different stages
and different products. This inventory did not dwell with the detailed production process. The
apparent observation is that this mill is the major source of negative environmental impacts
within the area and hence needs more discussion.

Pan African Paper Mills (E.A.) Ltd. is one of the largest integrated pulp and paper mills in
Africa incorporated in 1969 and commissioned in 1974. The mill is located in Webuye town
of Bungoma District. The establishment has undergone a series of rebuilds and expansion
between 1978 and 1996, with an initial production capacity of 45,000 tons per annum, the
capacity has now risen to 126,000 tons. Its fixed assets are now being estimated at over
KShs. 15 billion.

The company is responsible for 70% of the Kenyan paper production. The plant is involved
in Pulp and Paper manufacturing using wood (pine, Cyprus and eucalyptus) from forest
plantations that are located within a radius of approximately 150 km from the mill. Pan
African Paper mills utilizes 45 — 50,000 m3 of water per day with 80% of this amount leaving
as wastewater (36 — 40,000m3 per day).

It utilizes elemental chlorine for bleaching which makes it a potential producer of PCDDs and
PCDFs. Chlorine is obtained from chlorine washer tower as well as the caustic soda/chlorine
generating plant. Therefore it was the only paper manufacturer that was considered due to its
use of elemental chlorine in its manufacturing process.

Potential releases to water are important since Pan African Paper Mills is located along River
Nzoia, which is a major tributary of Lake Victoria. The lake and other water bodies
connected to the same ecosystem are subject to a variety of demands by beneficiary groups,
which generate a multitude of environmental concerns. Particularly, emission sources of
dioxins and other POPs chemicals from the above mentioned industrial activities are expected
to exert pollution load and toxic effect on human and aquatic life of the ecosystem. There
have been claims that Pan Paper has not been able to handle hazardous waste sufficiently,
especially the sludge. Hitherto the concern has been on the effluent treatment ponds. There is
also great concern that the complex is a major source of air pollution. The company has not
considered the release and fate of dioxins and furans in its environmental management
systems. .

5.7.1.2 Sources of Dioxins/furans from Webuye Paper Mills

= Releases of PCDD and PCDF from pulp and paper mills may occur via the following
vectors:

= Emissions to air (from burning of lignin and black liquor to generate energy);

= Emissions to air from burning wood or bark to generate energy;

= Emissions from process water;

= Emissions into the pulp sludge, which is currently applied on land, or land filled;

= Emissions into the products, which then enter the consumer market.
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5.7.2 Chemical Industry

The processes which have been identified as sources of PCDD and PCDF with a decreasing
probability of generating PCDD/PCDF are not present in Kenya except Manufacture of
chlorinated catalysts and inorganic chemicals which are the manufacture of chlorine at the
Pan Paper, the rest of the processes are not present in Kenya.

5.7.2.1 Chloranil

2,3,5,6-Tetrachloro-2,5-cyclohexadiene-1,4-dione (p-chloranil) is the precursor for the
production of dioxazine dyes (for cotton, leather, and synthetics) and other chemicals (e.g.,
seeds and fungicides). Synthesis of pigments is from reaction of chloranil (or other
halogenated benzoquinones) with aromatic amines to diarylaminochloroquinones and
oxidative cyclization in high-boiling solvents, such as o-dichlorobenzene, in the presence of
acyl chlorides or sulphuric acid. Depending on the production process, p-chloranil can
contain high contamination with PCDD/PCDF. No such production is there in Kenya. Data
on quantities used was available.

5.7.3 Petroleum Industry

Crude oil is a mixture of many different hydrocarbons and small amounts of impurities. The
composition of crude oil can vary significantly depending on its source. Petroleum refineries
are a complex system of multiple operations and the operations used at a given refinery
depend upon the properties of the crude oil to be refined and the desired products. Within the
petroleum refining industry, only one potential source for PCDD/PCDF has been reported
until now: re-generation of the catalyst used during catalytic cracking of the larger
hydrocarbon molecules into smaller, lighter molecules (Beard et al. 1993). This aspect has
not been reported for the Kenya Oil Refinery. Currently the refinery is undergoing
remodelling and if there is a catalyst it will be assessed then.

5.7.4 Textile Production

The textile industry in Kenya is comprised of a diverse, fragmented group of establishments
that produce and/or process textile-related products, which include fibre, yarn, and fabric for
further processing into finished goods.

Textiles, garments and apparel manufacturing have a very high potential in Kenya. The basic
raw material inputs such as dyes and chemicals are imported, as are all textile equipment and
most spare parts. Most textile facilities did not know the chemical nature of the dyes.

There are 52 fabric manufacturers and 110 large scale garment manufacturers. The mills
have a combined installed capacity of 115.0 million square meters whilst the garment
manufacturing sector, has a combined capacity to process fabric into garments with a total
installed manufacturing capacity equivalent to 85% of the total national demand. It is
estimated that the total fabric demand in the country is at least 225.0 million square meters
annually, hence brings the total manufactured fabric to 191 million square meters. The total
amount of garment processed is approximately 306 million square meters. Assuming an
average of 2 square meters for 1 kg the total quantity processes is approximately 153
thousand tons.

Wastewater is, by far, the largest waste stream for the textile industry. Large volume wastes

include washing water from preparation and continuous dyeing, alkaline waste from
preparation, and batch dye waste containing large amounts of salt, acid, or alkali.
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Sources of PCDD/PCDF in the final products can be due to:
i) Use of chlorinated chemicals, esp. PCP, to protect the raw material (cotton, wool or
other
i)  Fibres, leather, etc.)
iii)  Use of dioxin-contaminated dye-stuffs
iv)  Formation of PCDD/PCDF during finishing.

Whereas there is data for PCDD/PCDF concentrations in final products (textiles), there are no
data for residues and wastewater. Therefore, emission factors can be given only as upper
bound and lower bound limits for the final product.

5.7.5 Leather Refining

There are 14 registered leather tanning industries in the country. The leather tanning process
requires various chemicals whose reaction generates hazardous chemicals as well as emitting
offensive smells. They can process 3.3million hides and 8.3 million skins per year while
finished leather is estimated at 60,000m2 which is approximately 240 tons of leather

Most of the Kenyan leather industries process raw hide to the wet blue stage. They have
serious environmental problems with respect to the management of leather trimmings,
chrome effluents and lime effluents from their operations. Most tanneries have effluent pre
treatment plants whose efficacy varies broadly. Their capacity to recover chrome and
properly dispose the solid wastes is inadequate. Odour from tanneries has been a major cause
of complaints from residents near such factories.

5.8 Main Category 8 — Miscellaneous

This category comprises eight processes that could not be classified under the other Main
Source Categories. They include:

i)  Drying of biomass (green fodder, wood chips)
i)  Crematoria

i)  Smoke Houses

iv)  Dry cleaning residues

v)  Tobacco smoking

5.8.1 Drying of Biomass

Drying of biomass, e.g., wood chips or green fodder occurs either in drums or in the open
without containment. The most important one in Kenya is conversion of green tea to black tea
where green tea is reduced by 50% by weight. This is done in some 65 tea factories in the
high potential areas of Kenya. In 2003 tea production was 293,670 tons. Clean wood is used
to generate steam which warms the chamber through which the tea belt moves. Coffee
drying, another key biomass drying process in Kenya is done under the sun.

The drying of green fodder using poor fuels, e.g., treated wood, used textiles, carpets, etc.,
may lead to the contamination of the product. This is currently not the case in Kenya.

5.8.2 Crematoria

Cremation is a common practice for a small community of less than 50,000 of Asia origin in
Kenya to dispose human bodies by burning. The common practice in cremation is the
charging of the coffin (and the corpse), the main combustion chamber.
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Most furnaces are fired using natural oil or natural gas; some run on electricity. There is also
open cremation. Crematoria are located in Nairobi, Mombasa and Kisumu where these
communities live. They are all within cities and close to residential areas except one at
Langata Cemetery in the outskirts of Nairobi. The stacks are relatively low. Both facts result
in relatively immediate impacts on the environment and humans. Capacities vary between 1
and 5 cremations per day. On average, 70 minutes are needed per cremation.

The major crematorium in the country which handles considerable quantities of hazardous
waste is operated by Nairobi City Council and is situated at Langata. The crematorium
handles on average 7.28 tons per annum. It can be estimated that crematoria in the rest of the
country handle would handle volumes just slightly higher than this, approximately 10 tons.
No adequate air pollution control mechanisms were found to be in place. In cases where the
bodies were cremated whilst having PVC containing articles on them, it would be expected
that the production levels of dioxins and furans would be higher than those estimated in Table
66.

It was also noted that some of the crematoria should be categorized as open burners as the
burning is done in the open and temperatures attained are low. This leads to an even higher
generation of dioxins and furans.

5.8.3 Smoke Houses

Smoking food for preservation of meat and fish is common practice but was not quantified as
it is very small in Kenya. Releases are therefore negligible.

5.8.4 Tobacco Smoking

As any other thermal process, “combustion” of cigarettes and cigars produces PCDD/PCDF.
The current consumption is 1,000,000,000 sticks per day. Cigar smoking is not prevalent in
Kenya.

5.9 Main Category 9 — Disposal/Landfill
This category includes:

)] Landfills and waste dumps

i) Sewage/ sewage treatment

iii) Open water dumping

iv) Composting

V) Waste oil treatment (non-thermal)

5.9.1 Landfills and Waste Dumps

The wastes that end up in landfills ns waste dumps come from both domestic and commercial
sources. The inventory indicated that many of the facilities generating both hazardous and
non hazardous waste use open burning as the mode of waste disposal. In the City of Nairobi
for example, the City Council employees after sweeping will often burn them. Households
also practice open burning although in a majority of cases especially in the rural areas,
composting is done.

There is no sanitary land filling in Kenya and nearly all local authorities use dumping as a
method of disposal which is often followed by open burning. Calculations on releases were
considered under open burning.
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5.9.2 Sewage /Sewage Treatment.

Generally people are served by main sewer, septic tanks and pit latrines.

For purposes of the inventory, only main sewer treatment was considered. It involves the
conventional activated sludge process and oxidation ditches. There are no separate sewage
lines for industrial and domestic. The sewage treatment works treat mixed effluent, industrial
and domestic. There are 142 gazetted urban centres. Of these, only 30 % have sewerage
systems. The systems are available in few selected towns and cities as follows.

Table 28:  Urban centres with sewerage systems

Town Sewage Type
Nairobi Oxidation Ponds
Mombasa Conventional
Kisumu Conventional
Nakuru Conventional/Oxidation
Narok Oxidation Ponds
Kericho Oxidation

Thika Oxidation
Kakamega Oxidation
Webuye Oxidation
Eldoret Oxidation

Nyeri Oxidation
Nyahururu Oxidation
Limuru Conventional
Malindi Oxidation

There are treatment plants that can be considered as major facilities in category although the
may not be connected to other external sewerage systems. Some of the key facilities are listed
below:

) Athi River Export processing Zone
i) Pan African Paper Mills

i)  Sugar Factories

iv) Leather Factories

V) Textile Factories

vi) Paper Factories

vii)  Sisal Factories

viii)  Slaughter houses

iX) Food Processing Facilities

Table 27 gives the national water demand projections up to 2010
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Table 29:  National Water demand Projections

Category Demand (1,000 Appx demand (m®/a) for 2005
m°/day)
1995 2010 | yrban Rural
Residential 747.8 | 1,642.80
urban 581,712,667
Residential 468.2 932.6
rural 255,646,000
Sub-Total 1,216.00 | 2,575.40 837,358,667
Non- 593.9 986.3
residential,
health
facilities,
schools,
industry and
commerce 288,386,500
Total 1,809.90 | 3,561.70 1,125,745,167
Livestock 376.6 621.4
water 182,135,000
Irrigation? ? ?
Grand Total 2,186.60 | 4,183.20 819,204,297
Currently only 70% urban is supplied with water and 48% rural

Source: Ministry of Water and Irrigation

Only 70% of the supplied water is treated in formal treatment works after it has been used.
The remaining 30% is dumped. It can thus be estimated that approximately 573,443,008 m®
of water is treated in formal treatment works while 245,761,289 m® is dumped.

From the survey, it was noted that sludge generated from the treatment works was normally
sold out to farmers as farm manure. Using data from the Nyeri Treatment works, 1,000,000
m?® of water treated would generate about 200 tons of sludge. It can thus be estimated that
nationally the 573,443,008 m® of waste water treated annually in the different sewage works,
would generate approximately 105,000 tons of sludge.

5.9.3 Open Water dumping.

All waste water discharge that is not connected to sewers is disposed into rivers with or
without treatment. Most septic tanks in urban areas, are emptied with exhausters and the
waste disposed of into the nearest sewer system. However for the purpose of this inventory, it
was assumed that all facilities in rural areas can be assumed to be dumping their water. A
total of 245,761,289 m>of water is dumped.

5.9.4 Composting.

Compost production is getting more attention as a replacement of synthetic fertilizers
especially for flower glowing. It was not possible to evaluate its extent and thus it was not
inventoried.
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5.9.5 Waste treatment (non-thermal).

Waste oil can be considered to comprise waste oil from business premises (waste cooking oil
from business premises, fat etc) and oils (mostly lubricating) from cars and other
automotives. These two are categorically different mainly because of their origin. Estimation
of the actual quantities of waste oil generated is difficult because of its processing/use in the
informal sector. The inventory only addressed the quantities determined from the formal
sector, Table 28

Table 30:  Annual Quantity of Used Oil Generated in Kenya in thousand litres

SECTOR Nairobi Mombasa [Kisumu |[Eldoret |Nakuru |Mt. KenyalTotal
Retail Outlets 4,166 1,250 667 500 500 1,250 8,332
Distributors 4,520 753 1,507 |0 753 0 7,534
Commercial 3,623 1,610 1,208 805 805 0 8,052
Manufacturing 3,785 1,262 946 0 315 0 6,309
Bunkers 0 478 0 0 0 0 478
SALES 16,095 5,353 4,328 [1,305 [2,374 |1,250 30,705
Approximate quantity of used 6,438 2,141 1,731 522 950 500 12,282
oil potentially available annually

The survey established that at the East African Marine Environmental Company, the annual
operational capacity is 13,000 tons. There is also another facility at Kikuyu, Optimum
Lubricants Refinery, which recycles waste oil. Both facilities have similar operational
capacity. One of the contentious issues when the Kikuyu factory was being established in
1986 was the disposal of sludge. Figure 2 shows the Acid sludge at Optimum lubricants
Refinery.

Figure 2: Acid Sludge at Optimum Lubricants Refinery

The estimated amount of sludge from the two facilities would be approximately 16 tons per
annum. Non-thermal treatment of waste oil does not lead to any generation of dioxins and
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furans. Contamination and exposure to humans would thus arise from improper handling of
the waste oil, spills and improper disposal. Site specific inspection would need to be done in
order to establish exposure pathways.

5.9.6 Landfill Leachate.

Most of the dumps are located in valleys within the urban areas. It can be assumed that they
leach especially during the rainy season. The key ones are in Nairobi. However Landfill
leachate was not quantified due to inadequate data.

5.10 Hot Spots

Several Hot spot areas were identified. These sites have the potential of becoming sources of
PCDD/PCDEF releases in future.
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CHAPTER 6.
6.0 POTENTIAL ANNUAL PCDD/PCDF RELEASES.

6.1 MAIN CATEGORY 1-WASTE INCINERATION

6.1.1 Subcategory b: Hazardous Waste Incineration

There are about 5 incinerators involved in commercial combustion of hazardous waste as
listed in Table 29. They include. The KEMRI (Nairobi & 2 Kisumu Centres) and ILRI
incinerators, all have minimal APCS, while the fifth, Environmental Energy Consultants
(ECC) has no APCS. Therefore the former incinerators were assigned class 2- controlled
combustion, minimal APCS with an Emission Factor (EF) of 350 ug TEQ/t and 900 pg
TEQ/t to air and fly ash respectively. For a combined combustion of about 138 t, this would
result in an annual releases of 0.0483 g TEQ/a and 0.1242 g TEQ/a to air and fly ash
respectively. The ECC incinerator was assigned class 1- low technology combustion, no
APCS earning it an EF of 3,500 ug TEQ/t and 9,000 ug TEQ/t to air and fly ash respectively.
For combustion of 1000 tons per year, the estimated annual releases are 35 g TEQ/a and 9 g
TEQ/a to air and fly ash respectively. The total releases for this subcategory is 3.5483 g
TEQ/a and 9.1242 g TEQ/a to air and fly ash respectively.

Table 31:  Potential Releases from Waste Incinerator

Subcategory | Class | Facilities | Annual Emission Releases to g TEQ/a
Incineration | Factors pg
t/a TEQ/t
Air Fly ash | Air Fly ash
B 1 ECC 1000 3,500 | 9,000 3.5 9
Subtotal 3.5 9
2 ILRI 16 350 | 900 0.0056 | 0.0144
2 Kisumu- | 12 0.0042 | 0.0108
BTC ¥ y
2 KEMRI- | 60 0.021 | 0.054
Kisumu ¥ n
2 KEMRI- |50 0.0175 | 0.045
Nairobi . Y
Subtotal | 138 Y Y 0.0483 | 0.1242
Total 3.5483 | 9.1242
Grand Total 12.6725

6.1.2 Subcategory c: Medical/Hospital Waste Incineration

Most of the hospitals at 75% were assigned class 1 implying their waste disposal technologies
lack air pollution control system indicating Emission Factors of 40,000 pg TEQ/t and 200 pg
TEQ/t for air and residue respectively. The other 25% were assigned class 2- with controlled
batch, no or minimal APCS adopting emission factors of 3,000 pg TEQ/t and 20 ug TEQ/t
for Air and residue respectively.
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Table 32:  Potential releases from Medical/Hospital Waste Incineration
Subcategory | Class | Facilities Annual Emission Factors Releases to g
combustion | pg TEQ/t TEQ/a
t/a
Air Residues | Air Residues
C 1 5% - 4,981.650 40,000 200 199.266 | 0.9963
Uncontrolled
batch
Combustion, no
APCS
2 25% - controlled | 1,660.550 3,000 20 49817 0.03321
batch, no or
minimal APCS
Total 204.2477 | 1.0295
Grand Total 205.2772

6.1.3 Subcategory g: Animal Carcasses Burning

Generally condemned carcasses or animal parts are disposed of through condemn pits.
Animal carcasses burning is uncommon unless when there are disease outbreaks and stray
animals are killed as happened in 2004 in Eldoret when about 28 pigs were burnt at Eldoret
Municipal dump. However, a few establishments have facilities for disposing animal
carcasses. For instance, at Farmers Choice about 20 tons of animal carcasses are burnt yearly
through facilities with no APCS. This facility was assigned class 1- old, furnace no APCS,
qualifying it for an EF of 500 ug TEQ/t to air which results in estimated annual releases to air
of 0.01 g TEQ/a as shown in Table 31

Table 33:  Potential Releases from incineration of Animal carcasses
Subcategory | Class Facilities Annual Emission Releases
combustion Factor to Air | to Airg
t/a ug TEQ/t TEQ/a
G 1 Farmers 20 500 0.01
Choice
Table 34:  Summary of Potential Releases from Category 1
Class 1 Air Residues | Total
gTEQ |gTEQ GTEQ
1. Waste incineration 3.548 9.1242 12.673
2. Medical Waste 204.248 1.0295 205.277
3. Animal Carcasses 0.100 0 0.100
Totals 207.896 | 10.1537 | 218.0497
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Figure 2

6.2 MAIN CATEGORY 2: FERROUS AND NON-FERROUS METAL

PRODUCTION

6.2.1 Subcategory c: Iron and Steel Plants and Foundries

The inventory activity distributed about 20 questionnaires and received 7 responses. Most of
the enterprises use dirty scrap, scrap preheating and with limited air pollution controls. They
were assigned class 1 that uses dirty scrap, scrap preheating and with limited air pollution
controls qualifying them for an EF of 10 pg TEQ/t and 15 pg TEQ/t to air and residues
respectively. With a combined production capacity of 131,710.172 tons per year, this results
in an estimated annual release of 1.317 g TEQ/a and 1.976 g TEQ/a to air and residue

respectively.

Comparison of Potential Releases from Category 1

Table 35:  Potential Releases from Foundries.
Sub- class | facility Annual Emission Factor Release to
category Productiont/a | pg TEQ/t G TEQ/a
Air Residues | Air Residues
C 1 City Eng 367.072 10 15 0.00367 | 0.00551
Works (K)
Ltd
EMCO Eng 14,527 0.14527 | 0.217905
works (K) Ltd y ¥
Athi River 1,415 0.01415 | 0.021225
Steel Plant y y
Steel Makers | 45,000 0.45 0.675
Ltd ¥ ¥
Rolmill (K) 18,997 0.18997 | 0.284955
Ltd ¥ ¥
Kenya United | 47,704.1 0.47704 | 0.71556
Co. Ltd Y ¥
Morris & Co. | 3,700 0.037 0.0555
Total 131,710.172 ¥ ¥ 1.3171 1.975655

6.2.2 Subcategory d: Copper Production

A few enterprises are involved in production of copper for the power transmission and
telecommunication sectors. The combined production capacity is estimated at 1,070t/a
through smelting and casting of scrap copper and ingots. This sector was assigned class 1 —




basic technology which qualified it for an emission factor of 800 ug TEQ/t and 630 pg TEQ/t
to air and residues respectively. Therefore the estimated annual releases are 0.856 g TEQ/a
and 0.6741 g TEQ/a f to air and residues respectively for the subcategory are shown in Table
6.2.1

Table 36:  Potential Releases from copper production

Sub- class | facility Annual Emission Release to
category Production t/a | Factor g TEQ/a

ug TEQ/t

Air | Residues | Air Residues
d 1 Sec. Cu-basic 1,070 800 | 630 0.856 | 0.6741

technology
Total 0.856 | 0.6741

Grand Total 1.530 pg TEQ

6.2.3 Subcategory e: Aluminium Production

The majority of the enterprises process scrap aluminium through use of low technologies
with minimal treatment of inputs and low dust emission control. The extrapolated data gave
an annual production of 4,340 t/a . This sector was assigned class 1- processing scrap Al,
minimal treatment of inputs, simple dust removal, which qualified it with an EF of 150 and
200 pg TEQ/t to air and residue respectively. This results in estimated annual releases to of
0.651 g TEQ/a and 0.868 g TEQ/a to air and residues respectively. The results are
summarised in Table 35

Table 37:  Potential Releases from Aluminium Production

Sub- class facility Annual Emission Factor pg Release to
category Production TEQ/t g TEQ/a
t/a
Air Residues Air Residues

e 1 processing 4,340 150 200 0.651 0.868

scrap Al,

minimal

treatment of

inputs, simple

dust removal

Total 0.651 0.868

Grand Total 1.519

6.2.4 Subcategory f: Production of Lead

The major lead recycling plant, Exide Chloride is located in Mavoko Township about 17 Km
to the south of Nairobi. It has an annual production of 1000 t/a. It recycles lead from scrap
batteries. The facility has no air pollution control systems. This sector was assigned class 1 —
secondary lead from scrap, PVC battery separators, which qualified it for an EF of 80 ug
TEQ/t to air. This results in an estimated annual release to air of 0.08 g TEQ/a. The results
are summarised in Table 36.
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Table 38:  Potential Release from Production of lead

Sub- class Facility Annual Emission Release to

category Production t/a | Factor to Air | Airg TEQ/a
ug TEQ/t

f 1 Exide Chloride 1,000 80 0.08

Total 0.08 g TEQ

6.2.5 Subcategory g: Zinc Production

It was established that at C&P Industries, about 170 tons of zinc dross are processed into zinc
oxide per year through kilns with no air pollution control equipment. The facility was
assigned class 1- kiln with no dust control, which qualified it for an EF of 1,000 ug TEQ/t to
air. This resulted in an estimated annual release to air of 0.17 ug TEQ/a.

Table 39:  Potential Releases from zinc production
Sub- class facility Annual Emission Release to
category Production t/a | Factor to Air | Air
ug TEQ/t g TEQ/a
f 1 C&P 1,000 1,000 0.17
Enterprises
Total 0.179 TEQ

6.2.6 Subcategory h: Brass and Bronze Production

There are various some non-ferrous metal production facilities manufacturing brass and
bronze. These are facilities carrying out thermal non-ferrous metal production. The annual
production was not quantified.

6.2.7 Subcategory m: Thermal Wire Reclamation

Burning of cables to reclaim copper is widespread in the informal sector. It is notable that old
technologies are primarily being used. These employ minimal air pollution control if any at
all. It was however not possible to quantify annual releases of dioxins and furans since
adequate data were not available.

Table 40:  Summary of Potential Releases from category 2.

Subcategory Releases to Air pg TEQ | Releases to Residues
c. Foundries 1.3171 1.9757

d. Copper production 0.8560 0.6741

e. Aluminium Products 0.651 0.868

f. Production of lead 0.08 -

g. Brass/Bronze Production | 0 0

h. Thermal wire Production | O 0

Total 2.9041 3.5178

Grand Total 6.4219 g TEQ
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Figure 3 Comparison of Potential Releases from Category 2

6.3 MAIN CATEGORY 3 - HEAT AND POWER GENERATION

The subcategories considered under this section are:-Fossil fuel fired Power Plants, biomass
fired power plants, biogas combustion, household heating, and cooking using biomass, and
domestic heating using fossil fuels.

6.3.1 Subcategory a: Fossil Fuel Power Plants

This subcategory includes power stations, industrial firing places (furnaces) which are fired
with fossil fuels.

6.3.2 Coal Fired

Bamburi Portland is the main facility using coal for power generation. It uses 130,000 tons of
coal per annum. UNEP toolkit (2003) gives conversion factor of 29.3 GJ per tonne of coal,
hence for Bamburi annual coal consumption is equivalent to 3,809 TJ/a. This facility was
assigned class 2- coal fired boilers, which qualified it for emission factors of 10 ug TEQ/TJ
and 14 pg TEQ/TJ to air and residues respectively. This resulted in estimated annual releases
0f 0.038 g TEQ/a and 0.1 g TEQ/a to air and residues respectively.

Table 41:  Potential Releases from Coal Fired Power Plants
Class | Facility Annual Annual Emission Factor Release to

consumpt | consumpt

ion t/a ion TJ/a | Mg TEQ/TI g TEQ/a

Air Residues | Air Residues
2 Bamburi 130,000 3,809 10 14 0.038 0.1
Cement

Total 0.038 0.1
Grand Total 0.189 TEQ
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6.3.3 Heavy fuel fired power plants.

There are several heavy fuel fired power plants in Kenya with various different annual power
production levels as indicated below. UNEP toolkit (2003) gives a conversion factor of 3.6 TJ
for every GJ. This sector was assigned class 3 —m heavy fuel fired power plants, which
qualified it for an emission factor of 2.5 ug TEQ/TJ to air. This resulted in combined
estimated releases to air of 0.0053 g TEQ/a.

Table 42:  Potential Releases from Heavy Fuel fired power plants.
Class | Facility *Fuel | *Annual Annual Emission | Release to
type | Production | Consumption | Factor | air
GWh TJ./a ug g TEQ/a
TEQ/TJ

3 Kipevu Steam HFO | 26 93.6 2.5 0.00023

3 Kipevu/Diesel HFO | 70 252 . 0.00063

3 Ibera Africa | HFO | 56.5 203.4 0.00051
(Nigala & "
Wartsilla)

3 Ibera Africa | HFO | 56 201.6 Y 0.00050
Diesel

3 Tsavo Power | HFO | 74 266.4 Y 0.00067
Diesel

3 Isolated Stations HFO |8.6 30.96 Y 0.0000077
Subtotal 1,048 Y 0.0026

3 Heavy Diesel oil HFO | 26.4 1,095.6 Y 0.0027
Total 0.0053

6.3.3.1 Light fuel oil fired power plants
A number of power plants do use light fuel oil for power generation. The same conversion
factors as above were adopted. However, this sector was assigned class 5 — light fuel oil fired
power plants, which qualified it for an emission factor of 0.5 pug TEQ/TJ to air. This resulted
in estimated release of 0.00021 g TEQ/a.

Table 43:  Potential Releases from Light fuel oil fuel plants.
Class | facility *Fuel | *Annual Annual Emission | Release to
type | Production | Consumption | Factor: | air
GWh TJ./a Mg g TEQ/a
TEQ/TJ
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5 Kipevu GTland | AGO | 60 216 0.5 0.00011
GT2

5 Westmont Barge | AGO | 43 154.8 y 0.000078
GT

5 Nairobi Gas | AGO | 10 36 y 0.000018
Turbine
Total 407 0.00021

6.3.3.2 Light Fuel oil Fired power boilers.

There are several Light Fuel oil Fired power boilers in various industrial sectors. The
particular boilers could not be inventoried due to inadequate time and resources but the total
amount of light fuel oil has been derived form the national statistical abstract for 2003. UNEP
toolkit (2003) gives a conversion factor of 44.5 MJ/Kg for every kg of fuel oil. This sector
was assigned class 5-light fuel oil fired power plants, which qualified it for an EF of 0.5 pg
TEQ/TJ to air. This resulted in estimated release to air of 0.0223 g TEQ/a.

Table 44:  Potential Releases from Light Fuel Oil Power boilers

Class Fuel Type | Annual Annual Emission Factor | Release to Air g
Consumption * | Consumption pg TEQ/TJ TEQ/a
1000 tons TJ/a
5 Light 607.5 27,033.75 0.5 0.0135
Diesel Oil
5 Fuel oil 397.3 17,679.85 " 0.00884
Total Used | 1,030.8 0.0223

6.3.4 Subcategory b: Biomass Power Plants

The main player in this subcategory is the sugar industry. The Kenyan sugar industry
generates significant amounts of bagasse that is currently being used for electrical energy
generation through co-generation. The fuel is assumed to be mixed biomass. Table 43 shows
the amounts of energy being generated from seven Kenyan sugar factories. UNEP toolkit
(2003) gives a conversion factor of 3.6 TJ for every GJ. This sector was assigned class 1-
biomass fired power boilers, which qualified it for an emission factor of 500 ug TEQ/TJ to
air. This resulted in combined estimated annual release to air of 0.601 g TEQ/a

Table 45:  Potential Releases from Sugar factories

Class Facility Annual Annual Emission Release to
Production | Consumption | Factor Air
(GWh) TJ/a ug TEQ/TJ | g TEQ/a

1 Mumias 163 586.8 500 0.293

1 Nzoia 41 147.6 0.074

1 Muhoroni 28 100.8 0.050

1 Chemelil 33 118.8 0.059

1 Sony 39 140.4 0.070

1 Miwani 17 61.2 0.031
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1 West Kenya | 13 46.8 0.023

Total 1202.4 0.601

6.3.5 Subcategory c: Landfill and Biogas Combustion.

There are about 1392 biogas plants producing per annum about 609,696m*® of biogas.
Another 560,000m3 is produced by Agrochemical Food Company in Kisumu. Assuming its
quality is the same as that of natural gas, UNEP toolkit (2003) gives a conversion factor of 36
GJ/1000 m* Therefore the energy produced is equivalent to 21.9491 TJ/a and 20.16 for
isolated biogas Plants and Agrochemical Food Company respectively. This was assigned
class 1- biogas fired boilers, which qualified it for an EF of 8 ug TEQ/TJ. This resulted in
estimated combined release to air of 0.00304 g TEQ/a.

Table 46:  Potential Releases from Sugar Factories

Class Fuel Production | Annual Emission Release
* 1000M%*a | Consumption | Factor pg |to Air g
TJ/a TEQ/TJ TEQ/a
1 Isolated 609.696 21.9491 8 0.00018
Biogas Plants
1 Agrochemical | 560.00 20.160 0.00016
Food
Company
Ltd.
Total 0.00034 g TEQ

6.3.6 Subcategory d: Household Heating and Cooking with Biomass

Heating and cooking in residential households with biomass is common practice in Kenya. It
was found that over 74% of the people in the rural areas rely on biomass energy for cooking
and heating. Wood fuel provides the bulk of total primary energy (about 70%) and meets
93% of the rural household energy requirements (Kituyi et al 2001). The annual consumption
of wood fuel is about 452,634 GJ according to the Ministry of Energy which is equivalent to
452.634 Gl/a.

In many urban areas, sawdust is used as fuel and so are plastics. In all these cases, 90% is on
the traditional 3 stone fireplace designs and not the conventional jiko (Kituyi et al 2001 a, b).
The estimated annual consumption of charcoal is about 1.6 million tons according to 2003
National Statistical Abstract. The charcoal is assumed to have a calorific value of 6.5 Kcal/kg
which is equivalent to 43542.72 GJ/a.

This sector was assigned class 2 — virgin wood/biomass fired stoves, which qualified it for
emission factors of 100 ug TEQ/TJ and 10 ug TEQ/TJ for air and residue respectively. This
resulted in an estimated combined release to air and residues of 0.0533 g TEQ/a and 0.0533 g
TEQ/a respectively

Table 47:  Potential Releases from Household cooking biomass

Class | Sector/Fuel | Gigajoules | Annual Emission Factor | Release to
Consumption | ug TEQ/TJ
TJ/a g TEQ/a
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Air Residue | Air Residue
2 Woodfuels | 452 634 452.634 100 10 0.045 | 0.0045
2 Charcoal 43542.72 | 43.54272 Y " 0.0044 | 0.00044
2 Farm 37013 37.013 Y " 0.0037 | 0.00037
Residues
2 Coffee 0.035 0.000035 Y " 0.00 0.00
husks
Total 533.190 0.0531 | 0.00531
0.112g TEQ

6.3.7 Subcategory e: Domestic Heating and Cooking with Fossil Fuels
Fossil fuel is used for domestic heating in the following forms.

Liquefied petroleum gas (LPG): Approximately 40,929 m® were consumed in Kenya in
2003 both in domestic and industrial facilities. UNEP toolkit (2003) gives a conversion
factor of 2 kg/m® of LPG, hence the above gas is equivalent to 81,858 kg per annum.
Further, UNEP toolkit (2003) gives a conversion factor of 46 MJ/kg of LPG, hence the
above consumption is equivalent to 3,765,468 MJ.

Paraffin: Approximately 194,600 tons were consumed in Kenya in 2003. UNEP toolkit
(2003) gives a heating value for kerosene of about 44.5 MJ/kg which translates into
annual consumption of 8.6597 TJ/a.

This sector was assigned class 3- oil fired stoves, which qualified it for an EF to air of 10 pg
TEQ/TJ. This resulted in an estimated releases of 0.00012 g TEQ/a to the air.
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Potential Releases from Domestic Cooking with Fossil Fuels.

Class Fuel type Annual Annual Emission Release
consumption | Consumption | Factor to air
t/a TJ/a Mg TEQ/TJ | g TEQ/a

3 LPG 81.858 3.765468 10 0.000038

3 Kerosene 194.600 8.6597 10 0.000087

Total 0.00012

Table 48:  Summary of the Potential Releases from Category 3

Subcategory Releases to Air g TEQ | Releases to Residues g TEQ

Coal Fuel Plants 0.114 0.1

Heavy fuel Plants 0.0027

Biomass Power Plants 0.601

Biogas plants 0.00034

Household Cooking with | 0.0533 0.00533

biogas

Light fuel oil 0.00021

Light Fuel Power boilers | 0.0223

Domestic cooking with | 0.00012

fossil fuels

Total 0.79397 0.100533

Grand Total 0.8959 TEQ

Figure 4 Comparison of Potential Releases from Category 3
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6.4 Main Category 4: Production of Mineral Products.

6.4.1 Subcategory a: Cement Kilns

There are 3 major cement manufacturing enterprises namely East African Portland Cement
Company Ltd. EAPC, Bamburi Portland Cement and Kaloleni cement Co. Ltd, with an
estimated combined production of 2,250,000 tons per annum. All the enterprises use dry
process and are equipped with APCs, which implies they can be assigned class 4- dry kilns
with preheater/precalciner with ESPs which has an EF of 0.05 pg TEQ/t to air. This results in
an estimated annual release to air of 0.075 g TEQ/a.

Table 49:  Potential Releases from Cement Companies

Sub- class | Facility Annual Emission Release to | Releases to
category Production Factor to Air g Residues
t/a Air pug TEQ/a
TEQ/t
a 4 EAPC, 2,250,000 0.05 0.113 0.007
Bamburi
Portland
Cement and
Kaloleni
Cement
Total 0.120

6.4.2 Subcategory b: Lime

The Athi River Mining (ARM) factory and Homalime are the major producers of lime with
an annual production of 80,000 t/a. The equipment is fitted with a cyclone but the dust
control measures are inadequate. The sector was assigned class 1 — cyclone but inadequate
air pollution management measures which qualified it for an EF of 10 ug TEQ/t to air. This
resulted in an estimated annual release to air of 0.8 g TEQ/a. The calculation is in Table
6.4.2.

Table 50:  Potential Releases from lime production.

Sub- class Facility Annual Emission Release to
category Production t/a | Factor to Air | Air g TEQ/a
ug TEQ/t
b 1 ARM, Homalime | 98,000 10 0.98
and others
Total 0.98

6.4.3 Subcategory c: Bricks

There are about 7 enterprises manufacturing bricks (clay and Clay products), with an annual
production of about 15,000 t/a through technology with minimal APCS. This sector was
assigned class 1 — cyclone with minimal or no dust control which qualified it for an emission
factor of 0.2 pg TEQ/t to air. This resulted in an estimated annual release to air of 0.003 g
TEQ/a. The results are tabulated in Table 50.
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Table 51:

Potential Releases from Brick Production

Sub- class Facility Annual Emission Release to
category Productiont/a | Factor to Air | Airg TEQ/a
ug TEQ/t
C 1 Roof tiles & 15,000 0.2 0.003
Bricks
manufacturing
Total 0.003

6.4.4 Subcategory d: Glass

There are about 7 glass and glass products manufacturing enterprises. The Central Glass
Industries (CGI) has an elaborate air pollution control system in place but this is not the same
in others. A total of 100,000 tons is the estimated volume with 90% at the CGI. The CGI was
assigned class 2 — good dust abatement, while the rest were assigned class 1- no dust control
measures in place respectively which qualified them for an EF of 0.015 ug TEQ/t and 0.2 ug
TEQ/t respectively. This resulted in estimated combined annual release to air of 0.00335 g
TEQ/a.

Table 52:  Potential Releases from Glass manufacturing
Sub- class Facility Annual Emission Release to
category Productiont/a | Factor to Air | Airg TEQ/a
ug TEQ/t
C 2 CGl 90,000 0.015 0.00135
1 Others 10,000 0.2 0.002
Total 0.00335

6.4.5 Subcategory e: Ceramics

There are 6 ceramic manufacturing enterprises. Their combined production is about 45 tons
per annum. Most have minimal APCs. This sector was assigned class 1- facilities with
minimal dust control qualifying for an emission factor of 0.2 ug TEQ/t to air. This resulted in

estimated annual release to air of 0.000009 g TEQ/a

Table 53:  Potential Releases from ceramics
Sub- class Facility Annual Emission Release to
category Productiont/a | Factor to Air | Airg TEQ/a
ug TEQ/t
C 1 Ceramic 45 0.2 0.000009
Enterprises
Total 0.000009

6.4.6 Subcategory f: Asphalt Mixing

There are several asphalt mixing plants across Kenya. In 2003, about 5000 tons of bitumen
as petroleum was consumed into Kenya. In most asphalt mixing plants there is usually no air
pollution control system. This sector was assigned class 1 — mixing plant with no gas
cleaning qualifying it for an emission factor of 0.07ug TEQ/t. This resulted in an estimated
release to air of 0.00035 g TEQ/a.
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Table 54:  Potential Releases from Asphalt mixing

Sub- class Facility Annual Emission Release to
category Production t/a | Factor to Air | Airg TEQ/a
ug TEQ/t
C 1 Asphalt Mixing | 5,000 0.07 0.00035
Plants
Total 0.00035

Table 54 gives a summary of all the releases from production of mineral products.

Table 55:  Summary of Potential releases from category 4.

Subcategory Releases to Air g TEQ
(@ Cement 0.075
manufacturing
(b) Lime 0.8
(c) Bricks 0.003
(d) Glass 0.003
(e) Ceramics 0.000
() Asphalt mixing 0.000
Total 0.881
Grand Total 0.881
Glass
appx 0% Ceramics
Asphalt mixing appx 0% _Cement kilns
appx 0% 11%

Lime
87%

Figure 5 Comparison of Potential Releases from Category 4

6.5 Main Category 5 — Transport

Gasoline is sold in Kenya either as Premium or regular which is leaded or unleaded. No
specialization is given as whether the vehicle has a catalyst or not. Therefore the emission
factor of 2.2ug TEQ/t of fuel burned in 4-stroke engines (i.e. passenger cars) is used in
determining releases for leaded fuel burned.
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Currently 327,100 tons of unleaded petrol is available in plenty in Nairobi and Mombasa but
is not readily available in other towns. Therefore it can be assumed that only about 30% of
this is burned leading to PCDD/PCDF releases.

Not all motors use gasoline because some use diesel. Some utilities also use petrol. Therefore
it is assumed that all utilities, panels and pickups be in the category of diesel to balance out.
Kenya also set a target of December 2005 to phase out lead in Petrol. Table 55 lists the total
number of vehicles and other motorized engines recorded in 2003.

Table 56:  Issued licenses for Motor Vehicles using Gasoline in Kenya

Type of vehicle Number
Motor Cars 266,281
Utilities, Panels, Pick-ups | 172,571
etc

Motor and auto cycles 49,257
Lorries, trucks and heavy | 61,538
vans

Buses and minibuses 50,428
Trailers 14,994
Locomotives 139

6.5.1 Subcategory a: 4-Stroke Engines

In 2003, 338, 427.16 tons of petrol were consumed in Kenya. 30 % of the fuel which is
unleaded was imported. Therefore 236,899.012 tons of leaded and 101,528 tons of unleaded
petrol were consumed.

The vehicles operating on leaded petrol were assigned class 1-leaded fuel which qualified
them for an EF of 2.2 ug TEQ/t. This resulted in estimated annual release to air of 0.5212 g
TEQ/a.

The other of vehicles were assigned class 2- unleaded fuel without catalyst due to mixing of
fuel types since unleaded is not uniformly distributed. This qualified it with an EF of 0.1 pg
TEQ/t. It resulted in estimated annual release to air of 0.0102 g TEQ/a. Table 56 summarizes
the results

Table 57:  Potential annual releases from 4 stroke engines

Sub- Class Annual Emission Release to
category Consumption Factor to Air | Airg TEQ/a
t/a ug TEQ/t
A 1 Leaded fuel 236,889.012 2.2 0.521
2 Unleaded fuel 101,528 0.1 0.010
without catalyst
Total 0.531

6.5.2 Subcategory b: 2-Stroke Engines

Most of the operators of 2-stroke engines do not differentiate between leaded and unleaded
fuels.

The only release vector is into the air. All other release vectors are not present. The default
emission factors used for unleaded petrol and unleaded are: - Leaded fuel 3.5 ng TEQ/t and
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unleaded fuel without catalyst be 2.5 ng TEQ/t with catalyst. However, it was not possible to
distinguish and determine the total amount of fuel used by the two stroke engines. The results
from total releases for the 4 stroke engine incorporated releases for the 2 stroke engines.

6.5.3 Subcategory c: Diesel Engines

In 2003, 653,239.45 tons of diesel was consumed. This sector was assigned class 1-diesel
engines, which qualified it for an EF of 0.1 pg TEQ/t. This resulted in estimated annual
release to air of 0.0653 pg TEQ/a.

Table 58:  Potential Releases from Diesel Engines

Sub- Class Annual Emission Release to

category Consumption Factor to Air | Airg TEQ/a
t/a ug TEQ/t

C 1 Diesel engines 948,066 0.1 0.095

Total 0.095

6.5.4 Subcategory -d. Heavy Oil Fired Engines.

Emission factors of 4ug TEQ/t for heavy fuel and waste oil fired engines (i.e. ships) were
used in determining the release levels. It is notable that different emissions occur during
different phases like start-up and engine warming. In the following calculations, a steady
state condition is assumed. Amount of heavy fuel diesel consumed in 2004 is 30,787 tons.
The results are summarized in Table 58.

Table 59:  Potential releases from Heavy Oil fired engines.

Sub- Class Annual Emission Release to
category Consumption Factor to Air | Airg TEQ/a
t/a ug TEQ/t
C 1 Heavy Qil fired | 30,787 4 0.123
engines
Total 0.123

Table 59 summarizes the results of releases from the transport sector.

Table 60:  Summary of potential releases from category 5

Source Categories Annual release

gTEQ/a| GTEQ/a|g TEQ/a| g TEQ/a | g TEQ/a
Transport Air Water Land | Products | Residues
4-Stroke engines
Leaded fuel 0.521
Unleaded fuel without catalyst 0.010
Diesel engines 0.095 0 0 0 0
Heavy oil fired engines
All types 0.123
Total 0.749 0 0 0 0
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Heavy oil fired engines
16%

Diesel engines
13%

4-Stroke engines
71%

Figure 6 Comparison of Potential Releases from Category 5

6.6 Main Category 6 — Open Burning Processes

6.6.1 Subcategory a: Biomass Fires/burnings

6.6.1.1 Subcategory a (i): Forest Fires

The estimated forest area burnt through open-burning is about 3000 Ha annually. Kenyan
forests can be considered to be under temperate and Mediterranean climatic zones and
therefore biomass expected is 40 t/ha as per the toolkit.

Therefore total biomass burnt = 40X3000 t/a

= 120,000 t/a
Most of the forest fires happen in the dry season making the fire intense with high
temperatures thus creating conditions that do not favour the formation of PCDD/PCDF. An
emission factor of 5 pug TEQ/t is used as suggested in the Toolkit to make an initial estimate
for forest fires in Kenya.

6.6.1.2 Subcategory a (ii): Savannah Grassland Burning.

It was estimated that about 100,000 Ha of grassland are burnt annually. The savannah
grassland is assumed yield 4 t/ha of biomass. An emission factor of 5 ug TEQ/t is adopted for
releases to air and 4 pg TEQ/t for releases to land

Area burnt x Biomass burnt in tons/Ha is a 100,000 ha
Total biomass =100,000x4 t/Ha
=400,000 t/a of biomass
6.6.1.3 Agricultural residue burning (in field), impacted, poor combustion conditions
Sugar.

In 2003 Kenya produced 420,400 tons of sugar. Assume 1 tonne of sugar is equivalent to
0.05 tons of cane leaves. This translates to
Sugar cane leaf =420,400X0.05 t

=21,020 t
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6.6.1.4 Rice
In 2003 Rice production was 1,615.3 tons/annum. The growing areas are in Mwea, central
and Eastern Province, Ahero in Nyanza Province and Bura in Coast Province.

For post-harvest burning, estimates from East Asia are used where the mass of rice straw
burned: harvest residues of 25 % wi/w are being generated from rice. In other words: 250 kg
of rice straw are generated per ton of (polished) rice produced.
Rice Straw produced =1,615.3 X 0.250 t/a

=403.8t/a
Total agricultural residue burnt is approximately 424 tons/a
The results of releases from biomass fires are summarized in Table 60.

Table 61: Potential releases from biomass fires.

Source Categories Potential Release Route (ug Annual
TEQ/) Production | release
Subcat.| Class Total
Productio
Air [Water| Land n/a g TEQ/a |g TEQ/a|
6 Uncontrolled Combustion
Processes Air Land
A Fires/burnings - biomass
1 [Forest fires s|ND 4| 120,000 0.600 0.480)
2  [Grassland and moor fires 5ND 4y 300,000 2.0000 1.600]

Agricultural residue burning (in
3 [field), impacted, poor 0.5ND 10 21,423 0.643 0.214
combustion conditions

Total 3.243 2.294

Grand Total 5.537

6.6.2 Subcategory b: Fires, Waste Burning, Landfill fires, Industrial fires.

6.6.2.1 Subcategory b (ii): Accidental Fires in houses, Factories

Given the wide range of materials considered under accidental fires and the wide range of
possible emission factors an initial estimate can be made by applying an emission factor of
400 pg TEQ/t to accidental fires. This is because most accidental fires occur in informal
settlements which are predominantly constructed using plastic products which have high
chlorine content and metal scraps. It is estimated that about 5000 tons of assorted materials
are burnt in accidental house-fires in the year 2003.

6.6.2.2 Subcategory b (iii): Uncontrolled Domestic Waste burning
The amount for this subcategory was made as follows.
Population in urban areas approximately 20% of 30 million, the total population of the
county’s, i.e. 6 million
Average per capita generation of waste 0.6 kg/d for urban populations.
Total waste generated per day = 0.6X6000 tons per day
=3,600 t/d
=3,600x365 t/a
= 1,314,000 t/a
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Approximately 50% this waste is burnt in the open.
Total waste burnt is thus 657,000 tons.
For rural areas per capita generation of 0.4 kg

Total annual waste = 24 x 10° x 0.4 x 365
Total waste burnt in the open = 0.5 x 24 x 10° x 0.4 x 365 t/a
= 1,752,000 t/a

Combining with other towns countrywide, it is estimated that approximately 2.4 million tons
of waste are disposed of through open burning.

Table 62:  Potential releases from Uncontrolled Combustion Processes

Subcat.| Class Production
Air |Residues t/a g TEQ/al G TEQ/a
6 Uncontrolled Combustion Air | Residues
Processes
B Fires, waste burning, landfill fires,
industrial fires, accidental fires
IAccidental fires in houses, factories
2 (per event) 400 400 5,000, 2.0000 2.000
3 |[Uncontrolled domestic waste
burning 300 600 2,409,000 722.700| 1445.400
4 |Accidental fires in vehicles (per
vehicle) 94 18 730 0.0.069 0.090
Total 724,769 1447.49
Grand Total 2172179 TEQ

6.6.3 Open burning of wood (construction/demolition)

Estimating the quantities for this subcategory was difficult as most of the wood from
construction is re-used.

Table 63:  Summary of Potential releases from category 6.

Subcategory Releases to Air g | Releasesto Land | Releases to Residues
TEQ g TEQ g TEQ

Forest fires 0.6 0.480 0

Savannah grasslands 2.0 1.200 3.6

Agricultural Residues: | 0.643 0.214

impacted

Accidental Fires in | 2.000 2.000

houses

Uncontrolled 722.7 1445.400

Domestic

Accidental fires in | 0.069 0.013
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vehicles

Totals 728.012 1.894 1447.413

Grand Total 2177.706

Fres/burnings -
biomass,
5.537, 0%

Fires, w aste

burning, landfil
fires, industrial

Figure 7 Comparison of Potential Releases from Category 6

6.7 Main Category 7 — Production and Use of Chemicals and Consumer Goods

6.7.1 Subcategory a: Pulp and Paper Mills

Pan African paper mills is an integrated mill with an annual production of 120,000 t/a. It
produces about 21,900 tons of bleached pulp per year. Assuming an operating efficiency of
between 15 and 20 cubic meters of water per ton of Air-dried pulp (15-20 m3/t ADt).

Bleached component

Production at Webuye 120,000 Tons /a
Water used for bleaching = 21,900x20
= 438,000 m?3

Therefore the amount of water attributed to bleaching is 438,000 t/a
The default emission factor for Kraft bleached pulp using old bleaching sequences is 4.5 ug
TEQ/t of pulp.

Therefore releases to water is 438,000 x 4.5 ug TEQ/a
=1,971,000 pg TEQ/a
=1.971 g TEQ/a

The potential release to residues is 438,000 x 100 ug TEQ
=43.800 g TEQ/a

Release in Products

The emission factor for sulphite pulp old technology is 1 ug TEQ/t pulp.
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Total amount of bleached product 21,900 tons
Releases to products =21,900 x 1 ug TEQ/t
=0.022g TEQ/a
= 0.022gTEQ
This output will be reviewed later when the quantities of recycled paper use have been
quantified.

6.7.1.1 Ash for bark boilers.

The disposal of the ash should be monitored and potential releases into the environment
included (uncontrolled, land spreading) or excluded (landfill). This will be dealt with in the
NIP.

Table 63 gives a summary of Releases from Pulp and paper making industry utilizing
elemental chlorine for bleaching.

Table 64:  Potential releases from Pulp and Paper Making

Releases to Water Releases to Releases to Residues
g/TEQ products g TEQ g TEQ

Pulp and paper mills

Kraft process, old 1.9771 43.800

technology (CI2)

Sulphite papers, old 0.022

technology (CI2

Total 45.799 g TEQ

6.7.2 Subcategory c: Petroleum Refineries

In 2003, the Kenya petroleum Refineries Limited (KPRL) processed about 1,492,066 tons of
crude oil which resulted in an annual production of 69,966 tons of flare gas which was flared
UNEP Toolkit (2003) gives a conversion factor of 42.5MJ/Kg. Therefore is equivalent to
2973555TJ/a. This sector was assigned class 1 qualifying for Emission Factor to air of 8 ug
TEQ/TJ. This resulted in an estimated annual release to air of 23.78844 g TEQ/a.

6.7.3 Subcategory d: Textile Plants

The total combined production of textiles in Kenya is approximately 153,000 tons. This
sector was assigned class 1- upper limit with an emission facto of 100 pg TEQ/t to products.
This resulted in an estimated upper limit annual release of 15.3 g TEQ/a and a lower limit of
0.0153g TEQ

6.7.4 Subcategory e: Leather Plants

There are about 17 leather tanning plants whose processing is based on old technology.
Therefore this sector was assigned class 1- upper limit with an Emission factor of 1000 ug
TEQ/t to products. The total production capacity is approximately 240 tons. . This resulted in
an estimated annual upper limit annual release of 0.24 g TEQ/a and a lower limit of 0.0024 ¢
TEQ.
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Table 65:  Summary of potential releases from category 7

Source Categories Production Annual release
Cat. |Subcat.| Class t/a
Production of Chemicals, g TEQ/a | g TEQ/a g TEQ/a
7 Consumer Goods Water Products Residues
Sludges 438,000 1.971 43.800
Kraft process, old technology
1 |(CI2) 438,000 1.971 43.800

Pulp and paper
Sulfite papers, old technology

2 [(CI2) 21,900 0.022
d Textile plants 306,000 0 15.3153 0
1 |Upper limit 153,000 15.3
1 |Upper limit 240 0.24
2 |Lower limit 240 0.0024
7 Total 1.971 15.580 43.800
Grand Total 61.351 g TEQ

Leather plants
0%

Textile plants
25%

Pulp and paper mills
75%

Figure 8 Comparison of Potential Releases from Category 7

6.8 Main Category 8 — Miscellaneous.

6.8.1 Biomass drying

A total of 283,670 tons of biomass are dried in the country. This is mainly green leaf tea.
Clean wood is normally used in the process hence an emission factor of 0.1 pug TEQ/t for
release to both air and products is used. The potential releases from this process are given in
Table 65.
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Table 66:  Potential releases from Drying of Biomass
class Source Categories Production Annual release
t/a g TEQ/a g TEQ/a
Miscellaneous Air Products
Drying of biomass
2 Green fodder 293,670 0.029 0.029
Total 0.029 0.029

6.8.2 Crematoria

In Kenya, it is estimated that the crematoria handle a total of 17 tons per annum. Assuming
an average weight of 90Kg per person, the total number of persons cremated per annum is
approximately 190. No APC equipment was found in the establishments carrying out
cremation hence an emission factor of 90 pg TEQ per cremation was assumed.

Table 67:  Potential releases from Crematoria
class Source Categories Production Annual release
t/a g TEQ/a g TEQ/a
Miscellaneous Air Products
Drying of biomass
2 Green fodder 293,670 0.029 0.029
Total 0.029 0.029

6.8.3 Tobacco Smoking.

It is estimated that in Kenya a totals of 1,000,000 sticks of cigarettes are smoked per annum.
The potential annual release would be 0.00000010 pug TEQ. It is notable that this figure is
very small and is thus not reflected in the summary tables.

Table 67 summarizes the results for potential releases for miscellaneous category.

Table 68:  Summary for potential releases from category 8

Source Categories Production Annual release
t/a g TEQ/a g TEQ/a

Miscellaneous Air Products
Drying of biomass
Green fodder 293,670 0.029 0.029
Crematoria 190 0.017
Total 0.046 0.029
Grand Total 0.075g TEQ
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Figure 9 Comparison of Potential Releases from Category 8

6.9 Main Category 9: Disposal/Landfill

6.9.1 Sewage/sewage treatment

The sewage system in Kenya mixes industrial and domestic waste. From available data, it
was estimated that 573,443,008,000 | of water is treated annually which results in the
generation of approximately 105,000 tons of sludge. Sludge removal is carried out in
majority of the sewage works, thus an emission factor of 0.5 pg/L TEQ was used in the
determination of the releases to water and 1000 pg TEQ fro the sludge generated.

Thus potential releases into water:

573,443,008,000 x 0.5pg = 0.287 g TEQ
Potential releases to residues (sludge)
105,000 x 1000 ug = 0.053 g TEQ

6.9.2 Open water dumping

It was estimated that approximately 245,761,289 m* are dumped annually without
undergoing any treatment. Since the majority of this would occur in environments with
minimal industrial activity, an emission factor of 0.0001 pg was adopted in determining the
releases.

Potential releases to water:
245,761,289 x 0.0001 pg = 0.025g TEQ

The potential releases for disposal/landfill are summarized in Table 68.
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Table 69: Summary of Potential Releases from category 9

Source Categories Potential Release Production Annual release
Route (ug TEQ/t)
Water | Residues t/a g TEQ/a g TEQ/a
Disposal/Landfill Water Residues
Sewage/sewage treatment
Indus_trlal, mixed domestic with 105,000 0.287 105.000
chlorine relevance
With sludge removal (sludge) 1,000 105.000 105.000
With sludge removal (water 0.5 | NA 0.287
treatment) 573,443,008 (1)
Open water dumping 245,761,289 | 0.025 0
Remote environments or input 0.0001 | NA 3 0.025
control 245,761,289 m
Total | 0.311 105

Open water dumping

0%

Sewage/sewage

treatment

100%

Figure 10 Comparison of Potential Releases from Category 9
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6.10 Hot Spots

Hot Spots Needing Site-Specific Investigation are listed in table 67.

Table 70:  Hot spots needing site specific inspection
Identification of Hot Spots Location/name of Product g TEQ identified
site (Mg TEQ/Y Water | Land
x indicates need for
site-specific evaluation

Use of elemental Chlorine Pan paper Mills X X
/Application sites of dioxin-contaminated pesticides X
Timber manufacture
Using peljtachlorophenol, other dioxin-containing Timsales X x
preservatives
PCB containing equipment
Low chlorinated, e.g., Clophen A30, Aroclor 1242 [Kenya Power and 15,000
Medium chlorinated, e.g., Clophen A40, Aroclor Lighting Company
1248 Sites, Pan Paper 70,000
Medium chlorinated, e.g., Clophen A50, Aroclor Mills, Kenya
1254 Airports Authority 300,000
High chlorinated, e.g., Clophen A60, Aroclor 1260 fo be inspected 1,500,000
Leaching X X
Not leaching X X
Dumps of waste/residues from categories 1-9 Municipal Dump

Sites X X
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Chapter 7
7.0 Chapter Legislation

Being a relatively new area, there is no specific legislation on unintentionally produced
POP’s. However, the goal of the convention is the continuing minimization and where
feasible ultimate elimination of total releases of chemicals in Annex C derived from
anthropogenic sources (dioxins, HCB, PCB’s) the legislation which can be put in place may
be incorporated into the following acts and where applicable new acts introduced:

7.1 Waste incineration:
Local Government Act, Public Health Act, EMCA, Public nuisance Act

7.1.1 Medical Waste Incineration

Subsidiary legislation under Public health act that requires medical facilities to separate and
segregate medical waste

7.1.2 Hazardous Wastes

Draft regulations under EMA Pest Control Products Act has new a new regulation on medical
waste that prescribes incineration

7.1.3 Combustion of Animal Carcasses
Applies only to meat processing factories

7.2 Ferrous and Non ferrous metal Production

7.2.1 General Legislation
Factories and other places of work Act, Local by-laws, Public health Act, Standards Act

7.2.2 lron and Steel Production

Only controlled when public complaints of air pollution especially in places where
ammonium chloride is used in galvanizing.

7.2.3 Aluminium Production
Mostly regulated when public complains of air pollution

7.2.4 Lead production
Fair control under Public Health act especially for the furnace and storage of scrap batteries

7.3 Power Generation

7.3.1 General Legislation
Electricity Regulation Act, EMCA, Public Health Act, Local Government Act

7.3.2 Fossil Fuel and Power Plants
Regulated under the Electricity Generation Act

7.3.3 Biomass Power Plants
No controls for biomass plants, household cooking and heating
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7.4 Production of Mineral Products

7.4.1 General Legislation

Mining Act, Public Health Act, EMCA, Local Government Act. There is no specific
legislation for each category

7.5 Transportation

7.5.1 General Legislation

Traffic Act, Public Health Act

New policy now requires fuel station to stock only unleaded gasoline as of January
2006.Norequirements for vehicle modifications. There are no controls for Two Stroke
engines. Diesel vehicle, especially public service vehicles have to undergo annual
inspections.

7.6 Uncontrolled Combustion

7.6.1 General Legislation

No regulation against forest fires, grassland or agricultural residue burning. No legislation
against open burning of waste.

7.7 Production and use of Chemicals and Consumer Goods

7.7.1 General Legislation
Standards Act, factories ands other places of work Act, Public Health Act, Water Act.

7.8 Miscellaneous
No regulation for this category or the respective subcategories is in place.

7.9 Disposal/Landfill

General Legislation
Local Government Act, Water Act, Public Nuisance Act (these regulate against random
dumping of waste)

7.10 Hot Spots

There are no regulations covering Hot Spots.

There are gaps in the regulations which need to be filled in order for proper compliance with
the convention. It would be important to consider setting up guidelines even for categories
that there is no activity yet in Kenya. Category 6 dealing with open burning is especially
difficult since the current practice by local government is to encourage open burning in order
to reduce volumes.

Conclusions In Kenya, The first priority sources were categorized as open burning of waste,
residential combustion, fossil fuel-fired plants, firing installations for wood and other
biomass fuels, production of chlorphenols and chloranil, crematoria and destruction of animal
carcasses, motor vehicle automobiles burning leaded petrol, textile and leather dying,
smouldering of copper cables, and waste oil refineries. These sources require the promotion
of both BAT and BEP. .The second priority sources of PCDD/PCDF were identified in this
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study as waste incinerators (including co-incineration of municipal and hazardous or medical
waste), cement kilns firing hazardous waste, pulp and paper production using elemental
chlorine, and thermal processes in the metallurgical industry. These are the sources which
require BAT for the promotion of BEP.
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CHAPTER 8.
8.0 Capacity and infrastructure

Capacity assessment can be done on the following bases
e  Reducing releases of dioxins and furans

e  Reducing exposure and managing releases

e  Compliance ability

e  Monitoring

e  Research

e Introduction of BATs and BEPs.

Reducing releases of Dioxins and Furans priority areas that need attention in relation to the
compliance measures include:

e  Better understanding of processes that lead to releases

e Installation of an pollution control equipment

e  Efficient management of the facilities and sources to ensure that they run at proper
operating conditions.

8.1 Assessment

For categories of cements factories some ferrous and non ferrous factories, Webuye papers
mills, Leather and textiles there was effort to understand through introduction of cleaner
production, regular environmental audits, which are being promoted by the Kenya Cleaner
Production, the Kenya Association of Manufacturers Federation of Kenya employers and
multinational companies for energy. The KAM/ GEF Energy Efficiency Program is also
playing a supporting role to incorporate environmental norms in processes especially power
plants using fossil fuels and biomass. These programs need to be enhanced in order for them
to cover a wider scope. However the understanding of dioxin/ furan emissions as a result of
combustion processes, was not evident among persons dealing with medical wastes. This is
the biggest source of organised facilities that legally release dioxins and furans from accepted
facilities.

8.2 Reducing Exposure by Minimizing Emissions

Many facilities surveyed were found to be aware of local policies governing environmental
pollution but had limited knowledge of the relevant international conventions. In most
instances, they lacked the capacity to access relevant information or utilize the information
available. Less than 10% of the of companies surveyed had fire fighting equipment and
where available, it was due to the fact that it is an insurance requirement. In Webuye, no
conclusive studies have been done to identify if there is any correlation between the relatively
high incidences of respiratory related infections reported at Webuye district hospital and the
pollution emanating from the paper mill that is located within the area.

8.3 Monitoring

There are no laboratories in the country that have the infrastructural capacity to carry out
analysis of dioxins and furans. The following institutions have in the past carried out
extensive work environmental pollution monitoring and could expand be expanded to include
analysis and monitoring of dioxins and furans
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e  University of Nairobi

° KEMRI

° KIRDI

The NEMA’s accredited laboratories listed in annex 3 could also the upgraded in order
to handle the diverse aspects of analyses..

8.4 Training.

Training in environmental assessment and monitoring, especially of dioxins and furan,
factors leading to their generation, techniques of minimization and management are critical in
addressing the entire spectrum of issues related to dioxin and furan releases. Programs
covering environmental management issues already exist in several tertiary institutions.
These could be expanded to include elements of dioxin and furan management. University-
industry links such as those present at University of Nairobi, would also play a key role in
tackling the problem at source. Formation of these partnerships would be instrumental in
addressing the dioxin furan concerns. Public education and sensitization programs to address
source areas linked to social behaviour can not also be ignored. Specific training could cover
the following areas:
) Trained personnel to handle waste and especially lifecycle management of
waste especially those related to incineration
i) Monitoring of flue gas emissions.
iii) Fire fighting responses especially in informal settlement areas.
Iv) Create a forum for industrialist to meet and avoid dioxin/furan release
V) Training of industry in the use of UNEP toolkit to assist is estimation of
releases

8.5 Research

There is need to undertake collaborative research to ascertain the actual levels of dioxins and
furans based on actual analysis data as opposed to estimation based on the toolkit. VVarious
institutions could be incorporated in a dioxin/furan research team that could spearhead this
activity. Institution in this team could include:

e  Chemistry/Environmental departments at the various Universities
Kenya Agricultural Research Institute(KARI)
Kenya Medical Research Institute KEMRI
Kenya Industrial Research Development Institute
Kenya Bureau of Standards KEBS.

8.6 Introduction of BAT and BEP.

When assessing BAT and BEP, the following was noted:

e  There is low level of public awareness and participation in technology adoption

e  There was no data on technology performance

e There is low level of personnel and technical capacity to implement and sustain
technology options

e  All sectors lack funds for technology implementation and adoption.

These issues need to be critically addressed in the National Implementation Plan.

There are however, some success stories. Introduction of unleaded gasoline is being achieved
through imports and upgrading of the Kenya references limited in Mombasa. A cost benefit
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analysis of introduction of BAT and BEP for each category will be essential if compliance
and success is to be achieved
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Chapter 9

9.0 Priority setting

Priority setting workshop was held in Naivasha in June 2004. Since then the task forces on
PCDD/PCDF has met severally

9.1

Priority Setting Criteria

The priority areas identified were based on the following criteria

i)
i)
iii)
iv)
v)

Source emitting the largest amount
Priority subcategories in the category
Easy of issues to be addressed

Those having the largest impact
Action already taken.

9.2 Priority areas identified

i)

i)
iii)
iv)
v)
vi)
vii)
viii)
iX)
X)
Xi)
Xii)
Xiii)
Xiv)

Controlled combustion sources
Medical waste incineration
Enforcement of legislation/ by laws and practices of handling waste

Keeping and maintaining records of waste generated, treatment and disposal modes

Health and safety for workers in potentially high emission facilities
Installation of air pollution control equipment in line with EMCA
Establishment of standards and guidelines for thermal equipment such as
incinerators, boilers, quality, crematoria etc

Guidelines on feed materials especially fuels containing chlorine.

Control and monitoring of flue gas emissions

Local authorities to restrict and regulate open burning

Enforce regulations that ensure that hazardous waste is handles in the proper
manner and by qualified personnel .

Ensure factories using chlorine monitor the critical parameters during production,
treatment and disposal of waste.

Regulations for motor vehicles

Upgrading of ferrous and non ferrous metal production that are using low state
technologies.
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Chapter 10

10.0Conclusions and recommendations

vii)

viii)

Xi)

xii)

xiii)

Xiv)

XV)

XVi)

Kenya has no emission factors of its own and relied fully on those provided for in
the UNEP toolkit.

In the waste incineration category, medical waste burnt in fabrications were
assumed to be a form of open burning and hence the EF of 40,000 ug TEQ.
However because facilities utilizing this mode did not have any form of waste
segregation the proportion of plastic containing Chlorine, metals etc was high and
hence higher EF would need to be adopted in estimation of releases

Many industries mainly textile and leather also routinely practice burning detail in
(i) above. There was no emission factor which is a big omission.

On animal carcass burning, roast meat is a cultural preoccupation of Kenya and
could be a key source of PCDD/PCDF that could have direct impact on health. No
EF are available for this.

Medical waste and hazardous waste requires the bulk of intervention.

It was not easy to quantify releases from lead production in the informal sector.
Thermal reclamation of brakes pads and rubber coated auto parts readily reclaimed
by the informal sector could be significant source of dioxins and furans but could
not be quantified. Therefore a total emission of 7.4 g TEQ from ferrous and non
ferrous metal production category is a gross underestimate and thus the final
indication that lead production is not an important source could send wrong signals
Fossil fuel/ waste covered by power policy are the major source sub-category in the
category of power generation and heating / cooking. However it was felt that
household heating and cooking with biomass should indicate a higher contribution
than the almost zero emission

The critical sources in category 4 were addressed and hence does not currently
require any significant further work in terms of identification of new potential
releases.

Now that Kenya is replacing leaded gasoline, the only further work required on
category 5 is in quantification of diesel engines and heavy oil fuelled engines in
use.

On the category of uncontrolled combustion processes uncontrolled domestic waste
burning requires largest attention.

There has been a significant increase in occurrences of accidental fires mainly in
the informal settlements. The use on chlorine containing plastics are likely to lead
to higher releases than the estimates that have been reported. Further work to more
accurately determine the levels is required.

In category 6, the role of plastics should have had a higher prominence since plastic
wastes contribute 28% of all the wastes that are collected and dumped in municipal
dump sites. The continued and increase in the use of plastic packaging has great
implication on values reported for this category. It is likely that the true levels are
significantly higher.

Quantification of leachate from dumps as opposed to what the toolkit prioritizes as
landfill would be more useful since it’s the largest source of leachate in sub-
Saharan Africa.

There are many abandoned sewage treatment plants which could continue to be a
source of dioxins and furans especially to water. These were not quantified.

The level of understanding of the management of possible sources of dioxins is
generally low.
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XVil)

These are no adequate facilities such as laboratories and equipments for analysis
and monitoring of dioxins and furans.
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ANNEX 1: Summary of Information From some Sites Visited by Inventory Team

ANNEX 3: Summary of Information From Sites Visited

ANNEX 3: Summary of Medical health Waste Information From Sites Visited

Name Location/ | Type of Type of Annual Observations
Address | facacility Furnace/heati | Operational
ng facility or Capacity
Other
KEMRI Kisumu, Medical Stoker furnace, | 58.5 tones Operates 3 times a week, plastics, pathogenic
Box 54 waster 600-800°C per/yr materials, sharps and needles, blood.
Incinerator afterburner Hazardous waste detoxicated by chemical
equipped 1000-1200°C methods
with thermo-
Sensors
ILRI Nairobi Medical Incinerator with | 15.6 tonnes Household waste disposed of in an open
waste Wet scrubber per/yr burning burner
Incinerator type APC Ash from incinerator and open and open
burner disposed of in landfill
Environment | Mombasa | Waste Oil 13,000 Waste water discharged at a rate of 200 It per
al recycling tonnes of hr
Management waste oil Sludge undergoes bio-remediation on site
Co. processed per
yr; 10m® of
sludge
generated per
yr
Nairobi City | Nairobi Crematoria Stoker 7 tonnes per | Metallic objects on bodies are removed and
Mortuary Operating yr dumped in a pit before cremation
Incinerator, temperature not | 0.104 tonnes
Langata known per yr
No APC
Blood Kisumu Medical Stoker furnace, | 11.7 tonnes Incinerates contaminated blood, tissues,

Kenya National Inventory of POPs Under the Stockholm Convention
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Name Location/ | Type of Type of Annual Observations
Address | facacility Furnace/heati | Operational
ng facility or Capacity
Other
Transfusion centre main 800°C per yr needles syringes
Center secondary Uses diesel fuel
burner 1500°C No heat recovery
APC present No thermo-sensors installed
(venturi Ash generated disposed of in landfill
funnels) Incinerator is under-utilized, can handle higher
50 Kg of ash/ quantities
week
New Nyanza | Kisumu Hospital Incinerator, 364 tonnes Incineration of medical waste
Provincial Stoker per yr Facility under-utilized, operated once a week
Hospital No APC 2 tonnes of No thermal sensors
ash produced | Ash disposed of in a dump site
per week Open burning of non hazardous material (600
tonnes per yr) is carried out
Body parts are not incinerated due to cultural
inhibitions, disposed of by burial
Embu Embu Municipal Open burning No data Medical waste was found dumped at the site
Municipal Solid waste available Hospital dumps its
Council disposal
Embu Embu Waste water No data Only one third of municipality covered by
Minicipal disposal available sewer line
Council De-sludging done once every 5 years and
sludge sold to farmers
Waste water analysis not carried out
Site located too near the municipality
Kenyatta Nairobi Hospital Incinerator, 365 tonnes Ashes disposed of in landfill
National stoker per year Two incinerators are present but only one is
Hospital APC dry operated at a time

Kenya National Inventory of POPs Under the Stockholm Convention
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Name Location/ | Type of Type of Annual Observations
Address | facacility Furnace/heati | Operational

ng facility or Capacity
Other
scrubber; Non hazardous was is disposed of in open
Main furnace burning
400-600°C
2" chamber
600-800°C
3" chamber
800 - 1200°C
11 tonnes of
ashes per yr

KEMRI Nairobi Medical Incinerator, 28 tonnes per | Ash disposed of in fields

Nairobi facility stoker yr Offers incineration services to other medical
APC venturi 1.4tonnes of | institutions
funnels ash New incinerator being installed with an
1% burner 850- operational capacity of 80 Kg/hr
1100°C Non hazardous waste collected by contractor
2" burner
1100-1750°C

Aga Khan Nairobi Hospital Incinerator, 182 tonnes Heat recovery installed

Hospital stoker per yr Ash collected by waste disposal company
APC dry 9.125 tonnes
scrubber per yr of
No thermal bottom ashes
Sensors and 0.52

tonnes of fly
ash

Kenya National Inventory of POPs Under the Stockholm Convention
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Name Location/ | Contact Type of Type of Annual Observations
Address | Person facacility Furnace/heati | Operational
ng facility or Capacity
Other
Ruai Sewage | Nairobi Eng. Mburu | Sewage N/A 88,000m> Sewer water used for irrigation
works sludge operating at
treatment about 50%
capacity
Nyeri water | Nyeri David Irungu | Waste water 1,095,000m° | Majority of arrears not connected to the
Sewerage treatment per yr sewage system
Co. 200 tonnes of | Covers an area of 23 acres
sludge Sludge is sold to farmers
produced per | Water analysis done on a monthly basis in
yr Nairobi
Treated water is discharged into Chania river
Thika Thika Mr Maina Waste water No records of | De-sludging done every 10yrs. Sludge spread
Municipal Mando treatment amounts of out on open ground in the facility
Council sludge
generated
Environment | Mombasa | Fatma Waste Oil 13,000 Waste water discharged at a rate of 200 It per
al recycling tonnes of hr
Management waste oil Sludge undergoes bio-remediation on site
Co. processed per
yr; 10m® of
sludge
generated per
yr
Kerugoya Kerugoya | Joseph Njeru | Coffee 120,000 Kg/
Coffee processing yr of coffee
Factory processed

Kenya National Inventory of POPs Under the Stockholm Convention
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Name Location/ | Contact Type of Type of Annual Observations
Address | Person facacility Furnace/heati | Operational
ng facility or Capacity
Other
571,945m°
per yr of
waste water
generated
Embu Embu Waste water No data Only one third of municipality covered by
Minicipal disposal available sewer line
Council De-sludging done once every 5 years and
sludge sold to farmers
Waste water analysis not carried out
Site located too near the municipality
Kenya Qil Mombasa | Rita Crude Oil APC present, 1,580,859 Oil interceptors are used to trap oil in the waste
refineries Mwadime refining stack heights, tonnes per yr | water
closed system | of crude oil Bio remediation of sludge is carried out
processed
29,166 I/hr of
waste water
discharged
332.5 tonnes
per yr of
sludge
produced
Bulleys Thika Mr Wanjoya | Leather 3276, 1373 Sludge is taken to municipal landfill, quantity
Tanning Nelson processing tonnes of unknown
Company skins and
hides
respectively
processed

19560m° per

Kenya National Inventory of POPs Under the Stockholm Convention
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Name Location/ | Contact Type of Type of Annual Observations
Address | Person facacility Furnace/heati | Operational
ng facility or Capacity
Other
yr of waste
water
discharged
Homalime Muhoroni | Emmanuel Lime Shaft Kiln 46,000 24 tonnes of wood used per day
Manngu production Wood tonnes per yr | combustion chamber operated 24hrs per day
fuel/biomass processed no heat recovery system installed
furnace
Temperature
attained1000°C
No APC
Kenya Nairobi Robert D. Metturlagy | | Cupola, 10,000kg per | Heat recovery present
Railways Ochieng process Inductor and week cast Several types of metals processes (copper, cast
Foundries Rotary Kiln iron iron, brass and aluminium)
Fuels coke, fuel | 800
oil, electricity | kg/month
Temperatures brass
above 1200°C | 200
kg/month of
aluminium
100
kg/month of
copper
200kg of
sludge
produced and
re-circulated
Tea Nyeri Eliud Green tea Boilers 90,000 | 10,000 Water treatment ponds under construction
Processing Mwiruri leaf Its of furnace tonnes per yr | Sludge (200kg per week) is burned and ash

Kenya National Inventory of POPs Under the Stockholm Convention
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Name Location/ | Contact Type of Type of Annual Observations

Address | Person facacility Furnace/heati | Operational
ng facility or Capacity
Other
Factory processing oil per six green leaf disposed of in landfill

months, NO 1000 — 2000
APC wood is I/day of

preferred due to | waste water
cheaper cost

Pan African | Webuye Paper 110,000 Has waste water treatment plant, aerated
Paper Mills manufacture tonnes per yr | lagoons and artificial wetlands. Treated water
from wood is discharged into river Nzoia
pulp Sludge is disposed of in landfill

Generated power using wood waste 30 tonnes
of wood used per day
Utilized elemental chlorine for bleaching

Kenya National Inventory of POPs Under the Stockholm Convention







Name Location/ | Contact Type of Type of Annual Observations
Address | Person facacility Furnace/heati | Operational
ng facility or Capacity
Other
Ruai Sewage | Nairobi Eng. Mburu | Sewage N/A 88,000m> Sewer water used for irrigation
works sludge operating at
treatment about 50%
capacity
KEMRI Kisumu, Medical Stoker furnace, | 58.5 tones Operates 3 times a week, plastics, pathogenic
Box 54 waster 600-800°C per/yr materials, sharps and needles, blood.
Incinerator afterburner Hazardous waste detoxicated by chemical
equipped 1000-1200°C methods
with thermo-
Sensors
IBERA Nairobi Robert .M. Power 267,833KWh | Wet sludge generated sold to local population
Africa Power Magotsi generation
(EA) Ltd. Motang
ARM Mombasa | Charles Bett | Lime Shaft Kiln, 17,000 Heat recovery systems installed
Kaloleni production 1000°C 18,000 tons
annually
Nzoia Sugar | Bungoma | Benjamin Sugar Fluidized bed 600,000 2000m° of waste water generated and treated at
Company Mbaya production boilers. No tonns per/yr | plant before discharge into aerated lagoons
APC installed. after which it is discharged into River Kaguwa
Fuel used: Sludge disposed of in farms
baggasse Quantity of ash produced not known. Disposed
off in special landfill
ILRI Nairobi Robert C. Medical Incinerator with | 15.6 tons Household waste disposed of in an open




Name Location/ | Contact Type of Type of Annual Observations
Address | Person facacility Furnace/heati | Operational
ng facility or Capacity
Other
King waste Wet scrubber per/yr burning burner
Incinerator type APC Ash from incinerator and open and open
burner disposed of in landfill
Nyeri water | Nyeri David Irungu | Waste water 1,095,000m® | Majority of arrears not connected to the
Sewerage treatment per yr sewage system
Co. 200 tons of Covers an area of 23 acres
sludge Sludge is sold to farmers
produced per | Water analysis done on a monthly basis in
yr Nairobi
Treated water is discharged into Chania river
Nyeri Nyeri Richard Waste dump | Open burning 2750 tons Only 65% of all waster arrives at the dump site
Minicipal Kibiro, site per/yr Non combustibles are salvaged
Council Cleansing Dumpsite area is appx 0.1 Hectares
Dump site supervisor Its located 0.5km from water source
Lack of proper waste collection equipment
Small area and facing encroachment by
developers
Thika Thika Mr Mando Solid waste | Open burning 13,824 tons | Not sorting done at the site
Municipal Maina dump site per yr
Council
Thika Thika Mr Maina Waste water No records of | De-sludging done every 10yrs. Sludge spread
Municipal Mando treatment amounts of out on open ground in the facility
Council sludge
generated
Environment | Mombasa | Fatma Waste Oil 13,000 tons | Waste water discharged at a rate of 200 It per
al recycling of waste oil hr

Management

processed per

Sludge undergoes bio-remediation on site




Name Location/ | Contact Type of Type of Annual Observations
Address | Person facacility Furnace/heati | Operational
ng facility or Capacity
Other
Co. yr; 10m° of
sludge
generated per
yr
Nairobi City | Nairobi Crematoria Stoker 7 tons per yr | Metallic objects on bodies are removed and
Mortuary Operating 0.104 tons dumped in a pit before cremation
Incinerator, temperature not | per yr
Langata known
No APC
Blood Kisumu Alois Medical Stoker furnace, | 11.7 tons per | Incinerates contaminated blood, tissues,
Transfusion Walunya/ centre main 800°C yr needles syringes
Center Naftali Bundi secondary Uses diesel fuel
burner 1500°C No heat recovery
APC present No thermo-sensors installed
(venturi Ash generated disposed of in landfill
funnels) Incinerator is under-utilized, can handle higher
50 Kg of ash/ quantities
week
Mwea Nanguni Mr Murithi Biomass 960,000 tons
Irrigation Munene burning of rice
Scheme processed per
yr; 576,000
tons of
biomass
waste burned
Kerugoya Kerugoya | Joseph Njeru | Coffee 120,000 Kg/
Coffee processing yr of coffee
Factory processed




Name Location/ | Contact Type of Type of Annual Observations
Address | Person facacility Furnace/heati | Operational
ng facility or Capacity
Other
571,945m°
per yr of
waste water
generated
New Nyanza | Kisumu Naftali Bundi | Hospital Incinerator, 364 tons per | Incineration of medical waste
Provincial Stoker yr Facility under-utilized, operated once a week
Hospital No APC 2 tons of ash | No thermal sensors
produced per | Ash disposed of in a dump site
week Open burning of non hazardous material (600
tons per yr) is carried out
Body parts are not incinerated due to cultural
inhibitions, disposed of by burial
Embu Embu Municipal Open burning No data Medical waste was found dumped at the site
Municipal Solid waste available Hospital dumps its
Council disposal
Embu Embu Waste water No data Only one third of municipality covered by
Minicipal disposal available sewer line
Council De-sludging done once every 5 years and
sludge sold to farmers
Waste water analysis not carried out
Site located too near the municipality
Kenyatta Nairobi Runyenje B. | Hospital Incinerator, 365 tons per | Ashes disposed of in landfill
National M. K. stoker year Two incinerators are present but only one is
Hospital APC dry operated at a time
scrubber; Non hazardous was is disposed of in open
Main furnace burning
400-600°C

2" chamber




Name Location/ | Contact Type of Type of Annual Observations
Address | Person facacility Furnace/heati | Operational
ng facility or Capacity
Other
600-800°C
3" chamber
800 - 1200°C
11 tons of ashes
per yr
KEMRI Nairobi Jethro Robin | Medical Incinerator, 28 tons per Ash disposed of in fields
Nairobi Kibarunze facility stoker yr Offers incineration services to other medical
APC venturi 1.4tons of institutions
funnels ash New incinerator being installed with an
1% burner 850- operational capacity of 80 Kg/hr
1100°C Non hazardous waste collected by contractor
2" burner
1100-1750°C
Aga Khan Nairobi Alice Kariuki | Hospital Incinerator, 182 tons per | Heat recovery installed
Hospital John Kyalo stoker yr Ash collected by waste disposal company
APC dry 9.125 tons
scrubber per yr of
No thermal bottom ashes
Sensors and 0.52 tons
of fly ash
Kenya Ports | Mombasa | Captain A. Majority of ships are of foreign origin and do
Authority A. Banafa not refuel there
Kenya Oil Mombasa | Rita Crude Oil APC present, 1,580,859 Oil interceptors are used to trap oil in the waste
refineries Mwadime refining stack heights, tons per yr of | water
closed system crude oil Bio remediation of sludge is carried out
processed

29,166 l/hr of
waste water




Name Location/ | Contact Type of Type of Annual Observations
Address | Person facacility Furnace/heati | Operational
ng facility or Capacity
Other
discharged
332.5tons
per yr of
sludge
produced
Bulleys Thika Mr Wanjoya | Leather 3276, 1373 Sludge is taken to municipal landfill, quantity
Tanning Nelson processing tons of skins | unknown
Company and hides
respectively
processed
19560m* per
yr of waste
water
discharged
Homalime Muhoroni | Emmanuel Lime Shaft Kiln 46,000 tons | 24 tons of wood used per day
Manngu production Wood per yr combustion chamber operated 24hrs per day
fuel/biomass processed no heat recovery system installed
furnace
Temperature
attained1000°C
No APC
Kenya Nairobi Robert D. Metturlagy | | Cupola, 10,000kg per | Heat recovery present
Railways Ochieng process Inductor and week cast Several types of metals processes (copper, cast
Foundries Rotary Kiln iron iron, brass and aluminium)
Fuels coke, fuel | 800
oil, electricity kg/month
Temperatures brass
above 1200°C | 200




Name Location/ | Contact Type of Type of Annual Observations
Address | Person facacility Furnace/heati | Operational
ng facility or Capacity
Other
kg/month of
aluminium
100
kg/month of
copper
200kg of
sludge
produced and
re-circulated
Tea Nyeri Eliud Green tea Boilers 90,000 | 10,000 tons | Water treatment ponds under construction
Processing Mwiruri leaf Its of furnace per yr green | Sludge (200kg per week) is burned and ash
Factory processing oil per six leaf disposed of in landfill
months, NO 1000 — 2000
APC wood is I/day of
preferred due to | waste water
cheaper cost
KENGEN Naivasha Power Commercial and other wastes disposed of in
(Olkaria) generation open burning
utilizing
steam
Pan African | Webuye Paper APC available, | 110,000 tons | Has waste water treatment plant, aerated
Paper Mills manufacture | wet scrubber, per yr lagoons and artificial wetlands. Treated water
from wood cyclone is discharged into river Nzoia
pulp electrostatic Sludge is disposed of in landfill

precipitator

Generated power using wood waste 30 tons of
wood used per day
Utilized elemental chlorine for bleaching







Annex 2 Potential Release Tables for All Categories in Xcell files

Laboratory

Annex 3 Laboratories credited.

Address &
Telephone

Location of
Labs

Authorized
Signatory

Function

SGS Kenya Ltd P.O. Box 72118, | Mombasa Philip O. Abuor Air  emission, water and
NairobiTel. effluent assessment/analysis
3751811
University of Nairobi - Veterinary | P.O. Box 30197, | Upper Prof. B.N. Nyagah, | Toxicological, soil and
Pathology/ Toxicology Labs NairobiTel. 632211 | Kabete Dr. C.G. Gitau, Dr. | microbiological
Campts E.S. Kilelu assessment/analysis
University of Nairobi o Civil Eng. | P.O. Box 30197, | Nairobi - Dr. P.M.A. Odira Water, effluen t and soll
Labs. NairobiTel. Main assessment/analysis
334244 Campus
University of Nairobi - Chemistry | P.O. Box 30197, | Nairobi Dr. Fredrick D.O. | Water, effluent, soil and air
Labs NairobiTel. Chiromo Oduor,Dr. D. K. | assessment/analysis
4446138 Campus Kariuki,J. Makopa
Kenya Bur eau of Standards P.O. Box 54974, | NairobiMom | Head of Lab., | Water and effluent
NairobiTel. basa Deputy Head of | assessment/analysis
502210 Kisumu Lab., Head of
Section
Mines and Geological Dep. - | P.O. Box 30009- | Machakos Philip K. Bor, E.K.| Water, effluent and soil
Chemical Lab 00100, Nairobi Road, Tangus assessment/analysis
Tel. 55 8034 Nairobi
Email: v
Polucon Services (Kenya) Ltd P.O. Box 99344, | Tudor - | Dominic Mur eithi, | Water, effluent and soil
Mombasa Mombasa James Kinyua, Z. | assessment/analysis
Tel. 041-494329 AbdulKarim



mailto:cmg@bidii.com

Laboratory Address & Location of Labs Authorized Function
Telephone Signatory
8. JKUAT - Food Science | P.O. Box 62000, Nairobi Juja -Thika District Dr. Charles K. | Water, effluent
& Technology Labs Tel. 067-52711 Njoroge, Dr. Ciira | and soil
Kiiyukia, Dr. G.M. | assessment/anal
Keniji ysis
9. JKUAT - P.O. Box 62000, Nairobi Juja -Thika District Dr. A. O. Mayabi, Water, effluent
Environmental Lab Tel. 067 -52711 Dr. G. M. Thumbi and soil
assessment/
analysis
10 | Occupational Healthy & Ministry of Labour & Commercial  Street, | Occupational Noise and Air
Safety Services. Human Res. Dev. P.O. Box| Industrial Area Hygienist assessment/anal
40326, Nairobi, ysis.
Nairobi.
Tel 550825/9663
11 | Universal  Corporation P.O. Box  1748-00902, | Kikuyu Town Dr. Tom Water, effluent
Limited Kikuyu Post Office Dr. Gachanja and air
Tel. 066 -31459
12 | Quest Laboratories P.O. Box 3097-00506, | Baricho Road, | Roger Lucheli, Water, effluent
Ltd. Nairobi. Industrial Area Fredrick Muthuri and soil
Tel. 551988/7 assessment/anal
Email:questco@consultant.c ysis
om
13 | Nairobi City Water & P.O. Box 30656-00100, | Kabete, Nairobi John Magoba, | Water, effluent,
Sewerage Company, | Nairobi Donald  Muriithi, | microbiological
Kabete Centra | | Tel. 210968 Jane Mumbi assessment/anal
Laboratory Fax. 214780 ysis
Email:
gmwsd@intersurf.com
14. | University of Nairobi 0 | P.O. Box 30197, Nairobi Upper Kabete, | Chairman of | Water and soil
Soil Science Labs Tel. 2726300 Nairobi Department, Chief | assessment/anal



mailto:questco@consultant.com
mailto:questco@consultant.com
mailto:gmwsd@intersurf.com

Technologist, ysis
Senior
Technologist
15. | Ministry of  Water P.O. Box 30521, Nairobi Nairobi and at | Laboratory Head | Water and
Resource Management & | Tel. 2716103 Provincial and Deputy | effluent samples
Development Labs Headquarters Laboratory Head where heavy
metals are not
contained
assessment/anal
ysis

Laboratory

Address &

Telephone

Location
of Labs

Authorized Signatory

Function

Kenya Industrial Research P.O. Box 30650, Nairobi Nairobi, Head of Laboratory | Soil, chemical analysis,
and Development Institute Tel. 535966 Industri Services Centre & Deputy | water and  effluent
(KIRDI) Email: kirdi@arcc.or.ke al Area Head of Laboratory | samples assessment/
Services Centre analysis
17. | National Agricultural P.O. Box 14733-00800, | Kabete, G. N. Gachini, A. L. Chek, | Irrigation water and soil
Research Laboratories (KARI) Nairobi Nairobi J. Kimigo samples
Tel. 4444251 assessment/analysis
18. | Kenya Plant Health P.O. Box 49592, Nairobi Karen, Laboratory Head and | Soil, water and effluent
Inspectorate Services Tel. 882933 Nairobi Deputy Head Technical | samples
(KEPHIS) Fax. 882265 Manager assessment/analysis
Email: kephis@nbnet.co.ke
19. | University of Nairobi d | P. O. Box 30197, Nairobi Upper Technologist and Senior | Blood and faecal
Department of Vet. Tel. 632211 Kabete Technologist assessment/analysis
Pathology, Microbiology & Campus
Parasitology - Parasitology
Laboratory
20. | University of Nairobi 8 Food | P.O. Box 30197, Nairobi Universi | Senior Technologist, Food | Microbiological food
Tech. & Nutrition Labs Tel. 631340 ty of | Technologist assessment/analysis



mailto:kirdi@arcc.or.ke
mailto:kephis@nbnet.co.ke

Email: dftn@uonbi.ac.ke Nairobi,
Upper
Kabete
Campus
22. | Government Chemist P.O. Box 20753-00200, | KNH, Dr. Kipkerich C. Koskei, Toxicology water,
Nairobi Nairobi Mrs. Jane A. Okado, microbiological
Tel.27258 73/4 Mr. Patrick Nyaoke assessment/analysis
Fax. 2717567
23 Aquatech Industries Limited P.0.Box 18573, 00500 Ent. Abcon Edgar Abuto Omondi -Water Analysis
Water Treatment Specialists Nairobi Tel 254--020- House, Matindi Kariuki (Physical Chemical
2729412/2729405 Masaba | Simon Kihumba Analysis)
Fax. 254 -020-2719186 Road Nancy Wanjiku Bacteriological Analysis

Email: aquatech@aquatech-
industries.com

Heavy Metal Analysis
Effluent Analysis
-Soil Analysis
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