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Executive Summary

The solid waste (SW) problem is a growing concern in the State of Kuwait and the region.
KFAS Board of Directors in its meeting dated 17/10/2018 requested KFAS management to
conduct a study to determine the current size of the problem, the future challenges, and the
adequacy of the current and planned efforts and initiatives to address the challenges and
resolve the problem. Furthermore, the study should aim at assessing the role that KFAS can
play in addressing the challenges related to solid waste in the country with the objectives of
supporting the development of appropriate solutions to this problem. This study was prepared

in response to this request.

It was found that the SW generated in the country is reaching alarming quantities at around
12 million tons annually. Most of the waste consists of construction and demolition solid
waste (C&DSW)(over 80% by weight), and the remaining waste is mostly municipal waste
(MSW) and end-of-life tyres. However, for land use and degradation; it is important to note
that the majority of the solid waste by volume is MSW. The MSW is a complex blend of many
components consisting of organic waste (household foodstuff), paper/corrugated cardboard
waste, white goods (encompassing metals), plastic solid waste (PSW), agricultural solid waste
(ASW), sludge (from wastewater treatment), waste from electrical and electronic solid
equipment, and others. MSW is also the most environmentally burdensome that truly requires
an intervention from all concerned parties. It is the fraction that requires most sophisticated
technologies and technical know-how for its valorization, and deivers the largest return on
investment on an industrial scale. Most of the SW is currently being disposed of in landfill
sites. The total number of sites in Kuwait is 20, occupying a total area of around 30 km?, with
12 of them currently closed. Six of the twenty sites are dedicated for asbestos, remnants of
cattle barns, and industrial liquid waste, three are for C&DSW, and the remaining are sites
with mixed MSW and C&DSW. Most of these sites are either close to urban areas or will be
close to urban areas in the near future as a result of urban expansion. The present method of
disposal has negative impact, in terms of land degradation, health hazards, environmental

pollution, and socio-economic perspectives.

In addition to the two main categories of SW that are being disposed of in landfills, there are
numerous other types of SW that are more specialized and collectively add a small percentage
to the total SW in the country. These include oil contaminated soils, oil-based mud cuttings
of oil well drilling, sand wash from sand quarries, radioactive waste including naturally

occurring radioactive materials (NORMs), hazardous industrial solid waste (ISW) generated
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by various industries, such as spent catalysts from the refining and petrochemical industries,
and fly ash from power generation, military waste, and others. The responsibility of the
handling and safe disposal of these other types of solid waste is assigned to the generator
(typically sub-contracted to a private entity) of the waste based on the regulations of the
Kuwait Environment Public Authority (KEPA) and the Public Authority for Industry (PIA).
Hence, they have been excluded from this report although they may pose serious
environmental threat, specially that some quantities are ending up in landfills or unknown

disposal sites.

The problem of solid waste handling in the country is currently addressed by a number of
stakeholders, with KEPA playing the main role as a regulatory body, and Kuwait Municipality
(KM) as the main execution body responsible for the collection of MSW and the management
of the landfill sites. The collection of MSW is carried out through sub-contracting to private
companies by the Cleaning Division at KM. The C&DSW is mostly handled by the C&D
contractors, who collect the waste and transfer it to the landfills assigned by KM. Both KEPA
and KM already embarked on addressing the problem in a modern and scientifically sound
approach, and are currently conducting studies to ascertain the amounts and composition of

SW.

KEPA contracted the Fraunhofer UNSICHT Institute Branch Sulzbach-Rosenberg, which is
part of the German Fraunhofer Society, to conduct a study of a survey nature. The institute
specializes in the development of processes and plants for the conversion of biogenic residues
into valuable, storable products, for the recycling of composite materials and for waste
management concepts for municipalities and countries. The project started in January 2017
for a duration of 4 years and will address the following four issues:

1. Inventory and collection of primary data

2. Exploration of the country's landfills

3. Creation of a web-based interactive database showing the waste and landfills in

the country

4. Preparation of a national waste management plan / roadmap

The project is in progress and a web-based information system (eMISK) on environmental
issues, including SW, is already in place and is publicly available. eMISK is populated with data
covering a number of years. Furthermore, KEPA is also working on a strategy for handling

solid waste that is expected to be ready in 2021.
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KM, which plays a pivotal role in ensuring that solid waste handling is conducted in accordance
with KEPA regulations, initiated a project in May 2018 with the World Bank, entitled “Kuwait
Municipality (KM) Waste Management Planning Project” to address three issues:
1. Support on Municipal Waste Planning and Inputting to the National Waste Strategy
2. Support in Developing a Community Engagement Strategy on Waste Management

3. Support the Development of Waste Information system

The communication between various stakeholders needs to take place in a more effective
means. KM recently formed a Working Group to support the above-mentioned project. The
working group includes representatives from KM, KISR, KEPA, KU, SCPD, Ministry of Finance,

Ministry of Education, and Ministry of Information.

Both KISR and KU have already conducted numerous research works related to the problem
covering several aspects. Over sixty-five (65) research papers and publications were identified
during the period 1990 to present. KFAS have also supported a number of research projects
related to the subject. Among these studies is a study requested by the Industrial Bank of
Kuwait and was completed in 2010. It was funded by KFAS and Ministry of Finance and was

conducted by the World Bank. The study addressed three issues:

1. Assessment of current solid waste sector conditions
2. Assessment of waste recycling investment opportunities

3. Private sector participation and incentive mechanisms

It is also useful to recognize that there has been a drive to encourage the waste recycling
industry. The Ministry of Trade and Industry has a list of 33 companies registered as
establishments for processing and recycling solid waste; however, it appears that a number of
these companies do not have recycling facilities. Hence, they are probably either inactive or
are involved in trading with solid waste. KEPA has also a list of 26 companies, which
presumably are involved in some activities related to waste recycling, collection or exporting.
There is lack of information concerning the performance of these companies and the level of

their contribution to the reduction of solid waste in the country.

Through this study, a number of gaps have been identified covering various aspects related to
the SW problem. The main gap is the lack of a management philosophy based on
benchmarking and benefiting from the experiences of other countries that have made
significant advances in processing solid waste. Other gaps include the absence of adequate

data on the sub-composition of solid waste, the lack of a clear socio-economic assessment of
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the impact of the problem, limited materials to enhance public awareness on their role in
collection and segregation, the need to adapt some recycling technologies to local conditions,
policies that addresses restrictions or banning of certain substances whether manufactured or
imported, and legislative and legal issues. Based on the findings of this report, it appears that
KEPA and KM, through the studies that are currently being conducted and are due to be

completed in 2021, a number of the main identified gaps are expected to be addressed.

Taking into consideration the above briefing on the status of SW in the country, the efforts
that are currently taking place to address the problem by various stakeholders, and KAFS
mission, it was concluded that KFAS can complement the efforts of the current stakeholders,
particularly, KEPA and KM, by directing partially the following three KFAS strategic programs

to activities related to the solid waste problem:

1. To increase research activities related to solid waste, the future “Calls for Proposals”
for Program 1 (The Research Grant Program) under Thrust Area 2, will direct
attention to the subject

2. To improve the performance of the existing recycling industry, Program 3 (Research
Support and Technology Transfer) under Thrust Area 3, will direct more efforts
towards this segment of the local industry

3. Toimprove public awareness, efforts will be made to prepare a number of publications,
programs, and events related to the solid waste problem and the opportunities for
waste recycling. These publications and activities will be targeted to all age groups and
segments of the society.

To ensure that KFAS efforts are appropriately focused to the needs of the country, KFAS
will distribute this report to all stakeholders and seek their suggestions on priority areas not
covered by current studies conducted by them. KFAS will also organize a seminar or a series
of meetings with the stakeholders’ representatives to discuss the main outputs of this study
and identify the most important scientific, technical and public awareness issues that KFAS

should focus on.
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1. Background

Decision of the KFAS BOT No. 163

KFAS Board of Directors in its meeting dated 17/10/2018 requested KFAS management to
conduct a study to determine the current size of the solid waste problem in the country, the
future challenges, and the adequacy of the current and planned efforts and initiatives to
address the challenges and resolve the problem. Furthermore, the study should aim at
assessing the role that KFAS can play in addressing the challenges related to solid waste in the
country with the objectives of supporting the development of appropriate solutions to this
problem.

Environmental and societal challenges and implications of the solid waste
problem in Kuwait.

Solid waste (SW) is a growing problem in Kuwait. The total current amount generated is
estimated at over 10 million tons annually. Its main components are municipal solid waste
(MSW), construction and demolition solid waste (C&DSW), sludge from sewage wastewater
treatment, agricultural solid waste (ASW) and end of life tyres (ELTs). Based on several
studies, the rate of solid waste generation in the country is estimated at around 5.5-5.7
kg/capita/day, of which municipal solid waste contributes around 1.1-1.5 kg/capita/day, and
the remaining is mostly construction and demolition solid waste. The above figures do not
include other special SW generated or existing in the country such as oil contaminated soil,
sand fines from construction sand washing, industrial hazardous and non-hazardous waste,

radioactive waste, and health care waste.

The majority of the waste in the country is currently being dumped in unsanitary landfill
dumpsites. The total number of sites is 18 sites, with 12 sites already closed. In addition, two
new sites are being developed for opening including one sanitary landfill. The total area
occupied by these sites is estimated at nearly 30 km2 Due to fast-paced industrial
development and urban expansion in the country, some of the landfills are already located on
the edges of residential areas, as is the case of Jleeb Al-Shuyoukh, Yarmouk and Al-Qurain
sites. Most of the landfill sites have already been forced to close, much before achieving their

capacities, because of improper disposal methods and concerns related to public health and



environment. In fact, landfilling in Kuwait is noted to be practiced in an unsanitary manner for
over thirty years. The prevailing method is disposal in ditches rather than properly engineered
landfills with potential energy recovery provisions. Furthermore, with further urban expansion
in the future, all the landfill sites are expected to be close to urban areas. It is important to
mention that a relatively small percentage of solid waste is currently being recycled, and a
number of recycling companies are operating in the country. In addition, some waste plastic
and metals are also being collected and exported to countries such as Lebanon, Jordan and
Egypt. The use of open dump sites as a means of SW disposal or unsanitary landfilling are
potential sources for health problems and may contaminate underground water aquifers. The
lack of appropriate recycling solutions also burdens the economy of the country, which has to
deal with the clean-up processes associated with the accumulation of waste. The World Bank
report on Asian countries Waste Management (WM) status-quo showed that local municipal
authorities may need to spend up to 70% of their revenue on Solid Waste Management

(SWM) alone (AIT/UNEP, 2010).

The implications of the solid waste problem in the country can be summarized by the

following:

a. Land Degradation. The State of Kuwait (29°30'N lat. and 47°45' E long.) occupies a land
area of 17,818 km? on the Arabian Gulf Peninsula of the Middle East, and it is one of the high-
income countries in the Middle East. Kuwait has shown a steady population growth since 1994
reaching approximately 4.1 million in 2017 (Statistical Report, 2018). The climate is
characterised as arid with summer temperatures (between June and August) exceeding 50°C
with an annual average precipitation of 110 mm. Land in Kuwait for urban development is
limited. Solid waste landfills is already occupying 30 km?, and they are located in relatively
close proximity to urban areas. Furthermore, over the next 30 years, and assuming that solid
waste generation will continue at the current rate, additional land will have to be allocated for
landfills, bringing the total area to probably more than 50 m2 If we further assume that urban
areas should be located at least 500 m away from landfills, the total area that will be excluded

from urban development will nearly double, i.e. nearly 100 m=.



b. Environmental considerations. The increased generation of waste, and the current
practice of dumping the waste in landfills is causing significant environmental degradation, in
particular pollution of land, water, and air due to unsustainable waste disposal and
management methods. On the one hand, and according to the Intergovernmental Panel on
Climate Change (IPCC) report, the waste sector contributes around 5% of global GHG
emissions. The gases emitted are mostly methane and CO,, but they also contain a number of
other gaseous or vapour chemicals, such as carbon monoxide, hydrogen sulphide, di- and tri-
chloroethanes and chloromethanes, ethane, butane, propane, and others. The amount of
biogas emitted is on the average 150 m3/ton of municipal solid waste (Bialowiec, A. 2011). In
addition, the landfill may produce around 500 m3/km?/d of highly polluted leachate, and there
is always possibilities of migration of the leachate beyond landfill site boundaries. This results
in contamination of groundwater specially since the groundwater in Kuwait occurs at shallow
depths throughout the country. For selected Kuwait landfill sites, Al-Yaqout et al. (2005)
came to the following conclusions based on a study of the leachate and emissions from both

open and closed landfills:

e Liquid waste/sludge co-disposal is the major source of leachate generation. The runoff
and precipitation have virtually minor effect on the quantity of leachate produced from
landfills

e The main liquid waste streams identified in landfills in Kuwait contain high
concentrations of suspended solids, volatile suspended solids, total dissolved solids,
chemical oxygen demand (COD), sulfate and heavy/toxic metals. They are
continuously formed in all operating landfills in Kuwait, and it is a big threat to
groundwater and aquifer system which is second major potential source of drinking
water supply in Kuwait.

e A relatively less toxic and low organic strength leachate is being produced in closed
landfills compared to operating landfills.

e A high rate of landfill gas production has been noted at the closed landfill. This could
be due to continuing decomposition of a large quantity of organic waste with high

moisture content from the rising water table in the landfill. The methane content was



found to be more than 50% v/v, which clearly indicates the danger of explosion and

fire hazards at the landfill.

In avoiding environmental problems and burdens associated with landfill disposal, attempts
were made by researchers in Kuwait to study the impact of certain waste management
practices. Ziad (2014) reported the abundance of finer sized clay particles in landfills of Kuwait
providing a significant adsorption route and retention behaviour of leachate and chemicals.
Landfills have also been deemed as a contamination source of ground water and soil, in terms

of inorganic pollutants (Al-Fares and Al-Jarallah, 2011).

c. Health hazards. Both gas emissions and leachates are highly likely to pose health hazards
to the urban communities near the landfill site. Furthermore, landfills are often infected by
rodents, which pose another health hazard. Fire balls are also associated with mismanaged
waste disposal as it was evident from various incidents around the world, and in particular
Kuwait with ELTs disposal site being a prime example. Characterizing heavy metals (e.g.,
arsenic, lead, cobalt, copper, mercury, and nickel) concentration and organic pollutants
presence in soil is essential for the surroundings safety, health concern and environmental
protection/hygiene. Ingestion, inhalation, and skin contact are the main ways of human
exposure to heavy metals which are considered among the most dangerous environmental
pollutants, because they do not disintegrate and remain in the soil for prolonged periods of
time. Polycyclic aromatic hydrocarbons (PAHSs) and polychlorinated biphenyls (PCBs) are two
of the organic pollutants in soil that pose a great concern due to their persistence and bio-
accumulative nature (Mora, 1996, Guitart et al., 1994), imposing a threat on the reproductive
functionality in wildlife (Custer et al., 2000). Furthermore, PAHs are considered environmental
contaminants with high potential carcinogenicity (Metre et al., 2000). Assessing the
concentration and mobility of heavy metals and the pollutants in soil is essential for planning
and development of landfill restored sites and is important for determining site potential
usage: agricultural, commercial, residential, or industrial. Some health hazards are also
expected to be associated with certain actions that may be taken in the future for the
restoration of the landfills, as was demonstrated by Al-Salem (2017) for the potential

incineration site to be commissioned by KM, and Al-Salem et al. (2018a; 2018b) for the



possible restoration and future development of the South Seven Ring Road (SSRR), Mina

Abdullah (MAB) and A-Jahra landfill sites, through waste-to-energy treatment plants.

d. Economic losses. The most significant economic losses concerning the current handing of
solid waste in Kuwait is the loss of lands designated for landfills, and the losses associated
with health hazards and the environmental problems that landfills create. Secondary economic
losses is the potential use of waste as recycled resources. However, in many developed
countries, recycling of solid waste is currently not favoured due to health hazards of material
recovery and sorting facilities, and the complex material structure and assembly of many
products. Furthermore, the cost effectiveness of recycling technology for many categories of
solid waste is low, compared with virgin materials. Hence, waste recycling is currently
confounded to specific waste categories such as metals, some elements, gravel, oils and maybe
tyres. The new inclination is to avoid recycling plastics, since eco labelling is showing more
promise. For organic waste, conversion of the waste to fuels by thermal degradation is
considered as a better route for the disposal of this category of waste over recycling or
composting. Furthermore, the global trend concerning solid waste handling is in the direction
of adopting waste management systems, which primarily relies on technology driven ‘end-of-

life’ waste collection, management and treatment systems.

Despite the above-mentioned global trends, material recovery from some of the solid waste
by recycling techniques in Kuwait may have direct benefits in generating primary and
secondary materials. The material and environmental benefits of resource recovery from
waste may bear some economic benefits, since the country lacks many virgin resources. For
example, waste construction and demolition materials can be converted to products that
replace aggregates. Organic waste and tyres can be converted to fuels by thermal degradation
and sludge from wastewater treatment can potentially be used as organic fertilizer if properly
treated (Appendix 3). Alternatively, organic MSW and agricultural waste could be converted
to composts that can be used as soil modifiers to replace imported mulch if health hazards
can be avoided. However, it appears from efforts conducted in developed countries, that

recycling may carry with it serious health hazards and is often not cost effective. Therefore,



adopting recycling routes in Kuwait must be subjected to careful cost-benefit assessment

including the consideration of environmental externalities.

Current activities for the treatment of solid waste in Kuwait.

The solid waste is currently handled by several government bodies, Kuwait Environment Public
Authority (KEPA — regulatory body), Kuwait Municipality (KM — management of MSW
comprising commercial and household SW), Ministry of Health (MOH — Medical Waste),
Ministry of Public Works (MPW - Sludge management) and Public Authority of Industry (PAI
— Industrial/Hazardous Waste). KEPA works as a regulatory body and has already started a
systematic effort to address the problem. Among these efforts are initiating systematic
efforts to survey and monitor the quantities and composition of solid waste generated in the
country, as well as the composition of solid waste already existing in closed landfills. The data
generated is stored in a knowledgebase accessible to the public (eMISK). KEPA is also working
on developing a strategy to address the problem, which is expected to be completed in 2021.
KM is currently responsible for collecting municipal solid waste throughout most of the state
contracting private sector companies to carry out this work. KM is also managing the landfill
sites. In addition, KM already initiated a project in collaboration with the World Bank on May
2018 entitled “Kuwait Municipality (KM) Waste Management Planning Project”. The project
is supported by a working group with representatives from KM, KEPA, Ministry of Finance,
KISR, KU, Ministry of Education, and Ministry of Information. The project duration is 2 years
and addresses a number of key issues that will be elaborated on in a later section of this report.
Neither KEPA nor KM have yet put regulations to reduce or segregate SW, with the exception
of standardizing the use of biodegradable plastic bags by KM after reviewing and putting
forward the recommendations of the Environment & Life Sciences Research Centre (ELSRC)

of KISR.

In addition to the aforementioned bodies, The Public Authority of Agriculture and Fish
Resources (PAAFR) is also handling some of the agricultural solid waste, such as sheep and
cattle carcasses, and green waste. The petroleum sector, specifically Kuwait Oil Company, is
also responsible for handling its solid industrial waste as well as other solid waste generated
from various sites of its operation. Some of KOC waste is being segregated and recycled and
the remaining is disposed of in landfills. Hazardous waste is disposed of by incineration and/or
landfilling. The medical solid waste is handled by the Ministry of Health and is also disposed

of through incineration or autoclaving.



There are over 20 private companies that are registered in recycling some of the solid and
liquid waste. They include a company active in building material waste, another company
working on waste tyres, and a number of companies involved in collecting waste plastics,
paper, cartons, packaging materials, and used lube oil. Systematic efforts to segregate solid
waste is not practiced. Most segregation is done by voluntary efforts at source and by

‘scavengers’ at landfill sites.

Regarding research efforts, Kuwait Institute for Scientific Research has recently established a
dedicated facility (e.g., Waste Management Research Unit - WMRU) for the development of
technologies to converting organic waste to fuels (WtF), recycling and safely disposing of solid
waste. The WMRU at present consists of one dedicated analytical and characterization
laboratory, one pilot plant facility and one station for organic waste management (Kabd
Campus — KISR). The WMRU has also started building a three-story dedicated building within
KISR main campus to host a specialised waste management and valorisation program within
its 9t strategic program. The research work related to this area at KISR is conducted through
three programs:

e The Environmental Pollution and Climate Program/Environment and Life Sciences
Research Center which handles all types of solid waste management and disposal
research

e The Desert Agriculture and Ecosystems Program, which focuses on various techniques
and research on valuable by-products from composting of agricultural wastes, such as
poultry waste, plant wastes, animal mortality wastes, yard wastes, etc.

e The Construction and Building Materials Program/Energy and Building Materials
Research Center which handles C&DWS research works.

A number of research studies have been conducted mainly focused on organic waste
management, MSW management and landfill site assessment, ELTs valorisation and fuel
recovery, waste building material, PSW and gasoline production from SW. KISR has recently
developed a product applicable for the Kuwaiti market from PSW which also complies to
international standards. Through the ELSRC, KISR has conducted various successful projects
with KM, KFAS, The British Council (Gulf Council Institutional Link), Supreme Council of
Planning & Development and EQUATE Petrochemical Company in PSW management and
product development from recycling processes.

At Kuwait University, research work is conducted by the Civil Engineering Department/College
of Engineering and Earth and Environmental Sciences/College of Science. KU researchers
published numerous papers based on research studies concerning solid waste that have been
conducted at the University.



The overall aim of the study

This study is conducted with the aim of preparing a report on solid waste in the State of
Kuwait, the estimated quantities, the key players involved in addressing this issue, and the
research efforts that has been conducted on this subject. The report will serve as an initial
document for various stakeholders to join their efforts in accelerating the development of a
roadmap for addressing and resolving the solid waste problem effectively. KFAS have taken
the initiative of preparing this document to identify the role that it should play in supporting
scientific research and technological development efforts to bridge the existing technological
gaps related to the nature of the solid waste problem in Kuwait.

2. Objective
The objective of the study is to identify existing major gaps in solid waste disposal and
treatment in Kuwait and the needed interventions, research projects or programs that KFAS

should support to develop solutions to the solid waste problem in the country.
3. Available Data on Solid Waste in Kuwait

Estimated daily or annual quantities

Data on current solid waste sent to landfills are spread over many years. These data were
mainly generated by researchers from KU and KISR. KEPA, in cooperation with KM, is
currently conducting a continuous survey on the quantities of solid waste that enters the open
landfills. Not much information is available on the closed landfills. However, from the studies
that has been conducted so far, it can be concluded that an average person in Kuwait generate
1.1-1.5 kg/person/day of MSW (Koushki and Khaleefi (1998); Koushki et al. (2004); (Al-
Salem and Al-Samhan, 2007); and others). This is excluding construction and demolition solid
waste. According to Koushki et al. (2004), the total weight of MSW increased from 268,248
tons/y in 1986 to 800,000 tons/y in 2002, and the total solid waste in Kuwait from all urban
sources was estimated to be 2.265 million tons/year in 2002. In 2008, a study conducted by
the World Bank for the Industrial Bank of Kuwait (IBK, 2010) estimated the C&DSW at
around 4.6 million tons, the MSW at 1.2 million tons, and industrial waste at around 47,200

tons.

The total solid waste was also reported by Alsulaili et al. (2014), utilizing data derived from a

report by the Industrial Bank of Kuwait covering the years 2002 to 2011 (Table 1; Figure 1),



and covers both MSW and C&DSW. Al-Essa and Al-Jarrallah (2014) reported similar figures
for the total municipal waste as shown in Figure 2. Statista (2018) reported that the total
solid waste is currently around 12.64 million tons, distributed among different broad
categories as shown in Table 2, however, the source of their data is not known. If we take into
consideration the economic growth that took place during the period 2011 to 2015, and the

trends shown in Figure 2, the number reported by Statista could be close to reality.

In addition to the above, Al-Qallaf et al. (2016) provided data on the waste generated by KOC,
both hazardous and non-hazardous by all sites that are under the jurisdiction of the company.
Focusing on non-hazardous waste, KOC generated in 2014 and 2015, total amounts of 14,752

Tons and 13,894 Tons, respectively of non-hazardous waste.

Table 1. Waste Quantities in Kuwait (Alsulaili et al., 2014)

Domestic Solid Construction Total Solid Waste

Waste (Tons) Waste (Tons) (Tons)
2002 1,059,880 4,792,780 5,852,660
2003 976,185 3,797,770 4,773,955
2004 840,005 4,309,200 5,149,205
2005 836,610 4,718,370 5,554,980
2006 987,295 4,187,909 5,175,204
2007 1,000,565 3,926,280 4,926,845
2008 1,310,036 4,421,565 5,731,601
2009 1,153,233 3,606,804 4,760,037
2010 1,408,433 4,165,855 5,574,288
2011 1,350,645 6,897,786 8,248,431
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Figure 2. Estimated municipal solid waste generated and solid waste per capita (Aleisa
and Al-Jarrallah, 2014).

Categories of solid waste

The solid waste is broadly divided into construction and demolition (C&DSW), household or
municipal (MSW), commercial, and agricultural solid waste (ASW). The percentages are listed
in Table 2, which shows that the majority is construction and municipal wastes. The C&DSW
is mainly a mixture of demolished construction material of old and renovated buildings,
reclaimed concrete from ready-mix companies, or reclaimed asphalt pavement materials. A
number of studies attempted to classify municipal solid waste into different sub-categories
using different methods and waste classifications. The studies were conducted at different

years. Most studies were done using samples at origin and cover a large number of samples
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from different locations in the country. The results are shown in Table 3. It does not appear
that a survey was made of the categories at the closed or open landfill sites. KEPA is currently
conducting studies in this direction, but the details of these studies need to be clarified. For
non-hazardous waste generated at KOC sites, the company conducts a monitoring program,
which includes identifying the composition of waste. Figure 3 shows the distribution reported
by the company for 2015 (Al-Qallaf et al., 2016). Naturally Occurring Radioactive Materials

(NORM), oil contaminated sands and oil-based mud cuttings are excluded.

The above studies clearly indicate that in general, the municipal solid waste is composed of
nearly 45-50% organic/food, 15-20% paper/cardboard, 13-19% plastic material, 3-6%

glass, 3-10% metal/cans, and other materials 5-10%.

Table 2. Estimated Solid Waste in Kuwait by General Category in 2015 (Statista, 2018)

Type of Waste ‘ Amount (tons) Percentage ‘
Construction Waste 10,378,027 82.1
Household Waste 1,527,878 121
Commercial Waste 368,934 29
Agricultural Waste 364,620 29
Total \ 12,639,459 100 \

Table 3. Percentage of Measured Proportion of Municipal Solid Waste Compositions

Category of Waste Koushki & Koushki & Al- Alsulaili et Aleisa and Al-
Khaleefi (1998) Humoud (2002) al. (2014)* Jarrallah, 2014

Foodstuff 511 45.6 50 46

Paper/Cardboard 18.6 14.5 21 15

Plastic 13.4 16.0 13 -

Plastic (Nylon) - - - 12

Plastic (PET) - - - 7

Glass 4.5 4.7 3 6

Cans/metals 5 9.9 3 4

Textiles - - 5 -

Wood - - - 4

Other 7.5 9.3 5 6

Total 100 100 100 100
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Figure 3. Distribution of non-hazardous waste generated by KOC in 2015.

Waste Disposal Sites

There is currently a total of 20 landfill sites allocated for solid waste. All landfill sites are
managed and controlled under state regulations by Kuwait Municipality (KM) as the governing
body is solely responsible for collection and disposal of MSW. Table 4 provides a list of these
sites, their location, status, and type of solid waste handled. The location of the sites are
shown in Figure 4. Of these sites, 6 are currently active or open and 2 are in progress. Only
three of the open sites are allocated to MSW and C&DSW. The two sites which are in progress
are allocated to recycling and industrial liquid waste. The total area of the landfills is
estimated at 30 km? and with waste deposition depth varying from 3 to 30 meters. In addition

to these sites, there are few sites that are used by PAAFR to dispose of agricultural waste.
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Table 4. Landfill Sites in Kuwait

Name/Arabic

Operating

Year

Status

Remarks

1. | Sabhan Block 11 11 d=hs ylowo 1986 0.13 Closed Site of old building material dumping

2. | North of the Seventh Ring Road bl S5l Jlads 1986 6.27 Closed Site of old building material and liquid waste dumping

3. | Jleeb Al-Shuyoukh Eowidl cul> 1993 5.56 Closed Site of household, construction, oil and other liquid waste dumping

4. | East Sulaibiyah dodall Gyl 1987 0.24 Closed Site of old building material dumping

5. | Sulaibiyah dedall 1982 2.78 Closed Site of old household waste and liquid waste

6. | Al-Rai sl 0 0.21 Closed Site of an old asbestos factory with remnants of buried asbestos

7. | Wastern Yarmouk ooyl 0 0.42 Closed Site of old construction waste material

8. | Military base Sabhan/ Messila el / SxSausll oo 1984 23 Closed Site of building and household waste dumping

9. | Al-Qurain (EAST) ouall 1984 0.58 Closed Site of old building material and household waste under rehabilitation and
recycling for liquid and gaseous leachate

10. | Failaka Ko 0 0.34 Closed Site of old building material and household waste

11. | Egaila dls=ll 0 0.1 Closed Site of old building material and household waste

12. | Kabd Animal Waste Dumping Site Sl Ll ass0 84S 1999 0.32 Closed Site of buried remnants of cattle barns

dasldl

13. | South of the Seventh Ring Road gl 81l i 1992 Open Site of household waste and effluents dumping

14. | Shuaiba Asbestos Waste Storing Site Cearpedl (g duys il 2890 1984 0.29 Open Asbestos waste storing site

15. | Mina Abdulla 4i°JIA+c clivo 1991 111 Open Site of old building material and liquid waste

16. | South of the Seventh Ring Road - Kabd S = @bl 81l Cgin 2012 1 Open Site of buried remnants of cattle barns

17. | Al-Jahra clygxl 1986 1.98 Open Site of old building material and liquid waste

18. | Asbestos Dumping Site sl Gl &_agn 2014 1 Open New asbestos dumping site

19. | Al-Qurain ousall 1984 0.3 In progress Site of waste recycling and remediation under management and development
of Kuwait Municipality

20. | Industrial Wastewater Gathering Site - KM - Ll SLLaYl 2eaxs =890 0 1.14 In progress Industrial Wastewater

14

S14

(Source: http://data.beatona.net/dataset/landfill-sites/resource/1029fdc7-e129-4aa8-9a0e-9c96f044d8b0?view _id=81c9ec78-1cd1-4328-a73c-ee9e98eekifde)
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The three active landfills for MSW are South Seven Ring Road (SSRR), Mina Abdullah (MAB)
and A-Jahra. These landfills operate daily and all MSW of the country is buried within their
facilities. Cross-contamination from other waste components is also present in these sites,
where industrial solid waste and waste from electrical and electronic equipment (WEEE) gets
through their gates. The SSRR site is considered the main landfill site in Kuwait and has
processed over 976,995 tonnes of household solid waste (MSW) in the year 2015 according
to KM statistics. Fig. 5 shows the amount of landfilled waste within the active landfill sites in
Kuwait in the year 2015. Table 5 and Figure 6 show clear trends of an increase in the disposal
for the overall solid waste, as well as each of the main four categories disposal with respect to
each landfill over the past decade in Kuwait. Future plans within Kuwait also include the
establishment of one sanitary landfill site that is dedicated for MSW activities and might
result in closing one or more of the current active landfills. This announcement has embarked

state level controversy as to rehabilitating present active landfills in Kuwait.

2,500,000

| Al-Jahra

Seventh Ring Road
2,000,000 -

| Mina Abdullah

1,500,000

1,000,000

500,000

Total Landfilled MSW (tonnes)

CSW HHSW B&C SW Agri. SW

Figure 5. Landfilled Solid Waste Capacity in Kuwait (2015). Note: CSW: Commercial
Solid Waste, HHSW: Household solid waste, B&C SW: Building & Construction Solid

Waste, Agri. SW: Agriculture Solid Waste. Source: Al-Salem et al. 2018a.
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Table 5. Landfilling Capacity (million tpa) of the Three Active Landfill Sites in Kuwait.
Source: Al-Salem (2017).

Year Seventh Ring Road (South) Al-Jahra MAB

HHSW B&C Comm. | HHSW B&C Comm. | HHSW B&C Comm.
& Agri. & Agri. & Agri.

2005 0.46 1.27 0.13 N/A N/A 0.67 0.18 0.79 0.05
2006 0.77 293 0.23 0.03 0.07 0.99 0.17 0.93 0.055
2007 0.80 1.50 0.50 0.07 0.08 0.19 0.13 0.37 0.04
2008 0.91 0.74 133 0.22 0.04 0.69 0.17 0.37 0.07
2009 0.71 1.38 0.43 0.23 0.05 0.86 0.20 0.07 0.69
2010 0.89 1.34 0.37 0.28 0.06 0.87 0.22 0.09 0.85
2011 0.84 135 0.28 0.28 0.08 0.93 0.22 0.10 1.03
2012 0.87 147 0.31 0.28 0.07 0.71 0.26 0.11 0.87
2013 0.87 143 0.28 0.33 0.11 0.59 0.27 0.12 131
2014 0.98 1.87 0.34 0.25 0.14 1.22 0.25 0.11 227
2015 0.97 237 0.43 0.24 0.16 1.22 0.31 0.14 2.28
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Figure 6. Annual Solid Waste Generation Rates Considered in This Work. Note:
Secondary Axis Depicts Construction Solid Waste Generation Rate Adjusting to

Considered Unit For Ease In Readability. Source: Al-Salem et al. (2018c)
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4, Main Stakeholders and Overview of their Actions

Kuwait Environment Public Authority

KEPA is the main government body responsible for managing solid waste. In accordance with
Law Number 42/2014 and the revisions Number 99/2015, Articles 28-37 and Article 39
address various aspects related to solid waste management. Within the administrative
structure of KEPA, the Waste Management Department (lalsell 8,l3]) is assigned the
responsibility of all functions related to solid waste monitoring and management. The
Department is a unit within the Environmental Monitoring Directorate. The Department
include 4 sections: The Waste Disposal, The Municipality Waste, The Medical Waste, and the

Commercial/Industrial Waste Sections.

KEPA has initiated several initiatives that aims at improving the management of Kuwait

environment. Among these initiatives:

a. eMISK - Environmental Monitoring Information System of Kuwait. The system is
already populated with extensive data, and is planned to be continuously populated
with data, so that up-to-date data becomes available to the public at all times. eMisk

is accessed at http://www.emisk.org/emisk/.

b. Beatona — Our Environment Website (http://www.beatona.net/), which provides

access to various data (http://data.beatona.net/) including data related to waste:

http://data.beatona.net/group/waste

The concerned department within KEPA is currently working on a major project entitled “A
waste management plan for the State of Kuwait - eMiskWaste Project”, in collaboration
with the Fraunhofer UNSICHT Instiute Branch Sulzbach-Rosenberg, which is part of the
German Fraunhofer Society. The size of the project is reflected by its budget, which is
estimated at around EURO 18 million for a duration of 4 years starting January 2017 and
ending in 2021. The details of the project are schematically described in Figure 7, and it

consists of 4 phases:

— Phase 1: Inventory and collection of primary data. The project will provide a

comprehensive inventory and collection of primary data. In addition to municipal
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waste, commercial and industrial waste, construction waste, agricultural waste,

hospital waste, industrial waste-water and sewage sludge will be examined with regard
to volume, composition, sources and disposal routes. The objective is to find out in
detail the quantities of waste and its composition, what routes the waste takes and

what the condition of the landfills are. A sorting station was commissioned at Jleeb

landfill in October 2018.

Phase 2: Exploration of the landfills. The landfills will be explored with regard to their
extent, composition and the hazard potential for humans and the environment. In
addition to the simulation of landfill gas and seepage water quantities. Drilling was
carried out and gas, seepage water and groundwater measuring points were set up.
Furthermore, geophysical investigations were carried out and waste samples are taken.
Phase 3: Creation of a web-based, interactive database showing the waste and landfills.
A web-based, interactive geoinformation system (eMISK) is being developed to make
the data usable for authorities and government and to inform the public. This system
will enable individualized situation analyses, graphical data evaluation and the
localization of waste producers, waste treatment plants and landfills. In addition to
statistical data and results of laboratory analyses, data from various sensor systems -
such as odour emissions recorded in real time in the vicinity of landfills and treatment
plants - are fed into the system online. The main task of the project is to create a
database showing the waste and landfills in the country. The system provides real-
time data on the environmental situation of all landfills and waste facilities. In addition,
the eMISK monitoring system should display exceeded limit values or make the path
of the waste visually traceable - via smartphone.

Phase 4: Preparation of a national waste management plan / roadmap. The last phase
of the project will work on developing a national waste management plan for the
country. The existing legal framework will be further developed and a financing model
for the implementation of the waste management plan will be created. A roadmap will
set waste management targets, indicators and action plans for the implementation of
waste prevention and recycling measures and for the remediation of landfills over the

next 20 years.
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Figure 7. The eMISK waste project currently conducted by KEPA and Fraunhofer
UNSICHT Institute.

Kuwait Municipality

Kuwait Municipality is responsible for collecting, transporting and disposing of the solid waste
generated in Kuwait. It is also responsible for managing and operating the landfill sites. The
required work is conducted through contractors under the supervision of the Municipality
staff. The lack of material recovery facilities (MRFs) poses a problem to KM. It has taken into

account the recommendations of KISR/Italian conducted workshops of recent years (2016,
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2017 & 2018) and sub-contracted recently private companies to segregate recylables before

SW disposal. The concerned units are under the Directorate for Environmental Affairs, which

includes two Departments for Waste Treatment and Solid Waste Landfill. The responsibilities

of the Directorate as stated in the website are as follows:

Work to verify the implementation of the strategy adopted by the municipality to
manage waste and work on developing and improving it to improve its level in order
to protect and preserve the environment.

Conduct studies related to waste management in terms of landfill sites and supervise
the implementation of contracts related to waste management.

Verification of the technical methods used in the treatment of waste in all sites
supervised by the Department of work related to waste management.

Work on developing the technical means used in the treatment of waste in all sites
supervised by the Department of work related to waste management.

To work out the appropriate methods for waste disposal in accordance with the
scientific principles applied in this regard.

To take all the executive procedures related to waste management, methods of
treatment, utilization and disposal methods in coordination with all relevant concerned

authorities.

In May 2018, KM commissioned the World Bank to conduct a project entitled “Kuwait

Municipality (KM) Waste Management Planning Project” that addresses the MSW. The

project budget is around KD 574,000 for a duration of two years. A working group was formed

with representatives from KM, KEPA, Ministry of Finance, KISR, KU, Ministry of Education,

and Ministry of Information. The project has the following components:

Component 1 - Support on Municipal Waste Planning and Inputting to the National Waste
Strategy: This task aims to organize and facilitate the planning process in KM , and in
identifying the core elements of an interim Municipal Waste Action Plan which will address
its municipal solid waste responsibilities within the framework of the Environment

Protection Law, ensure the continuing development and improvement of the service
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moving towards accepted international good practice with improved management of risks,

and place the service on a more strategic footing for the longer term.

— Component 2 - Support in Developing a Community Engagement Strategy on Waste

Management: This task aims to develop a comprehensive and integrated approach to

community engagement related to MSWM for KM.

— Component 3 - Support the Development of Waste Information system: This task aims to

support in developing an integrated waste information system for KM.

The project is in progress and is expected to be completed in 2020. The World Bank is seeking

support and consultations from international consulting firms to execute the project.

Ministry of Public Works (MPW)

MPW plays an important role related to solid waste in the country that span different

directions:

Responsibility for the sewage water network, hence, it can set and impose guidelines
for the quality of sewage water generated from health care facilities and other
commercial enterprises to ensure better quality sludge produced at the wastewater
treatment facilities

Wastewater treatment and the quality of the sludge produced

Disposal of sludge, but it does not have currently an appropriate route for disposal;
hence, the sludge is being disposed of at landfills, although it has the potential of being
used as fertilizer and soil modifier for greening.

The generation of construction and demolition solid waste from public facilities
Setting up the specifications for materials and products that are used for public
construction works, which currently favors the use of virgin materials over recycled

materials.

Public Authority for Industry (PAI)

The PAl is the authority in charge of three important activities that are related to solid

waste:
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1. Kuwait Standards and Specifications, which regulates both imported materials as well
as setting standards for recycled materials and their usage. Accordingly, Ministry of
Trade and Industry is imposing ban on certain material and is emphasizing eco-
labelling on imported goods.

2. Monitoring the proper handling and disposal of all industrial waste including solid
industrial waste.

3. Authorizing and issuing licenses for recycling industrial projects, and allocating lands

in industrial areas, if the factory is located outside landfill areas.

Industrial Bank of Kuwait (IBK)
IBK plays an important role in supporting solutions that can lead to the reduction of the

solid waste. These include:

1. Providing loans to private sector waste recycling and conversion industrial
enterprises
2. Provide vital data and information concerning the performance of the recycling

industry

The interest of the bank is reflected by the study that was conducted in 2010 (IBK, 2010)

Kuwait Petroleum Corporation and Affiliated Companies

Kuwait Petroleum Corporation and its affiliated companies handles all of their waste. Most of
the waste generated by the companies is industrial waste, which is handled by the HSE
Departments within each company. KOC has its own waste management system that covers
all waste generated from the sites that are under the jurisdiction of KOC, which covers a wide
area within the country. The management system covers both hazardous and non-hazardous
waste. For the non-hazardous waste, KOC collects the waste and keep track of the quantities
of all waste generated and disposed of. According to KOC, the generated waste is categorized
and segregated into recyclable and non-recyclables (Hazardous & Non-Hazardous) waste.
The recyclable waste is carried out by segregating all the recyclable materials, which all are
bailed and sent to recycling companies. The food waste is mixed with organic waste using a

compost machine and the composite organic waste is being used as fertilizer (Al-Qallaf et al.,
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2016). For the hazardous waste, the challenges are mostly associated with the solid waste

that has some radiation.

Kuwait Institute for Scientific Research

KISR has three programs that addresses challenges related to solid waste These programs

are:

1. The Environmental Pollution & Climate Program (EPCP) focuses on waste management
research, valorisation and disposal. The research activities in the program have focused in
recent years on various research aspects in this area which touches base on the energy
sector and environmental management. The first of these areas is the mechanical
treatment and product development from solid waste. The second is valorisation of solid
waste of organic nature, in terms of product and energy recovery. The EPCP has also
conducted environmental monitoring of landfill sites, sludge management and emission
inventories related to waste management activities in Kuwait. In addition, good progress
has already been made to establish dedicated laboratories, stations and pilot plant
facilities under the “Waste Management Research Unit (WMRU)”, that aims at supporting
research related to solid waste recycling and final disposal. The WMRU include a dedicated
laboratory for waste characterization that encompasses mechanical and thermal profiling
units, in addition to, physical and chemical characterization. In addition, Pilot Plant Scale
Facilities that support research related to fluidization, incineration, plastic solid waste
processing, thermo-chemical treatment, and computer aided processes & simulation. In

addition, a number of research projects have been completed including:

e Mechanical and Physical Evaluation of High Content Waste/Virgin Polyolefin Blends Exposed to
Natural and Accelerated Weathering.

e Thermal and Morphological Study of Post Accelerated Weathering Virgin/Waste Polyolefin
Blends.

e Investigating Biodegradable Bags Standards and Properties Under Kuwait’s Environmental
Conditions.

e Setting Up Technical Laboratory/Pilot Plant Protocols for Thermo-Chemical Treatment (TCT)

Pyrolytic Practices.
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e Collaborative research activities between EPCP and other KISR programs in studying Life Cycle
Assessment (LCA) of feed production utilizing greenery and agricultural residues and their
evaluation for livestock.

¢ International Collaboration with Italian Institutes and industries in WM activities, for organic
and farm waste management at Kabd Area (Ongoing).

¢ International collaboration in development of industrial waste and spent catalysis operation,
valorization and management of Kuwait by EPCP, London South Bank University, University
College London, University of Birmingham and Campania University (Ongoing).

e Establishing Waste Management Research Unit (WMRU) P-KISR-06-11 (Ongoing).

e Solar Powered Fast Pyrolysis for Producing Bio-Oils from Municipal Solid Waste In The State

Of Kuwait EM103C (Ongoing).

Moreover, over 25 on-job training for both KISR and professionals from KU, K-Companies
and other parties, were offered since 2015. Furthermore, four technical workshops and
forums were organized between the years 2016 to date (Al-Salem, 2017; 2018; Al-Salem
and Sultan 2019). In addition, a number of specialized short courses were organized and
delivered including:

e Plastics & the Environment (3 times offered since 2014)

e Energy Recovery from Plastic Solid Waste (PSW)

e Go Green Initiative Project - Citizen Science & Waste Management

e Plastics Degradation & Recycling

e Over fifteen (15) public lectures for waste management and awareness since 2015

For agricultural waste, the Desert Agriculture and Ecosystems Program focuses on various
techniques and research on valuable byproducts from composting of agricultural wastes
which include poultry waste, plant wastes, animal mortality wastes, yard wastes, etc. A
number of projects have been conducted and successfully completed in association with
KFAS under this umbrella such as:

e Formulation and Standardization of Plant Growth Media Using Indigenous

Materials
e Composting Poultry Waste

e Dead Animal Disposal (Sheep) (On-going)
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Development of Nutritional and Biodegradable product to Improve Stability and
Fertility of Sandy Soil (On-going)

Investigating the adaptation of composting technology for horse manure in Kuwait
(On-going)

Composting Agricultural Waste Including Animal Mortalities planned with PAAFR

The Energy & Building Research Centre (EBRC) through its Construction and Building

Materials Program focus part of its activities on waste building material. This line of work

has been active for over 20 years. The following is a list of projects that reflects the efforts

that is being made by the researchers associated with this program:

Sustainable Use of Reclaimed Concrete Aggregates in Asphalt Pavements
Surface Enhancement of Recycled Concrete Aggregates by the Removal of
Attached Mortar Approach

Engineering Characterization of Microfines in Local Sand

Production and Characterization of Synthetic Ceramic Lightweight Aggregates
Utilizing Kuwaiti Argillaceous Materials

Suitability of Coarse Recycled Aggregates from Construction Waste in Producing
Interlocking Concrete Paving Blocks (On-going)

Applying Sulfur Concrete Technology to Produce Precast Concrete Units in
Kuwait

Utilization Of Sulphur Extended Asphalt (Thiopave) to Improve Asphalt Paving
Mixtures in Kuwait

Environmental Impact of Unsafe Disposal of Oil Based Mud Cuttings Generated
from Qil Well Drilling

Assessment of Current Construction Demolition Procedures

Utilization of Fly Ash Based Compound for Containment of Oil Contaminated
Soils

Utilization of Waste Tires in Pavement of Rubberized Asphalt Roads (On-going)
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The research is this area has resulted into a patented process for using multiple streams of
waste material to produce light weight aggregate. It also led to the field application of some

of the developed technologies.

Kuwait University
A number of Kuwait University faculty has been involved in researching solid waste and have
published numerous papers related to the subject. Most of the research is related to

monitoring and modelling.

Kuwait Foundation for the Advancement of Sciences
KFAS have been involved in supporting and funding research projects related to solid waste.
Most of these activities are aligned with the Environmental Program, which KFAS supports. A

list of these projects is shown in Table 6.

Kuwait Environment Protection Association
The society can play an important role concerning solid waste but currently has no related

activities.

Table 6. List of Research Projects on Solid Waste Funded by KFAS

Project

Project Code  Affiliation (EN) English Project Title

Status

Study of the Environmental Pollution from

1992-1401-05 | KISR Landfill Sites Receiving Wastes Generated Completed
During Iraqgi Invasion
Kuwait Municipal Solid Waste Management in Kuwait -
1998-1508-04 | Municipality Assessment of Municipal Solid Waste Collection Completed
(KM) and Transportation

Utilization of Cardboard and Poultry Waste from
1980-1207-08 | KISR Municipal Solid Waste and Poultry Farms as Completed

Animal Feed

Industrial Bank | The Economic Utilization of Waste in the State
2008-1508-01 Completed
of Kuwait (IBK) | of Kuwait

Mechanical and Physical Evaluation of High
P215-44EC-01 | KISR Content Waste/Virgin Polyolefin Blends Exposed | Completed

to Natural and Accelerated Weathering
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Kuwait Utilization of Dates Seeds as Waste Material in
PN18-15EV-05 Ongoing
University (KU) | The Treatment of Wastewaters

Pyrolysis of reclaimed plastic solid waste from a
PN18-14SC-04 | KISR Completed
landfill site in Kuwait

5.Current Status of Solid Waste Treatment in Kuwait
The majority of solid waste ends up in landfills. However, a relatively small percentage, which
is not well-defined ends up recovered or recycled. The following is a briefing of the current

solid waste treatment in the country.

Waste export

Currently, a small percentage of plastic waste materials of all types are being collected and
exported to other Arab countries, such as Lebanon, Jordan and Egypt (Koushki et al., 2004).
The quantities exported vary with market price and the environmental laws imposed in both
Kuwait and the importing countries. Most collection is done by scavengers working either at

origin or at landfills.

Incinerators and treatment
There are three facilities that are already established in this category. No details are available

on these facilities in the public domain. These facilities are:

e Shuaiba Medical Incinerator. According to Al-Fares (2013), this incinerator is located
in Mina Abdullah Industrial Area and operated by Ministry of Health. It receives
medical waste from public and private hospitals. The waste is incinerated, and the
bottom ash and fly ash are removed, temporarily stored in the facility, then
transported and disposed off at the industrial sanitary waste landfill located in
Shuaiba.

e Electrical Power Station at Al-Qurain Landfill BLF (BLF 3 4S50 gl dlall sdgs dlaxo
o8l p3s0)

e Leachate Water Treatment Station (,(d=&l,Jl sleall dJlzo dlaxs also located at Al-

Qurain
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Recycling establishments in Kuwait

The number of establishments for waste recycling in Kuwait has been growing. The Ministry
of Trade and Industry has a list of 33 companies registered as establishments for processing
and recycling solid waste; however, it appears that most of the companies listed do not have
recycling facilities. Hence, they are probably either inactive or are involved in trading with solid
waste. KEPA has also a list of 26 companies, which presumably are involved in some activities
related to waste recycling, collection or exporting. Table 7 provide a list of these companies,
their contact details and their areas of specialization. The number of companies that are

specialized in the main categories of solid waste are as follows:

Rubber Tyres: 1 Company
Plastic Recycling: 6 companies
Paper/Corrugated Cardboard: 5 companies

Construction/Demolition: 2 companies

Glass: 1 Company

It should be noted that some of these companies may not be active. Furthermore, actual
information on plant capacity and the amounts of recycled solid waste is not readily available.
Overall, the amount of waste which is being recycled is only a small fraction of total waste
generated. It is also perhaps important to highlight some of the conclusions that the IBK
(2010) study concerning waste recycling. The study estimates that 39% of MSW is recyclable,
and the size of recycling business in 2008 is estimated at KD 25-40 million. Table 8, which
was extracted from the IBK report provides estimates of the recyclable potential and actual

recycling in 2008/2009.
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Table 7. Industrial Installation for Municipal Solid Waste Recycling (Source: https://epa.org.kw/RecycleFactory))
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Table 8. Assessment of the likely range of theoretical waste recycling potential and

estimation of actual recycling potential (IBK, 2010)

Estimate of Estimate of % Recycled Estimate of
Potential Realistic
(kton/year) Recycling %
Objective
Paper/Cardboard 400-500 ~5-15% (~20-75,000 t/y) 30%
Textile 60-70 ~5-10% (~3-7,000 t/y) 30%
Plastic 200-600 ~10-15% (~20-90,000 t/y) 20%
Glass 40-50 ~5-10% (~2-5,000 t/y) 40%
Metal (from MSW) 60-90 ~15-20% (~9-18,000 t/y) 50%
Organic (food & 500-700 ~0-5% (~0-35,000 t/y) 50% (compost)
Greenery
Other Non-organic 70-100 ~0-5% (~0-5,000 t/y)
Car Tyres 1.5-2 milion tyres/y ~5-15% (~75-300,000 80%
tyres/y)
Car Body Scrap 100-150,000 ~10-30% (~10-45,000 95%
cars/y cars/y)
Car batteries 300-500,000 ~10-30% (~30-150,000 90%
units/y units/y)
e-Waste 3-10 ~10-15% (~0.3-1.5 t/y) 50%

Research Efforts Post 1990 on Solid Waste

Since 1990, around 66 papers, books, chapter in books, patents and workshop presentations
related to solid waste have been published. A list of these publications is found in Appendix 2.
There are probably some publications that have been overlooked. The publications fall into

the following subjects related to solid waste:

Solid waste survey by amount, main categories and sub-categories: 13 papers
Modelling: 2 papers

Management and recycling: 34

1
2
3
4, General & public awareness of solid waste problem: 7 papers
5 Environmental information system: 6 papers

6

Environmental impact of solid waste: 4 papers
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6. Preliminary Comparison of Kuwait Waste Generation/Management with

Other Countries

Table 9 shows a selection of developed and developing countries MSW generation rates (kg
per capita per day). The rate of MSW generation is lower than USA and Canada, and
comparable to most other countries. One tangible fact can be withdrawn from the estimates
of MSW generation shown is that the more prosperous and well established a country is
economically, the higher the generation rate is. And it is also worth noting that countries with
a well-developed industrial scheme and infrastructure that can handle MSW will have less of
a SW generation rate. The State of Kuwait can be noted to be the highest within countries of
the MENA region as shown in Table 8. Lifestyle, urbanization and social behavioural aspects
of nationals and expatriates alike make SW generation a concern in Kuwait. Organics (with a
major share of household food items) are generated at a rapid rate with estimates showing
its daily production rate as 142.6 tonnes. However, and compared to other countries, organics
are noted to be in the range of many other developed and developing countries. It might even
be lower than other Asian societies. On contrast, plastic solid waste (PSW) generated from
municipal sources encompassing households and commercial ones, represents a higher
fraction of the world’s average total waste load (10%) which is estimated in Kuwait to be over
18% in some studies (Al-Jarallah and Aleisa, 2014). Other MSW fractions are produced at a
rate of some 165 tonnes per day, with an estimated waste from electrical and electronics
equipment (WEEE) generation rate of about 17 kilograms per person per annum. This is
considered as an added component to plastic waste in Kuwait not part of the MSW stream.
These estimates are all on the increase, where past PSW generation rates shows that Kuwait
produced only 150 ktpa back in 2001 (Al-Meshan and Mahros, 2001), and 200 ktpa in 2015
(Al-Salem et al.,, 2015).

The World Bank provided a comprehensive report recently that describes the status of solid
waste in the world and projection till 2050 (Kaza et al., 2018). Kuwait is classified in the report
as one of the high-income countries. The waste disposal in this category of countries vs other
categories is shown in Figure 8. According to the figure around 40% of the solid waste end in

open dump and landfills. Obviously based on current waste disposal practices, Kuwait
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performance is significantly below the levels of performance of other high-income countries,

and is closer to the performance of low-income countries

Table 9. Collection of Municipal Solid Waste Generation Rates In Developed and Developing

Countries. Source: Al-Salem (2019).

Total Composition (%)

Generated Organics | Plastics Paper Metal Other
MSwW
(Kg Per Capita
Per Day)
Algeria 121 70 10 5 5 39
Argentina 1.22 40 14 24 2 20
Bahrain 1.10 N/A
Belgium 133 39 5 17 3 36
Brazil 1.03 61 15 15 2 7
Canada 233 24 3 47 13 14
Czech Republic 1.10 18 4 8 2 67
Egypt 1.37 60 12 10 - -
Germany 211 14 22 34 5 24
Italy 2.23 29 5 28 2 35
Lebanon 118 63 7 18 3 9
New Zealand 3.68 56 8 21 7 8
Saudi Arabia 1.30 N/A
Qatar 1.33 N/A
Syria 1.37 65 12 10 2 11
Turkey 1.77 65 14 7 6 7-24
United States 2.58 25 12 34 8 21
Kuwait 1.40 46 18 7 4 25
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Figure 8. Disposal methods of different countries by income.

7. Strategic value and benefits to Kuwait

Relevance to KFAS strategic plan

KFAS strategy 2017/2021 listed environment as one of the national priority areas of research
that KFAS is planning to support. There are numerous environmental issues that are
important to the country. KFAS has emphasised waste management as one of the three main
research priorities as of recent years. However, taking into consideration the challenges
related to solid waste that the country is facing as presented in this report, it appears that
the development of a scientific and technical agenda that addresses these challenges is in
conformity with KFAS Mission as defined in its strategy, namely “Stimulate and catalyse the
advancement of ST/ for the benefit of society, research, and enterprise in Kuwait” The
development of effective solutions to the problems associated with solid waste will have a

strong impact on all segments of Kuwaiti society.

Relevance to sustainability, economic development and quality of life in Kuwait

This report clearly identified the solid waste problem as one of the national priorities that
should be addressed by the Kuwaiti society. As indicated in the introductory sections of this
document, the solid waste is leading to serious land degradation taking into consideration the
limited availability of land for urban expansion. It is also impacting the environment of the

country through the emissions that are produced from landfills. They are also potential source
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for pollution to the limited underground water resources available in the country.
Furthermore, landfills will potentially impact the health of the residents in nearby residential
areas. Finally, solid waste is an economic loss of resources that can potentially be recycled or

transformed into useful products, such as gravel, aggregates and fuels.

While solid waste is a global problem, the nature of solutions that are required to be adopted
by each country, or even each community, depends largely on the specific constraints that the
community has. Hence, solutions cannot be simply imported and adopted. They require to be
adapted, and perhaps new creative technologies may need to be developed. Furthermore, it is
very important that when solutions are adopted, both economic and environmental

considerations should be taken into account.

The constraints in Kuwait concerning the approach to solve the solid waste problem are
perhaps among the stringiest worldwide. The land is restricted, the water resources are scarce,
and the available resources to support sustainability are limited. Hence, adopting a long-term

goal of zero-solid waste seems to be inevitable.

8. Roadmap for moving forward

Gap analysis

Based on the information presented in this report on the status of solid waste in the country,
a number of technical and scientific gaps were identified, which are negatively impacting the
progress towards the development of cost-effective solutions to the solid waste problem in
the country. However, it appears that both KEPA and KM are already addressing some aspects
of these gaps. Table 10 presents these gaps as well as an assessment of whether an

intervention is already in progress or further work is required.

Table 10. Technical and Scientific Gaps of the Solid Waste Problem in Kuwait

Identified Gap Comment

a. Waste Management Philosophy. The main gap is the lack of a | This gap is apparently being
solid waste management philosophy that is based on | addressed by KEPA through

benchmarking with other developed and high-income countries, | the project, which is
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and outputs of applied research. Although, KEPA is working on
developing the national solid waste strategy, however, extensive
research work is required from all S&T institutions in the country
to support KEPA in developing a strategy that incorporates

sustainable solutions covering the needs of the country.

currently being conducted
with Fraunhofer, and will
lead to the development of a
long term strategy. Hence,
KFAS is not expected to

have a role

Quantification of Solid Waste. While waste composition is
generally not very critical for MSW, since the composition is very
similar across countries, but the composition differs significantly
for C&MSW and industrial waste. Nevertheless, and despite the
efforts that has been made over the past 20 years concerning the
solid waste in the country, the data is not adequate to permit the
development of a detailed plan to address the problem. KEPA has
already initiated a systematic effort to generate the required data.

Further support is required from all stakeholders to address the

following issues:

— The amounts, types of waste, and suitability of waste in closed
and open landfills, including data on WEEE, which is a growing
problem

— The variation of solid waste generated from different
communities within the country to develop improved
forecasting of solid waste generation taking into account area,

societal and economic data and regression analysis

This gap is being addressed
by KEPA through the
project, which is currently
being conducted with
Fraunhofer. It is also
apparently being addressed
by KM in its project with the

World Bank

Setting up standards that leads to solid waste reduction. In
most high income countries, efforts are being made to reduce the
waste by adopting standards for products that can effectively
reduce the amount of waste generation. The following gaps
currently exists:

— Standards for alternative plastics material for multiple use,

and for fast bio-degradation
— Standards for more durable tyres

— Standards for more durable building material

It does not seem that this
gap is currently being
addressed by the
stakeholders, and further

research is required.
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The socio-economic impact of current practices of solid waste

disposal. Despite the general perception that solid waste is a

growing problem in the country, the exact long term socio-

economic impact of the problem is not well defined. The specific
issues that need to be addressed include:

— The impact on Kuwait development, sustainability and
environmental performance taking into consideration various
international agreements

— The effect of current disposal practices on Kuwait
Municipality plans for land utilization

— The long term health impact of current solid waste disposal
methods

— The real cost on the society and the government of current

waste disposal practices

It does not seem that this
gap is currently being
addressed by the
stakeholders, and further

research is required.

Public awareness. The public awareness of solid waste problem is
not adequately addressed. There is prospect to reduce the size of
the problem through changes of social behaviour and attitude,
emphasizing waste reduction and re-use. The current gaps that
exist include:

— ldentification of the most effective public awareness methods

that should be adopted
— A long term plan that can effectively lead to changes in

behaviour

Almost no publications are
available. KM through its
project with the World Bank
will apparently work on this
issue. However, additional

work may be required.

Collection and segregation of solid waste practices. The current
methods used in collecting solid waste are conventional methods.
Methods used in other high income countries needs to be
reviewed and analyzed to identify potential better practices. The
key issues that need to be addressed are:

— Novel methods of collection and segregation that are tailored

to Kuwait constraints

It does not seem that this
gap is currently being
addressed by the
stakeholders, and further

research is required.
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— Assessment of potential of the required technologies to
reduce the risks of some solid waste at source, e.g. the
wastewater from hospitals, which is currently directed to
wastewater treatment plants and results in having the
generated sludge being disposed of in landfills rather than
recycled, despite its good potential as a material for sandy soil

treatment (Appendix 3).

The solid waste recycling industry and its potential for growth.

The solid waste recycling industry is still limited, and its capacity

is much lower than the rate of waste generation. The main gaps

are the following:

— ldentifying the best approach for treatment and reduction of
organic solid waste. Currently, most developed countries are
reducing organic solid waste through thermal conversion
(pyrolysis) converting it to fuels. For Kuwait to adopt this
approach, pilot plant and semi-industrial scale data are
required to define the costs associated with applying relevant
technologies in the country

— An assessment of the current recycling companies aimed at
identifying the problems that the industry is currently facing

— Identification of new industries and technologies that can
potentially be applicable to Kuwait and the development or
the adaptation of technologies for recycling that better suits
Kuwaiti constraints

— The development of new products from raw materials that can
be generated through solid waste recycling

— Optimizing the cost of production of current recycling
industrial enterprises

— Working towards the development of a consortium of all
stakeholders pilot plants that aim at developing appropriate

technologies that best suit the country

It does not seem that this
gap is currently being
addressed by the
stakeholders, and further

research is required.
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h. The legislative and legal framework and its adequacy in | It does not seem that this
addressing the solid waste problem. The handling of the solid | gap is currently being
waste in the country was initially the responsibility of Kuwait | addressed by the
Municipality. While KM still carries a major responsibility for | stakeholders, and further
collection and ownership of landfill sites, KEPA is playing a greater | research is required.
role as specified in its new law. Some of the gaps that are identified

include:

Assessment of overlap of responsibilities between different

stakeholders and streamlining the procedures to support fast

decision making

— Identification of factors that are hindering the
implementation of Articles 30, 31, 33, and 39

— Protocols and regulations to certify contractors for building
demolition and solid waste collection, which ensures that their
practices do not aggravate the problem. For example, current
practices of demolition contractors lead to high percentage of
C&DSW fines when metals are extracted, which can be
avoided.

— Development of standards for recycled products that suits
certain applications in the country

— Development of regulations to support the usage of recycled
solid waste products.

— Other legislations and regulations include technical issues,

such as:

¢ Banning/ support of certain materials
¢ New technologies waste to energy
e Concepts f circular economy

e Cradle to Cradle

Outline of the potential actions needed to solve the solid waste problem
Taking into consideration the active roles that KEPA and KM are assuming to address the

solid waste problem in the country and the projects that are currently in progress with
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Fraunhofer UNSICHT and the World Bank, KFAS can play an important but a limited role to
accelerate the progress towards resolving the problems associated with the solid waste
problem in the country. The proposed interventions are summarized in Table 11, and are
aligned with KFAS Strategy 2017/2021. The potential stakeholders with whom KFAS is
proposed to collaborate are also listed for each intervention. KFAS will partner with KISR, KU,
Private Universities, and other public and private institutions in implementing the proposed
interventions. Table 12 lists also a number of low hanging fruit projects that will yield results

in the near future. The focus of KFAS support should be on projects that will:

M solve the problem in the near future with tangible results,
(ii) create a green image for KFAS within the next three years, and

(iii) lead to tangible results that various stakeholders and clients can relate to.

The suggested projects revolve around valorising the SW component of Kuwait with new
market development and product development opportunities, whilst reducing the
accumulation and generation of SW. A clear emphasis should be given on product recovery
encompassing fuel and energy from MSW as a main thrust for Kuwait, whilst reducing both
generated and accumulated waste. The emphasis should be given to waste dealt with by
consumers on a daily basis namely the major share of MSW (Food, plastics, organics,
etc)/agricultural waste, and C&DSW. The suggested projects should also complement KEPA,

KM, and other stakeholders’ efforts to address the problem.

Table 11. Proposed Interventions by KFAS to Address the Solid Waste Problem in

Kuwait

Proposed Action Targeted Gap Collaboration with

Other Stakeholders

1. Research  Support under | Setting up standards that | Public Authority for

Program 1 Thrust Area 2. The | leads to solid waste | Industry and Ministry of

Research  Directorate  will | reduction. Trade and Industry.
stress the topics related to | The socio-economic | KEPA and KM
solid waste in future “Call for | impact of current

41



Proposals” to direct
researchers in Kuwaiti
institutions to address relevant

problems

practices of solid waste

disposal.

Collection and
segregation of solid waste

practices.

KEPA and KM

The legislative and legal
framework and its
adequacy in addressing the

solid waste problem.

KEPA, KM, and Public

Authority for Industry.

Technical and research support
under Program 3 Thrust Area
3. The Innovation and
Enterprize Directorate will
direct efforts towards the
needs of local recycling
industries and will develop an
awareness seminar program

targeted towards this industry.

The solid waste recycling
industry and its potential

for growth.

Selected local recycling
industrial
establishments, the
Public Authority for
Industry, Kuwait
Industrial Bank, and the
National Fund for Small
and Medium

Enterprises.

KFAS affiliate, the
Advancement of  Science
Publishing and Distribution
Company will issue
publications aimed at different

categories of the society

Public awareness: all

segments of the society.

KEPA and KM

KFAS affiliate, the Kuwait
Scientific Center will include
exhibition  programs  and
events related to the waste

solid problem

Public awareness: all

segments of the society.

KFAS affiliate, the Sabah Al-
Ahmad Center for Giftedness

and Creativity will develop

Public awareness: youth

and inventors
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programs aimed at solid waste

problem

Table 12. List of Low Hanging Fruit Research Topics to Address the Solid Waste Problem in

Kuwait.

Sr. No.

Project title (theme)

Main objectives

Timeframe

Solid Waste Management

technical action plan for SW
valorisation and management in

Kuwait

industrial sector in managing and
developing products from SW,
whilst reducing environmental

burdens

1 — Determining the composition | 1-2 years
Determining the composition and of HHSW and commercial
physio-chemical properties of SW in Kuwait.
waste generated in Kuwait _  Data-banking properties and

major parameters that
influence the waste in
Kuwait
*This feeds into KEPA and KM
strategy development

2 Benchmarking with international | Developing general guidelines to | 1-2 years
practices in support of KEPA support Kuwait waste solid
effort to develop a national strategy
strategy

3 Development of biodegradable Developing standards for 1 year
polyolefin based bags standards plastics to ensure accelerated
for the state of Kuwait degradation under Kuwait

ambient conditions

4 Development of biodegradable Comparing thermo-plastic 1-2 years
plastic products as a means for starch and oxo-biodegradables
waste management and in a Kuwaiti context, after
mitigation of associated impacts. | developing the blends applicable

for the state of Kuwait and
optimising process conditions.
5 Development of an overview | Scenarios that incorporate | 1.5 — 2 years
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Municipal Solid Waste

6 Micro and pilot scale thermo- Determining potential and 2-3 year(s)
chemical treatment for fuel commissioning a pilot unit and
recovery from ELTs in Kuwait semi-industrial unit for fuel
recovery from ELTs
7 Utility generation from Electricity and heat recovery 2 year(s)
thermolysis of PSW in Kuwait: from the pyrolytic/gasification
Steam turbine commissioning reaction of plastics
8 Reclamation potential of Energy generation 1.5 year(s)
operating landfill/disposal sites in | (incineration) potential and
Kuwait environmental assessment of
landfill sites from the waste
reclaimed in Kuwait.
*This feeds into KM and world
bank plans in Kuwait
9 On the end of life tyres (ELTs) Establishing costs framework for | 2-3 years
pyrolysis for chemicals recovery in | tyres recycling
multi-scale reactor setups
10 Determining the potential of Establishing process and 2-3 years
energy recovery from fandfill sites | associate costs
in Kuwait
11 Governing standards — Determining the properties | 2-3 years
development for products from and processes of valorising
solid waste in Kuwait generated MSW.
from the MSW stream
— Standards and testing
protocols of waste products
associated with recently
developed plastic waste
products in conjunction to
paper waste management.
Construction and Demolition Waste
12 Utilization of waste from concrete | Developing a technology for 1-2 years
ready-mix plants in construction | C&D recycling
applications
13 C&D waste standards and The mechanical recycling 1 year

protocols determination

potential of building SW and the
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development of its standards

and markets in Kuwait

14 Recycling of spent catalysts from | Developing a process for 1-2 years
Kuwait petrochemical industries recycling industrial waste
for production of concrete for
various engineering applications
15 Utilization of biomedical waste Developing a process for 1 year
ash in cement application recycling medical waste
16 In-Situ pilot trials-immobilization | Developing a process for 1 year
of oil contaminated soils by fly recycling contaminated soil
ash based compound for use in
construction materials
17 WEEE management standards in | Determining life of the WEEE in | 1-2 years
Kuwait by determining and Kuwait and understanding the
testing thermal response potential of recyclability in
properties various mechanical and thermal
units
Agricultural Waste
18 Dead animal disposal (sheep) Developing guidelines 1 year
19 Selected food waste and Utilizing potential of the cook 1.5 year(s)
agriculture waste product extrusion technique in industry
development for Kuwait whilst developing a
product from the food waste
(e.g. date palm, date fruit).
20 Development of nutritional and Developing a process and 1-2 years
biodegradable product to improve | product through recycling
stability and fertility of sandy soil | agricultural waste
21 Investigating the adaptation of Adaptation of technology to 1 year
composting technology for horse | Kuwait ambient conditions
manure in Kuwait
22 Composting agricultural waste Developing a recycling process 1-2 years
including animal mortalities for agricultural waste
23 Wastewater sludge as a fertilizer | An assessment of sludge 1.5 years

and sandy soil modifier

produced by the wastewater
treatment facilties for usage as

fertilizer and soill modifier
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9. Conclusions and Recommendations

This report is a draft document that aims at defining the seriousness of the problem of solid
waste in Kuwait, and the actions and activities of various stakeholders to address these
problems. The review clearly indicates that KEPA and KM are currently addressing the
problem in a systematic way. In addition, researchers from both KISR and KU have been
researching the subject of solid waste and numerous papers and reports have been published
on the subject. Furthermore, KISR has already formulated research programs to address the
solid waste problem. The capacity to conduct meaningful and effective research on the subject
is already well developed. The report identified a diverse set of gaps that may still need to be
addressed to ensure that Kuwait will be in the future on a sustainable path to reduce or even
eliminate this problem. It is obvious that prioterizing and addressing these gaps require the
cooperation of all stakeholders, including the industrial enterprises that are already engaged
in waste recycling. KFAS can have an impactful role through interventions within its existing
strategic programs. A list of proposed interventions for KFAS that can help in closing the

technical and scientific gaps were identified.

It is recommended that KFAS continues its efforts in further developing this report and secure
the acceptance and endorsement of the stakeholders in order to arrive to a meaningful agenda
of research and other activities that can leave a tangible impact on society in resolving this
problem. To achieve this objective, meetings are proposed to be organized with the
stakeholders to have an in-depth discussion and assessment of the preliminarily identified
gaps and the development of priority list of activities that can be supported by KFAS to

complement the efforts of the stakeholders in reducing and mitigating the problem.
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Appendix 1. Articles Relevant to Solid Waste in KEPA Law No. 42/2014
including Revisions 99/2015
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Appendix 2. List of Publications on Kuwait Solid Waste since 1990.

Authors

Brief Description

Solid waste survey and monitoring

Koushki, P.A. and A.L.
Al-Khaleefi. 1998.

An Analysis of Household
Solid Waste in Kuwait:
Magnitude, Type, and

Forecasting Models.

A random sample of 2,000 households were
interviewed, and the 11 private-sector
companies responsible for the collection,
transport, and disposal of household solid
waste were coordinated, along with the
Kuwait Municipality More than 200
randomly selected solid waste trucks were
subjected to a detailed manual waste
classification procedure. Measurements of
the actual quantity (by type) of daily solid
waste from the truck monitoring survey
were used to assess households’ reported

response accuracy.

Koushki, P. A., and J.
M. Al-Humoud.
2002.

Evaluation of Reported
and Measured
Compositions of
Household Solid Waste in

Kuwait.

This research addresses the effect of
changing population composition on the
quantity and the mix of the daily generated
solid waste by households. The paper also
examines the compatibility between
household-reported and landfill site-
measured percent compositions of the daily

solid waste.

Koushki et al. 2004.

Municipal Solid Waste in
Kuwait: Trends and
Attitudes on Collection,
Separation and

Willingness to Pay

This study is based on a survey of 1500
random households, aiming at developing
profiles of solid waste generation, the
relation of rate to socio-economic, and
attitude towards waste separation and

willingness to pay for waste management.
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Alhumoud, J. M,, and
A. A. Al-Mumin.
2006.

A comprehensive
evaluation of solid waste

management in Kuwait.

Recent literature on solid waste
management in Kuwait has been reviewed
and data analysed on the total amount of
solid waste generated in Kuwait. In addition,
industrial solid waste, construction and
demolition waste, and pharmaceutical waste
are investigated and discussed. Moreover,
the cost of collection and transportation of
household waste in Kuwait is also calculated.
Factors affecting the important
management issues in the operation of
Kuwait's solid waste management system

are investigated and discussed.

Alhumoud, J.M. and
H. M. Alhumoud.

An analysis of trends

related to hospital solid

This paper is addressing the amount of

different kinds of solid wastes produced,

2007. wastes management in segregated, collected, stored, transported
Kuwait. and disposed off in the governmental
hospitals of Kuwait.
Al-Salem, S. M.S,, Plastic Solid Waste A proper assessment of Solid Plastic Waste

and M. Al-Samhan.
2007

Assessment in the State of
Kuwait and Proposed

Methods of Recycling

(SPW) in Kuwait will provide a greater
understanding to the industry of plastic
manufacturing and manufacturers as well as
direct the strategic future plans proposed
into execution. This research show the
results obtained after a years survey and
study of plastic solid waste in the state of
Kuwait and the surrounding region in order
to create a database that can be used in

future plans and research projects.

Alhumoud, J. M, M.
Altawash, L. Aljallal.
2007.

Survey and evaluation of

household solid waste

The objective of this study was to carry out
a field survey of the solid waste generation

profile in Kuwait. In addition, the paper
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generation and

compositions in Kuwait.

examines the compatibility between
household-estimated and landfill site-
measured percent compositions of the daily
solid waste. Hand sorting was used for
classifying the collected wastes into the
following categories: plastics, paper, metals,
cans, leather wood, textiles, rubbers,
putrescible wastes, inert materials and

miscellaneous.

Al-Salem, S.M. 2009.

Country Report:
Establishing an integrated
databank for plastic
manufacturers and

converters in Kuwait.

The aim was to assess the amount of plastic
waste being generated from a number of
sources. Types, quantities, and recycling
information were gathered and fed into the
databank. It was noted that most converters
of plastic use in-house recycling schemes.
These grades possess an import value in

excess of 20 million US dollars per year.

Al-Jarallah R, Aleisa
E (2013)

Investigating causes
contributing to increased
municipal solid waste in

Kuwait: a national survey.

A survey of 806 households assessing
various factors related to solid waste
generation, and willingness to contribute to

waste collection and treatment.

Al-Jarallah R, Aleisa
E (2014)

A baseline study
characterizing the
municipal solid waste in

the state of Kuwait.

Baseline data were collected for the
Determination of the Composition of
Unprocessed Municipal Solid Waste
(ASTM). The results indicated that the
average daily municipal waste generation
level is 1.01 kg/person. Detailed waste
stream surveys were conducted for more
than 600 samples of municipal solid waste
(MSW). The waste categories included

paper, corrugated fibers, PET bottles, film,
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organic matter, wood, metal, glass, and

others.

Al-Qallaf et al. 2016.

Analysis and improvement
possibilities of waste
management at Kuwait Oil

Company (KOC)

This paper addresses the waste
management system at KOC, both non-
hazardous and hazardous. The paper
provides data on the amounts of waste
generated and the actions that the company
is taking currently, and recommendations for
improved waste management. The paper
provides data on the amounts generated and

their categories.

Al-Salem, S. M., A.
Al-Nasser,and A. T.
Al-Dhafeeri. 2018.

AlRukaibi, D. and A.
Alsulaili. 2017.

Multi-variable regression
analysis for the solid waste
generation in the State of

Kuwait.

GIS-Based Modeling for
Appropriate Selection of

Landfill Sites

This research used regression analysis to
predict solid waste generation rates from a
number of sectors within the country,
namely the domestic, commercial, building
and construction (B&C), and agricultural

ones.

Modelling

A macro-evaluation of a GIS criteria analysis
model to select the appropriate landfill sites
based on quality and quantity analysis. The
quality and quantity analyses provided three
significant sites (south of Kuwait and one

site north of Kuwait).

Alshammari et al.

2008a and 2008b.

A Typical Case Study: Solid
Waste Management in

Petroleum Refineries

A model was developed that provides the
most cost effective petroleum waste
disposal details based on the choice of
treatment processes, their capacities and
appropriate routing of waste streams from a
local oil refinery in Kuwait.The model output
can be used to assist in making appropriate

decisions regarding the petroleum industries
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solid waste management (minimization,

processing, landfill etc.).

IBK, 2010

Assessment of Solid
Waste Sector in the State
of Kuwait. The Industrial
Bank of Kuwait, January

2010.

A comprehensive study conducted by the
World Bankfor the Industrial Bank of
Kuwait, and funded by KFAS. The study
covered the quantities of solid waste, the
management practices in 2008, the potential
for recycling, and a set of recommendations
concerning the approach that should be

taken by the concerned parties.

Al-Bahar, S., S. Al-
otaibi, S. Al-Fadala, A.
Abdul-Majeed, M. F.
Taha, F. Al-Fahad, A.
Al-Arbeid, and T. K.
Mukherjee, 2016.

Process Using Multiple
Waste Streams to
Manufacturing Synthetic

Lightweight Aggregates

US9,340,456, MAY 2016)

Al-Meshan. AM.; F.
Mahrous, 2001.

Recycling of municipal
solid waste in the State of

Kuwait

This study aims at explaining the
composition of generation rates of HHSW
and commercial solid waste in Kuwait and
information about the experience of Kuwait
in the field of recycling of paper, glass,
plastics, metals and scraps, used oil, and

batteries, etc.

Kartam, N. N. Al-
Mutairi, I. Al-Ghusain,
and J. Al-Humoud.
2002.

Recycling of construction
and demolition waste in

Kuwait.

The current construction and demolition
waste disposal system and recycling options
to manage and control wastes in an
economically efficient and environmentally

safe manner are discussed.

Koushki, P.A, U. Al-
Duaij, W. Al-Ghimlas.
2004.

Collection and

transportation cost of

The specific aim of this funded research
project was to examine and evaluate the

efficiency and the effectiveness of the
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household solid waste in

Kuwait.

municipal solid waste collection and

transportation system in Kuwait.

Kartam, N. et al,

2004.

Environmental
management of
construction and
demolition waste in

Kuwait.

This paper presents the current status of
C&D waste disposal system in Kuwait and
identifies the potential problems to the
environment, people and economy. Then, it
investigates alternative solutions to manage
and control this major type of waste in an
economically efficient and environmentally
safe manner. The paper describes the
feasibility of establishing a C&D waste
recycling facility in Kuwait. It concludes by
highlighting the major benefits and
bottleneck problems with such a recycling

facility.

Alhumoud, J. M,I. Al-
Ghusain, and H. Al-
Hasawi. 2004.

Management of recycling
in the Gulf Co-operation

Council states.

The paper discusses the recycling in the

GCC.

Bogahawatta, L. H.
Karam, and A. M.

Abduljaleel. 2004.

Utilization of waste lime
kiln dust as an admixture

in concrete

Alhumoud, J. M.
2005.

Municipal solid waste
recycling in the Gulf Co-

operation Council states.

An overview of solid waste recycling in GCC
and proposes strategies for developing the
most effective recycling marketing

programme considerations and regional co-

ordination options

Al-Otaibi, S., and M.
El-Hawary. 2005.

Potential For Recycling
Demolished Concrete And

Building Rubble In Kuwait.

An assessment of the suitability of crushed
concrete and masonry for use in concrete
and in sand lime brick manufacture. Recycled
concrete can be crushed and utilized as
aggregates in the production of new

concrete. The results also show that fine
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powder can react with silica to produce lime-
silca bricks. The production process
including autoclaving time and temperature
is included along with the properties of the

resulting bricks.

Aljassar, A.H.,, K. B.
Al-Fadala, and M. A.
Ali. 2005.

Recycling building
demolition waste in hot-
mix asphalt concrete: A

case study in Kuwait.

This paper presents the results of a
technical feasibility study into meeting this
need by recycling the aggregates obtained
from building demolition waste for asphalt
concrete. The results showed that the
asphalt concrete produced using an
aggregate of demolition waste met all the

requirements of local specifications.

Al-Salem, S.M,, and P.
Lettieri. 2009.

Life cycle assessment
(LCA) of municipal solid
waste management in the

state of Kuwait.

In this study, three different municipal solid
waste (MSW) management scenarios were
developed and compared for the state of

Kuwait.

Al-Salem, S.M,, 2009

Establishing an integrated
databank for plastic
manufacturers and

converters in Kuwait

Determining the quantities and waste flow
of Kuwait. Establishing a databank of

converters

Al-Salem, S.M.,,

Lettieri, P., Baeyens,

Recycling and recovery

routes of plastic solid

Review of major PSW valorisation

technologies

J., (2009) waste (PSW): A review *Highest cited publication in chemical
engineering by Elsevier (over 1200 citations
as of 2019)

Al-Salem, S.M,, Kinetics and product ELT pyrolysis and product extraction.

Lettieri, P., Baeyens,

J,, (2009)

distribution of end of life
tires (ELTs) pyrolysis: A
novel approach in
polyisoprene and

SBRthermal cracking

Development of a novel isothermal pyrolysis

estimation methods.
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Al-Salem, S.M,,
Lettieri, P., (2010).

Kinetic study of high
density polyethylene

(HDPE) pyrolysis

HDPE pyrolysis in  micro-scale. The

development of isothermal kinetics model

applicable for PO plastics.

Al-Salem, S.M.,,
Lettieri, P., Baeyens,

J, (2010)

The valorization of plastic
solid waste (PSW) by
primary to quaternary
routes: From re-use to

energy and chemicals

Case studies of isothermal pyrolysis for PO
waste generated from the municipal waste

stream.

Al-Salem, S.M. and
Lettieri, P., (2010)

On the Pyrolysis of
Polymers as a
Petrochemical Feedstock

Recovery Route

Extended explanatory notes on the pyrolysis
in context of thermo-chemical treatment of

PSW

Lettieri, P. and Al-

Salem, S.M,, (2011)

Thermo-Chemical
Treatment of Plastic Solid
Waste, Chapter 17 in
~Handbook of Waste
Management and

Recycling

PO pyrolysis in content of other polymeric
materials and potential for petrochemical

industries integration

Al-Fares, R. A. 2013.

Medical waste fly ash
recycling for possible use
in geo-environmental

application.

This research assessed the use of fly ash by
mixing it with gatch for possible geo-

mechanical applications.

Al-Salem, S.M., 2014

Life cycle assessment
(LCA) of thermo-chemical
treatment (TCT)
technologies integrated to

oil refineries in Kuwait

Utilizing a PSW feedstock in feeding a slow
pyrolysis unit and integrating it in Kuwait’s oil

refineries operation and infrastructure.

Alsulaili et al. 2014.

An Integrated Solid Waste
Management System in

Kuwait

The study addressed designing seven
recycling and recovery plants that separately
deal with plastic, tires, paper, metal, glass,
and organic and construction and demolition

(C&D) waste materials; these plants are in
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addition to a sorting plant for the primary
sorting of mixed materials. Findings derived
from this study showed that 76% of
Kuwait’s waste are recyclable. The raw
materials produced by the recycling plants
will be sold to gain a revenue of $ 134
million USD annually, whereas the non-

recyclable materials will be sent to a sanitary

landfill.

Hussain, H., M.
Sebzali, and N.

Hussain. 2015.

Technical and economic
feasibility of energy
production from municipal
solid waste incineration in

Kuwait

Al-Salem, SM,

Abraham, G, Al-
Qabandi, O.A., Dashti,

AM. (2015)

Investigating the effect of
accelerated weathering on
the mechanical and
physical properties of high
content plastic solid waste
(PSW) blends with virgin
linear low density

polyethylene (LLDPE)

Investigating the integrity of blends of PO

waste under local and accelerated conditions

Al-Salem, S.M. and
Khan, A.R. (2015)

Degradation kinetic
parameters determination
of blends containing
polyethylene terephthalate
(PET) and other polymers

with nano materials

The development of iso-kinetics of plastic

blends and their modelling approach

Al-Salem et al. 2016

Effect of Die Head
Temperature (DHT) at
Compounding Stage on

the Degradation of Linear

Investigating various compounding and
processing conditions on the properties of
PSW blends for product development

applications
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Low Density Polyethylene
(LLDPE)/Plastic Film
Waste Blends Post

Accelerated Weathering

Al-Fadala, S. 2017.

Suitability of coarse
recycled aggregates from
construction waste in
producing interlocking

concrete paving blocks.

AlDadala, S., E. Al-alj,
A. Al-Arbeed. 2017.

Suitability of coarse
recycled aggregates from
construction waste in
producing interlocking

concrete paving blocks.

Al-Salem, S.M,
Antelava, A,
Constantinou, A,

Manos, G., Dutta, A,

(2017).

A Review on Thermal and
Catalytic Pyrolysis of

Plastic Solid Waste (PSW)

A critical review of state of art technologies
for pyrolysis reactors and influential

parameters

Al-Dhafeeri, A.T., Al-
Salem, S.M.,, Al-Wadi,
M.H,,

Sultan, H.H,

Karam, H.J,, (2017)

Variation in Gas
Chromatography (GC)
Analysis in Setting Up
Laboratory Protocols for
Waste to Energy Novel

Fixed Bed Reactor Setups

Development of protocols applicable for
handling a novel reactor designed for the

pyrolysis of organic waste

Al-Salem et al,

(2017b)

Thermal Degradation

Kinetics of Virgin
Polypropylene (PP) and PP
Blends

with Starch

Exposed to Natural

Weathering

The study of the applicability of thermolysis
as a recycling means by determining the
kinetics parameters of starch blends with PO
plastics after exposure to climatic conditions.
The study of plastic waste in agriculture

applications and how to valorize it.
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Ismael, N., and H. Al-
Sanad. 2018.

Properties of desert sands
reinforced with ground tire

rubber in Kuwait

This research addresses useful uses of
ground tire rubber using rubber aggregates
produced locally as additive in small
quantities to the local surface sands. It was
found beneficial for many practical
applications such as light weight fill, as a
drainage layer, and on the grounds of
sporting facilities, and in embankment

construction

Aleisa, E. and R. Al-
Jarallah. 2018.

A triple bottom line
evaluation of solid waste
management strategies: a
case study for an arid Gulf

State, Kuwait

A life cycle assessment (LCA) embracing
both economic and social perspectives to
develop an integrated solid waste
management system for Kuwait. Six
municipal solid waste (MSW) scenarios
(SR1, SR2, ..., SR6) are evaluated using a
triple bottom line (TBL) approach that
incorporates environmental, financial, and

social bottom lines (social BLs).

Al-Salem et al. 2018d

Non-isothermal
Degradation Kinetics of
Virgin Linear Low Density
Polyethylene (LLDPE) and
Biodegradable Polymer

Blends

Dynamic thermogravimetric analysis of PE
blends with high content thermoplastic
starch as a means of waste management by

biodegradation and thermolysis

Al-Salem, S.M.
(2019)

Influential Parameters on
Natural Weathering Under
Harsh Climatic Conditions
of Mechanically Recycled

Plastic Film Specimens

Determining the integrity of PSW products

developed under local environmental

conditions

S. Al-Ghawas, H. Al-
Mansour, A. Naseeb,

E. Al-Alj, A. A. Boota,

Composting Poultry Waste
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R. A. Al-Kandari, D.
Ghloum, and J. Jacob

S. Al-Ghawas et al

Formulation and
Standardization of Plant
Growth Media Using

Indigenous Materials

S. Al-Ghawas, M. U.
Beg, S. Al-Muzaini

National Plan for Land
Application of Sewage

Sludge

Saleh Al-Muzaini,
Samir Al-Ghawas,

Mirza Beg

LS).u:g.)Jl RV.C V) ,_,1.:: D
Joxo euol> 39

2010 .=l

Selection of an Effective
Sewage Sludge
Composting Technology

for Kuwait

A book that includes a review up till 2010 on
the disposal of solid waste in Kuwait,

including some statistics.

Alhumoud, J. M, and
F. A. Al-Kandari.
2008.

Analysis and overview of
industrial solid waste

management in Kuwait.

The paper addresses industrial and business

solid waste in Kuwait.

Al-Yaqout et al.

2002.

Public opinion and siting
solid waste landfills in

Kuwait.

A survey concerning site selection of landfill
sites. The findings indicated that a
significant percentage of the responding
sample did not know about the various
landfill impacts and less than 50% were
aware of the negative impacts of landfills on
the public health and the environment. The
findings directed attention to the role that
the media could play in increasing public

awareness.

Al-Salem, S.M.,,

(2017).

1st KISR/Italian Workshop

on Waste Management:

Book of Proceedings
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Operational Excellence in

Waste Management

Research,
Al-Salem, S.M.,, Plastics to Energy: Fuel, Book
(2019). Chemicals & Sustainable
Implications,
Al-Salem, S.M,, 2nd KISR/Italian Book of Proceedings
(2018). Workshop on Waste
Management: Integrated
Systems & Infrastructure,
Al-Salem, S.M,, 3rd KISR/Italian Book of Proceedings

Sultan, H.H.(2019).

Workshop on Waste
Management: Resources to

Resources

Environmental Information System

M.&Jl ng).o D
2009

Gyl S50 Jo> dudy sl B9
&yl allisy (KEMO) dgtyl
eMISK)) sl g &t

4839 dxn (o Bax3l Gybg ULl Slas sy
ol JSisSe deddl Slogleally LLI
Jesll §s89 deal=ll

Talaat, A. 2009.

Environmental Monitoring
Information System of

Kuwait.

A presentation on eMISKProject

Implementation Plan and Expected Outputs

Schurmann, C. 2009

The Need and Potentials
of Socio-Economic Data in

Environmental Application

A presentation at KEPA addressing various

indicators and their importance

Al-Ahmad, M. 2011

Environmental Monitoring
Information System of
Kuwait (eMISK) - From
the Drawer to the
Browser: Making the
Change for a Better

Presentation of

A presentation on the progress of eMISK,
and the data that have already been

collected
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Environmental Data in

Kuwait.

Talaat, A. 2011

Environmental Monitoring
Information System of
Kuwait (eMISK) —
Crowdsourcing and Data
Sharing for the

Environment in Kuwait

A presentation on the progress of eMISK,

and potential of utilizing the data

Al-Ahmad, M. and M.
Al-Dimashki. 2013

Al-Yaqgout, A. F., M.
F. Hamoda, and M.
Zafar. 2005.

Kuwait’s Vision on
Environmental Data

Management.

Characteristics of Wastes,
Leachate, and Gas at
Landfills Operated in Arid

Climate.

A presentation on the progress of

environmental pollution in Kuwait

Environmental Impact of Solid Waste

A total of 14 liquid waste samples were
collected from different sources at all five
landfill sites and from disposal containersin
Kuwait representing a model of arid
countries. Al-Sulaybiya landfill ~operating!
and Al-Qurain landfill ~closed! sites were
selected forperforming detailed
investigation for leachate characteristics.
The chemical characteristicsof leachate
clearly indicate that it is highly toxic and
concentrated in nature and pause high
threat to aquatic environment. Inaddition,
the landfill gas production rates were found

to be very high.

Hamoda, M.F. 2017.

Management of discarded
organic produce from
supermarkets and

hypermarkets

This study determined the quantities,
characteristics and composting of spoiled
vegetables and fruits discarded daily from
supermarkets and hypermarkets in an
attempt to manage such wastes for resource

recovery.
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Al-Yaqgout, A.F. 2012. | Solid waste characteristics | A detailed laboratory testing program was

in an operating landfill in a | carried out to determine the characteristics
developing country. of the waste material in an operating landfill
at Al-Sulaybiyah. The results indicated that

the samples were mostly decomposed solid

waste.
Al-Salem et al., 2019 | On the Kinetics of Determining the impact of plastic waste on
Degradation Reaction environment and application of pyrolysis as a

Determined Post Accelerated means of mitigation.

Weatheri f Polyolefi
eathering ot Folyoletin Special Issue: Plastic Pollution

Plastic Waste Blends

Appendix 3. Background on Wastewater Sludge Utilization

Waste —Domestic Sewage- is of relatively advanced applications when examining local

circumstances:

A. The collection network system is state of the art on international scale

B. Waste water collections is suppurated at source between Domestic and Industrial
waste water.

C. Treatment plants for waste water are in accordance with most advanced systems
worldwide.

D. Even though the treated waste water is put to beneficial use, the solid fraction —
sewage sludge- or as my be named if put to beneficial use as bio-solids is currently not

widely utilized or recycled.

The hazards associated with land application of bio-solid waste can be identified in accordance

with U.S. EPA as:

1. Pathogenic Risks- Can be easily mitigated by regulations on applications rules with
the level of sludge pre-treatments.

2. Heavy metals Risks- as indicated on P. 3 This Paragraph can be re-written —
additional information’s on the topic are in the bottom of the page. Real risks and not
imaginary need to identified according to our actual bio-solid contents of these H. M..
3. Ecological Risks. Salts and sodicity; hazardous compounds —i.e. PCBs and many
others need to identify and either eliminated at the source are separated at the

treatment plant
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4. Pharmaceutical waste Risks. This is new topic on international level and need more
examination of local conditions . The Hospitals Hazardous waste should be dealt with
separately, according to the working system it should not inter the Domestic Sewage
networks. The main risk here if it inters the drinking water supplies which is not the
case in Kuwait.
Hazard of Buildup of Heavy Metals on Soil and Water Resources. Heavy metal buildup in
cultivated land can lead to reduced crop yield and high metal concentration in plant tissue
that can pose direct or indirect health risks to consuming population. The range in metal
contents in sewage sludge varies widely among various wastewater treatment plants. Usually,
metal contents are higher in sludge derived from plants serving industrial areas. Moreover,
the metal content and sludge composition will also depend on the extent of treatment (raw
or digested sludge), type of treatment (aerobic or anaerobic), if sludge is composted, the type
of bulking materials used (domestic refuse, wood chips or straw, etc.) and the method of
composting. Also, the metallic concentrations of the generated raw sewage sludge will vary
from hour to hour, day to day, week to week and season to season. Therefore, a sludge that is
applied to land must be regularly analyzed for its heavy metal and major plant nutrients
content.
In Kuwait, operating sewage treatment plants generate collectively about 200 tons of sludge
solids per day. Where some of the sludge used to be anaerobicly digested; not in use since the
invasion of 1990, rather the thickened surplus activated sludge currently loaded by tanker to
a dumpsite outside the seventh ring road; and currently some of the sludge are dewatered,
thickened at Riggqa and Jahra and the new Sulaibiah treatment plants . In a preliminary
sampling program conducted in the past few decades on the sludge generated from these
plants reveal, that about 25-30 % of the sludge solids were sand. Furthermore, the ratio of
volatile solids to total dry solids is about 70%, which indicates that a large fraction of the
sludge solids is biodegradable. Among the heavy metals analyzed, Zn and Hg were the only
elements found in relative significant quantities and slightly above the USEPA of heavy metals
limits for ‘high quality’ levels category. Nevertheless some of this information is more than a
decade old and sampling was conducted for relatively short period of six months in the cool
season. Furthermore, there are no clear indications on the analytical procedures or
instruments used which questions the quality, consistency and validity of these figures and
therefore they should be used in a general view that local sludge by the design of separating
industrial waste from domestic sludge supplies has a low concentration of heavy metals.

However, there is a need for a well-designed testing program that can statistically assess the
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potential risk of heavy metals contamination as proposed in Task Il of this study. This will
require a longer testing period under diverse conditions reflecting the daily and seasonal
variations, while applying the most appropriate analytical procedures. The present sludge
management program at the MPW/Sanitary engineering division (SED) treatment plants are
based upon cost minimization as opposed to further processing for beneficial reuse, especially
with the lack of local experience in the further processing of sludge to make bio-solids
products.

Certain heavy metals such as B, Cd, Cu, Mo, Ni and Zn, present potentially serious hazard if
they are incorporated into farm land without any limitations . Other heavy metals are less of
a concern due to their attenuated chemical activities in the soil or by their infrequent
occurrence and exceptionally low concentration in the generated sewage sludge. Therefore,
under typical agronomic practice, elements such as Fe, Mn, Al, Cr, As, Se, Sb, Pb and Hg would
not result in retarded plant growth or consumers exposure to potentially toxic levels of heavy
metals. Whereas, higher inputs of Cu, Ni, and Zn within the applied sludge could be phytotoxic
since they have considerably higher relative solubility than Cr, Mo, Pb, Se, and V. Furthermore,
the limits of heavy metal phytotoxicity will vary depending on the particular element (some
are essential plant nutrients), type of crop, soil properties (% clay, organic matter, pH,
oxidation /reduction conditions, amounts and forms of iron, aluminum and phosphorus
compounds, etc.), degree of sludge stability, time and management practices.

Protecting the food chain from excessive heavy metals is of great importance. It should be
pointed out, however, that with high addition rates of sludge and subsequent buildup of heavy
metals in amended soils, planted crops would fail (phytotoxicity) before plant tissue metallic
concentration reach levels dangerous to human health. Cd, Se and Mo are however exception
to this rules. These elements can reach levels that are dangerous to human and animal health
before plants die. Cadmium represents the human dietary poison of principal concern in
relation to the utilization of sewage sludge on agricultural land. This is because Cd is highly
bioavailable for plant uptake and can accumulate in edible portions of crops to levels that
could potentially be deleterious to humans, if consumed for a long period of time and in large
quantities, while having no apparent effects on crops themselves. The past examination of Cd
levels in Kuwaiti domestic sludge indicated very low concentrations of this element way below
the levels of ‘high quality’ sludge category recommended by USEPA. This is not surprising due
to the local practice of separating at source the industrial from residential sewage and thus
domestic sludge containing traces of this element. This is in agreement, as have been the

international indications on residential sludge. All industrial waste especially those related to
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hydrocarbon industries are separate from domestic collected wastewater and their waste
locally referred to as industrial waste, are under the controls of ‘Shuaiba Area Authorities’.
These types of sludge have specific treatments and are forbidden to be used in land
application, except in specified dumping sites.

The heavy application of sewage sludge can increase the levels of water-soluble organic
compounds that can chelate heavy metals to lower soil depth. Furthermore, high rates will
promote reducing conditions, which contribute to the leaching of heavy metals. Practices that
can limit the downward movement of heavy metals should be utilized to prevent any

contamination to the ground water.
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