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1. Introduction

The earliest and most common application of waste-to-energy (WtE) 
technology is the production of electricity from incineration of 
municipal solid wastes (MSW). The rate of generation of MSW 
in any given country depends on its economy. As more and more 
of the third world countries move towards modernization, the gen-
eration of MSW will continue to increase. A study in 2012 by 
the World Bank indicates that around 1.3 billion tons of MSW 
are produced every year, at an average of 1.2 kg/capita/d. It is 
important to note that the per capita MSW generation rate in the 
UAE is between 1.76 to 2.3 kg/d, which is higher and comparable 
to average American who generates about 2.1 kg of waste/d [1]. 
Rana et al. [2] presented an overview of generation, collection, 
transportation, treatment and disposal of solid waste management 
(SWM) practices in Chandigarh, India [2]. They report the daily 
average generation of solid waste was 0.267 kg/capita/d which is 
much lower than UAE waste generation rate. They report several 
drawbacks in the SWM system including untrained work force, 
haphazard collection practice and lack of collection vehicles [2]. 
Therefore, the actual generation rate can be much higher than 
the reported value of 0.267 kg/capita/day. In another study [3], 

Rana et al. report that the city aims to produce refuse derived 
fuel (RDF) from solid wastes [3].

Adefeso et al. [4] report that from the combustible components 
of MSW, RDF can be produced through drying and compression. 
Production process of RDF involves segregating, crushing and 
mixing. RDF pellets are easier to be handled and stored. RDF 
are produced in many forms such as coarse, fluff and powder. 
Use of RDF gives better energy recovery as compared to raw 
MSW. When compared to MSW, RDF pellets are more uniform, 
has higher heating value and lower moisture level. By using RDF, 
hydrogen-rich synthesis gas can be produced through gasification. 
RDF gasification substantially reduces corrosion and emissions 
of pollutants such as sulphur gases, chlorine and heavy metal 
particles [4].

The amounts and composition of wastes vary significantly from 
country to country and city to city. For example, Rana et al [5], 
characterized physical and chemical properties of the MSW gen-
erated in three locations for different socio-economic groups. The 
results showed that biodegradable content varied from 42.6%-52.0% 
and inert fraction was around 28%. The moisture content varied 
from 40%-50% and energy content varied from 1,542 kcal/kg to 
1929 kcal/kg. Rana et al [5] proposed alternatives to the existing 
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MSW management practices. The proposed methods include com-
posting, vermicomposting, recycling, bio-methanation RDF plants 
as a comprehensive MSW system [5]. Similarly, Sharma et al. eval-
uated existing solid waste management practices at four different 
locations in India using the ‘wasteaware’ benchmark indicators 
for comparing the efficiency of MSW management system [6].

Composting or vermicomposting also substantially reduce the 
quantity of wastes. Hanc et al. [7] studied the effect of composting 
and vermicomposting processes on the distribution of particles 
into size fractions. Composting processes convert organic wastes 
into useful products such as soil amendments. Composting is re-
ferred to as the controlled aerobic conversion of wastes and vermi-
composting involves bio-oxidation and stabilization by action of 
earthworms and microorganisms [7]. It is the microorganisms which 
degrade the organic waste and the earthworms promote aeration 
conditions, thereby increase the microbial activity from various 
feedstocks. They report vermicomposting produces finer and more 
homogeneous product as compared to composting [7].

The development and implementation of WtE technologies in 
developing countries has become inevitable. The main reason that 
drives many developing countries to pursue WtE technologies in-
stead of composting or other methods is that it produces energy 
while eliminating buildup of wastes, at a time, when oil and gas 
reserves are declining. According to World Energy Council [8], 
WtE technology encompasses “any waste treatment process that 
creates energy in the form of electricity, heat or transport fuels 
from a waste source.” Furthermore, WtE technologies reduce waste 
that would contribute to greenhouse gas emissions from landfills 
[9]. Cost of producing energy from waste ($93/MWh) is much lower 
as compared to energy produced from other renewable sources 
such as solar power ($234/MWh) [1].

The market for WtE is continuing to grow despite the economic 
depressions. The total global market value of WtE industry was 
$24 billion in 2012 with an annual compounded growth rate of 
5.5%. The global WtE market is significant and it is expected to 
increase to $35.5 billion by 2019 [9]. There are other factors that 
contribute to this high growth rate, namely the growing costs of 
energy production, environmental dangers posed by hazardous 
wastes, and a shift in the policies and legislature of developed 
countries towards favoring WtE. Decreasing landfill space and en-
ergy security are also two key factors that drive WtE market [9]. 
As more countries enter the market, WtE technology is expected 

to advance even more and the associated costs of WtE technologies 
will reduce even further. Table 1 lists the production capacities 
of the leading countries in WtE technology [8]. It is important to 
note that the growth of the WtE market is influenced by the increase 
in usage and improved efficiencies of existing processes, as well 
as innovation in the development of WtE technologies [8].

The objective of this communication is to provide the status 
of on-going WtE projects and WtE plants that are currently under 
design and construction in UAE.

2. An Overview of Waste to Energy Technologies

WtE technologies can be broadly classified into thermal and bio-
chemical methods. Commercial WtE technologies include in-
cineration, pyrolysis, gasification, thermal de-polymerization, plas-
ma arc gasification, anaerobic digestion, mechanical and biological 
treatment [9]. Recent advances in WtE technologies also include 
isothermal expansion of sodium [10]; this technology uses high-en-
ergy electrons emitted from nuclear by-products and solid-state 
devices that directly convert heat to electricity. With mixed wastes 
as input, simple incineration is often utilized by means of a combined 
heat and power (CHP) plant. It is the most developed WtE technology 
as well as the first WtE technology used in most countries. When 
high percentage of organics is present in the MSW, incineration 
is not a suitable technique.

One of the most efficient incineration plants, Afval Energie Bedrijf 
CHP plant located in Amsterdam, can process 1.5 million tons 
of MSW annually at an efficiency of 30% [8]. According to world 
health organization (WHO), waste that can undergo incineration 
should have the following properties: (a) moisture content, 30% 
(b) minimum heating value, 8,370 kJ/kg (c) fraction of combustible 
materials, 60% (d) fraction of non- combustible materials < 5% 
and (e) fraction of non- combustible fines < 20%. There is also 
a restriction on the types of wastes used, for example reactive 
chemical waste, waste with a high proportion of heavy metals, 
plastics and pressurized gas containers cannot be incinerated. 
Although incineration transforms waste into less hazardous materi-
als and decreases the volume by ten folds, this technology still 
produces a large amount of pollutants [11]. The flue gas can contain 
pollutants such as dust, hydrochloric acid, hydrofluoric acid, sul-
phur dioxide, nitrogen oxides, dioxins and heavy metals [12]. A 

Table 1. Production Capacities of Leading Countries in WtE Technology [8]

Country

Quantity of raw 
waste

Electricity 
Generation Capacity

Annual Electricity 
Generation

Direct Use from 
Combustion

Total Energy 
Production

(million tonnes) (kW) (TJ) (TJ) (TJ)

Canada 11.856 211,187 1.688

France 772,800 13,586 27,209 40,795

Germany 0.94 852,000 11,200

Japan 0.601 2,230,000

Singapore 135,000 3,994

United Kingdom 3.8 375,900 7,061 2,108 9,169

United States of America 254 2,669,000 54,255 20,833 75,088
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brief schematic of the process of converting MSW to electricity 
generation is given in Fig. 1 [13].

Gasification refers to the incomplete combustion of a solid materi-
al to produce a gaseous fuel that can be used to generate energy 
[14]. Gasification takes place in an oxygen-controlled environment. 
The by-products of gasification are mainly methane and trace 
amounts of higher hydrocarbons. The effluent stream is called 
syngas, wood gas, biogas or by other names depending on the 
nature of the wastes being gasified. Gasification is a much cleaner 
approach than incineration. The disadvantages of gasification in-
clude the cost of cleaning the reactor from produced tars and residue 
as well as the repeated interruptions of the operation. Furthermore, 
the presence of moisture in the waste reduces the efficiency; thus 
the solid wastes have to be pre-treated before gasification.

Pyrolysis is another thermal process that requires heat energy 
to decompose carbon-containing compounds materials into syn-

thesis gas, oil and char in an oxygen free environment. Gasification 
usually follows pyrolysis where the unreacted hydrocarbons in 
the pyrolysis gas are further degraded [15]. In a pyrolysis study, 
Noma et al. [16] showed 99.3% recovery with the valuable materials 
such as metal, char and clean gas. The volume reduction of the 
waste after treatment was 1/190. The pre-treatment steps prior to 
pyrolysis include sorting of the raw materials and dehydration. 
Chen et al. [17] state that there are many factors that affect the 
resulting products of pyrolysis. Typical temperature of pyrolysis 
ranges from 300°C to 900°C. If the temperatures were from 500°C 
to 550°C, then the majority of the product would be liquid. If 
the temperature exceeds 700°C, then the majority of the product 
is syngas. Typical residence time ranges from a few seconds to 
several hours. The longer the residence time, the more tar will 
undergo cracking and therefore more syngas will be produced. 
Upon completion of pyrolysis, the gas product could undergo gas-

Fig. 1. Schematic of the process from MSW to electricity via incineration [13].

Fig. 2. Schematic of the process from MSW to electricity via pyrolysis/gasification [13].



Zarook Shareefdeen et al.

132

ification in order to produce a higher proportion of syngas or gas 
could be directly used. Furthermore, the solid products of pyrolysis 
such as char undergo screening, quenching and separation. If the 
gas undergoes gasification, then there are two types of gasification: 
low-temperature and high-temperature gasification. Low temper-
ature gasification occurs at a temperature range of 700°C to 1,000°C 
and at this range, the product gas contains high content of hydro-
carbons [18]. High temperature gasification occurs at a temperature 
range of 1,200°C to 1,600°C where the product gas has a low content 

of hydrocarbons, but a high content of CO and H2, which is termed 
as syngas. According to Drift and Boerrigter [19], syngas could 
be used to generate fuel or could be used to produce other compounds 
such as dimethyl ether that are needed for petrochemical processes. 
A brief schematic of the process for a combined gas-
ification/pyrolysis plant is shown in Fig. 2 [13].

Masdar Institute, a research facility located in the Emirates of 
Abu Dhabi (UAE), is making advances in the use of dark fermentation 
from MSW to produce biodiesel. The results suggest that biogas 
produced from waste could generate 18 MW/y for Abu Dhabi, which 
would help the goal of generating 7% of its power from renewable 
sources by 2020 [20]. Research projects are in progress in several 
areas of research including microbial desalination, and production 
of biodiesel from discarded restaurant oils. UAE has ambitious 
plans to serve as the headquarters of International Renewable Energy 
Agency (IRENA) [21].

3. Waste to Energy Technologies in the United 

Arab Emirates (UAE)

3.1. Waste Generation in the United Arab Emirates (UAE)

UAE has registered an unprecedented growth in its GDP over the 
last decade, owing to the staggering expansion of the oil and gas 
industry in the capital Abu Dhabi, as well as the tourism market 
in Dubai. The GDP per capita of a nation is a figure that is strongly 
correlated to the rate of solid waste production [22]. The UAE 
is one of the world’s highest producers of MSW per capita. A 
government statistic reports 26 million tons of waste is generated 
in the UAE in 2012 [23]. In the emirate of Abu Dhabi, statistical 
analysis conducted by different authorities reported that average 
annual per capita waste generation is 1.76 to 2.3 kg/day/person. 
These numbers are almost twice the figure of the UK. Using the 
conservative estimate of 1.76 kg/day/person and projecting the esti-
mated increase in population, Fig. 3 shows the expected trend 
of solid waste generation in Abu Dhabi [22]. This worrying trend 
could severely strain the country’s infrastructure and ability to 
manage waste. The country has decided to adopt European standards 
in waste management and WtE technologies are to be employed 
in order to achieve the set target by 2030 [24].

As in any place, the composition of solid waste in the UAE 
varies widely by source and region. However, it is estimated that 
exactly half of the entire waste generated in the country is con-
struction and demolition waste, which is not compatible with most 
WtE technologies. To combat this major constituent of the waste, 
the Environmental Agency has developed regulations, which sets 
a minimum required recycling target for construction and demoli-

tion waste of 30% with a reward mechanism for achieving higher 
recycling rates set at 50% and 70%, respectively. Another constraint 
it places on construction companies is that they must ensure adequate 
waste handling and transportation facilities are in place [24]. 

Grycová et al. [25] report a study on the conversion of food 
wastes into energy using pyrolysis process. Coker [26] reports a 
study on conversion of food waste into biogas energy and fertilizer 
using an anaerobic digestion. Food waste is another major source 
of waste specifically in the emirate of Dubai (UAE) where food 
waste accounts for 55% of the emirate’s waste. The EPA also had 
introduced an initiative specific to this problem in collaboration 
with the humanitarian Red Crescent Organization. The regulation 
puts the Red Crescent in charge of leftover food from restaurants, 
hotels and wedding halls, where they work to preserve its quality 
until it is delivered to the needy [24]. A study reveals (Fig. 4), 
the following average composition of MSW in Abu Dhabi [22].

Fig. 3. Expected trend of MSW growth in Abu Dhabi (UAE).

Fig. 4. Composition of MSW (Abu Dhabi, UAE).

3.2 UAE Regulations on Waste Management

The regulations on waste management were issued in September 
2005 and the law ensures waste generators are responsible for 
segregating, identifying the non-hazardous and hazardous compo-
nents, as well as contracting with approved private disposal and 
treatment facilities. The centre of waste management (CWM) is 
the competent authority responsible for handling waste manage-
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ment issues and CWM specifies the technical guidelines necessary 
to meet the law, as well as lists the procedures for periodic in-
spections and audits for all waste generation and disposal facilities. 
The CWM came up with an integrated Environmental Health and 
Safety Management System (EHSMS) that co-ordinates with other 
authorities, namely transport, energy, health and tourism. CWM 
has licensed WtE as a feasible method of treatment of waste [27].

3.3. Waste to Energy Initiatives in UAE

Several institutions are adopting the WtE initiatives in the UAE. 
The main ones include TAQA, (Abu Dhabi, UAE based Energy 
Company) and Bee’ah (Sharjah, UAE based environmental com-
pany). TAQA is expected to have an operational incineration plant 
[28] and Bee’ah plans a construction of a pyrolysis and gasification 
plant [29]. According to Todorova [28], TAQA plans to construct 
two WtE plants and it plans to process one million tonnes/y of 
waste that contains 50% organics and 50% paper, cardboard and 
wood. TAQA expects that the energy extracted from the waste 
could be used to power 20,000 homes in Abu Dhabi [30]. The 
plant is projected to eliminate the discharge of more than one 
million tonnes of CO2 per year, and will also provide the capability 
of recycling metal parts and reusing ashes in the construction 
industry. According to Masdar Institute [20], the electricity gen-
erated from the biogas and compost could earn Abu Dhabi around 
30 million dollars, and at the same time help meet Abu Dhabi’s 
near-zero waste goal. 

Bee’ah, on the other hand, plans to construct a different waste 
to energy plant that utilises pyrolysis and gasification [28]. 
According to Bee’ah, the facility will process around 400,000 tonnes 
per year with an output of about 85 MW, which will provide power 
to an estimated number of 50,000 homes, and will also help the 
city to achieve its vision of 100% landfill diversion [29]. Even 
though both companies share a common vision of reduction of 
waste, different WtE technologies are employed; TAQA has opted 
for incineration and Bee’ah on the other hand has selected gas-
ification/pyrolysis technology [28].

Furthermore, in January of 2016, Bee’ah and Masdar (Abu Dhabi’s 
renewable energy company) announced their plans to collaborate 
and co-develop more WtE initiatives in Sharjah, UAE and the region. 
The partnership will combine Bee’ah’s innovative recycling tech-
nologies with Masdar’s know-how on energy generation and to realise 
at least two more WtE plants to be constructed by 2021 [31].

As for the emirate of Dubai, in June 2016, Dubai Municipality 
announced its plans to establish the largest solid WtE facility in 
the Middle East. The facility will take about 3 y to construct, with 
operations planned to commence in the second quarter of 2020. 
The plant is expected to produce 60 MW of power from the 2,000 
metric tonnes of MSW per day, in its first phase of operation. 
The move comes in line with the national agenda to decrease 
landfill use by 75% by the year 2021, and to protect the environment 
from methane gas emissions from landfills [32]. The greatest chal-
lenge that the WtE industry faces at this point is due to the low 
cost of dumping waste into landfills; accordingly, in an effort to 
reduce landfill use, Dubai Municipality will begin to charge waste 
generators higher fees based on the weight and the type of waste 
disposed [33].

4. Conclusions

In conclusion, waste to energy technologies are a great step towards 
decreasing the amount of waste disposed into landfills, while simul-
taneously generating energy that could be used as a source of 
power or heat. This alternative source of energy reduces the strain 
on the consumption of oil and fossil fuels. In addition, diverting 
waste from landfills decreases health hazards associated with the 
accumulation of waste, as well as decreases the amount of pollutants 
emitted into the environment. The UAE is taking a timely step 
in diverting waste from landfills using two WtE technologies: 
Incineration and pyrolysis with gasification. In this communication, 
waste generation, regulation and current steps taken to convert 
WtE in the different emirates (Abu-Dhabi, Sharjah and Dubai) of 
the UAE are discussed. 
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