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Abstract: Municipal solid waste is a severe environmental danger and social problem in Pakistan. Currently a
large volume of solid waste is generated every day in the Municipal areas and unfortunately state of solid waste
management is being deteriorated day by day. Consequently the country has had serious crisis of electricity,
load shedding is now impractical as living standards and become a great barrier in socio economical growth.-

Now, interest in renewable energy resources from organic solid wastes has increased, as there is a huge amount
of energy locked in these wastes. By meeting the both, power generation from MSW can play a vital role in
socio-economical development of the country. A discussion on the potential of such energy resources is made
in this paper. The study conducted through personal in depth interview; data collection from primary and
secondary sources; MSW sample collection with performing laboratory tests; data processing and analysis;
and drawing recommendation and conclusion, it is found that electricity production from MSW could be an
alternative way of power generation as well as waste management. 

Key words: Municipal solid waste  Alternative source of electricity  Composition of MSW  Waste and
energy.

INTRODUCTION capture and a great dealof research has been focused on

Lahore is a thickly inhabitant cityand its population reduce the waste volume up to 90%, this simultaneously
is estimated two caror by 2013. In cities like Lahore could tackle two troubles: 
Municipal solid wastes createenormous environmental
and social troubles in citylives [1]. A huge volume of solid Disposal of solid waste
waste is produced every day in the city areas and quite Generation of electricity [4].
sadly, procedure of solid waste management is getting
worsecontinuously due to the restricted resources in In addition, the sensible use of natural resources is
managing the growing rate of produced waste. Here in one of the widest objectives of sustainable development
Lahore, in most cases wastes are disposed of only by land [5]. Electricity and gases are the most important form of
filling, a small number of resource recovery plants are on energy which can lead the country for several steps to
hand in the country [2] despite the fact that there is a the developed one.FromPakistan's installed electric
great scope of producing energy like gas and electricity production capacity only three-fourth of which is
from it. Many developed countries are producing considered to be ‘available’, only 30 percent people of the
electricity from their solid wastes. They are using solid population of Pakistan have access to electricity and
waste to produce electric power via incineration or periodic load shedding is causing disruptionsto whole the
gasification of the fuel, or through landfill methane economy of the country [6].

energy-of-wastemethods [3]. Thermal treatment may
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Cities namely Karachi, Lahore, Gujranwala, To determine the amount of energy produced by the
Faisalabad etc. produce a large amount of solid waste incineration process.
every day which is only disposed by land filling. The To check out the options whether it could be
enormous increase in the quantum and diversity of waste established as an alternate power generation as well
materials generated by human activity and their effects on as waste management arrangement in the region. 
the environment, have led to an increasing awareness to
adopt scientific methods for safe  disposal  of  wastes. Scope of the Study: It has been found by many surveys
The technologies for recovery of energy from wastes can and studies that the nature and volume of solid waste has
play a vital role in mitigating the problems. At present been changing over time and with development of
there  are  522  urban  centers  in  the  country including society. Populated cities of developed countries have
254 pourashavas and 6 City Corporations, generate about more consumption of waste and their quality, e.g. calorific
13,332 tones of solid wastes per day and it will be about value is much higher. In this situation ‘energy-of-waste’
60000 tons/day by 2025. Lahore City Corporation is one of production process may help significantly to get rid of the
the second biggest densely populated cities in Pakistan problem of electricity shortage and waste management.
[7]. This study is aimed to discuss following postulates:

A Brief on Lahore City Corporation (LCC): Lahore City The calorific values of all the components of waste
is located 31.32° North and 74.22° inPakistan bordering in different moisture content. b) How much energy
India to the East. Lahore City Corporation (LCC), which can be produced to convert it into electricity and the
was formed in 1990s, expands over an area of total possible electric energy is calculated here.
approximately of 100 square km being. There are a number It is justified here whether the invention of electric
of schools, colleges, universities etc. having a population power from the municipal solid waste of Lahore City,
of 20 million [1]. The city generates over 400 tones of solid would be practical or not, with respect to production
waste/day. Of the total, only 300 tones are collected and of waste management. 
dumped into the open dumping ground, the remaining
100-150 tones of waste are dumped directly into drains, MATERIALS AND METHODS 
water supplies and open areas. There are 40 wards in LCC,
only 20 wards are approached by ‘door to door waste Both primary and secondary data have been used in
collection’ facilities. LCC has only one dumping site and conducting the study. Primary data has been collected by
35 secondary collection points [8]. The waste is only used personal MSW sample collection and exhaustive
as a land filling matter which is now becoming a burden interviews of respondents groups like Lahore City
for LCC (presently called CDGL) and creating infinite Corporation employees and garbage collectors. Their
problems for the next  generation.  At  now  there  is  no opinion is obtained to get an insight into existing waste
electricity generation unit set up in Lahore and as a result management system. Secondary data has been gathered
the city inhabitants have to face oftenextreme level of through pursuing different reports of City Corporation,
load-shedding and erratic power supply [9]. Due to web materials, various articles, journals and books. In
frequent load shedding, mills and factoriesPower collecting the MSW sample to conduct a study at local
Development Board can supply only 30 megawatts of conditions, diverse waste characterization methods can be
electricity against the demand of 80MW and the sales of used [10]. A simple method of the sampling for the
instant power supply appliances have been sharply characterization of Municipal Solid Waste (MSW) is
increased  on  its  outskirts  against  the  backdrop of sampling directly from waste generation sources, which is
load-shedding. Now, the alternative sources of power used in this study. The first level is stratification by waste
generation have become a decisive demand. generation sources such as residential, commercial,

Objective of the Study: second is seasonal stratification as Pakistan has three

To identify how much waste is produced per capita sampling was planned to collect during these seasons. A
per day and determining how suitable it is for energy total of fifty samples were collected from city areas of
production. Lahore.

institutional and open areas (as garbage collection). The

main seasons: summer, monsoon and winter thus
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Table 1:
MSW generation MSW from different

Sources (kg/day/capita)  sources/day (%)
Domestic waste .360 77.2
Street sweeping .008 1.2
Commercial including
market waste 0.084 18.6
Industrial waste 0.04 1.00
Clinical waste 0.005 0.74
Others 0.009 1.49
Total Waste generated 0.401 kg per day

Table 2: The typical constituents of solid wastes in Lahore City
Corporation are inscribed in the below drawn table.

Item % by dry weight
Domestic waste 70.5
Street sweeping 2.5
Commercial including market waste 14.5
Industrial waste 9.0
Clinical waste 1.5
Others 3.0
Source: LCC (2013): Field Survey (2013)

Table 3: The Average Composition of Solid Waste in Lahore
Waste component Percentage of the total Moisture content %
Organic material
Food / vegetable waste 84.35 58.6
Paper product 4.27 3.27
Garden waste 2.83 16.2
Polyethylene 2.95 1.9
Plastic / Rubber 0.95 2.3
Wood 0.15 5
Textiles 1.19 5.3
Leather 0.09 2.9
Inorganic material
Glass 0.08 1.2
Ferrous and non ferrous material 0.09 0.9
Others 3.05 2.43

Table 4: Calorific value of the solid waste component 
Name of the sample Calorific value (MJ/kg)
Newspaper 46.80
Normal paper 24.24
Textile 15.70
Leather 15.70
Garden waste 12.9
Vegetable waste 30.7
Polytechnic 40
Plastic 40
Other wastes 22
Source: Author (2013)

Sample Weight: The smaller sample weight is the greater
variance of the waste sample composition and if the
sample weight is decreased from approximately 90 kg, the
sample variance will be increased rapidly [11]. In Pakistan,

about  80%  waste  components  passing  through   the
100 mm sieve open. Considering the size target sample
weight for this research was set at 100 kg. 

Field Protocol: The  preliminary  survey  was  conducted
to 5 different wards of LCC which has different waste
generation sources such as domestic, commercial, street
sweeping, industrial, clinical etc. The commercial
establishments were classified as wet market, shopping
complex, hotels, restaurants, educational institutions and
others. In industrial and clinical areas husking mills, saw
mills, garments factories, pharmaceuticals, hospitals,
diagnostic centers were selected. The daily average
generation rate per capita in each source was evaluated.
A total 150 MSW sample from different source were
collected to determine the waste composition in LCC [12].

Laboratory Protocol: The weight of the collected waste
samples were measured in the laboratory of Local
Government Engineering Department (LGED), Lahore and
then transported to the designated sheds for sorting.
Firstly the waste generated per capita per day in LCC was
calculated (Table 1). Secondly the MSW was categorized
into six typical categories (Table 2). Then the composition
was categorized into ten major categories as Organic
material; Food / vegetable waste, Paper product, Garden
waste, Polyethylene, Plastic / Rubber, Wood, Textiles,
Leather, Glass and Inorganic material; Ferrous and non
ferrous material (Table 3). Subsequently, calorific values
of different components of wastes  were  determined
(Table 4). Standard personnel safety procedures were
observed during the sorting process such as wearing
gloves, apron, safety glasses and boots, etc. 

Waste Generation: InLCC Waste generation per day in a
specific area and percent composition of different waste
components are the two most important types of data for
judgment. This information is necessary in order to
identify waste components to target for finding resource
of energy and recycling programs [13]. To meet this
demand  waste  generation  per day is estimated as in
Table 1:

Waste generation in LCC Sources MSW generation
(kg/day/capita) MSW from different per day estimated as
in Table 1 and graphically represented in Figure 1.

Composition of the Waste: The nature and quantity of
solid waste is changing over time and with development
[14]. In urban society like Lahore, solid wastes are
originated  from  residential   houses,   street   sweeping,
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Fig. 1:

Fig. 2:

commercial, industrial and other sources includes dust, generating huge amount of solid waste (0.8kg /capita/day)
ash, vegetable and animal bones, paper and packing of all 600000 kg/day sets a grave environmental threat.The main
kinds, rags and other torn fabrics, garment materials and concern this problem has caused is where the final
many other trash[15]. From the field survey it is found that disposal of the MSW may be done since the open places
there are a number of organic compounds in the solid for sanitary landfills are almost over and the areas for this
waste of LCC. The average percent fraction of total purpose are becoming hard to find. There are about 2.5 %
generated solid waste of Lahore City collected from of hospital and clinical waste among the total municipal
different sources at different location of the city is given solid waste which is a mixture of lethal chemicals,
in Table 2. radioactive elements and other pathological substances

From the laborite tests and analysis, The Composition highly dangerous for human lives. The indiscriminate
of solid waste of Lahore is given in Table 3 and shown in disposal and uncontrolled open dumping also clogs the
Figure 2. urban drainage system, causes water contamination and

The Problem: Population of all urban areas in Pakistan Pakistan are posing increasing threats to the health of its
quite rapid high and Lahore is the second most populous residents. On the other hand, as the population increases,
city. The LCC having population of 20 million is human lives. Demand for electricity  has  also  increased

threatening. Thus the growing problems of solid waste in
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Table 5: Ultimate analysis of “Dry Stream” components of MSW

% weight
Component of -------------------------------------------------------------
waste stream Carbon Hydrogen Oxygen Nitrogen Sulfur

Food/Vegetable waste 46.5 4.3 42.8 2.4 0.1
Paper product 43.5 6.0 44.0 0.3 0.2
Garden waste 44.5 5.4 45.6 2.6 0.2
Polyethylene 80.5 14.3 3.2 2.0 -
Plastic/Rubber 60.0 7.2 22.8 - -
Wood 49.0 6.0 42.7 0.2 0.1
Textile 55.0 6.6 31.2 4.6 0.2
Leather 69.0 9.0 5.8 6.0 0.2
Others 26.3 3.0 2.0 0.5 0.2

Source: Themelis and kim, 2002

Table 6: Weight of organic components of MSW per day with respect to
moisture content 

Organic waste Moisture Moist Dry mass
component % of total content (%) mass (ton) (ton)

Food/vegetable waste 91.68 65 270.04 96.77
Paper product 4.27 09 11.81 10.123
Garden waste 2.83 49 6.49 3.86
Polyethylene 2.95 05 6.85 6.65
Plastic/rubber 1.85 03 3.55 3.50
Wood 0.08 13 0.09 0.093
Textiles 2.11 15 4.33 3.86
Leather 0.05 08 0.15 0.40

Source: Author, 2013

and now the country is facing a tremendous power crisis
which, consequently,    ishindering     socio-economic
development of the whole nation. This is why other
alternative methods for the disposal of MSW are
extensively needed to be studied.

Problem: Annual power consumption gas been growing
at a higher rate than the population of the city and this
trend is likely to continue in the future. Production of
solid waste has been increasing, especially in urban areas
besides rapid population growth with transition of culture
and features of life. It is hard to get new dumping spaces
and if availableat all, they are far away from the city and
this causes inflated transportation charges. It is high time
the  municipal  corporations, governments, think tanks
and policy makers should take up the  matter  seriously. 
The best option is to lessen the volume by effective
treatment of the waste. In recent years, the energy-of-
waste project has gained much attention due to its double
benefits of resource generation and pollution decrease.
Moreover, it may also present an opportunity, because
much of the waste contains energy-rich materials that can
be used for production of electric power through this
method.

Calorific     Values:   Calorific   values   of   MSW   is
more  than  80%  of  the  waste are food or vegetable
waste. These huge amounts of food or vegetable wastes
contain about more than 65% moisture and their calorific
value per/Kg is not too high. But the imperativeissue is
that the calorific value of the waste generated in Lahore
City is 7.94 MJ/kg, as found in this study which is
sufficient for generating electric city. Therefore, municipal
solid waste can be used as alternative sources of
electricity. The calorific values are shown in Table 4. The
Figure 3 shows that from waste paper is the major
contributor  for the production of alternate source of
power generation.

Analysis of Electricity Generation: For the analysis of
electricity generation Dulong`s formula is used. The main
products of anaerobic decomposition are methane and
carbon dioxide; ammonia, hydrogen sulfide and
mercaptans (sulfonated hydrocarbons) are also generated
[16]. The percentages of carbon hydrogen oxygen and
nitrogen or sulfur in different constituents of the waste
are shown in Table 5. 

The above values may not be so accurate for LCC
except vegetable and garden waste these values will not
deviate largely. Therefore the components of MSW from
the analysis of Themelis and Kim could be used in case of
analyzing the MSW of LCC. 

Again, for determining the approximate chemical
formula for dry combustibles and percentage composition
of carbon, hydrogen, nitrogen and sulfur, Table 5 is
reviewed.
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Table 7: Chemical composition of waste fractions in LCC

% weight
---------------------------------------------------------------------------------------------------------------

Organic waste component Dry mass(ton) Carbon Hydrogen Oxygen Nitrogen Sulfur

Food/vegetable waste 96.77 46.5 7.3 39.8 2.4 0.1
Paper product 10.123 43.5 6.0 44.4 0.3 0.2
Garden waste 3.86 44.2 5.4 45.6 2.6 0.2
Polyethylene 6.65 80.5 14.3 3.2 2.0 -
Plastic/rubber 3.50 60.0 7.2 22.8 - -
Wood 0.093 49.0 6.0 42.7 0.2 0.1
Textiles 3.86 55.0 6.66 31.2 4.6 0.2
Leather 0.40 69.0 9.0 5.8 6.0 0.2
Others 3.86 26.3 3.0 2.0 0.5 0.2

Tons per day 129.11 58.45 8.99 46.046 2.67 0.132
% composition 45.276.96 35.66 2.35 0.1171
Atomic Weight (kg/kmol): 12.01 1.01 16.00 14.01 32.07
No. of Mmol/day: 4.86 8.90 2.87 0.19 ~0.0
Number of atoms 6 10.98 3.54 0.23 ~0.0

Source: Author, 2010

Approximate Chemical Formula of “Dry” Combustibles: production  cost  for  each  unit  of  electricity     from
C h o : The heat released from combustion of solid wind-based power plant could be around Rs 10 to Rs 12,6 10.98 3.54s

wastes is partly stored in the combustion products (gases from diesel fired power plants is Rs 8 to Rs14 and Rs 8
and ash) and partly transferred by convection, from furnace fired power units [18]. Municipal Solid
conduction and radiation to the incinerator walls and to Waste (MSW) contains organic as well as inorganic
incoming waste. The energy content of the waste can be matter. The energy present in its organic fraction can be
estimated using the modified Dulong Equation or the recovered for gainful utilization through adoption of
heating value of individual waste components. Modified suitable Waste Processing and Treatment Technologies.
Dulong’s  Equation:  Heat (KJ/kg) = 337C + 1428 (H - O/8) The recovery of energy from wastes also offers other
+ 9S. where benefits as follows:

3C = Carbon (%) H = Hydrogen (%) O = Oxygen (%) S = The total quantity of waste gets reduced by nearly
Sulfur (%) Heat (KJ/kg) = 337 × 0.4577 + 1428 (0.0696 - 60% to over 90% depending upon the waste
0.3566/8) + 9 × 0.0  = 189.98 KJ/kg Steam energy composition and the technology used
available = 70 % of heat energy  = (0.70 × 189.98) KJ/kg Demand for land, which is already getting hard to
= 132.98 KJ/kg Electric power generation = Steam find in cities for land filling is reduced
energy ÷ 11395 kj/kWh  = (132.98/11395) kWh/kg = The cost of transportation of waste to far-away
0.01167 kWh/kg   (Waste generation of LCC = 0.75x 0.8 x landfill  sites  also  gets reduced proportionately; and
1000000 = 600000kg/day) Total electric power Net reduction in environmental pollution. It is,
generation = (0.01167 × 600000) kWh/day   = 7002 therefore, only rational that, while every effort should
kWh/day = 7.002 MWh/day Now, Station service be made in the first place to minimize generation of
allowance = 6% of electric power generation = 0.4201 waste materials and to recycle and reuse them to the
MWh/day Unaccounted heat loss = 5% of electric power extent feasible, the option of Energy generation from
generation = 0.3501 MWh/day Net electric power Wastes can also be duly considered.
generation = Electric power generation - (Station service
allowance +Unaccounted heat loss)   = 7.002 - (0.4201 + Production  of  electric  power   requires   dry   land
0.3501) = 6.231 MWh/day and low moisture  containing  waste  which is not

From the analysis of different studies it is found that amount reduction of MSW, electricity generation
the price for producing per unit electricity from municipal capacity, requirement of less area and as the Pakistan has
solid waste by incineration would be between Rs 9.5-10.5 gas reserves, the incineration technology could be
[17]. Where in Pakistan, it is found that the electricity chosen.

available    in  this  region.  Therefore,  considering
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Recommendations: The above made study ACKNOWLEDGMENTS
conveysrecommendations as stated below:

Solid wastes produced in Municipalities may be used
as a renewable clean energy source.
An instant decision is required to be taken by the
LCC authority as well as the federal Government to
implement waste-energy production project as an
alternative option of power generation to meet the
electricity scarcity of the country. 
A consultative meeting should be held with
environmentalists, healthcare specialists,
nutritionists, waste managers and municipal
authorities to select suitable place and technology
for the production of energy from MSW.
Solid waste-energy production technology is
required to be considered as pollution diminishing as
well as greenhouse gases reduction tools in making
decisions regarding implementation of waste-energy
production project. 
Limitation of imported fossil fuels should also be
taken into view while formulating the viability of the
project.

CONCLUSION

Energy-of-wasteaddresses the problem of MSW
disposal while recovering the energy from the waste
materials with the important benefits of environmental
quality, increasingly accepted as an unharmful, clean
source of energy. Research and technology development
focusing on corrosion phenomena, flue gas control, fly
ash management and beneficial reuse of residues will
further drive the growth of Energy-of-Waste industry.
EoW incineration needs to be implemented to make
greater contribution in supplying renewable energy in
Pakistan, while helping solving the country’s MSW
management problem in the coming decade. The challenge
of MSW disposal and the demand for alternative energy
resources are common in many developing countries.
Experimentally a 5-10 MW power plant may be installed
based on the quality and current production of solid
wastes in LCC. It can also be tasked as a Waste
Management Plan rather than as an Electricity Generation
Project as the technology can lead to a large reduction in
the overall waste quantities requiring final disposal, which
can be better managed for safe disposal in a controlled
manner while meeting the pollution control standards. In
addition, power produced from the EoW activity can
reduce the expensive natural resources “fossil fuel”
utilization in power generation. 

The author conveys his deep appreciations to Local
Government Engineering Department (LGED) Pakistan for
offering scope in doing this study. 
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