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Abstract: In developing countries, the solid management is critical issue and due to lack of resources, it is neglected area. Most of the times the solid 
waste is dumped in the open areas without proper treatment which is creating whole lot of useless landfills results in the waste of useful land and also 
creating health and environmental issues. In current study solid waste categorization is performed along with measurement of waste generation and 
future requirement of landfills to dump the waste. This study has analyzed the generation and features of solid waste in the Peshawar city, The city of 
Peshawar is inhabited by 4,269,079 people according to 2017 census and that makes Peshawar a very densely populated city with a density of 3400 
people per square kilometer. Sampling technique is used to collect the samples from landfills. Average daily number of waste disposal at the landfill area 
is measured by manually weighting the waste from each disposing vehicle.  The results shows that total 752.66 tons of waste is disposed in the landfills 
in all 4 zones of Peshawar, where zones A, B, C and D contributes 26%, 44%, 20% and 10% respectively. The different types of waste are polyethylene, 
Paper, glass, bottles and organic waste contributing 30%, 7%, 1%, 2% and 30%. Also per capita waste is 0.000388746tons with the expected increase 
of 2.6% per year. The average landfill height of water and sanitation services Peshawar is 35.65m and for collection efficiency of 50% the landfilling area 
required according to the above formulae is 0.778842 Acres. For collection efficiency of 75% the landfilling area required is calculated 1.1683 Acres. 
 
Index Terms: Land fill area, Solid waste, Resource management, Waste management  

——————————      —————————— 

1 INTRODUCTION                                                                   

Solid waste management is the big issue in developing 
countries and if not managed properly. If the wastes is dumped 
openly then it may create land pollution or can cause water 
pollution if thrown in water. Sometimes the waste is burnt 
which creates air pollution. The Peshawar city possess a 
major challenge in managing the solid waste and may create 
serious health issues due to open waste in streets or other 
public areas. This may contaminate the water near 
uncontrolled dumping areas. New waste management 
techniques are developing to improve the collection methods, 
reduce the waste and properly dump it. Recently 2R (reduce 
and reuse) technique was introduced and given the priority in 
waste (MOEJ, 2012, European Commission). The policy aims 
to understand the outcome of each activity not only based on 
quantity but also on quality of each activity. A landfill site is a 
large bio-reaction facility that stabilizes waste through 
biochemical decomposition (Themelis & Ulloa, 2007). 
Understanding the behavior of major elements in the landfill is 
necessary for effective landfill site management. Some 
methods have been proposed for monitoring household waste 
prevention activities (Zorpas, Lasaridi, Voukkali, Loizia, & 
Chroni, 2015)(Zacho, Mosgaard, & Research, 2016) 
categorized these methods into six types: (1) self-weighing, 
monitoring, or reporting;(2) use of collection round data 
(mainly garbage collection data by the local government); (3) 
use of control and pilot groups to compare changes; (4) 
attitude and behavior surveys; (5) Point of Sales Data (P.O.S); 
and (6) hybrid approaches. Some case studies on monitoring 
waste prevention activities have been reported (Cox, Arnold, 
Tomás, & Society, 2010) In Pakistan the collection of data is 
only possible for shorter periods of time, to collect data for 
longer periods of time needs social mobilization and 
awareness. The main Objectives of this study are: 

 Finding per capita waste generation rate and 
projected future waste generation 

 Landfill requirement for solid waste 
 

2 LITERATURE REVIEW  
Solid waste management is a serious issue for developed as 
well as developing countries. Different studies shows that the 
household waste generation is directly linked with the 
household expenditure level (Qdais, Hamoda et al. 1997), 

population and living standard. As economic growth is 
increasing in currently underdeveloped developing countries, 
this will increase the generation of household solid waste. (Ali, 
Geng et al. 2019) creating serious issues for management 
(Seo, Aramaki et al. 2004). Studies shows that municipal 
waste management is highly neglected area in 
underdeveloped countries (Imam, Mohammed et al. 2008, 
Batool and Ch 2009, Zhen-Shan, Lei et al. 2009) and 
considered as extra expenses (McBean, Del Rosso et al. 
2005).  Due to limited resources developing countries cannot 
focus for the waste management techniques for whole city, 
their major focus is urban areas generally and big cities 
specifically like Mumbai (Sharma, Chandel et al. 2017), Beijing 
(Qu, Li et al. 2009), Rio(Angelo, Saraiva et al. 2017) and 
Lahore (Jadoon, Batool et al. 2014). In most of the developing 
and underdeveloped countries the solid waste is not properly 
collected (Al-Khatib, Monou et al. 2010), stored (Burnley 2007) 
and disposed (Ojeda-Benitez, de Vega et al. 2003, Seo, 
Aramaki et al. 2004). On average, about 50% of the population 
don’t have proper waste collection service in urban areas of 
developing countries (Parizeau, Maclaren et al. 2006). Most 
the time the municipal waste is dumped in open areas 
(Gomez, Meneses et al. 2008) creating huge amount of 
landfills which is also waste of land and creating environmental 
and health issues for nearby residents and also is the major 
source of global warming. As per report of Global Methane 
Initiative (GMI) Methane is one of the major source of global 
warming and landfill are 4th largest contributor to the emission 
of methane gas. (OECD and IEA 1996, web 2012) contributing 
5.5%-6.4% towards methane emission (Pak 2005, Matthews 
and Themelis 2007). All over the world, different strategies and 
techniques are used to properly collect, store and dispose the 
municipal waste. During waste collection the most important 
thing is waste categorization for separation of waste for 
recycling and disposing (Fehr, De Castro et al. 2000, Ojeda-
Benitez, de Vega et al. 2003). For waste management different 
tools are used including but not limited to life cycle analysis 
(LCA) (Den Boer, Den Boer et al. 2007, Cherubini, Bargigli et 
al. 2009) along with the combination of other decision-making 
tools. LCA is considered the best tool for assessing the 
environmental impact of waste management (Finnveden and 
recycling 1999, Cherubini, Bargigli et al. 2008).  But the LCA is 
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too advanced for the situation of developing and 
underdeveloped countries. Few other tools are developed for 
some specific type of waste like healthcare waste. (Ali, Wang 
et al. 2017). The most important part of waste management is 
disposal of waste. Globally wastes are dumped in landfills 
although it is not preferred, converting the huge amount of 
useful land as dumping area (Lee, Han et al. 2017). Almost 1.3 
billion ton of waste is produced each year and most of it ends 
in dumping area (Gu, Jiang et al. 2017) creating serious health 
issues to nearby residents and environment by emitting 
hazardous leachates from aerobic and anaerobic 
decomposition (Lang, Scholz et al. 2007, Aboyeji and 
Eigbokhan 2016). Fig.1 shows the techniques used to dispose 
the waste and landfill is the leading one (Hoornweg and 
Bhada-Tata 2012) In Pakistan, being a developing country, 
situation is exactly same where less importance is given to the 
collection, management, storage and disposal of the MSW. 
The rapid increase in urban population, around 2.6% annually, 
the standard of living and household income is increasing 
which results the increase of MSW (Kugelman 2014). Most of 
the solid waste ends up in landfills and now is common 
practice in all cities of the country (Ali, Pervaiz et al. 2014, 
Hafeez, Mahmood et al. 2016) which leads to public health 
risk and environmental issues (Khan, Malik et al. 2015) 
 

3. PROBLEM FORMULATION 
Un-authorized and illicit dumping, and additionally landfills is 
specifically adding to ecological contamination, for example, 
beneath the earth water pollution, degradation and sullying, air 
contamination, especially arrivals of Green House Gases 
(GHG) and dangerous substancesUnlike industrial waste, 
advancement has not been made in the management of 
municipal waste area. Another critical angle caused by the 
deficient assets is the way that the gathering, transportation, 
treatment and transfer of municipal solid waste in Peshawar 
have been ignored for quite a long while. In this way, existing 
foundations are deficiently prepared as far as abilities and 
capital assets to adequately deal with the waste issues. 
Municipal waste gathering and transportation exercises are 
very poor composed. Thus, the accompanying angles decide 
the significance of tending to metropolitan waste 
administration in Peshawar. The sole objective behind the 
research is to add to the procedure of advancement of 
productive strategy methodologies and measures toward 
change of existing solid waste administration framework in 
Peshawar. The examination done in this proposition can be 
used to assist decision makers, especially at the grass root 
level, during the time spent detailing and usage of supportable 

waste administration Practices. Hence, the postulation 
information can be utilized as a base for planning of further 
undertaking recommendations in municipal waste part for 
responsible associations.  

 
4. METHODOLOGY 
In the initial phase of the study in a meeting with water and 
sanitation services Peshawar decision was made that data will 
be collected from all the zones in terms of the number of trips 
of the vehicles and the capacity of each vehicle. Different 
types of vehicles that Water and sanitation services Peshawar 
(WSSP) collect solid waste from a specified point of the city 
and that was transported to the landfilling site. Data was 
gathered each day on weekly basis and for different months, 
so that the seasonality factor in waste generation can be 
minimized. The criteria were that the vehicle weight was 
calculated with the solid waste and it was subtracted from the 
weight of the vehicle in an empty state.  

 
 

 
Fig. 1. Methodology flow chart 

 
4.1 Classification of solid waste 
Household solid wastes are classified as organic and 
inorganic waste materials which includes wastes from the 
urban and rural community. In this research solid wastes are 
classified on the basis of source of generation and type. The 
study used the source-based classification which included the 
domestic (House hold), Mixed (Residential, commercial) and 
Pure commercial areas wastes. Domestic/residential wastes 
are from household, dwellings, and apartments. Mixed Area 
waste is from dwelling, apartments as well as markets and 
shops that resides in residential areas. Commercial waste is  

 
TABLE 1  

STRATIFICATION CRITERIA ANALYSIS 
 

Stratification Criteria Recommendation by WSSP Action Plan 

Seasonality As waste analysis results are same 
for spring and autumn seasons so 
Stratification of both seasons will be 
considered.  

On the basis of the recommendation 
of WSSP data was collected on 
weekly basis for different months  

Residential Structure Generally, waste analysis 
stratification according to different 
residential structures and their 
locations can be recommended. 

The following types of residential 
structure was designed  

 House hold 

 Mix  

 Commercial 

Container Size Generally, waste analysis 
stratification is done keeping the bin 
or container size consistent to reduce 

Container with capacity of 4490 kg’s 
and the greatest number of trips was 
selected for the data collection and  
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the chances of error 

Source of waste In most cases, waste from areas with 
commercial activities is significantly 
different to waste from residential 
areas. 

The area has already been classified 
into different area divisions to reduce 
the variability as already specified in 
the residential structure criteria 

Socio economic influences Socio economic factors can influence 
the generation of house hold waste. 

An Organization may consider 
investigating these influences should 
sufficiently planning information and 
resources be available. 

Collection Day Daily collection (excluding weekends) 
of all relevant waste is undertaken, it 
may be useful to compare the 
variation of waste amounts according 
to days of the week. 

Data was collected for whole 
weekends in different seasonality  

 
from markets, restaurants, hotels, motels shops, and other 
commercial establishments. The wastes were manually 
separated out and placed into polyethylene bag corresponding 
to their categories or types. The weight of each of these sorted 
wastes was obtained and their average taken. 
 
4.2 Stratification Criteria 
For stratification criteria water and sanitation services 
Peshawar officials gave some recommendations and on light 
of those recommendations action plan was devised and 
carried out. Stratification Criteria alongside recommendation 
as well as the action plan are given in the Table 1.   
 
4.3 Materials and Methods 
This study focuses mainly on domestic solid waste 
management that is household waste under the jurisdiction of 
WSSP (Water and sanitation services Peshawar). The data 
used in this study were derived from primary sources that is 
data collected with the help of the organization. In addition, the 
data was collected with the cooperation of WSSP officials. The 
collected data was then analyzed to understand the existing 
system solid waste management.  
 
4.4 Solid Waste Generation by Source 
Well founded and authentic estimate of the quantity of 
household solid waste in the city pf Peshawar is essential in 
the planning for proper solid waste management. Solid waste 
generation widely vary for zones as the population for zones is 
different in Peshawar. The studies show that total of 
195692.15 tons of waste is disposed each year out of the four 
zones that is zone-A, Zone-B, Zone-C and Zone-D. The 
quantity contributions of waste from each of the zone is shown 
in fig. 2.Fig. 3 shows the percentages that each zone 
contributes to the overall quantity. 

 
 
 
 
 
 
 
 

 
 
 
 
 

Fig. 2. Waste disposed in tons per zone per month 
 
 

 

 
 

Fig. 3. Percentage contribution of each zone 
 
Zone A is producing the 5080 tons of waste per year while 
Zone B, C and D comprise of 8520, 3763 and 1831 tons of 
wastes respectively. The percentages of waste produced in 
zone A, B, C and D are 26%, 44%, 20% and 10% respectively 
showing that Zone B is highest contributor in generating the 
waste. The collected waste comprised variety of different kind 
of wastes, as it is collected from all over the city. The majority 
of the waste is from household’s waste, commercial area 
including solid waste of factories, shops etc and some mixed 
waste.  

 

 
 

Fig. 4. Percentage contribution of Area division 
 
The Fig. 4 shows that from the collected waste, 20% is 
commercial waste and 49% is household waste while rest of 
the 31% is mixed waste 
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4.5 Percentage Contribution of each Waste Type in Total 
Quantity 

Different types of waste have different contributions into the 
total quantity that is brought in the landfilling site. Fig. 5 show 
the percentage contribution of five types of waste on the 
landfilling site. The different types of waste are polyethylene, 
Paper, glass, bottles and organic waste. 

 

 
  
 

Fig. 5. Contribution of types of waste in total quantity 
 
4.6 Per Capita Waste Generation 
On the basis of the 2017 census data, the population of 
Peshawar is 1936126 and according to the data collected by 
water and sanitation services Peshawar total waste generation 
per day is 752.66 tons. With this estimated daily generation, 
the per capita waste generation is found with the following 
formula  
 
Generation rate tons/day/capita= (Quantity 
(tons)0day)/(Population(Capita)) 
 
Therefore, the waste generated per day per capita is 
0.000388746tons. 
 
4.7 Projection of Future Waste Generation 
To make predictions about a future waste generation from 
estimates of population requires prediction of future per capita 
waste generation. According to the Census 2017 population 
data, waste generation is .000388745 tons/day per capita. And 
the population growth rate is 2.10% and waste generation 
factor, according to water and sanitation services Peshawar is 
2.60%. These factors are used to estimate the current quantity 
of which is 752.66 tons/day. Considering these factors, the 
projected waste generation rates for each zone is estimated in 
Fig. 
6

 
Fig. 6. Projected waste generation rates by 2019 

 
Given the projected waste generation rates in Fig. 6 the 
projected quantities of solid waste are estimated for 2019 in 
Fig. 7 

 

 
 

Fig. 7. Projected quantity of waste produced each zone by 
2019 

 
4.8 Final Landfill Area Requirement 
An estimate of future land requirement for disposal was made 
on the basis of the projected future waste quantities presented 
in Fig. 7. From the estimated waste generation, the required 
land area is calculated assuming a compacted solid waste 
density of 1.1 ton/m

3
 (Zurbrügg, Drescher, Rytz, Sinha, & 

Enayetullah, 2002). The collection efficiencies, 50% to 75%, 
have been considered for analysis. The land requirement for 
the dumping area is calculated as 
 
The formulae (Hai & Ali, 2005) are given below. 
 
Volume disposed (m

3
/yr) = (Projected waste (ton/yr)*Collection 

Efficiency)/ (Compacted waste Density (ton/m
3
)) 

 
After finding the volume of waste disposed landfilling area 
required is calculated with the formula given below 
 
Landfilling Area required (m

2
/yr) = (Volume disposed at landfill 

(m
3
/yr))/ (Dumping height (m)) 

 
The average landfill height of water and sanitation services 
Peshawar is 35.65m and for collection efficiency of 50% the 
landfilling area required according to the above formulae is 
0.778842 Acres. 
For collection efficiency of 75% the landfilling area required is 
calculated 1.1683 Acres. 

5 CONCLUSION 
According to the estimation of future waste generation the 
quantity waste in 2019 will be 247200.5 tons per year and 
which requires landfill area of 0.7789 acres considering 50% 
of waste collection efficiency, and if the waste collection 
efficiency is increased 75% the area required for the landfilling 
will be 1.168 acres. The difference of 0.3891 acres shows that 
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area requirement is also increases as the collection efficiency 
is increased. Therefore, it is concluded that the collecting 
efficiency has a direct relation with the landfilling area and by 
increasing the collecting efficiency the blockages of drainage 
system can be reduced. The polythene also has great impact 
on area requirement, as the total landfill area required 
currently is found to be 1.1683 acres with 75% waste 
collecting efficiency in this area alone polythene Contributes 
29.55 %. This makes a great portion of the landfilling 
contribution and if 29.55% of polythene are separated from the 
total waste, then the area required will be 0.8230 acres, the 
decrease in the area requirement due to separation of 
polyethylene is 0.3453 acres.  
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