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 ЉЯϷϧЃгЮϜ 

м .ЭуЯϷЮϜ ϣзтϹв сТ ϝлуТ ϣКϝзЋЮϜ ϿЪϽϧϦм ̪еуГЃЯТ ϞнзϮ сТ ϣуКϝзЊ ϣЗТϝϳв ЭуЯϷЮϜ ϣЂϜϼϹЮϜ иϻк ϢϽЫТ Ϥ̭ϝϮ аϹЛЮ ϜϽЗж

ϣуКϝзЋЮϜ ϣϡЯЋЮϜ ϤϝтϝУзЮϜ ЙЎм буЧϦ ϤϝЂϜϼϸ ϸнϮм ϣЗТϝϳгЮϜ сТ  ϣϡЯЋЮϜ ϤϝтϝУзЮϜ ϢϼϜϸш бϚϝЧЮϜ ЙЎнЮϜ ϣЂϜϼϹЮϜ иϻк ЌϽЛϦ .

 ϣЗТϝϳгЮϜ сТ ϣуКϝзЋЮϜϽУЮϜм ̪ϤϝжϝуϡϧЂъϜ ев еуКнж Ьы϶ ев ϣЂϜϼϹЮϜ иϻк ϥгϦ .СЗжцϜ ϬϝϧжшϜ Ϙϸϝϡв ХуϡГϧЮ ϣϲϝϧгЮϜ Ј

 еК ϣЯϫгв ϣуЯϳгЮϜ ϤϝϛулЮϜ онϧЃв пЯК пЮмцϜ̸̽  еК ϣЯϫгвм ЙжϝЋгЮϜ онϧЃв пЯК ϣужϝϫЮϜм .ϹϲϜм сЯϳв ЁЯϯвм ϣтϹЯϠ̸̀ 

 .ЙзЋвсϧЮϜ РϜϹкъϜ  ϥЛЂ ϣуЯϳгЮϜ ϤϝϛулЮϜ ϣжϝϡϧЂϜ ϝлЧуЧϳϦ пЮϜск ϒ ъм  ϣуКϝзЋЮϜ ϣϡЯЋЮϜ ϤϝтϝУзЮϜ ϢϼϜϸϖ ϤϝЂϼϝгв ϣЂϜϼϸ

м ϣуЮϝϳЮϜ ϝужϝϪϣуЯϳгЮϜ ϤϝϛулЮϜ ϝлвϹЧϦ сϧЮϜ ϤϝвϹϷЮϜ онϧЃв бууЧϦ  ϣЯвϝЛгЮϜм ϣϯЮϝЛгЮϜм ϥЦϕгЮϜ етϿϷϧЮϜм ЭЧзЮϜм ЙгϯЮϜ ϩуϲ ев

 .сϚϝлзЮϜ ЉЯϷϧЮϜмм  ϥЛЂ ϣжϝϡϧЂϜЙжϝЋгЮϜ уЧϳϦ пЮϜ Х ъмϒЯЋЮϜ ϤϝтϝУзЮϜ ϢϼϜϸϖ ϤϝЂϼϝгв ϣЂϜϼϸ ϣуЮϝϳЮϜ ϣуКϝзЋЮϜ ϣϡ пЯК

ЙжϝЋгЮϜ онϧЃв ϩуϲ ев м ϤϝтϝУзЮϜ ϹуЮнϦ ϥЦϕгЮϜ етϿϷϧЮϜ м сϚϝлзЮϜ ЉЯϷϧЮϜм ϣЯвϝЛгЮϜм ϣϯЮϝЛгЮϜм ЭЧзЮϜм ЙгϯЮϜ  ̪м ϝужϝϪ

.СЗжцϜ ϬϝϧжъϜ ϣЂϼϝггЮ ЈϽУЮϜ ϹтϹϳϦ пЮϜ ϝϫЮϝϪм ̪ϣуКϝзЋЮϜ ϣϡЯЋЮϜ ϤϝтϝУзЮϜ ϤϝугЪ ϽтϹЧϦ 

ЮϜ ϤϝтϝУзЮϜ дϜ ϣЧуЧϲ ϭϚϝϧзЮϜ ϤϽлДϒ ϝлЛв ЭвϝЛϧЮϜ бϧт ϣуКϝзЋЮϜ ϣϡЯЋ еуϷϦм ЙгϯЮ ϣуЃуϚϽЮϜ ϣЧтϽГЮϜ ϥжϝЪм .ϣтϹЯϡЮϜ ϤϝтϝУзЮϝЪ

аϝЗж ск ϤϝтϝУзЮϜ  ЙжϝЋгЮϜ ев ЙгϯЮϜ ϣϡЃж ϣϯуϧж ϥжϝЪм ̪ϤϝтмϝϳЮϜ̸̷̷ ϣЋЋϷв Ϥϝтмϝϲ ϣЂϜϼϹЮϜ ϣЧГзв сТ ϹϮнт ъ .%

 ̭ϝзϫϧЂϝϠ ϣуКϝзЋЮϜ ϣϡЯЋЮϜ ϤϝтϝУзЯЮ ̽ дϝЪ еЫЮ ̪ЭуЯϷЮϜ ϣзтϹв сТ ЙжϝЋв ϤϝтϝУзЯЮ ЭЧзЮϜм ЙгϯЮϜ еК днЮмϕЃв ϣтϹЯϡЮϜ ЬϝгК

 ϣϡЃзϠ ЙжϝЋгЮϜ иϻк ев ϣϯϦϝзЮϜ̸̷̷ .% дϜ ϹϮм̼̹̻͂̀ ев ϣϡЯЋЮϜ ϤϝтϝУзЮϜ ЭЧжм ЙгϮ сТ ЭЪϝЇв ϝлтϹЮ ϣуЯϳгЮϜ ϤϝϛулЮϜ ев %

.ЙжϝЋгЮϜ 

 :сЮϝϧЮϜ нϳзЮϜ пЯК ЭЦцϜ пЮϖ пЯКцϜ ев ϟуϦϽϧЮϝϠ ϣуКϝзЋЮϜ ϣϡЯЋЮϜ ϤϝтϝУзЮϜ ϹуЮнϦ ϤъϹЛв ϥжϝЪ̸̺̾̀͂̿  ев ант/бПЪ

 м ̪ϣужϹЛгЮϜ ϤϝКϝзЋЮϜ̷̷̹  м ̪ϣКϝϡГЮϜм ϣуЦϼнЮϜ ϤϝКϝзЋЮϜ ев ант/бПЪ̸̻̽̽͂̽  ϣуϚϜϻПЮϜ ϤϝКϝзЋЮϜ ев ант/бПЪ

 м ̪ϤϝϠмϽЇгЮϜм̸̸̹̻̾͂ м ̪ϣуЫуϧЂыϡЮϜ ϤϝКϝзЋЮϜ ев ант/бПЪ̺̻̀͂ м ̪ϣуϚϝугуЫЮϜ ϤϝКϝзЋЮϜ ев ант/бПЪ̷̹  ев ант/бПЪ

ϤϝугЫЮϜ ϩуϲ ев .ϣϯЃжцϜ ϤϝКϝзЊ  .ϣϯϦϝзЮϜ ϤϝтϝУзЮϜ ϽϫЪϒ ск ϤϝϦϝϡзЮϜм ϣуЫуϧЂыϡЮϜм ϣуЦϼнЮϜм ϣужϹЛгЮϜ ϤϝтϝУзЮϜ ϥжϝЪ ϥЯЫІ

 йϧϡЃж ϝв ϣужϹЛгЮϜ ϤϝтмϝϳЮϜ̺̽ ϤϝтмϝϳЮϜ ϥЯЫІм ̪ЙжϝЋгЮϜ сТ ϥЦϕгЮϜ етϿϷϧЯЮ ϣвϹϷϧЃгЮϜ ϤϝтмϝϳЮϜ Ингϯв ев %

 ϣϡЃзЮϜ ЁУж ϣуЫуϧЂыϡЮϜ̺̽.% 

лЯЮ ϣЛϠϝϧЮϜ ϤϝзϲϝЇЮϜм ϤϝϡЪϽгЮϜ ϣϡЃж ϥПЯϠ сϚϝлзЮϜ ϟЫгЯЮ ϣϡЯЋЮϜ ϤϝтϝУзЮϜ ЭЧзϦ сϧЮϜ ϣуЯϳгЮϜ Ϥϝϛу̼̹ дϒ ϹϮм .%̸̹  ев ЙзЋв

 ЭЊϒ̸̀  дϝЪм ̪ϝлзв сϚϝлзЮϜ ЉЯϷϧЮϜ ЭϡЦм ЙгϯЮϜ ϹЛϠ ϤϝтϝУзЮϜ днϯЮϝЛт ϝгϚϜϸ̺̺̺̿͂ ϝкϽтмϹϦ ϢϸϝКϗϠ ϤϝтϝУзЮϜ днϯЮϝЛт блзв %

 м̸̽͂̽̾шϜ ϤϝуЯгК ев ϤϝтϝУж ϭϧзϦ сϧЮϜ ЙжϝЋгЮϜ ϣϡЃж ϥПЯϠ .ϝлЯЋУϠ % ыϫв СуЯПϧЮϝЪ оϽ϶ϒ ϼϸϝЋв евм Ϭϝϧж̸̼̼͂̽ ̪%

 ϬϝϧжшϜ ϤϝуЯгК ϽуО оϽ϶ϒ ϼϸϝЋв ев ϤϝтϝУзЮϜ ϬϝϧжϜ ЬϹЛв дϝЪ ϝгЪ нк̹̺̹̹͂  дϒ ϹϮм .ант/бПЪ̻̿͂ ЙжϝЋгЮϜ ев БЧТ %

 дϒ ϭϚϝϧзЮϜ ϤϽлДϒ ϝгЪ .оϽ϶ϒ ϼϸϝЋв ев ϤϝтϝУзЮϜ еК ϬϝϧжшϜ ϤϝуЯгК ев ϤϝтϝУзЮϜ ЭЋУϦ ϝгϚϜϸ̼̿͂̾ ъ ЙжϝЋгЮϜ ев %

УϦ.ϣуЃуϚϽЮϜ ϝлϦϝжнЫв пЮϖ ϤϝтϝУзЮϜ ЭЋ 
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 ϣϡЃзϠ БЂнϧв ϥЦϕгЮϜ етϿϷϧЮϜ ϽІϕв :сϦфϝЪ ЙжϝЋгЮϜ онϧЃв пЯК ϣуКϝзЋЮϜ ϣϡЯЋЮϜ ϤϝтϝУзЮϜ ϢϜϼϸϖ ϤϜϽІϕв ϥжϝЪ

)̷̹̿͂) ϣϡЃзϠ ϹуϮ ЭЧзЮϜм ЙугϯϧЮϜ ϽІϕв дϝЪм ̪(%̷̸̀͂) ϣϡЃзϠ ϹуϮ сϚϝлзЮϜ ЉЯϷϧЮϜм ϣϯЮϝЛгЮϜ ϽІϕв дϝЪм ̪(%̸̺̿͂ ̪(%

ϡГϦ ϽІϕв дϝЪм) ϣϡЃзϠ ϹуϮ СЗжцϜ ϬϝϧжшϜ ̭оϸϝϡв Ху̀̾͂̿ ϣϡЃзϠ ϹуϮ ЙжϝЋгЮϜ сТ ЬϝгЛЯЮ ϣвыЃЮϜм евцϜ ϽІϕв дϝЪм ̪(%

)̺̀͂̽) ϣϡЃзϠ БЂнϧв м (%̷̻͂̾) ϣϡЃзϠ ̭сЂм (%̸̀͂̿(%. 

ЮϜм ϣЮмϹЮϜ ϣЂϝуЃϠ ХЯЛϧгЮϜм СЗжцϜ ϬϝϧжшϜ ϤϝЦнЛв ϽІϕв :сϦфϝЪ ϥжϝЫТ СЗжцϜ ϬϝϧжшϜ ϤϝЦнЛв ϤϜϽІϕгЮ ϣϡЃзЮϝϠ ϝвϒ ФнЃ

) ϣϡЃзϠ рнЦ дϝЪ̿̽͂̿) ϣϡЃзϠ рнЦ дϝЪ ϣтϸϝЋϧЦшϜм ϣуЮϝгЮϜ сϲϜнзЮϝϠ ХЯЛϧгЮϜм СЗжцϜ ϬϝϧжшϜ ϤϝЦнЛв ϽІϕв ̪(%̿̀ ̪(%

) ϣϡЃзϠ рнЦ дϝЪ ϤϝвнЯЛгЮϜм ϣузЧϧЮϜ сϲϜнзЮϝϠ ХЯЛϧгЮϜм СЗжцϜ ϬϝϧжшϜ ϤϝЦнЛв ϽІϕв̼̿͂̾ ϬϝϧжшϜ ϤϝЦнЛв ϽІϕв ̪(%

Ϝм ϣтϼϜϸшϜ сϲϜнзЮϝϠ ХЯЛϧгЮϜм СЗжцϜ) ϣϡЃзϠ рнЦ дϝЪ ϣугуЗзϧЮ̺̼̿͂.(% 

 ϣϡЯЋЮϜ ϤϝтϝУзЮϜ ϢϼϜϸϖ ИϝГЧϠ ϣузЛгЮϜ ϤϝЃЂϕгЮϜ ЙугϮ еуϠ ϤϝЦыЛЮϜ буЗзϧЮ ϤϝЂϝуЂм еужϜнЦ ЌϽУϠ ϣЂϜϼϹЮϜ сЊнϦ ϜϽу϶ϒм
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Abstract 

Hebron is an industrial governorate in the south of Palestine, and industries are concentrated in 

Hebron City. The idea of this study launched due to the lack of studies that evaluate status of 

industrial solid waste management in the governorate. This study presents the current status of 

industrial solid waste management in Hebron governorate and the opportunities for the 

application of cleaner production principles. Two surveys were conducted, one on localities level 

which represent 16 municipalities and one local council and the other on factories level which 

represent 91 factories. The localities survey aimed firstly to examine the current industrial solid 

waste management (ISWM) practices in terms of collection and transferring, temporal storage, 

and (treatment, processing, and final disposal), and secondly to assess level of services provided 

by localities for ISWM. The factories survey aimed firstly to examine  the current ISWM 

practices on factories level in terms of ISW generation, temporal storage, collection and 

transferring, and (treatment, processing, and final disposal),  and secondly to estimate quantities 

of ISW, and thirdly to identify the opportunities of practicing cleaner production (CP).  

 The results revealed the fact that ISW has been treated as MSW from sources to final disposal in 

the study area. Community container collection system is the main common practice used in the 

solid waste collection and storage, the percent of collecting solid wastes from the factories was 

100%. There were no special containers for ISW in the study area, excluding six factories in 

Hebron city; but 100% of municipalityôs laborers who are responsible for collecting and 

transferring waste from containers to Yatta dumpsite. 52.94% of localities have problems in 

collecting and transferring ISW from factories.  

The outcomes of the mean generation rates of ISW produced from factories was ordered from 

highest to lowest rate as: 719.38 kg/day from metals industries, 200 kg/day from paper and 
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printing industries, 166.64 kg/day from food and beverage industries, 127.14 kg/day from plastic 

industries, 39.4 kg/day from chemicals industries, and 20 kg/day from textile industries.  In terms 

of ISW quantities; metals, papers, plastic, plants are the most common wastes resulted in the 

survey. Steel and plastic containers, which account for 36% for each of all temporal storage 

facilities, are the commonest method of ISW storage. Localities vehicles and trucks account for 

52% of the means of transferring solid waste to the final disposal.  

It was found that 21 out of 91factories always treat SW after collection and before final disposal, 

83.33% of them treat their waste by recycle and 16.67% by separation. 51.65% of factories 

produce a mixture of process and non-process ISW, the average rate of non-process ISW was 

23.22 kg/day. Only 8.4% of factories always separate process ISW from non-process ISW. 

85.7% of factories donôt separate their ISW into specific components. 

It is found that 66.3% of factories respondents said that they adopt an integrated preventive 

environment strategy. 23.1% of respondent heard about CPP. It is found that 13.6% of factories 

reuse and 16.5% recycle ISW as intra-industry reuse and recycle. 77.3% of the recyclable 

materials used as raw materials, and 22.7% of them use as an initial materials help in production. 

The study revealed that inter-industry reuse of paper recycling is practiced in recycling plant in 

Al -Khderah.  

The outcomes of ISWM indicators are as follows: TSI is moderate (80.2%), CTI is good 

(90.1%), TFDI is good (81.3%), and CPI is good (97.8%), and SSI is good (39.6%), moderate 

(40.7%), and bad (19.8). The outcomes of cleaner production obstacles indicators are as follows: 

POCPI is strong (86.8%), FOCPI is strong (89%), TOCPI is strong (85.7%), and AOCPI is 

strong (83.5%). The outcomes of all cleaner production obstacles indicators are strong; all of 

them over 80%. 
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Finally, the study recommends imposing laws and policies to regulate the relations between all 

institutions involved in industrial solid waste management sector in order to create an integrated 

system for the industrial solid waste management. 
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1. Chapter One: Introduction  
 

1.1  Thesis structure 
  

This research thesis consists of five chapters. Chapter one provides an introduction covering the 

background, constraints and restrictions in SWM, cleaner production concept, goal and 

objectives, and characteristics of the study area. Chapter two describes the literature review. 

Chapter three describes the methodology. Chapter four presents and discusses the results, and 

Chapter five presents the conclusions and recommendations. 

 

 

1.2  Background 
 

In the last decade industrial operations development are significantly impacted particularly in 

developing countries due to radical changes in the global economy (Hogland and Stenis, 2000; 

El-Fadel et al., 2001; Casares et al., 2005). The movement from centrally planned economies 

into market economies, the establishment of large economic blocks, liberalization of 

international trade, rapid advances in the fields of science and technology, and the introduction 

of the ISO 14 000 standards for environmental control and other total quality management 

control measures are the most important examples of these changes (ESCWA, 1996; UNIDO, 

1997; El-Fadel et al., 2001). Developing economies, initiated industrial restructuring programs to 

promote the private manufacturing sector as a response to global changes. While in the other 

governments around the world new policies are being adopted and implemented to face the 

challenges of the new international environment (El-Fadel et al., 2001). 
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Wastes generated by industrial development are complex in both their quantities and 

composition (Wei and Huang, 2001; Casares et al., 2005). These wastes are generally associated 

with more hazardous constituents and as such have a higher public health and environmental risk 

potential and imply a serious challenge to local government authorities especially in developing 

countries. The  impacts of disposed waste can be summarized as the contamination of surface 

and groundwater through leachate; soil contamination through direct waste contact or leachate;  

air pollution through burning of wastes; spreading of diseases by different vectors like birds, 

insects, and rodents; odor in landfills, and uncontrolled release of methane by anaerobic 

decomposition of waste (Ngoc et al, 2009). 

The term industrial waste refers to all wastes produced by industrial operations or derived from 

manufacturing processes (Abduli, 1996; Casares et al., 2005). Industrial solid waste management 

(ISWM) can be defined as: ñthe control of waste generation, storage, collection, transfer and 

transport, processing and disposal with the best practices of public health, economics and 

financial, engineering, administrative, and legal and environmental considerations (Omran et al., 

2009)ò. According to the regulatory definition that established by Taiwanôs EPA, industrial 

waste management methods include the intermediate treatment (e.g., incineration and 

solidification), final disposal (e.g., sanitary landfill and secure landfill) and reuse (Tasi, 2010). 

Many studies on industrial solid waste management are available; however, these studies have 

focused mainly on quantities and general description (Mbuligwe et al, 2006). This study will take 

a look in-depth on management practices, as this is difficult to obtain in the literature. 
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1.3 Constraints and restrictions in SWM 

The rapid economic development and accelerated industrialization in recent years has resulted in 

great complexity in handling industrial waste management (Tasi, 2010). Palestinian Territories 

as well as other developing countries has faced many hurdles in SWM at the political, legislative, 

organizational, technical, environmental, and financial levels. 

 

1.3.1 Political level 

Palestinian Territories shares the other developing countries in lacking of information about 

accurate national statistics of the amounts of SW produced, the  source of waste, or its 

composition, but the  biggest challenge in the region is the existence of the Israeli occupation, 

which controls the resources, including land and prevent the implementation of development 

projects. Moreover, Israeli policy in the disposal of their waste, especially hazardous in the 

Palestinian territories, which increases the negative impact on the citizens and the environment 

and displays them at risk. As a result of these circumstances, there are difficulties in the 

planning; management and decision-making regarding SW sector (National Strategy for SWM in 

Palestinian Territory 2010-2014). 

 

1.3.2 Legislative and organizational levels 

In recent years, SW issue in Palestinian Territories has gained significant attention due its 

environmental, social, and economical consequences. The Palestinian government has sought to 

promote and advance this sector through the adoption of some actions such as the passage of 

Law No. (1) of 1997 regarding Local Government, Environment Law No. (7) of 1999 and the 

Public Health Law of 2004, which are the most relevant laws to SWM. In addition to other laws, 
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such as the Investment Law, the Water Law, the Agriculture Law and other laws which are 

indirectly related to SWM sector. The Palestinian government has also prepared regulation drafts 

of SWM (National Strategy for SWM in Palestinian Territory 2010-2014). But laws enforcement 

are not been effectively implemented. 

In general there is a lack of organization and planning in waste management due to insufficient 

information about regulations and due to financial restrictions in many developing countries (Al -

Khatib et al., 2007). 

 

1.3.3 Technical and environmental levels  

In the Palestinian territory and particularly in the West Bank, MSW disposal is considered a 

problem due to several reasons mainly: groundwater aquifers location, the small area of the West 

Bank, the lack of sanitary landfills, and the lack of any serious recycling programs (Talahmeh, 

2005; Al -Khatib et al., 2007). And as mentioned before there is a shortage in information about 

accurate national statistics of the amounts of SW produced and the source of waste, or its 

composition. 

 

1.3.4 Financial level  

Palestinian occupied territories as any developing country typically have insufficient funds to 

plan for, design, construct and/or operate and maintain even basic solid waste management 

collection, processing, and disposal systems and facilities. Often grant, foreign aid, and/or loan 

funds have been made available to pay for or subsidize the construction of modern waste 

management facilities, but adequate funding mechanisms typically are absent to cover debt 
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service, on-going operations and maintenance expenses, and/or recruiting and adequately 

training skilled facility operators (World Bank, 2012). 

1.4 Cleaner production concept 

 
Cleaner Production can be defined as ñthe continuous application of an integrated preventive 

environmental strategy to processes, products, and services to increase overall efficiency, and 

reduce risks to humans and the environmentò (Abbasi et al, 2004; ǶZarkovi´ca et al, 2011). 

Cleaner Production can be applied to the processes used in any industry, to products themselves 

and to various services provided in society" (UNDP, 2002). Waste minimization, reduction at 

source, pollution prevention, eco-efficiency etc. are synonyms for cleaner production 

(Shkoukani, 2008; Cagno, et.al, 2005).  

Sustainable development strives for continued introduction of preventive techniques into 

production processes, services and our everyday lives. The two most important actors in the 

disseminating of sustainable principles through industry and society are cleaner production 

centers (CPC) and spin-off companies (Petek et al, 2000). Three main requirements for 

sustainable development are: resource conservation (water, energy, nonrenewable raw materials), 

environmental protection (reduction of the adverse impact on the environment of all human 

activities), and social and economic development (restraint of population growth) (CSW, 1993; 

Glavic et al, 1996). 

Across the world, a growing commitment to sustainable development is leading to businesses 

reassessing their management practices. Cleaner production is now the basis for industriesô 

approach to waste avoidance. Increasingly companies are looking beyond compliance and are 

focusing their investments to optimize both environmental and economic outcomes. The role of 
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government in these changes is to set the signposts, to map out the pathways for the future and to 

provide a safety net for when systems fail (EPA, 1998). 

 

Different industrial sectors have applied cleaner production concepts as preventive measures in 

order to increase eco-efficiency, reduce risks to both humans and the environment, and save 

natural resources since people are becoming increasingly aware, more than ever, of shortages in 

natural resources and of increases in air, land, and water pollution (Abbasi and Abbasi, 2004). 

Waste minimization techniques can provide long-term benefits to industries such as waste 

reduction, promoting a positive public image, improving product quality, improving the health 

and safety of employees, cost savings, improved compliance, process and operation efficiency, 

and reducing liabilities (Taylor, 2006; Glavic and Petek, 1996).  

The waste minimization procedure developed by the United States Environmental Protection 

Agency (US EPA) was first used and later extended by additional steps which were found 

appropriate for use in process industries in order to obtain optimal waste minimization options 

(Glavic and Petek, 1996). 

Improvements in the operating practices, product design, process design, the work culture and 

the technology had been realized that the fundamental solutions to the industrial pollution 

problems. The experience of various industries world-wide, which have implemented pollution 

prevention measures, reveals that with proper housekeeping and some minor modifications in the 

operating practices and techniques, it is possible to achieve at least a 20ï30% improvement in 

productivity. Moreover, the rate of return on investments in pollution prevention and waste 

minimization projects is often found to be very attractive (Rathi, 2003). 
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The focus of international cooperation as well as multilateral funding agencies has been on 

environmental management professionals for promoting cleaner production rather than on 

project/process professionals. This has led to environmental management agencies and pollution 

control boards as the focal points rather than the industrial developmental agencies and the 

financial institutions (Rathi, 2003). 

The hierarchy of the waste management practices with regard to environmental protection 

priority ranking of waste management methods are: elimination: which is complete elimination 

of waste, prevention of waste production shall be considered as the initial feasibility at design 

stage and may determine if the project proceeds, waste minimization by source reduction: 

avoidance, reduction or elimination of waste generally within the confines of the production unit, 

through changes in industrial processes, procedures, products or input materials, recycling: the 

use, re-use and recycling of waste in existing or another processes, treatment: destruction, 

detoxification, neutralization, etc. of waste to obtain less harmful substances, and finally 

disposal: discharge of waste to air, water or land in properly controlled or safe ways such that 

compliance is achieved; secure land disposal may involve volume reduction, encapsulation, 

leaching of containment and monitoring techniques (Glavic et al, 1996). 

 

 

 

 

 

 

 

 

 

 

 

 

 



8 

 

 

 

 

 

 

 

1.5 Goal and objectives       

The main goal of this research study is to evaluate the existing ISWM practices and assess the 

opportunities for the application of cleaner production principles in six industrial categories in 

Hebron governorate. These categories comprise: food and drink manufacturing, textile 

manufacturing, pulp and paper products, basic metal manufacturing, basic chemicals 

manufacturing, and plastic manufacturing; these classifications were based on Standard 

Industrial Classification of All Economic Activities For West Bank and Gaza Strip (PISIC) that 

based on International Standard Industrial Classification of All Economic Activities, Third 

Revision (ISIC), (PCBS, 1996).  

In order to achieve this main goal, the following objectives should be accomplished: 

¶ Examine the current ISW management practices on localities and factories levels. 

¶ To assess level of services provided by municipalities or village councils for ISWM. 

¶ To estimate quantities of ISW generated from the six industrial categories. 

¶ Identify the opportunities of practicing cleaner production (to recycle, and reuse of ISW) in 

industries and the readiness of the owners and managers for that. 
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1.6  Characteristics of the study area 

1.6.1 Location: 

The study area is Hebron governorate which is bounded by Bethlehem district from the north and 

by the 1948 green line from the other directions; it is located in the southern part of the West 

Bank at about 36 km to the south of Jerusalem, and figure 1.1 shows its location within the West 

Bank.  
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 Figure 1.1: The study area within the West Bank. (Source: Al -Batnij, 2009)  

 

1.6.2 Demographic Features  

Hebron governorate is the largest one in the West Bank in terms of size and population; total 

population of Hebron governorate was 551,130 persons which represent 14.7 % of the total 

population of Palestine, the large number of population indicates large number of housing units, 

so Hebron governorate contains 103,086 housing unit (PCBS, 2008). Around 182 Palestinian 



11 

 

built up areas are located within the governorate, and the total area is about 1,067.0 km
2
 (ARIJ, 

2009). 

The population has many activities, including: Agriculture, Industry, and trade. Figure 1.2 shows 

that Hebron and Yatta are the only communities that their inhabitants exceed 40,000, while Dura, 

Halhoul, adh-Dhahiriye, Bani Na'im and Idhna fall in the 20001-40000 population class. Beit 

Ummer, Beit Fajjar, Beit Ula, Surif, Sa'ir, Tarqumiya, Taffuh, and As Samu fall in the 10001-

20000 population class, and other villages have a population less than 10000 inhabitants.   
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    Figure 1.2: Population ranges of the Hebron District. (Source: Al -Batnij, 2009)  

 

1.6.3 Topography 

The elevation of Hebron plateaus as shown in figure 1.3 are ranges from 100m above sea level, 

(east of 'Arab az-Zuweidin community at the eastern part of the study area), to 1021m above sea 

level (at Hebron Mountains) and between 450m and 1021m high, with dominating breaker and 

barer rocky landscapes (PCBS, 2005). 

    

    Figure 1.3: Topography Map of the Hebron District. (Source: Al -Batnij, 2009) 
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1.6.4 Local bodies 

There are 56 local bodies in the Hebron Governorate, 17 of which are run by municipalities; 

compared with only four municipalities in the year 1994. These municipalities are Hebron, 

Halhul, Yatta, Dura, Surif, Beit Ula, Tarqumiya, Idhna, Beit Ummar, Saôir, Kharas, Esh 

Shuyukh, Bani Naôim, Taffuh, As Samuô, Edh Dhahiriya, and Beit Awwa. There are also two 

refugee camps in the governorate, which are Al Fawwar and Al óArrub Refugee Camps, these 

are run by refugee camp committees. Other built-up areas are run by 20 village councils, and 17 

project committees. Figure 1.3 shows local bodies of the Hebron District. 

 

 
Figure 1.4: Local bodies of the Hebron District. (Source: Ministry of Local Government and the Central           

Election Commission, 2011) 
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1.6.5  Land use: 

 Land use classes are distinguished as: Palestinian built up areas, Israeli settlements, closed 

military areas and bases, natural reserves, forests and cultivated areas as shows in figure 1.5:  

 

 
 Figure 1.5: Land use of the Hebron District Map. (Source: ARIJ, 2009) 
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1.6.6  Hydrology:  

1.6.6.1 Water Resources (springs and wells):  

Hebron district is of highly valuable agricultural land and of low to highly sensitive recharge 

area. This is based on the relatively high rainfall averages in Hebron and Halhoul mountainous 

areas, being part of the recharge areas for the upper and lower regional aquifers of the West 

bank, karstic features, fertile soil, existence of about 170 springs and dug wells and the fact that 

more than 30% of the area is used for cropping and forestry. The study area is of high ecological 

significance and it contains so many springs and dug wells since the Romans period. Nowadays 

there are just 12 springs and 53 wells are used by Palestinian's (Awadallah et al, 2005). Figure 

1.6 shows the water resources map. 

 

 
   Figure 1.6: Water Resources Map. (Source: Al -Batnij, 2009) 

 

 

1.6.6.2  Precipitation:  



16 

 

Hebron district has a semi-arid, Mediterranean climate and has about four rainy months 

(November-March). The average annual rainfall in the western part of the study area varies from 

300 mm in the south to 500 mm in the north. In the eastern part it varies from 100 mm to 200 

mm. in the mountains, the average annual rainfall varies from 500 to 700 mm in Hebron and 

Halhoul regions (PCBS, 2005) as shown in Figure 1.7. 

 
         Figure 1.7: Mean Annual Precipitation Map. (Source: Al -Batnij, 2009) 

 

1.6.6.3  Climate: 

The Study area is highly influenced by the Mediterranean climate, which is characterized by 

long, hot, dry summer and short, cool, rainy winter. Rainfall is limited to the winter and spring 

months, mostly between November and March, summer is completely dry. Snow and hail, 

although uncommon, may occur in the area especially over the highlands, Hebron, Halhoul, 

Dura, and Beit Ummer (PCBS, 2005; Awadallah et al, 2005). 
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1.6.6.4 Temperature and Humidity:  

The mean annual temperature in the western and eastern parts of the study area varies from 19 to 

21 ºc at Idhna, Tarqumya, Beit Awwa, Beit Ula and east of Arab az-Zuweidin and an-Najade, 

and decreases to 15ºc at mountainous regions. At these mountainous areas, the average 

temperatures vary slightly from one part of the region to another depending on the altitude. 

Lower temperature characterizes Hebron and Halhoul areas, which include mountainous areas 

with elevations exceeding 1000 meters above sea level. The average monthly air temperature in 

the study area was 8ºc in winter and 26ºc in summer, with a maximum average monthly 

temperature of 38ºc and a minimum temperature of -3ºc (Awadallah et al, 2005). The annual 

mean relative humidity ranges from 55% to 60% at the western part of the study area, it reaches 

50 % at the eastern part of the study area, and decreases to 50%-55% at mountainous regions 

(PCBS, 2005). 

 

1.7  Economic situation  in the governorate  

Hebron district is one of the most economically active districts, with its exports reaching 10.75 

million dollars, out of the 39.3 million dollars of the overall Palestinian exports, as stated by a 

statement by the Palestinian Federation of commerce chambers on 03/12/2008 (Hilal et al, 2011). 

The Palestinian industrial sector developed significantly and increased its share in GDP after the 

creation of the Palestinian Authority in 1994 from 13.3% in 1994 to 16.5% in 1998 ( Hilal et al, 

2011), while this percentage decreased to 14.6% in 2003, according to the Palestinian Central 

Bureau of Statistics 2001, The contribution of the industrial production to Palestinian GDP was 

15.3%, 14.9% and 14.6% in 2007, 2008 and 2009 respectively (PCBS, 2010). 
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The economic situation in the Hebron governorate is not largely different from other Palestinian 

cities. It moves through a fluctuation range and depends, to the large extent, on the stability of 

the political situations. The industrial sector still suffers from dependence on Israeli industry 

which has affected its development and growth. In addition, the procedures and practices of 

Israel since 2000 such as closures and the Israeli military siege on Palestinian areas in the West 

Bank and Gaza Strip has negative impact on Palestinian industrial sector; productive ability 

dropped in all Palestinian industries and in all governorates of the West Bank and Gaza Strip, 

and the industrial sector sustained much damage because of the siege and its impact on the 

movement of people and goods, the increase in time, the associated costs, and creating 

unpredictability in trade flows and market shrinkages (World Bank, 2007; and Hilal et al, 2011). 

Another difficulty that Palestinian industries suffer from is the reliance of many of them on 

Israeli and foreign raw materials, which leads to rising production costs, reduces the quality of 

the product, and makes these industries vulnerable to changes and the political situation, 

resulting in the decline of these industries (Hilal et al, 2011). 

 

1.8  Industrial sector and development  

Hebron is one of the largest industrial governorates in Palestine, comprising 33% of the 

Palestinian national economy (Hilal et al, 2011), as the value of exports for the years 2009 and 

2010 in the food and drink manufacturing, textile manufacturing, pulp and paper products, basic 

metal manufacturing, basic chemicals manufacturing, and plastic manufacturing was 51,695 and 

54,420 in thousand US$ respectively (PCBS, 2012).  

The industrial sector is one of the important productive sectors, playing a special role in 

economic development and having the ability to create the required growth in all economic, 
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political and social areas. The development of the industry sector has become a major goal for 

developing countries in order to achieve desired economic development. Developing the industry 

sector means achieving a high rate of economic growth, creating many job opportunities and 

increased economic diversification necessary to achieve general economic and social growth. 

The Palestinian industry sector consists of three main activities: mining and quarrying (extractive 

industries), manufacturing, and supply of electricity, gas and water. Manufacturing is considered 

the largest branch of the industrial sector, accounting for more than 95.8% of its facilities (Hilal 

et al, 2011). 

The advantage of Hebron is the availability of one of the most important components of any 

industry: raw materials, where it is endowed with raw materials for food industries (agricultural 

products and milk) as well as leather (livestock in the governorate) in addition to raw materials 

for the construction industries (stone, marble and remnants of cut stone), and also cosmetics and 

other crafts, these industries could provide economic opportunities, according to the situation of 

the governorate; complementary services to industries in general also provide an important 

economic opportunity, particularly those that support them through marketing and packaging and 

those that provide design work for the timber, mineral and leather industries (Hilal et al, 2011). 

Hebron is famous for shoemaking and leather industries which constitute about 40% of the total 

industries in the governorate, the stone industry which constitutes 15% (the marble and stone 

industry  known as the white petrol of Hebron), the textile industry at 22% and metallurgical 

industries at 14%, and it is also famous for concrete, basic metals, plastics, dairy and food 

products, furniture,  soft drinks and also traditional industries such as making pottery, glass, 

ceramics, clothing, embroidered hand-made carpets and other crafts, (Alhalahlah, 2006; Hilal et 

al, 2011). The most famous Hebron institutions factories are: Petropal Factory, Spongy Mattress 
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Factory, Plastic Factory, Sandpaper Factory, Cleaning Substances Factory, Milk Products 

Factory, Electrod Factory, Shoes Factory, Solar Heat Factory, Metallic Manufacture, Concrete 

Factory and Cutting Stone Factory (ARIJ, 2009). 

The majority of establishments of the industrial sector were found to be micro, small and 

medium enterprises, and these industrial facilities face many problems in the areas of 

administration, finance, marketing and packaging (Hilal et al, 2011). Table 1.1 below shows the 

number of establishments in operation in the private sector, nongovernmental organization sector 

and government companies in Hebron Governorate by main economic activity and employment 

size group. 

Table 1.1: Number of establishments by main economic activity and employment size group, 2007 

No. Economic Activity Employment Size Group Total 

+100 99-50 49-20 19-10 9-5 4-1 

1 Manufacture of food and beverages 3 1 3 12 51 247 317 

2 Manufacture of textiles 1 0 1 10 9 80 101 

3 Manufacture of paper and its 

products 

0 1 2 1 3 7 14 

4 Manufacture of chemicals & its 

products 

0 0 2 1 5 20 28 

5 Manufacture of rubber and plastic 1 0 5 10 21 26 63 

6 Manufacture of basic metals 0 0 2 4 6 20 32 

Source: PCBS Palestinian General Census of Population, Housing and Establishment Census, 2007 

 

Hebron municipality data indicated that nearly 50% of the total labor force in the city is mainly 

dependent on Trade sector. Agriculture and Industrial sectors form the same percentage as 15% 

for each. The Employment in governmental and private sector is only about 5% of the labor 
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force working in this sector. The Israeli labor market sector comprises of about 5% of Hebron 

workers (ARIJ, 2009). 

 

 

 

 

2. Chapter Two: Literature Review 

2.1 Introductory remarks  

Industrial solid waste has been a problem since the Industrial Revolution. Globally, countries 

have been divided into developing and developed on the basis of their development, different 

abilities, polices, and resources to deal with solid waste problems. Developed countries have 

established legislation to deal with such problems while for developing countries such legislation 

and polices have still been under processing and some countries canôt even create an action plan 

to deal with industrial pollution (Al -Qaydi, 2005). Developed countries are busy in developing 

and implementing waste-to-energy technologies associated with energy recovery, composting for 

waste avoidance, and recycling and reuse, while developing countries are still struggling to 

decide on the best options to treat and dispose of waste (Mrayyan and Hamdi, 2006).  

Industrial solid waste management forms an essential issue that related directly with public 

health and environment. Industrial wastes vary considerably in quality and degree of seriousness, 

depending on the type of industry, manufacturing methods, and material used. Industrial wastes 

can be classified into hazardous and non-hazardous wastes due to their constituents, non- 

hazardous wastes can be stored, collected, treated and disposed of along with domestic solid 

waste. Hazardous wastes are more dangerous due to their nature and need more attention to deal 
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with. Industries in general are more likely to exceed ecosystem self-remediation capacities, 

which will pose a higher public health and environmental risk potential, many of the problems 

associated with the ISW produced from malpractices during storage, collection, transferring, and 

treatment as well as disposal (Mbuligwe et al, 2006).  

 

Worldwide, in the early 1980s the management of hazardous wastes has received much attention 

due to its toxicity and infectious nature. Many industries produce solid waste materials from 

fabrication, chemical, refining, power generation and other processes. Toxic chemicals found in 

industrial wastes include metals and inorganics, PCBs, polyaromatic hydrocarbons (PAH), 

halogenated aliphatics etc. (Mato et al, 1999).  

An advanced system of industrial solid waste management is composed of several functional 

elements. In such a system, all steps of management from the generation of waste to the final 

disposal step are considered carefully. The different functional elements of modern industrial 

waste management are: generation and storage; pollution prevention and waste minimization; 

recycling and reusing; collection and transferring; treatment; and disposal (LaGrega et al. 2001; 

Mokhtarani et al, 2012). 

 

2.2 Industrial Solid Waste Management in developed Countries 

The usual way to dispose of industrial waste in the developed countries was to discharge into the 

sea, rivers, and watercourses, or buried in dumpsites. However, with increase industrial activities 

in Europe and America during the modern industrial rise, and increased quantities of hazardous 

wastes that caused many problems to environment, prompting them to issue strict laws to protect 

the environment from the dangers of waste and not allowed the burial in their territories.  As a 
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result the developed countries  have found ways to dispose of their waste without leaving 

adverse effects on the their environment, although in turn polluting the Third World 

environments, which is known as the export of waste from the developed world to the 

developing world.   

Developed countries like the US, the UK, France, Germany, Japan and the Netherlands, among 

others; have detailed lists of substances, processes, industries, or wastes considered hazardous. 

The US Environmental Protection Agency (EPA) has a list of at least 126-priority pollutants 

(LaGrega, 1994; and Mato et al, 1999) and similar lists exist in the European Community (EC) 

as well. Regulatory requirements in developed countries prevent the disposal of industrial 

hazardous waste in sanitary landfills; however, violations occur in most developing countries 

(Mrayyan and Hamdi, 2006). 

 

2.3 Industrial Solid Waste Management in developing Countries 

Developing countries has many pressing problems of poverty, population, hunger, water, 

sanitation, public health, or ethnic and political strife, so proper environmental management had 

not considered as key issue in these countries. Competing priorities of municipalities often 

consider other public works programmes more important than solid waste management 

improvements. These include the reliable supply of safe drinking water, the need to collect and 

treat wastewater, road construction and maintenance, and schools (World Bank, 2012). 

World Bank report is cited that the improper solid waste management frequently leads to 

degradation of local water quality, undue flooding, and increased frequency of vector-borne 

diseases. Hence, investments in waste management infrastructure can result in many societal 
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benefits, beyond just an increase in the effectiveness and efficiency of waste management and 

improved aesthetics (World Bank, 2012). 

Developing countries has lack of proper management strategies to manage industrial wastes. In 

these countries hazardous wastes have not received sufficient due attention. In many countries, 

industrial waste both hazardous and non-hazardous wastes are still handled and disposed of 

together with domestic wastes and thus posing a great health risks to municipal staff, the public 

and the environment (Mato et al, 1999). Many treaties, agreements, and conventions were held to 

overcome the problems of industrialization in developing countries (Halla et al, 1999), as an 

example the Basel Convention requested from developing countries to take some steps toward 

creating strategies to manage their industrial solid wastes (Kante, 1999). These steps include: (a) 

administration and legal issues, and (b) development of the infrastructure and support services, 

such as establishing recycling and treatment facilities (Al-Qaydi, 2005). 

 

2.4. Industrial solid waste management overview   

A study by Liang et al, (2012) showed that China produced 2.0 billion tonnes of industrial solid 

wastes and 0.2 billion tonnes of household garbage in 2009. China enforced the Circular 

Economy Promotion Law in 2009 in order to encourage the óódecrement, recycling and resource 

recoveryôô of solid wastes. Solid waste recycling can reduce resource demands and solid waste 

generation simultaneously. 

The manufacturing industry in Southeast Asian areas (Ngoc et al, 2009) generates many different 

waste streams from a wide range of industrial processes. Some of the largest waste generating 

industrial sectors, especially in Singapore and Malaysia, include the production of basic metals, 

tobacco products, wood and wood products, and paper and paper products. An estimated 19 
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million tons of industrial waste were generated in 2000 in the Southeast Asian Nations (Hotta, 

2007). Waste from the manufacturing sector continues to rise, despite national and international 

declarations to reduce waste from industry. Although some governments have formulated 

policies for environmental protection, these policies have been implemented only in the national 

capital cities. In rural areas, open dumping is still the most commonly used method of solid 

waste disposal (Ngoc et al, 2009). In Singapore, solid waste is generated by domestic as well as 

non-domestic commercial and industrial activities. Approximately 1400 tons/ day of this type of 

waste was generated, from which a maximum of only 9% can be processed.  

A study of solid industrial wastes and their management in Asegra (Granada, Spain) was carried 

out by (Casares et al, 2005) presented percentages of classification of industrial activities that 

encompassed: services (53%), transport and distribution (16%), metal (4%), food (1%), 

construction (1%), cars (3%), agriculture (1%), wood (1%), and others (20%). This study also 

presented the percentages of types of wastes as: paper and cardboard (27.99%), glass and crystal 

(4.33%), plastic (21.12%), wood (15.52%), metals (11.45%), textiles (1.27%), inert (2.8%), 

organic wastes (3.56%), tires (1.78%), and hazardous wastes (10.18%). The mean generation rate 

of industrial waste was 83,063 kg per week and the total waste volume is 427.6 m3 per week. 

For the waste management about 69% by weight of the wastes generated are well managed, 

while 31% has many management problems, this study defines the correct management that 

takes into account activities without negative environmental impact as: minimization, reuse, 

recycling, valorization and elimination in sanitary landfill. Paper and cardboard are correctly 

managed in 75% of the cases, as well as 75% of metals, 86% of inert wastes, 41% of tires, and 

83% of hazardous wastes. Industries that produce hazardous wastes in large quantities were 

correctly managed them, whereas they were incorrectly managed by most of the small producers. 
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According to this study, 10.5% of the industries had an employee responsible for waste 

management and about 20.6% were interested in being involved in waste management activities.  

Only 7 industries out of 170 had a quality certification; and just 4 of them had plans to 

implement an Environmental Management System. 

A study of industrial solid waste disposal in Dubai by (Al-Qaydi, 2005) showed that more than 

half of Dubaiôs establishments were specialized in manufacturing fabricated metal, non-metallic 

products, food, and furniture. In 2001 industrial solid and hazardous wastes came in the third 

level of the solid waste quantities, representing significant growth in this sector. Most of the 

industrial solid wastes consist of various types of used or unfinished materials such as used parts, 

wood, glass, metals, asbestos, aluminum, plastic materials, tires, and electronic devices.   

A study by (Mbuligwe et al, 2006) in Dar es Salaam City investigated the industrial solid waste 

management practices as follows: 

- Solid waste sources and generation: 11% of the industries in Dar es Salaam city produce 

significant quantities of non-process ISW which is the wastes that produced from the activities 

that support industrial operations, the other 89% of the industries produce process ISW which is 

produced from industrial operations. The total quantity of ISW generated in Dar es Salaam City 

depends on whether or not intra- and inter-industry reuse and recycling are taken into 

consideration. The food and beverage category of industries generates the largest quantity of 

waste.   

- Solid waste storage: Open-air piles account for 43% of all storage facilities, other storage 

facilities are metal and plastic bins (34%), open masonry enclosures (11%), 200 l used oil drums 

(6%), covered masonry enclosures (4%), and concrete silos (2%). 
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-  Industrial solid waste collection and transportation: 40% of the total quantity of ISW is 

collected by private SWM contractors, while the individual industries that collect and transport 

their own waste collect the remaining 60%. 

-  Industrial solid waste treatment/processing and disposal: the main methods for the final 

disposal of ISW are Vingunguti and Mbagala municipal disposal sites, the proportion of the 

industries that use these disposal sites are (56.9%), (37.9%) respectively, and (5.2 %) of industries 

use onsite disposal. 

- Cleaner production practices - cleaner production technologies (CPTs): The categories of the 

industries that practice CPTs formally in Tanzania are:  

ü Pulp and paper industry with intra- and inter-industrial recycling of waste paper and 

waste   minimization as main CPT aspects practiced. 

ü Basic industrial chemicals with General waste minimization and inter-industry reuse and 

recycling of waste soap as raw materials as main CPT aspects practiced. 

ü Metal industries with Intra- and inter-industrial recycling of scrap metal; recycling of 

waste metal bars and general waste minimization as main CPT aspects practiced. 

-Industrial reuse and recycling of solid waste: the major categories of industries in which 

recycling and reuse of recovered solid waste materials take place in Dar es Salaam city are  

Pulp and paper industry, Chemical industries, Food and edible oil, Beverage industries, 

Fabricated metal, basic metal products, and Agro-industries.  

A study in Poland by (Jurczak, 2001) shown that the issue of waste is increasingly topical, 

because of the increase in the amount and due to the lack of an efficient system for its 

management with its impact and utilization on the environment. Of approximately 145 million 

tonnes of waste produced currently every year in Poland, 133 million tonnes of them are account 
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for industrial wastes. By 1992 Poland used to be one of the Europeôs largest sources of industrial 

waste. The main sources of industrial wastes were coal and ore extraction, the power industry 

and metallurgy. Landfilling is still the cheapest and most common method of both industrial and 

municipal waste disposal in Poland. Incineration, composting, and neutralization are other 

utilization methods of wastes but in small scales. More than half of the industrial wastes are re-

used, specially wastes from coal mining and processing, the power and metallurgical industries. 

The amount of re-used wastes has increased at the end of the last decade (50.2% in 1985, 61.3% 

in 1998). The highest degree of utilization is noted for metallurgical slag, fly ash from 

bituminous coal combustion in power stations (66%), waste lime from carbide production, and 

mining wastes  

Hogland and Stenis (2000) describe a method of organizing an industrial waste management 

system in Sweden, this method is characterized by both an energy recovery and a material 

recovery system and proposed emphasizes the optimization of waste management with regard to 

energy, economy and environmental impact in separate evaluations (Casares et al, 2005). 

(Raymond and Cohen-Rosenthal, 1998) in Finland, Australia, Austria, Canada, and (i.e., Dallas, 

TX, Albuquerque, NM, Detroit, MI, Los Angeles, and Alameda, CA) (Deppe et al., 2000) in the 

United States refer to the concept of an óóeco-industrial parkôô, which integrates business, 

environmental excellence, and community relations to create economic opportunities and 

improved ecosystems (Casares et al, 2005). 

(Jurczak, 2001) in Poland, and (Collins, 2000) Germany, (Hogland and Stenis, 2000) Sweden 

and (Deppe et al., 2000)  the United States there is active tax policy which is considered  a 

solution that are using at the moment with the cooperation of local authorities or under the 

pressure of public opinion (Casares et al, 2005). 
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In 1988 Haskoning and Konsult Ltd (Consulting firms), jointly did the study on industrial solid 

waste for the Dar es Salaam City. They studied 33 industries, including various categories of 

production processes and levels as follows: Food and beverage, Cotton industry, Metal industry, 

Paper and wood industry, Shoe and leather industry, Plastic industry, Pesticide industry, 

Pharmaceutical, and industry Products (Mato et al, 1999). 

Kiunsi in 1993 conducted an inventory study and found that more than 122 industrial 

establishments in Dar es Salaam produce hazardous wastes summarized as: Paint products, 

Plastics, Paper products, Agricultural and livestock ,Abattoirs Heavy industries, Drugs and 

chemicals, Petroleum, Canning, Vegetable mills, Rubber, Tobacco, Milling and food processing, 

Textiles (Kiunsi, 1993 and Mato et al, 1999). 

 

2.5 Cleaner production overview 

A recent study by Liang et al, (2012) investigated impacts of urban solid waste recycling on 

urban metabolism and how it contributes to sustainable urban solid waste management and urban 

sustainability by using a physical inputïoutput model and scenario analysis; urban metabolism 

which can be defined as interactions between a particular economy with the natural environment 

and other economies through material flows and also economic sectors within the economy with 

one another. Urban metabolism of Suzhou in 2015 is predicted and impacts of four categories of 

solid waste recycling on urban metabolism are illustrated: scrap tire recycling, food waste 

recycling, fly ash recycling and sludge recycling. This study concluded that sludge recycling has 

positive effects on the reduction of all material flows. Thus, sludge recycling for biogas is 

regarded as an accepted method. Moreover, technical levels of scrap tire recycling and food 

waste recycling should be improved to produce positive effects on the reduction of more 
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materials. Fly ash recycling for cement production has negative effects on the reduction of all the 

materials except solid wastes. Therefore, other fly ash utilization methods should be exploited. In 

addition, the utilization and treatment of secondary wastes from food waste recycling and sludge 

recycling should be concerned. 

An article by (Imteaz et al, 2012) concluded that the recycled crushed glass is a viable material to 

be used as an aggregate in pavement sub-base material for road pavement construction without 

posing an undue risk of environmental contamination. 

A study of analysis of the sustainability of reusing industrial wastes as energy source in the 

industrial sector of Taiwan by (Tasi, 2010) focused on the status of industrial waste generation 

and its management since the year 2002. This paper also presented the updated information 

about the new/revised regulations concerning the governmental regulations and policies for 

promoting industrial waste as energy source as well as controlling the emissions of hazardous air 

pollutants from industrial waste-to-energy facilities.  

In high income countries such as Singapore, about 44.4% of solid waste is recycled. In the 

middle income countries of ASEAN, the percentage of waste recycled is about 12%, and it is 

approximately 8ï11% for the rest of ASEAN. However, recycled waste is mainly composed of 

plastic, paper, glass, rubber and ferrous. Recycling has been done by the separation of valuable 

materials by waste-pickers. They remove the most valuable materials, either before garbage 

enters the waste stream or en-route at households, especially in the lower and middle income 

areas of many municipalities. Then, waste-pickers sell recovered materials to the mills where 

waste will be recycled into new products. Waste recycling activity is popular in ASEAN because 

it is an economically viable undertaking. This undertaking is currently accomplished by medium-
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scale or household enterprises, and is predicted to grow where it offers a beneficial economic 

impact (Ngoc et al, 2009).  

A study in Europe (EU27, Norway and Switzerland) by (Varģinskas et al, 2009) presented that 

post-consumer beverage carton packages are treated in three ways: 36% of beverage cartons are 

dumped in a landfill, 30% serve as energy recovery by incinerated, and 34% recycled. According 

to this study; recycling reduces the consumption of virgin materials, energy and minimizes the 

disposal of residues in landfills. Although beverage cartons are a valuable source of second-hand 

raw materials, its composite structure makes the material recovery more difficult. The major 

issue is the handling of the poly aluminium mixture that remains after paper fiber recovery. 

A study by (Glavic et al, 1996) showed seven heuristic rules of waste minimization procedures 

that have been proposed and can provide guidelines for the development of good design to 

decrease waste pollution load and production costs.  

1. Eliminate waste materials at their source wherever possible. 

2. Rapid low cost reduction in waste generation can often be achieved through changing set       

points or tightening control variations of key variables. Modifications to single equipment    

items can also yield significant improvements with little capital expenditures. 

3. Recycle waste material within the process. If this is not possible, use off-site recycling. 

4. If waste byproducts are formed reversibly within a reaction process, they should be 

recycled to extension. 

5. Use the utility with the lowest practical temperature for all heating duties that require 

utilities. 
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6. Minimize the total number of main equipment items in the process, especially in areas 

that handle toxic materials. Also, minimize the total number of pipe work connections to 

and from equipment items. 

7. Due to practical purposes, continuous processes are preferred to others because pollution 

prevention is generally more costly in batch operations. 

These heuristic rules are useful tools and can be applied in each waste minimization program but 

they cannot be guaranteed to give the right answers in every case. 

Schmidt suggests starting with a óclosed-cycle economyô. This would prevent the impact of toxic 

and dangerous materials from affecting the environment and would cause the integration of 

existing industrial processes into ecological cycles. Materials that cannot be integrated must be 

completely recycled in the production processes or must be put back into the lithosphere 

(Schmidt, 1992). 
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3. Chapter Three: Research Methodology 

3.1 Survey design 

This study was conducted in Hebron Governorate in West Bank in the occupied Palestinian 

Territories (oPT). Survey research method was used to collect the data at both localities and 

factoriesô levels. The representatives of municipalities, local councils and factories were 

collaborated in process of assessment. Two structured questionnaires were used, the first was 

used on the locality level (survey1); particularly for municipalities and local councils and the 

second was used for factory level (survey 2). 

The questions of the two questionnaires were adopted from scientific papers regarding the 

subject of this study directly and then modification and customization were added to some 

questions to suit the purpose of the study. 

The period of surveying assessment was one week, in during distributed three municipalities 

questionnaire survey and five factories surveys to examine the questionnaires. Minor 

modifications were made to both questionnaires and then the final versions were ready for 

distribution.  

During (June, 2012), 17 localities questionnaires were conducted; that included 54 questions 

distributed on seven parts; questions of these parts were addressed to: general information about 

the institution and the respondent, temporary storage, (treatment, processing and final disposal), 

information related to regulations, information related to financial, and information related to 

waste management employees. The 17 questionnaires were representing the total number of 

municipalities and local councils in the study area.  
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From April to December, 2012 the field survey 2 were conducted for the factories questionnaires 

which include 83 questions distributed on nine parts; questions of these parts were addressed to: 

introductory questions about the factory, introductory questions about the respondent, general 

information about the factory, source of wastes, temporary storage, collection and transportation, 

(treatment, processing, and final disposal), cleaner production principles application, and safety 

of employees.  

Eventually the data were collected and analyzed and results are presented in the next chapter. 

 

3.2 Database for Surveys 

This study is not the first one of its kind conducted in the Occupied Palestinian Territories (oPT); 

however, the scarcity of available data was a challenge. Furthermore, one of the major obstacles 

found in this study was associated with obtaining data regarding factories from various sources 

such as Ministry of National Economy (MNE), Hebron Chamber of Commerce and Industry 

(HCCI), and Hebron Municipality (HM), data were incompatible and not updated recently.  

Database was formulated for the six industrial categories: food and drink manufacturing, textile 

manufacturing, pulp and paper products, basic metal manufacturing, basic chemicals 

manufacturing, and plastic manufacturing depending on tables from the aforementioned sources. 

Data was collected using field survey; it was very difficult and took long time; the main 

constraints in the field survey were refusing of some factories managers or their representatives 

to respond to the questionnaire since they were afraid that this questionnaire was to do 

environment or tax audit, and some of them were not respondents due their time limits.   
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However, the findings of the study could lay the groundwork for further investigations and 

studies that could lead to the establishment of a reliable industrial solid waste database and of 

proper industrial solid waste management procedures in the Hebron and other Governorates. 

 

3.3 Sample size  

The localities questionnaire sought to cover all localities that responsible to manage industrial 

solid waste; 17 locality questionnaires were conducted that represent 100 % of returned rate. 

The factories questionnaires were distributed among all factories in the six categories as shown 

in the table 3.1 below: 

 

Table 3.1: Sample size of the factories questionnaires. 

Industrial Category No. of 

Factories 

No. of Non 

Respondents 

No. of 

Respondents 

% of Respondents 

Food and beverages 43 18 25 58 

Textile 22 5 17 77 

Pulp and paper products  23 9 14 61 

Basic metal 37 21 16 43 

Basic chemicals 15 10 5 33 

Plastic 30 16 14 47 

Total 

170 79 

 

91 

Total No. of 

questionnaires = 170 

 

A total of 170 questionnaires were distributed to conduct survey 2, the returned rate was 54%.  

 

3.4 Industrial solid waste generation rates 

To estimate quantities of ISW generated from the six industrial categories, the factories 

respondents were asked to fill the following table 3.2 which was one of the factories 

questionnaire questions. 

Table 3.2: V10: what are the quantities of SW that produced from your factory?  

SW produced Kg/day 
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Paper  

Plastic  

Metals  

Textiles  

Plants  

Chemicals  

Others  

Sum   

 

Then, the answers of this question from 91 factories were analyzed.  

 

 

3.5  Industrial solid waste management indicators 

In this study nine indicators were formulated depending on the Likert scale to measure various 

attitudes of ISWM that including 5-7 items that relating to the same subject; dependent on each 

indicator subject, each one will be explained in detail and then results will be displayed in the 

following sections.  

 

 

3.5.1 Temporary storage indicator (TSI):  

It includes six items (questions) that related to temporary storage in the factories, these questions 

are: 

V18: Is the process ISW separated from non-process SW? 

V20: Is there cover for the containers? 

V22: Is the number of containers enough? 
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V25: Are there problems in storage inside the factory? 

V27: Are there some stray animals like dogs or cats near temporal storage containers?  

V28: Is there separation of ISW to its original components (plastic, paper é)?  

Each respondent is asked to rate each item on a 1-3 response scale where: 

1 = bad, 2 = moderate, and 3 = good  

Depending on these values each item has the rate between 6 which is the minimum value (6*1) 

to 18 which is the maximum value (6*3); the range of 6-18 is divided into three intervals as (6-9) 

is bad, (10-14) is moderate, and (15-18) is good.  

 

3.5.2 Collection and transfer indicator (CTI):  

It includes six items that related to collection and transfer of ISW in the factories, these items 

are: 

V33: Is there bad odors, insects, or rodents because of the collected SW before its transfer? 

V34: Was there complains from neighbors because of solid waste produced by the factory? 

V35: Does the factory have problems in collecting inside the factory? 

V39: Are the vehicles transferring SW from factory specialized for industrial solid waste? 

V43: Is there monitoring for transferring and disposing of solid waste?  

V45: Does the factory have problem in transferring solid waste outside the factory?  

Each respondent is asked to rate each item on a 1-3 response scale where: 

1 = bad, 2 = moderate, and 3 = good  

Depending on these values each item has the rate between 6 which is the minimum value (6*1) 

to 18 which is the maximum value (6*3); the range of 6-18 is divided into three intervals as (6-9) 

is bad, (10-14) is moderate, and (15-18) is good.  
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3.5.3 Treatment and final disposal indicator (TFDI): 

It includes seven items that related to treatment and final disposal of ISW, these items are: 

V47: Is solid waste treated after collection and before final disposal? 

V54: Is there a record for the daily quantity of solid waste? 

V55: Do you have a written instruction (guide manual) about dealing with ISW? 

V56: Is there a governmental authority that follows up the issue of ISWM? 

V58: Does the governmental authorities that follow up the issue of ISWM impose regulations?  

V59: Does the governmental authorities that follow up the issue of ISWM impose penalties or 

punishments?  

V61: Are you satisfied with the service of transferring SW from factor to disposal site?  

Each respondent is asked to rate each item on a 1-3 response scale where: 

1 = bad, 2 = moderate, and 3 = good  

 

 

Depending on these values each item has the rate between 7 which is the minimum value (7*1) 

to 21 which is the maximum value (7*3); the range of 7-21 is divided into three intervals as (7-

11) is bad, (12-16) is moderate, and (17-21) is good.  

 

3.5.4 Clean Product Indicator (CPI):  

It includes five items that related to cleaner production principles application in ISWM at the 

factories, these items are: 

V63: Does the factory adopt the integrated preventive environment strategy? 
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V64: Have you heard about the clean production practices to reduce SW, energy exploitation, 

and reduce pollutants? 

V67: Are you ready to use solid waste as raw materials in your factory? 

V69: Is SW produced in the factory reused in the factory itself (without recycling)? 

V70: Is SW produced in the factory recycled?  

Each respondent is asked to rate each item on a 1-3 response scale where: 

1 = bad, 2 = moderate, and 3 = good  

Depending on these values each item has the rate between 5 which is the minimum value (5*1) 

to 15 which is the maximum value (5*3); the range of 5-15 is divided into three intervals as (5-8) 

is bad, (9-11) is moderate, and (12-15) is good.  

 

3.5.5 Safety and Security Indicator (SSI): 

It includes five items that related to safety and security of labors in the factories, these items are: 

V78: Are labors being aware about safety and mechanism of dealing with solid waste? 

V79: Are labor trained in accordance with their work nature and their relation with solid waste? 

V80: Are safety regulation and rules implemented? 

V81: Do labor wear special uniform to protect them while collecting and transferring SW? 

V83: Is there an accident guide manual how to react during and after accidents?  

Each respondent is asked to rate each item on a 1-3 response scale where: 

1 = bad, 2 = moderate, and 3 = good  

Depending on these values each item has the rate between 5 which is the minimum value (5*1) 

to 15 which is the maximum value (5*3); the range of 5-15 is divided into three intervals as (5-8) 

is bad, (9-11) is moderate, and (12-15) is good.  
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3.5.6 Policy Obstacles for Cleaner Product Indicator (POCPI):  

It includes five items that related to policy obstacles for cleaner product that exist in the state or 

market that impede the factories to apply cleaner production, these items are: 

The sentence that comes before all these questions is ñThe main obstacle that prohibit factory 

from applying cleaner production and is related to state policyò? 

V74a: Is weak application of environmental systems? 

V74b: Is lack of economic motivations? 

V74c: Is not following market demand? 

V74d: Is inadequate self-regulation at the factory level? 

V74e: Is poor public awareness and weak pressure from the community on the factories to 

improve their environmental performance?  

Each respondent is asked to rate each item on a 1-3 response scale where: 

1 = bad, 2 = moderate, and 3 = good  

Depending on these values each item has the rate between 5 which is the minimum value (5*1) 

to 15 which is the maximum value (5*3); the range of 5-15 is divided into three intervals as (5-8) 

is weak, (9-11) is moderate, and (12-15) is strong. 

 

3.5.7 Financial Obstacles for Cleaner Product Indicator (FOCPI):  

It includes four items that related to financial obstacles for cleaner product impede the factories 

to apply cleaner production, these items are: 

The sentence that comes before all these questions is ñThe main obstacle that prohibit factory 

from applying cleaner production and is related to financial issuesò? 
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V75a: Is the high initial cost? 

V75b: Is difficulty of attaining fund? 

V75c: Is weak financial performance of the few returns are reluctant to invest in cleaner 

production projects? 

V74d: Is the lack of financial evaluation of these projects? 

Each respondent is asked to rate each item on a 1-3 response scale where: 

1 = bad, 2 = moderate, and 3 = good  

Depending on these values each item has the rate between 4 which is the minimum value (4*1) 

to 12 which is the maximum value (4*3); the range of 4-12 is divided into three intervals as (4-6) 

is weak, (7-9) is moderate, and (10-12) is strong. 

 

3.5.8 Technical Obstacles for Cleaner Product Indicator (TOCPI):  

It includes five items that related to technical obstacles for cleaner product that impede the 

factories to apply cleaner production, these items are: 

The sentence that comes before all these questions is ñThe main obstacle that prohibit factory 

from applying cleaner production and is related to information and technical issuesò? 

V76a: Is limited capability and experience of the staff? 

V76b: Is lack of external technical support? 

V76c: Is difficulty of acquiring information about the clean? 

V76d: Is difficulty of creation of additional infrastructure for cleaner production and integrated 

with existing production systems? 

V76e: Is lack of practical training and workshops?  

Each respondent is asked to rate each item on a 1-3 response scale where: 
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1 = bad, 2 = moderate, and 3 = good  

Depending on these values each item has the rate between 5 which is the minimum value (5*1) 

to 15 which is the maximum value (5*3); the range of 5-15 is divided into three intervals as (5-8) 

is weak, (9-11) is moderate, and (12-15) is strong. 

 

3.5.9 Administrative  Obstacles for Cleaner Product Indicator (AOCPI):  

It includes five items that related to administrative and regulatory obstacles for CP that impede 

the factories to apply CP, these items are: 

The sentence that comes before all these questions is ñThe main obstacle that prohibit factory 

from applying CP and is related to administrative and regulatory issuesò? 

V77a: Is expansion of production is more important than the implementation of CP? 

V77b: Is concentration on competition capability because the application of CP burden 

additional costs and undermine competitiveness? 

V77c: Is concern the risk of changing the current production processes and technologies used? 

V77d: Is lack of employees and managers awareness on the environmental and economical 

importance of CP? 

V77e: Is lack of ability to manage CP in terms of administrative and technical?  

Each respondent is asked to rate each item on a 1-3 response scale where: 

1 = bad, 2 = moderate, and 3 = good  

Depending on these values each item has the rate between 5 which is the minimum value (5*1) 

to 15 which is the maximum value (5*3); the range of 5-15 is divided into three intervals as (5-8) 

is weak, (9-11) is moderate, and (12-15) is strong. 
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3.6 Statistical analysis 

The data from the returned questionnaires was analyzed using the Statistical Package for Social 

Science (SPSS version 12) program and Microsoft Office Excel. Descriptive statistics such as 

frequencies and percentages were computed.  
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4. Chapter Four: Results and Discussion 

4.1 Responsibility of ISWM in the study area 

Solid waste management services are usually the responsibility of the municipalities and local or 

village councils in Palestinian urban and rural areas. In the refugee camps, the United Nations 

Relief and Works Agency for the Palestinian Refugees in the Near East (UNRWA) is the body 

responsible for providing solid waste management services (Khatib et al, 2009). There are a 

number of communities, however, for which there is no municipal authority or village council; 

approximately 12 % of communities in Hebron District fall into this category (Southern West 

Bank Joint Service Council for Solid Waste Management, 2009). The next sections will illustrate 

the fact that ISW has been treated as MSW from sources to final disposal; so some of ISWM 

practices mentioned in the following sections are for ISW and MSW simultaneously.  

Management of industrial solid waste is distinctly different from the approach used for municipal 

waste. There is a lot of similarity between the characteristics of the waste from one municipality 

or one region and another, but for industrial waste, however, only a few industrial sectors or 

plants have a high degree of similarity between products and waste generated. Nowadays 

industrial solid waste management is an important part of industry. The number of contaminated 

sites, which are polluted by industrial and hazardous waste, are increasing in developing 

countries (LaGrega et al. 2001). For proper management of industrial waste, it is necessary to 

obtain exact information and data about the waste characteristics, climatic conditions and the 

effects on human health and the environment (Mokhtarani et al, 2012).  

Refer to the localities that included in this study and depending on localities classification; there 

are 17 municipalities and one local council which is Nuba council, one of the municipalities was 
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excluded from analysis because it had no factories; this municipality is Kharas. So the total 

localities included in this study are 17.  

 

4.2 ISWM practices on locality level  

4.2.1 ISW collection and transferring 

In Hebron Governorate the community container collection system is the main common practice 

used in the solid waste collection and storage, the percent of collecting solid wastes from the 

factories was 100%. Hebron, Beit Ula, Taffuh, and Bany Naôim municipalities answered the 

question:òIs industrial waste collected with domestic waste?ò by yes partially which represent 

23.5%, and the other 13 municipalities answered by yes totally, which represent 76.5%.  

There were no special containers for ISW in the study area, excluding six factories in Hebron 

city. Although these factories have special containers for temporary storage of their wastes but 

100% of municipalityôs laborers who are responsible for collecting and transferring waste from 

factory to Yatta dumpsite this result is completely different in Dar es Salaam City since 40% of 

ISW is collected by private SWM contractors, while the individual industries that collect and 

transport their own waste collect the remaining 60% (Mbuligwe et al, 2006).  

Hebron, Surif, Beit Ula, Taffuh, Saôir, and Dura municipalities have a special vehicles devoted 

for transferring part of industrial solid waste that accounted for 37.5% of the respondent 

localities and 62.5% of them have not.    

Vehicles used for collecting and transporting ISW are mainly in the range of 5ï25 m
3
. All the 

localities included in the survey have 12 special vehicles in the range of 7-25 m
3
, and 28 

compressor vehicles in the range of 5-18 m
3
, nine of them in the Hebron city alone, these 

vehicles are used for long-range transport. They are generally self-tipping trucks, and are used 
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because of their versatility with respect to unloading the waste at the final disposal site. Loading 

of the waste is normally done mechanically or mixed (manually and mechanically), according to 

the results: the percentages of solid wastes that are loaded inside the vehicles manually, 

mechanically, and mixed were 5.9%, 23.5%, and 70.6% respectively. It is worth noting that 

some of the ISW collection vehicles are not specially designed for that purpose. 70.6% of 

transferring vehicles have covers, while 17.6% most of transferring vehicles have covers, and 

11.8% have no covers.  

The results observed that 52.94% of localities have problems in collecting and transferring ISW 

from factories, these problems can be summarized as the absence of coordination with the 

locality, increase of ISW quantities, vehicles and containers are not enough, ISW discarded in 

different times and some of them are unsuitable to be loaded by trucks, far distance to dumpsite, 

and high transferring cost. 

Table 4.1 represents the summary results of ISW collection and transferring on locality level 
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Table 4.1: Summary results of ISW collection and transferring on locality level 

Question Answer Percent 

V09: Is industrial waste collected with 

domestic waste? 

Yes completely 76.5 

Yes partially 23.5 

No 0.0 

Total 100 

V10: Who is responsible for collecting and 

transferring waste from factory to disposal 

site? 

Factory labors 0.0 

local council labors 100 

Others 0.0 

Total 100 

V14: Do the transferring vehicles have 

covers? 

all of them 70.6 

most of them 17.6 

none of them 11.8 

Total 100 

V15: The solid waste is loaded inside the 

vehicles? 

manually 5.9 

mechanically 23.5 

mixed 70.6 

Total 100 

 

 

 

 

 




