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ABSTRACT

Waste resulting from healthcare activities is hazardous due to its potential risk of
infection to healthcare workers, waste workers and the public. Many tools and
approaches have been applied in waste management in developed countries, but
are not suitable for application in developing countries due to their complexity
and extensive data and resource requirements. WasteOpt was therefore
developed and applied as an appropriate decision-making tool in the developing
country context. WasteOpt comprises of the Analytical Hierarchy Process (AHP),

costing and Life cycle management (LCM).

The purpose of this study was to identify environmentally sound technologies
(ESTs) that minimise the risk of infection by healthcare waste (HCW) in rural
clinics. Rural clinics were selected because apart from financial constraints, they
are challenged by the lack of procedure, infrastructure and technologies to
develop reasonable waste management plans that can be implemented within a
practicable time frame. WasteOpt was applied to aid in identifying ESTs in

relation to the infection risks and costs of the technologies.

Experts in waste management in Lesotho were involved in a workshop for the
ranking of technologies. The overall weighting values of the rankings were
converted to risk factors for individual options and for alternatives (combination of
options). Risk factors were classified as low, medium and high risk. The
technologies within a single class were differentiated by analysing the cost of
acquiring and running the technology to qualify as ESTs. The ESTs identified for
Lesotho are Engineered containers, Refrigerated engineered facility, engineered
wheeled transport, detailed procedures, multi chamber incinerator, engineered pit
and landfill.
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Ten (10) clinics in Lesotho were also assessed as case studies using the WHO

RAT. The RAT was first modified to include questions on financial management
at the clinics. The calculated risk factors were applied to the case studies to
assess the risk under which healthcare workers operate in those clinics. The
additive minimum risk for the overall life cycle of waste was 4.0 (excluding central
treatment and disposal). The clinic workers were found to be at a risk of between
1.1 x 10* and 7.8 x 10°, which proves that rural clinics in Lesotho are still using

inappropriate technologies.

In terms of financing for waste management, public clinics were found to have
little decision-making powers over funds and had less accountability measures.
CHAL clinics which are managed by churches in Lesotho had more control of
funds and exhibit more accountability. All clinics had no targets for saving funds

from waste management activities.

WasteOpt can be applied as a decision-making tool for HCW in Lesotho since it
overcomes the barriers that inhibit environmentally sound management of HCW

in developing countries.

In conclusion: WasteOpt can be applied as a decision-making tool for different
types of waste by replacing HCW options with respective ones and designing a
relevant questionnaire for qualitative data capture. WasteOpt can then be applied
in a developing country to aid sustainable waste management decision-making.
Informed decision-making helps resource poor managers to select cost-effective
but low-risk options, which will be sustainable in the future.
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LIST OF ACRONYMS

AHP: Analytical Hierarchy Process

CBA: Cost-Benefit Analysis

CBO: Community Based Organization

CEDAMA: Committee for Environmental Data Management Authority
CHAL: Christian Health Association of Lesotho
CHEMAC: Chemical Management Committee
COWMAN: Committee on Waste Management

EIA: Environmental Impact Assessment

EST: Environmentally Sound Technology

HCW: HealthCare Waste

HCWM: HealthCare Waste Management

ISWM: Integrated Solid Waste Management

LCM: Life Cycle Management

LEA: Lesotho Environment Authority

MoHSW: Ministry of Health and Social Welfare

MoLE: Ministry of Labour and Employment

MoLG: Ministry of Local Government

MoNR: Ministry of Natural Resources

MoTEC: Ministry of Tourism, Environment and Culture
NES: National Environment Secretariat

NGO: Non-Governmental Organisation

NPO: Non Profit Organisation

PHC: Primary Health Care

RAT: Rapid Assessment Tool

SADC: Southern African Development countries
WHO: World Health Organization

WCED: World Convention on Environment and Development
WM: Waste Management
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LIST OF TECHNICAL ABBREVIATIONS

CD: Controlled dump

DP: Detailed procedures

EC: Engineered container

EC>EC: Aggregating from engineered container to engineered container
EC>nEC: Aggregating from engineered container to non-engineered container
EL: Engineered location

EP: Engineered pit

EnW: Engineered non-wheeled transport

EWT: Engineered wheeled transport

EWV: Engineered wheeled vehicle

GT: General transport

GV: General vehicle

IT: Inappropriate transport

IvV: Inappropriate vehicle

LF: Landfill

MCI: Multi-chamber incinerator

nREF: Non-refrigerated engineered facility

nP: No procedures

nRnEF: Non-refrigerated non-engineered facility

OAB: Open air burning

OD: Open dump

REF: Refrigerated engineered facility

SASSI-E: South African small-scale incinerator-engineered

SASSI-M: South African small-scale incinerator-minimum requirements
SCI: Single chamber incinerator
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DEFINITION OF KEYWORDS

Analytical Hierarchy Process: A multi-attribute decision support process based on
organizational hierarchies and weighting of attributes/options.

Appropriate technology: A good match between technology utilized and the resources required
for its optimal use. It ranges from low, medium to high technology (Khalil, 2000).

Best Practicable Environmental Option: An option that provides most benefits and least
damage (long and short term) to the environment at an acceptable cost (Royal society of
Chemistry, 1995).

Environmentally Sound Technology: A technology that protects the environment. It is less
polluting, uses all resources in a more sustainable manner than the technology for which it is a
substitute (Agenda 21, Chapter 34).

Healthcare waste: All waste generated within a healthcare establishment. Seventy five percent
(75 %) of this waste is typically defined Healthcare General Waste, while the remainder is
Healthcare Risk waste.

Primary Health Care facility: facilities at and from which a range of Primary Health Care
services are provided, but no facilities exist to admit a patient to inpatient services. It is normally
open only 8 hours a day. Certain staff may, however, be required to sleep at or near the clinic so
that they are available on call in case of emergency.

Rural Area: an area with lower service quality that urban areas, whose population is poor and
uneducated and agriculture being the principal land use (Lassey, 1977).

Sustainable waste management: integrated management of all types of wastes across all
media and time in a way that is economically, environmentally and socially sustainable for
present and future generations.

System: An entity of interacting elements that function individually or in unison to achieve the
objectives of the entity as a whole (Chacko, 1989).

Systems analysis: A study of procedures for collection and evaluation of data of a system to
determine ways of improving the functionality of the system (Checkland, 1989)

Systems approach: A way of thinking of total systems so as to constitute a planned and

organised approach to problem solving (Wilson, 1974)

vi



University of Pretoria etd — Ramabitsa-Siimane, T M (2006)

University of Pretoria etd — Ramabitsa-Siimane, T M (2006)

LIST OF TABLES & FIGURES

Tables

TABLE 1.1:  INFECTION RISK BASED ON NEEDLE PRICKS IN SUB-SAHARAN AFRICA (KANE, 1999)............ 11
TABLE 1.2:  NEEDLE INJURY BY WASTE HANDLER CATEGORY (MC RAE AND ARGAWAL, 1999) .............. 11
TABLE2.1:  GOVERNMENT (INTERNAL) ANALYSIS ...uttteiitieeertrieeniereeessreeeessseeesssseeessssesssssssessssssesesssseesens 28
TABLE 2.2: COMMUNITY (INTERNAL) ANALYSIS (MODIFIED FROM SRIVASTAVA ET AL, 2005) .................. 30
TABLE 2.3:  EXTERNAL SUPPORT ANALYSIS (ADOPTED FROM OGAWA 1996).......c..ccevvviieeeiieeeiiee e 31
TABLE 3.1:  THE BENEFITS OF LCM AND AHP ......oiiiiiiiiiiiiieciteceeetee ettt 44
TABLE 3.2: SAMPLE MATRIX FOR PAIR WISE COMPARISON.........ccceeitiireeiereeessreeeenereeesssseeesssseessssssesssssnens 47
TABLE 3.3:  NORMALISED COLUMNS .....ccutttieittteestreeesereeeessseessssseeesssseassssssesssssseessssssessssssessssssssessssseenns 48
TABLE 3.4:  CORRELATION OF AHP AND LCM TERMINOLOGY ....c.cveeriierieennreenreennreenseesseesseesseessseennnes 51
TABLE4.1:  CLINICS SELECTED FOR CASE STUDIES......cccuttteesttteesetreeessereeeessseesssnseeesssseeessssseessssesssssseeenns 61
TABLE4.2(A):  SELECTION BY RECENT PARTICIPATION IN HEALTH CARE WASTE MANAGEMENT .............. 64
TABLE4.2(B): GROUPING BY FUNCTION IN ORGANISATION ......ccccvrreriurieeenrreeesnreeessereeeessssessssnsesessseeeens 65
TABLE 5.7: GROUP CONSISTENCY AND VARIANCE ......ccceitiieertiieeeiereeeesrreeessseeessssseessssseesssssesssssssessssssens 74

TABLE 5.2: CALCULATED RISK FACTORS FOR THE CHOICE OF OPTIONS IN EACH COMPONENT OF THE LIFE-

CYCLE PHASES ...eeutteitttenuteeiteeniteeteeesueestseesssessseenssesssseenssesssssenssesssssenssessssesnsssssssssnssessssesnssessssesssesns 75
TABLE 5.3: DECISION-MAKING GUIDE FOR THE MOST IMPORTANT CONSIDERATIONS. ........ccceveuvieennreeesereeanns 91
TABLES5.3:  WASTE SEGREGATION PERCENTAGES BY CATEGORY ....cccuvteruiieneiienieennreenreennseesseessseesseennnes 93
TABLE 5.4:  THE TYPES OF CONTAINERS USED IN THE CLINICS.......c0ceeiitireertreeerinreeessereeeenereeessssesessseeeens 95
TABLE5.5:  ON-SITE WASTE DISPOSAL METHODS ......ccceititeeetiieeeireeeesrreeesereeesssseeessssesesssseeessssessssssees 100
TABLE 5.6:  OVERALL NEEDLE STICK INJURIES IN TEN CLINICS ......uveerttesteerireenreenereesueessreensnesssseensaennes 102
TABLES5.7:  PROTECTIVE CLOTHING WORN DURING WASTE HANDLING ......cccvteerreirieenreeeeereeesnenneesnnnnens 103
TABLE 5.8:  TRAINING OF WASTE HANDLERS .....ccctttitteitrteniteeniteenteeniteesseessseensseessseenssesssseenssessssesssseses 104
TABLES5.9:  RISK POSED BY WASTE HCWM AT CASE STUDY CLINICS .....ceeveuvireerereeeesnreeeeereeeesenseeennnens 105
TABLE 5.10: METHODS ENGAGED TO CONTROL OVER AND UNDER SPENDING ........cccercuvieenerieensenreeennnnens 108
TABLE 5.11:  ACCOUNTABILITY FOR REVENUE AND EXPENDITURE ........cccvievietienteenieeieeseeneeseesseesseensenns 108

vii



University of Pretoria etd — Ramabitsa-Siimane, T M (2006)

University of Pretoria etd — Ramabitsa-Siimane, T M (2006)

TABLE 5.12: PRACTICES THAT PROMOTE WASTE MANAGEMENT WHILE ADDING REVENUE ................. 109
TABLE 5.13: APPROXIMATE COSTS OF TECHNOLOGIES........c0tteeetiieeriereeeesereeeensreeessseeessssessessssessssssens 110
TABLE 5.14: APPROXIMATE COSTS FOR PROTECTIVE CLOTHING ......ccvievieitierienreenreeeresseesseeseensessnennns 112
TABLE6.1:  WASTEOPT’S SOLUTION TO LESOTHO’S HCWM HANDICAPS........ccccvtieeririeenirieeeenreeenennens 119

viii



University of Pretoria etd — Ramabitsa-Siimane, T M (2006)

University of Pretoria etd — Ramabitsa-Siimane, T M (2006)
Figures

FIGURE 1.1: THE HIERARCHY OF WASTE MANAGEMENT .......cuuuuuuuuuuueruiursreresersrerssssessssnssssssssssssssssssssasanan..... 2

FIGURE 1.2: A TIME-LINE OF NATIONAL LEGAL AND REGULATORY FRAMEWORK FOR GENERAL AND

HEALTHCARE WASTE MANAGEMENT ........ccviitiittiiteeeteeeteeteeseesseeseeeseesseeeseesseessesssessseesseseessesssesssesssesses 7
FIGURE 3.1: THE BASIC INPUT-OUTPUT MODEL (ADOPTED FROM WILSON, 1974) ....ccccovviiiiieieeiieeireens 38
FIGURE 3.2: THE BASIC SYSTEM WITH FEEDBACK LOOP (MODIFIED FROM WILSON, 1974)..........ccccuvveenneen. 38
FIGURE 3.3:  WASTEOPT PRESENTED AS A SYSTEMS APPROACH ......cccvteiiieniieeiieeniieenireeneressineenneensneenanesnes 40
FIGURE 3.4: THE SYSTEMS APPROACH TO WASTE MANAGEMENT .......covtiiitiieenirieeennrreessnreeessreeesssseesssnnees 43

FIGURE 3.5: THE AHP AND LCA AS COMBINED BY WASTEOPT (EXAMPLE FOR THE GENERATION LIFE CYCLE

PHASE) 1. ttteeesttteestteeeetteeeessteeesassaeeeaseseeeansseeeanssaaeassseasanssseeeanssaeesssseeeeansseesanssaeeassseeeeansseseanssaeenssseeannn 45
FIGURE 3.6: MATRICES FOR LEVEL 3 COMPARISONS .......cecittieitteeiureeniueenieeesieesssseesssesssseesssessssesssessssessseeses 49
FIGURE 3.7: HIERARCHICAL TREE OF AVAILABLE OPTIONS FOR WASTE LIFE CYCLE GENERATION .............. 49
FIGURE 3.8: THE WASTEOPT MODEL SUMMARISED .......ccccutteitteeitreenieeenieeenieesssseensresssseesssessssesssessssesssneses 55
FIGURE 4.1: THE LCA/SLCA CONTINUUM .....ceeeectiteeecureeeeserreeeaereeesssseeessssseeessssesessssessssssssesssssssssssseesssssees 59
FIGURE 5.1: ALTERNATIVE-RISK PROFILE FOR THE GENERATION PHASE ......ccccccvttieriiieennieeenireeeenenreeensnnens 77

FIGURE 5.2(A): GRAPH OF RISK FACTORS OF CONTAINER-PROCEDURE COMBINATIONS WITH ENGINEERED
LOCATION AND NON-ENGINEERED LOCATION OPTIONS ......ccuuiiiiiiiiiiiiiiiiiiiicii ettt 78

FIGURE 5.2(B): GRAPH OF RISK FACTORS OF LOCATION-PROCEDURE COMBINATIONS WITH ENGINEERED
CONTAINER AND NON-ENGINEERED CONTAINER OPTIONS ......cccuvtieiirieeenrreeenereeessereeeessseeesssseeesssseeeens 79

FIGURE 5.3: THE EFFECT OF AGGREGATION TYPE ON THE RISK FACTOR FOR DIFFERENT ALTERNATIVES .... 80

FIGURES 5.4(A)-(D): RISK CONTRIBUTION FOR AGGREGATION METHOD.........cccoiuviiieeiiieeenireeeeireeeeeveeeeeennnns 82
FIGURE 5.5: EFFECTS OF TECHNOLOGY VARIATION ON RISK ......uvtiiiiiiiieeiiieeenireeesserreeesssreeessreeessnssesssssnes 84
FIGURE 5.6: CONTRIBUTIONS OF OPTIONS TO RISK FOR ON-SITE TREATMENT ......cccceeviienireenireenreevreenenennes 85
FIGURE 5.7: CONTRIBUTION OF DISPOSAL TECHNOLOGY TO RISK ......uvvtiiiiiieeririeeerrreessnreeesereeesssseesssnnes 86
FIGURE 5.8(A): THE CONTRIBUTION OF CENTRAL TREATMENT OPTIONS TO RISK.......ccovieiieireniienreeneeneennenens 87
FIGURE 5.8(B): THE CONTRIBUTION OF CENTRAL TREATMENT OPTIONS TO RISK.......ceervrerureeniieenreeireenenennns 88
FIGURE 5.9: CONTRIBUTION OF OFF-SITE DISPOSAL OPTIONS TO RISK .......cuvteeeirieeerirreeesireeesereeensnneeesnsnnens 89
FIGURE 5.10: WASTE GENERATION RATES .....cuuteertteesireenieeestreenseeesreenseessseeenseesssseenssessssessssessssssssesssseesseesns 92

FIGURE 5.11: GENERATION OF SHARPS PER MONTH (OUTPATIENTS) .....eeeeiutreeenereeeernrreessesreeesereeessssseesssnsees 92



University of Pretoria etd — Ramabitsa-Siimane, T M (2006)

University of Pretoria etd — Ramabitsa-Siimane, T M (2006)

FIGURE 5.12 (A-B): CONTAINERS AT GENERATION PHASE IN TWO CLINICS .....cccccuvireerirreeesirreeenereeeesnneeesnsnnens 94
FIGURE 5.13: DEMARCATED STORAGE AND AGGREGATION AREA.........cccueivirrienreenreareesenssesseesseesseessesssennns 97
FIGURE 5.15: INCINERATOR USED TO STORE AND TREAT WASTE AT MALEALEA HEALTH CENTRE .............. 99
FIGURE 5.16: AN OFF-SITE DISPOSAL AREA FOR WASTE AT KOLOJANE CLINIC .......c.covvevvienreereerenerenenennens 101



University of Pretoria etd — Ramabitsa-Siimane, T M (2006)

University of Pretoria etd — Ramabitsa-Siimane, T M (2006)

CONTENTS
AB ST R A CT ...t e e e et e e e e e e e e e e a e eaaaeeeeaanaa I
ACKNOWLEDGEMENTS ... e 1]
LIST OF ACRONYMS ... .t e e e e e e v
LIST OF TECHNICAL ABBREVIATIONS ......coooiiiiiiieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e \Y
DEFINITION OF KEYWORDS...... oot VI
LISTOF TABLES & FIGURES ..o, Vi
GENERAL BACKGROUND ..o 1
1.1 INTRODUGTION. ... e 1
1.2 HCWM TRENDS IN DEVELOPED AND DEVELOPING COUNTRIES...... 1
1.2.1 HealthCare Waste Management (HCWM) in Developed Countries.......... 1
1.2.2 HCWM in Underdeveloped Countries (The Case of Lesotho,).................... 2
1.3 LEGISLATION AND INSTITUTIONAL ARRANGEMENT IN LESOTHO....5
1.3.1 GOVerning LegiSIAtion ................oeeeeeuveeeeeiiiieeeiiieeeeeiiee e e saae e 5
1.3.2 Lesotho Institutional Setup and Present Inter-Linkages............................. 8
1.4 SAFETY AND RISK IN HEALTH CARE WASTE MANAGEMENT ............ 9
1.4.1 Occupational Health and Safety .............cccvueeeciuieeceieeiieeeiiieeeieeesieeesveeenns 9
1.4.2 PUDLic HEQItN ..ottt 10
1.4.3 The Risk of Health Care WASLe...........ccueeecueeeeuieeiieeeiieeeieeesieeenveesneveens 10
1.5 RISKASSESSMENT TOOLS FORHCW ... 12
1.6 THEME OF THE RESEARCH..........ooiii 13
1.6.1 ReSearch Probleni.................occueevuiiiiiiiiiiiiiiiieeieeeeeee et 13
1.6.2 Rationale and Objectives for the StUdy...........ccoeeueeeceeencieeiiieeiieeeenenn. 13
1.7  CONCLUSIONS AND RESEARCH STRATEGY ......cooovviiiiiiii. 14
LITERATURE REVIEW ... 16
2.1 THE EVOLUTION OF WASTE MANAGEMENT ..., 16
2.2 THE APPLICABILITY OF FIRST WORLD APPROACHES TO THE THIRD
WORLD ...t e e e e e e e e e e e e e e e e e et e e aeaeeeeanan 19
2.2.1 Legislative Tools (End-Of-Pipe and Strategic Targets) ...........c..ccuu.n... 20
2.2.2 Economic/Market-Based TOOLS ..............ccccoovcueeevoueiniiuiiniiiiniieeeieeeee e, 21
2.2.3 MathematicQl MOAELS.................ooeceeeeeeeieeiiieeiieeeiee e eeee e eaee s 22
2.24 Life Cycle Analysis MOAELS .................cooeeueeeeeciiieeeeiiiie e eeeiee e 23
2.2.5 Models Based On Multi-Criteria Decision-Making ...............ccccccueeenne... 23
2.2.6 Integrated Waste MAnaGgement ..............ccuueeeeecueeeeeeccueeeeeeiieeeeesiseeeeessnens 23

X1



University of Pretoria etd — Ramabitsa-Siimane, T M (2006)

University of Pretoria etd — Ramabitsa-Siimane, T M (2006)

2.2.7 INformartive INSITUMENLS ...........ccccuiiviiiieiiiieiiieeeee ettt 24
2.3 A SWOT ANALYSIS OF APPLYING DEVELOPED WORLD MODELS
AND APPROACHES IN DEVELOPING COUNTRIES........ccooiiiieieeeeeeeeeeeeeee, 27
2.4 THE WASTE MANAGEMENT GAP BETWEEN DEVELOPING AND
DEVELOPED COUNTRIES.....cc oo 33
2.4.1 IIfOTIALION ..ottt et e e e e e 33
2.4.2 Enforcement and Complianee...............c...ceeeeeuueeeeiciveeeeeeiieeeeeeciieeeeseveeenn 34
2.4.3 Private-Public PArtnerSRip..........c...occueeeeeeeecieeesiieesieeecieeeceeeeieeenaeeenns 34
2.4.4 Public INVOIVEMENL...............ooveuiiieiiiiiiiieiieeeeete ettt 34
2.4.5 TECHNOLOZY ..ottt e e e e eaae e s 34
2.4.6 FURANCING ..ottt ettt 35
2.4.7 IMPLeMENtiNgG SITALEZIES .......ceeuveeeeeeieeeiiieeiieeeieeeeieeeeaeeesteeesreeeareesaeeeens 35
2.5  CONCLUSIONS ... aeaaeeasssassnssssnnssnsnnnnnnnns 36
THEORETICAL SETUP.....cooiiee e 37
3.1 INTRODUGCGTION. ...ttt e e e e e e e e e e e e e e e e 37
3.2 THE SYSTEMS (HOLISTIC) APPROACH........ccooiiiees 37
3.3 THE USE OF AHP AND ENVIRONMENTAL LIFE CYCLE DECISION
SUPPORT TOOL ... .ttt e e e e e e e e e s snnnrraeeeeaeas 44
3.3.1 The Analytical Hierarchy Process (AHP)...........ccccoceoveiiinieiinieiinieennnen. 46
ettt h e bt bt a bt e bt e et e bt e e bt e bt e e bt e e bt e e beenabe e b e naees 51
3.4 THE DEVELOPMENT OF WASTEOPT ... 52
3.4.1 Goal and scope develoPmENt ..............cccueeeeueeeccueeeeieeeiieeeiie e eevee e 52
3.4.2 Development of an Inventory Analysis Database......................c.cceeeun..... 53
3.4.3 Development of an Impact Analysis Procedure.................ccoveeeuveeecueene. 53
3.4.4 Development of an Interpretation Procedure................ccccouveeevcuvennncnn. 54
RESEARCH METHODOLOGY. ......ccoiieieeeiceseeeeee e, 57
1. INTRODUGTION ...ttt e e e e e e e e e e 57
2. LITERATURE REVIEW ... 57
3. PILOT CASE STUDY IN SOUTH AFRICA......coo e 58
4 DATA COLLECTION. ... 59
4.1 CASE STUAIES ...t e et e e ae e e ae e e ate e eaee e sebeeennseeenaeeas 60
4.2 THE WOTKSROPD ...ttt et e et e e e aa e e e e saaae e e enssaeaeenes 63
4.3 EXPert CONSUITATIONS..........coviueiiaiiiiiiiieiieeeiee ettt ettt 67
4.4 TeChNOlOZY COSIING ..cc.evveeeeeeiieeieeeeiee et eeeeeee e ee e vaeenevee e saeeenaaeeenneas 67
5. DATA ANALYSIS ..., 68
5.1 QUANTTITATIVE DAL ..........veeeeeeeeeeeeieeeeeiiee e eeetee e e e e e e e earae e e eeaaeaeens 68
5.2 QUALTIATIVE DIATA....oo.ccoooeeciieeeeee e eeeeeccieee e e eee e e e e e e e aaees 68

Xii



University of Pretoria etd — Ramabitsa-Siimane, T M (2006)

University of Pretoria etd — Ramabitsa-Siimane, T M (2006)

6. LIMITATIONS TO THE METHODOLOGY ....coeeieieieeeeeeeeeeeeeeeeeeeeeeeeeeeeee 69
6.1  Analytical Hierarchy Process LimitQtiOns.............cccoeeecueeesvueenseeenieeenireeenns 69
6.2  Case StUAY LiMTIALIONS .........ccooviueieiiiiiiiiiiniie ettt ettt 69
7. PROBLEMS ENCOUNTERED.........coiiieeeeee e 69
7.1 CASE STUATES ...t ettt et 69
7.2 WOFKSROP ..ottt e e aae e s e e e baeesnsee s 70
RESULTS AND DISCUSSION .....c.ooiiiiiceeee e, 72
5.1 CHANGES MADE IN THE WORKSHOP QUESTIONNAIRE................... 72
52  AHP RESULTS ..ottt e 73
5.3  AHP APPLICATION ....uuttiiiiiiiiiitiiiiineiieiinieiineenneneeenesesenennnnnsnnnsnnnnnnnnnes 74
5.4 CASE STUDIES ...ttt a e e e e 91
5.5 APPLICATION OF WASTEOPT TO CASE STUDY SCENARIOS......... 104
5.6 FINANCING OF WASTE MANAGEMENT IN LESOTHO..........cccuuuueee. 106
5.7: THE COSTS OF TECHNOLOGIES ........ouuiiiiniiiieeeeeeeeeeeees 110
CONCLUSIONS AND RECOMMENDATIONS.........cccooeieeeeeie 113
6.1 RESEARCH RESULTS.....ccoi e, 113
6.1.1 TIHE AHP......oeeeeeeeeeee ettt ettt 113
6.1.2 WOTKSROP ..ottt 116
6.1.3 Modification of the Rapid Assessment TOOL................ccceeeueeecveeecrennnnne. 117
6.1.4 CASE STUAIES ..ottt 117
6.1.5 WasteOpt as a model to identify EST’s for Lesotho ..................ccueeun..... 118
6.2 RECOMMENDATIONS. ..., 120
6.2.1 FUFTRET T@SEATCH ..ottt eaae e eaee e 120
6.2.2 FINANCING ..o 121
6.2.3 National admMiniStrALION ..............coceueeeecieeeeiieeeieeeciee e e eereeeeeeesaee e 121
6.2.4 Public partiCipAtion ................oeeeeeeuueeeeecciieeeeiiieeeeecieee e veee e 122
APPENDICES. ... 131
APPENDIX 1: AHP RESULTS ... .t 131
APPENDIX 2: THE WORKSHOP REPORT ... 137
APPENDIX 3: MODIFIED WORLD HEALTH ORGANIZATION RAPID
ASSESSMENT TOOL (TOOL D1) .. 154
APPENDIX 4: PILOT STUDY REPORT ....cooiiiieeeeee et 156
APPENDIX 5: DEFINITIOION TO ABBREVIATIONS USED IN THE RESEARCH
167
APPENDIX 6: HHERARCHICAL TREES FOR LIFE CYCLE PHASES.............. 171

Xiii



University of Pretoria etd — Ramabitsa-Siimane, T M (2006)

APPENDIX 7: MEAN VALUE PROFILES OF AHP RESULTS

APPENDIX 8: CONTACT DETAILS OF COMPANIES CONSULTED FOR

COSTS e

Xiv



	FRONT
	Title page
	Abstract
	Acknowledgements
	List of acronyms
	List of technical abbreviations
	Definition of key words
	List of tables 
	List of figures
	Contents

	Chapters 1-4
	Chapters 5-6
	Back



