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INTEGRATED 
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MODEL

CASE STUDIES

WAY 

FORWARD

 National waste management strategy in South 

Africa and implementation of the waste hierarchy 

 Introducing ZERO WASTE in South Africa

 Waste Resource Optimisation & Scenario 

Evaluation Model W.R.O.S.E

 Decision-making tool

 The case study of Dube Trade Port Agribusiness

Outline

 The Waste Management problem in South Africa

 Rationale for the study

 Results and Recommendations

 Future scenarios of the research
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Namaste SA

Waste management in an emerging economy

is a complex socio-technical challenge…
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Our Grand Challenge
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4,3%

The waste sector

in South Africa 

contributes  to 4.3%

of GHG emissions

and 37.2% of total 

CH4 (DEA, 2014)

Emissions: 9 million tons of 

CO2 equivalent (2016) 

CH4 from landfills

represents 12% of

total global CH4

emissions (USEPA,

2006; World Bank,

2012)

CH4 has increased by 

11.3% and GHG 

emissions have 

increased of almost 

60% from waste sector 

in SA in past 15 years.

GHG emissions in

the EU have more

than halved from

1999 to 2007.

Waste and Climate Change in SA - GHG 
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The waste production

in South Africa 

contributes  to over  

108M of ton/year of 

which 31M are 

organic/biogenic

Waste: 90% of all waste 

generated in SA is disposed of 

to landfills (DEA, 2012)

Estimated 65% of the 31M

tons of Municipal organic 

waste and 100% of 

industrial biomass 

(agricultural and food 

waste) is disposed in 

landfill)

Waste and Climate Change in SA - WASTE 

31M

Only 10% of the waste 

produced in SA is 

recycled and only 1% is 

recycled at municipal 

level in MRFs
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• Challenge of meeting high 

standards in service delivery 

with limited resources

• Lack of environmental control 

systems and appropriate 

legislation

• Limited know-how, 

indiscriminate dumping

• Lack of reliable data on waste 

streams and GHG emissions 

indicators 

• Poor environmental and waste 

awareness of the general 

public

Waste Management in South Africa
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BIOGAS

FOCUS

CAPACITY

RDI

INCENTIVES

Golden rules to build the sector

 Don’t mix apples with pears

 “Programmable Energy” is better

 Build capacity to build the sector

 Build projects through RDI 

 Incentivise in the right direction



INSPIRING GREATNESS

WASTE RESOURCE

Component Biodegradable? Combustible? Recyclable?

Paper & Card ✔ ✔ ✔

Yard / Green ✔ ✔ ✔

Kitchen ✔ ✔ ✔

Wood ✔ ✔ ✔

Textiles (✔) ✔ ✔

Metals ✖ ✖ ✔

Glass ✖ ✖ ✔

Plastic ✖ ✔ ✔

Stones / fines (✖) ✖ (✔)

RESOURCE
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Integrated Waste Management System

From ISWA White Paper – Waste and Climate Change, 2009
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Landfill

MRF

Phase 1A Volume Distribution

Landfill

MRF

Composting

Aggregate

Phase 1B Volume Distribution

Landfill

MRF

Composting

Aggregate

LF Rehab

Phase 1C Volume Distribution

Landfill

MRF

Composting

Aggregate

Rehab

WTE

Ash

Phase 2A Volume Distribution

Developing a Landfill Waste Volume Reduction Strategy
The eThekwini Municipality 
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What is the W.R.O.S.E model?

 W.R.O.S.E. = Waste & Resource Optimisation

Scenario Evaluation model

 Is a Zero Waste decision support tool 

 WM Strategies: landfill, landfill gas recovery, 

recycling, AD and aerobic composting, Waste to 

Energy, biogas upgrading

 Evaluates GHG emissions reductions from 

applying waste diversion strategies

 Microsoft Excel Spreadsheet Interface
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The Waste Resource Optimization and 

Scenario Evaluation Model (WROSE) 

• Developed by UKZN to assist South African municipalities and 

the private sector in achieving the zero waste targets and 

apply appropriate waste strategies

• WROSE was initially developed with 5 scenarios selected as 

most relevant/appropriate to waste management for SA 

Municipalities.

• Each technology and scenario in WROSE aims to aid the 

waste managers in determining a final decision 

• WROSE outcomes are case specific – strategies and scenarios 
can be tailored to suite individual municipal needs
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16
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Definition of 

various 

scenarios

Quality of 

Waste

Quantity of 

Waste

GHG 

emissions for 

scenarios

Indicators

of best 

solution

Costs , 

revenues

WROSE Model Framework 
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WROSE Model Input Screen

18 Outputs :

GHG 

Emission 

Reduction 

Potential 

Landfill 

Space 

saving 

potential 

Economic 

Feasibility
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19

Comparison of Waste Streams

Biogenic
45.67%

Other 
waste
5.27%

Recyclables
49.06%

Paper & 
Cardboard

17.88%

Plastic
19.01%

Glass
6.83%

Metals
5.34%

eThekwini Household

Biogenic
34.38%

Other 
waste

30.04%
Recyclables

35.58%

Paper & 
Cardboard

14.75%

Plastic
8.65%

Glass
7.00%

Metals
5.18%

UMDM Household

Biogenic
35.56%

Other 
waste

22.45%Recyclables
41.99%

Paper & 
Cardboard

16.11%

Plastic
6.08%

Glass
14.86%

Metals
4.94%

eThekwini Commercial

Biogenic
29.65%

Other 
waste

19.27%

Recyclables
51.07%

Paper & 
Cardboard

33.08%

Plastic
11.43%

Glass
3.87%

Metals
2.70%

UMDM Commercial
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Assessment of Marianhill Landfill
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Marianhill Waste Stream – Landfill airspace savings
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Marianhill Economic Analysis
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Dube Tradeport
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Dube Trade Port - AgriZone
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Dube Trade Port - Aerotropolis
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 Approx. 40 tons of fresh produce 

weekly

 Large quantities of waste

 Large organic fraction

 Phase 1: 

 16Ha of greenhouses 

 Post-harvest pack-house 

 Central packing and distribution 

centre

 Nursery

 Dube AgriLab – plant culture 

laboratory 

 Phase 2: 90Ha Expansion

 Greenhouses and tunnels

 Packing and distribution facilities

 Waste-to-energy operation 

Dube Trade Port – Agri-Zone 
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• To investigate the feasibility of establishing an electricity 

biodigester at the AgriZone of Dube Trade Port.

Objectives:

 Conduct a full waste stream analysis at the AgriZone

 Characterise the organic fruit and vegetable waste

 Determine the biochemical methane potential of organic fruit 

and vegetable waste for anaerobic digestion

 Analyse various waste management scenarios using the Waste 

and Resource Optimisation Scenario Evaluation (WROSE) model

 Evaluate the best waste management scenario using various 

indicators of sustainability

Aims and Objectives
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 General waste

 Recyclables

 Organic waste

 Hazardous waste

 Wastewater 

Treatment Works

Waste Stream Amount 

Generated per 

Month

Recyclable 5.25 tons

General/Residual 4.99 tons

Hazardous 1.24 tons

Organic 128.81 tons

AVERAGE WASTE VOLUMES :

4%

3%
1%

92%

DTP AgriZone Waste 
Distribution

Recyclable

Residual

Hazardous

Organic

Waste Streams
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PHILOSOPHY:  

Separate as much waste at each source, conduct further separation at a 

central facility and finally dispose at a licensed facility.  

Unsorted, 
untreated waste 

General/
Residual Waste 

Landfill Disposal 

Recyclables 
Recycling 
Facility 

Organic Fraction Composting 

Hazardous Waste 
Disposal 
Company 

Manual Sorting  

Waste management strategy (I)
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Waste management strategy (II)
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Sources of Recyclable Waste

RECYCLABLE 

SOURCES OF RECYCLABLE WASTE: 

• AgriZone offices 

• Cafeteria 

• Farmwise Pack house 

• Day-to-day Greenhouse operations 

• Packing and distribution centre 

• Dube AgriLab 

RECYCLABLE WASTE MATERIALS: 

• Scrap cardboard & office paper 

• Tetrapak post-consumer 

• LD film, plastic & strapping 

• HD bottles 

• PP Bag & PET 

• PVC 

• Scrap metal & steel cans 

• Glass 

• CMW  

• Foam 
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Sources of Residual Waste

80% 

20% 

AVERAGE MONTHLY 
COMPOSITION OF RESIDUALS 

MSW 

Hazardous 

RESIDUAL 



INSPIRING GREATNESS

95,8% 

0,9% 
2,7% 0,5% 

AVERAGE MONTHLY HAZARDOUS 
COMPOSITION 

Grease Trap (included in 
transport line) 

Quantity Trays with 
Sample Bottles 

Washing from Apparatus 

Reagents from Lab 
Testkits 

HAZARDOUS 

Sources of Hazardous Waste
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Wastewater Works Operations
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46%	

42%	

12%	

AVERAGE	MONTHLY	COMPOSITION	OF	
ORGANICS	

Greenhouses	

Pack	House	

Nursery		

ORGANIC 

Sources of Organic Waste
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% Moisture Content

%TS Solid

%VS Solid

TS Eluate (g/l)

VS Eluate (g/l)

TSS Eluate (g/l)

VSS Eluate (g/l)

pH

COD (mg/l)

BOD (mg/l)

BOD:COD Ratio

Nitrate (mg/l)

Ammonia (mg/l)

Respirometric Index 

(mg/g Dry Mass)

METHODOLOGY

• Characterisation tests
- Pack house 

- Greenhouses

- Mix samples

- Inoculum from WWTP

• BMP tests on all the above

RESULTS

• The waste characterisation tests conducted on 

fruit and vegetable samples showed favourable

characteristics of the feedstock for AD.

• Main disadvantage: high acidity of the samples

• Rapid acidification and accumulation of VFAs 

hindered methane production and resulted in an 

initial lag phase of approximately 20 to 30 days 

before the system reached full methanogenesis

Experimental Methods and Results
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W.R.O.S.E model – Scenario 1 

SCENARIO 1:  Unsorted, untreated 
Waste 

Landfill Disposal 

Dube	AgriZone	Waste		

(1652.29	tons)	

Landfill	Disposal	

with	Gas	Recovery	

	Quality	=	100%		

Quanity	=	1652.29	tons		

GHG	Emissions	=	-220.02	MTCO2EQ		

	LSS	=	0	m3	
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W.R.O.S.E model – Scenario 2 
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W.R.O.S.E model – Scenario 3 
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W.R.O.S.E model – Scenario 2 Results 

SCENARIO 2 RESULTS  

ADVANTAGES 

v Recyclables recovered on site 

v No external costs from waste companies 

v Job creation 

v Degradation of organic waste occurs in a controlled environment 

v Various benefits from by-products produced in the AD process  

v AgriZone becomes an independent power producer 

v Highest overall GHG reduction 

DISADVANTAGES 

v High capital costs  

v Maintenance costs 

Dube	AgriZone	Waste		

(2468.17	tons)	

Landfill	Disposal	

with	Gas	Recovery	

	Quality	=	10.39%		

Quanity	=	256.51	tons		

GHG	Emissions	=	-34.16	MTCO2EQ		

	LSS	=	0	m3	

Materials	Recovery	
Facility	

Quality	=	1.46%		

Quanity	=	35.99	tons		

GHG	Emissions	=	-21.10	MTCO2EQ		

LSS	=	29.99	m3	(Mixed	MSW	Density)	

							=	81.50	m3	(US	EPA	Landfill)	

Anaerobic	Diges on	

Quality	=	88.15%		

Quanity	=	2175.67	tons		

GHG	Emissions	=	-591.43	MTCO2EQ		

LSS	=	1813.06	m3	(Mixed	MSW	Density)	

							=	1834.46	m3	(US	EPA	Landfill)	
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W.R.O.S.E model – Scenario 3 Results 

SCENARIO 3 RESULTS  

ADVANTAGES 

v Sorting of waste streams at the source.  

v Less capital contribution required for 

composting.  

v Composting is environmentally friendly. 

DISADVANTAGES 

v Composting results in GHG emissions  

v Unnecessary costs incurred by hiring 

external companies  

v Nutrient content in compost often has to 

be upgraded resulting in excess costs 

v Composting has no energy recovery 

(required energy input) 

Dube	AgriZone	Waste		

(1652.39	tons)	

Landfill	Disposal	

with	Gas	Recovery	

	Quality	=	4.24%		

Quanity	=	70.03	tons		

GHG	Emissions	=	-9.33	MTCO2EQ		

	LSS	=	0	m3	

Materials	Recovery	
Facility	

Quality	=	2.18%		

Quanity	=	35.99	tons		

GHG	Emissions	=	-21.10	MTCO2EQ		

LSS	=	29.99	m3	(Mixed	MSW	Density)					

							=	81.50	m3	(US	EPA	Landfill)	

Aerobic	
Compos ng	

Quality	=	93.58%		

Quanity	=	1546.27	tons		

GHG	Emissions	=	286.06	MTCO2EQ		

LSS	=	1288.56	m3	(Mixed	MSW	Density)	

							=	1356.18	m3	(US	EPA	Landfill)	
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1. Landfill Disposal 

2. LFG 

3. LFG - MRF 48%RR – AD 

4. LFG – MRF 48%RR - AC 
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W.R.O.S.E model – Scenario Comparison
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W.R.O.S.E – Economic Analysis: MRF
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W.R.O.S.E – Economic Analysis: Composting Plant
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W.R.O.S.E – Economic Analysis: AD Plant
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W.R.O.S.E – Economic Analysis: Comparison

MRF

AD PLANT
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CONCLUSIONS

 The implementation of anaerobic digestion at the AgriZone will divert waste 

from landfill and optimise waste management strategies at DTP by using the 

waste as a resource to achieve as close to a “zero waste model” as possible. 

 The environmental and social benefits of AD far outweigh those of 

composting. 

 Unless ideal conditions are established to maximise yields to generate profits 

from by-products, and/or external capital investment is received, AD is not 

the most economically feasible technology. 

 It is imperative that the optimal conditions are determined for maximum 

methane production, and pre- and post-treatment methods are utilised to 

enhance the nutrient content of the digestate. 
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Way Forward

• Integration of WROSE into the overall policy framework to 

meet municipal and industry specified needs

• To utilize WROSE to promote integrated waste management 
as a climate change stabilization wedge for South Africa 

• Refine the model through the application of various case 

studies at national level

• Continuous updating for the insurance of relevance and 

validity of indicators  
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