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Prof. Cristina Trois is a Full Professor in Environmental Engineering, and NRF/DSI/CSIR SARCHI Chair
in Waste and Climate Change at the University of kwaZulu-Natal, Durban, South Africa.
Since January 2022, she is the Acting Director of the WASH R&D Centre at UKZN.
Prof. Trois has over 20 years of experience in waste and resources management and has been
the principal investigator as well as the project coordinator of many R&D projects with
municipalities in South Africa and Africa. Author of over 100 peer-reviewed publications in high-
impact journals; she is a C1 rated scientist with the NRF. She developed and coordinates the first
Master Programme in Waste and Resources Management in South Africa, and graduated over
130 postgraduate students.
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GHG WROSE CLIMATE AFRICAN CITY OF THE 
FUTURE

F1 F2 F3 F4

ASSESS/MODEL MITIGATE ADAPT RESILIENT è SUSTAINABLE

KEY THEME

• Localisation of 
GHG generation 
hotspots

• Reporting on 
climate change / 
standards

• Development of 
GHG indicators

KEY THEME

• Technologies to 
achieve 
stabilisation

• Localisation of 
appropriate 
technologies

• Low-carbon 
economy

KEY THEME

• Low carbon 
economy / best 
scenario

• De-carbonization 
of South Africa

KEY THEME

• Transitioning from 
resilient to smart, 
wise, and 
sustainable

• Indicators of 
sustainability 
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4.1%

The waste sector
in South Africa 
contributes  to 4.1%
of GHG emissions
and 37.2% of total 
CH4 (NIR, 2017)

GHG Emissions: 21 million 
tons of CO2 equivalent (2017) 

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 
56.7% (2.7% year by 
year) from waste 
sector in SA in past 17 
years (2000-2017). 
(7th NIR, 2017)

GHG emissions in
the EU have more
than halved from
1999 to now.

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: ~80% of all waste generated 
in SA is disposed of to landfill

(DFFE, 2018 - State of Waste Report)

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

DAY-Zero for SA landfills
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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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Landfill, 1996 Landfill, 2006
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Definition of 
appropriate 
strategies

Quality of 
Waste

Quantity of 
Waste

ENVIRONMENTAL
• GHG emissions for 

scenarios
• Landfill airspace 

savings 

Indicators
of best 
solution

ECONOMIC
Costs , 

revenues
SOCIAL

Job creation

INSTITUTIONAL 
Policy framework

Waste Resource Optimisation and Scenario Evaluation 
W.R.O.S.E Model 
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scenarios
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Scenario Analysis - OUTPUTS
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Waste Diversion Rates for Waste 
Management Scenarios

Scenario 1 Scenario 2A Scenario 2B Scenario 2C

Scenario 3 Scenario 4A Scenario 4B Scenario 5

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

W.R.O.S.E Model 
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WASTE RESOURCE OPTIMIZATION AND SCENARIO EVALUATION MODEL : SOCIO - ECONOMIC INDICATORS

WASTE QUANTITY 
(tons per day ) /MW 

OF ELECTRICITY
NO. OF 

JOBS
DIRECT HEALTH 

RISKS
INDIRECT 

HEALTH RISKS

PUBLIC PARTICIPATION 
IN WASTE 

MANAGEMENT 
PROCESS

PUBLIC PARTICIPATION 
IN EIA PROCESS

SCENARIO 1: 
LANDFILLING 0 0.0

Respiratory 
Issues, , Fatigue, 

Headaches, 
Influenza type 

Symptoms

Cancer, Low 
Birth Weight, 
Birth Defects

No public participation 
necessary 

Public participation 
process  required 

SCENARIO 2: LANDFILL 
WITH GAS RECOVERY 

/ELEC GEN 0 0

Wheezing, 
nausea, 

headaches

Asthma, 
respiratory 

issues
No public participation 

necessary 
Public participation 

process  required 

SCENARIO 3: 
RECYCLING 0 0.0

Respiratory 
issues, influenza 
type symptoms, 

nausea, 
headache, 
tiredness

Asthma, 
respiratory 

issues

No public participation 
necessary due to 

separation at MRF
Public participation 

process  required 

SCENARIO 4: 
ANAEROBIC 
DIGESTION 0 0

Tiredness, 
headache, nausea N/A

No public participation 
necessary due to 

separation at MRF
Public participation 

process  required 

SCENARIO 5: 
ANAEROBIC 

COMPOSTING 0 0

Fungal spores and 
bacteria causing 

Breathing 
problems, nausea

Fatigue and 
headaches

No public participation 
necessary due to 

separation at MRF
Public participation 

process  required 

Social Indicators 
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SCENARIOS
WASTE 

STREAMS
ENVIRONMENTAL 

LEGISLATION ENERGY LEGISLATION

FINANCIAL & 
ADMINISTRATIVE 

REGULATION
LICENCE 

REQUIRED
SCENARIO 1: 

DISPOSAL OF 
UNSORTED UNTREATED 

MSW TO LANDFILL

General MSW

The Constitution

N/A
Occupational Health 
and Safety Act 1993

The Environmental 
Conservation Act

N/A Municipal Systems Act 
2000

National Environmental 
Management Act

N/A
Municipal Structures 

Act

National Environmental 
Management Waste Act

N/A

Municipal Finance 
Management Act 

Atmospheric 
Emissions 

Licence 

National Environmental 
Management: Air 

Quality Act

N/A

Supply Chain 
Management

Waste Licence 
(For Storage, 
Treatment, 

Disposal and 
Processing of 

waste)

Atmospheric Pollution 
Prevention Act

N/A

Asset Management

National Integrated 
Coastal Management 

Act

N/A
Generally Recognised 
Accounting Practices 

17 & 19  

Institutional Indicators 
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JOB CREATION POTENTIAL COMPARISON 
eThekwini Municipality Msunduzi Municipality Newcastle Municipality

Scenarios 1, 3 and 5 are most preferable in terms of job creation potential
as these scenarios are more labour intensive than scenarios 2 and 4
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Development of a GHG emissions mitigation strategy 
for South Africa 

Partners: DSI-RDI Waste Roadmap/IIASA/World Bank Group
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Global 
Wedge

Building a mitigation strategy
through optimised IWMS
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Soft 
plastics

8%

Hard Plastics
8%

Paper
7%

Cardboard
7%

Glass
8%

Metal
3%

Food waste
25%

Garden
9%

Textiles
5%

Wood
1%

Inert
1%

Nappies
8%

E-Waste
0%

Hazardous
0%

Rest
10%

Average Waste generation volumes in percentages in 
the Garden Route District Municipaliy
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Projection of Food Waste and Garden Refuse 
volumes in the Garden Route District 

Municipality over 50 years

Biogenic Food Waste Tonnes Garden Waste tonnage
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50 year Projection for MTCO2e 
Emission for the disposal of food 

waste and garden refuse to landfill

MTCO2e Produced from Disposal of food Waste to Landfill

MTCO2e Produced from Disposal of Garden Waste to Landfil l

WASTE STREAM: Food waste/OFMSW 
CASE STUDY: Garden Route District Municipality

The use of the WROSE model as a climate change 
stabilization wedge: A South African case study
PhD - Sameera Kissoon
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The use of the WROSE model as a climate change stabilization wedge: 
A South African case study

PhD - Sameera Kissoon
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Climate change stabilization wedge in the Garden 
Route District Municipality 

MTCO2e Composting Food waste

MTCO2e Composting Garden Waste

MTCO2e Produced from Disposal of food Waste to Landfill

MTCO2e Produced from Disposal of Garden Waste to Landfil l

MTCO2e Produced from food waste to AD

Stabilization Wedge

Based on Figures 3 and 4, as waste generation rates increase by more than triple in the next 50 

years so do the GHG emissions from the organic waste fractions. Figure 5 below depicts the 

outcome of the comparison of the three selected scenarios: 

• For Scenario 1, the model depicts the steady increase of GHG emissions for both 

organic waste and garden refuse. This rate of GHG emission is unsustainable for long 

term climate contributions due to the global warming potential of CH4 being 25 times 

more harmful than that of CO2 according to the USEPA. 

• For Scenario 4, the introduction of AD  facilities for the treatment of all organic food 
waste at 100% viability for digestion is shown to reduce the GHG emission levels to a 

stable state i.e no upward trajectory over the next 50 years.   

• For Scenario 5, composting as a treatment method for garden refuse and biogenic food 

waste fractions is shown to reduce GHG emissions to a stable level for the next 50 

years, similar to that of AD.  

Should no interventions be put in place over the next 50 years, the impact of waste disposal to 

landfill grows exponentially. This is a direct result of the global warming potential of methane 

emissions from the decomposition of organic waste in landfill facilities.  
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WASTE STREAM: General MSW
CASE STUDY: eThekwini Municipality
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WASTE STREAM: General MSW
CASE STUDY: eThekwini Municipality

• Approximate area of 2297km2

• 4 Municipal landfills 
• 7 transfer stations
• 14 Garden waste transfer stations
• 2 garden waste landfill sites, 

Wyebank and Shallcross.
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WASTE STREAM: General MSW
CASE STUDY: eThekwini Municipality
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WASTE STREAM: General MSW
CASE STUDY: eThekwini Municipality
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Figure 10: Scenario Analysis of MLS Figure 11: Scenario Analysis of BRL Figure 12: Scenario Analysis of BLS
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CASE STUDY: eThekwini Municipality
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WASTE STREAM: C&D waste 
CASE STUDY: eThekwini Municipality
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WASTE STREAM: C&D waste 
CASE STUDY: eThekwini Municipality
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WASTE STREAM: Garden Refuse
CASE STUDY: eThekwini Municipality
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• CLOSED

• 52 years

• 1 year

• 32 years
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WASTE STREAM: Garden Refuse
CASE STUDY: eThekwini Municipality

Scenarios Analysed
Scenario 3 

Scenario 4 – Implemented at closure

Unsorted, Untreated 
garden waste

Material Recovery 
Facility

Aerobic Composting 
(Green + Wood)

Unsorted, 
Untreated 

garden waste

Material 
Recovery 
Facility

Aerobic 
Composting

Land 
Application, 

Energy Crops

Biofuel 
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Prof. Cristina Trois 
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Howard College Campus

Tel: +27-(0)82 3462644
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