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List of Abbreviations

Acronym Definition

AD anaerobic digestion

BOD biological oxygen demand

@@S Carbon Capture and Storage

CH4 methane

Co, carbon dioxide

CO,e carbon dioxide equivalent

DEA Department of Environmental Affairs
DEAT Department of Environmental Affairs and Tourism
EfW energy from waste

EPA United States Environmental Protection Agency
ERC Energy Research Centre

GDP gross domestic product

Gglyr gigagrams per year

GHG greenhouse gas

GHGI Greenhouse Gas Inventory for South Africa
GVA gross value added

GW gigawatt

GWh gigawatt hour

IEA International Energy Agency

IPCC Intergovernmental Panel on Climate Change
kW kilowatt

kWh kilowatt hour

ktCO,e kilotonnes of carbon dioxide equivalent
LFG landfill gas

MAC marginal abatement cost

MACC marginal abatement cost curve

MCA multi-criteria (decision) analysis

MSFM municipal services financial modelling

MSW municipal solid waste

MW megawatt

MWh megawatt hour
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Acronym Definition

Mt

million tonnes

MtCO,e

million tonnes of carbon dioxide equivalent

N,O

2

nitrous oxide

NCCRP

National Climate Change Response Policy

NPV

net present value

TWG-M

Technical Working Group on Mitigation

UNFCCC

United Nations Framework Convention on Climate Change

WAM

‘with additional measures’ scenario

WEM

‘with existing measures’ scenario

WOM

‘without measures’ scenario

ZAR/R

South African rand
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Chapter I: Introduction

. Introduction

This section provides an overview of emission trends, existing
policies and potential future abatement opportunities for the
waste sector: It is based on an analysis of emissions sources
which are currently estimated in the draft national Green-
house Gas Inventory for South Africa (GHGI) (Department
of Environmental Affairs, 2013). These are:

*  4Al managed waste disposal sites

* 4D wastewater treatment and discharge

Emissions from managed waste disposal sites arise from
methane (CH,) contained in landfill gas (LFG) which is gen-
erated as a result of the anaerobic decomposition of organic
waste deposited in the landfill. Wastewater treatment can
result in emissions of both CH, and N,O depending on the
treatment method.

The inventory currently does not estimate emissions from
the disposal of industrial waste not disposed of in the mu-
nicipal waste stream, as comprehensive data on the amount
of industrial waste and disposal routes for industrial waste is
not available.

For the purposes of this study, therefore, emissions projec-
tions and estimates of mitigation potential presented in this
appendix exclude industrial waste and focus only on munici-
pal waste. For municipal waste, the GHGI also does not esti-
mate emissions from:

*  4A2 unmanaged waste disposal sites

*  4A3 uncategorized waste disposal sites
* 4B biological treatment of solid waste
*  4CI waste incineration

e 4C2 open burning of waste

Emissions from unmanaged and uncategorized waste disposal
sites are likely to be significantly smaller than those from man-
aged sites, as this type of site is more likely to be a shallow
landfill site, where decomposition of waste is more aerobic
and hence leads to lower methane emissions. There is little
(if any) biological treatment of solid waste in South Africa at
present, so the omission of this category is likely to introduce
relatively little error. Small quantities of some types of waste
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are incinerated, but there is no large scale incineration of mu-
nicipal solid waste, so again this category is expected to be a
relatively small emissions source. Open burning of waste does
occur, but the scale of this is unknown.

In summary, it appears likely that the current inventory un-
derestimates emissions from this sector (by what is assumed
to be a small amount). As it was not within the remit of this
study to expand the scope of the current GHGI to include
additional sources, the projections are also likely to underes-
timate future emissions.

I.I  Solid Waste Management

Waste generation per capita varies widely within South Africa
depending on income and location (urban and rural). At pres-
ent, not all waste is collected and managed formally, with only
61% of the population estimated to have access to kerbside
removal of waste (DEA, 201 I).This is highly skewed to more
affluent urban communities, with significantly lower levels in
urban informal areas, tribal areas and rural formal areas. Sim-
ilarly, while urban areas may dispose of waste to managed
landfill sites, there is significant use of unmanaged sites, open
dumps and open burning in other areas. The National Waste
Management Strategy (DEA, 2011) noted that a growing
population and economy would lead to increased volumes of
waste generated and greater complexity of the waste stream,
and that this would put pressure on waste management facil-
ities which are already in short supply. The strategy also noted
that there is limited understanding of the main waste flows
and the national waste balance as data reporting is not oblig-
atory and available data is often unreliable and contradictory.

The National Waste Management Strategy sets several
goals, the most relevant of which for GHG emissions and
mitigation are:

Goal |: Promote waste minimisation, reuse, recycling and
recovery of waste: Focuses on implementing the waste man-
agement hierarchy, with the ultimate aim of diverting waste
from landfill.

Goal 2: Ensure the effective and efficient delivery of waste
services: Promotes access to at least a basic level of waste
services for all and integrates the waste management hierar-
chy into waste services, including separation at source, and
ensures that waste that cannot be reused, recycled or recov-
ered is disposed of safely in properly-permitted landfill sites.



Chapter |l: Reference Case Projections

2. Reference Case Projection: ‘Without
Measures’

The starting point for this analysis is a reference case pro-
jection of GHG emissions from the sector. This estimates
emissions from the sector between 2000 and 2050 assum-
ing that no measures have been put in place to mitigate
emissions, and that current practices in waste management
continue. The projection is referred to as the ‘without mea-
sures’ (WOM) projection.

2.1  Managed disposal of municipal solid waste

Emissions from the disposal of municipal solid waste (MSW)
in managed waste disposal sites were estimated using the
emissions model' used by the DEA for estimating emissions
from this sector in the GHGI. The emissions model first esti-
mates waste disposed to managed waste disposal sites as the
product of population, the fraction of the population whose
waste goes to managed landfill, and the amount of waste
per capita deposited in landfill (that is excluding recycling).
As waste deposited in landfills continues to produce LFG for
several years after it has been deposited, the model considers
historic as well as current and future waste disposal.

The model supplied by the DEA already forecasts emissions
to 2020.This was expanded to forecast emissions to 2050.
The key assumptions used were the following.

Population forecast: UN population forecast for South
Africa (UN, 201 1).

Fraction of waste disposed to managed landfill: current val-
ues are based on the fraction of population in urban areas
(assumed to be 61% in 2010).This is assumed to rise linearly
as urbanisation increases to 81% in 2050, and more waste is
disposed of in managed facilities.”

Municipal solid waste (MSW) generation per capita: Assumed
to grow at 2% p.a.to 2020 (as in the DEA model) due to rising
gross domestic product (GDP) per capita. Growth then begins
to slow as international data (Figure |) indicates continued lin-
ear growth is unlikely, and that waste generation per capita will
become decoupled from economic growth.

The final variable in the model is waste composition; in par-
ticular; the fraction of different types of biodegradable mate-
rial such as food waste, garden waste, paper; card and wood.
Although some data is available on waste composition for
some municipalities, these vary considerably as they are influ-
enced by location and affluence. No data could be found in the
literature on the average composition of MSW nationally at
the level of detail required for the model. For this reason, waste
composition is taken as that used by the DEA in the model
which is based on IPCC default data for Southern Africa.

Figure 2 compares estimates of waste generated in the mod-
el used for the GHGI and for the projections in this study,
with projections made for municipal services financial mod-
elling (MSFM) of the waste sector:® While estimates of the
total amount of waste disposed of are higher than the es-
timates in the MSFM modelling, the growth rate is slightly
lower: The estimate in these projections of waste deposited
in 2007 is lower than that estimated by the Department of
Environmental Affairs and Tourism (DEAT, 2007).

I. The model is a first order decay model developed by the IPCC for use in national inventories.

2. For this reference case, it is assumed that landfill, which is currently the predominant type of waste disposal, remains the predominant method

of waste disposal. The use of other waste treatment options such as energy from waste, anaerobic digestion and composting are considered as

mitigation options.

3. Carried out by PDG for the Department of Provincial and Local Government, National Treasury and the Development Bank of Southern Africa
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Figure |: Municipal solid waste generation per capita (source: IEA Bioenergy, undated)
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Figure 2: Comparison of projections of waste deposited to landfill
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2.2 Waste Water Treatment

Waste water treatment accounted for less than 1% of na-
tional emissions in 2000, so a simple approach to estimating
future emissions was taken.The current GHGI has estimated
CH, emissions from waste water treatment based on as-
sumptions about the degradable organic content biological
oxygen demand (BOD) generated per capita,” emissions fac-
tors for different types of treatment systems, and the mix of
treatment methods (for example septic tank, latrine, open
sewer, closed sewer). A mix of these treatment types was as-

sumed to deal with waste water in three types of areas: urban
high income, urban low income and rural. These assumptions
were then combined with estimates of population in these
three groupings to derive total CH, emissions. Nitrous ox-
ide (N,O) emissions were estimated based on protein con-
sumption and nitrogen content of protein. Future emissions
were estimated using this same methodology but allowing
for trends in urbanisation, increasing affluence and changes in
the fraction of waste water treatment types to reflect South
Africa’s desire to provide universal access to sanitation.
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W Managed waste disposal sites

2030 2040 2050
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Figure 3: Waste sector reference case ‘without measures’ (WOM) emissions projection

Figure 3 and Table | show GHG emissions under the reference scenario. Emissions from managed waste disposal rise steadily,
reflecting the increase in waste generated as both population and prosperity grow and as more waste is disposed of in a managed
way.Wastewater treatment emissions decline after 2020 as more wastewater is treated in systems which have lower CH, emissions,
such as closed sewers.

4. BOD generation per capita in urban areas includes an allowance for non-domestic wastewater.
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Table I: Waste sector WOM reference case: total of all GHG emissions
Emissions (ktCO,e) 2000 2010 2020 2030 2040 2050
Managed waste disposal sites 8,855 15,325 23477 32,773 41,999 50451
Wastewater treatment and discharge |,347 [,511 1,522 | 413 1,252 [,050
Total waste sector 10,202 16,836 24,999 34,186 43,251 51,502

3. Reference Case Projection: ‘With
Existing Measures’

The reference case projection described above estimates
how emissions would develop to 2050 in the absence of any
measures to mitigate climate change. However, in the period
2000 to date, a number of projects have been implemented
under the Clean Development Mechanism to recover and
use LFG to generate electricity (for example the Bisasar and
Marianhill projects in the eThekwini Municipality). The impact
of these projects on LFG emissions has been assessed based

Table 2:

on data from the municipality and analysing the number of
certified emissions reductions (CERs) issued by these proj-
ects. In total the projects at four landfill sites are currently
estimated to reduce emissions by approximately 415 ktCO,e
per year.

Emissions under a ‘with existing measures’ (WEM) scenario
that includes this abatement are shown in Table 2. The current
projects are assumed to deliver emissions reductions over a
|5 year period.

Waste sector ‘with existing measures” projection: total of all GHG emissions

Emissions (kt CO,e)

Managed waste disposal sites 8,855
Waste water treatment 1,347
Total 10,202
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16,421

2020 2030 2040 2050
23,063 32,358 41,584 50,036
1511 1,522 1,413 1,252 1,050
24,584 33,771 42,836 51,087



Chapter lll: Identification and Analysis of
Mitigation Potential

4. Identification of Mitigation
Opportunities

Options identified for managed waste disposal fall into two
categories. Firstly, better management of landfill sites, with re-
covery and flaring or use of landfill gas (LFG) and secondly, al-
ternative waste disposal options which would allow diversion
of organic waste from conventional landfill activities. While
landfilling of waste is the primary means of managed waste
disposal currently, there is interest in South Africa in exploring
other waste management options. For example the Govern-
ment is currently drafting a strategy on composting.

Table 3 below shows the full list of the initial mitigation op-
portunities originally identified by the Waste Task Team and
includes justification for why the options were either included
or excluded from the analysis. The options considered are
focused on municipal solid waste. There may be other oppor-
tunities, however, for the use of waste as a fuel. For example,
high calorific value wastes can be used as an alternative fuel
in cement kilns, and these options are considered in the in-
dustry sector (please refer to Technical Appendix D: Industry,
which covers mitigation potential for the industry sector).

Through a process of discussion, correspondence and col-
laboration with the Waste Task Team and other experts and
specialists in the field, a final list of mitigation opportunities
was agreed for evaluation:

*  Managed landfill sites:

- capping of sites with recovery of LFG and flaring

- capping of sites with recovery of LFG and use for
electricity generation

*  Diversion of waste from landfill sites:

- energy from waste (incineration of MSW with energy
recovery)

- Source-separated collection of food waste for anaer-
obic digestion and use of biogas for energy produc-
tion

- Household separation of food and garden waste for
composting at home

- Source-separated collection of garden waste for
windrow composting

- Source-separated collection of food and garden
waste for large-scale in-vessel composting

- Source-separated collection of dry recyclables includ-
ing paper, and paper recycling.

I (020N REPORT



Table 3:

Managed waste
disposal

Managed waste
disposal

Managed waste
disposal

Managed waste
disposal

Managed waste
disposal

Managed waste
disposal

Managed waste
disposal

Windrow com-
posting

In-vessel compost-

ing

Paper recycling

Abatement measure/ mitigation
opportunity

Landfill site management with gas re-
covery i.e. capping with gas recovery

and flaring.

Landfill site management, capping
with gas recovery and use for elec-
tricity generation.

Landfill site management, capping
with gas recovery for use in heat
generation network.

Landfill site management, capping
with gas recovery for use as a fuel
source for automotive vehicles.

Incineration of MSW with energy
production (energy from waste
(EfW)).

Anaerobic digestion/ source-sepa-
rated collection of food and garden
waste and diversion from landfill to
anaerobic digestion facility where
biogas is used to produce energy.

Diversion of food and garden waste
from landfill with household separa-
tion and home composting.

Diversion of garden waste from
landfill to large scale windrow com-
posting.

Diversion of food and garden waste

from landfill to large-scale in-vessel
composting facilities.

Additional source-separated waste
collection schemes to divert dry
recyclables from landfill. Increased
recycling of paper.

TECHNICAL APPENDIX F — WASTE SECTOR

List of mitigation opportunities identified by the Waste Task Team

Subsector Motivation for inclusion or exclusion Included?

Globally a well explored and established
technology used as best practice to min-
imise environmental impacts of landfilling
waste. Considered an important mitiga-
tion measure particularly in South Africa
where unmanaged landfill sites and open
dumps are the primary disposal technique.

Considered an important mitigation
measure particularly in South Africa where
unmanaged landfill sites and open dumps
are the primary disposal technique.

A practical intervention to recover value
from gas recovery options. Not analysed
due to restricted potential for implemen-
tation in South African sites

Still developing technology, not analysed
as not considered an option for the short-
to medium-term future.

Technically feasible option, currently of
interest in South Africa where some feasi-
bility studies have been carried out.

Technically feasible option, not currently
in operation in South Africa. Possibility
for mitigation depending on the financial
feasibility of sites.

Potentially low cost mitigation strategy
that is currently a developing area of in-
terest in South Africa. Can have additional
benefits for soil from compost produced.

Practical option that is not currently
developed in South Africa.

Similarly to other composting option,
technically feasible and practical option
with potential for development in South
Africa

Current recycling almost at 60%. Potential
to increase if separation at source is intro-
duced by municipalities.

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes




Subsector

Wood recycling

Abatement measure/ mitigation
opportunity

Extraction of waste wood from the
waste stream for recycling or energy
recovery.

Motivation for inclusion or exclusion

Some industrial wood waste is kept out
of the general waste stream and used as a
fuel in boilers. Potential to increase subject
to economic feasibility.

Included?

No (due to lack of
good quantitative
data on amount of
waste wood in the
MSW stream).

Waste minimisation

Waste minimisation measures
designed to reduce the generation of
waste material.

Waste minimisation forms an important
theme of waste management policy and
is likely to be cost-effective, delivering
economic benefits.

Can also incorporate a range of measures
such as minimising waste during manu-
facturing processes, reducing quantities

of packaging, or influencing consumer be-
haviour e.g. to avoid excessive packaging
or minimise food waste.

No (requires more
definition of how
measures might be
implemented to
enable costs and
abatement poten-
tial of measures

to be developed.
Recognised as

a key policy for
tackling emissions
from sector in the
long term.

Switch from anaerobic treatment

This may be feasible where sewage sludge
is digested anaerobically at waste water
treatment works. However while this is
practised at some wastewater treatment

No. Not evaluated
due to lack of data
to assess miti-

emissions source.

Wastewater treat- . . . plants; data are not available on how many . ,
with flaring to anaerobic treatment gation potential
ment . plants use such treatment routes and
with gas use. . . and due to small
what volume of wastewater is treated in . .
: size of emissions
this way. For example the GHGI assumes
. source.
that all wastewater treatment in urban
areas is aerobic.
Largely controlled by need to meet am-
Wastewater treat- =~ Optimise process parameters to- monia and nitrate effluent standards. May N
, . , o
ment wards low N,O yield. not be feasible to implement.Very small
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The mitigation option for waste minimisation was not evalu-

ated for the purposes of the marginal abatement cost curve
(MACC) analysis due to a lack of information to evaluate
how this might be achieved in practice, and of data on the
costs and reductions which might be achieved. This is partly
because the minimisation of waste can be achieved in a wide
variety of ways (for example through better product design,
reduced amounts of packaging, better management of pro-
duction processes so that less waste is generated, reuse of
products) and because waste minimisation strategies can be
implemented in a wide range of sectors (for example man-
ufacturing industries, the food and drink industry, the con-
struction industry, the commercial sector and the residential
sector). Strategies to achieve this can range from educational
campaigns for the general public to waste minimisation clubs
for industry. Without some definition of strategies and pro-
grammes which will be implemented to achieve this howev-
er, costing as a mitigation option is difficult. Despite this, the
importance of waste minimisation as a means of helping to
achieve both mitigation and waste management goals should
not be underestimated. As well as reducing GHG emissions
from the disposal of waste, it can lead to additional GHG
savings by reducing the use of resources and materials.

As already mentioned previously, waste minimisation sits at
the top of the waste hierarchy and is a primary goal of
South Africa’s National Waste Management Strategy. Waste
minimisation can also often be extremely cost-effective,
leading to overall cost savings from reduced use of materi-
als and reduced waste disposal costs. It should therefore be
considered in future climate change mitigation estimates for
the waste sector.

TECHNICAL APPENDIX F — WASTE SECTOR n

5. Costing and Mitigation Potential of
Measures

The key assumptions used to assess the abatement potential
of each of the options are given in Table 4 below. As many of
the technologies have not been implemented yet in South
Africa, robust data on specific costs for projects in South Af-
rica was difficult to obtain. International data was therefore
used, although wherever possible this was cross checked
against the high level data or indicative cost estimates avail-
able in-country. In some cases, with agreement from experts
within South Africa, cost estimates were adjusted to reflect
South African conditions. Capital and operating costs are
summarised in Table 5.

*  Other operating costs and revenue streams assumed in
the assessment of options are:

* avoided cost of landfilling: R138 per tonne of waste

» additional cost of source-separated collection: R 240per
tonne of waste

* value of electricity generated: R0.366 per kWh generated

* value of compost produced R50 per tonne

This is a low valuation of the compost produced, but it is
intended to represent current conditions within South Af-
rica where the markets for compost and digestate from an-
aerobic digestion are as yet undeveloped. If better markets
develop (for example as a result of work undertaken under
the national composting strategy) then the cost-effectiveness
of composting options could improve. There are also other
environmental benefits from composting in the form of the
return of organic matter and nutrients to the soil, which are
not reflected in the financial value of compost.



Table 4:

Mitigation
option

Landfill gas (LFG)
recovery — flaring

LFG recovery
— electricity
generation

Energy from
waste (EfW)

Anaerobic diges-
tion (AD)

Basis for estimating quantum of
emission mitigation

Recovery and flaring installed on 30%
of sites in 2020 and 30% in 2030 and
20% in 2050, and 30% of LFG from
sites is recovered and flared.

Assumes that recovery with electricity
generation is the preferred option for
larger sites where gas generation rates
are high enough to sustain gas engine.

LFG recovery and generation imple-
mented on 30% of landfill sites by
2020, 50% by 2030 and 80% in 2050.
Assumes some retrofitting to newer
sites, where gas generation rates are
still high and installation on all newly
opened sites.

Leads to mitigation of 70% of LFG
generated on site.

Typical size of 250,000 t/year; as-
sumed to be suitable for use in larger
urban areas where large quantities of
waste are available within small area.
Number of plants based on quantities
of waste generated in these larger
urban areas.

GHG abatement is emissions avoided
by not landfilling waste minus CO,
emissions from combustion of fossil
based material in waste (e.g. plastics).

Additional GHG savings from displac-
ing fossil fuel based electricity gen-
eration are accounted for in power
sector rather than here.

[t is assumed that 70% of food waste
in the waste stream can be captured
via source-separated collection.

GHG abatement is emissions avoided
by not landfilling waste.

Key assumptions for mitigation options in the waste sector

Key data elements

No data on the cost of LFG flaring in South
Africa could be found in literature so more
detailed data from international examples
was used. Data was available for a project
in Namibia and showed relatively good
agreement with international data. Costs

cover capping and installation of gas recovery

pipework as well as cost of flare, and include
maintenance, operating and capital costs.

LFG recovery and electricity generation
already installed at some landfill sites in SA.

Only approximate cost estimates available
for these projects so more detailed interna-
tional data used. Relatively good agreement
between data sources.

Costs cover capping and installation of gas
recovery pipework as well as cost of gas en-
gine for generation, and include maintenance
and operating costs as well as capital costs.
An allowance is made for value of electricity
produced.

Capital and operating costs were sourced
from international reference cases and cross
checked with data from South African feasi-
bility studies.

Value of electricity produced and avoided
cost of landfilling waste also taken into
account.

Typical facility of 30,000 t/year. Capital and
operating costs from international data. Ad-
ditional cost of source-separated collection
taken into account.Value of electricity and
compost produced also accounted for; to-
gether with avoided cost of landfilling waste.
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Key data sources

(EPA, 201 )

(EPA, 201 Ib)

(AEA, 2007)

(Hogg et al,,
2008)

(Warren et al,
2012)

(WRAP 2012)

(Hogg et al,
(2008)

(Short, 2008)

(Warren et al,
2012)

(WRAP2012)



Mitigation Basis for estimating quantum of
.g - - €4 Key data elements Key data sources
option emission mitigation

[t is assumed that 70% of garden
waste in the waste stream can be
captured via source-separated col-
lection.

Windrow com-
posting

In-vessel com-
posting

Household waste
separation and
composting

Paper recycling-
revenue from all
dry recyclables

GHG abatement is emissions avoided
by not landfilling waste.

It is assumed that 70% of garden and
food waste in the waste stream can
be captured via source-separated
collection.

GHG abatement is emissions avoided
by not landfilling waste.

330! capacity bin. Assumed that
households produce on average

390 kg of food waste and 65.7 kg of
garden waste with home composting
rates using 50% and 75% respectively
of these amounts. Assumed that 50%
of urban households have gardens;
uptake rate for composting based on
data from campaigns to increase level
of composting in other countries.

GHG abatement is emissions avoided
by not landfilling waste.

Use of large scale material recycling
facilities taking mixed dry recycla-
bles which have been collected in
source-separated kerbside collection.

TECHNICAL APPENDIX F — WASTE SECTOR n

Typical facility of 20,000 t/year. Capital and
operating costs from international data. Addi-
tional cost of source-separated collection tak-
en into account.Value of compost produced
also accounted for, together with avoided
cost of landfilling waste.

Typical facility of 30,000 t/year. Capital and
operating costs from international data. Addi-
tional cost of source-separated collection tak-
en into account.Value of compost produced
also accounted for, together with avoided
cost of landfilling waste.

Capital cost of compost bin as sold in South
Africa currently.

Value of compost produced accounted for,
together with avoided cost of landfilling
waste.

Additional cost per tonne of waste collected
via the source-separated collection pro-
gramme.

Capital and operating costs of MRF facility
with capacity of 100,000 tonnes per year

Revenue expected from the sale of dry
recyclables.

(AEA, 2007)

(Hogg et al,,
2008)

(WRAR2012)

(Hogg et al,,
2008)

(Jacobs, 2008)

(WRAP 2012)

(Trois & Jagath,
2011)

(Lavee & Nardiy-
ab,2013)

(WRAP 2008a)

(WRAP 2008b)



Table 5: Capital and operating costs for mitigation options in the waste sector

Capital cost = Operating cost | Net cost *
Mitigation option Capacity Type of waste treated
R million R million/yr R/t waste
LFG clo.llectlon to Bulk MSW 73 84
electricity
LFG collection and Bulk MSW 9 37
flare
Anaerobic digestion | 30,000 t/yr 100% food waste 122 12.2 704
Energy from waste 250,000 t/yr Bulk MSW 1,603 574 160
Wi .
ing'”drow COMPOt 90,000 thyr 100% garden waste 23 27 458
In-vessel composting 30,000 t/yr 70/30 food/garden waste 67 8.5 578
Home composting bin
Home composting treats 245 kg waste/ 80/20 food/garden waste 0.0007 0 284
year
17,700 t paper in
Paper recycling 30,000 t/yr materials Mixed dry recyclables 34 10.0 260

recycling facility

* Including all capital and operating costs, avoided landfill costs, any additional costs for source-separated collection and any revenue from compost

and electricity produced.

IR cc2ton REPORT




6. Marginal Abatement Cost Curves

Marginal abatement cost curves (MACCs) provide insight
into the marginal costs and associated mitigation potential at
snapshots in time. They have been calculated for 2020 (Figure
4), 2030 (Figure 5) and 2050 (Figure 6).

The abatement potential and cost-effectiveness of single
options in the waste sector depend on assumptions about
the implementation of other options. For example, if waste
is diverted away from landfill then the emissions at landfill
sites are lower, and hence the abatement potential of options
using landfill gas (LFG) are lower. Conversely the emissions
reduction achieved by diverting waste away from landfill is
lower once LFG recovery options have been implemented,
leading to both lower reductions and a higher cost-effective-
ness for those options.

In order to construct the MACCs, the marginal abatement
cost of each of the options was calculated, assuming that
there was no LFG recovery for options which involve divert-
ing waste away from landfill. This shows that recovery of LFG
with flaring, and with electricity generation have the lowest
marginal abatement costs. Implementation rates for these
options were therefore applied, giving reduced savings for the
diversion options. It is then assumed that the waste diversion
options are implemented; their abatement potential and mar-
ginal abatement cost is recalculated given the assumptions for
LFG recovery. The reduction in waste going to landfill is then
used to scale back the actual savings achieved by LFG re-
covery options. Waste diversion options are implemented in
order of their marginal abatement cost, subject to limitations
on their applicability, as shown in Table 4. An overall waste
balance for MSW was constructed to ensure that implemen-
tation of options reflected quantities of particular types of
waste available, and that waste diverted to one option, for
example EfW was no longer available for others, for example
paper recycling or composting.

For options which involve electricity generation, while the value
of the electricity generated was included in the marginal abate-
ment cost assessment, additional GHG savings which might be
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realised by avoiding the need for fossil fuel-based electricity

generation were not included to avoid double-counting of
emissions savings with the power sector. Inclusion of these ad-
ditional GHG savings would improve the marginal abatement
costs of these abatement options (anaerobic digestion, EfW
and LFG recovery with electricity generation).

As discussed above, some of the mitigation options con-
sidered also have other environmental benefits, such as the
return of organic matter to the soil which can be achieved
through composting and anaerobic digestion. These are not
reflected in the MACC, which purely identifies the lowest
marginal abatement cost options in reducing GHG emissions,
rather than which options may deliver the most overall envi-
ronmental benefit. It is recognised that there may be a num-
ber of other drivers for the waste sector, including implemen-
tation of the waste hierarchy, which would mean that waste
management options other than landfill are given a higher
priority. However such an evaluation is outside the scope
of this study, which purely sets out the marginal abatement
cost of each option in terms of reducing GHG emissions, and
finds on this basis that LFG recovery has the lowest marginal
abatement cost.

In 2020 (Figure 4), the LFG recovery and generation option
is the lowest marginal cost abatement option (at less than
RI00/tCO,e). This option also has the greatest abatement
potential (4.8 MtCO,e). Recovery and electricity generation
has a lower marginal abatement cost than recovery and flar-
ing as the additional cost of generating equipment is more
than offset by the value of the electricity produced, and the
higher gas recovery rates assumed when recovery involves
generation. Abatement is higher than for other options as it
is assumed these technologies can be implemented relatively
quickly. Paper recycling, home composting and energy from
waste have significantly higher marginal abatement costs than
LFG recovery, (R360 to R370/tCO.e), and have less abate-
ment potential. Centralised composting and anaerobic diges-
tion are more expensive again, (R650 toR900/tCO.e) and
only produce mitigation of 0.6 MtCO_e. The total mitigation
potential identified is just below 10 MtCO,e.
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Figure 4: MACC for 2020 for the waste sector

By 2030 (Figure 5), the total mitigation potential has grown to 22.1 MtCO._e, mainly due to fuller implementation of the mitigation
options, but also as waste quantities generated grow, leading to increased emissions to be abated. While the marginal abatement
costs of the LFG options remains the same as in 2020, the marginal abatement costs of other options worsen slightly as increased
implementation of LFG recovery reduces the savings the other measures can deliver.
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Figure 5: MACC for 2030 for the waste sector
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This trend is also seen in 2050 (Figure 6). Landfill gas recovery and generation can still deliver significant abatement of 31 MtCO,e
at low cost, as some residual waste is still assumed to be disposed of to landfill and all sites are assumed to have recovery of gas
by 2050.The total reduction in emissions which can be achieved, if diversion options with higher marginal abatement costs are also
implemented, is 39.7 MtCO,e, or 78% of projected emissions in the sector.
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Figure 6:  MACC for 2050 for the waste sector
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Chapter IV: Summary

7. Technical Mitigation Potential

If all technically available mitigation potential in the waste sec-
tor were to be implemented, then the current analysis shows
that GHG emissions could be reduced by 9,977 ktCO,e in

2020; 22,122 ktCO,e by 2030 and 39,658 ktCO,e by 2050.

This represents a total potential reduction of 41%, 66% and
78% respectively of reference emissions under the WEM pro-
jection (Figure 6 and Table 6).

Figure 3 and Table | show GHG emissions under the refer
ence scenario. Emissions from managed waste disposal rise
steadily, reflecting the increase in waste generated as both
population and prosperity grow and as more waste is dis-
posed of in a managed way.VWastewater treatment emissions
decline after 2020 as more wastewater is treated in systems
which have lower CH, emissions, such as closed sewers.

Table 6: Total mitigation potential for the waste sector, assuming all measures are implemented (in ktCO,e)

Subsector Measure 2020 2030 2050
LFG recovery and generation 4,843 [1,325 28,020
Paper recycling 1,506 2,802 3223
LFG recovery and flaring 2076 2912 3,002
. Energy from waste 869 2,935 2913
Managed waste disposal R
Anaerobic digestion 234 1,198 1,354
In-vessel composting 83 12 197
Home composting programme 189 682 771
Windrow composting 176 155 176
TOTAL 9,977 22,122 39,658
TOTAL % Reduction (relative to WEM) 41% 66% 78%
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8. Projection ‘With Additional Measures’

Applying all the measures identified above in the order in which they are ranked using the multi-criteria analysis (MCA), gives an

emissions projection curve as shown in Figure 7.
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Figure 7: Emissions projection ‘with additional measures’ (WAM) for the waste sector

9. Impact Assessment of Individual
Mitigation Measures

The impact assessment is undertaken using the multi-criteria
analysis (MCA) approach described in the main report as
well as in Appendix A: Methodology.

9.1 Scoring of Each Measure in Relation to Agreed Criteria

The criteria for assessing each measure are applied consis-
tently across all sectors with the scoring and weighting op-
tions described in the main body of the report. Two methods
have been applied for scoring:
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* A quantitative assessment using the costs estimated for
each measure and the economic models which provide
figures for gross value added (the economic criterion)
and jobs (part of the social criterion).

* A qualitative assessment based on scoring by the sector
Task Team.

In the case of the quantitative analysis which informs the cost,
economic and social criteria, the data associated with each
criterion is summarised in Table 7 below.

Taking both quantitative and qualitative scores into consider-
ation for each criterion, points are allocated to each measure
with the results for the balanced weighting pathway shown
in Table 8 below (zero is the worst result and 100 the best).



Table 7:

NPV * of costs
per ktCO,e
mitigated

(R/ktCO )

Quantitative data informing the scoring of options for the waste sector

GVA ** impact

per ktCO,e
mitigated

(R/ktCO )

Jobs created per
ktCO, e mitigated

(Jobs/ktCO,e)

Ratio of unskilled
to total jobs

LFG recovery and generation -0.98 0.21 0.02 -0.51
LFG recovery and flaring 536 -0.72 0.06 -0.45
Paper recycling 37.34 -391 0.38 0.80
Energy from waste 164.70 -16.69 0.07 -1.40
Home composting -55.41 8.69 -0.06 1.06
Windrow composting 120.35 -13.74 2.35 0.77
In-vessel composting 10561 -12.21 [.21 0.79
Anaerobic digestion 15742 -18.19 047 091

* net present value
** gross value added

Table 8: Distribution of points assigned to each option for the waste sector.

Cost

Option descriptions

Economic impact

Social impact

Non-GHG
environmental impact

Implementability

LFG recovery and generation 66.52 53.07 38.23 70.00 77.50
LFG recovery and flaring 65.08 51.53 40.39 70.00 92.50
Paper recycling 57.85 4621 65.26 80.00 92.50
Energy from waste 29.06 24.96 30.87 65.00 42.50
Home composting 78.82 67.12 24.74 90.00 92.50
Windrow composting 39.08 29.86 63.95 65.00 67.50
In-vessel composting 4242 3242 72.08 100.00 50.00
Anaerobic digestion 30.70 2247 71.64 85.00 25.00

Implementing a home composting programme is (per-
haps predictably) the lowest marginal abatement cost
option in the waste sector. It also will have a positive
economic impact because the capital and operating costs
associated with the measure (relative to the abatement
potential) are low. But the option does not create jobs;
therefore it scores poorly for social impact. In general,
none of waste sector options have a notably positive so-
cial impact as they do not create many jobs. The in-ves-
sel and home composting options both score highly for

their non-GHG environmental impact, as does paper
recycling (essentially because these options divert waste
from landfills). Anaerobic digestion also scores highly for
environmental impact because the nature of the GHG
abatement achieved is to avoid emissions by not land-
filling waste. As stated above, the assumption is that
LFG recovery and flaring is readily implementable (and
already has been proven as such). Along with the paper
recycling and home-composting options, the recovery
and flaring options score highly for implementability.
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9.2 Net Benefit Curve

The concept of a net benefit is described in the main body of the report.The net benefit curve for the balanced weighting pathway

is shown below in Figure 8.
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Figure 8:  Net benefit curve for waste sector mitigation options

The amount of CO,e which can be mitigated for each mea-
sure, for the full period from 2010 to 2050, is shown on the
horizontal axis. In order to maximise the net benefit (as deter-
mined by the MCA analysis), the measures should be imple-
mented in order from left to right as they appear in Figure 8.

According to the graph, the home-composting option should
be implemented first since it achieves the highest integrated
marginal net benefit score of 69. But the abatement achieved
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is insignificant, at only 5 MtCO,e over the 40 year period.
The paper recycling, in-vessel composting, LFG recovery and
flaring, and recovery and generation options all have an in-
tegrated marginal net benefit score above 60 and achieve
significantly more mitigation; 164, 36, 56 and 292 MtCOze
over the period, respectively. Integrated marginal net benefit
scores for the remaining options deteriorate rapidly, with the
energy from waste option scoring 38.7, despite providing 83
MtCO, e of GHG abatement over the period.



References

AEA Technology, 2007: Economies of Scale — Waste Treat-
ment Optimisation Study by AEA Technology, Final Report,
April 2007

Department of Environmental Affairs and Tourism (DEAT),
2007: Assessment of the status of waste service delivery and
capacity at the local government level. Department of En-
vironmental Affairs and Tourism Directorate: General Waste
Management, August 2007, Draft 3

Department of Environmental Affairs (DEA), 201 I: National
Waste Management Strategy. November 201 |, Pretoria, DEA.

DEA, 2013: GHG Inventory for South Africa, 2000-2010.
(Draft), Pretoria, DEA.

Environmental Protection Agency (EPA), 201 la: Direct use
case studies relating to landfill gas capture and flare options.
Available at: http://www.epa.gov/Imop/documents/pdfs/pdh_

appb.pdf)

EPA, 201 Ib: Direct use case studies relating to Landfill gas
capture and generation (available at: http://www.epa.gov/
Imop/documents/pdfs/pdh_appa.pdf)

Hogg D, Baddeley A, Balinger A, Elliot T, 2008: Development of
marginal abatement cost curves for the waste sector: Report
for Committee on Climate Change, Defra and Environment
Agency, Eunomia Research & Consulting Ltd. Bristol.

International Energy Agency Bioenergy, undated: Accomplish-
ments from |EA Bioenergy Task 36: Energy Recovery from
Integrated Solid Waste Management Systems (2007-2009).
End of Task Report Available from: http://www.ieabioenergy-
task36.org/Publications/2007-2009/Introduction_Final.pdf

Jacobs UK. Limited, 2008: Development of a Policy Frame-
work for the Tertiary Treatment of Commercial and Industrial
Wastes: Technical Appendices, Report for SNIFFER / SEPA,
March 2008.

Jacobs, 2008: Development of a Policy Framework for the Ter-
tiary Treatment of Commercial and Industrial Wastes: Technical
Appendices, Report for SNIFFER / SEPA, March 2008.

Lavee, D. and Nardiyab, S, 2013: A cost evaluation method
for transferring municipalities to solid waste source-separated
system, Waste Management 22, 5:1064—1072

Palmer Development Group (PDG), Municipal Services Fi-
nancial Modelling (MSFM) of the Waste Sector. PDG, Cape
Town.

Warren K, Gandy S, Davis G, Read A, Fitzgerald J, & Holdaway
E, 2012:Waste to energy background paper. Ricardo-AEA/R/
ED5813, Didcott, UK.

Short, J. 2008: Anaerobic Digestion and Alternative Waste
Treatment Technologies, Deconstructing AD, Presentation to
MRW Conference, May 2008.

Trois, C. and Jagath, R, 201 I: Sustained Carbon Emissions
Reductions through Zero Waste Strategies for South African
Municipalities. In Kumar S, (ed.) Integrated Waste Manage-
ment - Volume II, ISBN: 978-953-307-447-4, InTech. Available
from: http://www.intechopen.com/books/integrated-was-
temanagement-volume-ii/sustained-carbon-emissions-reduc-
tions-through-zero-waste-strategies-for-southafrican-munici-
palities

WRAR 2008a: Source for single stream co-mingled collec-
tion of recyclable materials. WRAP Banbury, UK. Available at:
http://www.wrap.org.uk/sites/files/wrap/Kerbside%20col-
lection%20report%20160608.pdf

WRAR 2008b: Report: Recovering value from MRF's, A re-
view of key studies relating to the specification, operation
and costs of Materials Recovery Facilities. WWRAR Banbury, UK.
Available at: http://www.wrap.org.uk/sites/files/wrap/Recov-
eringValueMRFs.3644.pdf

WRAR 2012: Comparing the cost of alternative waste treat-
ment options, Gate Fees Report, 2012. WRAPR Banbury,
UK. Available at: http://www.wrap.org.uk/sites/files/wrap/
Gate%20Fees%20Report%202012.pdf

United Nations (UN), 201 I:World Population Prospects: The
2010 Revision, CD-ROM Edition. Department of Economic
and Social Affairs, Population Division United Nations.

I oo REPORT



Notes

TECHNICAL APPENDIX F — WASTE SECTOR



Notes

IEEE c:t0n REPORT






Depar
Environme
473 Steve E
Arcadia,
Pretoria, 0083
South Africa

www.environment.gov.

Deutsche Gesellschaft fuer Internationale Zusammenarbeit (GIZ) GmbH
Hatfield Gardens, Block C, Groundfloor

333 Grosvenor Street

Hatfield 0028

Pretoria, South Africa

www.giz.de

First publication in 2014
Copyright © 2014 Department of Environmental Affairs (DEA) / GIZ
Pretoria, South Africa




