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ABSTRACT

The overall aim of this study is to determine the feasibility of the upgrade of landfill
gas extracted from a typical large MSW landfill in South Africa, to be used as a fuel
source for the fleet of municipal refuse trucks. The outcome of this study aimed to
determine the economic feasibility of the upgrade of landfill gas for use as fuel as
well as the associated environmental benefits. Landfills contribute to 11% of the total
(GHG) greenhouse gas emissions globally. The reduction of GHG emissions can be
achieved through the extraction of landfill gas. At landfills in the major municipalities
in South Africa, landfill gas is primarily extracted and flared or used for electricity
generation. As a non-renewable highly priced commodity, the use of fossil fuels to
haul refuse trucks proves to be an expensive endeavour for municipalities. Therefore,
there is a need for alternative fuel sources.

The feasibility of the use of landfill gas as a fuel source was achieved by the analysis
of the case study municipal facility and its process. The Waste Resource Optimization
and Scenario Evaluation (WROSE) model, developed at the University of KwaZulu-Na-
tal, was employed to determine the environmental, technical and economic benefits
of implementing alternative waste treatment technologies. Municipal weighbridge
and emissions data was collected from a number of landfills across South Africa
and the WROSE model was used to analyse the environmental and financial benefits
of three scenarios: 1. Landfilling of unsorted waste with LFG extraction and flaring,
2. Landfilling with LFG extraction for energy generation and 3. Landfilling of unsorted
waste with LFG extraction and upgrading to fuel for municipal trucks. The outcome
of the research shows that the landfill used as a case study presented great potential
for the upgrade of landfill gas to a fuel source.

1. INTRODUCTION

Due to rapid urbanization and the increased generation
of waste, large volumes of greenhouse gases (GHG's) as-
sociated with the waste sector are released into the atmo-
sphere every year. In developing countries like South Africa,
the primary method for municipal solid waste management
is the collection and disposal of waste to landfills. Landfills
are responsible for 11% of the total GHG emissions glob-
ally.

According to Bogner et al. (2008), the global waste sec-
tor contributes to 3% of all GHG emissions, and as much
as 18% of global methane emissions. The waste sector
in South Africa contributes approximately 4.3% of green-
house gas emissions (Nahman, et al., 2012). However, its
emission rate of 9 million tons of CO, equivalents is far
greater than the African average of 5.8 tons and more than
6 times the sub-Saharan average of 1.4 tons (WRI, 2016).

The South African government has therefore expressed
the need to reduce the amount of waste disposed of at
landfill sites and has encouraged the use of internationally
funded schemes, such as the Clean Development Mech-
anism (CDM) or similar, under the Kyoto Protocol, for the
implementation of biogas-to-energy and waste-to-energy
projects that would not have been possible without such
incentives.

However, solid waste management in developing coun-
tries/emerging economies is generally characterized by
highly inefficient waste collection practices, variable and
inadequate levels of service due to limited resources, lack
of environmental control systems and appropriate legisla-
tions, limited know-how, indiscriminate dumping, littering
and scavenging and, most of all, poor environmental and
waste awareness of the general public (Matete and Trois,
2008).
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South Africa, as an emerging economy, is also facing
the challenge of meeting high standards in service delivery
with limited resources. The disparity in service coverage
between different communities in the same area is a char-
acteristic of waste management practices in South Africa.

The Polokwane Declaration in 2001 has set as very
ambitious targets the reduction of waste generation and
disposal by 50% and 25%, respectively, by 2012 and the de-
velopment of a plan for Zero Waste by 2022, forcing South
Africa to invest in the valorization of waste as a resource.

The rationale for this research stems from several fac-
tors influencing the waste management sector in South
Africa, including legislative developments, national imper-
atives and international obligations (Kyoto Protocol, Basel
Convention etc.): the growing emphasis on GHG mitigation;
landfill space shortages; waste diversion and zero waste
goals increased focus on waste to energy technology im-
plemented under the CDM and similar schemes, and the
requirement for waste quantification and development of
a national Waste Information System as mandated by the
2008 Waste Act.

Moreover, municipalities in South Africa, despite being
among those geared towards innovation in waste manage-
ment through effective implementation of the waste hier-
archy, face many challenges, those in line with other devel-
oping countries which include: lack of capacity to improve
service delivery and lack of investment in the use of waste
as a by-product. These have hampered the development of
the biogas and bioenergy sector in South Africa.

The province of KwaZulu-Natal (among the most pop-
ulous in South Africa) houses 68 registered landfills, how-
ever only 3 landfills in the eThekwini Municipality (City of
Durban) have registered CDM projects and are among the
very few across the African continent. LFG is generally ex-
tracted and flared in most engineered landfills across the
country.

In addition, the recent drop on the CDM market has
shifted the uses of LFG therefore local authorities are now
looking at cleaning the landfill gas for use in applications
such as fuelling fleet for long hauling/collection trucks.

The University of KwaZulu-Natal, in collaboration with
national and local government as well as the private sector
has been involved in mapping the potential for bio-energy/
waste-to-energy projects across the country since 2010
and developed the Waste Resource Optimization and Sce-
nario Evaluation (WROSE) model to assist municipalities
and industry in the decision-making process of implement-
ing waste management strategies.

This article has the dual objective to explore the poten-
tial for the optimization of biogas as a fuel source using a
typical South African case study municipality by assessing
the viability of producing biomethane for co-generation or
use in the automotive industry, in comparison to current
biogas management practices used in municipalities such
as LFG extraction and flaring, as well as LFG extraction for
energy co-generation. The economic and environmental
sustainability/feasibility of the three scenarios, for an av-
eraged typical waste stream of a local municipality, have
been evaluated using the WROSE model.

The model aids municipal officials in determining the

best alternative waste treatment strategies relevant to their
specific needs using waste volumes and composition. The
outcome of the model is greenhouse gas emissions reduc-
tion potentials and economic assessments of each poten-
tial scenario (Trois & Jagath, 2011).

In addition to assisting municipalities in the optimisa-
tion of biogas management options, the study also looks
at the use of waste as a resource, the overall reduction of
greenhouse gases into the atmosphere.

Therefore, this study is intended to provide data and
information to municipal waste managers with regard to
different use of the landfill gas produced by the existing
landfills, considering the carbon footprint and potential for
GHG reduction as discriminants for their choice.

2. LANDFILL GAS MANAGEMENT IN SOUTH
AFRICAN MUNICIPALITIES

According to the National Waste Information Baseline
Report 2012, South Africa generates 108 Million tonnes
(Mt) of waste per annum, of which 98 Mt (90%) is landfilled
(DEA, 2012). Of this, 55% was ‘general waste’, 44% was ‘un-
classified waste’ and 1% ‘hazardous waste’. Furthermore,
approximately only 10% of the total waste generated is
recycled (DEA, 2012). The average South African produc-
es 0,7 kg of waste a day, with 42 million cubes of general
waste being produced per year (DEA, 2012).

GHG emissions data for South Africa also reflect these
trends, with the waste sector contributing to 2% of the total
emissions and waste management activities contributing
to 12% of total methane emissions as seen in (DEAT, 2011).
South Africa’s primary mode of waste management is still
landfilling (Greben and Oelofse, 2009) and available land
near areas of large waste generation is becoming scarce,
the GHG emissions and leachate from organic fraction of
municipal solid waste (OFMSW) makes the use of landfill
sites less attractive (Greben and Oelefse, 2009).

Moreover, within South Africa, 26%+2.6% of the total
waste generated is organic waste, which, when digested
and decomposes produces biogas. Biogas has the poten-
tial to be used as a fuel source to produce electricity or fuel.
At present, South Africa is heavily dependent on the import
of petroleum products. The rising costs of these products
put strain on an already struggling economy. It is therefore
necessary to find alternative fuel sources that are renew-
able and locally produced to reduce the country’s reliance
on imported products.

Zietsman et al (2008) postulate that the use of landfill
gas as a vehicular fuel has the potential to make the pro-
cess of landfilling more self-sustaining in addition reduc-
ing the dependence on fossil fuels and ultimately reducing
GHG emissions. The liquefaction of natural gas is viewed
as a safer and economical alternative for use in trans-
portation technology. Liquefied natural gas (LNG) is an
eco-friendly cryogenic fuel for sustainable development.
Significant progress has been made in developing more en-
ergy efficient, low cost, small-scale natural gas liquefiers.
However, the process of the conversion of biomethane to
LNG is higher in electricity usage than that of compressed
natural gas (CNG), therefore in this study the conversion
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technology considered will be for CNG. Heavy-duty vehi-
cles are high volume fuel users and rely solely on fossil
fuels. Technological advancements are being made glob-
ally to convert landfill gas to fuels in addition to developing
natural gas vehicles.

There is an increase in efforts made towards zero
waste management strategies and the use of waste as
a resource. Through the use of processes such as landfill
gas extraction, methane gas is converted into electricity
or flared to reduce the GHG impacts on the atmosphere.
However, South Africa, as a developing country, faces
another important issue, which is the high cost of fos-
sil fuels that, as a non-renewable resource, constitute a
high demand commodity in the country according to the
2016 Energy Price Report. Due to the fluctuation in costs
of fossil fuels the transportation costs at municipal solid
waste facilities are high. This is due to the standard waste
management practice being the collection of waste from
households and the disposal to landfills. Therefore, it is
important to assess the potential for alternative measures
to assist municipalities in cost cutting measures. Various
South African municipalities have invested in waste to
energy technology, one such example is the extraction of
landfill gas for the generation of electricity. However, in
many cases the methane gas is extracted from the landfill
facility and flared. It is therefore necessary to explore the
alternative use of methane gas a fuel source for hauling
refuse trucks. Not only does this address the issue of GHG
emission reduction into the atmosphere but it also has the
potential to reduce the cost of fuel for municipalities.

3. METHODOLOGY

The WROSE model was developed by UKZN to assist
Local Authorities in the design of appropriate waste man-
agement strategies for the implementation of waste-to-en-
ergy projects, by providing a quantitative estimate of the
potential for GHG reductions and landfill space savings
that can be achieved through ad hoc zero waste strategies,
assessing their economic feasibility and so addressing
specific knowledge gaps regarding the quantity and quality
of the local MSW stream. The WROSE model is a multi-cri-
teria analysis model. The WROSE model is designed to
evaluate five waste management scenarios:

+ Scenario 1: Landfill disposal of unsorted, untreated
MSW

+ Scenario 2: Landfill disposal of unsorted, untreated
MSW with landfill gas recovery

» Scenario 3: Mechanical pre-treatment of MSW, recov-
ery of recyclable fraction through a Material Recovery
Facility (MRF) with landfill gas recovery

+ Scenario 4: MBT (MPT, recovery of recyclables through
MRF and anaerobic digestion of biogenic food waste
with landfill gas recovery).

+ Scenario 5: MBT (MPT, recovery of recyclables through
MRF and composting of biogenic food waste with land-
fill gas recovery).

« (Trois and Jagath, 2011)

At present, the model provides the user with informa-

tion such as landfill space savings and GHG emission
reduction figures as well as basic economic viability of
alternative waste treatment technologies present in each
scenario (Trois & Jagath, 2011).

The methodological approach adopted in developing
WROSE was based on a dry-wet zero waste model that re-
quired the selection of zero waste strategies suitable for
MSW management in South Africa and the development
of possible waste management scenarios incorporating
these strategies. Input to the model is a detailed qualitative
and quantitative Waste Stream Analysis (WSA). The GHG
impacts of every scenario were estimated using emissions
factors that were developed into a GHG quantification
model/tool (Friedrich and Trois, 2016).

The model can calculate also other indicators such as
landfill space savings resulting from each scenario, as well
as the potential income, capital and operating costs pro-
duced by each strategy.

The purpose of this research was to determine if the
use of landfill gas for power generation or the upgrading
of biomethane to be used as fuel source for the munici-
pal trucks fleet in South African municipalities is a more
competitive option than conventional biogas management
strategies.

A large district municipality was selected as represen-
tative case study for this scenario analysis, and averaged
weighbridge data across the province was used as input in
the WROSE model.

The methodology used to achieve this included the fol-
lowing steps:

+ Development and selection of waste management sce-
narios relevant and representative of typical South Afri-
can Municipalities. Three scenarios were selected after
an extensive review of waste management strategies in
South Africa, as presented in Figure 1.

- Scenario 1: Landfilling with gas extraction and flaring

- Scenario 2: Landfilling with gas extraction and elec-
tricity generation

- Scenario 3: Landfilling with gas extraction and up-
grading

+ Data collection of average waste data consisting of
waste quantities and waste composition disposed of
into the selected case study landfills (Figures 2 and 3).

+ Using the information represented above from
the case study municipality, an analysis was
conducted to determine the economic indicators
and environmental sustainability of each of the
selected scenarios. The economic analysis takes
into consideration the capex and opex costs to
be incurred and the revenues generated by each
scenario. While the environmental analysis is based
on prediction of emissions of CO, generated or
avoided in each scenario. Table 1 and 2 present the
basic economic and environmental parameters used
for the scenario analysis with a descriptive narrative
of the rationale used in the definition and evaluation
of each indicator.
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Scenario 1: Scenario 2: Scenario 3:
Flare Electricity Bio-CH4
Economic Economic Economic
Analysis Analysis Analysis

Environmental Environmental Environmental
Analysis Analysis Analysis

FIGURE 1. Selected scenarios representative of a typical South
African municipality
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FIGURE 3: Waste quantities disposed of at the case study landfills to date with projected quantities over the next 15 years.

4. RESULTS AND DISCUSSION

4.1 Economic Analysis

Table 1 and Figure 4 clearly indicate that Scenario 3,
with biomethanation for transportation, has similar costs
as the previous 2 scenarios without LFG upgrading, how-
ever it also realises positive and higher savings from the
use of biomethane as fuel for municipal trucks which off-
sets the costs for oil fuel, as compared with the scenario
with production of biomethane for energy co-generation.

4.2 Environmental analysis

Table 2 and Figure 5 clearly indicate that all three sce-
narios realise similar CO, emissions reduction potential,
with Scenario 2 (LFG upgrading for electricity generation)
presenting a better performance than the other two scenar-
ios assessed. The result of the scenario number 2 depends
on the benefit of the CO, equivalent (the CO, not produced
by a fossil fuel).

It is however to note that in neither of the scenarios
the CO, emissions due to collection and transportation of
MSW is considered.

5. CONCLUSIONS

This study assessed the feasibility and environmental
impacts of applying the waste management strategy of up-
grading LFG into a source of fuel to power a fleet of refuse
trucks for a typical municipality in South Africa, in compar-
ison to baseline strategies for biogas management. The
principal environmental impacts were greenhouse gas
emissions quantified by the WROSE model.

The research intended to provide South African munic-
ipalities with a methodology and a decision-making frame-
work for the comparison of various waste management
scenarios/strategies using the WROSE model. The three
scenarios were found to be comparable in terms of envi-
ronmental benefits but upgrading of biomethane as trucks
fuel proved to realize higher revenues than the other two
scenarios.
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TABLE 1: Economic indicators used for the cost-benefit scenario analysis.

Scenario Flare
€ cent/kg waste

Scenario Electricity
€ cent/kg waste

Scenario Bio-CH,
€ cent/kg waste

COSTS - CAPEX

0,020 0,079 0,154

Waste collection -5,830 -5,830 -5,830
Transportation -5,830 -5,830 -5,830

COSTS - OPEX Suction and flare -0,006 -0,006 -0,006
Power generation plant -0,112
Upgrading and dispensing -0,082
CERs * * *
Selling of electricity 0,312

gg\éﬁg%isljﬁrc Use of biomethane to power the trucks to cqllect and trg—

TION sport the waste. The costs referred 'fo fuel oil consumption 11,660
for waste collection and transportation
Use of the biogas generated for the generation of electrical 0022
energy and heat necessary

RESULTS (excl. CAPEX) -11,666 -11,466 -0,066

TABLE 2: Environmental indicators (CO, emissions) used for the scenario analysis.

Scenario Flare
oo/t

Scenario Electricity
oot

Scenario CH,
oo/t

C02” "waste waste C02" "waste
Waste collection with trucks 0,011300 0,011300 0,011300
EMISSION OF CO, Transportation to landfill with trucks 0,011300 0,011300 0,011300
Emission of CO2 for the upgrading 0,012
t CO, avoided -0,2066 -0,2066 -0,2066
REDUCTION OF CO, t CO, equivalent -0,0394
Use of biomethane to power the trucks working with
) ) ) -0,023
waste collection as an alternative to diesel.
Reduction for the use of Bio CH, istead of diesel. 0,012
TOTAL -0,184 -0,223 -0,207
COSTSand SAVINGS s
v
8,00 - i
w 6,00 .
2 300 <
2 0,00
o -2,00
= 4,00 4
g B0l
W -10,00 A
-12,00 4
-11,66 -11,46 -0,066
= Waste collection = Transportation Suction and flare
= Power generation plant m Upgrading and dispensing m Selling of electricity
= Biomethane for trucks = Biomethane for upgrading
FIGURE 4: Economic analysis of the three scenarios.
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FIGURE 5: Environmental analysis of the three scenarios.

A. Borello et al. / DETRITUS / Volume 01 - 2018 / pages 69-74

73



REFERENCES

Bogner, J., Pipatti, R., Hashimoto, S., Diaz, C., Mareckova, K., Diaz, L.,
Kjeldsen, P, Monni, S., Faaij, A., Gao, Q. and Zhang, T., 2008. Mit-
igation of global greenhouse gas emissions from waste: conclu-
sions and strategies from the Intergovernmental Panel on Climate
Change (IPCC) Fourth Assessment Report. Working Group Il (Miti-
gation). Waste Management & Research, 26(1), pp.11-32.

Department of Environmental Affairs (DEA), 2012,. National Waste In-
formation Baseline Report. Republic of South Africa

Friedrich, E and Trois, C., 2016. Current and future greenhouse gas
(GHG) emissions from the management of municipal solid waste
in the eThekwini Municipality-South Africa. Journal of Cleaner
Production. 112, 4071-4083

GMIL., 2010. Global Methane Emissions and Mitigation Opportunities
Global Methane Emissions. Global Methane Initiative, 2020, 1-4.
Available at: www.globalmethane.org [Accessed 20 March 2017]

Greben, H.A. and Oelofse, S.H., 2009. Unlocking the resource potential
of organic waste: A South African perspective. Waste Manage-
ment & Research, 27(7), pp.676-684.

Kukoyi, T.0., Muzenda, E. & Mashamba, A., 2015. Biomethane and
Bioethanol as Alternative Transport Fuels. , 2012.

Litzke, W.L. and Wegrzyn, J., 2001. Natural gas as a future fuel for
heavy-duty vehicles (No. 2001-01-2067). SAE Technical Paper.
Matete, NO and Trois, C., 2008 Towards Zero Waste In Emerging Coun-
tries — A South African Experience. Waste Management, Vol. 28,

Issue 8, 1480-1492.

Motiang, M. & Nembahe, R., 2016. 2016 Energy Price Report, Depart-

ment of Energy, Republic of South Africa

Nahman, A., De Lange, W., Oelofse, S. and Godfrey, L., 2012. The costs
of household food waste in South Africa. Waste Management,
32(11), pp.2147-2153.

Polokwane Declaration on Waste Management (DEAT)., 2001. Depart-
ment of Environmental Affairs and Tourism, Government of South
Africa. Polokwane Declaration. Drafted by Government, Civil Soci-
ety and the Business Community. National Waste Summit, Polok-
wane, 26—28 September 2001

Suleman, M., Gaylard, S.T. and Snyman, C., 2015. South African Cities
Green Transport Programme

South Africa, 2008. National Environmental Management: Waste Act,
No 59 of 2008., Government Gazette No. 32000, Notice No. 278.

Trois, C. and Jagath, R., 2011. Sustained carbon emission reductions
through zero waste strategies in South African Municipalities. in
Integrated Waste Management INTECH Publications. ISBN 978-
953-307-179-4

United Nations Framework Convention on Climate Change. 2017. Glob-
al Warming Potential. Available at: http://unfccc.int/ghg_data/
items/3825.php [Accessed 25 May 2017]

Wegrzyn, J. and Gurevich, M., 2000. Liquefied natural gas for trucks
and buses (No. 2000-01-2210). SAE Technical Paper.

WRI (WorldResourceslinstitute) 2016. ClimateAnalysisindicatorsTool
(CAIT) Version 6.0; online: /http://cait.wri.org/S (accessed 16 No-
vember 2016).

Zietsman, J., Bari, M.E., Rand, A.J., Gokhale, B., Lord, D. and Kumar,
S., 2008. Feasibility of landfill gas as a liquefied natural gas fuel
source for refuse trucks. Journal of the Air & Waste Management
Association, 58(5), pp.613-619.

74

A. Borello et al. / DETRITUS / Volume 01 - 2018 / pages 69-74



