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An estimate of construction and demolition waste
quantities and composition expected in South Africa

Construction and demolition (C&D) waste is generated from the construction, renovation, repair and
demolition of the built environment. It is one of the largest waste streams and is generally not well
documented or understood. Various methods for estimating C&D waste are reviewed, and the development
of two methods for estimating C&D waste quantities and composition generated in South Africa is
discussed. The lifetime method is based on current production quantities of key construction materials
and their typical stock life. This is contrasted with the scale-up of a pocket of reasonably good statistics
for Cape Town’s C&D waste on a per-capita basis to determine totals for South Africa. The lifetime method
yielded a result of 20.2 Mt of potential C&D waste generated in South Africa in 2017, while the per-capita
method suggests that 10.8 Mt of C&D waste reached disposal sites. These quantities are much higher than
the 4.48 Mt reported in official national statistics for 2017. It is important to understand and accurately
quantify C&D waste in South Africa so that effective waste management can be implemented. Specifically,
the reuse of C&D waste needs to be understood, as this takes precedence over recycling or downcycling
according to circular economy principles. Overall, this research highlights that C&D waste quantities in
South Africa appear to be considerably underreported, undermining attempts to introduce more sustainable
waste management practices.

Significance:

e The results of both methods used in this study were significantly higher than reported in official
South African statistics, indicating considerable underreporting in national databases as in most waste
statistics worldwide.

e The informal sector is plausibly an intensive reuser of discarded building materials and demolition
products from the formal sector. The omission of these informal waste management practices is a likely
contributor to the difference between the official statistics and both estimates.

e |tis important to accurately quantify this waste stream as this can contribute to increasing materials
circularity in South Africa and lower environmental impact through the achievement of circular
economy goals.

Introduction

Construction and demolition (C&D) waste is generated from the construction, renovation, repair and demolition of
structures such as houses and roads. Construction waste consists of unused materials or other waste generated
during construction activity and is a small but variable fraction of the total material used." Demolition waste is
generated during the demolition phase and includes almost all the material used in the original construction phase.?

The built environment consists of infrastructure, buildings and homes, and it is a major component of society’s
in-use stocks due to its long lifespan. It enables the flow of water, materials, energy and people, and it provides
services such as shelter, transport and sanitation. In order to achieve the aims of a circular economy in the built
environment, the careful selection of materials used in buildings and infrastructure needs attention. The long life of
the built environment also needs to be considered, as well as end-of-life resource recovery for recycling. The built
environment needs to be resource-efficient in terms of maintenance and repairability.

According to the South African State of Waste Report?, the official national statistic for C&D waste generated in
South Africa in 2017 is 4.48 Mt (megatons). Information in the SAWIS (South African Waste Information System)
database is largely incomplete since many local municipalities are not reporting the numbers accurately. Strikingly,
the integrated waste management plan (IWMP) for Cape Town* reports the annual C&D waste generated in
Cape Town as 1.09 Mt, which would represent an implausible quarter of the national total.

There is a C&D waste data problem in South Africa, as these quantities appear to be underestimated. C&D waste
is generally not well documented or understood in South Africa. It is speculated that this is due to the omission
of informal waste management practices from official statistics as well as underreporting from formal recycling
activities. It is important to quantify this waste stream so that effective waste management can be implemented.
The purpose of this paper is to present methods for quantifying a more accurate estimate of C&D waste generated in
South Africa. This estimate will be for the year 2017 so that the result can be compared to official national statistics.

Review and classification of C&D waste estimation methods

A study by Wu et al.5 analysed 57 different papers on methods for quantifying C&D waste. These methods were
classified based on the waste generation activity covered, estimation level and quantification method. The waste
generation activity can be divided into three different areas, namely construction of new buildings, demolition of
old buildings, and civil and infrastructural works. The estimation level refers to whether the study is at a project
level or a regional level. Finally, the quantification approach can be described according to one of the following
different methods, namely the site visit method (which can be direct or indirect measurement), the generation rate
calculation method (which can be a per-capita multiplier, financial value extrapolation or area-based calculation),
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the lifetime analysis method (which can be building or material lifetime
analysis), the classification system accumulation method, the variables
modelling method or other methods. There is no single method that is
better than others, and the choice of method is dependent on the data
available and the circumstances of the study to be conducted. Wu et al.’
summarise the analysed methods into a relevance tree so that the
appropriate method can be selected (Figure 1).
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An example of the material lifetime analysis method is described by
Cochran and Townsend®, who used materials flow analysis (MFA) to
estimate C&D waste generated in the USA. To calculate the construction
waste, the quantity of construction materials used in the USA each year
was extrapolated from data from industry associations. This was done
for each material. Typical waste factors are estimated from construction
guides. These waste factors are used to determine the fraction of new
materials discarded during the construction phase. Demolition waste
consists of almost all the materials used in the original construction
phase. In this study, the average lifespan of each material was used to
determine the demolition waste, by estimating the quantity of material
used one lifetime ago, and therefore the amount of material used to
construct a project that would be demolished today. This was based on
historical consumption data. It was found that the quantity of C&D waste
generated in the USA in 2002 was between 610 and 780 Mt, and the
majority of this was Portland cement concrete.

A version of the per-capita multiplier method is described by McBean and
Fortin’, who used the waste generation rate per person per year as well
as population data to calculate the total domestic and industrial waste
quantity per year. Waste generation coefficients, measured according
to mass per person per year, were obtained for different dwellings and
business sectors from surveys conducted in Ontario, Canada. These
coefficients varied for each material type. A regression analysis was
done on historical data, and this was used to forecast C&D waste data to
a certain degree of confidence.

Methods

In order to develop a more accurate estimate of C&D waste generated
in South Africa in 2017, two complementary methods are presented.
The first is a lifetime analysis method based on estimated construction
material volumes and the likely service lives of in-use stocks. Based
on the review of potential C&D waste estimation methods, it was found
that the material lifetime analysis method was the most suitable method
for this study. This method is useful for estimating demolition waste
quantities, especially when there is limited information available.

Since there are a number of uncertainties involved and assumptions used,
a second method was used to attempt an additional independent estimate,
namely the generation rate calculation method, which and uses a scale-
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up from a local municipal data source that is deemed to trustworthy, to
the full population. Other estimation methods could be attempted, but this
would require additional information such as area or financial data. Site
visit methods were not considered for this study due to their labour and
time intensity, and the results not necessarily being generalisable.

Method one: Material lifetime analysis

The first method used to estimate C&D waste in South Africa involves a
material lifetime analysis based on the current production quantities of key
construction materials and their typical stock life. The research described
by Cochran and Townsend® was adapted to produce this estimate.

The first step for this method is to estimate the quantity of new construction
material produced in 2017 for each of the key materials. Eight different
materials were investigated including timber, glass, metal, concrete,
masonry, plastic, gypsum and asphalt.

Timber includes wood products and offcuts. It is assumed that 70% of
sawn wood produced in South Africa is used in construction.® The total
production of sawn timber is estimated to be 4.74 Mt.° For glass, only
flat glass was considered to be used for construction purposes. It was
assumed that 50% of the flat glass produced is used in construction,
while the rest is used in the automotive sector. The total production
quantity is estimated to be 0.36 Mt.>0

Next, it is assumed that the main metals used in the construction sector
are steel, aluminium and copper. These metals are used for frames and
furnishings and account for 99% of the metals used. The quantity of steel
used in construction is estimated to be 2.10 Mt." For this analysis, it is
assumed that half this amount is used for metal frames and furnishings,
while the other half is used in reinforced concrete. Aluminium is used in the
automotive sector, for cans and in construction. It is estimated that 24%
of the aluminium produced is used for construction purposes.'? The total
quantity of aluminium is estimated to be 0.72 Mt."® Approximately 15% of
the copper produced in South Africa is used for construction purposes,
mainly for plumbing.™ The total quantity of copper produced is assumed
to be 0.066 Mt.'s

Reinforced concrete generally consists of cement, sand and gravel in a
ratio of 1:2:4', as well as steel. As mentioned already, half of the steel
used in construction is used in concrete. For this analysis, it is assumed
that half of the total cement production of 14.7 Mt" is used in concrete,
while the other half is used in bricks, plaster and mortar. The cement-to-
sand-to-gravel ratio is used to calculate the other components.

The next category, masonry, includes clay bricks and tiles, concrete
blocks, mortar and plaster, and paving. The production of clay bricks and
tiles was reported to be 7.4 Mt."® The remaining cement is split between
cement bricks and mortar, and it is assumed that 25% is used in bricks
and 75% in mortar and plaster. The cement-to-sand ratio of bricks is 1:8.
Mortar and plaster is assumed to have a cement-to-sand ratio of 1:3.

Plastics include pipes, frames and furnishings. This is assumed to be 50%
ofthe 0.81 Mt of plastics used durably in 2017.° For gypsum, approximately
96% is used in construction activities®, and the total production quantity is
0.41 Mt.2" Asphalt includes bitumen and aggregate, and usage is reported
to be 3.5 Mt.2 Finally, miscellaneous and other materials were assumed
to comprise 5% of the total construction materials. These new production
estimates are summarised in Table 1, yielding a total estimated material
use of 114 Mt in South Africa’s construction industry in 2017.

After the new production quantities have been estimated, the next step
is to estimate the fraction of new construction materials that go directly
to waste. This waste fraction is usually between 1% and 10% of new
materials', and varies per material type based on various literature
sources.?*? Table 1 lists the portions of new construction materials that
are scrapped during the construction project.

The average of the other eight key materials was taken as the waste
factor for miscellaneous and other materials.

Next, the amount of demolition waste needs to be determined. This is
calculated from the material service life and average annual growth of
the construction industry. The growth rate is based on the construction
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GDP for South Africa and was estimated as an average 2.68% per
annum? over the last 60 years, which is the oldest available data.

The stock life also varied per material type based on the literature.527-2
Table 1 summarises the typical lifetime of each material. A sensitivity
analysis on the lifetimes for concrete and bricks was done, as these
materials make up the majority of the total waste, and their lifetimes have
the biggest effect on the final result.

The amount of material used one lifetime ago is then calculated using
an exponential growth formula shown in Equation 1 below, where Q, is
the material used for construction one lifetime ago, Q is the new material
used for construction today, r is the construction industry growth rate,
and f is the material service life. This result translates to the amount of
demolition waste produced today.

Qo =—%
ert Equation 1

Table 1: Summary of input variables for the material lifetime analysis
Material New construction Construction Material service
category = materials in 2017 (Mt) = waste factor (%) life (years)
Timber 3.3289 H22 5027
Glass 0.18031 1% 20272
Metal 1.231-1 0223 52
Concrete 52.7111817 355 75%2
Masonry 46.11718 42324 75%
Plastic 0.405" 1% 50%
Gypsum 0.3942021 102324 75%
Asphalt 3.50% 5224 20%72
Other 5.82 4 -
Total 114 100 -

Method two: Per-capita multiplier

The second method is based on a scale-up of a pocket of reasonably
good statistics for Cape Town’s C&D waste, on a per-capita basis, while
also considering likely differences in construction intensity between
urban and rural populations, to determine totals for South Africa.
This analysis is based on research done by McBean and Fortin’. For this
method, only a final result for the total C&D waste quantity is obtained,
and not the composition.

Radzilani®® evaluated the quality of the INMPs for the major metropolitan
municipalities in South Africa. The study included 10 key categories as
well as a number of important sub-categories. It was found that in terms
of reporting, monitoring and review of waste and waste management
practices, the City of Cape Town had the best-quality IWMP out of the
eight that were analysed.

C&D waste generation in Cape Town is reported as 1.09 Mt.# In order to
scale this figure up to the national level, the populations of Cape Town
and South Africa need to be taken into account. The population of
Cape Town in 2017 was estimated as 4.01 million, while the population
of South Africa was estimated to be 55.6 million.®' These figures can be
used to determine the ratio of waste to population.

The per-capita ratio for Cape Town and other South African urban
populations is assumed to be the same, but the fraction of urban and
rural populations needs to be taken into account. It is estimated that
35.7% of the South African population lives in rural areas and 64.3%
in urban areas.®? In order to include the impact of both urban and
rural populations, five times lower generation intensity of C&D waste
is assumed for the rural population than the consumption reported
for Cape Town. Therefore, the average citizen’s annual building waste
relative to Cape Town’s is 71.4%. The total C&D waste generation
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can then be determined. A sensitivity analysis was done on the waste
generation intensity of rural populations in relation to Cape Town.

Results and discussion

From the methods described, the final estimate of potential C&D waste
generation in South Africa is 20.2 Mt for the material lifetime analysis
method, while the final result for the per-capita multiplier method is
10.8 Mt. The first method allowed for the estimation of the composition
of the waste, which is shown in Table 2. These results are much higher
than the quantity of 4.48 Mt reported in official statistics.

Table 2:  Summary of results for the material lifetime analysis
Material Construtflion Demolit_ion agg"dst::tltiit?:n Composition
category waste(:\ans‘;lmale wasle(;lsl;lmate potential waste (%)

estimate (Mt)
Timber 0.166 0.793 0.959 4.74.
Glass 0.00180 0.102 0.103 0.511
Metal 0 0.144 0.144 0.711
Concrete 1.58 6.16 7.74 38.2
Masonry 1.85 5.39 7.24 35.8
Plastic 0.00405 0.0968 0.101 0.498
Gypsum 0.0394 0.0460 0.0854 0.422
Asphalt 0.175 1.97 2.15 10.6
Other 0.211 1.51 1.72 8.49
Total 4.02 16.2 20.2 100

For the lifetime method, the final result was most influenced by the
assumed service life of concrete and masonry. A sensitivity analysis was
done in which the lifetimes of both were varied from 50 to 100 years,
as this was the most common range given in the literature. The result of
this uncertainty analysis can be seen in Figure 2, which shows that the
higher the lifetime of both materials, the lower the quantity of C&D waste.
The minimum value here is 14.3 Mt when both lifetimes are set at 100.
The maximum value when both lifetimes are set at 50 years is 32.5 Mt.

In terms of the composition of C&D waste, the dominance of concrete
(38%) and masonry (36%) items is consistent with the findings of
Cochran and Townsend.® They also compared the total C&D waste
estimate using long, typical and short service lives for the various
materials. It was found that the total estimate increased with shorter
service lives, and the short service life estimate was approximately
double the estimate for long service lives. This is consistent with the
findings in the sensitivity analysis shown in Figure 2.

2
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Figure 2:  Sensitivity of the material lifetime analysis result to concrete

and masonry lifetimes.

For the per-capita method, the C&D waste generation intensity of the
rural population was varied from 0% to 50% of that of urban dwellers.
The upper limit of 50% was chosen due to there being more commercial
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and office space in the cities, so there would be much less C&D waste
arising in rural areas. It can be seen from Figure 3 that there is a linear
relationship between rural waste generation intensity and C&D waste.
This estimate for C&D waste generation in South Africa thus ranges from
9.74 Mtto 12.4 Mt.

14.0

12.0

10.0 //
8.0

6.0
4.0

Construction and demolition
waste (Mt)

20

0.0
0% 5% 10% 15% 20% 25% 30% 35% 40% 45% 50%
Rural intensity

Figure 3:  Sensitivity of the per-capita multiplier result to rural waste

generation intensity.

The large gap between the results of both methods needs to be
addressed. For the lifetime method, it is likely that this is an overestimate
of actual C&D waste due to the potential hibernation of some end-of-
life stocks. It is a common observation that there are remaining ‘ghost
stocks’, or structures that have reached the end of their life but are
not demolished. For the per-capita method, since this is a scale-up of
official statistics, there is still the possibility of underreporting. This also
excludes some informal waste management practices as well as some
formal recycling. This can be better understood from the C&D waste
value chain shown in Figure 4. The lifetime method gives an estimate
of all the C&D waste leaving the construction or demolition site and
includes a number of fates such as formal recycling, informal dumping,
informal reuse and disposal to a landfill site. The quantities in the per-
capita method are scaled-up from what was reportedly measured at
the gates of Cape Town’s disposal sites and what actually goes over
the weighbridge, so a lower estimate is expected. This estimate would
include the portion of informally dumped C&D waste that is collected
by the city. The results of the two methods are thus not incompatible
and indicate that of the 20 Mt per annum of total potential C&D waste,
approximately 10 Mt per annum has fates including hibernation, formal
and informal reuse, recycling or downcycling, while the other 10 Mt is
likely disposed or used as cover material in landfill sites.

Landfill
m Cover material
and demolition Formlal (downeycling)
. recycling
site
Other downcycling
|| Informal | | —» (Rubble crushing
dum ping ete.)
Informal
L
reuse
Figure 4:  Construction and demolition waste value chain.

Conclusions

Two methods were used to estimate the quantity of C&D waste arising
in South Africa. The first method involved a material lifetime analysis.
New production quantities, waste factors and material service lives for
key construction materials were used to estimate the total C&D waste
generated in South Africa in 2017. The second method used a per-capita
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multiplier based on Cape Town’s waste statistics and applied population
data to scale up to a national estimate. The result for the first method
was 20.2 Mt, but could range between 14.3 Mt and 32.5 Mt. The second
method had a final result of 10.8 Mt with a potential range between
9.74 Mt and 12.4 Mt. The first result could be an overestimate due to the
possibility of hibernation of end-of-life construction materials. The second
method represents the portion likely to enter waste management facilities
and could be an underestimate due to the omission of informal waste
management practices from official statistics as well as the exclusion
of some formal recycling practices that bypass municipal disposal.
The results of both methods are significantly higher than the official
national estimate of 4.48 Mt.

It is important to understand and accurately quantify C&D waste so
that effective waste management can be implemented. Specifically, the
reuse of C&D waste needs to be understood, as this takes precedence
over recycling according to circular economy principles. Overall, this
research highlights that C&D waste quantities in South Africa appear
to be strongly underreported, undermining attempts to introduce more
sustainable waste management practices.

In order to improve the accuracy of these results, further research
into construction waste factors and material service life or other input
parameters could be done in the South African context. The results
could also be further validated by conducting site visits and utilising
a direct measurement method. Other methods such as financial value
extrapolation could also be used to validate the results.
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