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Spatial and temporal disaggregation of anthropogenic
CO2 emissions from the City of Cape Town
This paper describes the methodology used to spatially and temporally disaggregate carbon dioxide
emission estimates for the City of Cape Town, to be used for a city-scale atmospheric inversion estimating
carbon dioxide fluxes. Fossil fuel emissions were broken down into emissions from road transport, domestic
emissions, industrial emissions, and airport and harbour emissions. Using spatially explicit information
on vehicle counts, and an hourly scaling factor, vehicle emissions estimates were obtained for the city.
Domestic emissions from fossil fuel burning were estimated from household fuel usage information and
spatially disaggregated population data from the 2011 national census. Fuel usage data were used to derive
industrial emissions from listed activities, which included emissions from power generation, and these were
distributed spatially according to the source point locations. The emissions from the Cape Town harbour and
the international airport were determined from vessel and aircraft count data, respectively. For each emission
type, error estimates were determined through error propagation techniques. The total fossil fuel emission
field for the city was obtained by summing the spatial layers for each emission type, accumulated for the
period of interest. These results will be used in a city-scale inversion study, and this method implemented in
the future for a national atmospheric inversion study.
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Introduction
Anthropogenic emissions are those emissions which are the result of human activities. Performing an inventory
analysis is a method of quantifying these emissions based on human activity data. The basic equation is:
Emissions = AD x EF

Equation 1

where AD is the activity data and EF is the emissions factor, which converts the activity data into an emission.1
For example, in the energy sector, in the case of carbon dioxide (CO2) emissions, the amount of fuel consumed
constitutes the activity data and the emission factor would then convert the activity data into the amount of CO2
emitted per unit of fuel.
The Intergovernmental Panel on Climate Change (IPCC), at the invitation of the United Nations Framework Convention
on Climate Change (UNFCCC) has produced a set of guidelines on how to conduct an inventory analysis for greenhouse
gases, with the purpose of ensuring consistency and comparability between the greenhouse gas emissions reports
of different countries. Under these guidelines, a national inventory consists of all the greenhouse gas emissions and
removals which have taken place within the country’s national jurisdiction. Inventory analyses are usually conducted
at a national level because the activity data can easily be extracted from available national statistics.
In order to assess the magnitude of sources and sinks in a particular region within a country, a national inventory
is not sufficient. The activity data need to be disaggregated between the regions which make up the country. For
example, in the case of a mesoscale atmospheric inversion for CO2, which aims to estimate fluxes based on high
precision measurements of CO2 concentrations and an atmospheric transport model, prior estimates are required
for anthropogenic emissions. These estimates are required at the resolution of the source and sink regions which
are used in the inversion exercise. An example of such a study is the fossil fuel emissions for the USA provided by
the Vulcan project used by the Carbon Tracker inversion exercise.2 This study was able to disaggregate the 2002
fossil fuel emissions for contiguous USA, based mainly on fuel usage data, at a 10 km × 10 km spatial resolution
and a temporal resolution as high as a few hours. This project aimed to improve on its predecessor inventory which
provided global spatial and temporal patterns of fossil fuel emissions, which used temporal resolutions of up to a
month and spatial resolutions of one degree. The EDGAR (Emission Database for Global Atmospheric Research)
is a global product on a 0.1°×0.1° grid, which calculates the total emissions of CO2 and other species for each
country, and distributes these total emissions spatially and temporally according to proxy data, such as population
data or road transport network data.3 A remote sensing based product also exists at the same spatial resolution,
which calculates emissions based on night-time lights, population data, national fossil fuel data, and power plant
location and statistics.4,5 At a much more detailed level, taking into account information such as building locations
and their dimensions, the Hestia project provides a bottom-up approach for quantifying fossil fuel emissions for a
large city.6 Our paper describes a bottom-up methodology approach which aims to make use of the available data
for the City of Cape Town, but does so in the absence of the detailed building, road and population data which were
available for Indianapolis during the Hestia project.
To determine the emissions from different source regions for a small mesoscale sub-national study, and to
take advantage of hourly measurements of CO2, it is necessary to use a method in which the data can be
disaggregated into the different spatial subregions and at a time step which is congruent with the scope of the
project. For a high spatial resolution study, this requires emissions inferred at high temporal scale as well, and so
diurnal information on emissions from different sources is required. As explained by earlier studies,2 data related
to the consumption of fuel are lacking at these high-resolution spatiotemporal scales. In South Africa, data
related to fuel consumption at individual institutions or sales at individual stations are not publically available, and

1

Volume 111 | Number 11/12
November/December 2015

Research Article
Page 2 of 8

Disaggregated anthropogenic emissions

therefore special arrangements need to be made, either with individual
institutions or with the reporting agency, in order to access the data.
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Source: This information was obtained from the City of Cape Town city planners,
estimated from vehicle count information.

Figure 1:

Plot of the scaling factors used to convert peak hour traffic
hours on a weekday into traffic hours at different times of the
day during the week, on Saturdays and on Sundays.

Domestic emissions
To obtain the emissions from domestic fossil fuel burning for lighting,
cooking and heating, data on the number of households from the 2011
census and data on the amount of residential fuel usage from the 2006
and 2009 Energy Digests15,16 were used. The average amount of fuel
usage per household was obtained by dividing the total fuel usage
across the whole country by the number of households reported in
the 2011 South African census (14 450 161). The average amount of
fuel used per household was multiplied by the number of households
in each pixel, and this value was scaled according to the proportion of
fuel used for cooking, lighting and heating, where 75% of the annual
heating fuel usage was assumed to take place during the winter months
(March to August). It was assumed that 75% of the annual energy
consumed was used for heating, 20% for cooking and 5% for lighting.

Methodology
Road transport vehicle emissions
A model describing the number of vehicles and vehicle kilometres
travelled in an hour during peak hours on each section of road was
obtained from an emissions report for the City of Cape Town,10 and
is based on vehicle count data. No public information is available
on vehicle composition for the city, so an average emission factor
was used, calculated from available vehicle types supplied by the
Greenhouse Gas Protocol guidelines for emissions calculations,11 based
on the US Environmental Protection Agency’s (EPA) published values,
and the Department for Environment, Food and Rural Affairs’ (Defra)
guidelines,12 which therefore assume an equal distribution of vehicles
in each vehicle category. The average emission factor calculated was
347.01 g of CO2 per vehicle kilometre, with a standard deviation of
239.64 g of CO2 per km.

The population of Cape Town was subdivided into the different wards
of the city, and these data were recorded as a shape file containing
polygons of the wards and the associated population and household
count. Using a similar method as for the vehicle line data, the polygon
information was rasterised into pixel data so that the sum of the
household counts over all the wards equalled the sum over all the pixels.
The proportion of the household count that was assigned to each pixel
was determined by the proportion of the polygon area located inside the
pixel. This method can be extended to accommodate socio-economic
data about the different wards used in our study, where the emissions
from residential fossil fuel burning can be allocated based on income
levels or electricity consumption because more affluent households will
largely depend on electricity for heating, lighting and cooking. In order
to better understand the discrepancies in household fuel usage, we have
left this aspect for a future study.

This emission factor converts vehicle kilometres into CO2 emissions.
The total number of vehicle kilometres travelled in a particular pixel was
calculated by rasterising the line object data from the supplied shape
file on vehicle kilometres provided by the City of Cape Town, so that the
sum of vehicle kilometres over all lines were equal to the sum of vehicle
kilometres over all pixels. The proportion of vehicle kilometres allocated
to a pixel was the same as the proportion of the length of the line which
occurred inside the pixel. This was performed using the rgeos13 and
raster14 packages in R (a statistical software package).

Industrial emissions from listed activities
Under South Africa’s Air Quality Act, industry must obtain an emissions
licence to perform certain listed activities, and reporting of activity data
for the purpose of emissions calculations is mandatory.17 The dominant
industrial activities listed include ceramic processes, hydrocarbon refining
processes, iron and steel processes, Macadam processes for asphalt
production, and waste incineration processes, as well as electricity gene
ration at gas turbine power plants.18 The initial approach was based on the
methodology from Gurney2 for point source industrial emissions in the USA,
where CO emissions were converted into CO2 emissions based on the ratio
between CO and CO2 emissions factors for that industry. Because of the
coarseness of the reported CO emissions, we were unable to break the
emissions down into different processes for which CO could be converted
into CO2 emission using the industry and process specific emission factors.

In addition to the model describing the distribution of vehicle kilometres
on Cape Town roads during peak hours, scaling factors were also
provided to describe the traffic intensity at different times of the day,
both over weekdays and weekends. These hourly scaling factors were
used to transform the peak time weekday vehicle kilometres to match
with a particular day of the week and time, so that a spatially explicit time
series could be created with an hourly time step from Monday through
to Sunday (Figure1).
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Koeberg, a nuclear power station near Cape Town and the only one
in South Africa, provides 4.4% of the electricity requirements of the
country.9 It feeds electricity directly into the grid, and therefore the
reduction in carbon emissions resulting from nuclear power production
benefits the whole country, not just to the City of Cape Town. Carbon
emitted as a result of electricity generation for the city physically, occurs
where the coal-fired power stations are located, which is mainly in the
northeastern parts of South Africa. In this study, we are concerned with
the location of the emission sources, rather than the location of the
owner of the emissions. Therefore, emissions resulting from electricity
generation are all attributed to power stations where these emissions
are occurring in space. We assume all emissions from the commercial
sector are the result of electricity generation and so are accounted for in
the power station fuel usage information and thus we do not consider the
commercial sector separately.
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This paper describes the methodology implemented to disaggregate
anthropogenic emissions of CO2 for a small domain, but high spatial
resolution, atmospheric inversion study conducted for the City of Cape
Town. At the time of the 2011 Census, the population of Cape Town was
3 740 025.7 A report of the energy usage of the city was compiled in
2011, which calculated the energy usage per sector of Cape Town, and
calculated it to be 50% from transport, 18% from residential, 16% from
commercial, 14% from industrial and 1% from government.8 But of the
carbon emissions, only 27% were attributed to the transport sector as
a result of the carbon intensive usage of coal for electricity generation
to provide almost all of the energy to the residential and commercial
sectors in South Africa. The residential and commercial sectors emit
approximately 29% and 28%, respectively, of the total carbon emissions
of Cape Town.
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As an alternative, the reported fuel usage data for the top fuel users
were converted directly into CO2 emissions by multiplying this fuel usage
date with the Defra greenhouse gas emission factors.12 The fuel types
that were considered included heavy fuel oil, coal, diesel, paraffin and
fuel gas which were divided into liquid petroleum gas and refinery fuel
gas. In the case of gas fuels, which were recorded in units of Nm3, the
fuel usage was first converted into kWh, and then into CO2 emissions,
where the calorific values were obtained from Rayaprolu19 so that Defra
emission factors could be used. The point data were then aggregated
into the required raster format through summing the emissions from
each source in a pixel. This analysis only took into account emissions
from fuel combustion, not process related emissions.

Ein port = T[(ME x LFME) x EFME + (AE x LFAE) x EFAE

Equation 3

where E is the emission, T is the time in hours spent in port, ME is the
power of the main engine, AE the power of the auxiliary engine, LF is the
loading factor for a particular engine and EF is the emissions factor for a
particular engine. At berth and while manoeuvring, vessels are expected
to operate at 20% of the maximum continuous rating for main engine
operation and at 45% of the maximum continuous rating of the auxiliary
engine (Table 1).
As for airport emissions, the monthly estimates were divided between
each day and each hour of the month, but no assumption was made
regarding when the activity took place, so emissions were allocated to
all hours of the day.

Airport and harbour emissions
Emissions from aircraft are normally separated into the landing/takeoff
cycle (LTO) and the cruise phase of the flight. The LTO part of flights at
the Cape Town International Airport is allocated to the city’s emissions,
and divided evenly over the area which covers the airport. The Airports
Company South Africa provides data on the number of aircraft movements,
separated into domestic and international flights, for each month.20
The IPCC guidelines provide emission factors per LTO,21 separated into
domestic and international flights. These emission factors were used to
convert the monthly count of aircraft movements into CO2 emissions.

The monthly emission values from the airport or harbour were allocated
to a polygon describing the shape of the airport or harbour respectively.
The polygons were then rasterised using the same grid as for the previous
emission fields. To obtain hourly emission estimates, the total emissions
for the month were divided by the number of days in the month, and then
divided by 24 to get the hourly emission value. In the case of airport
emissions, the daily emissions were divided by 16 instead, because it
was assumed that the bulk of aircraft activity took place from 06:00
until 22:00.

The monthly emission was then divided equally between days, but
emissions were only allocated to the hours between 06:00 and 22:00,
when most of the aircraft activity takes place at the airport. The average
emission factor for the domestic fleet was reported to be 2680 kg of CO2
per LTO, and the average emission factor for the international fleet was
7900 kg of CO2 per LTO.

Uncertainty analysis
Uncertainty estimates are required, not only to show the reliability of the
estimates, but the inverse modelling approach requires prior flux esti
mates as well as prior error estimates for the covariance matrix of the
estimated fluxes.
As no information was available on the error of the vehicle counts model,
the nature of the data was used to obtain the estimate of uncertainty.
The model provides the mean number of vehicle kilometres over a unit
distance, and therefore it is likely that the data will follow a Poisson
process, which implies that the variance of the estimate should be equal
to the mean, and therefore the standard deviation equal to the square
root of the mean. The CO2 emission is the product of this count in vehicle
kilometres and the average CO2 emission factor, which has a standard
deviation of 239.64 g of CO2 per kilometre. From error propagation laws,
the error in the CO2 emission estimate will then be:

The National Ports Authority of South Africa22 publishes statistics on the
harbour activity at the Cape Town Port on a monthly basis. The UK’s
Defra published a report on 2010 shipping emissions in the UK23 and
this report was used as a guideline to obtain estimates of the average
amount of time spent by a particular vessel type in port, the average
power of the main engine (ME) and auxiliary engine (AE) of each vessel
type, and the emission factors for each vessel type while at berth and
performing manoeuvring activities in port. The guidelines provided the
equation to convert the gross tonnage of a vessel into total ME power:
ME power = 6.608 x gross tonnage 0.7033

Equation 2

δCO2vehicle=|CO2|x

as well as the estimated proportion of power of the AE relative to the ME
for a particular vessel type. The emission formula used is:

Table 1:

δCO2 emission factor
CO2 emission factor

2

+

δ vehicle km count

2

vehicle km count
Equation 4

Estimates, per vessel type, of fuel types, the average ratio of the power output of the auxillary engine (AE) to the main engine (ME), the average
number of hours spent in port, and the CO2 emission factors for the ME and AE

Engine type

ME fuel type

AE fuel type

Average ratio of AE/ME
power per vessel

Average number of
hours in port

ME CO2
emission factor
(kg CO2 per kWh)

AE CO2
emission factor
(kg CO2 per kWh)

Bulk carrier

RO

MGO

0.21

71.77

0.822

0.710

Container ship

RO

RO

0.22

26.50

0.822

0.745

General cargo

RO

MGO

0.33

40.01

0.822

0.710

MDO

MDO

0.35

3.87

0.782

0.710

Ro-Ro cargo

RO

RO

0.30

14.60

0.822

0.745

Tanker

RO

MGO

0.27

35.86

0.822

0.710

Fishing

MGO

MGO

0.64

65.31

0.782

0.710

Others

MGO

MGO

0.29

53.53

0.782

0.710

Passenger

RO, residual oil; MGO, marine gas oil; MDO, marine diesel oil
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According to the Statistical Release of the 2011 South African census,
the omission rate for the census questionnaire was approximately 15%.7
The average fuel usage data per household was calculated by dividing
the total annual amount of fuel sold by the number of households. No
data were available for the difference in fuel usage between households.
Therefore, to account for the missing source of uncertainty, the omission
rate was elevated to 30%, double that of the omission rate, and this used
as the estimate of the uncertainty in domestic emissions.

product. The spatial distributions of the emissions were mapped for each
of the products, and the total emissions for the domain of Cape Town
were calculated and compared between the two products.

Results and discussion
Road transport vehicle emissions
The rasterised vehicle emissions during peak hour traffic showed the
concentration of emissions around the city centre of Cape Town and
over the highway routes leading into the city from the suburban areas.
Using the equation for uncertainty in the emission estimates, the pixel
with the largest emission estimate of 19.74 Mg CO2 per hour had an
error estimate of 16.45 Mg CO2 per hour. The error estimate was 83% of
the emission estimate. The error in the vehicle emissions was expected
to be large as there was a great deal of uncertainty in the average
emission factors, with factors ranging from 100.1 g to 1034.6 g of CO2
per kilometre.

A report was published for the UK on the treatment of uncertainties of
greenhouse gas emissions,24 which provided estimates of activity data
error and emission factor error under each fuel type for industrial sources.
As the CO2 emission at a particular point source is calculated as:
Equation 5

Error propagation techniques can be used to determine the uncertainty
of the final estimate as:

fuel usage

2

+

δCO2 emission factor

Domestic emissions

2

Residential emissions from domestic fuel use were distributed over
the suburban areas around Cape Town, as expected (Figures 3 and 4).
Owing to the assumption that more fuel was used for heating purposes
in the winter months, the maximum levels of emissions during summer
were approximately half of what was consumed during the winter
months (Table 2). The largest emission estimate for a pixel was 27.7 Mg
CO2 per hour during the winter months. The error of the estimate, using
the assumed 30% error rate, was 8.3 Mg CO2 per hour.

CO2 emission factor
Equation 6

where δ is the uncertainty value. The uncertainties provided are
expressed as proportions of the amount of fuel use and of the size of
the emission factor, therefore the uncertainty for the final CO2 emission
can be simplified to:

18.0

(p activity data )2 + (pCO2 emission factor )2
Equation 7

where pactivity data and pCO2 emission factor are the proportions of error assumed
for the reported fuel usage data and for the emission factor respectively
for a given fuel type.
The aircraft count data are assumed to be without error, and therefore the
error will be contained in the emission factors. The standard deviations
of the emission factors of individual aircraft used to calculate the average
emission factor for the domestic and international fleet were used to
determine the uncertainty of the aircraft emissions. This was found to
be 34% of the mean emission factor for the domestic fleet and 28% for
the international fleet.21

18.0

Figure 2:

19.5
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MgCO2 per hour
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Map of rasterised CO2 vehicle emissions during peak hour
traffic, produced from vehicle kilometre hours and an average
emission factor.
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Latitude
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Total emissions
Once the layers for each emission source type are obtained, the
total emissions for a particular hour or any particular period can be
obtained by summing the raster layers, where the appropriate scalar
manipulations have been performed, such as multiplying the vehicle
emission layer by the appropriate scaling factor for the day of the week
and time of day. In order to be able to obtain the error estimates for each
pixel, the uncertainties need to be expressed as variances instead of
standard deviations, and then the variances for each of the source emis
sion estimates in a pixel can be summed to obtain the total variance,
which can then be converted back into a standard deviation by taking
the square root of the variance.
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MgCO2 per hour
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Longitude

Fossil fuel product comparison
To determine if the emissions estimated in this study are reasonable, the
emissions for a weekday in March 2012 were compared with the EDGAR
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19.0

Longitude

As for the aircraft data, the counts of different ships in the harbour
are assumed to be correct. Therefore, the error is assumed to lie in
the emission factors for the different vessel types. From the Defra UK
shipping inventory guide,23 the assumed errors for berth and manoeuvring
activities in the port are 20% and 30%, respectively. Therefore, to ensure
a conservative estimate, the error is assumed to be 30% of the estimate.
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CO2 emission = fuel usage x CO2 emission factor

Figure 3:
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Map of rasterised CO2 emissions from domestic fuel use du
ring summer.
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Figure 6:

The advantage of obtaining the CO2 emissions by using the fuel data
compared to converting the CO emissions for different industries is
that the error estimates are much smaller, as the fuel data have a much
smaller associated error than estimated CO emissions for a particular
industry. The disadvantage of the fuel data approach is that emissions
from process-related activities are ignored, but would be included if
the total CO emissions were converted into CO2 emissions. Both the
fuel data and the CO emission data are difficult to access and rely on
accurate reporting from the industrial firms.

-34.4 -34.2 -34.0 -33.8 -33.6
18.5
19.0
Longitude

Longitude

4
2

19.5

Uncertainties in the CO2 emissions from industrial point sources.

Total emissions
To demonstrate the aggregation of the different source emission layers,
the total emissions estimated for a weekday in March 2012 at 18:00
were obtained. The industrial emissions and power station emissions
were assumed to take place at all times, so the same layer would be
used regardless of which hour was of interest. March falls into the winter
period, so the winter domestic emission layer was used, and because
it was a weekday at 18:00, no scaling was necessary for the vehicle
emissions layer. The airport and harbour emissions for March 2012
were used. The monthly value was divided equally between all hours of
the month for harbour emissions and divided evenly between all days
and the hours from 06:00 to 18:00 in the case of the airport emissions.
These layers were summed and the resulting emission layer was
mapped (Figure 9).

MgCO2 per hour

50
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Figure 5:

Map of rasterised CO2 emissions from industrial point sources.

Table 2:

Emission factors and fuel usage figures used to estimate the amount of CO2 emissions per household25
LPG

19.0

6

The total emissions from shipping vessels in the Cape Town harbour, at
berth and during manoeuvring procedures, are on average 4171.6 Mg
of CO2 per month (Figure 8), which is approximately 5.8 Mg of CO2 per
hour. Emissions take a dip during the mid-winter months, when the seas
around Cape Town are particularly rough and storms are prevalent.

19.5

Latitude
-34.4 -34.2 -34.0 -33.8 -33.6

18.0

18.5

8

The emissions from aircraft at the airport are on average 10 890 Mg
of CO2 a month, with higher emissions during November to January
when air traffic increases into the city (Figure 7). The average hourly
emission from aircraft at the airport is 15.1 Mg of CO2. This analysis
does not include the emissions from point sources or ground vehicles
at the airport and will require a count of each aircraft type arriving at the
airport. The Defra guidelines for aircraft emissions supply the average
amount of time each ground unit spends in operation per LTO cycle for a
particular aircraft type, and these estimates could be used to determine
emissions from ground vehicles at the airport.

The emissions resulting from industrial processes are distributed slightly
away from the CBD towards the outskirts of the city centre, spreading
outwards towards the city boundaries (Figure 5). The largest per pixel
emission was 57 Mg CO2 per hour, with an error value of 9 Mg CO2 per
hour, which is 16% of the mean value (Figure 6).

19.0

19.5

Airport and harbour emissions

Industrial emissions from scheduled activities

18.5

19.0

MgCO2 per hour

18.0

Map of rasterised CO2 emissions from domestic fuel use du
ring winter.
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18.5

Latitude
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18.0

Disaggregated anthropogenic emissions

Paraffin

Wood

Coal

Emission factor25

1530.1 kg CO2 per kL

2531.9 kg CO2 per kL

77.38 kg of CO2 per Mg

2448.7 kg of CO2 per Mg

Total amount used in
summer per household

4.758 × 10-3 kL

9.683 × 10-3 kL

2.465 × 10-1 Mg

3.278 × 10-1 Mg

Summer emission of CO2
per household per hour

3.929 × 10-2 kg of CO2 per hour

1.347 × 10-1 kg of CO2 per hour

1.048 × 10-1 kg of CO2 per hour

4.410 kg of CO2 per hour

Total amount used in winter
per household

1.047 × 10-2 kL

2.130× 10-2 kL

5.424 × 10-1 Mg

7.212 × 10-1 Mg

Winter emission of CO2 per
household per hour

8.551 × 10-2 kg of CO2 per hour

2.931 × 10-1 kg of CO2 per hour

2.281 × 10-1 kg of CO2 per hour

9.598 kg of CO2 per hour

Source: Total fuel usage figures were obtained from the 2009 Energy Digest published by the South African Department of Energy16 and estimates of households in South Africa and
in the Cape Town area were obtained from the 2011 South African Census7.
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Monthly emissions from aircraft at Cape Town International Airport. The shaded region represents the level of uncertainty and the dashed line
represents the lower limit of the total emissions from aircraft at the airport.

2000

3000
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ME Shipping Emissions
AE Shipping Emissions

1000

Monthly emissions from shipping
vessels at Cape Town Harbour (MgCO2)

5000

Figure 7:

Disaggregated anthropogenic emissions

2012-03-31

2012-05-31 2012-07-31 2012-09-30 2012-11-30 2013-01-31 2013-03-31 2013-05-31 2013-07-31 2013-09-30
Date

ME, main engine; AE, auxiliary engine

Figure 8:

Monthly emissions from shipping vessels at Cape Town harbour. The shaded region represents the region of uncertainty in the emission estimates.
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19.0

to obtain improved estimates of the total CO2 fluxes occurring in and
around the city.

19.5
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These estimates can be improved by obtaining detailed fleet data for
vehicle, aircraft and shipping vessel movements, as the emission factors
differ significantly among different fleet types. Domestic emissions
estimates can be improved by using Cape Town specific surveys on the
average fuel use quantities, and distinguishing these surveys between
different households depending on domicile type, as those homes with
better amenities are less likely to rely on solid and liquid fuels for cooking,
heating and lighting. The estimates of the emissions from the power
stations and industrial sources could be improved if more detailed fuel
usage and specific process data were available for each facility included
in the assessment. It may be useful for South Africa to publish a similar
document to the one Defra publishes for the UK, with South Africa specific
emission factors, to increase accuracy and so that emission estimates by
different professionals can be standardised for South Africa. A comparison
with a global benchmark emissions product revealed that the proposed
method, making use of the currently available usage data, provides
reasonable estimates of CO2 emissions, which would be further improved
if South Africa specific emission factors were used.

MgCO2 per hour

19.5

Aggregated CO2 emissions from 18:00 to 19:00 during a week
day in March 2012.

Fossil fuel product comparison
A comparison with the EDGAR 0.1°×0.1° product over Cape Town
revealed a similar allocation of CO2 emissions for different areas, but with
the EDGAR product providing a more smoothed product (Figure 10). The
total emissions calculated in this study were strongly influenced by the
large point source industrial emitters. The total emission of CO2 during
a weekday in March over the full spatial domain of Cape Town was
9 252 883 kt. Calculated from the EDGAR data, which is provided in
kg CO2 per m2 per second, the total emission for the same area would be
7 574 559 kt. The EDGAR data are available until 2010, therefore there
is a 2-year lag between the two products compared. The EDGAR data
provided are also an average value for the year, and therefore it is not
surprising that our study estimated a 22% higher CO2 emission than that
considered for a typical weekday in March 2012.

The results obtained through this process will provide important inputs
required for an atmospheric inversion study, relying on observations
from a network of CO2 measurement equipment placed around the city.
A similar approach as described in this paper will be used to disaggregate
the national emissions, to provide coarser estimates of CO2 emission from
fossil fuel combustion, which will then be used in a national inversion
study. The best placement of new measurement sites for the observation
of CO2 sources and sinks at a national level has already been determined
through an optimal network design.26 Improving the knowledge of the
South African CO2 budget will help to reduce the uncertainty of the global
estimates of sources and sinks, as southern Africa is usually a large
source of error in global inversions, because of Africa’s general undersampling of greenhouse gas concentration measurements.27

Discussion and conclusions
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Figure 10: Comparison of (a) emissions estimated from the spatial and temporal disaggregation approach and (b) EDGAR emissions for the year 2010 over
the City of Cape Town. Emissions are presented as kg CO2 per m2 per day.
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