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Integrating socio-economic
development and decarbonisation
N South Africa

South Africa is one of the few countries in the world with both high unemployment and low
employment elasticities, largely owing to a low-skilled labour force and an economy geared to high-
skilled, high-productivity growth. On top of this, it has much higher than average greenhouse gas
emissions than similar developing countries both per capita and per unit economic output, these
emissions being the result of an energy- and emissions-intensive economy historically formed to
exploit South African mineral and coal resources
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ince 2013 until 2015, South
Africa participated in a
collaborative effort called
the Deep Decarbonisation
Pathways Project (DDPP), aimed
at exploring the technological and
economic feasibility of a global low-
carbon economy consistent with the
international goal of limiting an-
thropogenic warming to less than 2
degrees Celsius (°C). A general find-
ing of the project was that deep de-
carbonisation of these economies is
technically achievable while accom-
modating other national priorities.

A central feature of the organisation
of the DDPP was that a bottom-up
approach was followed, whereby
country teams autonomously chose
their objectives and methods and
then fed these into a common ‘dash-
board’ developed jointly by the
teams. The results are not forecasts,
but largely ‘backcasts’ where aspects
of desirable futures are identified
and the analysis involves exploring
how, and to what extent, these as-
pects might be realised.

From the outset, the South Afri-
can team at the University of Cape
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Town’s Energy Research Centre, set
its own targets and priorities for de-
carbonisation and developed appro-
priate methods and modelling func-
tionality to explore and illustrate
these. Details are provided in the 50-
page ‘Pathways to deep decarbonisa-
tion in South Africa’ report [3]. The
rest of this article is based on this re-
port (unreferenced statistics in this
paper can be found in the report)
and focuses on the approach taken
to setting priorities and targets and
modelling and illustrating potential
futures.



South African background

South Africa is classified as a mid-
dle-income developing country,
with a population of some 53 mil-
lion. It has a history of centuries of
gross social and economic inequal-
ity and widespread poverty. Sig-
nificant gains in the extension of
basic services and social grants to
the poor have been made since the
first democratic elections in 1994,
but the middle-income categorisa-
tion masks South Africa’s status as
one of the most unequal societies in
the world, with a Gini co-efficient of
0.69: 45.5% of the population lives
below the upper-bound poverty line
[13], and the unemployment rate is
24% using the strict measure and
40% using the broad measure which
includes discouraged workseekers.
Moreover, income poverty has not
decreased significantly over the past
20 years [11]. South African growth,
which averaged some 3% per annum
since 1994, has stagnated since the
2007/2008 international financial
crisis and there is a strong probabil-
ity this will persist if structural issues
are not attended to.

While the tertiary sector makes up
70% of GDP, mining, minerals and
secondary beneficiated products
account for almost 60% of export
revenue [4]. The initial shift of the
economy in the late 19" and 20"
centuries from being primarily sub-
sistence and agricultural was driven
by these minerals and related indus-
tries which are strongly interlinked
with the rest of the economy. Most
importantly, related to the main con-
cern of integrating socio-economic
development with decarbonisation,
is that this group of industries is
highly energy- and emissions-inten-
sive, relying on coal either directly

or indirectly through coal-powered
electricity for their energy supply.

Among these industries, electricity
generation, some 95% of which is
powered by coal, is critical both for
powering industrial development
and for basic services for residents

and the commercial/tertiary sectors.
The electricity sector accounts for
about 50% of total emissions.

The combined effect of South Afri-
ca’s socio-economic situation and its
energy-intensive economy is a sig-
nificant variance between emissions
per capita and levels of development
and those of most developing coun-
tries. While emissions of similar
developing countries are typically
below 5t CO, per capita, South Af-
rica’s emissions intensities per capita
are similar to those of much richer
industrialised countries such as Italy,
UK and Japan, at some 8-10 t CO,
per capita. Emissions intensities for
GDP are also much higher, at some
1.6 kg CO, per US$ GDP, compared
to 0.2-0.3 kg CO, per US$ GDP for
typical industrialised countries.

Integrated approach

Against this background, the essence
of the South African challenge can
be stated as: How to decarbonise a
highly emissions-intensive develop-
ing economy while addressing issues

involving a deeply unequal economy
and society with high levels of pov-
erty and unemployment. The pri-
mary objective of the DDPP was
thus defined as illustrating, based on
economic research and quantitative
analysis, how both income poverty
and unemployment could be signifi-
cantly reduced while complying with
a specified limit on CO, emissions
from the energy sector [6,12].
Quantitative analysis involving both
economic futures and energy sector
emissions had previously been car-
ried out at the ERC using linked eco-
nomic and energy-system modelling
[7] but this analysis had not set its
objectives as reducing unemploy-
ment and income-poverty and did
not provide the necessary results or
data on which to base DDPP analy-
sis. The models also simulated exist-
ing government policies which are
questionable in terms of achieving
the combined challenges set by the
ERC DDPP team.

Other available illustrations of eco-
nomic futures also did not provide
the necessary credible analysis or re-
sults sought by the DDPP team. For
example, the South African National
Development Plan (NDP) and NDP
Diagnostic Report [4,5] provide ac-
curate information on the socio-
economic situation but, in the view
of the ERC team, the NDP does not
provide a credible set of futures for
a number of reasons. GDP growth
rates of more than 5% (much higher
than growth in recent decades) were
used as a central panacea in how the
NDP addressed unemployment and
income-poverty. Known structural
issues were not adequately addressed
and accessible quantitative analysis
was not provided.

Another shortcoming of the exist-
ing ERC linked modelling and the
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NDP was that their timeframes were
until 2030 and DDPP had a 2050
timeframe. Especially in the case of
large industrial fixed-infrastructur-
al assets such as those at the core
of the South African energy- and
emissions-intensive economy, the
impacts of investments in massive
plant, structural economic changes
and technology changes involved in
decarbonisation require a timeframe
of at least 30 years to be properly
considered.

The ERC team therefore carried out
dedicated qualitative economic re-
search to explore options to reduce
poverty and unemployment and
also, where necessary, to extend the
functions of the models to analyse
these. This involved three interlinked
areas of work. Firstly, the dynamics
and features of the existing economy
in terms of its potential and its limi-
tations to address income poverty
and unemployment needed to be
sufficiently understood to identify
credible options to reduce these with
a more moderate and realistic GDP
growth rate than that of the NDP.
Secondly, these options needed to be
modelled quantitatively to illustrate
their operation in a credible eco-
nomic analysis framework. Thirdly,
this all had to be done while consid-
ering and modelling CO, emissions
quantitatively to illustrate an energy
sector that would remain within the
emissions constraint while provid-
ing the economy with an adequate

energy supply.

South African economy -
current dynamics

The first area of work was to gain the
necessary understanding of the dy-
namics and features of the existing
economy. A key feature and chal-

lenge of the socio-economic struc-
ture is the entrenched marginalisa-
tion and effective exclusion of a large
part of the population. South Africa
is one of only a few countries in the
world with high unemployment
rates and low employment elas-
ticities. Even when there is higher
growth there is not a corresponding
increase in employment - so called
‘jobless growth’ In the absence of a
fundamental change in the historic
(and still prevailing) growth path,
‘such countries are unlikely to grow
themselves out of their employment
crises any time soon’ [8].

A second social and economic ex-
clusion relates to education, skills
and the economy. While experi-
encing high unemployment South
Africa actually has a shortage of
skilled workers and this acts as a
limit on economic growth. One of
the questionable simplifications of
some futures, such as the NDP, that
rely on high GDP growth to address
unemployment (and poverty) is the
assumption that the demand for the
skilled positions needed to achieve
this growth will be met. South Af-
rica has been attempting for many
years, unsuccessfully, to implement a

122 Energia, ambiente e innovazione | 1/2016

policy of high-growth, high-produc-
tivity. The lack of skills acts as a limit
to growth.

Recent comprehensive analyses of
the performance of South Africa’s
education system indicates that it
is prudent to consider futures that
involve the South African labour
force continuing to have a large un-
skilled component. While this may
be overly pessimistic about the po-
tential for success in the changes
to the education system that most
agree are necessary, it is a relevant
and realistic possibility. This means,
firstly, that, in the short term, limits
on growth related to skill shortages
in the existing economic structure
can be relieved only by relaxing tight
visa requirements on foreign skilled
workers. But even if this were done,
the indigenous unskilled workforce
would still face high employment
rates. Even if the performance chal-
lenges of the education system were
to be effectively addressed, this
would only lead to a gradual im-
provement of the labour force skills
profile starting in more than 10
years.

The central point of departure in the
ERC team’s approach to formulating
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Fig.1 Economic modelling results: unemployment

options for credible and acceptable
futures was a commitment to ex-
ploring credible ways that a largely
unskilled labour force could be ac-
commodated in the economy while
at the same time reducing income-
poverty; and this not to be done by
increasing employment by reducing
wages below living-wage levels or
by continuing the current jobless
growth and extension of addition-
al welfare grants funded by taxes.
While welfare grants are seen as an
interim necessity they are not seen as
a medium-to-long-term solution for
income poverty: only employment
at at least living-wage levels is seen
as an acceptable solution. This did
not mean that improving the perfor-
mance of the education system was
not seen as a key priority, but pru-
dent futures did not rely on this, and
addressed futures where this did not
necessarily occur.

Modelling economic futures

The ERC ‘linked economy and ener-
gy system model’ mentioned earlier
consists of the eSAGE computable
general equilibrium (CGE) top-
down model soft-linked to a South
African instance of the TIMES bot-
tom-up energy systems model called
SATIM [7]. To explore options for
achieving growth while reducing
low-skilled labour unemployment,

the CGE was first used to explore
employment effects by calculating
the jobs created by different eco-
nomic sectors per additional unit
of production to identify the best
performers. Concurrently, the emis-
sions per unit of product were also
calculated. The unskilled labour
effects were plotted against these
emissions, which produced a set of
favoured sectors that yielded most
unskilled jobs per unit additional
production with lowest emissions.
Two scenarios were modelled - the
‘economic structure, which explored
changes to the structure of South Af-
rica’s economy, and the ‘high skills’
scenario, which assumed that the la-
bour force skills profile begin signifi-
cantly improving after 2030. They
both used the linked model and the
energy demand for these modelled
economies was met under a carbon
constraint of 14Gt cumulative to
2050 for the energy sector[12].

In the ‘economic structure’ sce-
nario, the CGE was used to explore
structural changes to the economy.
This involved adjusting the capital
productivity of the favoured sec-
tors while reducing the elasticity
of substitution between labour and
capital. The result of this was aug-
mented growth in the favoured sec-
tors and an increase in employment.
At the same time, trade elasticities
for these sectors were adjusted to

Fig. 2 Economic modelling results: income

simulate trade-openness causing
increased trade demand and addi-
tional growth.

The ‘economic structure’ scenario
achieved a decrease in population
living under the poverty line from
45.5% to 17% by 2050 while the ‘high
skills’ scenario achieved a decrease
to 18%. Most notably, the economic
structure scenario achieved 12% un-
employment by 2050, down from
24% in 2013 compared with 18%
for the ‘high skills’ Both resulted in
an initial increase in unemployment
which is caused by the ‘youth bulge’
and expected increase in labour par-
ticipation in 2030.

For both scenarios the economy
grows significantly, roughly dou-
bling by 2050, with the ‘high skills’
scenario growing at 2.6% p.a. mar-
ginally less than the ‘economic struc-
ture’ at 2.8% p.a.. All sectors grow,
although the energy- and emissions-
intensive sectors grow more slowly
in the ‘economic structure’ scenario
as more investment flows to the fa-
voured sectors. The biggest propor-
tional change in the ‘economic struc-
ture’ scenario is in agriculture, which
is twice as big as in the ‘high skills’
scenario and, while it accounts for
most of the unemployment reduc-
tion, is still only 7% of GDP in 2050.
It must be emphasised that the fo-
cus was on modelling the effects of
changing the structure of the econo-
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my and increasing skilled labour, not
on practical policies that could im-
plement these. Implementation is a
complex matter and is not dealt with
here. However, South Africa does
have a successful history of stimulat-
ing economic sectors through a wide
variety of policies and mechanisms,
and the current energy- and emis-
sions-intensive industries have been
and remain a key beneficiary of such
policies [9]. Implementation would
involve re-directing resources and
expertise towards sectors that can
support the top priority of reducing
employment among the unskilled
while also increasing economic pro-
duction, i.e. not sacrificing growth.
To improve plausibility, in addition
to the modelling, the thinking and
results were shared with a number of
eminent South African economists
and CGE modellers to check the va-
lidity and plausibility of the adjust-
ments and the results of this exercise
were incorporated in the modelling.

Modeling energy system and
emissions futures and the link
with the economic model

ERC has built and operates a bot-
tom-up energy systems model for
South Africa, SATIM, with detailed
information on both the demand
and supply sides [10]. In addition
to being able to identify the opti-
mal mix of technologies that make
up energy systems to meet the use-
ful energy needs of all sectors of the
economy fed through from the CGE
model, SATIM also has a high level
of detail on the end-uses of all sec-
tors. For example, it models details
of household energy usage based on
extensive previous ERC research.
This information was used to inform
the assumption made in DDPP that

by 2050 the economy and the ener-
gy system make provision for 100%
household electricity connection
and adequate energy production.

As well as being adequately detailed
on the demand-side, SATIM also
has detailed supply-side modelling.
SATIM ‘builds’ an energy system,
optimising both supply- and de-
mand-side elements on costs while
applying a cumulative emissions
constraint of 14 Gt [12]. Through the
linked modelling, required invest-
ments in new electricity generation
plant are fully accounted for in price
effects in both the SATIM energy
model and eSAGE CGE and also, the
capital investment requirements for
the electricity sector are accounted
for in the CGE through the link.

Of special relevance is the electric-
ity supply system because it accounts
for about 50% of current emissions.
A central element of decarbonisa-
tion is the shift from 95% coal-pow-
ered electricity supply to zero coal
in 2050. Coal is substituted by a mix
of wind-power, photo-voltaics, con-
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centrated solar power with storage
and gas-powered generation. This is
achieved without early retirement of
coal plant.

Emissions

Along with focusing on reducing
income-poverty and unemployment
as key objectives, a central decision
taken by the ERC team in the initial
research was to model emissions by
placing a fixed constraint on the en-
ergy systems model of 14Gt cumula-
tive to 2050 for energy sector emis-
sions [12]. This was a departure from
most other DDPP teams that imple-
mented various policies such as car-
bon prices and other mechanisms to
achieve feasible technology switches
and/or economic structure changes
and then (typically) assessed what
the ‘cost’ to GDP growth would be.
The emissions reductions were seen
as feasible if this impact on GDP
growth was acceptable.

Similar questions were posed by the
ERC team but in a different order, fo-



cussing on the socio-economic chal-
lenges, namely: first, what plausible 500
economic pathways could achieve 450
significant rates of income-poverty 9
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sible economic pathways and the de-
tails of existing commercially avail-
able technologies that could provide
an energy system for these economic
pathways.

Fig 3 Energy related CO, emissions
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