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Abstract

Today Africa is a small emitter, but it has a large and faster-than-average growing
population and per capita income that could drive future energy demand and, if
unconstrained, emissions. This paper uses a multi-model comparison to characterize the
potential future energy development for Continental and Sub-Saharan Africa under different
assumptions about population and income. Our results suggest that population and economic
growth rates will strongly influence Africa’s future energy use and emissions. We show that
affluence is only one face of the medal and the range of future emissions is also contingent on
technological and political factors. Higher energy intensity improvements occur when Africa
grows faster. In contrast, climate intensity varies less with economic growth and it is mostly
driven by climate policy. African emissions could account for between 5% and 20% of global
emissions, with Sub-Saharan Africa contributing between 4% and 10% of world emissions in
2100. In all scenarios considered, affluence levels remain low until the middle of the century,
suggesting that the population could remain dependent on traditional bioenergy to meet most
residential energy needs. Although the share of electricity in final energy, electric capacity
and electricity use per capita all rise with income, even by mid-century they do not reach
levels observed in developed countries today.

1 This work was funded by Stiftung Mercator (www.stiftung-mercator.de).
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1. Introduction

Today, Africa is a small contributor to global emissions. In 2009, continental Africa
accounted for 3.2% of global CO, fossil fuel emissions and Sub-Saharan Africa for less than
1% of global emissions (IEA 2010). Emissions are low because economic activity is smaller
than in other regions and most of the population still lacks access to electricity and clean-
burning fuels (Pachauri et al. 2013). Currently, Africa produces only 4% of global Gross
Domestic Product (GDP) (Newell and ller 2013) and it uses only 5.9% of the global final
energy (IEA 2010). However, African population could grow significantly in the future and,
by 2100, more than 25% of the world’s population could live there (UN Population Division
2009). By dint of sheer numbers, Africa could become a place to be reckoned with. Africa’s
future energy use and share of global emissions will depend on socioeconomic, technical, and
political factors that will shape its energy intensity of GDP and the carbon intensity of
energy. Economic growth is only one face of the medal. Consider for example France and the
United States. They have similar per capita income, but per capita emissions in the United
States are three times those of France. This difference is driven by a number of factors,
including the heavy reliance on nuclear power in France, the preference for big cars, and the
very low efficiency levels of buildings in the US. Which development pathway Africa
follows will influence its emissions and could potentially impact global emissions due to the
projected size of Africa’s population. Given the very low level of per capita income in Africa
today, many different development pathways are possible and Africa’s emission pathway
over the coming century remains highly uncertain.

Economic growth is, however, a very approximate indicator of human well-being and
development. Future development in Africa will necessitate extending access and supplies of
modern energy to most of its population. Sub-Saharan Africa has lagged far behind the rest of
the world in providing its population with access to electricity (only 14% of rural and 63% of
urban residents were electrified in 2010) and modern fuels (over 80% still rely on traditional
solid fuels for cooking) (WB, 2013). Evidence of the pivotal catalytic role of access to
adequate, affordable, reliable and suitable energy types for lifting people out of poverty and
enhancing their welfare is irrefutable (Cabraal et al., 2005; Desai et al., 2004; Modi et al.,
2005; Pachauri et al., 2012).

The linkage between economic activity, energy use, and emissions has been extensively
analyzed globally and for several key regions, such as the United States, Europe, China, and
India (Nakicenovic and Swart 2000; Blanford et al. 2009; Blanford et al. 2012). A similar
assessment is lacking for Africa. Indeed, very few future scenarios exist for the African
continent. They either focus on selected countries (e.g. South Africa, see Winkler et al. 2011;
Erickson et al. 2009, or Eritrea, see Buskirk 2006), or when larger in scope, on the first half
of this century (EIA 2013, IEA 2010, IEA 2012, MIT 2012). Modeling comparison
exercises, such as the Special Report on Emissions Scenarios (Nakicenovic and Swart 2000)
and the Energy Modeling Forum studies (see Clarke et al. 2009, for example) have also never
focused on this region and commonly Africa has either been grouped with other large regions
or only included in world totals. Bigger economies have attracted the attention of regional
modeling comparison exercises, such as Europe (Boringher et al. 2009), USA (Clarke et al.
2007; Fawcett et al. 2009), China and India (Calvin et al. 2012). Admittedly, the lack of
scenarios and historical data for some African countries makes the process of model
calibration and evaluation more challenging for this region.

This paper fills this gap by using a multi-model comparison to explore possible population
and economic growth pathways for Africa throughout the century. It looks at how these



factors will transform the energy system and emissions, in four energy-economy models with
different views about future technological development, opportunities, and economic
structure. The paper also explores to what extent future economic growth could improve
access to modern forms of energy in the region and whether climate policy can hasten or
hinder this. The paper is organized as follows. Section 2 describes the assumptions regarding
key drivers of the African economy, population and GDP. Section 3 discusses the future
trends of energy and emissions without and with climate policy. Section 4 uses the baseline
and policy results discussed in the two previous sections to assess the effects on energy-
related development indicators. The final section concludes with key findings of this study
and identifies areas for further research.

2. Population and Economic Growth in the African Economy

We analyze future pathways for Africa by comparing the results of the four models that
participated in the "Roadmaps towards sustainable energy futures” (RoSE) project: GCAM
(Calvin et al. this issue), IPAC (Jiang this issue), REMIND (Bauer et al. this issue) and
WITCH (De Cian et al. this issue). All four models represent Africa, though with different
geographical aggregations. In REMIND and WITCH, Africa represents Sub-Saharan Africa,
while in GCAM and IPAC it represents the whole continent, including North Africa and
South Africa’.

The scenarios explored in this paper have been developed within the framework of the RoSE
project (see Kriegler et al. this issue). We focus on four baseline and four policy scenarios
that allow examining the role of economic and population growth® under two policy regimes
(no-policy baseline and 550 ppmv CO; equivalent stabilization target). Three of the sets of
the economic-population growth assumptions, namely slow, medium, and fast economic
growth (respectively BAU FS Gr, BAU DEF and BAU SL Gr Scenarios for baseline, and 550
FS Gr, 550 DEF, and 550 SL Gr for policy) assume medium population. In this case, African
population stabilizes after 2050 and in 2100 accounts for 28% of the world’s population (87%
of which live in Sub-Saharan Africa)®. The fourth set of assumptions represents a pessimistic
pathway characterized by very low per capita income, driven by high population, slow
growth and slow convergence across world regions (BAU HI Pop Scenario for baseline and
550 HI Pop for policy). The BAU HI Pop baseline echoes a vision of a fragmented world,
where extreme poverty, regionalism, and high population could increase the vulnerability of
economies heavily dependent on agriculture, making them more vulnerable to climate change
impacts. It is important to note that these scenarios were designed to explore the sensitivity of

2 The individual models use different criteria to map countries to regions. GCAM and IPAC focus on
geographic proximity and as such all regions include contiguous countries. REMIND and WITCH aggregate
countries to regions based on their development and therefore include North Africa with Middle East and South
Africa with Korea and Australia (WITCH) and with the Rest of the World (REMIND).

3 The GDP per capita scenarios have been developed using the methodology described in Hawksworth (2006).
The methodology is based on a Solow-Swan model with capital and quality adjusted labor as input factor and
exogenous assumption about future Total Factor Productivity (TFP) growth. Population scenarios are from the
UN, historic GDP and investment information are from the Penn World Tables and data on education levels are
from Barro and Lee (2010). Variations in the speed of growth are obtained by varying the TFP growth of the
US. The other regions are assumed to converge to the technology frontier at a slow or fast speed. All models
used in the comparison exercise, represent economic entities in Market Exchange Rate (MER). As a
consequence, the Purchasing Parity Power (PPP) GDP per capita scenarios have been converted into MER using
a projection of the PPP to MER ratio for the 21st century.

4 As noticed in other studies for Africa, this share is significantly larger than the expected share of China or
India (Cilliers et al. 2011).



energy and emissions to population and GDP assumptions, not to explore uncertainty.
Therefore results presented in this paper should not be construed as a full uncertainty range.

The different models implemented the scenarios by modifying exogenous parameters in such
a way to replicate the specified assumptions for population and economic growth (see Table
1)°. Specifically, in all models population was exogenously set to match the figures provided
in the 2008 Revision of the UN Population Prospects (UN 2009). GDP per capita trajectories
were replicated by adjusting the productivity of all production factors (WITCH) or of labor
(REMIND, GCAM, IPAC). Further, fossil fuel resource availability and extraction costs have
also been harmonized, but no attempt has been made to harmonize energy intensity. In the
next section we explore the implications of baseline scenarios on the future energy system
and emissions. We also examine the implications of limiting CO,-equivalent concentrations
to 550 ppmv in the different population and economic growth scenarios.

3. Future Energy Systems and Emissions

3.1 Future trends in absence of climate policy

Economic growth will drive Africa’s demand for energy. However, despite the harmonization
in GDP per capita and population, models foresee a broad range in baseline final energy and
CO, emissions (Figure 1), even when accounting for different geographical definitions of
Africa. Final energy consumption growth rates (2005-2100) vary between 1.2% (BAU HI
Pop in WITCH) and 2.4% (BAU FS Gr in REMIND) per year in Sub-Saharan Africa and
between 1.5% (BAU HI Pop in IPAC) and 2.3% (BAU FS Gr in GCAM) per year in
Continental Africa. The resulting variation in energy consumption in 2100 indicates that
models embed very different views about the relationship between income and energy
services, energy efficiency, and the cost and availability of different fuel carriers and
technologies, and their evolution throughout the century. In all models, the BAU HI Pop
Scenario has the lowest final energy consumption. Although this scenario has approximately
one billion more people in 2100 than the other scenarios, GDP per capita is significantly
lower (see Table 1). The latter effect dominates, resulting in lower energy consumption.

Table 1: GDP per Capita (Growth Rate and Absolute) across Models and Scenarios6

GDP per capita
Average annual growth rate 2005-2100

Slow Medium Fast (BAU | HI Pop
(BAUSL | (BAU FS Gr)
Gr) DEF)

5 Table 1 shows the results of scenario implementation in the individual models.

® Using these assumptions, GDP in 2060 varies across scenarios from $8 and $18 Trillion, a range comparable
to the other few projections available. For example, the African Development Bank optimistic scenario (AfDB
2011) foresees a GDP level in 2060 equal to US$17 Trillion at current market prices. The MIT Joint Program
Energy and Climate Outlook 2012 projections for Continental Africa are very close to our Baseline Slow
Growth Scenario (BAU SL Gr). In 2050, GDP per capita reaches 2004$1,949 per person, while population
grows to 2,191 million (MIT 2012). It is important to keep in mind that these are projections in Market
Exchange Rates and therefore underestimate future growth and income levels in Africa. Our numbers would be
between 1.3 and 1.7 higher in PPP terms.



Continental | GCAM 2.7% 3.1% 3.5% 1.6%
Africa
IPAC 2.6% 3.0% 3.3% 1.5%
Sub- REMIND | 3.2% 3.6% 4.0% 1.7%
Saharan
Africa WITCH 3.3% 3.6% 4.1% 1.8%
GDP per capita in 2050 (1000 2005$% per person)
Slow Medium Fast (BAU | HI Pop
(BAUSL | (BAU FS Gr)
Gr) DEF)
Continental | GCAM $4.7 $5.1 $5.4 $2.6
Africa
IPAC $4.5 $4.8 $5.0 $2.5
Sub- REMIND | $3.7 $3.9 $4.2 $1.6
Saharan
Africa WITCH $3.7 $3.8 $4.3 $1.7

Energy system CO, emissions grow between 2.7% (BAU HI Pop in WITCH) and 3.8%
(BAU FS Gr in REMIND) per year (2005-2100) in Sub-Saharan Africa and between 1.6%
(BAU HI Pop in IPAC) and 2.9% (BAU FS Gr in GCAM) in Continental Africa. For three of
the models, the BAU FS Gr Scenario has the highest CO, emissions in 2100, followed by
BAU DEF, BAU SL Gr, and finally BAU HI Pop. In the case of IPAC, faster growth is
associated to increased use of nuclear energy, both in absolute terms and percentage terms,
and therefore lower fossil fuel use and lower emissions compared to the BAU SL Gr and
BAU DEF Scenarios.

Figure 1: Final Energy and Energy System CO2 Emissions without Climate Policy
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To help understand the differences in emissions across models, we use the Kaya identity
(Kaya, 1990) to decompose emissions. The Kaya identity highlights the contribution of the
drivers of population, GDP per capita, final energy intensity, and emissions intensity:

GDP )(FinalEnergy Use>( Emissions )

Emissions = Papulaion-
missions opulation GDP Final Energy Use

Population
Since the first two of these factors have been harmonized (see Table 1), all variation in
emissions can be attributed to differences in energy intensity of GDP (Figure 2a,b) and to
carbon intensity of energy (Figure 2c,d), which are technical factors reflecting different
visions about technology and energy options for the African economy. African energy
intensity varies significantly across models in absolute terms, but there is agreement on the
relative trends with higher energy intensity improvements being observed in scenarios with
faster growth. Changes in energy intensity reflect the substitutability between capital and
energy and assumptions about energy efficiency improvements over time. These



improvements are exogenous in all models’, except WITCH where they are endogenously
linked to R&D investments.

Figure 2: Energy Intensity and Carbon Intensity without Climate Policy
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In contrast, carbon intensity is mostly affected by the composition of the energy mix (Figure
3 and Figure 1 in the Supplementary Material, SM). In most models and scenarios, we
observe a shift away from traditional biomass® to more modern energy carriers and fossil
fuels throughout the century (Figure 3). However, the degree of electrification, but also the
employment of various fossil fuels in the form of liquids, solids or gases is very different

7 In REMIND the efficiency parameters are assumed to change at the same rate as labor efficiency, plus an
additional adjustment factor is applied that varies per region and final energy type and results in continuity of
past trends and a converging behavior between regions (EJ/capita over GDP PPP/capita) (Luderer et al. 2013).

8 Traditional biomass is usually defined as unprocessed fuelwood, agricultural residues, and animal dung, as
well as charcoal, normally combusted on open fires or in very inefficient stoves. Traditional biomass is
represented as a function of GDP per capita in the WITCH and GCAM models, and exogenous assumptions are
employed in REMIND.



across models. GCAM, IPAC, and REMIND, which show a sharp increase in carbon
intensity in the first half of the century, feature a higher increase in final energy from coal
(other solids), while in the WITCH model, traditional biomass continues to account for a
large share of final energy. Solids use is largely reduced by 2100 in all models, and replaced
to a large extend by electricity®. By the end of the century, models with lower carbon
intensities (IPAC and REMIND) are associated to higher electrification rates. Differences in
the sources of energy used for the production of electricity further contribute to differences in
carbon intensity levels across models, with GCAM and WITCH relying more on fossil fuels,
REMIND on greater deployment of solar*® and IPAC on nuclear (SM Figure 1).

% Electrification rates are driven by numerous factors. Some mechanisms that influence electrification rates, e.g.
in the case of REMIND, include a) possibility of substitution between transport energy, electricity, and non-
electric energy for stationary end uses within the nested Constant Elasticity of Substitution production function,
b) calibration of the energy efficiencies of the stationary electricity CES leaf, c) provision of energy through
numerous competing technologies characterized by different efficiencies, lifetimes, investment costs, fixed and
variable operation and maintenance costs, learning rates, etc.

19 Reasons motivating differences in the deployment of solar and nuclear across models include a) in REMIND
solar (and wind) technologies are characterized by endogenous technological change through learning-by-doing,
where investment costs decrease by pre-specified rates for each doubling of cumulated capacity, b) solar is not
considered in the WITCH model, ¢) in REMIND and IPAC a sharper increase of gas and coal prices in the
second half of the century is observed.



Figure 3 : Final Energy Use per Capita in 2050 and 2100 without Climate Policy
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Overall, carbon intensity appears to be mostly model-specific, and with the exception of
IPAC, it shows very little variation with economic growth assumptions. Only the BAU HI
Pop Scenario shows a lower increase in carbon intensity of energy. In IPAC, the BAU FS Gr
Scenario has a strong decline in carbon intensity, due to the increased use of nuclear energy
mentioned above. Compared to the global trends', in most scenarios African energy intensity
declines faster than the world average, with the range varying between -3.6 and -1.3%. In
contrast, the carbon intensity grows more rapidly than the world average in most models and
scenarios. REMIND and WITCH, which represent Sub-Saharan Africa, show the largest rates
of energy intensity reduction and of carbon intensity increase.

3.2 Future trends with climate policy

Future energy systems and emissions could follow a different pathway in the presence of
Greenhouse Gas emissions (GHG) regulations or if Africa joined a global agreement that
stabilizes GHG concentrations by the end of the century. The imposition of such a policy
forces significant abatement in Africa (Figure 4a,b). At least 70% of emissions must be
abated by the end of the century in all models and scenarios. Some models show more than

11 Global energy intensity growth rates range between -2.2 and -1.1%, while carbon intensity rates range
between -0.1 and 0.9%.



100% emissions reductions in a given year, indicating a heavy reliance on bioenergy in
combination with CO, capture and storage (BECCS).

We use the Kaya Identity to isolate the contribution of reductions in energy use and of shifts
in the fuel mix, and examine how climate policy modifies the change in energy intensity and
carbon intensity (Figure 4c-f). The WITCH model reduces energy intensity significantly in
response to a climate policy, while the other models only reduce energy intensity 20 to 30%.
Differences in results across models are due to differing assumptions about (1) the
availability of more energy efficient technologies and the presence of endogenous technical
change, (2) the elasticity of demand, (3) the possibility to substitute energy with capital, and
(4) the response of energy prices to climate policy. For example, GCAM is a technology-rich
model with a low price elasticity of demand. With these assumptions, GCAM has a fairly low
reduction in energy intensity. In WITCH, energy efficiency improvement is endogenously
affected by R&D investments and climate policy, thus, setting a price on carbon induces an
increase in those investments (see also De Cian et al., this issue).

All models eventually reduce carbon intensity more than energy intensity, though with
different time profiles. For example, WITCH points at the role of energy efficiency
improvements in the short-term, while decarbonization plays a more important role in the
long-run. This combination of energy efficiency measures and decarbonization is also due to
the fact that some carbon free technologies are subject to endogenous learning and therefore
are adopted more broadly in the long term when costs are lower. In contrast, GCAM and
REMIND have more low carbon supply options, leading to a more significant reduction in
carbon intensity than energy intensity

10



Figure 4: Reduction in Emissions, Energy Intensity and Carbon Intensity from
imposing a Climate Policy
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While all models reduce their use of freely-venting fossil fuels under a climate policy, the
choice of low-carbon fuels to replace them varies across models and to a lesser extent across
scenarios (Figure 5 and SM Figure 2). GCAM tends to deploy CO, capture and storage
(CCS) technologies to decarbonize the energy system in Continental Africa, while IPAC
relies on increased nuclear and bioenergy. In Sub-Saharan Africa, both models rely on the use
of BECCS, in addition to the expansion of renewable energy sources in REMIND and energy
reductions in WITCH, to meet climate policy goals.

Figure 5 : Primary Energy Use in 2050 and 2100 with Climate Policy
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All models suggest that Africa has a large mitigation potential compared to the global
average (SM Figure 3). In the WITCH and REMIND models, Africa has a large potential for
BECCS enabling more stringent reductions than in other regions. GCAM has similar
potential for low-carbon fuels as other regions. However, Africa is a rapidly developing
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region and the model assumes it is easier to build new low-carbon capacity in such a region
than shutdown or retrofit existing capacity in more developed regions.

4. Future Energy Scenarios and Implications for Development

In Africa, access rates to modern forms of energy are well below global averages and
therefore improving energy access is a priority for the population of this continent. This
section examines to what extent the baseline and policy scenarios, presented in the previous
section, can achieve some development-related energy goals. Although none of the RoSE
models is explicitly designed to address the linkages between energy and poverty or equity in
development, and sector disaggregation and representation of socio-economic heterogeneity
is limited, some useful indicators can be constructed. We analyze changes in the following
indicators: i) share of traditional biomass in primary energy use, ii) average final energy use,
iii) electric generation capacity, and average use, and iv) residential sector energy mix. These
indicators are selected based on available model outputs and their relationship to
development. We first discuss how these indicators relate to development, then assess how
these vary across the scenarios, and finally examine what this could imply for future
development in Africa.

4.1 Share of traditional biomass

In most developed economies, industrialization was accompanied by an energy transition
away from traditional biomass. For instance, in the case of the USA, biomass intensity in the
economy was seen to decline exponentially with economic growth. Its share in primary
energy dropped to under a third by the early 1900s, once average incomes reached about
$5000/capita (Victor and Victor 2002). As traditional biomass use has adverse implications
for human health and welfare, and is extremely inefficient (Pachauri et al. 2013), a transition
away from it is desirable from a developmental perspective. This is indeed a common feature
of all scenarios and models examined in this paper. Over time the share of traditional biomass
declines. In 2005, biomass is the predominant energy source in all models, with a share
varying from 80% in REMIND and WITCH for Sub-Saharan Africa, to 30-40% in GCAM
and IPAC for the entire continent. Across all the models and scenarios, the share of primary
biomass is projected to fall to below a third when income reaches a level of between
$3600/capita and $4200/capita (approximately $10/capita/day and above) (Figure 6a, b).
However, for the BAU HI Pop Scenario, average income is projected to stay below
$5000/capita till 2040 and the share of primary biomass correspondingly high (even as high
as 44% for Sub-Saharan Africa, according to the WITCH model). Imposing a climate policy,
results in an even slower transition away from traditional biomass. This persistently high
level of biomass intensity in the region, suggests that a large share of the population could
continue to rely primarily on biomass to meet its residential needs for the next couple of
decades.
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Figure 6 : Traditional Biomass Share in Total Primary Energy till 2100 and Electricity
Use per Capita till 2050

PanelA : Traditional Biomass Share in Sub—Saharan Africa (2005-2100) PanelB : Traditional Biomass Share in Continental Africa (2005-2110
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4.2 Average final energy use

While there is no universally accepted minimum threshold of final energy use per capita
deemed necessary for economic development, some early estimates set a threshold of 1
kW/capita or 31 GJ/capita/year (Goldemberg et al. 1985). More recently estimates in the
range of 50-70 GJ/capita have been suggested as necessary to provide for basic human
development (Nilsson et al. 2012; Smil 2003). Even if such a threshold exists, recent research
suggests that this level may not be constant. Some decoupling with economic growth is
expected over time, and the threshold may vary significantly across nations depending on
which aspects of human development are considered (Steinberger and Roberts 2010).
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However, the exact welfare impacts of changes in average final energy use depend ultimately
on how this use is distributed across a population. Across most models and all scenarios,
average final energy use is projected to remain below 50 GJ/capita till 2050, far below the
average in most OECD countries today (Figure 3). This level may not be inconsistent with
achieving developmental objectives on the continent. However, achieving these goals is
likely to be more challenging under the BAU HI Pop Scenario and the climate policy
scenarios (SM Figure 2), since average final energy use in these cases is projected to be lower
across all models.

In order to explore what the scenario projections might imply for the numbers of Africans
that could remain below a threshold level of final energy use in 2030, we carry out a thought
experiment based on an ex-post distributional assumption. We assume the income
distribution in Sub-Saharan Africa follows the trend assumed by the Global Energy
Assessment-Mix (GEA-M) scenario (Riahi et al. 2012). Further, we assume that final energy
distribution mirrors this income distribution (see (Chakravarty and Tavoni 2013) for recent
research that follows this approach). All the scenarios and models project a rise in average
final energy use over time. However, under these distributional assumptions, 11%-27% of
sub-Saharan Africans in 2030, and even as many as 12% by 2050 could have an average use
that is below a threshold that meets even basic direct residential energy needs'?, unless
dedicated policies that enhance equity are implemented.

4.3 Electricity capacity and average use

Energy in the form of electricity is crucial to modern life, as certain activities, like lighting,
refrigeration, running household appliances, and operating equipment cannot easily use other
energy forms. For this reason, access to electricity is considered an important indicator of
modernization and development. Sub-Saharan Africa suffers acutely from a lack of access to
electricity and poor quality of supply, where it does exist (Bazilian et al. 2012). Only a third
of the region’s population is electrified even today (IEA 2012). Excluding South Africa, the
entire installed generation capacity of Sub-Saharan Africa is about 40 GW, less than that in
Mexico alone (EIA 2013b). Thus, a growth in installed capacity and electricity generation is
critical to power development in the region (Eberhard et al. 2011). Pachauri et al. (2013)
estimate that an additional 20 GW of installed capacity by 2030 would be required to provide
basic electricity access to all households in Sub-Saharan Africa (420 kWh/year/household to
meet basic lighting and minor appliance use). Bazilian et al. (2012) estimate that providing
everyone in Sub-Saharan Africa (excluding South Africa) with moderate access (both for
direct residential purposes and economy-wide productive uses) would require an installed
generation capacity of about 374GW or an annual growth rate in capacity of 13% for the next
20 years. Even under the BAU FS Gr Scenarios, the models do not predict an average growth
of 13% per year in installed capacity. Further, electricity use per capita under all scenarios in
Sub-Saharan Africa is projected to stay below 1500 kWh/capita till the middle of the century
(equivalent to the average use in North Africa today) (Figure 6c, d). With imposition of
climate policies, larger electric capacity is added in REMIND and IPAC compared to the
baseline scenarios with greater deployment of carbon-free solar and nuclear technologies, but
the models project lower average electricity use. Whether more rapid electricity capacity
growth results in higher connectivity for the entire population will rest ultimately on the
effectiveness of policies that enhance equity in access to and use of electricity on the sub-
continent, something the models are unable to capture as yet.

12 \We assume 5 GJ/capita of final energy is needed for meeting basic domestic cooking and electricity needs, as
stipulated by the UN Secretary-General’s advisory group (AGECC, 2010).
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4.4 Residential energy mix

Households in developing regions employ a range of fuels and technologies to meet their
energy demands. However, among poor households, reliance on solid fuels (e.g. traditional
biomass), self-collected and burnt in inefficient devices is extremely high (Pachauri et al.
2012). With growing affluence and urbanization, a transition to using more efficient liquid,
gaseous and grid carriers has been observed in other nations (Pachauri and Jiang 2008). Such
a transition has positive developmental benefits as it reduces drudgery and health impacts for
households associated with solid fuel use.

Only one of the models participating in the RoSE project includes a breakdown of residential
sector final energy use by type of energy. According to the GCAM projections, a clear
transition away from traditional biomass use towards more efficient liquid, gaseous and grid
sources of energy results in a decline in per capita final energy use between 2005 and 2030
(Figure 4 in SM). While not much variation in the total final residential energy use per capita
is observed across the three medium population scenarios, there is a faster increase in the use
of more convenient grid sources under the BAU FS Gr Scenario. Under the BAU HI Pop
Scenario, the total final residential energy use per capita in 2050 is lower and the share of
traditional biomass is significantly higher as compared to that in the other scenarios. Further,
under climate policy, the transition away from traditional biomass is much slower.

As most of residential energy use in the region is used for cooking or lighting, applying some
simplifying assumptions, allows us to estimate the likely continued reliance on traditional
solid fuels for cooking. Assuming that no electricity and only half of liquid fuels are used for
thermal purposes, and applying standard efficiencies of conversion in end-use devices
(Ekholm et al. 2010), we project that in 2050, under the SL Gr, DEF and FS Gr Scenarios,
about 30% of total cooking energy needs may still be met from solid fuels, whereas under the
BAU HI Pop Scenario, about half of cooking energy needs may still be met using solid fuels.
Under the climate scenarios, this share is projected to remain closer to two-thirds in 2030.
This continued reliance on solid fuels for cooking in the region will have associated with it
adverse health and welfare costs for its population unless widespread dissemination and use
of advanced biomass cookstoves, that have performance characteristics similar to gas stoves,
is encouraged.

5. Conclusions

This paper uses the RoSE population and economic growth pathways for the twenty-first
century to characterize the potential future energy and emissions development for Continental
Africa and for Sub-Saharan Africa. Population and economic growth rates influence the scale
of African’s economy, and its future energy use and emissions. However, our analysis shows
that affluence levels are only one face of the medal, and the range of future emissions is only
partly explained by the different economic trends. We show that technological factors could
also be important.

In a medium economic and population growth scenario (BAU DEF), the share of global CO,
emission of Continental Africa is approximately 20% in 2100 in both GCAM and IPAC. The
range for Sub-Saharan Africa is between 4.0% and 9.8%. This variation indicates that African
growth can be fueled by very different energy mixes and economic structures. A common
finding across models is that in the absence of climate policy, the demand for fossil energy
increases over time with economic growth to meet the growing energy needs and to replace
the use of traditional bioenergy. Instead, should the growth of average per capita income
remain low (as in the BAU HI Pop case), a large fraction of the population could continue to
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rely on traditional biomass. Regarding what the scenarios might imply for achieving some
development-related energy goals, our analysis suggests that the share of electricity in final
energy, electric capacity, and electricity use per capita all rise, while the traditional biomass
share declines with growing affluence. Yet, the average levels of final energy and electricity
use projected by the models across the different scenarios, even under fast economic growth
(BAU FS Gr), could fail to ensure a minimum threshold use for everyone. Climate policy
could result in more rapid electric capacity growth if carbon-free sources become
competitive, but lower average electricity use in the short-run. The models cannot really
inform us of whether the higher electricity capacity enables greater access for the entire
population. Despite the fundamental role of economic growth in increasing energy access and
some potential co-benefits with climate policy, it is likely that dedicated policies that enhance
equity across the region will be needed.

The analysis carried out here makes an important contribution to the scenarios literature by
focusing on a region that has been rather underexplored to date. Since Africa starts from a
low base, both in terms of per capita income and per capita energy use, its potential future
development is uncertain. Which development pathway Africa follows will influence its
emissions and could potentially impact global emissions due to the projected size of Africa’s
economy and population. At the same time, this analysis raises issues for further research and
investigation. A more explicit incorporation of efficiencies of end-use technologies in future
analysis and model development would strengthen links between macroeconomic growth
trends and energy service demands, which are what ultimately link to development. In
addition, further comparative analysis across regions, would allow for a better understanding
of the drivers of energy demand in the region and for assessing similarities and differences in
patterns of change from other developing regions. Furthermore, this research does not address
institutional and financial issues, and such additions could be explored in future work.
Finally, a more refined analysis of the development and welfare impacts of differing socio-
economic and energy futures in the region will require future model-based scenario analysis
to incorporate greater heterogeneity and disaggregation that captures differences across
population sub-groups and end-use sub-sectors.

6. References

AGECC (2010) Energy for a Sustainable Future: Summary Report and Recommendations.
The UN Secretary-General's Advisory Group on Energy and Climate Change (AGECC),
New York.

Bauer N, Baumstark L, Brecha R, Kriegler E, Luderer G, Mouratiadou | (this issue). Global
energy markets and climate change mitigation: An analysis with the ReMIND model.
Climatic Change.

Bazilian M et al (2012) Energy access scenarios to 2030 for the power sector in Sub-Saharan
Africa. Utilities Policy 20:1-16.

17



Blanford GJ, Richels RG, Rutherford TF (2009) Feasible climate targets: the roles of
economic growth, coalition development and expectations. Energy Economics, 31 (2009), pp.
S82-S93

Blanford G, Tavoni M, Rose S (2012) Baseline projections of energy and emissions in Asia.
Energy Economics 34:5284-S292.

Bohringer C, Loschel A, Moslener U, Rutherford TF (2009) EU climate policy up to 2020:
An economic impact assessment. Energy Economics 31(2), 295-305.

Buskirk R (2006) Analysis of Long-Range Clean Energy Investment Scenarios for Eritrea,
East Africa. Energy Policy 34:1807-1817.

Cabraal AR, Barnes DF, Agarwal SG (2005) PRODUCTIVE USES OF ENERGY FOR
RURAL DEVELOPMENT. Annual Review of Environment and Resources 30:117-144.

Calvin K et al (2012) The role of Asia in mitigating climate change: results from the Asia
modeling exercise. Energy Economics, 34 (Suppl. 3) (2012), pp. S251-S260

Calvin K, Wise M, Luckow P, Kyle P, Clarke L, Edmonds J (this issue) Implications of
uncertain future energy resources on bioenergy use and terrestrial carbon emissions. Climatic
Change.

Chakravarty S, Tavoni M (2013) Energy Poverty Alleviation and Climate Change Mitigation:
Is there a tradeoff? Nota di Lavoro.

Cilliers JBH, Moyer J (2011) African Futures 2050. The next forty years.
http://www.ifs.du.edu/assets/documents/Africa%20Futures%202050%201SS%20Pardee%201
Fs.pdf

Clarke L et al (2007) Scenarios of Greenhouse Gas Emissions and Atmospheric
Concentrations, in: U.S. Climate Change Science Program and the Subcommittee on Global
Change Research (Ed.), Synthesis and Assessment Product 2.1 Sub-report 2.1A. Department
of Energy: Washington, DC, p. 154.

Clarke L, Edmonds J, Krey V, Richels R, Rose S, Tavoni M (2009) International climate
policy architectures: Overview of the EMF 22 International Scenarios. Energy Economics, 31
(2009), pp. S64-S81.

Desai M, Mehta S, Smith K (2004) Indoor smoke from solid fuels: Assessing the
environmental burden of disease at national and local levels. Environmental burden of
disease series No. 4. World Health Organization, Geneva, Switzerland.

De Cian E, Sferra F, Tavoni M (this issue) The influence of economic growth, population,
and fossil fuel scarcity on energy investments. Climatic Change.

Eberhard A, Rosnes O, Shkaratan M, Vennemo H (2011) Africa’s Power
Infrastructure:Investment, Integration, Efficiency. in Foster V, Bricefio-Garmendia C (eds.).
World Bank.

EIA (2013) International Energy Outlook 2013. U.S. Energy Information Administration.
DOE/EIA-0484(2013).

18


http://www.ifs.du.edu/assets/documents/Africa%20Futures%202050%20ISS%20Pardee%20IFs.pdf
http://www.ifs.du.edu/assets/documents/Africa%20Futures%202050%20ISS%20Pardee%20IFs.pdf

EIA (2013b) International Energy Statistics. U.S. Energy Information Administration.
http://www.eia.gov/countries/data.cfm.

Ekholm T, Krey V, Pachauri S, Riahi K (2010) Determinants of household energy
consumption in India. Energy Policy 38:5696-5707.

Erickson P, Heaps C, Lazarus M (2009) Greenhouse Gas Mitigation in Developing
Countries. Stockholm Environment Institute.

Fawcett A, Delachesnaye P, Reilly J, Weyant J (2009) Overview of EMF 22 U.S. transition
scenarios.” Energy Economics, 31, pp. S198-S221

Goldemberg J, Johansson TB, Reddy A, Williams RH (1985) Basic needs and much more
with one kilowatt per capita. Ambio 14:190-200.

IEA (2010) World Energy Outlook 2010. International Energy Agency, Paris.
IEA (2012) World Energy Outlook 2012. International Energy Agency, Paris.

Jiang K (this issue) Robust Roadmaps towards a sustainable energy future for China: The
IPAC study. Climatic Change.

Kaya Y, (1990) Impact of carbon dioxide emission control on GNP growth: Interpretation of
proposed scenarios. Paper presented to the IPCC Energy and Industry subgroups, Responses
strategies working group, Paris

Kriegler E, Mouratiadou I, Brecha R, Calvin K, de Cian E, Edmonds J, Jiang K, Luderer G,
Tavoni M, Edenhofer O (This Issue) Will economic growth and fossil fuel scarcity help or
hinder climate stabilization? Overview of the RoSE multi-model study. Climatic Change.

Luderer G, Leimbach M, Bauer N, Kriegler E, Aboumahboub T, Arroyo Curras T,
Baumstark L, Bertram C, Giannousakis A, Hilaire J, Klein D, Mouratiadou |, Pietzcker R,
Piontek F, Roming N,Schultes A, Schwanitz J, Strefler J (2013). Description of the REMIND
model (Version 1.5). PIK, Potsdam,  January  2013. http://www.pik-
potsdam.de/research/sustainable-solutions/models/remind/description-of-remind-v1.5

MIT (2012). http://globalchange.mit.edu/research/publications/other/special/20120utlook

Modi V, et al. (2005) Energy Services for the Millennium Development Goals. Energy Sector
Management Assistance Programme (ESMAP), United Nations Development Programme
(UNDP), Washington D.C., p. 102.

Nakicenovic and Swart (2000) IPCC Special Report on Emissions Scenarios (Cambridge
Univ. Press)

Newell RG, ller S (2013) The Global Energy Outlook, NBER Working Paper No. 18967

Nilsson M, Charles Heaps, Asa Persson, Marcus Carson, Shonali Pachauri, Marcel Kok,
Marie Olsson, Ibrahim Rehman, Roberto Schaeffer, Davida Wood, Detlef van Vuuren,
Keywan Riahi, Branca Americano, Mulugetta Y (2012) Energy for a Shared Development
Agenda: Global Scenarios and Governance Implications. Stockholm Environment Institute,
Stockholm.

19


http://www.pik-potsdam.de/research/sustainable-solutions/models/remind/description-of-remind-v1.5
http://www.pik-potsdam.de/research/sustainable-solutions/models/remind/description-of-remind-v1.5

Pachauri S, Jiang L (2008) The household energy transition in India and China. Energy
Policy 36:4022-4035.

Pachauri S, et al. (2012) Chapter 19 - Energy Access for Development. Global Energy
Assessment - Toward a Sustainable Future. Cambridge University Press, Cambridge, UK and
New York, NY, USA and the International Institute for Applied Systems Analysis,
Laxenburg, Austria, pp. 1401-1458.

Pachauri S, van Ruijven BJ, Nagai Y, Riahi K, van Vuuren DP, Brew-Hammond A,
Nakicenovic N (2013) Pathways to achieve universal household access to modern energy by
2030. Environmental Research Letters 8.

Riahi K et al (2012) Chapter 17 - Energy Pathways for Sustainable Development. Global
Energy Assessment - Toward a Sustainable Future. Cambridge University Press, Cambridge,
UK and New York, NY, USA and the International Institute for Applied Systems Analysis,
Laxenburg, Austria, pp. 1203-1306.

Smil V (2003) Energy at the Crossroads: Global Perspectives And Uncertainties. The MIT
Press, Cambridge, MA, USA.

Steinberger JK, Roberts JT (2010) From constraint to sufficiency: The decoupling of energy
and carbon from human needs, 1975-2005. Ecological Economics 70:425-433.

UN (2009) World Population Prospects: The 2008 Revision, Long-Range Projections
Supplement. United Nations, Department of Economic and Social Affairs, Population
Division

Victor NM, Victor DG (2002) Macro Patterns in the Use of Traditional Biomass Fuels.
Program on Energy and Sustainable Development. Stanford University, Stanford, p. 31.

WB (2013) Overview. Vol. 2 of Global tracking framework. World Bank. Sustainable energy
for all. , Washington DC.

Winkler H, Hughes A, Marquard A, Haw M, Merven B (2011) South Africa's greenhouse gas
emissions under business-as-usual: The technical basis of 'Growth without Constraints' in the
Long-Term Mitigation Scenarios. Energy Policy 39:5818-5828.

20



CCSD

ERM

ERM

CCSD

CCsSD

CCSD

CCSD

CCSD

CCSD

ES

ERM

ES

CCSD

CCSD

CCsD

CCSD
ES
ERM
CCSD
CCSD
ERM
ES
CCsD
CCSD
CCSD

ERM

NOTE DI LAVORO DELLA FONDAZIONE ENI ENRICO MATTEI
Fondazione Eni Enrico Mattei Working Paper Series

Our Note di Lavoro are available on the Internet at the following addresses:
http://www.feem.it/getpage.aspx?id=73&sez=Publications&padre=20&tab=1

http://papers.ssrn.com/sol3/JELJOUR_Results.cfm?form_name=journalbrowse&journal_id=266659

1.2014

2.2014

3.2014

4.2014

5.2014

6.2014

7.2014

8.2013

9.2013

10.2014

11.2014

12.2014

13.2014

14.2014

15.2014

16.2014
17.2014
18.2014
19.2014
20.2014
21.2014
22.2014
23.2014
24.2014

25.2014

26.2014

http://ideas.repec.org/s/fem/femwpa.html
http://www.econis.eu/LNG=EN/FAM?PPN=505954494
http://ageconsearch.umn.edu/handle/35978
http://www.bepress.com/feem/

NOTE DI LAVORO PUBLISHED IN 2014
Erin Baker, Valentina Bosetti, Karen E. Jenni and Elena Claire Ricci: Facing the Experts: Survey Mode and
Expert Elicitation
Simone Tagliapietra: Turkey as a Regional Natural Gas Hub: Myth or Reality? An Analysis of the Regional
Gas Market Outlook, beyond the Mainstream Rhetoric
Eva Schmid and Brigitte Knopf: Quantifying the Long-Term Economic Benefits of European Electricity
System Integration
Gabriele Standardi, Francesco Bosello and Fabio Eboli: A Sub-national CGE Model for Italy
Kai Lessmann, Ulrike Kornek, Valentina Bosetti, Rob Dellink, Johannes Emmerling, Johan Eyckmans, Miyuki
Nagashima, Hans-Peter Weikard and Zili Yang: The Stability and Effectiveness of Climate Coalitions: A
Comparative Analysis of Multiple Integrated Assessment Models
Sergio Currarini, Carmen Marchiori and Alessandro Tavoni: Network Economics and the Environment:
Insights and Perspectives
Matthew Ranson and Robert N. Stavins: Linkage of Greenhouse Gas Emissions Trading Systems: Learning
from Experience
Efthymia Kyriakopoulou and Anastasios Xepapadeas: Spatial Policies and Land Use Patterns: Optimal and
Market Allocations
Can Wang, Jie Lin, Wenjia Cai and ZhongXiang Zhang: Policies and Practices of Low Carbon City
Development in China
Nicola Genovese and Maria Grazia La Spada: Trust as a Key Variable of Sustainable Development and Public
Happiness: A Historical and Theoretical Example Regarding the Creation of Money
Ujjayant Chakravorty, Martino Pelli and Beyza Ural Marchand: Does the Quality of Electricity Matter?
Evidence from Rural India
Roberto Antonietti: From Outsourcing to Productivity, Passing Through Training: Microeconometric
Evidence from lItaly
Jussi Lintunen and Jussi Uusivuori: On The Economics of Forest Carbon: Renewable and Carbon Neutral But
Not Emission Free
Brigitte Knopf, Bjern Bakken, Samuel Carrara, Amit Kanudia, llkka Keppo, Tiina Koljonen, Silvana Mima,
Eva Schmid and Detlef van Vuuren: Transforming the European Energy System: Member States’ Prospects
Within the EU Framework
Brigitte Knopf, Yen-Heng Henry Chen, Enrica De Cian, Hannah Forster, Amit Kanudia, loanna Karkatsouli,
llkka Keppo, Tiina Koljonen, Katja Schumacher and Detlef van Vuuren: Beyond 2020 - Strategies and Costs
for Transforming the European Energy System
Anna Alberini, Markus Bareit and Massimo Filippini: Does the Swiss Car Market Reward Fuel Efficient Cars?
Evidence from Hedonic Pricing Regressions, a Regression Discontinuity Design, and Matching
Cristina Bernini and Maria Francesca Cracolici: Is Participation in Tourism Market an Opportunity for
Everyone? Some Evidence from Italy
Wei Jin and ZhongXiang Zhang: Explaining the Slow Pace of Energy Technological Innovation: Why Market
Conditions Matter?
Salvador Barrios and J. Nicolds Ibafiez: Time is of the Essence: Adaptation of Tourism Demand to Climate
Change in Europe
Salvador Barrios and J. Nicolds Ibafiez Rivas: Climate Amenities and Adaptation to Climate Change: A
Hedonic-Travel Cost Approach for Europe
Andrea Bastianin, Marzio Galeotti and Matteo Manera: Forecasting the Qil-gasoline Price Relationship:
Should We Care about the Rockets and the Feathers?
Marco Di Cintio and Emanuele Grassi: Wage Incentive Profiles in Dual Labor Markets
Luca Di Corato and Sebastian Hess: Farmland Investments in Africa: What’s the Deal?
Olivier Beaumais, Anne Briand, Katrin Millock and Céline Nauges: What are Households Willing to Pay for
Better Tap Water Quality? A Cross-Country Valuation Study
Gabriele Standardi, Federico Perali and Luca Pieroni: World Tariff Liberalization in Agriculture: An
Assessment Following a Global CGE Trade Model for EU15 Regions

Marie-Laure Nauleau: Free-Riding in Tax Credits For Home Insulation in France: An Econometric Assessment
Using Panel Data




CCSD 27.2014  Hannah Forster, Katja Schumacher, Enrica De Cian, Michael Hubler, llkka Keppo, Silvana Mima and Ronald

D. Sands: European Energy Efficiency and Decarbonization Strategies Beyond 2030 - A Sectoral Multi-

model Decomposition
CCSD 28.2014  Katherine Calvin, Shonali Pachauri, Enrica De Cian and loanna Mouratiadou: The Effect of African Growth

on Future Global Energy, Emissions, and Regional Development




