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H I G H L I G H T S  

• CO2 emissions in East Africa are growing exponentially at 6.5% per year. 
• The process of energy clean-up is slow with little emission reduction. 
• Economic and population growth are the most significant emission drivers. 
• Emission patterns and drivers vary significantly from country to country. 
• Locally tailored emission reductions are needed.  

A R T I C L E  I N F O   
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A B S T R A C T   

East Africa is typical of the less developed economies that have emerged since the 21st century, whose brilliant 
economic miracle has also triggered the rapid growth of energy consumption and carbon dioxide emissions. 
However, previous carbon accounting studies have never focused on the region. Based on multi-source data, this 
paper rebuilt the 45-sectors carbon emission inventories of eight East African countries from 2000 to 2017, and 
used index decomposition analysis to quantify the drivers of growth. Here we found that overall the CO2 
emissions show a ’two-stage exponential growth’ pattern, with significant heterogeneity between countries. In 
terms of the energy mix, technical progress in hydro and geothermal energy was almost offset by a growing 
appetite for oil and coal, making it the weak and valuable factor driving emissions reduction (− 1.4Mt). But it was 
far from enough to overcome the pressure of economic and population growth, which brought about a 13Mt and 
11Mt emission growth respectively from 2000 to 2017. Increasing energy intensity due to industrialization and 
transport development also contributed to an increment of 6.4Mt. Low-carbon policies should be tailored to local 
conditions and targeted at the improvement of energy efficiency and use of renewable energy so as to achieve a 
win-win situation between sustainable economic growth and emission reduction.   

1. Introduction 

Climate change is a major common challenge for humanity in the 
21st century. Anthropogenic factors, led by greenhouse gas (GHG) 
emissions, are the main cause of climate warming. On one hand, the 

major source of anthropogenic greenhouse gas emissions is carbon di
oxide emissions from fossil energy consumption; on the other hand, 
fossil energy is also an indispensable part of economic development. 
How to reduce energy emissions while achieving the goal of sustainable 
economic development is a common challenge for countries around the 
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world. Therefore, a scientific and detailed accounting of the evolution of 
CO2 emissions and an exploration of the drivers of emissions growth is 
essential to decouple economic development from emissions. 

International efforts to mitigate climate change have historically 
focused on reducing energy-related CO2 emissions from countries with 
the largest economies, including the EU [1] and U.S. [2], or the largest 
populations, such as China [3,4] and India [5]. Numerous European 
countries have already reached the carbon peak through energy sub
stitution from coal to oil, to natural gas and nuclear energy [6], and have 
further aggressively reduced their emissions by wider use of clean en
ergy [7,8], improvements of energy efficiency [9] and industrial 
restructuring [10]. Outsourcing their polluting industries is also a 
reason, but the African countries cannot follow the previous track of EU 
countries (outsourcing, etc.) to reduce emissions, thus they need specific 
low-carbon roadmaps. 

In an era with relatively mature technological pathways for reducing 
emissions, more and more developed countries have peaked or will soon 
peak emissions [1]. In the next generation, the main battleground for 
future emissions reductions will shift to developing countries and even 
less developed regions including East Africa [11]. On the one hand, 
biomass, which is badly in need of replacement by other advanced en
ergy sources, dominates in East Africa; on the other hand, less developed 
countries are unable to improve energy efficiency and develop clean 
energy sources (wind and solar, etc.) in the short term, due to budget 
constraints and technological backwardness [12]. 

East Africa is one of the most economically and politically dynamic 
regions in the world today [13], with several countries having had 
economic growth rates among the top 10 in the world (e.g. Ethiopia and 
Rwanda). Since the 1990s, countries such as Ethiopia and Uganda have 
come to the end of their civil wars, stabilised their regimes and begun to 
build their economies. At the start of the 21st century, all the countries 
of East Africa were agrarian and actively exploring differentiated ways 
to revitalise their economies. Large economies such as Ethiopia, Kenya 
and Tanzania have set industrialisation as an important goal in their 
national economic development plans. Burundi and Eritrea, on the other 
hand, have small economies and are slow to develop. Poverty reduction 
based on agriculture is the primary goal, and industrial transformation 
has not yet taken place. Djibouti, with its unique geographical location, 
aims to become the transportation hub of East Africa and attaches 
importance to the development of international logistics. Rwanda, on 
the other hand, is focusing on the information industry and building a 
knowledge-based economy. Generally, East Africa is at the initial stage 
of industrialization and urbanization where economic growth and 
emissions are highly coupled. And the existing development model and 
the high growth rate of the economy are likely to be sustainable in the 
future [14]. On the one hand, the pursuit of rapid economic growth, as 
well as rising standard of living, will bring a huge energy gap. On the 
other hand, these less developed countries are unable to quickly improve 
energy efficiency and develop clean energy sources (wind and solar, 
etc.) in the short term, due to budget constraints and technological 
backwardness [12]. Therefore, strong mitigation measures, interna
tional attention and support are necessary. 

East African countries have already taken active steps to mitigate 
climate change, which will pose significant risks to their agricultural 
economies. Since Ethiopia was the first to submit its INDC in 2015, seven 
other countries have followed. Countries have committed to GHG 
emission reductions ranging from 20 to 65% by 2030 (compared to the 
BAU scenario). Almost all of them emphasise on improving energy ef
ficiency and the share of electricity generated from renewable sources. 
East African countries mainly rely on their geographical endowments to 
develop hydro, geothermal, wind and biomass energy. Countries such as 
Ethiopia and Kenya have taken full advantage of the Nile River and the 
East African Rift Valley to develop hydropower and geothermal energy. 
From 2007, Ethiopia started to promote the wide application of solar, 
wind, and small-scale hydro energy to meet decentralized electricity 
demands in rural areas [15,16]. The target is to upgrade the electricity 

generating capacity by 25 GW by 2030: 22 GW of hydro; 1 GW of 
geothermal; and 2 GW of wind [17]. While Kenya aims to be the leading 
geothermal power producer in Africa. According to Power Generation 
and Transmission Master Plan 2015–2035, geothermal capacity will be 
doubled to 1.6 GW by 2030, providing more than half of the annual 
generated electricity in 2035 [18]. Despite ambitious commitments to 
improve technological emission reductions, there has been no study to 
quantify the effectiveness of the policy. Is the energy mix of East African 
countries, and is production efficiency-optimised? If so, by how much 
have emissions been reduced? These are the questions that need to be 
studied urgently 

Based on the above-mentioned socio-economic realities, East Africa 
is therefore one of the main battlegrounds for future world emissions 
reduction and needs accurate emission accounting and driver analysis. 

However, due to poor data infrastructure and language barriers, few 
scholars have ventured into the accounting of carbon emission in
ventories in Africa. The few existing studies in this region use a partic
ular country as a case study and are unable to explore the similarities 
and differences in emission patterns in the East African region [19]. In 
addition, data of the less developed countries in Africa often come from 
international institutions such as the World Bank, with limited statistical 
accuracy and lack of economic data of sub-industrial sectors. There is an 
urgent need for national statistics containing more accurate information 
to be used in carbon accounting than the single source of International 
Energy Agency (IEA) in existing studies [20,21]. Overall, there is a lack 
of carbon accounting and analysis of the East African region that is based 
on multi-source statistics with detailed sectoral mapping. 

This paper rebuilds the CO2 emission inventories and the temporal 
and spatial evolution patterns of eight East African countries from 2000 
to 2017 based on multi-source data. The drivers of carbon emission 
changes are also analysed using the Index Decomposition Analysis – 
Logarithmic Mean Divisia Index method (LMDI). This paper fills a 
research gap targeting the drivers of long-term carbon emission changes 
in less developed regions and reveals several typical patterns of emission 
rise in East African countries (Sudan, South Sudan and Somalia were not 
included in this study due to the low availability of data due to war). The 
findings will help developing countries, especially low-income countries 
in East Africa, to formulate policies for energy efficiency improvement 
and energy mix transformation. 

2. Method 

2.1. Emission accounting 

Following the guidelines from the Intergovernmental Panel on 
Climate Change (IPCC) regarding the allocation of GHG emissions, we 
consider the administrative territorial scope for each country’s CO2 
emissions accounting in this study. Administrative territorial emissions 
refer to the emissions that occur within administered territories and 
offshore areas over which one region has jurisdiction [22,23], including 
emissions from fossil fuel consumption produced by socioeconomic 
sectors directly within the region boundary. Emissions from trans
national traffic are excluded in this scope, e.g. aircraft fuel emissions 
destined for East African countries. Biomass fuels are also not included 
in this scope. International agencies such as the IEA do not account for 
biomass emissions because it is carbon neutral from a full life cycle 
perspective [24]. The carbon released during burning is the carbon fixed 
during the growing process. Therefore, the consumption of the short- 
term biomass, such as crop waste should not be included in the total 
emissions. Firstly, we calculate the emissions from fossil fuel combus
tion. The emissions are calculated for four fossil fuels (i.e., coal and coal 
products, crude oil, oil products and natural gas) and 45 socioeconomic 
sectors (see table s1 in the supporting information). The 45 socioeco
nomic sectors are defined according to Shan et al (2017)’s accounting 
methodology, which includes all possible socioeconomic activities 
conducted in a developing country’s administrative boundary. 
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CEenergy =
∑

i

∑

j
CEij =

∑

t

∑

j
ADij × NCVi × EFi × Oij (1) 

The time series of carbon emission inventories of eight East African 
countries (Ethiopia, Kenya, Tanzania, Uganda, Djibouti, Eritrea, 
Rwanda, Burundi) by energy varieties and sectors were rebuilt with 
multi-source data from the National Bureau of Statistics and interna
tional institutions. 

2.2. LMDI decomposition 

Kaya Identity and LMDI decomposition techniques [25] were used to 
analyze the driving factors of the changes. The change of carbon emis
sions is decomposed into five driving factors: population, economic 
aggregate, economic structure, energy intensity and energy structure 
(assuming constant emission factor) [21,26,27]. 

C =
∑

ij
POP ×

GDP
POP

×
GDPi
GDP

×
Ei

GDPi
×

Eij
Ei

×
Cij
Eij (2) 

Where C is the total amount of CO2 emission; i represents the in
dustrial sector; j represents energy type; Cij represents the CO2 amount of 
j energy consumed by i industry; POP represents national population; 
GDP represents economic aggregate; GDPi represents the added value of 
i industry; Ei represents the energy consumption of i industry; Eij rep
resents the amount of energy j consumed in sector i; Cij represents the 
CO2 emission of energy consumption j in i sector. 

After addition decomposition, CO2 emission growth can be decom
posed into five factors in the question below: 

ΔCtot = CT − C0 = ΔCpop + ΔCecon + ΔCstr + ΔCint + ΔCmix (3) 

The subscripts pop, econ, str, int, and mix, respectively, denote the 
effects associated with population, economic activity, economic struc
ture, sectoral energy intensity, and sectoral energy mix. 

2.3. Data source 

In this study, the economic and population data came from the World 
Bank [28] and African Development Bank [29]. Data on economic 
output by subsector are obtained from the statistical yearbooks of in
dividual countries. All economic data are used at USD at constant prices 
in 2010. 

The energy data are collected from the African Energy Commission 
[30], U.S. Energy Information Administration [31] and the Statistics 
Bureau of each country (Table 1). The energy types of all countries are 
integrated into six energy types: coal total; crude oil; oil total; natural 
gas; hydropower; and wind, geothermal and solar PV (photovoltaic), 
and each energy consumption is unified with kilotonnes of oil equivalent 

(ktoe) as the unit. The energy consumption of the power sector was 
obtained by the data of Energy Transformation of power generation after 
processing. This paper uses the emission factor coefficients given in the 
2006 IPCC Guidelines for National Greenhouse Gas Inventory. Among 
them, the emission factors of oil products are obtained by weighting the 
consumption of petroleum subcategories in EIA. 

3. Results 

3.1. Emission patterns 

3.1.1. Aggregated trends 
In terms of total emissions and evolutionary trends for the region as a 

whole, emissions in East Africa have been rising at an average annual 
rate of 6.03%, nearly tripling from 17.6Mt in 2000 to 47.6Mt in 2017, 
and showing a two-stage exponential growth pattern with 2010 as the 
turning point. At the same time, the region’s rapid economic growth, 
with an average annual GDP growth rate of 6.45%, is highly consistent 
with emissions in terms of trends, with economic growth linked to 
emissions. Since 2010, the rate of increase in emissions has accelerated 
and gradually exceeded the rate of GDP growth, implying that without 
aggressive action on energy mix and energy efficiency, future growth 
per unit of GDP in East African countries will come at the cost of higher 
emissions. 

In terms of emissions by country, Kenya emits the most, while 
Tanzania and Ethiopia have the fastest growth rates. Uganda’s emissions 
are highly volatile, with a jump in emissions occurring between 2013 
and 2015 due to large oil imports for the transport sector. The combined 
emissions of Kenya, Tanzania, Ethiopia and Uganda account for more 
than 80% of emissions in East Africa. The spatial distribution of emis
sions shows an agglomeration pattern. Kenya is the peak of emissions, 
while Ethiopia and Tanzania are the secondary peaks, as shown in Fig. 1. 
The emission trends of countries with large economies are relatively 
stable, with three large countries – Kenya, Tanzania and Ethiopia – 
showing a steady increase in emissions. The similarities and differences 
in the emission patterns are shown in Table 2. While the emissions of the 
other five countries, such as Djibouti and Eritrea, are more volatile. 

3.1.2. Case studies of key emitters  

(1) Ethiopia 

Ethiopia’s economic and industrial structure has undergone dra
matic changes over the past 20 years. Its emissions history is typical of 
East Africa’s ’two-stage exponential growth’. From 2000 to 2010, agri
culture and services were the pillars of the national economy, and 
Ethiopia’s emissions grew slowly at an average annual rate of 6%. With 
the shift from agriculture to manufacturing after the implementation of 
the Growth and Transformation Plan (GTP) in 2010, Ethiopia has 
experienced an average annual GDP growth rate of 9.8% from 2010 to 
2017. In this period, emissions grew at an average annual rate of 13%. 
This emission pattern confirms the pace of economic development and 
industrialization in Ethiopia and suggests a very high potential for future 
emissions. 

In terms of the energy mix, the main sources of emissions in Ethiopia 
are oil and coal consumption, of which oil is the core source accounting 
for approximately 90% of emissions. Since 2006, coal has been 
consumed in Ethiopia and emissions have gradually increased to meet 
the needs of the growing non-metallic manufacturing and construction 
industries. 

In terms of the sectoral composition of emissions, the exponential 
growth trend is mainly driven by the transport and construction sectors 
(Fig. 2). The transport sector is both the highest and the fastest growing 
emitter. According to World Trade Organization (WTO) and UN Com
trade trade data, transport equipment imports increased by 77.9% from 
2010 to 2018, with aviation aircraft, rail tram locomotives imports 

Table 1 
Data sources for selected countries.  

Country Data type Source 

Kenya Energy balance AFREC energy database; 
Kenya National Bureau of Statistics; 
Energy Information Administration 

Emission factor IPCC 2006 
Sector-mapping 
indicator 

Kenya census of industrial production and 
construction report 2018 

Tanzania Energy balance AFREC energy database; 
Energy Information Administration 

Emission factor IPCC 2006 
Sector-mapping 
indicator 

Tanzania Annual Survey of Industrial Production 
Year 2008, 2013,2015,2016 

Ethiopia Energy balance AFREC energy database; Ethiopia  
Ministry of Water, Irrigation and Energy; 
Energy Information Administration 

Emission factor IPCC 2006 
Sector-mapping 
indicator 

AFDB Socio economic database; Ethiopia CSA 
Manufacturing-Industry-Survey-Report  
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increasing more than tenfold.  

(2) Kenya 

Kenya is the most industrialized country in East Africa and CO2 
emissions have been rising at a relatively steady rate, averaging 5.00% 
per annum, outpacing GDP growth of 4.79% per annum. The emissions 
have shown a fluctuating upward trend, with two troughs in 2003 and 
2012 (mainly because of the political disruption and economic stagna
tion after the 2002 general elections). 

By energy source, oil is also the core fossil fuel type, accounting for 
around 90% of emissions; coal emissions have been rising year by year 
from 2009 to 2014, but have stabilized since 2015 after the Kenyan 
government issued Intended Nationally Determined Contributions 
(INDC) to reduce emissions. 

From the sectoral perspective, as in other countries, the transport 
sector is also the fastest growing emitter, accounting for over 60% of 
total emissions; The high growth trend in the electricity sector has been 
reversed since 2013 due to the rapid development of geothermal and 
hydro energy. The trend of “increase followed by decrease” reflects the 

Fig. 1. Evolution of CO2 emissions in eight countries in the East Africa region (The secondary axis corresponds to the total regional GDP).  

Table 2 
Similarities and differences in the emission patterns of the three countries.  

Country Similarities Growth patterns Driving sectors 

Ethiopia 1. Overall emissions 
show a rapid upward 
trend with an average 
annual growth rate of 
about 10% 
2. The transport sector 
is both the highest and 
the fastest growing 
emitter 
3. Higher emissions in 
transport, non-metal, 
construction, 
electricity, and food 
manufacturing sectors 

Exponential 
growth with year 
2010 as the 
turning point 

Significant 
decarbonization in the 
power sector; rapid rise 
in the construction 
sector 

Kenya Continued 
growth with 
minor 
fluctuations 

Chemical 
manufacturing 
emissions are higher 
compared to other 
countries 

Tanzania Exponential 
growth with year 
2010 as the 
turning point 

High growth in mining 
and extraction sector 
after 2010; rapid rise in 
the construction sector  

Fig. 2. Emission trends by sectors.  
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emissions life cycle of many less developed countries, including Kenya, 
where growth in energy demand is coupled with clean energy devel
opment. Within the industrial sector, emissions from non-metallic 
manufacturing are rising rapidly, reflecting growing demand from the 
national infrastructure. The Monel Railway, which began construction 
in 2014 and opened to traffic in 2017, has brought about an increase in 
emissions during this period. In addition, the chemical and food 
manufacturing industries are consistent high emitters.  

(3) Tanzania 

Similar to Ethiopia, Tanzania’s emissions growth took a turnaround 
to a higher growth around 2010; the difference is that Tanzania’s 
emissions growth trend has been somewhat effectively curbed due to 
several clean energy policies after 2015. The country’s emissions evo
lution trend can be broadly divided into three phases: the eve of 
industrialization (2000–2010), high growth period (2010–2014), and 
slow growth period (2015–2017). In 2017 Tanzania’s CO2 emissions 
were 11.34 Mt, more than four times higher than emissions in 2000. 

By energy type, oil is the core source of emissions and has been 
increasing significantly year on year. On the one hand, as the only 
natural gas producing country in East Africa, Tanzania has cleaner en
ergy options than other countries. Natural gas account for 20% of 
emissions. On the other hand, coal is still widely used and its emissions 
have been increasing year on year since 2012, accounting for about 15% 
in 2017. The growing appetite for coal is like a shot in the arm in the 
course of economic development [32], effective in the short term but 
detrimental in the long term. 

By sector, the transport sector is the core source of emissions which 
are rising rapidly; the electricity sector is consistent with the pattern of 
increasing and then decreasing emissions described above. It is worth 
noting that Tanzania suffers from a ‘manufacturing deficit’ relative to its 
ambitious plans to achieve middle-income status [33]. The 
manufacturing sector is nearly absent from Tanzania’s highly growing 
emission accounts. A number of policy initiatives had been undertaken 
to strengthen the industrial sector’s dynamism, resulting in slow growth 
in emissions from construction, non-ferrous metal extraction, as well as 
the food and non-metal mineral manufacturing sector. 

3.2. Driving factors 

3.2.1. Aggregated trends 
The results of the three-period LMDI decomposition show that eco

nomic and population growth in East Africa are responsible for 13Mt 
and 11Mt of emission growth from the year 2000 to 2017, respectively. 
In this period, the population of most countries in the East African region 
grew at a high average rate of over 2.4% per annum, with the highest 
average annual growth rate of 3.3% in Tanzania. In 2017, the population 
of the East African region reached 280 million, with an annual growth 
rate of 2.87%, a trend that is still not slowing down. To control the 
natural population growth rate will be effective in curbing the trend of 
emission growth. 

Energy intensity factors contributed 3.4Mt of emission reductions in 
the period up to 2010, but became a significant driver of emission 
growth between 2010 and 2017, resulting in 9.8Mt of emission growth. 
This is due to the fact that economic growth in East Africa between 2000 
and 2010 was relatively slow and not driven by energy consumption; 
however, after 2010 the region’s economic development process 
became significantly more energy intensive, with energy consumption 
growing at a much higher rate than GDP growth. While the energy mix is 
generally improving, the potential for emission reductions from hydro 
and geothermal energy development is almost offset by the growing 
demand for oil and coal, leaving the energy mix as a weak driver of 
emission reductions (1.44Mt). Improvements in the energy mix are far 
from sufficient to remove the pressure on total energy consumption from 
economic activity and population growth in East Africa. 

In terms of economic structure, although countries such as Ethiopia, 
Kenya and Tanzania have undergone a period of industrialization and 
built a range of large infrastructure, the economic structure effect has 
not led to increased emissions due to the low energy intensity of industry 
and high dependence on agriculture in the region as a whole. Agricul
ture is the economic lifeblood of most East African countries, with close 
to 60% of the population employed in agriculture, and the development 
of sustainable agriculture is key to achieving the SDGs [34]. Agricultural 
revitalization strategies in countries such as Kenya, and priority of ter
tiary sector in countries such as Rwanda, have resulted in a net emission 
reduction effect for the economic structure factor from 2010 to 2017. 
Through country-specific analysis, we find that the emissions growth 
pattern in East Africa can be divided into two types of energy intensive 
and energy decoupled. 

3.2.2. Energy-intensive economies 
The energy-intensive type includes countries such as Ethiopia and 

Tanzania. They are characterized by a high dependence of economic 
growth on energy consumption and emissions. The rapid economic 
growth in recent years has been accompanied by a significant increase in 
emissions growth, with the transport and infrastructure sectors devel
oping rapidly. Capital and energy are gradually replacing the labour 
factor, which had been dominant in previous development history. 
These factors have led to a significant increase in energy intensity in 
these countries (Fig. 3).  

(1) Ethiopia: High-speed industrialization and ambitious transport 
development goals 

From 2010, Ethiopia implemented its Growth and Transformation 
Plan (GTP), which encouraged large-scale foreign investment in agri
culture, industry and infrastructure towards a goal of achieving rapid 
industrialization. The growing GDP per capita was the largest driver of 
emissions growth (5.3 Mt increment). Extraction of minerals (gold, salt, 
precious stones, fuels, etc.), infrastructure development, increasing 
manufacturing industry lead to 2.7Mt increment in economic structure 
factor. The expanded use of oil in transport and the higher use of coal in 
manufacture contributed 3.7Mt emissions. Population growth of 2.7% 
per annum was also an important contributor. 

In terms of energy mix, Ethiopia has seen rapid growth in hydro
electric power generation since 2010, with 930.71 ktoe of hydroelectric 
power generation in 2017 (six times compared to 2000); wind and solar 
production rose from 4.3 ktoe in 2000 to 71.48 ktoe in 2017, completing 
the technical breakthrough from zero to one. However, although the 
share of renewable energy has increased slightly (from 15% to 20%), its 
emission reduction effect is offset by the expanded use of oil in transport 
and the higher use of coal in manufacture. This demonstrates the role 
that new technologies and shifts away from carbon intensive sources of 
energy can play in offsetting increases in emissions that inevitably result 
from strong economic growth in poor countries.  

(2) Tanzania: Catching-up industrialization and growing appetite for 
fossil fuels 

Economic and population growth has steadily contributed to the 
growth of carbon emissions. The driving effects show a progressive in
crease between the two stages. In particular, economic growth of 6.5% 
per year has led to emissions of up to 2.70Mt, while high population 
growth of 2.9% per year has led to emissions of 2.33Mt from the year 
2000 to 2017. 

Similar to Ethiopia, the Tanzanian government is actively increasing 
the share of the industrial sector, particularly the manufacturing sector, 
in the national economy. However, Tanzania’s manufacturing industries 
such as food processing were rarely dependent on fossil energy (mainly 
use biomass such as charcoal), had low emissions intensity and 
contributed little to carbon emissions. The rise in industrial GDP 
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therefore did not create an emissions burden and indirectly makes the 
economy less dependent on the transport sector. Reduced reliance on the 
emission-intensive transport sector (GDP share fell from 8.99% to 
6.71%) had freed up 1.97Mt of emission space for Tanzania. 

The energy intensity factor is the main cause of the increase in 
emissions in Tanzania, and there is heterogeneity in the temporal 
pattern of its effect. Around 2000, Tanzania’s economy was dependent 
on agriculture and raw material exports and economic growth was 
relatively slow. Energy intensity was not a driver of emissions growth 
until 2010. However, between 2010 and 2014, the boosting demand in 
the transport and electricity sectors led to an increase in energy con
sumption per unit of sectoral GDP (from 0.39 ktoe per million USD in 
2010 to 0.73 in 2017), which significantly drove the growth in carbon 
emissions. 

In terms of energy mix, the newly generated energy demand is 
mainly satisfied by natural gas and coal. Although consumption of hydro 
and solar energy is slowly increasing, the share is gradually decreasing. 
The energy mix as a whole is moving towards a higher carbon footprint, 
causing emissions of 0.82Mt and 0.85Mt in the two phases respectively. 
Tanzania’s INDC includes the development of various renewable energy 
sources such as geothermal, wind, solar and renewable biomass [35]. 
Since 2008, the Tanzanian government has promoted solar energy 
through investment (TEDAP), engineering [36] and subsidies [37,38]. 
2.28 ktoe (less than 0.1%) of energy in 2017 was supplied by wind PV 
and geothermal energy. While achieving a valuable start from zero to 
one, the promotion of renewable energy is a long way off compared to 
the high growth in fossil energy consumption.  

(3) Kenya: At the Crossroads of the East African Continent’s Energy 
Transformation 

Kenya’s average annual economic growth of 4.79% and population 
growth of 2.7% are also steady drivers of emissions growth. Similar to 
Ethiopia and Tanzania, Kenya is also undergoing massive infrastructure 
development such as the ’Monegasque Railway’, but the construction 
sector’s GDP share rose by only 1% from 2010 to 2017. The core driver 

of the country’s economic growth is agriculture. Export-led agriculture 
is Kenya’s key industry, accounting for 65% of export earnings and 
providing livelihoods (employment, income and food security needs) for 
over 80% of the country’s population [34]. The share of agricultural 
GDP increased significantly from 27.9% in 2010 to 37.7% in 2017. The 
national policy to revitalize agriculture as a low-emissions intensity 
sector led to an emission reduction effect of 0.72 Mt in the post-2010 
economic structure factor. Similar to Tanzania, the contribution of en
ergy intensity to emissions jumped, contributing 3.55 Mt of CO2 emis
sions from 2010 to 2017. Major construction projects and increased 
demand for electricity have led to a rapid increase in the country’s en
ergy intensity. 

Kenya has an abundance of clean energy in the ground. The country 
is actively pursuing a range of energy development initiatives to tap into 
the vast geothermal reserves of the East African Rift Valley and to 
develop geothermal energy in a localized manner. The government 
plans to generate 27% of the country’s electricity from geothermal en
ergy by 2031. The country is the only country in East Africa to have 
achieved significant emissions reductions from renewable energy sour
ces, with improvements in the energy mix freeing up nearly 3Mt of 
emissions between 2000 and 2017, absorbing 80% of the emissions from 
economic growth (3.56Mt). 

3.2.3. Energy decoupled economies 
Compared to infrastructure-driven economies, countries such as 

Djibouti and Rwanda developed tertiary sectors such as transport, 
finance, tourism and communication industries during the study period, 
with an alternative pattern of emissions. Their industrial structures have 
low energy dependency and declining energy intensity. These countries 
feature relative smaller economies, volatile emissions and modest 
growth, and some of them have even experienced significant declines in 
emissions (Fig. 4).  

(1) Djibouti 

Djibouti’s economic growth has suffered due to the unstable 

Fig. 3. Drivers of emissions growth in energy-dependent economies. The two doughnut charts represent the evolution trend of economic structure and energy 
structure from 2000 to 2010 to 2017 (from the inner ring to the outer ring) respectively. 
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international and domestic political situation and has been gradually 
recovering since 2000. Economic growth resulted in 0.76Mt of carbon 
emissions. Located at the entrance to the Red Sea linking Europe, Africa, 
the Middle East and Asia, Djibouti’s economy is commanded by the 
services sector, providing services as both a transit port for the region 
and as an international transshipment and refueling centre. This makes 
Djibouti’s economy less energy-dependent, with energy intensity grad
ually decreasing as the economy grows, bringing up to 1.5Mt of emission 
reduction benefits. The services-centred economic development model 
is also driving investment in transport infrastructure (mainly ports) and 
power sector. The increase in the power sector’s GDP share from 2010 to 
2017 resulted in 0.37Mt of emissions due to the fact that more than 99% 
of electricity generation originated from the burning of imported oil. 
Djibouti urgently needs to make efforts to clean up its electricity, 
otherwise it will suffer from the huge emissions footprint of electricity 
demand from the service sector.  

(2) Rwanda 

Rwanda has embarked on a low-carbon development path, revital
ized by service industries such as banking and finance, wholesale and 
retail trade, and tourism. High economic growth has been accompanied 
by very stable emissions, its economic growth is not energy driven and 
carbon emissions are decoupled from GDP. Rwanda’s small but 
emerging economy has seen strong foreign investment and has been 
ranked by the United Nations Conference on Trade and Development as 
the top information and communications technology (ICT) country in 
East Africa [39], attracting large investments from leading international 
companies including Microsoft and Nokia. Driven by sufficient Foreign 
Direct Investment (FDI), the tertiary sector has grown rapidly and 
accounted for an increasing share of the national economy, reaching 
47% in 2010, making it the largest sector of the national economy. This 
low carbon economic growth has resulted in small energy consumption 
per unit of GDP growth, and the energy intensity effect has significantly 
reduced Rwanda’s emissions (0.6 Mt decrement). 

4. Conclusions and policy implications 

4.1. Summary 

This paper rebuilds the CO2 emission inventories and spatial and 
temporal evolution patterns of eight East African countries from 2000 to 
2017 based on multi-source data. The drivers of carbon emission 
changes are also analyzed using the LMDI method. This paper fills a 
research gap targeting the drivers of long-term carbon emission changes 
in less developed regions and reveals several typical patterns of emission 
rise in East African countries. The conclusions drawn are as follows:  

(1) The CO2 emission pattern of East Africa shows a two-stage 
exponential growth with 2010 as the cut-off point. After 2010, 
along with large-scale foreign investment and the rapid devel
opment of the transport and infrastructure sectors, the growth 
rate of carbon emissions increased significantly. The emissions 
reached 47.6Mt in 2017, with a significant potential for future 
growth.  

(2) From sectoral perspective, transport, electricity, construction and 
non-metal manufacturing are the top four emitters in order, ac
counting for more than 80% of total emissions. Emissions from 
the electricity sector show an increase followed by a decrease due 
to both rising demand and a higher proportion of clean energy, 
with a reduction of 0.95Mt in sum.  

(3) From 2000 to 2017, the core drivers of CO2 emissions growth are 
economic and population growth, resulting in 13Mt and 11Mt of 
emissions respectively, accounting for 27% and 23% of total 
emissions in 2017. While the driving effects of economic struc
ture, energy intensity and energy mix are regionally 
heterogeneous.  

(4) While the energy intensity of manufacturing is declining in 
countries such as Ethiopia and Tanzania, the overall energy in
tensity of East African countries is trending upwards due to the 
high expansion of energy demand in the transport and power 

Fig. 4. Drivers of emissions growth in energy-decoupled economies. The two doughnut charts represent the evolution trend of economic structure and energy 
structure from 2000 to 2010 to 2017 (from the inner ring to the outer ring) respectively. 
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sectors. The increase in energy intensity led to a 9.82Mt increase 
in emissions between 2010 and 2017, which could lead to higher 
CO2 emissions per unit of GDP in the future. 

(5) East African countries are actively using their geographical re
sources to develop renewable energy sources such as geothermal 
energy and hydro energy according to local conditions, which is a 
strong driver for emission reduction. However, the emission 
reduction effect of clean energy development is offset by the 
rapid rise in demand for coal and oil, and the overall energy mix 
effect is only 1.44Mt emission reduction. 

Compared to major emitters such as the United States, China and 
India, developing countries in regions such as Africa and South America 
have smaller individual emissions, but overall emissions are on par with 
those of the major emitters and have great potential to dominate global 
emissions in the future. These countries face multiple daunting chal
lenges on their socio-economic development paths, such as poverty 
eradication and emissions reduction. Controlling population growth 
could be effective for reducing emissions since the huge population 
generates a huge demand for household energy and consumption of 
products and services (transportation, buildings, food, etc.). A reduction 
in the total fertility rate (TFR) would also significantly reduce the 
burden women are under and improve living conditions. Rwanda, Kenya 
and Uganda have policies for encouraging the uptake of modern 
contraception and reducing TFR, which have been effective over the last 
15–20 years. However, the total population in East Africa are still 
growing rapidly (the regional average population growth rate in 2017 
was 2.87%) because mortality rates are falling at a faster rate, which is 
their basic situation. So on one hand, we encourage policies for pro
moting the uptake of modern contraception to reduce TFR in countries 
that are in a position to do so. On the other hand, it is also important to 
note that the benefits of controlling population growth are limited 
considering their large population base, and that more emphasis on ef
ficiency optimisation is needed to offset the emissions of population 
growth. While previous studies have shown that emerging economies (e. 
g. BRICS) can effectively reduce emissions by improving their energy 
mix and efficiency [40], low-income countries face significant chal
lenges in both areas. East African countries therefore need targeted 
technology reforms for high emission intensity sectors in conjunction 
with international help to achieve a win-win balance between sustain
able economic growth (poverty eradication goal) and energy reduction 
(international responsibility). Our analysis provides a full analysis of the 
characteristics of economic development and energy structures in the 
East African region, as well as the heterogeneity of specific development 
paths and strategies in individual countries. Based on our results, we 
suggest that: 

(1) Increase the proportion of foreign investment in new clean en
ergy development expenditure. On the one hand, low-income countries 
have not been able to effectively improve their energy mix and promote 
energy transition due to their economic base and lagging technology; on 
the other hand, East African countries are mostly dependent on foreign 
imports for oil and coal consumption. They have not yet formed a path 
dependence on certain high-carbon energy sources compared to major 
coal-producing countries such as China and India, making the leap from 
biomass to hydro, geothermal, wind and photovoltaic energy difficult 
but with greater potential. The East African region is rich in renewable 
energy endowment (geothermal energy endowment in the East African 
Rift Valley in Kenya, hydro energy in the Abbey and Omo river basins in 
Ethiopia, solar photovoltaic endowment in Tanzania, etc.). Currently, 
while wind and solar energy have made a breakthrough from zero to 
one, but there is limited scope for emission reductions and further in
vestment is needed with the help of FDI. Therefore, all countries in the 
East African region need to make rational use of foreign investment and 
focus more on the development of clean energy, rather than take FDI as 
’a shot in the arm’ to catalyze the economy at the cost of high emissions. 
This will not only contribute to sustainable development but will also 

win more foreign investment (from WDB etc.). 
(2) Decarbonization pathways in the industrial and transport sectors 

should focus on reducing energy intensity. As energy-intensive sectors, 
the development of industry and transport will inevitably result in high 
emissions. However, the industrial and transport sectors have a very 
high coefficient of influence in national economies and are the “life
blood” of the rising economies of developing countries. While a struc
tural shift from industry to agriculture and services may be consistent 
with energy efficiency and low-carbon development goals, it is not 
consistent with sustainable economic development goals. Industry and 
transport decarbonization should focus on reducing energy intensity and 
improving energy efficiency, rather than give up development oppor
tunities. Governments should promote sustainable economic develop
ment by structurally transforming the manufacturing sector through 
high value-added techniques and product diversification, as well as 
improve the energy efficiency of transport and develop public transport. 

(3) Each country should develop a decarbonisation path that is 
tailored to its own circumstances. Although the eight countries in East 
Africa share a degree of similarity in economic and emissions patterns, 
studies have shown that the drivers of economic growth and emissions 
growth are significantly heterogeneous across countries. It is important 
to consider national circumstances and adapt to local circumstances, 
avoiding the ’instrumental thinking’ of arbitrarily applying a policy that 
has worked in another country to the decarbonization process in that 
country. For example, for countries such as Ethiopia and Tanzania, 
where FDI and infrastructure development are progressing rapidly, it is 
important to introduce FDI into technology-intensive, high value-added 
sectors, to fully absorb the spillover effects of technology diffusion, and 
to avoid the country becoming a “haven” for the transfer of pollution 
from low value-added industries in developed countries. For countries 
such as Kenya that aim to revitalize their agriculture, they should 
actively develop the technological practice of converting agricultural 
waste into biomass energy, develop renewable energy sources such as 
starch fuel and plant alcohol fuel, and realize the green agriculture. 
Kenya should also take full advantage of the development of hydro
power and geothermal energy and be a leader in the clean energy 
transition in East Africa. 

(4) Develop agriculture and forestry in accordance with national 
circumstances to achieve synergy effects of employment, emission 
reduction and economic growth. Industrialisation is not the only way to 
revitalise the economies of all low-income countries, especially the 
poorest ones with a weak industrial base [41]. In fact, most countries in 
East Africa have a relatively good agricultural base which provides most 
of the jobs. The development of agriculture and forestry in accordance 
with national circumstances can be an effective way to balance eco
nomic development with emissions reduction [41]. Firstly, the agricul
ture, forestry and fishing industry itself has low energy requirements and 
low emission intensity, even carbon-negative. In our research Kenya’s 
structural shift to commercial agriculture has reduced CO2 emissions by 
0.72 Mt. Afforestation is also a suitable way to increase carbon sinks in 
the East African context. This will significantly reduce costs for their 
emissions reduction commitments. Secondly, commercial agriculture 
can simultaneously increase employment and GDP if supported by 
technology and finance, bringing considerable potential synergies. East 
African countries should create special industries when they do not all 
have to be industrialised, such as livestock in the Netherlands. Coffee 
from Ethiopia and Kenya, bananas and drinks from Burundi all have the 
potential to become speciality products. Thirdly, agricultural and 
forestry crop waste is a low-cost renewable energy source compared to 
solar and wind power. International organizations such as the FAO are 
promoting prosopis biomass as a sustainable energy source in places 
such as Djibouti [42]. Renewable biomass fuels for distributed power 
generation in East Africa is promising and considerable in the future 
[43]. 
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4.2. Discussion 

In this paper, carbon emissions are accounted on a territorial basis 
according to the 2006 IPCC guidelines methodology. This approach has 
limitations when applied to the East African region. The accounting 
scope does not incorporate biomass fuels, which play an important role 
in East Africa and Africa as a whole. Over 80% of the primary energy 
supply in the countries in this study comes from biomass [44]. Inter
national agencies such as the IEA do not calculate biomass emissions 
because it is carbon neutral from a full life cycle perspective. The carbon 
they release when burned is the very carbon that is fixed during the 
growth process. Therefore the consumption of fallen branches, crop 
waste and forests of recycled fuel crops should not be included in the 
total emissions. Emissions of fuel woods from deforestation, which is 
very common before 2010, should be accounted for in the country’s 
overall emissions, but the relevant data for emission accounting (e.g., 
quantity of wood used for burning, species of wood and emission fac
tors) is difficult to collect. However, such emissions from biomass are 
becoming less and less, as countries including Kenya, Tanzania and 
Ethiopia have put strict restrictions on natural forest harvesting and 
charcoal trading since 2010 [45–47]. Our study also estimates the 
maximum potential biomass emissions using Ethiopia and Kenya as 
examples. Assuming that all firewood and charcoal are unsustainable, 
the biomass carbon emissions in 2017 for the two countries in 2017 are 
around 140 Mt and 45 Mt respectively (using the emission factors for 
firewood from the IPCC 2006 guidelines). 

Our policy proposals for attracting green foreign investment appear 
idealistic in the current economic climate in East Africa. FDI plays an 
important role in improving the local energy and economic structures of 
developing countries, guided by scientific policies [48–50]. FDI can 
achieve economic growth and energy efficiency at the same time, i.e. 
investment in green technologies that bring profits. So this study sug
gests that it is important to consider not only the quantity but also the 
quality of investment when formulating policies. The foreign capital 
invested in high-tech and green industries could be increased. However, 
this policy proposal is in certain ways idealistic and limited in East Af
rica, because we have only considered the climate change perspective. 
When making an investment, it is necessary to consider a variety of 
factors, more in terms of economic costs and benefits. Investors mainly 
tend to take advantage of cheap labour and the available natural re
sources to increase their profits. This caused the conflict between eco
nomic development and climate change mitigation objectives. So we 
should place greater emphasis on improving production and energy ef
ficiency, as well as on the development of renewable energy sources 
according to local conditions. More attention needs to be paid to the 
trade-off between economic development and climate governance in the 
future. 

Declaration of Competing Interest 

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper. 

Appendix A. Supplementary data 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.apenergy.2022.118805. 

References 
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