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This research was enabled within the framework of the MoNaL Project funded by the German Federal Ministry for 
the Environment, Nature Conservation and Nuclear Safety on the funding program "Promotion of projects in the field 
of the export initiative environmental technologies”. Project Number: 16EXI4011A. 
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• Ghana is experiencing an economic and population boom that causes 
increasing numbers of cars and mopeds on the road resulting in rising 
environmental pollution

• In 2015, 6,819 Mt CO2 were emitted by the transportation sector in 
Ghana, accounting for 25% of all CO2 emissions.

• The growth in transportation emissions is averaging 11.1% per year

• Mobility alternatives with low greenhouse gas emissions are needed to 
reduce the emissions balance of the transport sector in Ghana. E-cargo 
bikes were identified as a possible emission-saving alternative, but the 
reduction potential for the region is not known.

→ How many greenhouse gas emissions can be saved by using e-cargo bikes 
in urban areas in Ghana?

Environmental challenges for mobility in Ghana

Source: [1][2]

Problem statement and Research question

Picture top: Map Ghana from https://www.britannica.com/place/Ghana; Pictures middle: Busy
streets in Ghana taken by F. Adjei; Picture bottom: Analysed e-cargo bike taken by manufacturer
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https://www.britannica.com/place/Ghana


Methodology: Life Cycle Assessment (LCA)
Goal and scope
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Own illustration based on DIN EN ISO 14044:2018-05.
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Methodology
System boundaries and life cycle inventory
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Materials and Components
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System Boundaries for the LCA of the analysed e-cargo bike. Own illustration. 



Methodology
Description of the scenarios
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Production: Lifetime + country of origin
− Battery (48 V/20 AH ​): 4 years China 
− Electronics + engine: 10 years China
− Tires: 6 years Japan
− Bike Frame + rest: 20 years Finland and Germany

Transportation
Components from country of origin to Germany and 
finished e-cargo bike from Germany to Ghana with
containership, rail and truck

Manufacturing
Including electricity and gas for welding in Germany

Use
− Scenario 1: Charing with photovoltaic
− Scenario 2: Charing with the Ghanian national grid

End-of-life: Shredding

31.03.2022

Battery charging cycles and 
electricity consumption
1000 charging cycles / battery
1,1 kWh / charging cycle

Range (full battery)
25 km

Payload capacity + utilization
1 person (80 kg) + 
120 kg max. payload capacity
50% capacity utilization



Methodology
Modal split
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Modal split of freight transport in the Greater Accra region [5] and different scenarios 
for a modal shift after the implementation of e-cargo bikes.

31.03.2022 Sources: [6][7][8]
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Results
Life cycle GHG emissions per ton-kilometer
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Life cycle GHG emissions per ton-kilometer of e-cargo bikes used in Ghana for 
different scenarios.

Sources: solar charging [9]; Charging Ghanian national grid [10]



Results
GHG emissions of materials for producing one e-cargo bike 
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Share of GHG emissions of different materials in the production of one e-cargo bike 
compared to their weight shares.
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Results
Comparison of GHG emissions for transportation in Ghana 
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Comparison of GHG emissions per ton-kilometer of a diesel van [11] and an electric 
cargo bike for transportation in Ghana.

Sources: Diesel van [11]
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Results
Comparison of GHG emissions for transportation in Ghana 
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Average GHG emissions of urban freight transport in the Greater Accra region per ton-
kilometer for different modal splits based on emission factors [10] for motorcycles, 
trucks and vans as well as own calculations for the emissions of e-cargo bikes.
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Discussion and Conclusion
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1. Hotspot charging
In case of intensive use battery charging is the main contributor to GHG emissions over the lifecycle
→When charged with solar energy these emissions can be reduced by about 65% compared to 
charging with the Ghanian national grid

2. Hotspot lithium battery

• Short lifetime compared to other components

• Risk of dropouts with intense heat in Ghana

• Energy intensive production

→ Use of more robust batteries such as solid-state batteries should be considered

3. Hotspot aluminum
Produced in China with CO2-intensive power mix and high energy demand for primary aluminum
→ Use of renewable energy for aluminum production and more secondary aluminum could be an 
alternative

E-cargo bikes can represent an environmentally friendly option for the urban freight transport system in Ghana 
with a potential reduction of 4-8% of GHG emissions per ton-kilometer if they can claim a significant share in the 
modal split and are charged with solar energy.



Discussion and Conclusion
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Empirical data validation

• Due to the novelty of the product and use-case in Ghana mainly literature data and specifications from 
the manufacturer were used

• Empirical data validation will be conducted within the MoNaL project throughout this year at the Don 
Bosco Campus in Tema, Ghana

Further research

• NOx and particulate matter emissions, as electromobility offers advantages especially regarding these 
local emissions

• Analysis of the cost reduction potential of e-cargo bikes

• Investigation of the effect on the Ghanaian urban transport system in more detail with empirical 
analysis of the current modal split in Ghanaian urban freight transport and the life cycle GHG emissions 
of alternative transport modes such as vans and trucks as well as scenarios for a potential share of 
e-cargo bikes in the modal split within the framework of user surveys or simulations
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